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Preface

The profession of respiratory care is continuously 
evolving. The respiratory therapist (RT) of today  

is quite different from the RT of 38 years ago, when  
I started out in the profession. Back then RTs did little 
more than deliver oxygen and turn some knobs on 
mechanical ventilators. We are now called upon to util-
ize clinical critical thinking to share in the development, 
assessment, and revision of patient care plans, protocol 
administration, patient education, and disease manage-
ment. RTs are becoming more involved in home care, 
outpatient care, private office practice, end-of-life and 
palliative care, and smoking cessation programs, as 
well as case managers for pulmonary disease patients. 
With these expanded roles, RTs rely heavily on their 
knowledge of pulmonary diseases and with this know-
ledge are expected to make and defend their clinical 
judgments. The goal of this text is to assist respiratory 
therapy students in gaining the pulmonary disease 
knowledge base necessary to pass the National Board 
for Respiratory Care’s (NBRC) Registered Respiratory 
Therapist (RRT) credentialing exams and function as 
competent, confident respiratory therapists.

Audience
The target audience for this book is students enrolled 
in respiratory care programs. Others who may find the 
content germane to their practice include respiratory 
therapists, physician assistants, nurses, nurse practitio-
ners, and medical school students.

Organization
This book is designed to provide a comprehensive over-
view of the pulmonary and cardiac disorders that are 
covered on the NBRC board exams and most frequently 

require an RT’s care in clinical settings. Each chapter 
includes the following elements:

■■ Chapter objectives and key terms to understand 
the chapter learning objectives.

■■ A case study is then presented to introduce 
the topic.

■■ The reader is then given the most up-to-
date information on the diagnosis, etiology, 
epidemiology, pathophysiology, diagnostic 
testing, treatment, and management of each 
disorder.

■■ Knowledge check questions are included in 
every chapter.

■■ Illustrations, tables, and figures support concepts 
in each chapter.

■■ Student learning is enriched with a chapter 
summary, key points, and NBRC-type 
questions at the conclusion of each chapter.

Instructor Resources
Qualified instructors will receive a full suite of instruc-
tor resources, including the following:

■■ A comprehensive chapter-by-chapter PowerPoint 
deck

■■ A Test Bank containing questions on a 
chapter-by-chapter basis, as well as a Midterm 
and a Final

■■ Answers to the Knowledge Check questions and 
the end-of-chapter review questions

■■ Additional Case Studies with questions and 
answers

Sindee Kalminson Karpel, MPA, RRT, AE-C
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How to Use this Book

Chapter Features
■■ Each chapter of the book begins with a list of 

Chapter Objectives to help you focus on the most 
important concepts in that chapter.

■■ Each chapter contains Tables that highlight im-
portant information, such as Table 3.5 Determin-
ing Optimal PEEP.

■■ This text is highly illustrated with diagrams and 
photos demonstrating a variety of concepts.

FIGURE 6-5 Intrathoracic and extrathoracic airways.

Thorax

Trachea
(intrathoracic)

Trachea
(extrathoracic)

■■ Each chapter includes a Case Study to put the 
concepts discussed within the chapter in real-life 
scenarios. 

Chronic Respiratory Failure

Case Study 3
A 39-year-old man comes to the hospital for his 
preoperative evaluation prior to gastrointestinal 
bypass surgery for his obesity. He weighs 465 lb and 
is 5 foot 11 inches tall (body mass index 194 kg/m2).  
He has been morbidly obese for more than 20 
years. A baseline ABG was drawn on room air. The 
results are pH 7.46, PaCO2 72 torr, PaO2 53 torr, SaO2 

81%, HCO3
− 28 mEq/L (he is the patient mentioned 

in Box 3-5). This is a fully compensated respiratory 
acidosis with moderate hypoxemia. As shown in 
Box 3-6, the hypoxemia is due to the hypoventila-
tion (hypercapnia).

Definition
Chronic respiratory failure (CRF) typically involves 
inappropriate levels of minute ventilation or an in-
crease in dead space. Manifestations of CRF, also called 
chronic ventilatory failure, in contrast to those of acute 
respiratory failure, are commonly less clinically dra-
matic or apparent. �e onset of this type of failure is 
insidious. In CRF, slow development and long duration 
of disturbances of lung function allow for the interven-
tion of various compensatory mechanisms, which pre-
vent, or at least diminish, the harmful e�ects on body 
homeostasis. �ese compensatory mechanisms include 
changes in the respiratory pattern and the utilization 
of accessory muscles to overcome the increased airway 
resistance or reduced compliance. Hyperventilation 
occurs to increase CO2 elimination and improve alveo-
lar oxygen tension, circulatory adjustments improve 
oxygen transport, increases in hemoglobin facilitate 
oxygen delivery to the tissues, and renal compensation 
improves acid–base derangements. Individuals with 
CRF typically reduce their physical activity to cope with 
respiratory insu�ciency.14

Causes
CRF, therefore, is a long-standing insu�cient alveolar 
ventilation caused by a decreased CNS respiratory drive 
to breathe, impaired neuromuscular competence, and 
excessive respiratory load (Figure 3-7). �e most com-
mon cause of CRF is COPD.

Examples of some CNS impairments that cause 
CRF include morbid obesity, primary alveolar hy-
poventilation (Ondine’s curse), brain stem infarction, 
or neoplasm. Respiratory muscle impairment or weak-
ness occurs due to neuromuscular diseases such as 
post-polio syndrome, myasthenia gravis, muscular 

FIGURE 3-7 Mechanisms of CRF.
Redrawn from Hanley ME, Welsh CH, eds. Current Diagnosis & Treatment in Pulmonary 
Medicine. Lange Medical Books/McGraw-Hill; 2003 (Figure 26-1, p. 269).

Central nervous system Lungs

Muscle

Impaired neuromuscular
competence

Chronic
ventilatory

failure

Decreased drive
to breathe

Excessive
respiratory load

dystrophies, quadriplegia, and phrenic nerve damage. 
Chest wall dysfunctions include kyphoscoliosis and tho-
racoplasty. Lung diseases causing CRF include COPD, 
tracheal stenosis, and obstructive sleep apnea.

Assessment
CRF is a problem brought on by conditions that pre-
dispose a person to respiratory failure. Identi�cation 
of the underlying cause is central to the treatment of 
CRF, and the patient interview is essential to uncovering 
this cause. Also, disease-speci�c clues may be found on 
physical examination.

e symptoms of CO2 retention vary widely and 
do not correlate well with Paco2 levels. Using central 
cyanosis for the sole identi�cation of hypoxemia is very 
dangerous, due to its appearance close to the Pao2 and 
Sao2 levels that cause tissue damage. Hypoxia does pro-
duce neurologic manifestations, from mild confusion to 
coma, but because the di�erential diagnosis of confusion 
is very broad, its clinical recognition is di�cult.15 ese 
facts make it impossible to use physical assessment to 
estimate a patient’s Pao2 and Paco2. erefore, it is vital 
to perform both oxygen saturation and an ABG.

Because long-standing respiratory insu�ciency leads 
to right heart problems, the identi�cation of jugular ve-
nous distention and lower extremity edema not due to 
venous stasis, cirrhosis, or cardiomyopathy is a clue to 
cor pulmonale. Other physical signs include tachypnea, 
abdominal paradox (inward abdominal movement dur-
ing inspiration), respiratory alternation (alternation be-
tween abdominal and rib cage breathing), and accessory 
muscle use.

Diagnostic studies are important in identifying 
CRF. e ABG is used to determine the presence and 
degree of respiratory failure. e CBC identi�es the 
presence of polycythemia, suggesting chronic hypox-
emia. e pulmonary function tests (PFTs) identify the 
presence and degree of obstructive or restrictive res-
piratory problems. Other tests include serum levels of 

82 CHAPTER 3 Respiratory Failure

Method Use Explanation

Static 
compliance 
method

For volume 
control 
ventilation

Keep VT setting constant, 
measure and record exhaled VT 
and Pplateau or CSTAT at different 
PEEP settings. The optimal 
PEEP setting produces the 
highest CSTAT.

Equal 
pressure 
method

For pressure 
control 
ventilation

Keep the PIP–PEEP (∆P) 
constant (15–25 cm H2O) while 
making changes to the PEEP. 
(This means changes to the 
PIP to keep the ∆P constant.) 
Record the exhaled VT at each 
change. The PEEP setting that 
gives the largest VT represents 
the optimal PEEP.

Tissue 
oxygen 
delivery

For patients 
with 
Pulmonary 
Artery 
Catheters

O2 Delivery = Cardiac 
Output × Cao2. At each change 
of PEEP, use the pulmonary 
artery catheter to measure the 
cardiac output while drawing an 
ABG. Calculate the Cao2, and 
then determine the O2 delivery. 
Optimal PEEP produces the 
highest O2 delivery.

Pflex or low 
inflection 
point

For ventilator 
graphics

Examine the pressure–volume 
curve. The intersection point 
between the slopes of the high-
compliance segment and the low-
compliance segment is the low 
inflection point or the Pflex point. 
The optimal PEEP is 2–3 cm H2O 
above the Pflex point.

TABLE 3-5
Determining Optimal PEEP
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■■ Each chapter concludes with a summary, Key 
Points and Chapter Questions as a review of the 
important concepts within the chapter.

■■ Knowledge Check Questions appear throughout 
the chapters to help students test what they have 
learned.

  BOX 3-1  Ventilatory Supply-and-Demand Causes of Respiratory Failure 
 Factors that decrease ventilatory supply: 
1.  Airway obstruction 
2.  Bronchospasm 
3.  Drug overdose 
4.  Neuromuscular diseases 
5.  Obesity 
6.  Respiratory muscle atrophy 
7.  Respiratory muscle fatigue 
8.  Upper airway obstruction 

 Factors that increase ventilatory demand: 
1.  Acute asthma exacerbation 
2.  Chronic obstructive pulmonary disease exacerbation 
3.  Fever 
4.  Hepatic failure 
5.  Hypoxemia 
6.  Metabolic acidosis 
7.  Pulmonary emboli 
8.  Sepsis 

KNOWLEDGE CHECK QUESTIONS

1. Respiratory failure due to increased ventilatory 
demand may be caused by:
a. sepsis
b. obesity
c. neuromuscular disease
d. upper airway obstruction

2. True or False: Metabolic acidosis can lead to res-
piratory failure due to a decrease in ventilatory 
demand.

cause of mortality from pneumonia and COPD, which 
together comprise the third leading cause of death in 
the United States today. � is disorder is also the lead-
ing cause of mortality in many neuromuscular diseases 
that weaken the respiratory muscles, rendering them 
incapable of sustaining normal breathing. � e inci-
dence of respiratory failure does appear to increase 
signifi cantly for each decade of life until 85 years of age 
with a particularly high incidence observed in patients 
over the age of 65.   

person with a Pa   2  and/or Sa   2  below a desirable range 
for specifi c clinical situations is regarded as having hy-
poxemia. � e severity of hypoxemia may be classifi ed by 
using either Pa   2  or Sa   2  (Box 3-2).    

 Hypoxemia is a very dangerous situation because it 
can lead to tissue hypoxia and death. � e organs of the 
body that are at greatest risk due to hypoxemia are the 
CNS and the heart. Tissue hypoxia causes cell injury by 
adenosine triphosphate depletion, intracellular acidosis, 
the build-up of metabolic byproducts and free radicals, 
and the induction of infl ammation. � e assessment 
of adequate oxygenation depends on more than just a 
simple evaluation of Pa   2  and Sao 2 . Tissue oxygenation 
depends on four factors: the ability of the respiratory 
system to bring in oxygen (ventilate), the ability to dif-
fuse the oxygen across the alveolar-capillary membrane, 
the presence of enough hemoglobin in the blood to 
carry the oxygen to the tissues, and the ability of the 
cardiovascular system to bring the oxygen to the tissues. 
Other factors involved in oxygenation include perfusion 
of the tissues, extraction of oxygen by the tissues, and 
utilization of the oxygen by the cells. 

 Causes 
 � e underlying pathophysiologic causes of acute hy-
poxemic respiratory failure include problems with vari-
ous processes that bring oxygen into the lungs, across 
the alveolar-capillary membrane, and to the cells of 
the body. � ese causes include ventilation–perfusion 
mismatch, alveolar hypoventilation, decreased fraction 
of inspired oxygen, a diff usion impairment across the 
alveolar-capillary membrane, intrapulmonary shunting, 
and a reduction of oxygen in mixed venous blood. 

 Ventilation–Perfusion Mismatch 
 Ventilation–perfusion mismatch or inequality is the 
most common pathophysiologic cause of acute hy-
poxemic respiratory failure. It causes the development 
of hypoxemia. Hypoxemia can occur by a decrease in 

 Acute Hypoxemic Respiratory 
Failure    
 Defi nition 
 Hypoxemic respiratory failure is also known as Type I 
respiratory failure, lung failure, or oxygenation failure. 
Hypoxemia is a decreased Pa   2  in the blood, below the 
normal range. 2  Hypoxemic respiratory failure can be 
either acute (minutes to hours) or chronic (several days 
or longer). � e American Association for Respiratory 
Care (AARC) Clinical Practice Guideline for Oxygen 
� erapy for Adults in the Acute Care Facility 3  defi nes a 
Pa   2  of less than 60 torr or an Sa   2  of less than 90% in 
while breathing room air as hypoxemia. Additionally, a 

70 CHAPTER 3 Respiratory Failure

 Chapter Summary 
 Overall, patients who suff er from a neuromuscular 
disease process may show diff erent signs and symp-
toms upon presentation to the physician’s offi  ce or the 
acute care facility. It is always important to start with 
obtaining a patient history and physical examination, 
if appropriate, then begin with more in-depth assess-
ment and testing, if needed. In some of these cases, the 
end outcome of the disease process is terminal, while 
in others it is resolvable, and the patient may maintain 
a relatively normal lifestyle after the event. It will all 
begin with determining the correct disease process and 
then being able to provide the appropriate treatment for 
these patients. 

 Many tests are available for the physicians’ offi  ces 
and at the hospitals to identify the type of neuromuscu-
lar disorder and its severity. Hopefully, this will occur as 
promptly as possible, to expedite the treatment. In some 
cases, the patient may remain in the hospital setting for 
an extended period. Treatment may involve noninvasive 
and invasive life support depending on the severity of 
the disease process and the patient’s overall health. 

 Key Points 
1.  Neuromuscular disorders consist of a variety of 

process that aff ects voluntary muscles of the body. 
� ese include central nervous system disorders, 
drug overdose, spinal cord disorders, peripheral 
motor nerve disorder, neuromuscular junction dis-
orders, and muscular disorders. 

2.  � is chapter covered poliomyelitis and PPS (cen-
tral nervous system disorders); ALS and spinal 
cord injury (spinal cord disorders); Guillain–Barre 
syndrome (peripheral motor nerve disorder); MG, 
botulism, and tetanus (neuromuscular junction dis-
orders); and DMD (muscular disorders). 

3.  � e etiologies of neuromuscular disorders include 
genetic mutations, viral infections, bacterial in-
fections, autoimmune diseases, and metabolic 
disorders. 

4.  Any neuromuscular disorder that aff ects the 
muscles of ventilation can cause acute and chronic 
respiratory failure. 

5.  The differential diagnosis of neuromuscular 
disorders depends on the muscle and nerve 
groups that are affected, age at onset, the rate of 
progression, genetic predisposition, blood tests, 
physical examination, and possibly a biopsy. 
The Tensilon test, using edrophonium, helps 
diagnose MG. A positive test demonstrates 
improvement in muscle strength following its 
administration. However, SFEMG is a more 
 sensitive test for MG. 

6.  Noninvasive mechanical ventilation is becom-
ing more commonly used with neuromuscular 
patients. 

7.  Chronic respiratory failure due to a neuromuscular 
disorder may cause failure to liberate the patient 
from noninvasive mechanical ventilation. Invasive 
mechanical ventilation is an option to be consid-
ered at this point. 

8.  � erapies available for the treatment of neuromus-
cular disorders may improve the quality of life for 
many of these patients. � e MIE (Cough-Assist®) is 
one such therapy. 

9.  Treatment for chronic neuromuscular diseases re-
quires a team approach with numerous healthcare 
practitioners and family members. 

10.  � e prognosis for neuromuscular disorders de-
pends on the extent of the cardiopulmonary 
involvement. 

 Chapter Questions 
1.  � e ________________ nerve has  no  eff ect on the 

upper airways. 
a.  glossopharyngeal 
b.  vagus 
c.  lumbar T8 
d.  spinal accessory 

2.  Receptors for ____________ and _______________ 
drive the response of the brain to breathe. 
a.  Pa   2 ; HCO 3 −   
b.  Pa   2 ; Pa   2  
c.  Sa   2 ; Hb 
d. HCO 3 −   ; Pa   2  

3.  A/An ___________ is not a useful test to assess a 
patient with a questionable neuromuscular disease 
process. 
a.  arterial blood gas analysis 
b.  pulmonary function testing 
c.  urine output 
d.  chest radiograph 

4.  ________________ is a central nervous system 
disorder. 
a.  Amyotrophic lateral sclerosis  (ALS)
b.  poliomyelitis 
c.  botulism 
d.  Guillain–Barre syndrome 

 KNOWLEDGE CHECK QUESTIONS 

1.  True or False: NIV does not normalize the life 
expectancy of a patient with neuromuscular 
disorders. 

2.  True or False: Quality of life for patients with 
neuromuscular disorders may improve with the 
use of an MIE. 

106 CHAPTER 4 Neuromuscular Diseases
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OUTLINE
Introduction
Taking a History

Providing a Therapeutic Climate
Components of the Patient History

Vital Signs
Temperature
Heart Rate
Respiratory Rate
Blood Pressure

Essential Elements of a Pulmonary Examination
Observation
Inspection
Palpation
Percussion
Auscultation of Breath Sounds

Essential Elements of the Cardiac Examination
Observation
Inspection
Palpation
Auscultation

Neurologic Assessment
Level of Consciousness
Posturing
Pupillary Dilation

OBJECTIVES
1. Outline the essential components of a medical history.
2. Explain the main categories of the review of symptoms.
3. Describe normal vital signs and explain common causes of 

vital sign alteration.
4. Understand the terminology associated with breathing 

patterns.
5. Describe each of the elements of a pulmonary assessment.
6. Describe the commonly found adventitious breath sounds 

and their causes.
7. Review the elements of a basic cardiac examination.
8. Summarize normal and abnormal heart sounds.
9. Describe different neurologic assessment scoring systems 

often used in the acute care setting.
10. Utilize the Glasgow Coma Scale to assess a patient’s 

neurologic status.

KEY TERMS
Adventitious breath sound
Atrial gallop
Biot respiration
Bradycardia
Bradypnea
Bronchovesicular 

breath sound
Capillary refill time
Cheyne–Stokes breathing
Chief complaint (CC)
Crackle
Cyanosis
Decerebrate posturing
Decorticate posturing
Diastolic blood pressure

Dyspnea
First heart sound (S1)
Fremitus
Gallops
Glasgow Coma Scale (GCS)
Grunting
Heart murmur
History of present 

illness (HPI)
Hyperpnea
Hypertension
Hyperthermia
Hypothermia
Jugular vein distension
Kussmaul respiration

Cardiopulmonary Assessment

“It is only by the methodical examination of every system and organ that we get those comprehensive facts from which we can draw 
reasonably safe inductions.”

—William Osler, MD, Unpublished draft of an address to medical students at the University of Pennsylvania, 1885.
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Kyphoscoliosis
Kyphosis
Lordosis
Mean arterial pressure
Nasal flaring
Orthopnea
Paradoxical breathing
Pectus carinatum

Pectus excavatum
Pedal edema
Platypnea
Point of maximal impulse
Pulse pressure
Pursed-lip breathing
Pyrexia
Resonance

Review of system
Rhonchi
Scoliosis
Second heart sound (S2)
Smoking history
Sternal retraction
Stridor
Systole

Systolic blood pressure
Tachycardia
Tachypnea
Tracheal (bronchial) 

breath sound
Vesicular breath sound
Wheeze

KNOWLEDGE CHECK QUESTIONS

1. True or False: Developing a sympathetic rela-
tionship with the patient is imperative for suc-
cessful patient care.

2. True or False: Obtaining adequate and reliable 
information from various sources will help iden-
tify a patient’s functional abnormalities.

Introduction
Patients with respiratory problems consult with health-
care practitioners because their family or friends have 
noted some departure from normal health. Patients 
may be suffering from mild symptoms or may be ap-
prehensive and fearful of a severe illness that may lead 
to their incapacitation. Understandably, the patient 
expects a clear and satisfactory explanation provided in 
simple terms.

Patients are not a collection of symptoms, assessment 
data, dysfunctional organs, and abnormal physiology 
with imbalanced homeostasis. The patient is human with 
feelings, emotions, fears, and hopes. Healthcare profes-
sionals interacting with a patient should use their scien-
tific knowledge and clinical skill as well as their human 
attributes, sympathy, kindness, and tact.  Developing a 
harmonious and sympathetic relation and demonstrating 
compassion are imperative for successful patient care.

Proper and quality care of the patient with lung dis-
ease requires recognizing the etiology and functional 
abnormalities presented with the disorder. Obtaining 
adequate and reliable information from various sources 
will achieve this task. Taking a history, performing a 
physical examination, evaluating radiographic studies, 
assessing other system functions, and other diagnos-
tic tests are methods utilized to provide the necessary 
information.

Assessment is, without a doubt, the most important 
skill required to initially evaluate the patient with a 
respiratory disease and recognize the health problems 
facing the patient. The patient’s perception of the re-
spiratory care practitioner’s (RCP) competence is of 
utmost importance. Therefore, it is imperative that any 
healthcare provider’s affect be genuinely caring toward 
the patient; skill and a caring attitude must coexist to 
ensure professional and trustworthy relationship.

Taking a History
The medical history provides a comprehensive picture 
of a patient’s health and health problems. It is a detailed 
record that contains pertinent facts about the patient’s 
disease process. The medical history provides data re-
garding variables affecting a patient’s health so as to 
develop an individualized plan. This is an essential part 
of the entire process of patient assessment performed by 
the respiratory therapist.1 The characteristics of the chief 
complaint (CC) and associated symptoms need ascer-
taining. The information gathered while taking the pa-
tient’s history is the basis for the extent of the assessment. 
Obtaining a comprehensive history is time consuming, 
and the acuity of the patient’s condition may limit the 
practitioner’s ability to assess all the body systems. There-
fore, many practitioners perform a focused assessment 
of the body systems of concern. Understandably, the 
cardiopulmonary system is of primary importance for re-
spiratory care professionals. A list of the components of a 
patient medical history appears in Table 1-1.

Providing a Therapeutic Climate
The patient’s impression of the healthcare practitioner’s 
competence is of the greatest importance. When the 
RCP is perceived of as being uncaring and incompetent, 
the patient may remember that attitude most vividly.1 
Even worse, that uncaring attitude and perception may 
define (characterize) for that patient other members of 
the profession. Clinicians must dress appropriately be-
cause a professional appearance conveys respect for the 
patient. A patient’s opinion of the healthcare provider 
often is based on the physical appearance. At the core of 
successful history taking is skilled and patient-centered 
communication through which the respiratory thera-
pist and the patient establish a rapport.2 A healthcare 
provider can communicate a caring attitude and compe-
tence by displaying the attributes listed in Table 1-2.

Components of the Patient History
The first step in diagnostic thinking is to carefully and 
thoroughly review the patient history. This entails iden-
tification of the who, what, when, and where of the pa-
tient’s current respiratory condition. Obtaining a patient’s 
history requires a systematic approach and includes iden-
tification of the patient’s CC, history of present illness 
(HPI), past medical history (PMH), medication history, 
social history, occupational and environmental history, 
family history, and a review of symptoms (ROS).
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Demographic data Patient name
Address
Age
Gender
Race/ethnicity
Education
Marital status
Religion
Languages spoken
Admitting diagnosis (if available)
Patient’s physician
Brief description of reason for 

medical care

CC The particular reason for this 
visit made by patient or family 
member

List of complaints in order of 
acuity

HPI Specific details regarding the 
presenting illness in chronologic 
order

PMH Previous hospital admissions
Past operations
Major illnesses
Accidents
Injuries
Pregnancies

Medication history Current prescription medications
Over-the-counter medications
Allergies

Social history Birthplace
Marital status
Living arrangements
Smoking history
Alcohol use
Drug use
Sexual activity

Family history Relatives and causes of death
Family diseases 

Occupational/environmental 
history

Occupation
Work environment and exposure
Military service

Review of symptoms General symptoms
Skin and nails
Head, eyes, ears, nose, and 

throat (HEENT)
Endocrine
Respiratory
Cardiac/cardiovascular
Hematologic
Lymph
Gastrointestinal (GI)
Genitourinary
Musculoskeletal
Neurologic
Mental status

TABLE 1-1
Example of Components of the Medical History 

Professional in appearance

Professional in conduct

Caring demeanor 

Eye contact

Respectful

Active listener

Honest

Nonjudgmental

Unhurried 

TABLE 1-2
Attributes Supporting a Caring and Professional 
Climate 

Case Study: Patient History
An RCP is asked to assess a 66-year-old woman 
complaining of rapid onset of shortness of breath 
(SOB). She states, “I cannot catch my breath.” She 
is coughing up a yellowish sputum, is diaphoretic, 
and feeling feverish, although she has not taken her 
temperature.

Questions

1. What other important questions should be 
asked by the RCP?

2. What possible pulmonary problems (working 
diagnosis) are suggested by the symptoms at 
this point?

3. What is the significance of the patient com-
plaining of sweating?

Answers

1. The RCP should ask the patient if she has 
chest pain, nausea, dizziness, or blood in her 
sputum. The RCP should also ask about any 
history of lung disease or cigarette smoking.

2. The pulmonary problems based on interview 
suggest pneumonia, acute bronchitis, asthma, 
and acute exacerbation of chronic obstructive 
pulmonary disease (COPD).

3. The sweating is significant because it is con-
sistent with a fever that may be caused by 
infection. Fever may be a contributing factor 
to SOB because of an increase in oxygen con-
sumption, increased CO2 production, and an 
increase in the drive to breathe.

Taking a History 3



Chief Complaint
The chief complaint is the problem or group of symptoms 
that brings the patient to the physician or hospital for 
health care. To elicit information about the CC, start with 
an open question, for example, “What is the problem?” 
or “Tell me about the problem.”3 The CC is a subjective 
statement made by the patient (patient’s description of 
the problem) and should be documented using the pa-
tient’s words. For example: “I am short of breath.” Docu-
mentation of more specific details is in the HPI.

History of Present Illness
The history of present illness describes the detailed 
information pertinent to the CC. Once the patient has 
completed his or her answer to the initial CC question, 
the practitioner moves on to clarify and focus using 
specific questions. Closed questions provide extra de-
tail and sharpen the patient’s story.3 This clarification 
includes a description of the onset of the problem, 
the date the symptoms were noted, and whether the 
symptoms developed gradually or suddenly. Also in-
cluded is the setting in which the signs and symptoms 
developed. Past medical problems, hospitalization, 
symptoms, and treatments are noted as well as whether 
the problems are resolved, ongoing, or recurrent. The 
variables included when taking an HPI are summarized 
in Table 1-3.

A focused pulmonary history is a specialized ver-
sion of the HPI that focuses on symptoms related to 
cardiopulmonary disease. A complete pulmonary 
history should include questions regarding the pres-
ence or absence of a cough, sputum production, he-
moptysis, wheezing, chest tightness, chest pain, and 
breathlessness.4

The most common complaint by patients with 
pulmonary problems is the feeling of SOB or breath-
lessness. Dyspnea is the term used to describe the 

uncomfortable awareness of difficult or labored breath-
ing associated with feeling short of breath. Dyspnea is a 
subjective symptom influenced by the patient’s reaction, 
sensitivity, and emotional state. Not all patients with 
SOB use similar terms to describe their dyspnea. Pa-
tients with asthma tend to use the phrase “my chest feels 
tight,” patients with fibrosis state “my breathing is too 
fast,” and patients with congestive heart failure (CHF) 
express their dyspnea with the statement “I feel like I am 
suffocating.” Dyspnea is due to an increase in the work 
of breathing out of proportion to the level of activity.

In assessing for dyspnea, it is important to determine 
whether it is chronic or acute. In the acute episode, the 
event is recent and often severe. The circumstances in 
which a patient’s dyspnea develops should be deter-
mined and evaluated. Dyspnea may occur with certain 
body positions. Orthopnea indicates dyspnea in lying 
down position, which is a characteristic symptom as-
sociated with heart failure. In reclining position, there 
is an increase in venous return to the failing heart; this 
additional fluid may accumulate in the lungs and lead to 
dyspnea. Many patients with an advanced pulmonary 
disease must assume an upright position to breathe 
well. Platypnea is dyspnea in the upright position, 
which improves by lying down.

Past Medical History
The PMH gives an insight into the health status of the 
patient up to the point of the present illness. This section 
contains information about the patient’s past illnesses 
and treatment, including previous hospital admissions, 
prior surgeries, major illnesses (such as diabetes, hyper-
tension, or heart disease), and accidents. When taking 
a PMH, it is important to ascertain the diagnosis, dates, 
sequence, and management of each diagnosis.3 Other in-
formation documented here include childhood diseases 
and development, allergies, and immunizations.

Neglecting the PMH can cause inadvertent discon-
tinuation of essential medications, prescription of in-
correct dosages of chronic medications, duplication of 
diagnostic testing, neglect of an earlier prescription, or 
disruption of plans made by previous clinicians.5 Prob-
lems may become further compounded given that some 
of the most difficult patients to treat are also those with 
the most complex medical histories.5

Medication History
Medication information is crucial. Current medica-
tions serve as a reminder of other existing conditions 
that the patient may have forgotten to mention earlier 
in the interview. Medications taken may contribute to 
the current problem or influence the choice of medica-
tions for the current problem. It is important to ask 
about over-the-counter medications as well as herbal 
remedies because all these can have adverse reactions 
or drug interactions. Numerous drugs affect gastric pH, 

Component Elements

Onset Date, time, sudden, or gradual

Location Where is the problem? Did it spread?

Duration Symptom duration

Character Quantity and quality of symptoms

Associated 
manifestations

The setting in which the symptoms began

Relieving factors Factors that diminish or aggravate symptoms

Treatment Medications, remedies that relieve or 
exacerbate symptoms

Hess, Respiratory Care Principles and Practice 3rd edition, 2016

TABLE 1-3
Items to Include in the History of Present Illness
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enzyme quality, normal renal excretion, intestinal bacte-
ria, and blood chemistries. Drugs may also confuse the 
significance of certain signs and symptoms.

Medication adherence is an important part of taking 
a medication history. Finding out the level of adherence 
and any reasons for nonadherence can be of significance 
in the future treatment of the patient.3 Also, an enquiry 
into drug allergies and sensitivities is necessary.

Social History
A patient’s health and well-being are affected by social, 
personal, and occupational factors. Knowledge of the 
patient’s background is useful, not only for diagnosis 
but also for disease management. How patients think, 
live, and behave influence how they cope with illness.6 
Social history includes getting to know how the patient’s 
illness impacts the patient at home, as well as at work. 
Information obtained from the social history include 
leisure interests, physical exercise, living arrangements, 
children, sexual relationships (or lack of them), tobacco 
use, drinking alcohol, and recreational drug use.6

Smoking harms every organ in the body and causes 
many diseases that reduce the individual’s general 
health. The smoking history is an essential part of the pa-
tient interview.4 The practitioner documents the type of 
substance the patient smokes or uses: cigarettes, cigars, 
pipe, snuff, chewing tobacco, marijuana, or other recre-
ational drugs. The length of time of lung exposure to to-
bacco smoke is vital information and quantifies smoking 
in pack-year: the number of cigarette packs smoked per 
day multiplied by the number of years smoked. Occa-
sionally, a patient will smoke less than one pack per day. 
Each pack has 20 cigarettes. Therefore, 10 cigarettes per 
day make half a pack per day, and so on (Box 1-1).

Inhalation of other substances, such as marijuana or 
crack cocaine, is associated with pulmonary symptoms 
such as a cough, sputum production, and wheeze.4 Illicit 
drug inhalation has cardiovascular effects as well. The 
amount and frequency of drug use are relevant informa-
tion to ascertain in social history.

Smoking cessation and assistance with drug use 
are valuable in the improvement of the patient’s over-
all health. For those patients who are willing to try 

and quit, the clinician should offer assistance and 
follow-up care.4

Excessive drinking has immediate effects that in-
crease the risk of many harmful health conditions, in-
cluding alcohol poisoning. Over time, chronic alcohol 
consumption use can lead to an increase in long-term 
health risks such as hypertension, cardiomyopathy, 
stroke, liver diseases, and digestive problems.7 Al-
coholics are prone to the development of aspiration 
pneumonia, as well as many other health issues.4 When 
quantifying alcohol consumption, one drink is usually 
5 oz of wine, 12 oz of beer, or 1.5 oz of 80-proof distilled 
liquor.8 For women, four or more drinks in a day are 
excessive; for men, five or more.8 Past and present pat-
terns of drinking alcohol are often assessed, in the hos-
pital situation, by using the CAGE system, which uses 
four questions to elicit a view of alcohol intake.3,6 These 
items are shown in Box 1-2. Scores of two or more posi-
tive answers indicate a significant alcohol problem.3,6

Occupational and Environmental History
Taking a patient’s history needs to include information 
about previous and current employment. This is impor-
tant because aspects of employment other than the job 
itself can influence social well-being if illness precludes 
a return to work.3 Patient management and prognosis 
are affected significantly by the knowledge of this infor-
mation. For example, patients with occupational asthma 
or hypersensitivity pneumonitis often cannot be man-
aged adequately without cessation of exposure to the 
offending agent.9

Exposure to inorganic, as well as organic dust, is as-
sociated with the development of respiratory diseases. 
Inorganic dust includes asbestos, silica, coal, beryllium, 
aluminum, chromium, cobalt, nickel, and tungsten. 
Organic dust includes cotton, grain, fungal spores, 
vegetable products, insect fragments, animal dander, 
bird and rodent feces, toxic chemicals, biomass smoke, 
diesel exhaust, and others.9 These exposures occur in 
mining, farming, construction, ship repair, and a variety 
of industries.9

BOX 1-1 Examples of Tobacco Smoking 
History
1. A patient who currently smokes two packs per 

day for 35 years has a (2 packs/day × 35 years =) 
70 pack-year history of smoking.

2. A patient who smokes five cigarettes per day  
(5 cigarettes/day ÷ 20 cigarettes/pack = ¼ 
pack/day) for 25 years has a (¼ pack/day ×  
25 years =) 6.25 pack-year history of smoking.

BOX 1-2 CAGE Questionnaire

C Have you felt the need to Cut down on your alcohol 
intake or drinking?

A Have people Annoyed you by criticizing your 
drinking?

G Have you ever felt Guilty about your drinking?

E Eye-opener: Have you ever had a drink to steady 
your nerves in the morning?

Reproduced with permission from Lloyd H, Craig S. A guide 
to taking a patient’s history. Nurs Stand. 2007;22(13):42–48. 
doi:10.7748/ns2007.12.22.13.42.c6300.
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Environmental exposure history is also neces-
sary. Environmental exposure to contagious diseases, 
travel, and the home environment also have an impact 
on the development and course of cardiopulmonary 
disease.4 Indoor, as well as outdoor, exposure exac-
erbates existing pulmonary problems and increase 
the risk for cardiopulmonary diseases.9 Exposure to 
secondhand tobacco smoke, radon gas, wood smoke, 
and other biologic agents generated indoors need 
consideration.

Pets may also play a significant role in the develop-
ment of certain types of lung disease. For example, pet 
shop employees, bird fanciers, and veterinarians may 
develop a particular bacterial infection associated with 
pet birds and poultry.4 A careful environmental history 
is imperative in identifying asthma triggers. Hobbies 
may also impact pulmonary diseases, such as wood-
working and gardening.

Family History
Some disorders are considered familial or hereditary. 
Obtaining a patient’s family history can reveal the pres-
ence of a genetic predisposition to certain diseases. For 
example, the presence of cerebrovascular disease or 
dementia in a close blood-related relative might help 
guide the management of the patient.3 The family health 
history needs to include parents, siblings, and grandpar-
ents. The major diseases included in the family history 
are hypertension, cancer, heart disease, lung disease 
(including asthma, COPD, pneumonia, and tuberculosis 
[TB]), diabetes, stroke, kidney disease, thyroid prob-
lems, and Alzheimer disease.4 People who have a close 
family member with a chronic illness may have a higher 
risk of developing that illness than those without such a 
family member.

Review of Symptoms or Review of Systems
The review of symptoms (ROS), also known as a 
review of systems, provides an opportunity for the RCP 
to collect data verbally. The focus of the ROS is on the 
system or systems that are affected by the present illness 
and relate to the patient’s complaint. Documentation of 
only pertinent information makes this problem-focused. 
This review is based on a list of questions, arranged by 
organ system. It is designed to uncover dysfunction and 
disease. Unfortunately, there is no gold standard for 
ROS. However, the systematic analysis of any symptoms 
is best achieved by a detailed assessment of its timing, 
influences, nature, and associated features (TINA).6

The timing of a symptom relates to its onset, dura-
tion, pattern, and progression. Onset may be sudden, 
gradual, or insidious. Influences refer to things that 
aggravate the symptom and relieve the symptom. The 
nature of the symptom includes its characteristics, such 
as description, and its severity. The associated features 
include a description of other symptoms that may have 
occurred at the same time and the relationship of these 
other symptoms to the primary symptom. Table 1-4 
shows the main categories and examples of findings in 
each category. The following box is a case study demon-
strating the importance of the ROS.

Vital Signs
Vital signs are the four signs of life: temperature, pulse, 
respiratory rate (RR), and blood pressure (BP). These 
are the most frequently made clinical assessments 
because they are easy to obtain and provide useful in-
formation about the patient’s clinical condition.10 Most 
acute medical problems cause abnormal vital signs 
that become more irregular as the problem increases 

Categories Examples

General symptoms Weight loss, weight gain, fatigue, difficulty sleeping, fevers, chills, sweats, chronic pain

Skin and nails Color, temperature, appearance, skin eruptions/rashes, itching, clubbing 

HEENT Head—dizziness, loss of consciousness, fainting, head injury, concussion
Eyes—Blurred vision, double vision, eye discharge, red eye, pupillary reaction
Ears—Pain, hearing loss, tinnitus, vertigo
Nose—Nasal discharge, sneezing, nasal flaring, sinus pain, postnasal drip, nosebleeds
Throat—Vocal cord pathology, voice change, sore throat, tooth pain, bad breath, appearance of gums

Endocrine Diabetes, thyroid enlargement, thyroid tenderness, polyuria, weight gain, weight loss

Respiratory Chronic or past pulmonary disorders, SOB with or without exertion, chest pain, cough, hemoptysis, wheezing, 
snoring, chest deformity, chest trauma

Cardiovascular Chronic cardiovascular disorders, chest pain or pressure, SOB at rest or with exertion, orthopnea, paroxysmal 
nocturnal dyspnea, peripheral edema, syncope, palpitations, leg pain or cramps with ambulation, foot ulcers that 
are difficult to heal

TABLE 1-4
Review of Systems: Main Categories and Examples
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Categories Examples

Hematologic Chronic or past hematologic disease, fevers, chills, sweats, weight loss, abnormal bruising or bleeding 

Lymph nodes Tender, enlarged, swollen

GI Chronic or past GI disorders, heartburn, abdominal pain, difficulty swallowing, nausea, vomiting, abdominal 
swelling or distension, jaundice, hematemesis, tarry stools, use of caffeine

Genitourinary Urine output 

Musculoskeletal Known disease, trauma, joint swelling, restricted motion

Neurologic Known disease, weakness, tremors, seizures, paralysis, balance problems, headache

Mental status Depression, restlessness, anxiety, mood swings, sleep disturbances, known mental health disorder

Case Study: Review of Symptoms
Mr. Brown, a 59-year-old Caucasian man, presents to 
the emergency department (ED) with a CC of SOB and 
chest pain. The chest pain began 8 hours ago while Mr. 
Brown was working in his yard. His SOB started while 
resting in the reclining position about an hour before 
he presented himself to the ED. The ED physician is 
busy and asks the respiratory therapist to assess and 
evaluate the patient.

The RCP enters the patients room and introduces 
herself and explains what she is about to do. She asks 
the patient about the nature of his chest pain. (Chest 
pain could be pleuritic or nonpleuritic in nature. Con-
stant chest pain under the sternum with a heavy pres-
sure feeling on the chest is consistent with inadequate 
oxygen delivery to cardiac muscles from low perfusion 
and is called ischemia. Pleuritic pain is localized poste-
riorly or laterally and worsens with coughing or deep 
breathing.)

The RCP asks the following questions about Mr. 
Brown’s chest pain:

1. Does the chest pain increase with deep breath?

2. Does the pain radiate to the arms and shoulders?

3. How severe is the pain?

4. Is the chest pain associated with nausea, in-
digestion, weakness, and profuse sweating 
(diaphoresis)?

Next, the RCP assesses the severity of Mr. Brown’s 
SOB. The severity of the SOB is assessed by asking the 
following questions:

1. Does it occur at rest or only with exertion?

2. Has SOB occurred before this incident?

3. Does the SOB occur in reclining position 
(orthopnea)?

4. Does the SOB improve when sitting upright?

After gathering information about Mr. Brown’s 
chest pain and SOB (CCs), the RCP asks about other 
possible symptoms such as fever, cough, sputum pro-
duction, hemoptysis, and swollen ankles. (Additional 
information to enquire about include heart disease, 
family history of heart disease, and the patient’s stress 
levels. Social habits need to be identified as risk fac-
tors for heart and lung disease.)

Mr. Brown explains that the chest pain is centrally 
located and radiates to his left arm and jaw. The chest 
pain started when he started pushing the lawn mower 
(exertion increases cardiopulmonary workload and 
oxygen requirement). The pain decreased with rest 
and is not affected by breathing. Mr. Brown has not 
taken any medication for his chest pain. He describes 
his SOB as severe and says it awakens him after going 
to bed. It improved when he sat upright. He describes 
his SOB as a feeling of suffocation.

Mr. Brown denies any other symptoms except for 
having some diaphoresis, weakness, and nausea, but 
denies vomiting. He has been smoking two packs of 
cigarettes a day for the past 43 years.

Case Review Assessment
Upon completing the interview and information 
gathering, the respiratory therapist’s evaluation is 
as follows:

Chest pain: Mr. Brown’s explanation of his chest 
pain is the classic description of cardiac pain. The 
pain is probably due to narrowing of coronary 

(Continues)
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in severity.11 Chronic conditions may not result in ab-
normal vital signs as compensatory mechanisms take 
effect.11 The fifth vital sign is blood oxygen saturation 
or pulse oximetry. Although it is not always considered 
a vital sign, the patient’s oxygen saturation is often in-
cluded with the vital sign assessment.

A comparison of the measurements obtained during 
the initial assessment of a patient’s vital signs is made 
with the normal values (Table 1-5). After documenta-
tion of several vital sign measurements, these data are 
then used as a baseline for subsequent measurements 
and trending.

Temperature
The human body has a narrow temperature range 
within which it operates. Body temperature measure-
ment is an indicator of a patient’s physiologic state; it 
varies from person to person and is an important mea-
surement for decisions in medical diagnosis, bedside 
care, treatment, and the need for laboratory tests. Ther-
moregulation is the body’s mechanism to maintain body 
temperature within its narrow operating range and is 
carried out by the hypothalamus. The body’s operating 
range normally varies because of diurnal variation and 
cellular metabolism and results will vary depending on 
the assessment location. The core temperature, the most 
accurate body temperature, is assessed using a rectal 
or tympanic measurement; however, oral temperature 
measurements are very common.

Under normal conditions, the body can maintain 
a normal temperature of 37 ± 0.5°C (98.6 ± 1°F). 

The purpose when measuring body temperature is 
to estimate changes in core temperature. A site that 
quantitatively and rapidly reflects changes in arterial 
temperature and is independent of local blood flow or 
environmental changes would appropriately estimate 
core temperature.12

Elevated body temperature, also known as fever or 
pyrexia, can arise from disorders affecting every body 
system. In most patients, a fever is a temperature of 
>38.3°C (101°F).4 Fever is one of the ways the immune 
system attempts to combat infection from viral, fungal, 
or bacterial organisms. However, in the absence of other 
signs, fever usually has little diagnostic significance. 
Fever causes an increase in metabolic rate, resulting in 
an increase in oxygen consumption and carbon dioxide 
production. This results in an increased RR and heart 
rate to accommodate the increased carbon dioxide pro-
duction and oxygen requirement of the cells.11 A per-
sistent high fever (>40.6°C or >105°F) represents an 
emergency.

Hyperthermia is an elevated body temperature due 
to excessive heat production or inadequate heat dissipa-
tion from heavy exertion in a hot, humid environment.

A body temperature below normal is hypothermia 
and is most often caused by prolonged exposure to 
cold. This occurs in patients with head injuries that 
damage the hypothalamus and in drowning victims.11 

KNOWLEDGE CHECK QUESTIONS

1. True or False: A patient who smoked 2½ packs 
of cigarettes a day for 25 years has a 62.5 
pack-year smoking history.

2. True or False: The CAGE questionnaire is used to 
investigate illicit drug use.

vessels that prevents adequate perfusion to the 
heart muscle and inadequate blood flow to the heart 
muscle results in an ischemic myocardium. Exertion 
requires more blood flow to the heart muscle and, 
in this case, the inability of deliver more oxygen to 
meet the additional demand causes the chest pain 
to worsen.

SOB: This is most likely due to pulmonary edema 
(patient feels as if he is suffocating). The pulmonary 
edema is caused by left ventricular failure and increase 

in pulmonary capillary hydrostatic pressure (pulmo-
nary capillary filtration pressure).

Respiratory Therapist’s Recommendations
The respiratory therapist’s report to the physician in-
cludes a strong suspicion of heart failure. The respira-
tory therapist recommends oxygen therapy, diuretics, 
a 12 lead electrocardiogram (ECG), and chest radio-
graph. The respiratory therapist ruled out pneumo-
nia, because Mr. Brown did not have any fever, chills, 
cough, and sputum production.

Case Study: Review of Symptoms (Continued )

Temperature 37°C or 98.6°F

Pulse 60–100 beats/minute

RR 12–20 breaths/minute

BP Systolic 90–140 mm Hg
Diastolic 60–90 mm Hg

Pulse oximetry ≥95%

Infants and children have a higher RR, higher pulse rate, and lower BP values 
than adults.

TABLE 1-5
Normal Vital Sign Values for Adults
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There are also some medications that increase the pa-
tient’s risk of hypothermia. Hypothermia reduces oxygen 
consumption and carbon dioxide production and may 
cause a patient to breathe shallow and have a low pulse 
rate.10 The hypothalamus is the suspected cause of hypo-
thermia when there is a significant neurologic incident 
(stroke or head trauma) or the development of a tumor.

Heart Rate
A pulse results from the force of ventricular contrac-
tion (systole) required to move the blood forward in 
the vascular system. It is a measurement of the heart 
rate that may be assessed by taking the patient’s pulse, 
using pulse oximetry, auscultating the heart, or by 
electrocardiography.

The pulse rate and rhythm are a quick and easy as-
sessment via the palpation of any accessible artery; the 
radial artery is the most common assessment site for 
this purpose. A practitioner may count the pulse for 15, 
30, or 60 seconds and then mathematically calculate 
to the rate per minute. The 30- or 60-second count is 
most accurate, allowing for assessment of the quality of 
the pulse as well as the rate. The normal heart rate for 
adults is 60–100 beats/minute. See Table 1-6 for normal 
and abnormal rates.

Quantitative pulse assessment reveals normal, rapid 
(tachycardia), or slow (bradycardia) rates. Tachycardia 
is a normal physiologic response to vigorous activ-
ity, such as running or climbing stairs.13 It is an ab-
normal physiologic response associated with many 
pathophysiologic conditions such as hypoxia, anemia, 
hypotension, cardiac disease, uncontrolled pain, and 
fever. Certain drugs, such as epinephrine, atropine, 
caffeine, nicotine, and cocaine, may cause tachycardia. 
Bradycardia is less common than tachycardia but can 
occur with hypothermia, as a side effect of medications, 
with certain cardiac arrhythmias, and with traumatic 
brain injury.10

Qualitative pulse assessment, taken during pulse 
rate assessment, includes rhythm and strength. The 
rhythm and strength or amplitude need to be noted 

using common terminology for describing pulse 
 quality13 (Table 1-7).

Cardiac arrhythmias cause pulses to be irregular. An 
ECG will determine the type of arrhythmia. An absent or 
a weak pulse may be bilateral or affect only one  extremity. 
When bilateral, an absent pulse is a vital indicator of 
life-threatening conditions such as cardiac arrest, shock, 
or arrhythmia. Diminished blood flow causes a weak, 
thready pulse and is usually due to  hypovolemia, hypo-
tension, shock, myocardial infarction, CHF, poor blood 
flow, or blood clots.13 In a healthy person, a bounding 
pulse develops because of exercise, pregnancy, and peri-
ods of anxiety. However, this sign also results from fever 
and certain endocrine, hematologic, and cardiovascular 
disorders that increase the basal metabolic rate.14

The heart rate is higher in infants and children than 
in adults. The normal heart rate range for infants, 
 especially newborn to 3 months of age, varies widely 
between an awake rate and a sleeping rate. The normal 
heart rate becomes that of an adult after the age of 10 
years (Table 1-8).

Respiratory Rate
A normal range for RR for an adult is 10–20 breaths/
minute. An RR greater than 20 breaths/minute is 
tachypnea, and slower than 10 breaths/minute is 
bradypnea. As with pulse, the RRs in children vary with 
age and slow down as children grow (Table 1-9).

Tachypnea may result from reduced arterial oxygen 
tension or arterial oxygen content, decreased perfusion, 
or increased oxygen demand.14 The causes of increased 
oxygen demand include anxiety, exertion, fever, pain, or 
as a compensatory mechanism for a metabolic acidosis, 
pulmonary irritation, stretch receptor stimulation, or a 
neurologic disorder of the respiratory center.14 Tachy-
pnea and shallow breaths are the hallmarks of restric-
tive breathing disorders such as atelectasis, pulmonary 
edema, pneumonia, pneumothorax, and pulmonary 
fibrosis.11

Bradypnea is usually due to central nervous system 
(CNS) depression from an overdose of CNS depressants 

Classification
Rate (Beats/
Minute) Common Causes

Normal 60–100 Normal

Tachycardia >100 Hypoxia, cardiac disease, 
fever, exercise, and anxiety

Bradycardia <60 Very severe hypoxia, cardiac 
disease, arrhythmia, and 
vagal stimulation. Well-trained 
athletes may have a “normal” 
resting heart rate in the 50s

Reprinted with permission from Shelledy D, Peters J, eds. Respiratory Care 
Patient Assessment & Care Plan Development. 1st ed. Burlington, MA: 
Jones & Bartlett Learning; 2016.

TABLE 1-6
Heart Rate in Adults

Rhythm Regular or Irregular

Strength 4+ Bounding Very 
strong

3+ Full, increased Strong

2+ Normal or expected Normal

1+ Diminished, thready, barely 
palpable 

Weak

0 Absent, not palpable Absent

Reprinted with permission from Shelledy D, Peters J, eds. Respiratory Care 
Patient Assessment & Care Plan Development. 1st ed. Burlington, MA: 
Jones & Bartlett Learning; 2016.

TABLE 1-7
Qualitative Assessment of the Pulse
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Cheyne–Stokes breathing is a pattern of slow, shal-
low breaths, which increases in depth and rate followed 
by periods of apnea. This breathing may be normal in 
young children and the elderly. However, this pattern of 
breathing is common to individuals with cerebral dis-
ease and CHF.

Biot respiration is a pattern of a burst of uniform, 
large tidal volume followed by periods of apnea. Biot 
respirations are symptoms of increased intracranial 
pressure and meningitis. Figure 1-1 shows various pat-
terns of breathing.

Blood Pressure
Arterial BP is the force exerted by the circulating in-
travascular volume of blood on the wall of the arteries. 
This pressure occurs during ventricular contraction 
and pushes the blood forward into the aorta and pul-
monary arteries. BP assessment includes four arte-
rial pressure measurements. Systolic blood pressure 
(SBP) is the pressure measured during ventricular 
contraction. Diastolic blood pressure (DBP) is the 
pressure measured during ventricular relaxation and 
is a result of the elastic recoil of the arteries and arte-
rioles. Pulse pressure (PP) is the difference between 
the systolic and diastolic pressures and is dependent 
on stroke volume and arterial wall elastic properties. 
Lastly, the mean arterial pressure (MAP), or perfu-
sion pressure, drives the blood through the systemic 
vasculature from the arteries to the arterioles, capil-
laries, venules, veins, and back to the heart. It can be 
calculated by the following formula: MAP = (SBP + 
2[DBP]) ÷ 3.

The normal BP varies with age, body size, and un-
derlying pathology. Normally, BP values rise from birth 
and reach the normal adult values of 120/80 mm Hg 
around age 18 to 20 (Box 1-3). An SBP continuously 
≥140 mm Hg or a DBP continuously ≥90 mm Hg is 
hypertension (Table 1-10). Numerous medical condi-
tions cause elevated BP, including myocardial infarction, 
kidney disease, Cushing syndrome, anemia, and essen-
tial hypertension.

A sustained BP of less than 90/60 mm Hg is 
 hypotension. It occurs from a decrease in cardiac 
 output, peripheral vasodilatation, or hypovolemia. 
A hypotensive crisis exists if the patient’s SBP is less 
than 80 or 30 mm Hg below the patient’s known 
 baseline. Shock is most likely, and quick action 
is necessary.

PP normally increases during exercise. It abnormally 
increases in patients with atherosclerosis of the larger 
arteries. Heart failure or hypovolemia causes a de-
crease in PP.

Normal MAP is 80–100 mm Hg. An MAP of >60 
mm Hg is necessary to perfuse the vital organs of an 
average individual under most circumstances. An MAP 
<60 mm Hg could lead to underperfusion of tissues 
and organs and hence compromised oxygen delivery to 
those organs.

Age Awake Rate Sleeping Rate

Newborn to 3 months  85–205 80–160 

3 months to 2 years 100–190 75–160 

2–10 years  60–140 60–90 

>10 years  60–100 50–90

TABLE 1-8
Heart Rate in Infants and Children (Beats/Minute)

Age Normal Respiratory Rate

<1 year 30–60

1–3 years 24–40

4–5 years 22–34

6–12 years 18–30

>12 years 12–18

TABLE 1-9
Normal Respiratory Rate by Age (Breaths/Minute)

such as opiates, benzodiazepines, barbiturates, and al-
cohol. Other causes of bradypnea include hypothermia 
and severe hypoxia.13

Assessing the respiratory pattern provides additional 
important information about the patient. The respira-
tory motions (inspiration and expiration) are apparent 
over the chest and abdomen. Under normal conditions, 
inspiration is shorter than expiration, the normal I:E 
ratio is 1:2. The change in respiratory pattern associated 
with respiratory disease is due to changes in breathing 
rate, tidal volume, rhythm, and the ratio of inspiration 
to expiration.

The diaphragm is the primary muscle of inspiration. 
A respiratory cycle includes an inspiratory phase and 
an expiratory phase. Inspiration is an active process 
that requires the expenditure of energy and the use of 
oxygen to produce that energy (adenosine triphosphate 
[ATP]). During inspiration the diaphragm contracts 
and causes the intrathoracic pressure to decrease. This 
decrease in intrathoracic pressure, in turn, produces a 
subatmospheric pressure that causes airflow through 
the airways and alveolar expansion. At the end of inspi-
ration, the diaphragm relaxes, and the lung recoil causes 
an increase in alveolar pressure relative to atmospheric 
pressure. This passive process that causes the air to flow 
out of the lung is the expiratory phase of respiration.

Breathing Patterns
A breathing pattern that is fast and deep is hyperpnea 
and usually results in hyperventilation (a lowered 
Paco2). Kussmaul respiration is rapid and deep breath-
ing associated with metabolic acidosis, usually diabetic 
ketoacidosis.
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FIGURE 1-1 Patterns of respiration.
Modified from Mosby’s Guide to Physical Examination, Seidel HM, Ball JW, Dains JE, et al., Copyright Elsevier (Mosby) 1999.

Normal breathing rate and pattern,
12 to 20 breaths per minute

Eupnea
(normal) Breathing becomes more

difficult to get the breath out

Air trapping

Disorganized, irregular breathing
with varying depths

Ataxic
Rapid, deep breathing with irregularly

dispersed periods of apnea

Biot’s

Absence of breathing
Apnea

Gradual increases and decreases
in depth of breathing interspersed

with varying periods of apnea

Cheyne-
Stokes Deep breathing with or without

increased breathing rate.

Hyperpnea

Prolonged increased depth
and rate of breathing.

Kussmaul’s

Prolonged inspiration with
shortened expiration

Apneustic

Rapid rate of breathing,
>20 breaths per minute

Tachypnea

BOX 1-3 Normal Average Blood Pressures 
(mm Hg) by Age

 � Newborn 80/60

 � Infant 90/60

 � Children 110/70

 � Adult 120/80

Category

Systolic Blood 
Pressure  
(mm Hg)

Diastolic Blood 
Pressure  
(mm Hg)

Prehypertensive 120–139 or 80–89

Hypertension 
stage 1

140–159 or 90–99

Hypertension 
stage 2

≥160 or ≥100 

Hypertensive 
crisis

>180 or >110

Data from U.S. Department of Health and Human Services, National Institutes 
of Health, NHLBI. JNC 7 Express, The Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood 
Pressure. 2003. NIH Publication No. 03-5233, December 2003.

TABLE 1-10
Stages of Hypertension

KNOWLEDGE CHECK QUESTIONS

1. True or False: Cardiac arrhythmias are identified 
using pulse rate.

2. True or False: A patient with a BP of 145/95 mm 
Hg has a normal MAP.

Essential Elements of a Pulmonary 
Examination
Performing a directed physical examination enhances 
the already gathered history and focuses the diagnos-
tic process by searching for specific signs that either 
confirm the findings or differentiate between various 
conditions that might explain the current symptoms.15 
The pulmonary examination requires only a stetho-
scope; eyes, ears, and hands of the clinician; and the 
clinician’s skill in eliciting and recognizing abnormal 
findings.16

There are five components to the pulmonary exami-
nation. These components are observation, inspection, 
palpation, percussion, and auscultation. The primary 
focus of this discussion is not to elaborate on the details 
of a chest examination but to examine a few of the ba-
sic principles; the primary focus is on selected aspects 
of the examination and the mechanisms that produce 
abnormalities.16
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Observation
Observation of the patient begins when the respiratory 
therapist walks through the door to the patient’s room. 
It includes a quick review of the patient and the patient’s 
environment. The environment includes observing for 
equipment being used, as well as for any safety issues. 
The equipment can be as simple as a nasal cannula, in-
travenous solutions, or as sophisticated as life support 
equipment and a dialysis machine. A patient’s facial 
expression can reveal distress or pain, alertness, mood, 
and mental status. Body position can reveal respiratory 
distress if sitting upright or leaning forward with elbows 
on the knees or on the arms of the chair in the “breath 
saver” position.

The respiratory therapist needs to be able to iden-
tify signs of respiratory distress such as nasal flar-
ing, pursed-lip breathing, cyanosis, and diaphoresis 
(excessive sweating) during observation (Table 1-11). 
Nasal flaring occurs when the external nares flare 
outward during inhalation. This occurs most often 
in infants with respiratory distress, indicating an in-
creased work of breathing. Patients with COPD adopt 
the pursed-lip breathing technique to create resistance 
to exhalation flow. This creates an increased resistance, 
which acts as a mechanism to keep the airways open 
and allow for a complete exhalation without airway col-
lapse. The presence of pursed-lip breathing, especially 
while at rest, could mean the patient is in distress. Cen-
tral cyanosis is present in patients with respiratory dis-
ease that reduces oxygen saturation and arterial oxygen 
content. This cyanosis is often due to severe hypoxemia 
and requires immediate further assessment to deter-
mine the cause. Respiratory therapists must be aware 
that lack of cyanosis does not indicate adequate oxygen-
ation. Cyanosis occurs when the concentration of de-
saturated hemoglobin is 5 g or more. Excessive sweating 

(diaphoresis) while at rest is an early sign of disorders 
that can be life-threatening. Diaphoresis is known to 
accompany heart failure, myocardial infarction, shock, 
and pneumonia.

Inspection
Inspection is the use of our eyes and looking closely 
at the patient to gather information; this is the most 
informative phase of the physical examination. Inspec-
tion reveals valuable information about the patient’s 
degree of illness and distress. An in-depth knowledge of 
anatomical structure and function is imperative to the 
interpretation of physical examination findings regard-
ing underlying pathologic process. Table 1-12 shows a 
review of the elements of inspection.

Jugular Vein Distension
The most common cause of jugular vein distension 
(JVD) is right-sided heart failure (cor pulmonale) sec-
ondary to increased pulmonary vascular resistance as a 
result of chronic hypoxemia. Right-sided heart failure 
may be secondary to chronic left-sided heart failure. 
JVD may be present because of hypervolemia or in-
creased impedance to venous return to the right atrium. 
Figure 1-2 shows how to estimate JVD.

Tracheal Position
Inspection of the neck is a valuable tool in evaluation of 
the tracheal position. The trachea is located anteriorly, 

Observation Reveals

Facial expression Distress
Pain
Alertness
Mood
Mental status 

Nasal flaring Respiratory distress, especially in infants

Patient position Inability to breathe in reclined position or 
distress

Pursed-lip breathing Patient with COPD in distress while at rest

Central cyanosis Serious, life-threatening situation

Diaphoresis Serious, life-threatening disorder when it 
occurs while at rest

TABLE 1-11
Elements of Observation

Inspection Reveals

JVD Right heart failure, hypervolemia, 
decreased blood return to right 
heart

Tracheal position Air or fluid in the pleural space (e.g., 
pneumothorax, hemothorax) on 
the opposite side, atelectasis on 
affected side

Accessory muscle use Increased work of breathing

Paradoxical breathing Flail chest and/or weakened 
diaphragm 

Chest configuration Barrel chest from obstructive lung 
disease
Restrictive lung disease from pectus 
carinatum, pectus excavatum, 
kyphosis, kyphoscoliosis, lordosis, 
or scoliosis

Pedal edema Right heart failure, hypervolemia, 
decreased blood return to right 
heart

TABLE 1-12
Elements of Inspection
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FIGURE 1-2 Jugular vein distension. To estimate jugular vein pressure (JVP), position the patient supine at a 45° angle. Visualize the internal 
jugular vein as it ascends the side of the neck between the two heads of the sternocleidomastoid muscle. Measure the height of the distension 
as a vertical column of blood in relation to the sternal angle. Normal JVP ≤ 3–4 cm above the sternal angle. JVP may increase because of right 
heart failure (e.g., cor pulmonale), left heart failure, constrictive pericarditis, pleural effusion, obstructed vena cava, and other cardiopulmonary 
disorders.

Internal jugular vein

External jugular vein

Clavicle

45°

Sternocleidomastoid

Manubrium
of sternum

in the midline of the neck. Check the centrality of the 
trachea by inserting the tip of the index finger into the 
suprasternal notch. Allow the finger to slip to either side 
of the trachea. If the finger slips more easily to one side 
or the other, the trachea is not midline.6 The trachea 
will shift toward an area of the collapsed lung and away 
from areas of increased pressure, from fluid or air in the 
pleural space (e.g., tension pneumothorax, hemothorax, 
large pleural effusion).

Accessory Muscle Use
When the diaphragm is severely depressed by the in-
crease in residual volume and functional residual capac-
ity, or air trapping, the accessory muscles of inspiration 
are activated. Normally, accessory muscles of inspira-
tion are prominent during exercise. The use of accessory 
muscles, at rest, is an indication of respiratory distress, 
increased work of breathing, and oxygen consumption. 
The major accessory muscles of inspiration include the 
scalene, sternocleidomastoid, pectoralis major, and the 
trapezius.

The accessory muscles of expiration are often used 
to overcome significantly increased airway resistance 
due to increased airway narrowing, loss of elastic-
ity, and airway collapse associated with chronic ob-
structive pulmonary disorders. The major accessory 
muscles of exhalation include the rectus abdominis, 
external oblique, internal oblique, and the transversus 
abdominis.

Sternal retractions are the inward movement of 
intercostal spaces and are caused by conditions that 
impede inspiration. They may occur anywhere along the 
respiratory tract. These conditions are characterized by 
increased resistance or decreased compliance. These 
inspiratory barriers are overcome by more negative 
pressure generation during inspiration, resulting in an 

inward movement of the intercostal spaces, suprasternal 
spaces, and subclavian spaces.

Paradoxical Breathing
Paradoxical breathing occurs when chest movement 
is the opposite of the normal chest motion. One com-
mon cause of paradoxical breathing is flail chest. A 
flail is the result of two or more rib fractures in two or 
more places, causing instability of the isolated piece of 
the chest wall. In this situation, the affected side moves 
inward on inspiration and outward during expiration. 
A flail chest causes a restrictive lung disorder because 
of rib instability, lung volume restriction, atelectasis, 
lung contusion, and possible pneumothorax.

The chest and abdomen move in synchrony during 
the respiratory cycle. The paradoxical motion of the 
abdomen during inspiration indicates diaphragmatic 
weakness associated with paralysis. Paradoxical inward 
movement of the chest wall during inspiration indicates 
paralysis of the chest wall muscle, as may occur in high 
thoracic spine injury or low cervical spine injury.

Finger Clubbing
Chronic hypoxia can lead to digital clubbing, where 
the fingers appear like a small club (Figure 1-3). Digital 
clubbing is due to chronic diseases such as bronchiecta-
sis, congenital heart disease, cystic fibrosis, GI disease, 
liver disease, and lung tumors.

Chest Configuration
Inspection of chest configuration is important to 
 identifying abnormalities of the chest that impact on 
pulmonary mechanics and reveal information about the 
progression of lung disease. Barrel chest is a  common 
finding in many patients with obstructive lung disease 
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(e.g., emphysema) where the lateral  diameter of a 
normal chest is twice the anteroposterior diameter. 
Figure 1-4 shows the comparison of a patient with a 
normal chest to a patient with a barrel chest.

Other abnormalities of the thorax may cause re-
striction lung expansion and are restrictive lung 
diseases (Figure 1-5). One such abnormality is 
pectus excavatum, which is a sternum that is depressed 
and deviated like a funnel. Pectus carinatum is a chest 
that bows out at the sternum, similar to that of a pigeon. 
Scoliosis is a lateral curvature of the spine. Kyphosis is 
the forward curvature of the spine. Kyphoscoliosis is a 
combination of kyphosis and scoliosis. Lordosis causes 
posterior curvature of the spine.

Pedal Edema
Edema is an excessive accumulation of fluid in the in-
terstitial space. Chronic lung disease can cause pedal 
edema because of right heart failure or cor pulmonale. 
Chronic hypoxemia causes pulmonary vasoconstric-
tion that increases the right heart workload to push the 
blood through the constricted vasculature. This results 
in right ventricular hypertrophy and decreased venous 
return to the right heart. The reduced blood return to 
the right heart increases venous hydrostatic pressure 
and fluid accumulates in the interstitial space of the 
ankles, causing pedal edema. The patient with left heart 
failure also often presents with pedal edema; and edema 
of the feet, legs, and arms is not uncommon in patients 
with multisystem organ failure.13 Pitting edema occurs 

FIGURE 1-3 Digital clubbing. Normal finger (A), mild digital clubbing 
(B), and severe digital clubbing (C).

(A)

(B)

(C)

FIGURE 1-4 Normal chest configuration (A) and a patient with an 
increased anteroposterior diameter (B).
Data from Wilkins RL. Physical Examination of the Patient with Cardiopulmonary Disease. 
In: Wilkins R, Krider S, Sheldon R, eds. Clinical Assessment in Respiratory Care. 3rd ed. St. 
Louis: Mosby-Year Book; 1995: 47-77.

(A) (B)

when there is enough fluid in the interstitial space to 
cause an indentation in the skin when compressed un-
der the fingertips.

Palpation
Palpation is the art of touching and feeling the surface 
of the body to assess the underlying tissue. For chest 
assessment, this involves touching the chest wall of a 
patient to find areas of tenderness or subcutaneous 
emphysema due to trauma, determine chest expansion, 
and assess for tactile fremitus. Palpation uses the fin-
gertips, palms, or the ulnar part of the hand with light 
pressure. Table 1-13 shows a review of the elements of 
palpation.

Peripheral Skin Temperature
Palpation of the patient’s feet and hands provides 
 information about perfusion; cool extremities may 
indicate inadequate perfusion. When cardiac out-
put and blood flow are not sufficient, compensatory 
vasoconstriction of the extremities shunts the blood 
to the vital organs. The peripheral vasoconstriction 
and reduced perfusion result in the loss of warmth in 
the extremities.

Capillary Refill Time
Capillary refill time (CRT) is the amount of time re-
quired for the return of color after the application of 
blanching pressure to a distal capillary bed, and is used 
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to assess the adequacy of blood flow to the extremi-
ties.17 Capillary refill is assessed by pressing the finger-
nail and counting the number of seconds it takes for the 
color to return to the finger nail. When cardiac output 
is low, and perfusion to the extremities is inadequate, 
capillary refill is slow. Normal CRT is less than 3 sec-
onds. However, ambient temperature and patient tem-
perature have a profound effect on CRT. A quick and 
easy bedside test to perform, CRT is done at any place 
and under any conditions. Unfortunately, its results 
cannot be interpreted with any degree of confidence in 
the adult population.18

Tactile Fremitus
Normal lungs transmit palpable vibrations to the 
chest wall. This is fremitus and requires the exam-
iner’s hands to be placed on the chest wall to feel the 
vibrations that occur while a patient is speaking. The 
patient is asked to repeat the word “ninety-nine” or 

Palpation Reveals

Peripheral skin 
temperature

Perfusion to skin, decreased skin 
temperature due to decrease in cardiac 
output, ambient temperature, or poor 
circulation

Capillary refill time Decrease in perfusion to finger may be 
due to a decrease in cardiac output or 
poor circulation

Tactile fremitus Increase due to solidlike or liquid 
substances (e.g., atelectasis)
Decrease due to excessive air  
(e.g., COPD)

Subcutaneous 
emphysema

Air under skin due to trauma, esophageal 
rupture, bronchial tube rupture

Chest expansion Right or left lung expansion problem

TABLE 1-13
Elements of Palpation

(C)

FIGURE 1-5 Abnormal chest configurations. Pectus excavatum (A), kyphosis (B), scoliosis (C), and pectus carinatum (D).
(A) © Dr P. Marazzi/Science Source; (B) © Dr P. Marazzi/Science Source; (C) © Ralf Geithe/iStock/Getty Images; (D) Reproduced with permission from Hock, András. Minimal access 
treatment of pectus carinatum: a preliminary report. Pediatr Surg Int. 2009; 25(4):337–342 (Web. February 14, 2016; Figure 2, p. 340).

(A)
(B)

(D)
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“one-one-one,” while the examiner places the ulnar 
aspect of both hands firmly against either side of the 
posterior chest wall between the scapula and the spine. 
The hands are moved downward and laterally to assess 
the lower lobes.

Sound waves move through gas, liquids, and solids. 
The movement of sound vibrations through a liquid and 
a solid are more effective than through gas (air). This is 
the basis for using tactile fremitus to assess the lungs. 
Some disease processes increase the transmission of 
sound and augment the intensity of the vibration felt. 
These disease processes include pneumonia (consoli-
dation), pulmonary fibrosis, atelectasis, alveolar con-
solidation, pulmonary edema, and lung tumor. Other 
conditions diminish the transmission of sound and 
decrease the intensity of the vibrations. These disease 
processes include pneumothorax and hyperinflation 
(air trapping). Another reason for a decrease in tactile 
fremitus is obesity, overly muscular chest, and pleural 
effusion. These increase the distance between the chest 
wall and the air-filled lungs.

It is important to note that if the area of consolida-
tion or atelectasis is not in contact with an open airway, 
tactile fremitus decreases or is absent. This occurs with 
atelectasis caused by complete bronchial obstruction. 
Fremitus is relatively subtle and is difficult to note when 
the increase or decrease is bilateral. Tactile fremitus can 
be supportive evidence used in addition to all other ele-
ments of assessment.

Subcutaneous Emphysema
Subcutaneous emphysema is the presence of air under 
the skin. The air may be present in subcutaneous tis-
sues of the neck, chest, and face. This condition may 
be painful, and the tissues may swell. Subcutaneous 
emphysema may be detected by placing the stethoscope 
over the tissue and listening for crackling or popping 
sounds or by palpating bubbles as the examiner’s fin-
gers move along the surface of the affected area. The 
possible causes of subcutaneous emphysema include 
chest trauma, rupture of the esophagus, a rupture in 
the bronchial tube, or as a result of invasive procedures 
such as intubation, bronchoscopy, and central line 
insertion.

Chest Wall Expansion
The chest wall is palpated to determine if the lungs are 
expanding symmetrically. Lung disorders such as at-
electasis, pneumothorax, pneumonia, lung resection, 
and right main stem intubation can cause asymmetrical 
chest expansion. To assess for asymmetrical expansion, 
the practitioner places the tips of each thumb on the 
patient’s posterior chest so that they are touching at ap-
proximately the eighth thoracic vertebra. The thumbs 
are placed after the patient exhales fully, before a full 
and deep breath. The palmar surface of the hand and 

fingertips are spread out across the lower chest wall. 
At the end of the full, deep breath, the practitioner 
should note the distance each thumb moves outward 
from the midline. Under normal conditions, each 
thumb moves equally (symmetrically) a distance of ap-
proximately 3–5 cm.

Percussion
Percussion or tapping with a finger is used to evaluate 
the underlying lung tissue by the transmitted sounds. 
During percussion of the chest, the clinician firmly 
places the middle finger of the nondominant hand over 
the area to be evaluated. With the flip of the nondomi-
nant wrist, the tip of the dominant hand middle finger 
is used to strike the finger on the chest. Symmetrical 
and orderly chest percussion is essential to compare the 
sounds generated over the percussed areas of the chest 
(Figure 1-6). A normal air-filled lung creates a resonant 
sound on percussion. Resonance, or resonant percus-
sion note, is the natural frequencies of vibration through 
normal air-filled lungs. Alterations in the lung tissue 
cause changes in the resonance heard during percussion.

Dull Percussion Note
A dull percussion note heard over the areas of high den-
sity or areas with little or no air is due to pleural effu-
sion, atelectasis, and pleural thickening. It is also heard 
over the liver and a tumor. A dull percussion note has a 
flat or soft, high frequency (high pitch) and short dura-
tion. When there is an increase in tissue density, the 
sound vibrations generated by percussion do not freely 
transmit through the lungs.

Hyperresonant Percussion Note
A hyperresonant note is loud, has a high pitch, and is of 
long duration. This note is heard over the areas of low 
tissue density or areas with increased air. These areas 
occur in patients who have emphysema, pneumothorax, 

FIGURE 1-6 Percussion technique.
© Jones & Bartlett Learning. Courtesy of MIEMSS.
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an asthma exacerbation, or dynamic hyperinflation due 
to mechanical ventilation.

Auscultation of Breath Sounds
Breath sounds are generated in the large airways be-
cause of high air flow in the trachea and large bronchi. 
The bulk flow of air and its velocity produce turbulence 
in the large airways, creating audible sounds. Gas move-
ment in the alveoli is due to simple diffusion, not bulk 
flow. Therefore, there are no audible lung sounds pro-
duced in the alveoli.

Listening to the breath sounds is the respiratory 
therapist’s most important physical assessment tech-
nique. Breath sounds provide valuable information 
about a patient’s lungs and their condition. Ausculta-
tion requires the use of a stethoscope and a quiet en-
vironment. The best position for the patient is sitting 
up. The anterior, posterior, and both lateral chest walls 
require breath sound assessment. Placing the stetho-
scope against bare skin eliminates distortion caused by 

clothing. The tubing should not be in contact with or 
rub against any objects during auscultation. The sounds 
created by the tubing rubbing against objects may be 
erroneously interpreted as adventitious lung sounds. 
Auscultation of breath sounds must be symmetrical 
with a comparison of the same spot over each lung seg-
ment. At each location on the chest wall, the patient in-
hales slightly deeper than normal and exhales passively. 
The auscultation of breath sounds should begin at the 
base of the lungs over the posterior chest (Figure 1-7).

There are four major characteristics of a breath 
sound that require assessment. The pitch is the physi-
cal property of vibrational frequency. The higher the 
frequency, the higher the pitch. Intensity, or ampli-
tude, is the degree of change in pressure (positive or 
negative) during breathing and is directly propor-
tional to the depth of breath, duration of inspiratory 
or expiratory sounds, and location of the sounds. 
Table 1-14 shows the characteristics of the normal 
breath sounds.

Case Study: Dyspnea Associated with Septic Shock
The respiratory therapist is called to evaluate a patient 
with symptoms of septic shock. The patient is com-
plaining of SOB and elevated body temperature. His 
level of consciousness (LOC) has been deteriorating 
for the past few hours; he is alert but confused. Physi-
cal assessment of the patient reveals the following:

 � Heart rate = 106 beats/minute

 � RR = 26 breaths/minute

 � BP = 84/62 mm Hg

 � Auscultation = bibasilar fine crackles

 � No pedal edema or JVD

 � Extremities cool to touch with peripheral 
cyanosis

 � Positive for central cyanosis

 � Capillary refill = 5 seconds
Briefly, explain the assessment parameters that may 

suggest this patient has hypoxia. Until the physician 
arrives at the hospital, what recommendations are ap-
propriate for this patient?

Case Review Assessment
Septic shock or any type of shock could be detrimental 
to the patient if not treated promptly and appropri-
ately. Shock is generally defined as the inability of the 
cardiovascular system to deliver adequate oxygen to 
the tissues. The objective data obtained from patient 
assessment indicate cardiopulmonary inefficiency to 
meet the body’s metabolic demand. The patient is 
in a hypermetabolic state because of the fever. This 

increases CO2 production and increases oxygen de-
mand. Both the heart rate and the RR are increased to 
attempt to meet that high demand.

The feeling of dyspnea is the patient’s perception 
of increased effort beyond normal to get air into his 
lungs. Auscultation revealed bibasilar fine crackles, 
which may be due to atelectasis. Cool extremities 
are a sign of compensation for hypotension due to 
vasoconstriction of superficial blood vessels, divert-
ing the blood flow to the organs with high metabolic 
demand. A capillary refill of 5 seconds is indicative 
of poor peripheral perfusion. Cyanosis of the lips and 
mucous membrane indicates central cyanosis caused 
by tissue hypoxia. Low pulse pressure (PP) and hypoxia 
can account for the patient’s confusion by causing 
cerebral hypoxia. Lack of pedal edema and JVD may 
rule out right heart failure and could be the result of 
hypotension.

Respiratory Therapist’s Recommendations
The respiratory therapist recommends that the pa-
tient be started on oxygen therapy and monitored by 
pulse oximetry to maintain a saturation of greater 
than 92%. Vasopressor medications are indicated 
to increase the patient’s BP. It is imperative that he-
modynamics be restored to ensure adequate oxygen 
delivery to the tissues. Continuous ECG monitoring 
is necessary to monitor for tachycardia and cardiac 
arrhythmias. This patient needs to be monitored con-
tinually until the physician arrives.
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Breath Sound Pitch Intensity Duration Location

Vesicular Low Soft Throughout inspiration until early in 
exhalation

Most lung fields

Bronchovesicular Medium Moderate Throughout inspiration and expiration Main bronchus area and upper right 
posterior lung field

Tracheal High Loud Throughout inspiration and expiration Trachea

TABLE 1-14
Normal Breath Sound Characteristics

FIGURE 1-7 Suggested sequence for systematic auscultation of the chest. For chest auscultation, always move from side to side (e.g., 1 to 
2, 3 to 4, 5 to 6) to compare breath sounds on the left versus the right side. The suggested sequence for auscultation for a complete chest 
examination is numbered. The respiratory care clinician should listen to breath sounds on inspiration and expiration and move in sequence from 
position 1 through 25.

(A)

10 9

7 8

6 5

3 4

2 1

11

14

15
18

12

13

16 17

19 20

22 21

23 24

26 25

(B)

(C) (D)
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Normal Breath Sounds
Tracheal breath sounds, also called bronchial breath 
sounds, are heard over the trachea and are high pitched 
with loud intensity as a result of turbulence created by 
the bulk flow in the trachea. The inspiratory and expira-
tory tracheal breath sounds are equal in length. If this 
breath sound occurs over lung fields, it is indicative of 
consolidation.

Bronchovesicular breath sounds are heard anteriorly 
over the upper part of the sternum between the first 
and second intercostal spaces. This is a combination 
of tracheal breath sounds and vesicular breath sounds. 
If this sound occurs over lung fields, it is indicative of 
consolidation.

Vesicular breath sounds, low pitched with a soft in-
tensity, are heard over the lung periphery (parenchyma) 
where alveoli are located. The inspiratory phase is lon-
ger than the expiratory phase.

The differences in these breath sounds are explained 
by the role that healthy lung tissue plays in “filtering” or 
muffling the harsh sounds produced by turbulent flow 
in the trachea and large airways.13 Figure 1-8 shows an 
example of a normal versus abnormal (adventitious) 
breath sound heard during auscultation.

Adventitious Breath Sounds
In addition to normal lung sounds, other sounds may 
be produced in the lung when the underlying tissue is 
abnormal. Different lung pathologies produce sounds 
that do not occur normally; these lung sounds are 
adventitious breath sounds. Adventitious lung sounds 
are either continuous or discontinuous. The continu-
ous sound maintains a uniform pattern for at least 
one-tenth of a second.13 The discontinuous sound does 
not hold that pattern.13

Crackles or rales are discontinuous (becoming 
stronger and weaker during the respiratory cycle) 

adventitious breath sounds. Crackles are brief and 
explosive, and are usually heard during inspiration 
(sometimes during late inspiration). Depending on their 
site of origin, crackles have different qualities. They are 
often divided into fine, medium, and coarse.

Fine crackles occur when terminal airways and al-
veoli pop open during a deep breath when the inspira-
tory effort is sufficient enough to overcome the forces 
that collapsed the airways or the alveoli (atelectasis). 
Medium crackles occur when air is passing through 
fluid-containing bronchi. Coarse crackles are present 
in CHF when fluid accumulates in the interstitial space 
between the capillaries and alveoli. In the initial stage 
of CHF, coarse crackles are heard in the base of the 
lungs. As CHF worsens, crackles ascend higher up the 
airways. Medium and coarse crackles are also present in 
pneumonia over the involved lobe. In general, the com-
mon causes of crackles include atelectasis, pulmonary 
edema, interstitial lung disease, acute respiratory dis-
tress syndrome, and respiratory infections.

Rhonchi are deep rumbling sounds that are con-
tinuous and more pronounced during expiration. 
Rhonchi occur because of air passing through partially 
obstructed always or a tumor. Low-pitched rhonchi oc-
cur because of the presence of thick secretions in the 
larger airways. These rumbling rhonchi may be palpable 
through the chest wall. The Latin word rhonchus means 
wheeze; occasionally, rhonchi are called sonorous 
wheezes.

The term wheeze is used to describe the musical 
lung sounds from the lungs with intrathoracic airway 
obstruction. Wheezes occur because of rapid airflow 
through narrowed (obstructed) airways. The wheeze is 
indicative of increased airway resistance and work of 
breathing under conditions such as asthma and CHF. 
Wheezes are usually high pitched and most commonly 
heard during expiration. As airways narrow, wheezes 
may be heard on expiration as well as on inspiration. 

FIGURE 1-8 Abnormal and normal breath sounds.

Rhonchi: coarse,
low-pitched; may clear

with cough

ILL WELL

Bronchial:
coarse, loud

Bronchovesicular:
combination bronchial
and vesicular; normal
in some areas

Vesicular:
high-pitched,
breezy

Wheeze: whistling,
high-pitched

Bronchial: coarse, loud;
heard with consolidation

Rub: scratchy,
high-pitched

Crackles: �ne crackling,
high-pitched
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Airway diameter reduction and wheezes are indicative 
of bronchospasm, bronchitis, lung tumors, foreign body 
obstruction, and pulmonary edema.

Stridor is produced by airflow with high velocity 
through a narrowed larynx and trachea. The diameter 
of larynx and trachea are decreased because of infec-
tions such as croup or epiglottitis or from postextu-
bation edema as a result of tissue injury. Stridor is a 
life-threatening sign because ventilation is compro-
mised in patients with stridor. Close monitoring is im-
perative, and an emergency intubation or tracheostomy 
may be needed. Treatment for the causes of stridor 
includes cool humidity or aerosolized racemic epineph-
rine, depending on its cause.

Grunting is a lung sound heard in newborns with re-
spiratory distress. It occurs when the newborn exhales 
against a partially closed glottis in an attempt to main-
tain lung volumes and prevent alveolar collapse. Grunt-
ing may be loud enough to hear without a stethoscope. 
Grunting improves gas exchange by increasing the func-
tional residual capacity.

When pleural membranes become inflamed and 
rub against each other, a creaking or grating sound 
is produced and called a pleural friction rub. A pleu-
ral friction rub is localized and limited to the areas 
of pleural irritation, and may be intermittent. Pleu-
ral rubs usually occur in patients with pneumonia, 

pulmonary fibrosis, pulmonary embolism, pleural ef-
fusion, or post thoracic surgery.

A decrease in airflow into the lungs will cause 
diminished breath sounds. Little or no air flow will 
cause an absence in the production of breath sounds. 
This emergent situation occurs because of atelecta-
sis, pneumothorax, consolidation, or severe asthma 
exacerbation.

Voice resonance, like breath sounds, reflects changes 
in lung density and airway patency and can help iden-
tify the underlying disease. Voice resonance increases 
with consolidation of the lung and decreases in lung 
collapse.6 Voice sounds are normally muffled when aus-
cultated during patient speech. When the practitioner 
auscultates over an area of suspected consolidation 
and has the patient say ninety-nine, if heard clearly it 
is bronchophony.1 Similarly, egophony is elicited when 
the patient is asked to say the letter e. Over normal lung 
fields, the e would sound like e. Over areas of consoli-
dation, the letter e sounds like the annunciation of the 
letter a. This “e to a” phenomenon occurs over areas 
of consolidation.1 Whispered pectoriloquy refers to a 
distinct increase in transmission of vocal sounds as-
sociated with early pneumonia, pulmonary infarction, 
or atelectasis.13 With this voice sound, the whispered 
numbers “one, two, three” are heard clearly through the 
stethoscope.

Case Study: Postoperative Atelectasis
The respiratory therapist is called in to evaluate a 
patient who is postoperative 3 days for upper ab-
dominal surgery. She is afebrile, alert, and oriented, 
but complains of SOB. She is 62 years old, 5 feet tall, 
and weighs 190 lb. Her respiratory pattern is rapid at 
36 beats/minute and shallow. Heart rate is 112 beats/
minute and regular. The patient indicated that her SOB 
has increased for the past few hours and gets worse 
with any activity. Auscultation reveals diminished 
breath sounds with fine, late inspiratory crackles. The 
review of other body systems was unremarkable.

Issue: What is the most likely explanation of the pa-
tient’s dyspnea and inspiratory crackles?

Case Review Assessment
Pulmonary complications are not uncommon following 
upper abdominal surgery. There are many factors that 
contributed to this patient’s postoperative dyspnea.

1. The surgical operation was in proximity to the di-
aphragm. The diaphragm is the major muscle of 
inspiration and any operation that might limit its 
contraction and relaxation will compromise the 
patient’s tidal volume, as evident by an increase 

in RR and shallow breathing. The increase in RR 
is proportional to the degree of volume loss.

2. The late inspiratory crackles are caused by the 
sudden opening of peripheral airways during 
inspiration.

3. The patient weight is another contributing fac-
tor to her inability to breathe deep; her esti-
mated ideal body is about 105 lb.

These findings suggest atelectasis and loss of lung 
volume as the cause of dyspnea. Atelectasis causes 
arterial desaturation and hence low arterial oxygen 
content. The patient’s inability to provide the increase 
in oxygen demand leads to worsening of dyspnea on 
exertion.

Respiratory Therapist’s Recommendations
There may be other reasons for the patient’s dyspnea 
besides postoperative atelectasis. CHF and pulmonary 
embolism are also concerns that need to be ruled 
out. The respiratory therapist recommends a chest 
radiograph and lung expansion therapy if atelectasis is 
confirmed.
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Essential Elements of the Cardiac 
Examination
The cardiac examination is a systematic examination 
that begins with the clinician’s first clinical impres-
sion, through observation or the view from the door. A 
closer look at the patient involves the inspection of the 
periphery as well as the chest. This inspection requires 
visualization of the patient’s chest. Care must be taken 
to ensure privacy and comfort during the cardiac ex-
amination. Chest palpation identifies the heart’s point of 
maximal impulse (PMI) and auscultation over the heart 
identifies abnormal heart sounds.

Observation
Examination of a patient’s cardiovascular system begins, 
in earnest, with the observation of the patient, vital sign 
assessment, observation of JVD, finger assessment for 
clubbing, and ankle assessment for pedal edema.

Jugular Venous Distension
The primary visual inspection of cardiac assessment 
involves observation of the right internal JVP. Fluctua-
tions in the right jugular vein reflect pressure changes in 
the right atrium and provide an indication of right heart 
hemodynamics. Distension of the right jugular vein 
suggests increased volume in the right ventricle and 
often suggests right ventricular failure. Normal jugular 
venous oscillation should not exceed 3 cm above the 
sternal angle (angle of Louis; Figure 1-1).

Inspection
With the patient in the supine position and the head 
elevated to 30°, inspection of the anterior chest wall is 
done to check for scars, an implanted pacemaker, and 
visible pulsations. Be sure to explain what you are do-
ing and why before beginning. Expose the minimum 
amount of bare skin necessary. Ask for the patient’s 
assistance to raise and cover the breast area if the pa-
tient is a female. The patient’s age, size of the chest, and 
state of health influence this inspection. Obesity, large 
breasts, and a muscular chest can make the precordial 
examination more difficult. Apical pulsation or the 
point of maximal impulse occurs because the apex of 
the heart bumps against the chest wall with each heart-
beat.19 The PMI occurs in the midclavicular line in the 

KNOWLEDGE CHECK QUESTIONS

1. True or False: Restrictive lung disease causes a 
barrel chest.

2. True or False: Bronchial breath sounds indicate 
lung consolidation.

fifth intercostal space and is due to left ventricular con-
traction (systolic thrust). If the PMI is visible, its loca-
tion and size need to be noted.

Palpation
Because the apical impulse is not always visible, the cli-
nician can palpate the PMI (Figure 1-9). The PMI may 
shift to the right or left with shifts in the mediastinum. 
Patients with COPD (emphysema) and air trapping with 
flat diaphragms may have the PMI shifted toward the 
epigastric area. Also, the left ventricular hypertrophy 
may cause an enlarged PMI.

Auscultation
Auscultation of the heart sounds provides valuable in-
formation that is significant in evaluating the critically 
ill patient. There are five auscultatory sites to assess 
during a cardiac examination (Figure 1-10). Normal 
heart sounds are primarily created by the closure of 
mitral, tricuspid, pulmonic, and aortic valves during the 
cardiac cycle (systole and diastole). The normal heart 
sounds are S1 and S2 (the “lub-dub” sound).

Normal Heart Sounds
The first heart sound, S1, is produced when the mitral 
and tricuspid valves snap shut simultaneously at the 
beginning of systole. The first heart sound is the “lub.” 
Normally, S1 is a single sound; any delay in right ventric-
ular systole may cause S1 to split into its two component 
sounds. Right bundle branch block (RBBB) is the most 
common cause of S1 splitting.

The second heart sound, S2, is caused by the closure 
of the aortic and pulmonic valves during ventricular 
relaxation (diastole). The second heart sound is the 
“dub.” This sound is heard best at the aortic and pul-
monic listening positions. Splitting of S2 occurs when 
pulmonic and aortic valves do not close simultaneously. 
A narrow splitting of S2 that occurs during inspiration 

FIGURE 1-9 Palpation of the apical pulse.
© Jones & Bartlett Learning. Photographed by Christine Myaskovsky.

Essential Elements of the Cardiac Examination 21



FIGURE 1-10 Use a systematic approach to auscultating heart sounds. Listen to each area for the S1 and S2. The sound of the aortic valve 
occurs over the “aortic area.” The pulmonic valve closure occurs over the “pulmonic area.” Erb’s point is a common listening area, which lies 
halfway between the apex and the base of the heart. The mitral valve is heard over the PMI or the “mitral area.”

Aortic
valve

Pulmonic
valve

Erb’s
point

Tricuspid
valve

Mitral
valve, PMI

is a physiologic phenomenon and is the result of a de-
crease in intrathoracic pressure and increased venous 
return to the right side of the heart. A significant delay 
of pulmonic and aortic valve closure will produce a wide 
splitting of S2 and is indicative of pulmonary hyperten-
sion, RBBB, pulmonary embolism, and right-sided heart 
failure. Table 1-15 summarizes the normal heart sounds.

Listening to cardiac sounds takes concentration and 
practice.19 See Box 1-4 for an outline of the steps to the 
cardiac auscultation. Extraneous noises need to be re-
duced, and the stethoscope must be placed directly on 
the skin. If the heart sounds are difficult to hear, the prac-
titioner can ask the patient to change position. Sitting 
upright and leaning forward or lying down in the left de-
cubitus position brings the heart closer to the chest wall.

Abnormal Heart Sounds
Extra heart sounds, S3, and S4, are generated by atypical 
blood flow mechanisms. These sounds, if present, are 
heard over the mitral area. Both S3 and S4 occur dur-
ing diastolic filling and are due to blood striking the left 

Sound Name S1 S2

Sound heard “Lub” “Dub”

Cause Closure of mitral and 
tricuspid valves

Closure of aortic and 
pulmonary valves

Timing Beginning of systole 
or ventricular 
contraction

Beginning of diastole 
or ventricular filling

Best heard 
over

Apex of heart (PMI or 
mitral area)

Base of heart (aortic 
and pulmonic areas)

TABLE 1-15
Normal Heart Sounds

ventricle.13 These rhythms are commonly called gallops 
because of their resemblance to the sound of a horse 
galloping.1 The S3 heart sound is often a sign of systolic 
heart failure. However, it can be a normal finding in 
children, pregnant females, and well-trained athletes. 
The S4 heart sound is always abnormal, and goes by the 
name “atrial gallop.” The S4 sound occurs during active 
left ventricular filling when atrial contraction forces 
blood into a noncompliant left ventricle. The S4 sound 
is indicative of diastolic heart failure and may also oc-
cur with atrial fibrillation. Table 1-16 summarizes the 
abnormal heart sounds.

BOX 1-4 Steps to Cardiac Auscultation
1. Begin with the aortic area, located along the right 

sternal border. Palpating for the right second in-
tercostal space along the right sternal border will 
ensure the appropriate stethoscope location.

2. Next, move the stethoscope directly toward the 
patient’s left sternal border at the left second 
intercostal space. This is clinically called the pul-
monic area or left upper sternal border.

3. Moving down the left sternal border, next aus-
cultate the tricuspid area. This area is at the left 
lower sternal border at the left fourth intercos-
tal space.

4. The final auscultatory site is the mitral area, 
which is at the apex of the heart. The mitral area 
is anatomically at the fifth intercostal space 
in the midclavicular line. To auscultate the mi-
tral area, use the bell of the stethoscope and 
have the patient lie in the left lateral decubitus 
position.
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Neurologic Assessment
Nervous system injuries often affect a patient’s respira-
tory function. Familiarity with the basic components of 
the neurologic examination and common neurologic 

Abnormal heart sounds occur from turbulent blood 
flow within the heart. These “whooshing” sounds are 
heart murmurs. Murmurs occur when blood travels 
backward through a leaky valve (regurgitation), is forced 
through an abnormally tight area (stenosis), or is forced 
through a congenital anomaly between chambers. 
Causes of systolic heart murmurs include aortic steno-
sis, pulmonic stenosis, atrial septal defect, mitral regur-
gitation, tricuspid regurgitation, and ventricular septal 
defect. Causes of diastolic murmurs include aortic re-
gurgitation, pulmonic regurgitation, mitral stenosis, and 
tricuspid stenosis.

The description of a heart murmur uses timing in the 
cardiac cycle, intensity, location, quality, pitch, configura-
tion, and the response to specific maneuvers. Using those 
features will accurately characterize the nature of a mur-
mur.20 The timing of murmurs is early, middle, or late 
systolic—that is, occurring between S1 and S2. Others 
are diastolic, coming between S2 and S1.1 Furthermore, 
systolic and diastolic murmurs are divided according to 
their duration within the cardiac cycle.20 Systolic mur-
murs that are present throughout all of systole are holo-
systolic. Systolic murmurs can also be mid-systolic, early 
systolic, and mid-to-late systolic. Diastolic murmurs can 
be early diastolic, mid-diastolic, and late diastolic.

The intensity of a murmur is also classified by the 
intensity on a scale of 1 through 6. Box 1-5 provides the 
grading system for intensity; the higher the grade, the 
louder the intensity.

The location where the murmur is loudest helps 
identify the origin of the murmur. For example, the 
murmur of aortic stenosis is loudest over the aortic 
area, and the murmur of pulmonary stenosis is loudest 
over the pulmonary area (Figure 1-10).

The quality of a murmur is harsh, blowing, musical, 
or squeaky. The pitch is either low, medium, or high. A 
high-pitched murmur is due to a large pressure gradient 
across a pathologic lesion. A change in the intensity of 
the murmur throughout the cardiac cycle is the configu-
ration of the murmur. Configuration can be crescendo 
(increases progressively in intensity from start to finish), 
decrescendo (decreases progressively in intensity from 
start to finish), crescendo-decrescendo (increases then 
decreases in intensity), diamond-shaped decrescendo-
crescendo (decreases then increases in intensity), 
plateau (constant intensity), and rectangular shaped 
(holosystolic or pansystolic).20 Lastly, some murmurs 
respond to changes in position as a result of changes 
in preload, afterload, and chamber size that affect the 
characteristic of a murmur.

Many murmurs are classified as functional, innocent, 
or physiologic, meaning that they are clinically insignifi-
cant.1 Others are significant in that they suggest a pro-
gressive pathologic process that may eventually require 
surgical intervention.1

Sound 
Name S3 S4

Sound 
heard

“Bub” in “lub-du-bub” First “dub” in 
“dub-lub-dub”

Cause Can be normal in 
healthy young 
athletes

Distended or floppy left 
ventricle

Systolic dysfunction
Congestive heart failure

Atrial contraction or 
atrial kick

Noncompliant left 
ventricle

Diastolic heart failure
Atrial fibrillation
Active myocardial 

ischemia

Timing After S2 Late diastole, just 
before S1

Best heard 
over

Apex of heart with 
stethoscope bell with 
patient in left lateral 
decubitus position

Apex of heart with 
stethoscope bell with 
patient in left lateral 
decubitus position

TABLE 1-16
Abnormal Heart Sounds BOX 1-5 Timing and Grades of Heart 

Murmurs
Grade 1: Very faint murmur only appreciated by an 

expert in optimum conditions.
Grade 2: Faint murmur recognized by nonexpert in 

optimum conditions.
Grade 3: Loud murmur without an accompanying 

thrill.*
Grade 4: Loud murmur with an accompanying thrill.
Grade 5: Loud murmur heard with stethoscope par-

tially off the chest.
Grade 6: Loud murmur heard with stethoscope off 

the chest.

*A "thrill" is a tremor or vibration felt upon palpation of the 
chest wall.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Left ventricular hypertrophy may 
cause the point of maximum impulse to shift to 
the epigastric area.

2. True or False: The S3 heart sound is commonly 
normal in athletes and pregnant women.
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abnormalities are essential to the respiratory therapist. 
The respiratory therapist needs to be able to assess a 
patient’s LOC using the appropriate terms and assess 
and understand the commonly used neurologic scoring 
systems, such as the GCS, Ramsay Sedation Scale, the 
Richmond Agitation–Sedation Scale, and the Confusion 
Assessment Method for Assessing Delirium in the Inten-
sive Care Unit. Other important aspects of the neurologic 
assessment include posturing and pupillary response.

Level of Consciousness
The most sensitive indicator of neurologic change is 
consciousness, which is the state of general awareness 
of oneself and the environment. It is difficult to mea-
sure consciousness directly. However, observation of a 
patient’s response to certain stimuli supplies an estima-
tion of consciousness. Assessment of LOC begins at 
the initial patient encounter. A patient with intact and 
normal functioning CNS will be awake, interacting, and 
communicating with others. If asleep, the patient can be 
easily aroused to an awake and alert state. If the patient 
does not respond to verbal stimuli but moves spontane-
ously in a purposeful manner, the patient is localizing. 
Localizing is purposeful and intentional movement in-
tended to remove the stimulus. The terms in Table 1-17 
are used to describe deviations from the normal LOC.

Glasgow Coma Scale
When a patient experiences an alteration in the LOC 
because of trauma or some other hypoxic or metabolic 
event, the Glasgow Coma Scale (GCS, Table 1-18) is 

Term Description

Coma (comatose) The patient does not respond to any 
stimuli, even painful stimuli. The patient 
is unconscious.

Confusion (confused) Patient has difficulty understanding 
directions. The patient is not oriented to 
person, place, time, or situation.

Delirium (delirious) The patient is confused, restless, 
agitated, incoherent, and is often having 
hallucinations. 

Lethargy (lethargic) The patient is drowsy, but can be 
aroused.

Obtunded The patient is difficult to arouse but 
responds appropriately.

Semi-coma 
(semi-comatose)

Patient is unconscious but responds to 
pain.

Stupor (stuporous) Patient has reduced responsiveness 
when attempts are made to arouse.

TABLE 1-17
Terms to Describe Levels of Consciousness

commonly used.1 This scale decreases the subjectivity 
of responses by assessing and quantifying the patient’s 
neurologic impairment. The GCS is used to evaluate 
the best motor response, best verbal response, and eye 
opening. The scale goes from a low of 3 to a maximum 
of 15. A score of 3 points is consistent with a deep coma 
or brain death. A score of 15 points indicates full con-
sciousness (Table 1-18).

Ramsay Sedation Scale
In patients who are critically ill, sedation and decreased 
LOC are often pharmacologically induced.1 In delivering 
prescribed sedation, the use of valid sedation assessment 
tools promotes safe practice, and the repeated use of se-
dation scores helps ensure that documentation is kept up 
to date and that the cumulative effects of sedation on pa-
tients’ cognitive states are minimized.21 This scale has two 
defined groups of scores: those of 1, 2, and 3 are given in 
assessing degrees of wakefulness, and those of 4, 5, and 6 
are given in assessing degrees of sleep (Table 1-19). The 
use of this type of scale can prevent over- and underseda-
tion of patients who are acutely or critically ill.21

Observation Score

Eye Opening Response

Spontaneously 4

In response to voice 3

In response to pain 2

None 1

Verbal Response

Oriented response 5

Confused response 4

Inappropriate words 3

Incomprehensible words 2

None 1

Motor Response

Obeys commands 6

Localizes 5

Withdraws 4

Flexes (decorticate) 3

Extends (decerebrate) 2

None 1

Data from Center for Disease Control: Glascow Coma Score. Last updated May, 
2003. http://www.bt.cdc.gov/massacasualties/pdf/glasgow-coma-scale.pdf

TABLE 1-18
Glasgow Coma Scale
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medications and to evaluate agitated behavior.22 
RASS is a 10-point scale, with four levels of anxiety 
or agitation (+1 to +4 [combative]), one level to de-
note a calm and alert state (0), and five levels of seda-
tion (−1 to −5) culminating in unarousable (−5)22 
(Table 1-20).

Confusion Assessment Method  
for Assessing Delirium in the Intensive  
Care Unit
Conventional treatment of mechanically ventilated 
patients in the ICU has included deep sedation and, in 
some cases, muscle relaxation.23 Prolonged ICU and 
hospital stays are associated with an increase in the 
diagnosis of delirium.23,24 The diagnosis of delirium 
is particularly problematic in intubated patients be-
cause of problems of communication and the common 
use of sedative and analgesic drugs. Recent guide-
lines recommend that all adult patients in the ICU 
need regular assessment for delirium.25 One of the 
methods recommended is the CAM-ICU monitoring 
tool (Figure 1-11).

Richmond Agitation–Sedation Scale
Agitated behavior frequently occurs in patients in 
the intensive care unit (ICU). Structured assessment 
of sedation and agitation is useful to titrate sedative 

Observation Score

Patient is anxious and agitated, restless, or both 1

Patient is cooperative, oriented, and tranquil 2

Patient responds to commands only 3

Patient exhibits brisk response to light glabellar 
tap or loud auditory stimulus

4

Patient exhibits a sluggish response to light 
glabellar tap or loud auditory stimulus

5

Patient exhibits no response 6

Reproduced with permission from Dawson R, Fintel N, Nairn S. Sedation 
assessment using the Ramsay scale. Emergency Nurse. 2010;18(3):19 
(Table 1, page 19)

TABLE 1-19
Ramsay Sedation Scale

Score Term Description

+4 Combative Overtly combative, violent, immediate danger to staff

+3 Very agitated Pulls on or removes tube(s) or catheter(s) or aggressive toward staff

+2 Agitated Frequent nonpurposeful movement or patient–ventilator dyssynchrony

+1 Restless Anxious or apprehensive, but movements not aggressive or vigorous

 0 Alert and calm

−1 Drowsy Not fully alert, but has sustained (>10 seconds) awakening, with eye contact, to voice

−2 Light sedation Briefly (<10 seconds) awakens with eye contact to voice

−3 Moderate sedation Any form of movement (but no eye contact) to voice

−4 Deep sedation No response to voice, but any movement to physical stimulation

−5 Unarousable No response to voice or physical stimulation

Procedure
1. Observe patient. Is patient alert and calm (score 0)? Does patient have behavior that is consistent with restlessness or agitation (score +1 

to +4 using the criteria listed, under Description)?
2. If the patient is not alert, in a loud speaking voice state patient’s name and direct patient to open eyes and look at the speaker. Repeat 

once if necessary. Can prompt patient to continue looking at the speaker. Patient has eye opening and eye contact, which is sustained for 
more than 10 seconds (score −1).

 Patient has eye opening and eye contact, but this is not sustained for 10 seconds (score −2).
 Patient has any form of movement in response to voice, excluding eye contact (score −3).
3. If the patient does not respond to voice, physically stimulate patient by shaking shoulder and then rubbing sternum if there is no response 

to shaking shoulder. Patient has any form of movement to physical stimulation (score −4).
 Patient has no response to voice or physical stimulation (score −5). 

Reprinted with permission of the American Thoracic Society. Copyright © 2019 American Thoracic Society. Sessler C, Gosnell M, Grap M et al. The Richmond 
agitation–sedation scale. Am J Respir Crit Care Med. 2002;166(10):1338–1344 (Table 1, page 1139). doi:10.1164/rccm.2107138. The American Journal of 
Respiratory and Critical Care Medicine is an official journal of the American Thoracic Society.

TABLE 1-20
Richmond Agitation–Sedation Scale22
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(B)(A)

FIGURE 1-12 (A) Decorticate posturing. (B) Decerebrate posturing.

Pupillary Dilation
Examination of the eyes, pupils, and eyelids is im-
portant in the search for clues about the patient’s 
condition. Bilaterally dilated pupils (Figure 1-13A) 
that are fixed at 4 mm and nonreactive can be caused 
by severe midbrain damage, cardiopulmonary arrest 
due to hypoxia, and anticholinergic poisoning. Bilat-
erally constricted (Figure 1-13B) or pinpoint pupils 
can be caused by lesions of the pons, usually after 
hemorrhage. Unequal or unilaterally dilated (4 mm), 
fixed and nonreactive pupil (Figure 1-13C) can be 
caused by brain stem compression, increased intra-
cranial pressure, or head trauma with a subdural or 
epidural hematoma.

Posturing
Patients with neurologic injury may demonstrate 
decerebrate or decorticate posturing (Figure 1-12). 
Decorticate posturing (Figure 1-12A) is characterized 
by adducted arms, flexed elbows, wrists, and fingers 
flexed on the chest, and legs stiffly extended and rotated 
internally. This type of response to painful stimuli oc-
curs when the comatose patient has a lesion in the mes-
encephalic region of the brain. Decerebrate posturing 
(Figure 1-12B) is characterized by internal rotation and 
extension of the arms, with the wrists pronated, fingers 
flexed, and the legs extended. This type of response oc-
curs when the comatose patient has a low-level brain 
stem compression.

FIGURE 1-11 Confusion Assessment Method for assessing delirium in the Intensive Care Unit (CAM-ICU).
Reproduced from Guenther U, Popp J, Koecher L, et al. Validity and reliability of the CAM-ICU flowsheet to diagnose delirium in surgical ICU patients. Crit Care. 2010;25:144–156. © 2010, with 
permission of Elsevier.

Delirium Assessment (CAM-ICU): 1 and 2 and (either 3 or 4)

Acute Onset of Fluctuating Course
An acute change from mental status baseline?
Or patient’s mental status �uctuating during the past 24 hours.

1

Inattention
Please read the following 10 letters: SAVEAHAART
Scoring: Error: When patient fails to squeeze on the letter “A.”
 Error: When the patient squeezes on any letter other than “A.”

Yes

No Stop.
No delirium.

RASS is above –4
(–3 through +4)

If RASS is –4 or –5

Stop

Stop.
No delirium.

Stop.
No delirium.

Stop.
Patient is
delirious.

<3 Errors

Patient is
delirious.

≥2 Errors

<2 Errors

≥3 Errors

0 RASS

2

Altered Level of Consciousness (“Actual” RASS)
If RASS is zero, proceed to next step.

3

Disorganized Thinking
1. Will a stone �oat on water? (Or: Will a leaf �oat on water?)
2. Are there �sh in the sea? (Or: Are there elephants in the sea?)
3. Does one pound weigh more than two pounds? (Or: Do two pounds
 weigh more than one?)
4. Can you use a hammer to pound a nail? (Or: Can you use a
 hammer to cut wood?)
5. Command:

Say to patient: “Hold up this many �ngers.” (Examiner holds two
 �ngers in front of patient.)
“Now do the same thing with the other hand.” (Not repeating the
 number of �ngers.)
If patient is unable to move both arms for the second part,
 ask patient to “add one more �nger.”

4

If RASS is
other

than zero

Proceed to
next step.

Reassess patient at
later time.
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Chapter Summary
The respiratory therapist must be able to utilize the pa-
tient’s medical history and physical examination to de-
termine the need for immediate, life-saving techniques 
and further diagnostic testing. This process initiates 
as soon as the respiratory therapist walks through the 
door of the patient’s room. Elements of cardiopulmo-
nary assessment include determination of the patient’s 
CC; taking the patient’s medical history; assessing vital 
signs; observing, inspecting, palpating, percussing, and 
auscultating the patient’s chest, lungs and heart; and a 
brief neurologic examination.

Key Points
1. The essential components of a patient  medical 

history include the patient’s CC; HPI; PMH; 
 medication history; social, occupational, and 
 environmental histories; family history; and 
an ROS.

2. The ROS includes assessing the patient’s general 
symptoms, skin and nails, HEENT, endocrine sys-
tem, respiratory system, cardiovascular system, 

hematologic system, lymph nodes, GI tract, genito-
urinary system, musculoskeletal system, neurologic 
status, and mental status.

3. Vital signs include body temperature, heart rate, 
RR, and BP. Disease states or changes in metabo-
lism cause changes in vital signs.

4. Various abnormal breathing patterns are clues in 
the identification of underlying disease states.

5. Chest physical assessment includes observation, 
inspection, palpation, percussion, and auscultation. 
General observations about the patient include the 
identification of pursed-lip breathing. The inspec-
tion includes looking for JVD or accessory muscle 
use. Palpation can identify changes in tactile fremi-
tus or locate broken ribs. Percussion of the chest 
can reveal pneumothorax (hyperresonant), pleural 
effusion (dull), or consolidation (dull). Auscultation 
of the chest identifies areas of the lungs with adven-
titious breath sounds.

6. Adventitious breath sounds include wheezes 
(bronchospasm), crackles (fluid or alveoli popping 
open), rhonchi (mucus), and stridor (upper airway 
obstruction).

7. Examination of a patient’s cardiovascular system 
includes patient observation, vital sign assessment, 
observation of JVD, finger assessment for clubbing, 
ankle assessment for pedal edema, and listening 
for heart sounds. Listening to heart sounds in-
volves notation of the rate and rhythm, extra heart 
sounds, and murmurs.

8. Normal heart sounds are S1 and S2; abnormal heart 
sounds are S3 and S4. Heart murmurs are character-
ized by their timing in the cardiac cycle, intensity, 
location, quality, pitch, configuration, and response 
to specific maneuvers.

FIGURE 1-13 (A) Bilaterally dilated pupils. (B) Bilaterally constricted (pinpoint) pupils. (C) Unequal pupils.

(A) (B) (C)

KNOWLEDGE CHECK QUESTIONS

1. True or False: A patient who opens his eyes only 
in response to pain, uses inappropriate words as 
verbal response, and withdraws from touch has 
a GCS of 9.

2. True or False: Low-level brain stem compression 
causes decorticate posturing.
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9. In addition to the LOC, basic neurologic assess-
ments made in the acute care setting include the 
GCS, Ramsay Sedation Scale, Richmond Agitation–
Sedation Scale, and the CAM-ICU.

10. The GCS is used to evaluate the best motor re-
sponse, best verbal response, and eye opening. The 
scale goes from a low of 3 to a maximum of 15. 
A score of 3 points is consistent with deep coma 
or brain death. A score of 15 points indicates full 
consciousness.

Chapter Questions
1. Demographic data include which of the following?

a. Past surgeries
b. Patient’s physician name
c. Major illnesses
d. Living arrangements

2. The part of the patient’s medical history that de-
scribes detailed information pertinent to the chief 
complaint is the:
a. past medical history.
b. social history.
c. history of present illness.
d. review of systems.

3. Factors that aggravate or diminish a patient’s symp-
toms are documented in which section of the pa-
tient’s medical record?
a. History of present illness
b. Past medical history
c. Review of systems
d. Chief complaint

4. A patient informs the respiratory therapist that 
she smokes 1½ packs of cigarettes each day for the 
past 30 years. This patient has a ________________ 
smoking history.
a. 15 pack-year
b. 20 pack-year
c. 30 pack-year
d. 45 pack-year

5. A patient who smokes 10 cigarettes a day for 10 
years has a smoking history of:
a. 100 pack-year.
b. 5 pack-year.
c. 10 pack-year.
d. 50 pack-year.

6. During the review of systems, the respiratory 
therapist finds out that the patient is suffering from 
dizziness and occasional fainting. Documentation 
of this information goes in which section of the re-
view of systems?
a. Mental status
b. General symptoms
c. HEENT
d. Respiratory

7. Timing, influences, nature, and associated features 
(TINA) may be used to assist in the gathering of 
information for:
a. history of present illness.
b. review of systems.
c. past medical history.
d. occupational history.

8. The questionnaire system used to assess past and 
present alcohol intake is the:
a. TINA questionnaire.
b. Ramsay questionnaire.
c. CAGE questionnaire.
d. Glasgow questionnaire.

9. Which of the following patients has all normal vital 
signs?

Heart Rate  Respiratory Blood Temper-
(Beats/ Rate  Pressure ature (°C)
Minute) (Beats/ (mm Hg) 
 Minute)

a. 68 14 98/65 37.5
b. 75 24 85/58 39
c. 105 18 142/95 38.7
d. 88 12 450/90 37

10. An elevated body temperature due to a disorder 
 affecting the body is:
a. hyperthermia.
b. pyrexia.
c. hypothermia.
d. hyperpnea.

11. Central nervous system depression from a drug 
overdose causes which of the following?
a. Bradypnea
b. Tachypnea
c. Hyperpnea
d. Biot breathing

12. The patient with which of the following blood pres-
sure readings (mm Hg) has underperfusion of the 
tissues and organs?
a. 135/70
b. 90/60
c. 85/45
d. 70/40

13. A patient with diabetic ketoacidosis is expected to 
have which breathing pattern?
a. Cheyne–Stokes
b. Kussmaul
c. Biot
d. Apneustic

14. Patient information gathered via observation in-
cludes which of the following?
a. Pedal edema
b. Tracheal position
c. Pursed-lip breathing
d. Jugular vein distension
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15. The chest configuration most indicative of chronic 
obstructive pulmonary disease is:
a. lordosis.
b. scoliosis.
c. kyphosis.
d. barrel chest.

16. Which of the following combination of pa-
tient findings is associated with areas of lung 
consolidation?

Palpation  
(Tactile  
Fremitus) Percussion Auscultation

a. Increased Tympanic Bronchovesicular
b. Decreased Hyperresonant Vesicular
c. Increased Dull Bronchial
d. Decreased Resonant Vesicular

17. A patient presents to the emergency department 
with shortness of breath, central cyanosis, bilateral 
lower lobe dull percussion, and bilateral coarse 
crackles of rapid onset. The most likely cause of 
these signs and symptoms is:
a. an asthma exacerbation.
b. congestive heart failure.
c. lobar pneumonia.
d. interstitial lung disease.

18. The point of maximal impulse is located at the:
a. fifth intercostal space left midclavicular line.
b. fourth intercostal space left sternal border.
c. fifth intercostal space right midclavicular line.
d. third intercostal space left sternal border.

19. The heart sound caused by the closure of the aortic 
and pulmonary valves is:
a. S1.
b. S2.
c. S3.
d. S4.

20. A patient who opens her eyes only to vocal stimuli, 
has a confused response to verbal stimuli, and 
withdraws from painful stimuli has a Glasgow 
Coma Score of:
a. 6.
b. 8.
c. 11.
d. 14.
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OUTLINE
Introduction
Pulmonary Diagnostic Tests

Sputum Examination 
Skin Testing
Bronchoscopy
Pulmonary Function Testing
Polysomnography

Noninvasive Monitoring
ECG Telemetry
Pulse Oximetry
Capnography
Exhaled Nitric Oxide

Diagnostic Laboratory Tests
Arterial Blood Gas Studies
Hematology
Chemistry Panels
Cardiac Enzyme Studies

Diagnostic Image 
Chest Radiograph 
Computed Tomography
Magnetic Resonance Imaging 
Positron Emission Tomography
Ultrasonography
Ventilation–Perfusion Scan

Cardiac Diagnostic Tests and Monitoring
12-Lead Electrocardiogram 
Echocardiography
Cardiopulmonary Exercise Testing
Cardiac Catheterization
Hemodynamic Monitoring

OBJECTIVES
1. Discuss methods for examining a sputum sample.
2. Explain the indications, contraindications, and 

complications for bronchoscopy.
3. Identify parameters commonly measured during spirometry.
4. Explain the correlation among sleep apnea, snoring, and 

excessive daytime sleepiness.
5. Describe the normal components of capnography.
6. Discuss the need for fractional exhaled nitric oxide 

measurements.
7. Label arterial blood gas results using conventional and 

alternative clinical interpretations.
8. Analyze a complete blood count, a comprehensive 

metabolic panel, and cardiac enzyme results.
9. Systematically evaluate a chest radiograph for normal 

anatomic structures.
10. Identify the advantages and disadvantages of using 

computed tomography, magnetic resonance imaging, and 
positron emission tomography to diagnose pulmonary 
diseases.

11. Differentiate between diagnostic ultrasound techniques and 
their clinical indications.

12. Explain cardiopulmonary exercise testing, its indications, 
and contraindications.

13. Describe the clinical importance of hemodynamic monitoring.
14. Discuss the roles of arterial blood pressure, central venous 

pressure, and pulmonary artery pressure in hemodynamic 
monitoring.

Diagnostic Testing  
and Monitoring

“Not everything that counts can be counted and not everything that can be counted counts.”

—Reproduced from Cameron, W. Informal Sociology: A Casual Introduction to Sociological Thinking. New York, NY: Random House:1963:13.
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KEY TERMS
Anemia
Anion gap
Basic metabolic 

panel (BMP)
Berlin Questionnaire
Bronchoalveolar 

lavage (BAL)
Bronchoscopy
Capnography
Cardiac catheterization
Cardiac enzyme
Cardiac troponin
Cardiopulmonary exercise 

testing (CPX)
Central venous 

pressure (CVP)
Clinical chemistry
Complete blood 

count (CBC)
Comprehensive metabolic 

panel (CMP)
Computed tomography (CT)
Co-oximetry
Creatine kinase (CK-MB)
CT pulmonary angiography
Dyshemoglobins

Dyslipidemia
ECG telemetry
Echocardiography
Electroencephalogram (EEG)
Electromyogram (EMG)
Electrooculogram (EOG)
Electrophysiologic test (EP)
End-tidal carbon 

dioxide (etco2)
Epistaxis
Epworth Sleepiness 

Scale (ESS)
Erythrocyte
Excessive daytime 

sleepiness (EDS)
Fick method
Flow-directed pulmonary 

artery catheter
Fractional exhaled 

nitric oxide (FENO)
Hematology
Hemodynamics
High-density 

cholesterol (HDL)
Lateral decubitus
Leukocytes

Low-density cholesterol 
(LDL)

Magnetic resonance 
imaging (MRI)

Mainstream capnography 
sensor

Maximum oxygen 
uptake (Vo2max)

Metabolic equivalent  
(MET)

Nonrapid eye movement 
(NREM) sleep

Percutaneous coronary 
intervention (PCI)

Polycythemia
Polysomnography (PSG)
Positron emission 

tomography (PET)
Pulmonary artery 

pressure (PAP)
Pulmonary capillary wedge 

pressure (PCWP)
Pulmonary function 

test (PFT)
Pulmonary vascular 

resistance (PVR)

Pulse oximetry
Radiolucent
Radiopaque
Rapid eye movement 

(REM) sleep
Sidestream capnograph 

sensor
Six-minute walk 

test (6MWT)
Sleep-disordered 

breathing (SDB)
Spirometry
Systemic vascular 

resistance (SVR)
Thermodilution method
Thrombocyte
Thrombocythemia
Thrombocytopenia
Transesophageal 

echocardiography (TEE)
Transthoracic 

echocardiography (TTE)
Tuberculin skin test (TST)
Ultrasonography

the need for diagnostic testing. These tests include 
biologic specimens, cardiac catheterization, cardiopul-
monary exercise testing, direct visualization of part of 
the respiratory system, echocardiogram, electrocar-
diogram, electrophysiology studies, imaging studies, 
measurements of gas exchange, and pulmonary func-
tion testing.

Case Study: Diagnostic Testing and Monitoring
A 27-year-old man arrives in the emergency depart-
ment unable to speak because of shortness of breath. 
His wife states that this shortness of breath came on 
suddenly 2 days ago and is progressively worse. His 
wife states that he has a history of asthma with no 
known allergies. She also says that before 2 days ago, 
her husband was in good health.

Physical examination reveals a well-developed, 
well-nourished man in obvious respiratory distress. 
He is alert, oriented, but very anxious. He is sitting 
forward in the bed, gasping for air. His vital signs in-
clude a respiratory rate of 28 breaths/minute, pulse 
125 beats/minute, blood pressure (BP) 112/75, tem-
perature 37.9°C, and pulse oximeter reading of 92%. 
His trachea is midline with accessory muscle use. Lung 
auscultation reveals bilateral inspiratory and expira-
tory wheezes.

Questions

1. What type of continuous monitoring is appropri-
ate for this patient?

2. What diagnostic tests are appropriate for this 
27-year-old man in respiratory distress?

Answers

1. Continuous monitoring of his oxygen saturation, 
pulse, heart rhythm, and BP is appropriate at 
this time. This will identify any life-threatening 
alterations in his cardiopulmonary status. Im-
mediate administration of supplemental oxygen 
is necessary for this patient because he is in re-
spiratory distress even though he is maintaining 
his oxygen saturation for now. The patient’s past 
history of asthma with his current presenta-
tion points to an acute asthma exacerbation 

Introduction
A comprehensive evaluation of patients with a sus-
pected or known cardiopulmonary disease requires a 
thorough history, physical examination, and diagnos-
tic testing. The proper use of diagnostic testing con-
firms or rules out the presence of a disease. It is the 
patient interview and physical examination that drive 
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Pulmonary Diagnostic Tests
Pulmonary diagnostic tests are a series of examinations 
that are specific to the diagnosis of lung diseases. These 
tests include visual inspection and microbiological test-
ing of sputum and of specimens acquired by invasive 
biopsy techniques, including bronchoscopy and bron-
choalveolar lavage. Pulmonary function tests (PFTs)
can assist in the diagnosis of a pulmonary disease, the 
assessment of severity, and monitoring the treatment. 
Polysomnography is the gold standard for the diagnosis 
of sleep-related respiratory disorders.

Sputum Examination
Coughing and sputum production is a manifestation of 
many respiratory disorders and may be necessary for 
the diagnosis and management of such disorders. Labo-
ratory examination of sputum is helpful in the evalua-
tion of respiratory tract infections.

Proper sputum collection is imperative for sputum 
examination; a good specimen will have few squamous 
epithelial cells and many polymorphonuclear leuko-
cytes. Sputum can be obtained by expectoration, airway 
suctioning, or bronchoscopy. Table 2-1 shows the differ-
ent ways of sputum sample examination.

Factors that can alter the result of sputum culture 
include the recent use of antibiotics, contamination of 
the sputum sample, an inadequate sample, and delivery 
delay to the laboratory.

Skin Testing
Skin tests are performed to evaluate allergic reactions 
or exposure to Mycobacterium tuberculosis. Skin tests 

require the injection of the antigen into the dermal layer 
of the skin. A positive allergy test indicates that the 
individual had exposure to the tested antigens. A posi-
tive tuberculin skin test (TST) shows an individual has 
been infected with M. tuberculosis but does not have 
the disease.

Bronchoscopy
Bronchoscopy is one of the most common methods of 
evaluating the respiratory tract and can be used to per-
form both diagnostic and therapeutic procedures. The 
bronchoscope is an instrument that allows the visualiza-
tion of the airways beyond the larynx. Figure 2-1 shows 
the view of a normal trachea and carina. The standard 
flexible bronchoscope is less than 0.5 inches wide and 
is about 2 feet long.1 Table 2-2 lists the indications and 
contraindications for bronchoscopy.

Hazards and Complications of Flexible 
Bronchoscopy
Complications from bronchoscopy include the adverse 
effects of the medications used before and during 

Evaluation 
Technique Use

Gross examination • Indicate further microbiological 
evaluation

Culture and 
sensitivity

• Diagnose bacterial infections
• Select and evaluate the effectiveness 

of antibiotic therapy 

Gram stain • Classify bacteria into gram negative 
and gram positive

• Guide therapy until the culture and 
sensitivity are available

Acid-fast smear and 
culture

• Determine the presence of acid-fast 
bacilli via a series of three early-
morning sputum samples 

Cytology • Identify the presence of abnormal 
malignant cells via microscope 

TABLE 2-1
Examination of Sputum 

necessitating an aerosol treatment with a 
short-acting beta-agonist. A peak expiratory flow 
rate (PEFR) measurement is appropriate before 
and after each aerosol treatment. A pre-treat-
ment PEFR <50% of predicted or personal best is 
indicative of a severe asthma exacerbation.

2. Arterial blood gas is needed to assess the pa-
tient’s ventilatory status and confirm his ability 

to oxygenate. A chest radiograph is appropriate 
to rule out other causes of respiratory distress  
such as upper airway obstruction, pneumotho-
rax, or pneumonia. A complete blood count  
(CBC) is appropriate to find evidence of infec-
tion. A 12-lead electrocardiogram (ECG) will rule 
out any cardiac causes of respiratory distress or 
identify any cardiac response to hypoxemia.

Case Study: Diagnostic Testing and Monitoring (Continued)

KNOWLEDGE CHECK QUESTIONS

1. True or False: It is appropriate for a patient with 
shortness of breath to have continuous oxygen 
saturation monitoring.

2. True or False: The patient history and physical 
examination determines the need for diagnostic 
testing.
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bronchoscopy. Also, cardiac arrhythmias, hypoxemia, 
hypercarbia, bronchospasm, increased airway resis-
tance, hypotension, and vagally mediated phenomena 
or death can occur. Mechanical complications include 
epistaxis, pneumothorax, and hemoptysis.2 The patient 
can also suffer from nausea and/or vomiting and fever 
and chills. There can be cross-contamination of speci-
mens or bronchoscopes.2

Bronchoalveolar Lavage 
Bronchoalveolar lavage (BAL) uses the suction channel 
of a fiberoptic bronchoscope to withdraw the instilled 
sterile normal saline solution. The withdrawn fluid then 

undergoes chemical, cytologic, and/or microbiologic as-
sessment. Common tests include gross observation, cell 
count and differential, cultures, and stains.3 Table 2-3 
list the indications and complications/adverse reactions 
for the BAL procedure.

Pulmonary Function Testing
Pulmonary function tests (PFTs) range from simple 
bedside assessment of PEFR measurements to com-
plex computerized lab studies.4 PFTs are the primary 
diagnostic tool for evaluating patients with respira-
tory symptoms and for guiding the management of 
such patients’ diagnosed lung disease. PFTs provide 

Indications Contraindications Relative Contraindications

Evaluation of airways
Infection
Lung mass or nodule
Hemoptysis
Unexplained cough
Removal of foreign body

Inability to maintain adequate oxygenation
Operator inexperience
Inadequate facilities
Lack of informed consent
Status asthmaticus

Active ischemic heart disease
Active cardiac arrhythmia
Refractory hypoxemia
Bleeding diathesis
Uncooperative patient
Active or uncontrolled bronchospasm
hypo- or hypertension

TABLE 2-2
Indications and Contraindications to Bronchoscopy

General Indications Diagnostic for Adverse Reactions

Nonresolving pneumonia
Diffuse lung infiltrates (interstitial and/or alveolar)
Suspected alveolar hemorrhage
Infiltrates in an immunocompromised host
Exclusion of diagnosable conditions by BAL, usually 
infection
Research

Alveolar hemorrhage
Malignancies
Infections (mycobacterial, 
pneumocystis, bacterial, fungal, viral)

Cough
Transient fever (2.5%)
Transient chills and myalgia
Transient infiltrates (resolves in 24 hours)
Transient fall of lung function
Bronchospasm (<1%)
Transient decrease in baseline Pao2

TABLE 2-3
Indications, Diagnosis, and Adverse Reactions for Bronchoalveolar Lavage 

FIGURE 2-1 (A) Normal-appearing main carina with sharply defined bifurcation. (B) Tumor infiltrating the proximal right mainstem bronchus.

(A) (B)
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an objective assessment for the determination of the 
presence or absence of pulmonary disease. They pro-
vide data about the presence of ventilatory defects, gas 
exchange defects, lung disease severity, and patient 
response to therapy. Spirometry is that part of pulmo-
nary function testing that measures how an individual 
inhales or exhales volumes of air as a function of time.5 
Spirometry is useful as a screening test of general respi-
ratory health.5 The goals of pulmonary function testing 
are to detect airflow limitation, lung restriction, gas 
transfer abnormalities, and ventilatory muscle weak-
ness.6 Table 2-4 lists the indications and contraindica-
tions for PFTs.

A variety of tests may detect functional impairment 
of the respiratory system at a relatively early stage of 
pulmonary disease. Commonly performed pulmonary 
function studies are measurements of lung volumes, 
forced expiratory flow rates, and diffusion capacity. 
There are three locations where PFTs are usually per-
formed: at the bedside, in a physician’s office, or in a 

pulmonary function laboratory. Bedside and physician 
offices utilize spirometry, as do screenings during health 
fairs. Full PFTs may be hospital based or freestanding. 
Table 2-5 lists types of tests included with screening or 
laboratory testing.

PFTs are an important tool in the assessment of 
patients with suspected or known respiratory disease. 
Interpretation of the tests, which requires knowledge of 
normal values and appearance of flow-volume curves, 
must be combined with the patient’s clinical history and 
presentation.7

Polysomnography
Polysomnography (PSG) is the technique of creating a 
continuous record of physiologic variables, including 
respiratory, cardiac, brain, and muscle activity, during 
sleep. Multiple sensors are used to create a diagnos-
tic polysomnogram montage. These sensors measure 
brain activity with an electroencephalogram (EEG), eye 

Indications Contraindications

Diagnose
• Investigate symptoms and signs that suggest pulmonary disease
• Identify pulmonary disease in at-risk individuals
• Identify respiratory complications in at-risk individuals
Monitor/evaluate
• Monitor the progression of known pulmonary disease
• Evaluate response to therapy
• Monitor the effect of occupational or environmental exposure
• Preoperative evaluation
• Monitor lung transplantation
• Evaluate the degree of disability

• Recent MI (within 1 month)
• Unstable angina
• Recent eye surgery
• Thoracic or abdominal aneurysm
• Recent abdominal or thoracic surgery
• Current pneumothorax

TABLE 2-4
General Indications and Contraindications for Pulmonary Function Testing

Pulmonary Function Test Lung Function Test Included

Screening spirometry
• Patient bedside
• Physician office
• Health fair 

• Slow vital capacity
• Forced vital capacity (FVC)
• Forced expiratory volume 1 second (FEV1)
• FEV1/FVC
• Forced expiratory flow 25–75% (FEF25-75)
• PEFR
• Flow-volume loop
• Pre- and post-bronchodilator therapy
• Dynamic lung volumes (tidal volume, inspiratory reserve volume, expiratory reserve volume, 

minute volume)

Laboratory pulmonary function testing
• Hospital lab
• Physician clinic/lab

• Same as bedside pulmonary function spirometry
• Maximum voluntary ventilation (MVV)
• Static lung volumes (residual volume, functional residual capacity, total lung capacity)
• Diffusion capacity (DLCO)
• Bronchoprovocation test
• Airway resistance

TABLE 2-5
Common Pulmonary Function Tests
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activity with an electrooculogram (EOG), and muscle 
activity with an electromyogram (EMG). The assessment 
of adult sleep looks at changes in these three sets of 
parameters.

Normal adult sleep consists of two states: nonrapid 
eye movement (NREM) sleep and rapid eye move-
ment (REM) sleep. These sleep states alternate 
throughout the night.8 A sleep cycle is a combination 
of NREM and REM sleep. Sleep normally begins with 
NREM and progresses to REM. The brain activity 
diminishes during NREM, suggesting a resting or 
restorative state. The REM period is characterized by 
increased brain activity, dreaming, and partial paraly-
sis of skeletal muscles. Throughout the night, REM 
episodes increase in duration and normally account 
for 25% of the total sleep period. NREM occupies 
about 75% of the sleep period and includes restorative 
sleep known as slow-wave sleep. Table 2-6 shows both 
normal and abnormal physiologic changes that occur 
during sleep.

Patients with sleep-disordered breathing (SDB) 
often have nonspecific and unremarkable physical 
examinations. Assessment of snoring and excessive 
somnolence issues occurs during the medical history 
and the interview portion of the physical assessment. 
Evidence of excessive daytime sleepiness (EDS) may 
be evident during the interview. In some cases, the 
loss of sleep can produce lethargy or inability to con-
centrate on tasks and questions. Two instruments can 
provide additional information about and insight into 
EDS and SDB. The Epworth Sleepiness Scale (ESS) is 
a tool used to assess daytime sleepiness (Figure 2-2). 
The Berlin Questionnaire is a survey instrument used 
to identify risk factors associated with sleep apnea 
(Figure 2-3).

The main scoring categories during PSG include 
sleep stages, respiratory events, leg movements, and 
arousals. Other parameters, such as pulse oximetry, 

ECG, snoring, continuous positive airway pressure 
titration, and effects of posture, are assessed and docu-
mented. The main components of laboratory PSG are 
listed in Table 2-7.

Simple, inexpensive devices are available to screen 
or case-select patients with SDB. The portable devices 
offer several potential advantages compared with in-
laboratory PSG. Home sleep testing might provide a 
more realistic appraisal of SDB than can be obtained 
in the PSG lab. The reduced number of monitors with 
portable devices may also help with a better approxima-
tion of the patient’s usual sleep habits. The home sleep 
test may be performed by a technician or by the patient. 
These systems often record only the airflow, respiratory 
effort, ECG, and Spo2.9

Normal Occurrences Abnormal Occurrences (SDB)

Alterations in neurochemical reflexes Decrease in airflow ≥90% of baseline for ≥10 seconds (apnea)

Increased airway resistance Reduction in airflow by ≥30% for ≥10 seconds and of O2 by ≥4% (hypopnea)

Reduction in upper airway muscle tone Apnea with continued ventilatory effort (obstructive apnea)

Reduction in ventilatory muscle tone Absent ventilatory effort with apnea (central apnea)

Reduction in ventilation (rate and volume) Apnea with initial absence and then resumption of respiratory effort (mixed apnea)

<10 cortical arousals (non-sleep stage change in 
EEG activity) of at least 15 seconds/hour of sleep

>20–25 cortical arousals (non-sleep stage change in EEG activity) per hour of 
sleep

TABLE 2-6
Physiologic Changes During Sleep

KNOWLEDGE CHECK QUESTIONS

1. True or False: Malignant cells can be identified 
in the sputum using gram staining.

2. True or False: Skin testing determines exposure 
to M. tuberculosis.

3. True or False: One of the goals of pulmonary 
function testing is to detect impaired gas diffu-
sion across the alveoli.

4. True or False: A diagnosis of SDB occurs during 
a physical examination.

Noninvasive Monitoring
Monitoring patients with cardiopulmonary diseases 
is a crucial responsibility of the respiratory therapist. 
In the practice of respiratory care, several noninvasive 
patient monitors are available. In addition to vital sign 
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FIGURE 2-2 The Epworth Sleepiness Scale is a short questionnaire designed to determine a patient’s subjective level of daytime sleepiness. 
The patient and physician can compare the patient’s score with the following key9:
0–5 Normal daytime sleepiness
6–10 Mild daytime sleepiness
11–17 Moderate daytime sleepiness
18–24 Severe daytime sleepiness
Reproduced from Johns, M. W. (1991). A new method for measuring daytime sleepiness: the Epworth sleepiness scale. Sleep, 14(6), 540–545.
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and a continuous 12-lead system. The choice of moni-
toring lead systems relies on the goals of monitoring 
for specific patient population and the patient’s clinical 
situation.10

An ECG tracing has waves, complexes, segments, 
and intervals that represent the electrical activity of the 
heart. Figure 2-5 displays a normal ECG tracing show-
ing all of the components of the tracing.

Each of the three leads provides information about 
different areas of the heart muscle. Changing the rela-
tionship of the positive, negative, and ground leads pro-
vides a few different bipolar electrical views of the heart.

■■ Lead I: LA is positive (+), RA is negative (−), and 
LL is the ground. This contains information about 
the left lateral wall of the myocardium.

Activity Monitored Polysomnography Component

Brain activity, sleep 
stages, arousals

EEG

Eye movement  
(REM vs. NREM)

Right and left EOG

Cardiac activity ECG

Chin muscle activity Chin EMG 

Airflow through mouth 
and nose

Airflow sensor

Chest and abdominal 
movement

Respiratory effort belts

Snoring Snore microphones or snore sensors

Leg movement Leg EMG

Oxygen saturation Pulse oximeter

TABLE 2-7
Components of Polysomnography 

FIGURE 2-4 The placement of ECG chest leads for three-lead 
continuous cardiac monitoring. The most frequent monitoring lead 
is Lead II.
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monitoring, other noninvasive monitoring of adult pa-
tients includes ECG telemetry, pulse oximetry, capnom-
etry, and exhaled nitric oxide.

ECG Telemetry
In the critical care setting it is common to place and 
keep monitoring leads directly on the patient’s chest in 
a simple three-lead ECG configuration to show continu-
ous wireless cardiac electrical activity (ECG telemetry). 
These include Lead I, Lead II, and Lead III. This 
placement forms Einthoven’s triangle, presented in 
Figure 2-4. Other continuous monitoring electrode 
placements include a 5-lead system, a 6-lead system, 

FIGURE 2-5 The normal ECG tracing showing waves, complexes, intervals, and segments.
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■■ Lead II: LA is the ground, RA is negative (−), and 
LL is positive (+). This provides information about 
the inferior wall of the myocardium and is the 
most common monitoring lead (Figure 2-6).

■■ Lead III: LA is negative (−), RA is the ground, and 
LL is positive (+). This provides information about 
the inferior wall of the myocardium.11

Figure 2-6 shows normal ECG tracings for Leads I, 
II, and III. Table 2-8 summarizes normal and abnormal 
waves and complexes seen in ECG telemetry.

Pulse Oximetry
Pulse oximetry is a noninvasive technique that uses 
optical sensor (spectrophotometry) to estimate the 
functional arterial oxygen saturation (Spo2). Pulse 
oximeters use LED wavelength of 660 nm (red light) 
and 905–940 nm (infrared) because these wavelengths 
correspond to the absorption characteristics of oxyhe-
moglobin and reduced hemoglobin. The deoxygenated 
hemoglobin absorbs more light than oxyhemoglobin 
at a wavelength of 660 nm. Conversely, oxygenated he-
moglobin absorbs more light at 905–940 nm than does 
deoxyhemoglobin. Pulse oximeter determines pulse by 
relating cyclical changes in light transmission that occur 
during ventricular systole and diastole.

The benefits of pulse oximetry center on its ease of 
use, noninvasive design, and rapid assessment of hypox-
emia.12 Pulse oximeters can provide either a spot-check 
measurement or continuous trending of the patient’s 

FIGURE 2-6 Normal ECG tracings for Leads I, II, and III.
© pikepicture/Shutterstock.

Component

Normal Abnormal

Morphology
Duration 
(seconds) Morphology

Duration 
(seconds)

P wave Positive (upright), smooth, 
rounded

0.12–0.20 Widened—left atrial enlargement
Tall—right atrial enlargement

<0.12 or >0.20

Q wave Negative (downward) or absent <0.03 Pathologic Q—height ≥1/3rd the height of the 
R wave—MI

>0.03 

QRS Complex Positive (upright), narrow, 
sharp pointed

0.06–0.11 Widened QRS complex
Premature ventricular contraction—conduction 
disturbance due to myocardial ischemia or 
infarction, hypoxemia, electrolyte imbalance
Narrow QRS complex with a rapid rate—
supraventricular tachycardia
Wide QRS complex with a rapid rate—ventricular 
tachycardia

≥0.12

T wave Positive (upright), slightly 
asymmetrical, rounded

0.10–0.25 Symmetrical—sign of pathology

ST segment Slightly elevated and flat ≤0.20 Elevated—myocardial ischemia, MI, coronary 
artery spasm, pericarditis
Depressed—ischemia, nontransmural MI, left 
ventricular hypertrophy, digitalis effect

U wave Small (<2 mm in height), 
positive (upright), symmetrical, 
rounded

>2 mm in height—sign of hypokalemia

TABLE 2-8
Basic Normal and Abnormal Components of Lead II ECG Telemetry
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oxygenation.12 It is used across the spectrum of patient 
ages and in all aspects of healthcare from the emer-
gency department to home care.

Pulse oximetry is relatively safe. However, it may be a 
source of cross-contamination of the patient.13 Dispos-
able single-patient sensors (finger, toe, and foot probes) 
are available. Additionally, latex may be used in the con-
struction of some non-disposable sensors.

It is apparent that the accuracy of a pulse oximeter 
reading is dependent on the arterial pulse. In conditions 
where low perfusion exists, such a hypovolemia, the 
pulse oximeter may not be able to accurately identify a 
pulsatile signal. Pulse oximeters are accurate for oxygen 
saturations greater than 80%. Pulse oximeter saturations 
less than 80% should be confirmed with arterial blood 
gas analysis. Factors that affect pulse oximeter perfor-
mance and accuracy appear in Box 2-1.

Pulse oximetry is an important clinical diagnostic 
tool and it is a standard of care. To many clinicians, it is 
the fifth vital sign. However, it is critical to understand 
that the pulse oximeter is only an oxygenation monitor. 
It does not provide any indication of ventilation, pH, or 
Paco2.12 Thus, even with an adequate Spo2, there is still 
a need for blood gasses or ventilation monitoring with 
capnography.12

Capnography
Monitoring respiratory and metabolic function by us-
ing capnography, to measure end-tidal carbon diox-
ide (etco2), is standard practice in anesthesia and is more 
common now in intensive care units, during procedural 
sedation, and to assess the effectiveness of cardiopulmo-
nary resuscitation.14 Capnography monitors ventilation, 

whereas pulse oximeters monitor oxygen saturation. Dur-
ing periods of apnea, capnography immediately reflects 
the lack of breathing. Pulse oximetry has a lag time dur-
ing breath-to-breath changes. Table 2-9 compares cap-
nography with pulse oximetry.

Capnography uses infrared technology to pro-
duce etco2 values and capnography waveforms. 
Another form of etco2 expression is the partial 
pressure of CO2 (Petco2). Depending on the loca-
tion of the carbon dioxide–measuring device, there 
are two sensor types: sidestream and mainstream. 
The sidestream capnography sensor aspirates ex-
haled gasses through a small sampling tube and brings 
it to the capnograph for measurement. This is used 
with non-intubated as well as intubated patients. The 
mainstream capnography sensor is connected directly 
to the patient’s endotracheal tube and sends an elec-
tronic signal to the capnograph. Figure 2-7 compares 
the sidestream and mainstream capnography systems. 
The mainstream sensor has a faster response time 
and less damping effect than the sidestream system, 
but it imposes a mechanical dead space that can af-
fect total minute ventilation, particularly with small 
tidal volumes.15 The sidestream system works well with 

BOX 2-1 Factors That Affect Pulse 
Oximeter Performance and Accuracy

 � Hypotension

 � Hypovolemia

 � Hypothermia

 � Vasoactive agent administration

 � Motion artifact

 � Ambient light 

 � Poor pulse amplitude

 � Carboxyhemoglobinemia

 � Methemoglobinemia

 � Dark skin pigmentation

 � Severe anemia (Hb <5 mg/dL)

 � BP cuff on same extremity

Capnography Pulse Oximetry

Measures End-tidal carbon 
dioxide

Oxygen saturation of 
hemoglobin

Effect of 
supplemental 
oxygen

No effect on 
capnography

Increases

Additional data 
provided

Respiratory rate Heart rate

Data provided Immediate 
indication of
• Hypoventilation
• Apnea
• Airway 

obstruction

An indication of changing 
oxygen saturation of the 
blood

Cannot provide 
data on

Oxygenation 
status

• Ventilation status 
in the presence of 
supplemental oxygen

• Actual delivery of 
oxygen to the tissues

• Real-time changes 
in oxygenation or 
ventilation

Reproduced from Casey G. Capnography: monitoring CO2. Nurs N Z. 
2015;21(9):20–24 (Table 1, page 21).

TABLE 2-9
Capnography versus Pulse Oximetry
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non-intubated patients. Figure 2-8 shows a particular 
nasal cannula used to deliver oxygen and sample ex-
haled carbon dioxide.

Most commonly seen in clinical practice is the 
time-based capnogram (Figure 2-9). This displays a 

steady increase in CO2 after exhalation begins, pro-
gressing to a slightly sloped plateau as the etco2 is 
reached.14

Capnography has a variety of clinical applications. 
Box 2-2 lists these clinical applications.

FIGURE 2-7 (A) Mainstream CO2 monitor; the sensor is in the patient circuit. (B) Sidestream CO2 monitor; the sensor is inside the monitor 
rather than in the patient circuit.
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FIGURE 2-8 Nasal cannula for sidestream CO2 monitor.
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FIGURE 2-9 Normal time-based capnogram. Phase I, dead space 
emptying with no CO2; Phase II, an abrupt rise in CO2 as anatomic 
dead space changes and terminal airways and alveoli begin emptying 
(the CO2 increases rapidly in healthy lungs); and Phase III, an alveolar 
plateau that ends in an etco2 measurement.
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BOX 2-2 Clinical Applications for Capnography
Capnography can be used to assess/verify:

 � adequacy of mechanical ventilation

 � adequate reversal of neuromuscular blockade

 � asthma/COPD exacerbation severity

 � asthma/COPD intervention effectiveness

 � blocked or kinked endotracheal tube

 � cardiac output (CO) changes

 � CPR effectiveness

 � dead space

 � endotracheal intubation success

 � futility of resuscitation

 � Non-operating room deep sedation, conscious 
sedation

 � presence of pulmonary embolism

 � patient-controlled analgesia (PCA) use

 � shock development

 � ventilator circuit disconnect

 � ventilator management

COPD, chronic obstructive pulmonary disease.
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There are three sources of clinical information in 
capnography: numerical value of etco2 (Petco2), 
the difference between the Petco2 and Paco2, and 
the shape of the capnograms.16 Normally, the Petco2 
is 2–5 mm Hg less than the actual Paco2. Numeri-
cal values are a useful tool for differential diagnosis.16 
Figure 2-10 shows various conditions that may cause 
increases or decreases in Petco2.

The difference between Petco2 and Paco2 is the 
Petco2–Paco2 gradient. This gradient is directly pro-
portional to the degree of physiologic dead space (VD).17 
The alveolar CO2 concentration is normally slightly 
greater than the arterial blood concentration, due to 
the mixing of CO2-containing alveolar gas with exhaled 
gas devoid of carbon dioxide from the anatomical dead 
space. In a patient with lung disease, the addition of 
alveolar dead space further dilutes Petco2 relative to 
Paco2.

18

The shapes of the capnograms offer more specific 
diagnostic clues than the numerical value and the 
Petco2–Paco2 gradient.16 Figure 2-11 shows various 
capnogram shapes and their interpretations.

Monitoring Petco2 can provide insight into the 
metabolic process, perfusion, and alveolar ventila-
tion. It provides continuous information about the 
patient’s minute ventilation and respiratory status and 
can prevent harm from drugs that cause respiratory 
depression.14

FIGURE 2-10 Causes of Petco2 Increases and Decreases
Modified from Kodali B. Capnography Outside the Operating Rooms. Anesthesiology. 2013;118(1):192–201. doi:10.1097/aln.0b013e318278c8b6.

Metabolic Circulatory

↑PETCO2 ↓PETCO2 ↑PETCO2 ↓PETCO2

↑PETCO2 ↓PETCO2 ↑PETCO2 ↓PETCO2

Pulmonary Mechanical

• Post-anesthesia
  recovery
• Shivering
• Malignant hyperpyrexia
• Adverse reaction to
  antipsychotic drugs
• Severe thyrotoxicosis
• Severe sepsis

• Metabolic acidosis
• Hyperthermia

• Sudden tourniquet
  deflation
• CO2 inhalation
• Laparoscopy
• Acidosis treatment

• Anesthesia induction
• Pulmonary embolism
• Severe hypovolemia
• Shock, cardiogenic
  and hemorrhagic
• Atrial septal defect
• Ventricular septal
  defect

• Asthma
• COPD
• Elevated PaCO2

• Pulmonary edema
• Pulmonary shunt
• Decreased PaCO2

• CO2 absorber
  depletion
• Monitor
  contamination

• Tubing disconnect
• Tubing blockage

FIGURE 2-11 Examples of various capnographic shapes. (A) Apnea. 
(B) Bronchospasm or airway obstruction. (C) Tachypnea leading to 
hyperventilation. (D) Hypopnea leading to hypoventilation. (E) Return of 
spontaneous circulation (ROSC) after a cardiac arrest. (F) Curare cleft 
due to patient attempting to breathe during partial muscle paralysis.
Modified from Kodali B. Capnography Outside the Operating Rooms. Anesthesiology. 
2013;118(1):192–201. doi:10.1097/aln.0b013e318278c8b6.
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Exhaled Nitric Oxide
Nitric oxide (NO) is another exhaled respiratory gas 
that is measured noninvasively. Nitric oxide, which is 
produced in the lungs and is present in exhaled breath, 
is implicated in the pathophysiology of lung diseases, 
including asthma. It acts as a vasodilator, bronchodilator, 
neurotransmitter, and inflammatory mediator in the lungs 
and airways. Fractional exhaled nitric oxide (FENO) is a 
noninvasive marker of airway inflammation in asthma. 
FENO levels are raised in people with asthma and can be 
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lowered by effective treatment with corticosteroids.19 
Common reasons for measuring FENO appear in Box 2-3.

FENO values are high when they are greater than 50 
parts per billion (ppb) for adults and greater than 35 
ppb for children.20 They are considered to be acutely 
rising when they vary more than 40% from a predeter-
mined baseline.21 Table 2-10 shows the general outline 
for FENO interpretation when monitoring patients diag-
nosed with asthma.

Diagnostic Laboratory Tests
The diagnostic laboratory plays an essential role in the 
assessment of a cardiopulmonary patient.22 These tests 
include, but are not limited to, arterial blood gasses, 
hematology, clinical chemistry, serum electrolytes, and 
cardiac enzymes.

Arterial Blood Gas Studies
The main function of the respiratory system is to sus-
tain arterial blood oxygen and carbon dioxide within a 
physiologic range. It is also essential for acid–base bal-
ance. Acid–base balance is the physiologic mechanism 
that regulates the hydrogen concentration of blood 
and body fluids within a range compatible with cellular 
function. Measurement of the arterial blood for pH, 
carbon dioxide, and oxygen is the most logical approach 
to the assessment of respiratory function. Additional 
clinically useful variables are the concentration of total 
hemoglobin, oxyhemoglobin saturation, saturations of 
the dyshemoglobins (carboxyhemoglobin and methe-
moglobin), and other calculated or derived values, such 
as plasma bicarbonate and base excess/deficit.23 The 
indications for collecting arterial blood for analysis are 
listed in Box 2-4.

BOX 2-3 Common Reasons for Measuring FENO

 � To assist in assessing the etiology of respiratory 
symptoms

 � To help identify the eosinophilic asthma  
phenotype

 � To evaluate potential response or failure to respond 
to anti-inflammatory agents, notably inhaled corti-
costeroids (ICS)

 � To establish a baseline FENO during clinical stability 
for subsequent monitoring of chronic persistent 
asthma

 � To guide changes in doses of anti-inflammatory 
medications: step-down dosing, step-up dosing, or 
discontinuation of anti-inflammatory medications

 � To assist in the evaluation of adherence to 
anti-inflammatory medications

 � To assess whether airway inflammation is contrib-
uting to poor asthma control particularly in the 
presence of other contributors (e.g., rhinosinusitis, 
anxiety, gastroesophageal reflux, obesity, or contin-
ued allergen exposure)

FENO < 25 ppb (adults)
FENO < 20 ppb (children)

FENO 25–50 ppb (adults)
FENO 20–35 ppb (children)

FENO > 50 ppb (adults)
FENO > 35 ppb (children)

Symptoms* 
present

Possible alternative diagnoses
Unlikely to benefit from increase in ICS

Persistent allergen exposure
Inadequate ICS dose
Poor adherence
Steroid resistance

Persistent allergen exposure
Poor adherence or inhaler technique
Insufficient ICS dose
Risk for exacerbation
Steroid resistance

Symptoms* 
absent

Adequate ICS dose
Good adherence
ICS taper

Adequate ICS dose
Good adherence
Monitor change in FENO

ICS withdrawal or dose reduction may result 
in relapse
Poor adherence or inhaler technique

*Symptoms refer to cough and/or wheeze and/or shortness of breath.

TABLE 2-10
General Outline for FENO Interpretation When Monitoring Patients Diagnosed with Asthma

KNOWLEDGE CHECK QUESTIONS

1. True or False: ECG telemetry uses only a 
three-lead configuration.

2. True or False: A 3-mm U wave on an ECG is 
normal.

3. True or False: Carboxyhemoglobinemia is identi-
fied with a pulse oximeter.

4. True or False: Capnography responds faster to 
apnea than pulse oximetry.

5. True or False: The FENO is a noninvasive marker 
of bronchospasm in asthma.
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The typical arterial blood gas study includes mea-
sures of oxygen tension, carbon dioxide tension, pH, 
oxygen saturation, calculated plasma bicarbonate, and 
base excess/base deficit. The addition of hemoximetry 
results in actual oxygen saturation, hemoglobin (Hgb), 
carboxyhemoglobin, and methemoglobin.13 The normal 
arterial blood gas values are listed in Table 2-11.

Interpretation of Acid–Base Balance
Interpretation of the acid–base balance entails assess-
ing the pH, Paco2, and HCO3

2. Acid–base imbalances 
involve a primary abnormality of one component of 
acid–base balance, either Paco2 or HCO3

2. Acid–base 

disorders can also involve compensatory responses 
by which the non-primary component is altered in an 
attempt to return and maintain the pH within its nor-
mal range. Acid–base abnormalities caused by only 
one component, Paco2, or HCO3

2, are pure conditions. 
Those that are produced by both Paco2 and HCO3

2 are 
mixed conditions. The presence of near-normal pH 
may indicate a compensatory response to a primary 
acid–base disorder. Boxes 2-5 to 2-8 show the causes of 
acid–base imbalances.

In many critically ill patients, respiratory and meta-
bolic disturbances coexist. With combined respiratory 
and metabolic conditions in the same direction, acidosis 

BOX 2-4 Indications for Arterial Blood Gas Analysis
The need to:

 � evaluate the adequacy of ventilation (Paco2),  
acid–base (pH and Paco2), and oxygenation  
(Pao2, SaO2)

 � assess the patient’s therapeutic response to inter-
vention and diagnostic evaluation

 � assess early goal-directed therapy measuring cen-
tral venous oxygen saturation in patients with sep-
sis, septic shock, and after major surgery

 � monitor severity and progression of documented 
disease processes

 � assess inadequacy of circulatory response

Analyte (units) Description Normal Value Normal Range

pH −log [H+] 7.40 7.35–7.45

Paco2 (mm Hg) Arterial carbon dioxide tension 40 35–45

Pao2 (mm Hg) Arterial oxygen tension 95 80–100

Sao2 (%) Arterial oxygen saturation 97.5 95–98

Plasma HCO3
2  (mEq/L) Plasma bicarbonate 24 22–28

BE/BD (mEq/L) Base excess or deficit 0 −2.0 to +2.0

Hb (g/dL) Hgb 15 Men: 13.5–16.5
Women: 12–15

COHb (%) Carboxyhemoglobin 0.5–1.5

metHb (%) Methemoglobin 0.5–1.5

TABLE 2-11
Normal Arterial Blood Gas and Hemoximetry Values

BOX 2-5 Causes of Respiratory Acidosis (Hypoventilation)
Respiratory acidosis is also known as hypercapnia, 
hypoventilation, ventilatory failure, and hypercapnic 
respiratory failure. Common causes of respiratory aci-
dosis include the following:

 � Increased work of breathing—↓ lung  
compliance, ↑ airway resistance, ↓ chest wall 
compliance

 � Decreased ventilatory drive—sedative or narcotic 
drugs, brainstem lesions, morbid obesity, head 
trauma, sleep apnea, metabolic alkalosis

 � Neurologic disease—spinal cord injury, amyotrophic 
lateral sclerosis, poliomyelitis, Guillain–Bare 
 syndrome, myasthenia gravis, botulism, muscular 
dystrophy, critical care myopathy
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or alkalosis, the pH may reach extreme values.13 Box 2-9 
lists commonly encountered mixed acid–base conditions.

In addition to the traditional blood gas classifica-
tion system of respiratory and metabolic acidosis and 
alkalosis, there is an alternative approach to the clinical 
interpretation of acid–base balance. This terminology 
appears in Table 2-12.

Interpretation of Oxygenation Status
Some oxygen transport measurements are available to 
assess the oxygenation status of a critically ill patient. 
Arterial blood gas studies allow for the direct measure-
ment of a patient’s Pao2. Combined with co-oximetry 
(which also measures COHb and metHb), SaO2 and Hb 

BOX 2-6 Causes of Respiratory Alkalosis (Hyperventilation)

 � Hypoxia/hypoxemia

 � Anxiety/pain

 � Early sepsis

 � Hepatic encephalopathy

 � Other neurologic disorders—trauma, infection, stroke

 � Pulmonary emboli

 � Metabolic acidosis

 � Iatrogenic hyperventilation

BOX 2-7 Causes of Metabolic Acidosis13, Box 8-15, p.332

Increased Anion Gap Acidosis

 � Lactic acidosis

 � Ketoacidosis

 � Renal failure (most patients have an increased an-
ion gap)

 � Salicylate overdose

 � Ingestion of methanol, ethylene glycol, large quan-
tities of propylene glycol, or toluene

 � Accumulation of pyroglutamic acid
Normal Anion Gap Acidosis

 � Diarrhea

 � Pancreatic fistula

 � Distal (Type 1) renal tubular acidosis

 � Proximal (Type 2) renal tubular acidosis

 � Hypoaldosteronism (Type 4 renal tubular acidosis)

 � Post-treatment ketoacidosis

 � Ureteral diversion

 � Ingestion or administration of ammonium chloride

 � Administration of carbonic anhydrase inhibitors

 � Intravenous hyperalimentation

 � Ingestion of toluene (late finding or with good 
 kidney function)

Data from Beachy W. Clinical assessment of acid-base and oxy-
genation status. In: Beachy W, ed. Respiratory Care Anatomy and 
 Physiology. 2nd ed. St. Luis: Mosby-Elsevier;2007:214–235; Post TW,  
Rose BD. Approach to the adult with metabolic acidosis. In:  
Basow DS, ed. UpToDate. Waltham, MA; 2013.

BOX 2-8 Causes of Metabolic Alkalosis

 � GI tract loss of hydrogen ions—vomiting, nasogas-
tric tube suction, unusual cases of diarrhea with 
potassium loss

 � Renal loss of hydrogen ions—loop or thiazide diuret-
ics, genetic renal tubular disorder, post-hypercapnic 
increases in HCO3

–, excess mineralocorticoid, hypo-
chloremia, hypokalemia, hypercalcemia

 � Intracellular shift of hydrogen ions—hypokalemia

 � Contraction of blood volume—hypovolemia due to 
fluid loss, loop or thiazide diuretics

 � Administration of base—sodium bicarbonate, 
 ingestion of base, crack cocaine or freebase  
cocaine

BOX 2-9 Commonly Encountered Mixed Acid–Base Disturbances

 � Chronic respiratory acidosis with chronic metabolic 
alkalosis

 � Acute respiratory acidosis with chronic respiratory 
acidosis

 � Acute respiratory acidosis with metabolic  
acidosis

 � Metabolic acidosis with chronic respiratory  
acidosis
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levels can be measured. This allows for arterial oxygen 
content (Cao2) to be calculated.

Pao2 is a simple indicator of the patient’s pulmonary 
oxygenation status. It reflects the lung’s ability to trans-
fer O2 across the alveolar capillary membrane. The nor-
mal range for Pao2 is 80–100 mm Hg when breathing 
“room air” or 0.21 oxygen. Mild, moderate, and severe 
hypoxemia correspond to Pao2 values of 60–79, 40–59, 
and <40 mm Hg, respectively.24 It must be noted, how-
ever, that normal values of Pao2 decrease with age. The 
definition of hypoxemia in adults depends on the age of 
the individual and the altitude. See Table 2-13 for the 
acceptable Pao2 ranges for adults.

Calculated indexes of oxygenation status include the 
alveolar–arterial tension gradient, the arterial blood 
oxygen content, the Pao2-to-FiO2 ratio, the arterial oxy-
gen tension ratio, and the oxygenation index. These are 
discussed in Chapter 3.

Adequate O2 delivery depends on both adequate 
arterial blood oxygen content and CO. Increases in the 

delivery of oxygen to the tissues are accomplished more 
efficiently through the increases in Hgb concentration 
and CO than by an increase in oxyhemoglobin satura-
tion. A complete assessment of patient oxygenation 
must take into account the adequacy of blood flow; 
clinical signs of an inadequate CO include hypotension, 
cool extremities, weak peripheral pulses, reduced urine 
output, and depressed levels of consciousness.

Hematology
Hematology is the study of blood in health and disease. 
The complete blood count (CBC) is an overall assess-
ment of the kinds and numbers of cells in the blood. 
These cells include leukocytes (white blood cells, or 
WBCs), erythrocytes (red blood cells, or RBCs), and 
thrombocytes (platelets). The CBC is one of the most 
frequently used laboratory diagnostic tests.25 The CBC 
test includes the total WBC count, a WBC differential, 
an RBC count, hematocrit (HCT), Hgb, platelet count, 
and mean platelet volume (MPV). The CBC provides 
valuable data about the patient’s diagnosis, prognosis, 
and therapeutic response. Table 2-14 shows the com-
ponents of the CBC along with their description and 
normal ranges.

For practical purposes, the variables of interest to a 
respiratory therapist are specific. The Hgb is a general 
indicator of anemia, when Hgb is low, or polycythemia, 
when Hgb is high. The platelet count can show 
thrombocytopenia, decreased platelet count that can 
lead to excessive bleeding, or thrombocythemia, exces-
sive platelets. The WBC count gives important clues 
to leukopenia, or decreased WBCs, and leukocytosis, 
or increased WBC.25 The WBC differential gives the 
specific cause of the increases and decreases in WBC. 
The CBC is an excellent screening test for identifying 
many different hematologic disturbances as well as for 
evaluating blood homeostasis. The CBC can provide the 
respiratory therapist with the tools needed to identify 
blood cell abnormalities and monitor the stability of 
the patient.13

Chemistry Panels
Chemistry panels are groups of tests that are routinely 
ordered to determine a person’s general health sta-
tus.26 An understanding of blood chemistry is a sig-
nificant part of patient assessment. Clinical chemistry 
analyzes the non-cellular components, reporting the 
concentration of atoms and molecules present in the 
plasma.22 These chemicals are in the intracellular and 
extracellular fluid. For proper functioning of cells, 
a normal concentration of these chemicals must be 
maintained within both the intracellular and the extra-
cellular fluid.

The number and type of tests contained in specific 
panels, and the names of the panels, have been stan-
dardized nationally.26 Examples of common chemistry 
panels include the basic metabolic panel (BMP), the 

Label Description

Acute ventilatory failure
Acute respiratory failure
Acute hypercapnic 
respiratory failure
Type II respiratory failure

A sudden rise in Paco2 with 
corresponding decrease in pH

Chronic ventilatory failure
Chronic respiratory failure

A chronically elevated Paco2 with 
a normal or near-normal pH (due 
to compensation)

Acute-on-chronic ventilatory 
failure

A sudden rise in Paco2 in a patient 
with chronic ventilatory failure

Acute alveolar 
hyperventilation

A sudden fall in Paco2 with a 
corresponding increase in pH

Chronic alveolar 
hyperventilation

A chronically decreased Paco2 

with a normal or near-normal pH 
(due to compensation)

Acute alveolar 
hyperventilation 
superimposed on chronic 
ventilatory failure

A sudden decrease in Paco2 in a 
patient with chronic ventilatory 
failure

TABLE 2-12
Alternative Approach to Clinical Interpretation  
of Acid–Base Balance

Age (years) 30 40 50 60 70 80 90

Pao2 (mm Hg) >90 >85 >80 >75 >70 >65 >60

Values are calculated with the equation of Sorbini CA, Grassi V, Solinas E, 
Muiesan G. Arterial oxygen tension in relation to age in healthy subjects. 
Respiration. 1968;25(1):3–13.

TABLE 2-13 
Acceptable Pao2 Ranges for Adults in Supine 
Position at Seal Level 
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comprehensive metabolic panel (CMP), electrolyte 
panel, lipid profile, liver profile (hepatic function panel), 
renal panel (kidney function panel), and diabetes tests. 
Table 2-15 lists the most common analytes, their refer-
ence ranges, and the type of chemistry panel that re-
ports them.

The anion gap is a measurement of the difference be-
tween the sum of the positive electrolytes and the sum of 
the negative electrolytes routinely measured in BMP and 
CMP. The anion gap formula is (Na+ + K+) − (Cl− + 
HCO3

−). However, the potassium is usually ignored 
in the formula, and the anion gap is (Na+) – (Cl− + 
HCO3

−). This entity is useful in the detection and analysis 
of acid–base disorders, assessment of quality control in 
the chemical laboratory, and detection of such disorders 

as multiple myelomas, bromide intoxication, and lithium 
intoxication.27

Diabetes mellitus is a common and serious group of 
disorders that involves insulin and the inability to main-
tain normal levels of circulating glucose.22 A fasting 
blood glucose level greater than 100 mg/dL is a com-
mon finding among patients. An elevated glucose level 
is indicative of diabetes mellitus, but also of other endo-
crine disorders.22 A patient who has, on more than one 
testing occasion, had a fasting glucose level ≥126 mg/dL 
is very likely to have diabetes. The patient with diabetes 
is susceptible to a series of chronic complications and 
is at a risk of premature death.28 These complications 
include coronary artery disease (CAD), cerebrovascular 
accident, peripheral vascular disease,28 and a restrictive 

Component Description Reference Range

WBC count A count of all the different cells that respond to microorganisms and 
play a vital role in the defense of the body

4,500–10,000 cells/µL

Neutrophils (WBC differential) Primary defense WBCs that phagocytize microorganisms and release 
enzymes that kill microorganisms

50–70% of WBCs
Or
2,000–7,000 cells/µL

Lymphocytes (WBC differential) Immune system cells that take part in cellular immunity (T lymphocytes) 
and produce antibodies (B lymphocytes)

20–40% of WBCs
Or
800–4,000 cells/µL

Monocytes (WBC differential) WBCs that become macrophages to kill and remove microorganisms 
and cellular debris

2–10% of WBCs
Or
80–1,000 cells/µL

Eosinophils (WBC differential) Immune cells that release enzymes during infection, allergic reactions, 
and asthma

2–4% of WBCs
Or
80–400 cells/µL

Basophils (WBC differential) Immune cells that release enzymes in response to allergic reactions 
and asthma, causing an inflammatory reaction

0–1% of WBCs
Or
0–10 cells/µL

RBC count A count of the number of erythrocytes in a blood sample; RBCs carry 
oxygen to the tissues

Male: 4.8–6.2 × 106/µL
Female: 4.4–6.2 × 106/µL

HCT The volume occupied by RBCs in a volume of whole blood expressed as 
a percentage

Male: 40–50%
Female: 37–47%

Hgb A measurement of the iron-containing protein present in all RBCs Male: 14–16 g/dL
Female: 13–15 g/dL

Mean corpuscular volume (MCV) 
(RBC indices)

The size of the RBCs MCV: 80–100 fL

Mean corpuscular hemoglobin 
(MCH) (RBC indices)

The amount of Hgb in an average RBC MCH: 27–31 pg/cell

Mean corpuscular hemoglobin 
content (MCHC) (RBC indices)

The percentage of the RBC count that is hemoglobin 32–36%

RDW Measurement of the variation in RBC size or RBC volume <12%

Platelets Repair tissue after injury and stop bleeding after injury by clot formation 165–415 × 103/mm3

MPV A measure of the average volume of platelets 9.00–12.95

TABLE 2-14 
Complete Blood Count Components
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pattern of respiratory abnormality.29 Table 2-16 shows 
the criteria for the diagnosis of diabetes.

CAD laboratory tests are available for risk as-
sessment, the diagnosis of myocardial infarc-
tion (MI), and the evaluation of congestive 
heart failure (CHF).22 These tests include to-
tal cholesterol, low-density cholesterol (LDL), 
high-density cholesterol (HDL), and triglycerides. The 
term dyslipidemia describes a disorder of lipoprotein 
metabolism, either overproduction or deficiency. 
CAD risk is high when the total cholesterol level is 
≥240 mg/dL. Elevated levels of circulating LDL cor-
relate with an increased incidence of atherosclerosis 
and CAD and is the “bad cholesterol.”30 Conversely, 
elevated HDL appears to protect against atheroscle-
rosis and has earned the moniker “good cholesterol.”30 
Table 2-17 lists these CAD laboratory tests, called 

adult treatment panel (ATP III), with the guidelines 
for classification.

The chemistry panels performed by the clinical 
chemistry laboratory encompass a diverse array of 
analytes that are performed on serum and help the 
respiratory therapist to determine if the patient has an 
abnormality in almost any body system.22

Cardiac Enzyme Studies
Enzymes are chemicals substances (proteins) that speed 
up the rate of intracellular chemical reactions. Some 
of these enzymes are present in low concentrations in 
serum under normal physiologic conditions. However, 
under pathologic conditions such as cellular injury, me-
tallic abnormalities enzyme leak from damaged cells, 
resulting in elevated serum enzyme concentrations. The 
distribution of enzymes in the cells are relatively organ 
specific, and the change in their concentration, when 
tissues are damaged, is clinically significant.

Cardiac enzymes are a group of proteins that are 
found in myocardial tissues and are released in the 
serum when cardiac cells are injured. The elevated car-
diac enzymes in the serum, the clinical presentation of 
the patient, and other diagnostic tests such as ECG are 
used to diagnose acute MI. The initial cardiac enzymes 
(chemical markers) include creatine kinase (CK-MB) 
and cardiac troponins.

Analyte Adult Reference Range* Panel

Bilirubin Total: 0.3–1.9 mg/dL CMP

Calcium (Ca+2) 8.5–10.2 mg/dL BMP, CMP

Creatinine 0.6–1.3 mg/dL BMP, CMP

Electrolytes Sodium (Na+): 135–145 
mEq/L

BMP, CMP

Potassium (K+): 3.7–5.2 
mEq/L

BMP, CMP

Carbon dioxide (tCO2):  
23–29 mEq/L

BMP, CMP

Chloride (Cl-): 96–106  
mEq/L

BMP, CMP

Glucose 
(fasting)

70–100 mg/dL BMP, CMP

Liver enzymes Alkaline phosphatase (ALP): 
44–147 IU/L

CMP

Alanine aminotransferase 
(ALT): 10–40 IU/L

CMP

Aspartate aminotransferase 
(AST): 10–34 IU/L

CMP

Proteins Total protein: 6.0–8.3 g/dL CMP

Albumin: 3.4–5.4 g/dL CMP

Urea nitrogen 
(BUN)

6–20 mg/dL BMP, CMP

*Reference ranges presented in the table are for general information 
purposes only. Individual laboratories link test results to their particular 
reference intervals, which should be used to interpret a particular test result. 

Data from Updated by Laura J, Martin A. Comprehensive metabolic panel: 
MedlinePlus Medical Encyclopedia. Nlmnihgov. 2016. https://www.nlm.nih.
gov/medlineplus/ency/article/003468.htm. Accessed March 27, 2016.

TABLE 2-15
Common Chemistry Analytes

The presence of one or more of the following test criteria 
is consistent with a diagnosis of diabetes

Test Description Critical Value

Hemoglobin A1C Percentage of glycated 
Hb, which reflects 
average blood sugar and 
blood sugar control over 
the past 2–3 months

≥6.5%

Glucose 
(fasting)

Fasting plasma glucose 
level (FPG)

≥126 mg/dL

2-hour plasma 
glucose

2-hour plasma glucose 
level during oral glucose 
tolerance test (2-h OGTT)

≥200 mg/dL

Random plasma 
glucose

Elevated plasma 
glucose in the presence 
of symptoms of 
hyperglycemia or 
hyperglycemic crisis 
(e.g., increased thirst, 
headache, difficulty 
breathing, diminished 
concentration, 
drowsiness, blurred 
vision, vomiting, 
abdominal pain)

≥200 mg/dL

Data from American Diabetes Association. Standards of medical care in 
diabetes-2013. Diabetes Care. 2013;36(suppl 1):S11–S66.

TABLE 2-16
Diagnosis of Diabetes 
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Creatine kinase is made up of three types: CK-MB 
(present in heart muscle), CK-BB (found in the 
brain), and CK-MM (found in skeletal muscles).30 The 
myocardial-specific kinase (CK-MB) is the standard 
chemical marker for evaluating myocardial injury. The 
CK-MB concentration in plasma begins to rise after 
3–8 hours of myocardial injury and peaks at 24 hours 
and returns to normal within 48–72 hours.30 Clinical 
manifestations and the ECG are helpful in recognizing 
patients with MI.

Troponin is a regulatory protein that controls the 
interaction of actin and myosin in muscle cells. The 
cardiac forms of troponin are structurally unique and 
highly specific for the heart muscle. These cardiac tro-
ponins are troponin I (cTnI) and troponin T (cTnT). 
The cardiac troponins are released into the blood after 
cardiac muscle cell damage. An increase in cardiac tro-
ponins may be detected after 3–4 hours of the onset of 
chest discomfort; they peak between 18 and 36 hours, 
and then decline slowly, allowing for detection up to 
10–14 days after a large MI.30

Table 2-18 lists the cardiac enzymes and their labo-
ratory reference ranges in healthy adults.

Total Cholesterol

<200 Desirable

200–239 Borderline high

≥240 High

Low-Density Lipoprotein (LDL) 

<100 Optimal

100–129 Near optimal/above optimal

130–159 Borderline high

160–189 High

≥190 Very high

High-Density Lipoprotein (HDL)

<40 Low

≥60 High

Triglycerides

<150 Normal

150–199 Borderline high

200–499 High

≥500 Very high

TABLE 2-17 
Classification of Total, LDL, and HDL Cholesterol 
and Triglycerides (mg/dL) 

Cardiac Enzyme Reference Range

Creatine kinase (total) Male: 51–294 U/L

Female: 39–238 U/L

Creatine kinase-MB Mass: 0–5.5 ng/mL

Percentage of total CK: 0–4%

Troponin I (cTnI) 0–0.04 ng/mL

Troponin T (cTnT) 0–0.01 ng/mL

Data from Loscalzo J. Harrison’s Pulmonary and Critical Care Medicine. 2nd 
ed. New York, NY: McGraw-Hill Medical; 2013.

TABLE 2-18
Cardiac Enzyme Reference Ranges  
for Healthy Adults

KNOWLEDGE CHECK QUESTIONS

1. True or False: A sudden rise in Paco2 in a pa-
tient with chronically elevated Paco2 is an 
acute-on-chronic ventilatory failure.

2. True or False: Acceptable Pao2 levels vary in-
versely with age.

3. True or False: Thrombocytopenia is an excess of 
platelets in the blood.

4. True or False: Blood sugar control over the past 
2–3 months can be assessed using HbA1c.

5. True or False: CK-MB can be detected in the 
blood for as long as 2 weeks after a massive MI.

Diagnostic Imaging
Diagnostic image studies are important tools in di-
agnosing and monitoring patients with respiratory 
disorders. Diagnostic imaging includes diverse modali-
ties such as radiographs, magnetic resonance imaging 
(MRI), computed tomography (CT), ultrasound, and 
nuclear medicine scans.31

Chest Radiography
Chest radiography aids in the diagnosis of lung disor-
ders, the severity and location of the disease, and the 
evaluation of the progress of the disease. Of all the vis-
cera, the lungs are the best suited for radiographic ex-
amination.32 The lungs provide an excellent background 
against which abnormalities can stand out.32 Radiog-
raphy produces an image of internal organs by passing 
x-rays through the body to an x-ray film. Radiographic 
images are created when electrons interact with matter 
and convert their kinetic energy into electromagnetic 
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radiation. Because of differences in the density of 
its various structures, the x-ray beam transmitted 
through the patient will vary in intensity and produces 
radiolucent (black) or radiopaque (white) areas. When 
there is low-density tissue, such as air-filled structures, 
radiolucent areas are created. High-density tissues and 
structures such as heart and bones block the x-ray beam 
and create radiopaque areas.

It is more and more common to have radiographs 
available digitally than on an x-ray film. A detailed de-
scription of chest radiography is beyond the scope of 
this text. However, the following is a brief overview of 
this commonly used diagnostic test.

Chest radiographs usually are taken in two standard 
views: either posteroanterior (PA) or anteroposterior 
(AP) and lateral. The PA chest radiograph is taken stand-
ing up and is not commonly performed on patients in 
the intensive care units or emergency departments. In 
those hospital units, portable x-ray machines are used 
to take the AP chest radiographs while the patient is in 
bed. The lateral chest radiographs can be done in the 
upright position. A patient can have a lateral decubitus 
(right and/or left) taken by a portable machine while in 

bed. Lateral x-rays of the neck can identify upper airway 
obstructions such as croup and epiglottis.

The first step in examining the chest radiograph is to 
determine the technical quality of the image. An assess-
ment of the adequacy of exposure is done by looking 
at the vertebral bodies. If it is easy to see the vertebral 
bodies, the image is probably overexposed, and the 
lungs will appear black. Underexposure makes the iden-
tification of the vertebral bodies more difficult and the 
lungs appear more radiopaque than on a properly ex-
posed chest radiograph.

The respiratory therapist must be able to determine 
the normal anatomic structures to be able to identify 
abnormalities on a chest radiograph. Normal anatomy 
is relatively easy to describe. However, it is important to 
understand that “normal” actually encompasses a broad 
range of sizes and measurements.31 Small differences 
in techniques such as minor rotation of the patient 
and tiny changes in the patient’s inspiratory effort can 
significantly alter the appearance of a chest radiograph 
in the absence of a real pathology. Figure 2-12 illus-
trates average lobar anatomy as seen from anterior and 
lateral views.

FIGURE 2-12 Radiographic anatomy showing lung lobes and fissures.
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FIGURE 2-13 Normal anatomy as seen on the chest radiograph.
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FIGURE 2-14 Normal chest radiograph. (A) PA view. (B) Lateral view.
(A) © stockdevil/iStock/Thinkstock; (B) © Lukasz Panek/iStock/Thinkstock.
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(B)
B. Structures include:
  1. Retrosternal airspace
  2. Ascending aorta
  3. Aortic arch
  4. Brachiocephalic vessels
  5. Trachea
  6. Right upper lobe bronchus
  7. Left upper lobe bronchus
  8. Right pulmonary artery
  9. Left pulmonary artery
10. Confluence of pulmonary

veins
11. Labeled structures

Figure 2-13 shows the normal anatomy as seen on a 
chest radiograph. Figure 2-14 shows a normal PA chest 
radiograph and a normal lateral view with the identifi-
cation of significant structures.

After assessing the image quality, type of view (AP, 
PA, lateral), patient position, and whether the patient 
took a full inspiration, a systematic image review is per-
formed. Box 2-10 provides a checklist for inspection of 
the AP or PA chest radiographs.

The following is a case study using a chest radiograph 
to identify a cardiopulmonary emergency. Use the 
checklist in Box 2-10 to evaluate the chest radiograph in 
the case study.

Computed Tomography 
Compared with the plain chest radiography, 
computed tomography (CT) of the chest provides greater 
anatomic detail but is more expensive and exposes 
patients to a significantly higher dose of radiation.32 
However, CT offers several advantages over routine 
chest radiography. First, the use of cross-sectional im-
ages allows distinction between densities that would be 
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BOX 2-10 Checklist for Chest Radiograph Evaluation
A checklist for evaluation of the chest x-ray (CXR) 
should include the following:
Quality of the Film

 �  Is the image PA, AP, or lateral?

 � Is the film overpenetrated, underpenetrated or 
good exposure?

 � Is the patient upright and flat or twisted in 
position?

 � Is there anything outside of the chest such as jew-
elry that might be misinterpreted?

 � Verify right side as opposed to left side as follows: 
observe stomach bubble and shape and position of 
left border and aorta; note identifying differences in 
ribs and parenchyma; note marker on film.

 � Was film taken at full inspiration, or is it a full or 
partial expiration film?

Review of the Chest Film

 � Trachea: position, patency, normal narrowing  
at larynx and normal slight deviation to right at 
aorta

 � Carina: note endotracheal tube position, if present

 � Aorta: size, shape, calcification, tortuosity

 � Hila: pulmonary arteries, main and branches; 
 enlarged nodes; calcium; eggshells; relation-
ship right versus left; left hilum normally slightly 
above right

 � Heart: size, shape, straight left border, 
 calcified valves, prostheses, mediastinal air, 
 cardiophrenic angles, double contour, enlarged 
atrium, CT ratio

 � Hemidiaphragms: right hemidiaphragm normally 
slightly above left, scalloping, “adhesions,” calcific 
plaques

 � Costophrenic angles

 � Obliques: posterior ribs can be identified  
as horizontal; anterior ribs run diagonally; abnor-
mal shadows can be located as  

anterior or posterior by the tendency to remain in 
relationship to one or the other in two different 
views

 � Bones and joints: old or recent fractures,  
degree of calcification, notching of upper and under 
margin of ribs, moth-eaten areas, cervical ribs, 
deformities

 � Parenchyma: character of abnormal shadows, that 
is, mottling; stringy, homogenous, clear, or vague 
margins; calcific, specular radiations; air broncho-
gram; silhouette sign; interstitial as opposed to 
alveolar infiltrates; vascularity or bronchovascular 
markings

 � Soft tissues of neck and chest wall: air, foreign ob-
jects, calcifications, sinus tracts

Specific abnormalities on CXR

 � Tracheostomy and endotracheal tube position with 
respect to the carina

 � Position of a central lines (CVP) or pulmonary 
 artery (Swan–Ganz) catheter

 � Chest tube placement

 � Interstitial or alveolar infiltrates

 � Pleural effusion

 � Pneumothorax

 � Rib fractures and chest trauma

 � ARDS and pulmonary edema

 � Hyperinflation and COPD

 � Fibrotic lung disease

 � Deviated trachea

 � Enlarged heart

 � Pulmonary arteries

Most modern x-ray departments today use digital imaging; how-
ever, we will use the term “film” loosely to mean the digital image 
or film image.

Data from Radiology Masterclass 2007–2013. http://radiologymaster 
class.co.uk/tutorials/chest/chest_pathology/chest_pathology 
_page2.html

Case Study: Chest Radiograph
A 10-year-old boy presents to the emergency depart-
ment complaining of right-sided chest pain after being 
in a motor vehicle accident. The boy complains that 
the pain is sharp, and he is very short of breath. He has 

tachycardia and tachypnea, and is diaphoretic. His tra-
chea deviates to the left, and he has no breath sounds 
over the right lung. A non-rebreather mask is placed 
on the patient, and a STAT chest radiograph is taken.

(Continues)
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superimposed on plain radiographs. Second, CT charac-
terizes tissue density better than radiography, distinguish-
ing subtle density differences between adjacent structures 
and providing accurate size assessment of lesions.33

The tomographic image is a picture of a slice of the 
patient’s anatomy. CT scanning shows the slices in 
1- to 2-mm thickness so that fine details are visible. 
Figure 2-15 shows a CT scan for normal lungs.

© Mediscan/Visuals Unlimited, Inc.

Questions

1. Review the quality of the film using the checklist.

2. Review the chest radiograph using the checklist.

3. What is the most likely cause of this patient’s 
respiratory problem?

4. What does the chest radiograph show?

Answers

1. The image is an AP view. The image has good ex-
posure. The patient is in a flat position. There is 
no jewelry. Air bubble is noted.

2. Trachea: Marked deviation to the left.  
Carina: shifted left. Aorta: shifted left.  
Right lung is  collapsed. Heart: shifted to  
the left. The right hemithorax is black with 
no vascular markings. Right hemidiaphragm: 
 depressed. Left costophrenic angle is visible. No 
fractures noted. Specific abnormalities noted: 
right-sided tension pneumothorax and deviated 
trachea.

3. This patient has a right-sided tension pneumo-
thorax and is in need of an emergent needle de-
compression. Once the tension is decompressed, 
a chest tube can be placed.

4. The chest radiograph shows the right hemitho-
rax has no vascular markings due to air in the 
pleural cavity. The right lung is completely col-
lapsed. The trachea is pushed to the opposite 
side due to the buildup of tension on the right 
side. The heart is shifted to the left along with 
the right heart border.

Case Study: Chest Radiograph (Continued)

FIGURE 2-15 Normal lungs on CT.
© kalus/istock/Getty Images.
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Intravenous injections of radio-contrast agents 
enhance CT images or produce images that would 
not otherwise be visible. Contrast agents make areas 
within the body more distinguishable by temporar-
ily changing the way imaging tools interact within the 
body.34 A pulmonary emboli diagnosis is made using 
CT pulmonary angiography, a combination of helical 
CT scans and intravenous contrast media.

Magnetic Resonance Imaging 
The role of magnetic resonance imaging (MRI) in the 
evaluation of respiratory system disease is less well de-
fined than that of the CT.33 Unlike CT, MRI uses no ion-
izing radiation, but a powerful magnetic field to align 
the nuclear magnetization of (usually) hydrogen atoms 
in water in the body. MRI is useful for the examination 
of the heart, aortic arch, and great vessels without the 
complications of iodinated contrast media.31

Because the magnetic resonance imager generates a 
strong magnetic field, the magnetic force generated can 
interfere with the normal function of pacemakers and 
most ventilators. MRI is particularly useful in the evalu-
ation and diagnosis of neurologic conditions, disorders 
of the muscles and joints, tumors, and abnormalities in 
the heart and blood vessels.

Positron Emission Tomography
A positron emission tomography (PET) is a nuclear medi-
cal imaging technique that produces a three-dimensional 
image that shows both the anatomic structure and the 
metabolic activity of the tissues and organs scanned. PET 
is an excellent tool for the assessment of thoracic patho-
logic processes and tumor imaging.

PET scanning uses a solution of glucose that 
is tagged with a radioactive isotope F-18-FDG 
(18-fluoro-2-deoxyglucose). F-18-FDG, or FDG, is a 
glucose analog that is taken up by high-glucose-using 
cells such as brain tissue, kidney tissue, and cancer 
cells. This is a unique aspect of the PET scan that can 
detect cancerous cells in the tissues before morphologic 
changes develop. Before scanning, the patient fasts for 
several hours and is injected with the FDG while in the 
supine position and quiet for an hour. Cancer cells rap-
idly consume and metabolize glucose at high rates. As 
glucose molecules break down, they emit positrons (an 
antiparticle of an electron). The positrons collide with 
electrons that emit gamma rays. The gamma rays con-
vert to dark spots on the PET scan and are “hot spots.” 
The presence of hot spots on a PET scan is indicative of 
a rapidly growing tumor.

The limited anatomical definition of radionuclide 
imaging was improved by the development of hybrid 
imaging that allows the superimposition of nuclear 
medicine and CT images, a technique known as func-
tional-anatomical mapping.33 This allows direct correla-
tion of specific lesions visible on a CT scan with their 

corresponding FDG uptake. This PET-CT thoracic im-
aging can detect structure and function simultaneously, 
with greater detail and a higher level of accuracy.33

Ultrasonography
Ultrasonography or diagnostic ultrasound uses the abil-
ity of different types of tissue to transmit sound and of 
tissue interfaces to reflect sound. This has made ultraso-
nography useful for evaluating a variety of body struc-
tures.32 Ultrasound produces images using the echoes 
or reflection of the ultrasound beam from interfaces 
between tissues with differing acoustic properties.33 
Ultrasound images are produced in real time, allow-
ing the clinicians to assess functional processes as they 
occur.34 Bedside availability makes it valuable in the 
intensive care setting.33 Ultrasonography is safe for use 
in fetal imaging because it does not use ionizing radia-
tion. Ultrasound imaging is an alternative technique 
for those who cannot tolerate CT or nuclear medicine 
and for those with metal implants.34 Commonly used 
ultrasound techniques include bedside ultrasonography, 
Doppler ultrasound, echocardiography, and endobron-
chial ultrasound. The different types of diagnostic ultra-
sound techniques appear in Table 2-19.

Ventilation–Perfusion Scan
Injected or inhaled radioisotopes readily provide infor-
mation about pulmonary blood flow and ventilation.32 
Imaging of the gamma radiation from these isotopes 
produces a picture showing the distribution of blood 
flow and ventilation throughout both lungs.32 This test 
involves two separate imaging exams: one for ventila-
tion with inhaled radioisotopes, and one for perfusion 

Type of 
Ultrasonography Uses

Bedside 
ultrasonography 
(focused)

• Abdominal pain
• Evaluate pregnancy and placental 

status
• Guide for needle biopsy
• Trauma
• Unexplained hypotension
• Visualize pleural effusion

Doppler ultrasound • Identify blood clots
• Evaluate vasculature
• Guide radiofrequency ablations
• Assess umbilical cord blood flow

Echocardiography 
(ECHO)

• Assess myocardial structure
• Evaluate myocardial function
• Evaluate myocardial perfusion

Endobronchial 
ultrasound (EBUS)

• Identify bronchial lesions
• Allow transbronchial needle aspiration

TABLE 2-19
Indications for Diagnostic Ultrasound
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with intravenous radioisotopes. Indications for a venti-
lation–perfusion scan (VQ scan) include the diagnosis 
of a suspected pulmonary embolus and the assessment 
of regional lung function.35

is recommended to screen for heart disease (e.g., CAD, 
left ventricular hypertrophy), rule out heart disease in 
surgical patients, evaluate patients with chest pain, fol-
low the progression of patients with CAD, and evaluate 
heart rhythm disorders. The three-lead ECG is a com-
mon configuration for continuous bedside monitoring 
or transport monitoring. A 5-lead ECG is often used in 
the intensive care unit to monitor patients, and the 12-
lead ECG is used for patient assessment.

The 12-lead ECG allows the electrical impulse and 
conduction to be viewed from 12 different positions 
to produce a better and more complete picture of the 
heart’s electrical activity. The 12-lead ECG tracing is 
created using 10 leads placed on the patient. The limb 
leads, or extremity leads, are put on the limbs no less 
than 10 cm from the heart. The chest lead location is 
specific on the anterior chest. Figure 2-16 shows the 
location of the leads for the 12-lead ECG.

A normal ECG consists of the following waves: P, Q, 
R, S, and T. The Q, R, and S waves together produce a 
QRS complex. Each wave represents impulse conduc-
tion system for each cardiac cycle of contraction and 
relaxation (systole and diastole), as shown in Figure 2-5. 
Table 2-8 includes a description of the normal and ab-
normal morphology of each wave.

Figure 2-17 shows a standard 12-lead ECG with a 
normal sinus rhythm. A basic knowledge of 12-lead 
ECG interpretation is necessary for the respiratory ther-
apist. However, this is beyond the scope of this text.

Echocardiography
Echocardiography is a specific type of ultrasonography 
to assess information about cardiac structures and val-
vular function. During echocardiography, sound waves 
are emitted and travel through the ventricular wall in a 

FIGURE 2-16 Lead placement for the 12-lead ECG.
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KNOWLEDGE CHECK QUESTIONS

1. True or False: An upper airway obstruction 
may be apparent on an anteroposterior neck  
x-ray view.

2. True or False: The lungs appear more ra-
diopaque than normal when the CXR is 
underexposed.

3. True or False: CT scan slices are 1–2 mm in 
thickness

4. True or False: Ultrasonography cannot be used 
on patients with metal implants.

5. True or False: A pulmonary embolus may be 
identified using a VQ scan.

Cardiac Diagnostic Tests 
and Monitoring
Most cardiac diagnoses use a careful patient history 
backed up by a thorough physical examination.  
The next step is to perform low-risk noninvasive 
tests first followed by direct further investigations 
and monitoring.

12-Lead Electrocardiogram 
One of the first tests to be carried out following the 
physical examination of a patient is the 12-lead ECG. It 
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straight line. As the tissue density changes, the direction 
of ultrasound signals changes and is recorded by the re-
ceiver. The change in the direction of ultrasound waves 
enables the physician to differentiate one structure from 
another (myocardium vs. blood). Echocardiography can 
be helpful in (1) ruling in or ruling out MI when the 
ECG is normal; (2) identifying causes other than isch-
emia responsible for the patient’s chest pain; (3) iden-
tifying and quantifying the mechanical complications 
of MI such as mitral or aortic valve dysfunction; and 
(4) providing information about left ventricular func-
tion.36 Figure 2-18 shows an example of the images seen 
using echocardiography.

Echocardiography is useful for diagnosing impending 
MI and for assessing left ventricular function in patients 
after MI. However, resting echocardiography alone does 
not have high sensitivity or specificity for the diagnosis 
of coronary heart disease in patients who do not have 
ischemia or infarction.37 The guidelines of the American 
College of Cardiology Foundation and the American 
Heart Association for cardiovascular risk assessment 
recommend echocardiography for the detection of left 
ventricular hypertrophy in hypertensive adults with no 
symptoms or signs of heart disease.37 Echocardiography 
is not routinely recommended for patients who do not 
have hypertension.37

Two types of echocardiography exist:  
transthoracic echocardiography (TTE) and 
transesophageal echocardiography (TEE). TTE looks 
at the heart from the anterior chest. The sound waves 
must pass through bones, muscles, and the lungs, which 
can alter the quality of the image. TEE looks at the 
heart from within the esophagus, which sits just behind 
the left atrium. The sound waves do not have to pass 
through the bones, muscles, and the lungs. Also, the 

FIGURE 2-18 Echocardiography display screen. A middle-aged 
patient undergoing an echocardiography. A transducer (held against 
his chest) emits ultrasonic sound waves and detects the reflected 
echoes. The change in frequency is used to build images of the heart 
structures and to assess the velocity and direction of the blood flow.
© Vendome Card/Astier/AgeFotostock.

posterior portion of the heart is clearer compared to the 
TTE. The TEE is helpful in assessing possible valvular 
abnormalities and in detecting aorta dissections involv-
ing the thoracic aorta.36

Cardiopulmonary Exercise Testing 
Exercise tests are commonly used in clinical prac-
tice for both functional and diagnostic assessment.38 
Cardiopulmonary exercise testing (CPX) measures 
physiologic reserve and functional capacity, which can-
not be determined from resting measurements.

CPX involves the analysis of heart and lung func-
tion during incremental levels of work. The stan-
dard workload measure for exercise testing is the 

FIGURE 2-17 An example of a normal 12-lead sinus rhythm electrocardiogram.
Modified from 12-Lead ECG: The Art of Interpretation, Courtesy of Tomas B. Garcia, MD.
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metabolic equivalent (MET). One MET is the average 
resting oxygen uptake of 3.5 mL of oxygen per kilogram 
body mass per minute.39 The parameters monitored 
during CPX are listed in Box 2-11.

Indications for clinical exercise testing fall into three 
general categories: (a) diagnosis, (b) prognosis, and 
(c) evaluation of functional capacity.39 CPX provides 
the most comprehensive and objective assessment of 
functional impairment and yields information about the 
metabolic, cardiovascular, and ventilatory responses to 
exercise.40 In addition to assisting in the diagnosis of 
dyspnea and exercise intolerance, CPX can be used for 
a broad range of other applications such as determining 
disease severity, exercise prescription for rehabilitation, 
assessing the effectiveness of pharmacologic agents, or 
assessing for lung transplant.40 Box 2-12 lists the indica-
tions for cardiopulmonary exercise testing.

The most basic pulmonary response to exercise is 
an increase in ventilation. Ventilation increases linearly 
with the amount of work and oxygen consumption up to 
the anaerobic threshold (AT), after which minute venti-
lation increases exponentially relative to the increase in 
oxygen uptake.41

The primary parameter for evaluating cardiorespi-
ratory fitness is maximum oxygen uptake (Vo2max).39 
Vo2max is a representation of the functional limitation of 
the cardiovascular system as well as aerobic fitness. Test 
results are normal if patients can reach their predicted 
Vo2max and a heart rate at or near their predicted maxi-
mum heart rate (HRmax) at peak exercise capacity. The 
maximal heart rate of a patient is calculated by subtract-
ing the patient’s age from 220. Variations resulting from 
age, gender, and fitness level are noted in Vo2max and 
result primarily from differences in maximal CO.39

The most commonly used CPX protocols involve 
incremental exercise on either a treadmill or a cycle er-
gometer continued to symptom limitation.38 The most 
common measured variables obtained during CPX 
 appear in Table 2-20.

BOX 2-11 Parameters Measured During 
Cardiopulmonary Exercise Testing

 � ECG

 � Respiratory rate

 � BP

 � Oxygen saturation

 � Oxygen uptake (V
.

o2)

 � Carbon dioxide output (V
.

co2)

 � Arterial blood gasses (as needed)

BOX 2-12 Indications for 
Cardiopulmonary Exercise Testing

 � Evaluation of unexplained dyspnea

 � Evaluation of disease severity

 � Development of an exercise prescription of pul-
monary rehabilitation

 � Identification of gas exchange abnormalities

 � Preoperative assessment: lung cancer surgery, 
lung volume reduction surgery, heart or lung 
transplantation

 � Evaluation for lung/heart transplantation

 � Objective evaluation of exercise capacity

Stickland M, Butcher S, Marciniuk D, Bhutani M. Assessing ex-
ercise limitation using cardiopulmonary exercise testing. Pulm 
Med. 2012;2012:824091. doi:10.1155/2012/824091.

Variable Normal Value Clinical Relevance

Vo2max (mL/minute) >84% predicted, based on gender, age, height Conventional expression of aerobic exercise 
capacity; reflects cardiovascular function

AT (ventilation threshold) >40% Vo2max predicted; wide range of normal 
(40–80%) 

A measure of fitness

Maximum heart rate (HRmax) >90% age predicted Cardiac response to exercise

Oxygen pulse (Vo2/HR) >80% predicted
(~15 mL/beat in men; ~10 mL/beat in women)

Reflects cardiovascular function

Breathing reserve (ventilatory 
reserve)

MVV–VEmax: >11L;
(VEmax/MVV) ×100: <85%

Reflects ventilatory function

Respiratory exchange ratio (Vco2/Vo2) Rest: 0.6–1.0
Peak exercise: >1.15

Estimate of metabolic events
Ensures good patient maximal effort

TABLE 2-20
Common Cardiopulmonary Exercise Testing Variables
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Contraindications for cardiopulmonary exercise 
testing include acute MI (3–5 days), unstable angina, 
uncontrolled arrhythmias causing symptoms or hemo-
dynamic compromise, syncope, active endocarditis, 
acute myocarditis or pericarditis, uncontrolled heart 
failure, acute pulmonary embolus, uncontrolled asthma, 
SaO2 ≤ 85%, suspected dissecting aneurysm, and pul-
monary edema.42 Criteria for the early termination of 
CPX include chest pain suggestive of ischemia, ischemic 
ECG changes, complex ectopy, second- or third-degree 
heart block, hypertension (systolic >250 mm Hg; dia-
stolic >120 mm Hg), fall in systolic blood pressure 
(SBP) >20 mm Hg, Spo2 ≤80% when accompanied by 
symptoms and signs of severe hypoxemia, signs of re-
spiratory failure, mental confusion, loss of coordination, 
dizziness, or faintness.42

A simpler form of exercise often used to assess func-
tional limitation is the six-minute walk test (6MWT).32 
This test can also be used to assess response to either 
cardiac or pulmonary therapeutic interventions.43 
Walking is an activity performed daily by all but the 
most severely impaired patients. This test measures the 
distance that a patient can quickly walk on a flat, hard 
surface in a period of 6 minutes.44 This test does not dis-
tinguish limitation due to lung disease from that attrib-
utable to other medical problems such as heart disease, 
peripheral vascular disease, or muscle weakness. How-
ever, it does provide an easily performed objective mea-
sure of a patient’s exercise tolerance and can be used to 
follow how a patient is doing over time, with or without 
treatment.32 The primary indications for the 6MWT ap-
pear in Box 2-13. Reasons for immediately stopping a 
6MWT include chest pain, severe dyspnea, leg cramps, 
walking instability, and signs of respiratory distress.

Examining the cardiopulmonary responses to CPX 
can provide additional clinical data that is not available 
through resting tests of lung and cardiac function and 
can assist clinicians to determine mechanism(s) for ex-
ercise intolerance and/or dyspnea.40

Cardiac Catheterization 
Cardiac catheterization, also known as a Heart Cath, is 
the process of inserting a catheter into the heart. This 
technique can evaluate the heart structure, patency of 
the coronary arteries, and cardiac function. A “right 
heart” catheterization, performed through a venous 
route, obtains hemodynamic measurements and is also 

BOX 2-13 Primary Indications  
for the 6MWT

 � Assess functional status

 � Measure response to therapeutic interventions

 � Predict mortality and morbidity

used for electrophysiologic studies. A “left heart” cath-
eterization, performed through an arterial route, can 
evaluate coronary artery anatomy, left ventricular func-
tion, and valvular heart disease.

Percutaneous Coronary Intervention 
Coronary artery anatomy is delineated using con-
trast medium injected through the heart catheter 
during a “left heart” catheterization. This is diag-
nostic coronary angiography. It is the gold standard 
for assessing the coronary anatomy in patients with 
angina and may be used to guide angioplasty and 
to determine whether to conduct coronary artery 
bypass graft surgery (CABG).34 When used to guide 
angioplasty and/or stenting, this process is known as 
percutaneous coronary intervention (PCI). PCI is effec-
tive in restoring coronary perfusion (reperfusion) in the 
case of an ST-segment elevated myocardial infarction 
(STEMI) when carried out on an emergency basis in the 
first few hours of MI.45 Figure 2-19 shows an example of 
a coronary angiography identifying an area of stenosis.

Electrophysiology 
An electrophysiologic test (EP) is conducted to study the 
electrical activity of the heart to recognize the nature of 
cardiac arrhythmias. There are two parts to an EP. One 
part assesses the electrical function of the heart, and the 
other paces the heart to bring about certain arrhythmias 
to observe under controlled conditions. The electro-
physiology study results are used to decide the type of 
treatment needed to stop an abnormal heart rhythm. 
This treatment may include medication, pacemaker, im-
plantable cardioverter defibrillator (ICD, used to control 
the heart’s rhythm and speed and to stop fatal arrhyth-
mias), radiofrequency ablation, or cardiac surgery.

Hemodynamic Monitoring
Hemodynamics is the branch of physiology dealing with 
the study of the circulation of blood through the body. 
Figure 2-20 provides a brief schematic of blood circula-
tion through the body.

Hemodynamic monitoring often plays an important 
role in the assessment of critically ill patients with the 
signs and symptoms of a compromised cardiovascular 
function. Invasive hemodynamics includes measure-
ment and/or continuous monitoring of arterial blood 
pressure, CO, central venous pressure (CVP, to evalu-
ate intravascular volume), pulmonary artery pressure 
(PAP), pulmonary capillary wedge pressure (PCWP, 
a surrogate for left atrial pressure), pulmonary vascu-
lar resistance (PVR), and systemic vascular resistance 
(SVR). To detect changes in hemodynamics, it is impor-
tant to compare measured values to normal ranges.21 
Table 2-21 shows the normal values for hemodynamic 
measurements. Indications for hemodynamic monitor-
ing appear in Box 2-14.
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FIGURE 2-20 Hemodynamic cycle. IVC, inferior vena cava; SBP, systolic blood pressure; SVC, superior vena cava.
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Variable Normal Range Use

Arterial blood pressure Systolic blood pressure (SBP): 90–140 mm Hg Assess for cardiac function and 
adequacy of perfusion

Diastolic blood pressure (DBP): 60–90 mm Hg

Mean arterial pressure (MAP): 80–100 mm Hg

CO CO: 4–8 L/minutes (varies with size of patient) Assess for shock and its treatment

Cardiac index (CI): 2.5–4.0 L/min/m2

CVP 4–8 mm Hg Assess for fluid balance

PAP Pulmonary artery systolic pressure (PASP): 20–35 mm Hg Assess for fluid balance

Pulmonary artery diastolic pressure (PADP): 5–15 mm Hg

Mean pulmonary artery pressure (MPAP): 10–20 mm Hg

PCWP 6–12 mm Hg (<18 mm Hg) Assess for left ventricular failure

PVR 100–250 dyne-second/cm5 Assess right ventricular afterload

SVR 800–1200 dyne-second/cm5 Assess left ventricular afterload

TABLE 2-21 
Approximate Normal Values for Hemodynamic Measurements 

FIGURE 2-19 Coronary angiograms. (A) Normal coronary angiogram visualizing the morphology of the left coronary arteries. (B) Coronary 
artery stenosis. The arrow is pointing to an area that has a pinched artery that has become narrowed due to deposits of fatty plaque on the walls 
of the artery. This may cause chest pain (angina) to occur. A complete block may cause an MI (heart attack).
© kalus/iStock/Getty Images.

(A) (B)
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Arterial Blood Pressure Monitoring
The arterial catheter (A-line) is the most common 
method of invasive hemodynamic monitoring. An ar-
terial catheter may be inserted in the radial, brachial, 
axillary, or femoral arteries. Indwelling arterial line 
placement is for patients with significant hemodynamic 
instability. The arterial catheter placement allows for 
continuous measurements of systolic, diastolic, and 
mean arterial blood pressure. Arterial lines overestimate 
the systolic pressure and underestimate the diastolic 
pressure, but are usually very accurate for monitoring 
the MAP.21 It is important to monitor the appearance 
of the arterial waveform for damping because this indi-
cates that values may be inaccurate.21 Arterial pressure 
monitoring reveals information regarding fluctuations 
in BP and is a guide in regulating therapeutic interven-
tions. The A-line is also useful in patients who require 
frequent arterial blood gasses.

Cardiac Output 
Placement of a pulmonary artery catheter (PAC) 
provides a wealth of hemodynamic measurements, 
including invasive CO using the Fick method or 
thermodilution method. The Fick method requires the 
analysis of both arterial and mixed venous blood with-
drawn from the PAC and oxygen consumption mea-
sured via indirect calorimetry. CO is calculated using 
the equation

CO = Vo2 ÷ (Cao2 − Cvo2)

where Vo2 is the oxygen consumption, Cao2 is the arte-
rial oxygen content, and Cvo2 is the mixed venous oxy-
gen content.

Thermodilution CO uses a special thermistor-tipped 
PAC. This method uses the injection of a cold solu-
tion of saline with a known temperature into the right 
atrium. The thermistor on the PAC located in a major 
vessel branch downstream records the temperature 
change over time. The attached monitor displays a 

temperature–time curve. The area under this curve is 
inversely proportional to the flow in the pulmonary 
artery, which is equal to the CO in the absence of intra-
cardiac shunt.46

Cardiac index is the volume of blood pumped out 
by the heart divided by the patient’s body surface area 
(square meters). Because body size affects overall CO, 
the cardiac index is a more precise measurement of 
heart function and allows the practitioners to compare 
the value to patients of different sizes.

Central Venous Pressure 
Central venous pressure (CVP) is the pressure exerted 
by the blood in the right atrium. A single lumen or 
multi-lumen catheter is positioned in the superior vena 
cava via the subclavian or internal or external jugular 
vein.46 The catheter can monitor the CVP, infusing 
medications, and venous blood sampling. Assuming a 
competent tricuspid valve, the CVP waveform reflects 
both venous return to the right atrium (during ventricu-
lar systole) and right ventricular end diastolic pressure 
(RVEDP).46 The CVP is used to assess right ventricular 
preload and as a guide for fluid and blood replacement 
in hypovolemic or bleeding patients. The central venous 
catheter is also used to obtain venous blood samples 
to assess for the saturation of hemoglobin (Svo2). If the 
Svo2 is low, it indicates that the tissues are extracting 
more oxygen from the blood than normal. This indi-
cates that the CO is not high enough to meet tissue 
oxygen needs.

Pulmonary Artery Pressure and Pulmonary 
Capillary Wedge Pressure
The flow-directed pulmonary artery catheter (Swan–
Ganz catheter) assesses left ventricular function 
and hemodynamic performance. PACs allow for 
pulmonary artery pressure (PAP) measurement 
and blood sampling from the pulmonary artery and 
can also facilitate pressure monitoring and blood 
sampling from the right ventricle and right atrium. 
PACs enable left atrial pressure to be estimated from 
pulmonary capillary wedge pressure (PCWP), also 
known as pulmonary artery occlusion pressure (PAOP). 
PCWP determines left ventricular preload and is im-
portant in the differentiation between CHF and acute 
respiratory distress syndrome.

Observation of pressure waveforms permits the eval-
uation of mechanical events within the atria and ven-
tricles and offers important diagnostic information in a 
wide variety of cardiopulmonary disease states.46 Each 
anatomic position within the heart produces a charac-
teristic waveform.46 Figure 2-21 shows the waveforms 
and normal pressures indicative of the right atrium, 
right ventricle, pulmonary artery, and pulmonary capil-
lary wedge pressure.

BOX 2-14 Common Clinical Indications 
for Hemodynamic Monitoring

 � Acute respiratory distress syndrome (ARDS)

 � Chest trauma

 � Complicated MI

 � Heart failure

 � Pulmonary hypertension

 � Post-cardiac surgery

 � Severe burn injury

 � Shock
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Vascular Resistance
With a PAC in place, pulmonary vascular resistance 
(PVR) calculation is possible. PVR provides a measure of 
right heart afterload.21 PVR is calculated using the fol-
lowing formula:

PVR = (MPAP − PCWP) ÷ (CO × 80)

where MPAP is the mean pulmonary artery pressure, 
PCWP is the pulmonary capillary wedge pressure, and 
CO is the cardiac output.

Systemic vascular resistance (SVR) provides a mea-
sure of left heart afterload. It is calculated using the fol-
lowing formula:

SVR = (MAP − CVP) ÷ (CO × 80)

where MAP is the mean arterial pressure, CVP is the 
central venous pressure, and CO is the cardiac output.

Chapter Summary
The identification of pulmonary diseases and the evalu-
ation of their functional effects can be narrowed down 
using history taking and physical examination. How-
ever, definitive diagnoses are made only after diagnostic 
testing using appropriate tests including sputum testing, 
skin testing, bronchoscopy, PFT, polysomnography, 
noninvasive testing, laboratory testing, diagnostic im-
aging, and cardiac diagnostic testing. The use of these 
tests is needed to arrive at a definitive diagnosis, accu-
rate functional assessment, and close monitoring.

Key Points
1. Laboratory examination of sputum is helpful in the 

evaluation of respiratory tract infections.
2. Skin tests are performed to evaluate allergic reac-

tions or exposure to M. tuberculosis.
3. Bronchoscopy is one of the most common meth-

ods of evaluating the respiratory tract and can be 
used to perform both diagnostic and therapeutic 
procedures.

FIGURE 2-21 PAC waveforms and normal pressures.
Modified from Longnecher D, Brown D, Newman M, Zapol W. Anesthesiology. New York, NY: McGraw-Hill. © 2007 The McGraw-Hill Companies, Inc. Used with permission of The McGraw-Hill 
Companies, Inc.
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KNOWLEDGE CHECK QUESTIONS

1. True or False: The 12-lead ECG is created using 
10 leads placed on the patient.

2. True or False: A patient with non-ischemic 
coronary heart disease can be diagnosed using 
echocardiography.

3. True or False: The primary pulmonary param-
eter for evaluating cardiopulmonary fitness is 
the MET.

4. True or False: Hemodynamic measurements are 
obtained via a left heart catheterization.

5. True or False: The PCWP is used to determine 
left ventricular preload.
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4. PFTs are the primary diagnostic tool for evaluating 
patients with respiratory symptoms and for guid-
ing the management of such patients’ diagnosed 
lung disease. PFTs provide an objective assessment 
for the determination of the presence or absence 
of pulmonary disease. They provide data about the 
presence of ventilatory defects, gas exchange de-
fects, lung disease severity, and patient response to 
therapy.

5. Polysomnography is useful for the diagnosis of 
SDB. Sleep testing may be done with portable 
technology for the home or in an overnight sleep 
laboratory.

6. In the critical care setting, it is common to place 
and keep monitoring leads directly on the patient’s 
chest in a simple three-lead ECG configuration to 
show continuous wireless cardiac electrical activity 
(ECG telemetry).

7. Capnography monitors ventilation by measur-
ing exhaled carbon dioxide and producing a 
time-based capnogram waveform.

8. Airway inflammation can be monitored by nonin-
vasively measuring the FENO level. This is especially 
helpful with patients who have asthma.

9. A patient’s ventilatory, acid–base, and oxygen-
ation status is evaluated using arterial blood gas 
sampling.

10. The CBC is an overall assessment of the kinds  
and numbers of cells in the blood. The CBC test  
includes the total WBC count, a WBC differential, 
an RBC count, HCT, Hgb, platelet count, and  
MPV. The CBC provides valuable data about the 
patient’s diagnosis, prognosis, and therapeutic 
response.

11. Chemistry panels are groups of tests that ana-
lyze the non-cellular components present in the  
plasma.

12. Cardiac enzymes are a group of proteins that are 
found in myocardial tissues and are released in 
the serum when cardiac cells are injured, elevating 
their levels during an acute MI.

13. Diagnostic image studies are important tools in di-
agnosing and monitoring patients with respiratory 
disorders and include radiographs, MRI, CT, ultra-
sound, and nuclear medicine scans.

14. The 12-lead ECG is recommended to screen for 
heart disease (e.g., CAD, left ventricular hypertro-
phy), rule out heart disease in surgical patients, 
evaluate patients with chest pain, follow the pro-
gression of patients with CAD, and evaluate heart 
rhythm disorders.

15. Echocardiography is a specific type of ultrasonog-
raphy to assess information about cardiac struc-
tures and valvular function.

16. CPX measures physiologic reserve and functional 
capacity of the heart and lungs that cannot be de-
termined from resting measurements.

17. Cardiac catheterization, also known as a Heart 
Cath, is the process of inserting a catheter into 
the heart and is used to evaluate the heart struc-
ture, patency of the coronary arteries, and cardiac 
function.

18. An EP is conducted to study the electrical activ-
ity of the heart by assessing the electrical function 
of the heart and pacing the heart to bring about 
certain arrhythmias to observe under controlled 
conditions.

19. Hemodynamic monitoring helps in the assess-
ment of critically ill patients with the signs and 
symptoms of a compromised cardiovascular func-
tion. Invasive hemodynamics includes measure-
ment and/or continuous monitoring of arterial BP, 
CO, CVP (to evaluate intravascular volume), PAP, 
PCWP (a surrogate for left atrial pressure), PVR 
and SVR.

Chapter Questions
1. _____________________ is helpful in the detection 

of malignant cells in a sputum sample.
a. Cytology
b. Gram staining
c. An acid-fast smear
d. Culture and sensitivity

2. A bedside spirometry test provides data about the 
patient’s ____________________.
a. MVV
b. Forced expiratory volume 1 second/forced vital 

capacity (FEV1/FVC)
c. static lung volumes
d. airway resistance

3. Nonrapid eye movement sleep accounts for 
________ of normal sleep each night.
a. 25%
b. 45%
c. 75%
d. 85%

4. Lead II from ECG telemetry shows a negative or 
downward deflection for the ________.
a. P wave
b. Q wave
c. T wave
d. U wave

5. Pulse oximeters are accurate for saturations greater 
than _______________.
a. 60%
b. 70%
c. 80%
d. 90%

6. Petco2 is decreased with _____________________.
a. shivering
b. hypoventilation
c. pulmonary embolism
d. malignant hypothermia
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7. ________________ causes a normal anion gap 
acidosis.
a. Diarrhea
b. Ketoacidosis
c. Lactic acidosis
d. Salicylate overdose

8. _______________ are the most prevalent white 
blood cells during allergic reactions and asthma 
exacerbations.
a. Monocytes
b. Eosinophils
c. Neutrophils
d. Lymphocytes

9. Coronary artery disease risk is elevated when the 
total cholesterol level is greater than or equal to 
__________.
a. 130 mg/dL
b. 190 mg/dL
c. 240 mg/dL
d. 260 mg/dL

10. A rapidly growing tumor is most easily identified 
with an(a) _____________________.
a. magnetic resonance imaging
b. computed tomographic scan
c. positron emission tomographic scan
d. Ultrasound

11. The simplest test to establish a pulmo-
nary patient’s functional limitation is a(an) 
_____________________.
a. six-minute walk test
b. FEV1/FVC
c. 12-lead electrocardiogram
d. pulmonary angiogram

12. A blocked coronary artery is identified using 
________________________.
a. hemodynamics
b. angiography
c. ultrasonography
d. electrophysiology
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1. Identify the clinical manifestations of respiratory failure.
2. Discuss the differences between the types of respiratory 

failure.
3. Describe the underlying pathophysiologic causes of the 

types of respiratory failure.
4. Utilize patient data to differentiate the types of respiratory 

failure.
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Respiratory Failure

“Breathing is truly a strange phenomenon of life, caught midway between the conscious  
and the unconscious, and peculiarly sensitive to both.”

—D.W. Richards, MD, 1953
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Introduction
Respiratory failure is a syndrome rather than a single 
disease, in which the respiratory system fails in one or 
both of its primary functions: oxygen absorption and 
carbon dioxide elimination. The respiratory system han-
dles oxygen supply to the blood for aerobic metabolism 
and removes the body’s major waste product carbon di-
oxide. The respiratory system accomplishes these func-
tions using three distinct mechanisms of ventilation:

1. The delivery of ambient air to the alveoli
2. Diffusion, the movement of oxygen and carbon 

dioxide across the alveolar air sac and capillary 
wall

3. Circulation, the method by which oxygen moves 
from the site of gas exchange to the cells, where 
active metabolism occurs

This process is called respiration. Conceptually, the 
lungs handle two of the three vital components: oxy-
genation and ventilation. Respiration depends on the 
vital links of various anatomic subcomponents, seen in 
Figure 3-1.

The lungs achieve ventilation through the “pump-
ing” action created by the chest wall and the respiratory 
muscles. The central nervous system (CNS) respira-
tory centers control the respiratory muscles through 
the spinal cord and nerves connecting the CNS to the 
respiratory muscles. The thorax, pleura, and upper 
airways need to be intact for ventilation to occur. A 
failure of one of the components of the “pump” leads to 
Type II respiratory failure, also known as pump failure 
or hypercapnic respiratory failure. The principal prob-
lem in Type II respiratory failure is hypoventilation, 

which subsequently leads to hypercapnia. Despite the 
concurrent presence of hypoxemia observed in patients 
with Type II respiratory failure, an elevated Paco2 is 
considered the primary characteristic of ventilatory fail-
ure. Hypercapnic respiratory failure may occur either 
gradually in a subtle manner or acutely imposed upon 
chronic carbon dioxide retention.

The failure of gas exchange function as a result of 
lung disease typically results in hypoxemia (low blood 
oxygen level) with normal or reduced carbon diox-
ide levels (hypocarbia). This situation is commonly 
referred to as Type I respiratory failure, lung failure, 
or oxygenation failure. Type I respiratory failure (hy-
poxemia) and Type II respiratory failure (hypercapnia) 
may coexist in the same patient. Mixed Type I and 
Type II respiratory failure is common in patients who 
have severe chronic obstructive pulmonary disease 
(COPD). Typically, these individuals initially develop 
hypoxemia followed by hypercapnia as the disease 
 persists or progresses.

If flawless oxygen and carbon dioxide gas exchange 
were to occur naturally, blood flow and ventilation 
would be perfectly matched. This perfect match  
would create a ventilation-to-perfusion ratio (V

.
/Q

.
)  

of 1 (Figure 3-2A). This perfect match would result 
in no alveolar–arterial Po2 difference. However, even 
in normal lungs, not all alveoli are ventilated and 
perfused perfectly. For a given perfusion, some al-
veoli are inefficiently under-ventilated, while others 
are over-ventilated. In the same way, alveolar ven-
tilation results in some units being under-perfused 
while others are over-perfused. Alveoli that are well 
ventilated but not well perfused have high V

.
/Q

. 
 units 

(Figure 3-2B). These units physiologically act like an 

FIGURE 3-1 These are the vital links that are necessary for normal respiration to occur. A break anywhere in this chain causes  
respiratory failure.
Data from Bone R. Acute respiratory failure: definition and overview. In: Bone R, ed. Pulmonary And Critical Care Medicine. 1st ed. St. Louis, MO: Mosby; 1997.
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FIGURE 3-2 Ventilation–perfusion relationships in health and 
disease. (A) An ideal situation where the V

.
/Q

.
 is 1. (B) The capillaries 

are under-perfused creating a mismatch between ventilation and 
perfusion such that the V

.
/Q

.
 is greater than 1. (C) The alveoli are 

over-ventilated creating a situation where the capillaries are shut 
by the over-distended alveoli. (D) Perfusion is normal, but there is 
little ventilation creating a low V

.
/Q

.
. (E) There is perfusion of the 

capillaries, but no ventilation, creating a shunt. (F) A silent unit has 
neither ventilation nor perfusion.
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FIGURE 3-3 The lung zone model shows the influence of position 
on the perfusion and ventilation characteristics of normal lungs. 
Gravity has its greatest effect on the lungs in the standing position. 
In the upright position, blood flow is highest within the base of the 
lungs and decreases toward the apex. In zone 1, the pressure in the 
alveoli is greater than the pulmonary artery or venous pressures, so 
the vessels are relatively compressed. There is more ventilation than 
perfusion, giving a high V

.
/Q

.
 ratio. In zone 2, the pulmonary artery 

pressure is greater than the alveolar pressure, which is greater 
than the venous pressure. Ventilation and perfusion are considered 
matched in this zone in the upright position. In zone 3, the alveolar 
pressure is less than both the pulmonary arterial and the venous 
pressure, so the pulmonary veins are distended, and airway pressure 
does not influence perfusion. PA, alveolar pressure; Pa, arterial 
pressure; Pv, venous pressure.

Lung apex = Zone 1
Ventilation > Perfusion
High V/Q ratio

PA > Pa > Pv

Pa > PA > Pv

Pa > Pv > PA

Lung middle = Zone 2
Ventilation = Perfusion
V/Q = 1

Lung base = Zone 3
Ventilation < Perfusion
Low V/Q ratio

Above
the heart

Below
the heart

added dead space (Figure 3-2C). In contrast, per-
fused alveoli that are not well ventilated have low 
V
.
/Q

. 
 units (Figure 3-2D). These units act as a shunt 

mechanism (Figure 3-2E). Areas of the lung that have 
no perfusion and no ventilation are called silent units 
(Figure 3-2F). Normal lungs have some degree of 
V
.
/Q

. 
 mismatch and a small quantity of right-to-left 

shunt. This normal mismatching and shunting, seen in 
Figure 3-3, results in alveolar Po2 (Pao2) being slightly 
higher than arterial Po2 (Pao2).

The general term respiratory failure is used to de-
scribe a patient situation in which the heart and lungs 
are unable to supply adequate tissue oxygenation and/
or remove carbon dioxide.1 The cells of the body de-
mand oxygen delivery and carbon dioxide removal. The 
respiratory system both supplies oxygen and removes 
carbon dioxide. Normally, the respiratory system is 
capable of exceeding tissue demand, creating our pul-
monary reserve, which is used during times of exercise 
and illness. A state of respiratory failure exists when 
the respiratory system is unable to keep up with the 
demands of the tissues. There can either be an increase 
in tissue demand (increased ventilatory demand), 
or a decrease in the ability of the respiratory system 
(diminished ventilatory supply), or both. See Box 3-1 
for some examples.

There are four basic types of respiratory failure: 
acute hypoxemic respiratory failure, acute hypercapnic  

respiratory failure, chronic respiratory failure (CRF; 
 hypoxemic and/or hypercapnic), and acute-on-chronic  
respiratory failure (ACRF). The  clinical presentations of 
patients with acute and CRF are usually quite different. 
Acute respiratory failure is a life- threatening abnormal-
ity in oxygenation and/or ventilation. CRF is more la-
tent and may be clinically unapparent.

The overall incidence of respiratory failure in the 
United States, as well as worldwide, is difficult to es-
timate due to the multiplicity of its many underlying 
causes. Because the ability to sustain normal respira-
tion depends on the integration of the many systems 
involved in breathing, disruption in any one or a 
combination of these systems can induce failure. As 
many underlying causes may contribute solely or in 
combination to the development of respiratory failure, 
this disorder represents a common and major cause 
of illness and death. Respiratory failure is the leading 
cause of mortality from pneumonia and COPD, which 
together comprise the third leading cause of death in 
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BOX 3-1 Ventilatory Supply-and-Demand Causes of Respiratory Failure
Factors that decrease ventilatory supply:
1. Airway obstruction
2. Bronchospasm
3. Drug overdose
4. Neuromuscular diseases
5. Obesity
6. Respiratory muscle atrophy
7. Respiratory muscle fatigue
8. Upper airway obstruction

Factors that increase ventilatory demand:
1. Acute asthma exacerbation
2. COPD exacerbation
3. Fever
4. Hepatic failure
5. Hypoxemia
6. Metabolic acidosis
7. Pulmonary emboli
8. Sepsis

KNOWLEDGE CHECK QUESTIONS

1. Respiratory failure due to increased ventilatory 
demand may be caused by:
a. sepsis.
b. obesity.
c. neuromuscular disease.
d. upper airway obstruction.

2. True or False: Metabolic acidosis can lead to res-
piratory failure due to a decrease in ventilatory 
demand.

the United States today. This disorder is also the lead-
ing cause of mortality in many neuromuscular diseases 
that weaken the respiratory muscles, rendering them 
incapable of sustaining normal breathing. The inci-
dence of respiratory failure does appear to increase 
significantly for each decade of life until 85 years of age 
with a particularly high incidence observed in patients 
over the age of 65 years.

 having hypoxemia. The severity of hypoxemia may be 
classified by using either Pao2 or Sao2 (Box 3-2).

Hypoxemia is a very dangerous situation because it 
can lead to tissue hypoxia and death. The organs of the 
body that are at greatest risk due to hypoxemia are the 
CNS and the heart. Tissue hypoxia causes cell injury by 
adenosine triphosphate depletion, intracellular acidosis, 
the build-up of metabolic byproducts and free radicals, 
and the induction of inflammation. The assessment 
of adequate oxygenation depends on more than just a 
simple evaluation of Pao2 and Sao2. Tissue oxygenation 
depends on four factors: the ability of the respiratory 
system to bring in oxygen (ventilate), the ability to dif-
fuse the oxygen across the alveolar-capillary membrane, 
the presence of enough hemoglobin in the blood to 
carry the oxygen to the tissues, and the ability of the 
cardiovascular system to bring the oxygen to the tissues. 
Other factors involved in oxygenation include perfusion 
of the tissues, extraction of oxygen by the tissues, and 
utilization of the oxygen by the cells.

Causes
The underlying pathophysiologic causes of acute hy-
poxemic respiratory failure include problems with vari-
ous processes that bring oxygen into the lungs, across 
the alveolar–capillary membrane, and to the cells of 
the body. These causes include ventilation–perfusion 
mismatch, alveolar hypoventilation, decreased fraction 
of inspired oxygen, a diffusion impairment across the 
alveolar–capillary membrane, intrapulmonary shunting, 
and a reduction of oxygen in mixed venous blood.

Ventilation–Perfusion Mismatch
Ventilation–perfusion mismatch or inequality is the 
most common pathophysiologic cause of acute hy-
poxemic respiratory failure. It causes the development 
of hypoxemia. Hypoxemia can occur by a decrease in 
ventilation to adequately perfused regions of the lung, a 
reduction in perfusion to adequately ventilated regions 

Acute Hypoxemic Respiratory 
Failure
Definition
Hypoxemic respiratory failure is also known as Type I 
respiratory failure, lung failure, or oxygenation failure. 
Hypoxemia is a decreased Pao2 in the blood, below the 
normal range.2 Hypoxemic respiratory failure can be 
either acute (minutes to hours) or chronic (several days 
or longer). The American Association for Respiratory 
Care (AARC) Clinical Practice Guideline for Oxygen 
Therapy for Adults in the Acute Care Facility3 defines 
a Pao2 of less than 60 torr or an Sao2 of less than 90% 
while breathing room air as hypoxemia. Additionally,  
a person with a Pao2 and/or Sao2 below a desirable 
range for specific clinical situations is regarded as 
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Case Study 1
A 40-year-old police officer presented to the emer-
gency department with a 10-day history of slight 
fever followed by rapidly progressive dyspnea for 
3 days prior to admission. He indicated to the at-
tending physician that he had always kept himself 
in good health and “very fit.” He did admit to a 
loss of his usually good appetite and was unable 
to work for the past few days due to shortness of 
breath, overall weakness, and a slight sore throat. 
A nonsmoker, he denied the use of alcohol and had 
no prior history of any medical illness other than 
borderline high blood pressure. He is 6 feet 2 inches 
and weighs 195 lb.

On observation: The patient appeared to be in 
moderate-to-severe respiratory distress with mild 
central cyanosis. Vital signs showed a temperature 
of 101.0°F, resting respiratory rate of 30 breaths/
minute, and blood pressure of 100/65. Breath 
sounds revealed extensive fine inspiratory crackles. 
Physical examination of the heart revealed a resting 
tachycardia of 120 beats/minute. The patient was 
immediately given supplemental oxygen via a nasal 
cannula at 4 L/minute, and pulse oximetry revealed 
a saturation of 86%.

An arterial blood gas (ABG) test while receiving 
oxygen at 4 L/minute showed a pH of 7.48, Paco2  
23 torr, Pao2 48 torr, HCO3

− 20 mEq/L, and Sao2 85%. 
A complete blood count (CBC) drawn in the emer-
gency department revealed a hemoglobin level of 
14.4 g/L. The patient had a white blood cell count of 

30,000/mm3 with 84% neutrophils, 9% lymphocytes, 
5% monocytes, and 2% eosinophils. A portable chest 
x-ray taken in the emergency department revealed 
diffuse bilateral alveolar infiltrates with normal 
 cardiac size.

After the ABG test, the patient received a 
non-rebreather mask at 12 L/minute and broad-
spectrum intravenous antibiotics (erythromycin and 
levofloxacin). Because no significant improvement 
was noted clinically or with ABG measurements over 
the next 12 hours, the patient was transferred to the 
intensive care unit (ICU), with the anticipation of the 
need for mechanical ventilation. In the ICU, the pa-
tient was placed on continuous positive airway pres-
sure (CPAP) with an initial setting of 5 cm H2O and an 
Fio2 of 60%. Within 1 hour of starting CPAP, there was 
a drastic improvement in the respiratory rate (falling 
from 30 to 18 breaths/minute) in addition to a sig-
nificant improvement in ABGs. There were additional 
CPAP adjustments, with maximum CPAP of 8 cm H2O 
administered during his hospital stay. Gradually, cli-
nicians brought the level of CPAP down over several 
hours, as the patient’s clinical condition and ABGs 
showed progressive improvement. He was discharged 
after a 12-day hospital stay, achieving a satisfac-
tory ABG  result on room air and advised to continue 
erythromycin for an additional period of 3 weeks. On 
1-month follow-up, the patient was asymptomatic, 
with complete clearing of the previously noted infil-
trate on standard chest x-ray.

BOX 3-2 Assessment of the Severity of Hypoxemia

Value Normal Range* Mild Moderate Moderate to Severe Very Severe

Pao2 (mm Hg)† 80–100 60–79 50–59 40–49 <40

Sao2 (%)‡ 96–98 91–95 85–90 75–84 <75

*Expected Pao2 declines with age. For subjects >60 years, the expected “normal” Pao2 can be estimated as follows:
Supine normal Pao2 = 109 − (0.43 × age) ± 8 mm Hg
Standing normal Pao2 = 104 − (0.27 × age) ± 12 mm Hg

†Many authors list the range of Pao2 for the assessment of hypoxemia as follows:
Mild: Pao2 = 60–79 mm Hg
Moderate: Pao2 = 40–59 mm Hg
Severe: Pao2 <40 mm Hg

We believe, however, that Pao2 <50 mm Hg represents a medical emergency that should be treated as moderate-to-severe hypoxemia.

‡Actual Sao2 will vary with pH, Pao2, and temperature.
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FIGURE 3-4 Common causes of V
.
/Q

.
 mismatch are bronchospasm, 

mucus plugging, airway inflammation, premature airway closure, or 
heart diseases, which cause inadequate tissue perfusion.
Adapted from Bone R. Acute respiratory failure: definition and overview. In: Bone R, ed. 
Pulmonary And Critical Care Medicine. 1st ed. St. Louis, MO: Mosby; 1997.
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of the lung, or a reduction in both ventilation and per-
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. 
 ratios (caused 

by inadequate ventilation) can result in both arterial 
hypoxemia and hypercapnia. Regions of the lung with 
high V

.
/Q

.  
ratios (caused by inadequate perfusion) lead 

to hypoxemia and probably to hypocapnia. Figure 3-4 
shows how disturbances in ventilation or perfusion can 
change the V

.
/Q

. 
 ratio.

Alveolar Hypoventilation
Alveolar hypoventilation is a relatively common cause 
of acute hypoxemic respiratory failure. Pure alveolar 
hypoventilation is an acute reduction in an individual’s 
effective alveolar ventilation, in which lung parenchyma 
is essentially normal. This reduction results in arterial 
carbon dioxide retention (hypercapnia), with a concur-
rent decrease in oxygen that is absorbed from the lungs, 
resulting in a decrease in arterial oxygenation (hypox-
emia). Less oxygen in the alveoli results in less oxygen 
in the blood. Because this pathophysiologic mechanism 
combines characteristics of hypercapnia and hypoxemia, 
alveolar hypoventilation can be considered a “mixed 
form” of respiratory failure. Causes of acute hypoxemic 
respiratory failure from alveolar hypoventilation include 
neuromuscular dysfunction, CNS depression from anes-
thesia or an opiate overdose, and COPD exacerbation.

Decreased Fraction of Inspired Oxygen
Decreased inspired oxygen is an uncommon cause of 
acute hypoxemic respiratory failure that usually occurs 

as a result of a decrease in barometric pressure as in 
breathing at high altitudes. At high altitudes, the partial 
pressure of inspired oxygen falls, decreasing the amount 
of oxygen being inhaled. Less oxygen in the alveoli (de-
creased PIO2) means less oxygen in the blood. For this 
reason, passenger airplane cabins are usually pressur-
ized to between 6,000 and 8,000 feet. At this level, most 
“normal” people have little or no problems or discom-
fort. Individuals with cardiopulmonary diseases may 
require supplemental oxygen during their flights. In the 
acute care setting, insufficient delivery of supplemental 
oxygen (Fio2) to patients with cardiopulmonary disease 
can contribute to hypoxemic respiratory failure. This 
type of hypoxemic respiratory failure usually responds 
to the delivery of supplemental oxygen administration.

Diffusion Impairment
Diffusion impairment is a relatively uncommon cause 
of acute hypoxemic respiratory failure occurring pri-
marily in emphysema and severe interstitial lung disease 
(ILD). The alveolar–arterial oxygen tension gradient 
in pure diffusion impairment is usually small and re-
sponsive to supplemental oxygen therapy. Increasing 
the alveolar Po2 with supplemental oxygen increases 
the driving pressure for oxygen across the alveolar– 
capillary membrane and can easily correct pure diffu-
sion impairments.4 Individuals with acute respiratory 
distress syndrome (ARDS) frequently develop diffusion 
impairments that play a role in their hypoxemia, though 
intrapulmonary shunting is considered the primary 
pathophysiologic derangement in this disorder.

Intrapulmonary Shunting
Intrapulmonary shunt, also known as physiologic or 
right-to-left shunting, occurs when unoxygenated 
blood passes by airless, nonventilated alveoli and 
enters back into the arterial system. Shunt is wasted 
work for the heart because the shunted blood re-
mains venous in its configuration. The normal 2–5% 
anatomic shunt occurs due to bronchial veins, The-
besian veins, pleural veins, and drainage of coronary 
venous blood directly into the left ventricle. Anatomic 
shunt is also called venous admixture. Only certain 
pathologic disorders cause increases in anatomic 
shunt. These include persistent fetal circulation and 
congenital cardiac defects.

Intrapulmonary shunting is an extreme form of V
.
/Q

. 
 

mismatch. This mismatch can be due to consolidation, 
pneumonia, atelectasis, or pulmonary edema. In any of 
these cases, the pulmonary capillary blood passes next 
to the completely collapsed alveoli or alveoli filled with 
edema fluid or inflammatory cells. The differentiation 
of shunt from V

.
/Q

. 
 mismatch depends on the response 

differences to the inhalation of 100% oxygen. Pao2 levels 
in patients with intrapulmonary shunting who receive 
100% oxygen will not significantly improve, whereas 
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an appreciable rise in Pao2 with oxygen therapy occurs 
in disorders causing ventilation–perfusion mismatch. 
Pulmonary diseases that cause intrapulmonary shunt 
include consolidative pneumonia, large  pneumothorax, 
atelectasis, acute lung injury, ARDS, and complete 
 airway obstruction.

Reduced Oxygen in Mixed Venous Blood
Reduced oxygen in the mixed venous blood is an un-
common, isolated cause of acute hypoxemic respiratory 
failure. Normally, the lungs fully oxygenate the pulmo-
nary arterial blood, and mixed venous oxygen tension 
(Pvo2) does not substantially affect alveolar oxygen 
tension. A decrease in Pvo2, however, can precipitate 
significant lowering of Pao2 when other factors such as 
intrapulmonary shunting or V

.
/Q

. 
 mismatch are present. 

Factors that can contribute to low Pvo2 include anemia; 
inadequate cardiac output, as occurs in cardiogenic 
shock; and increased oxygen consumption. Improving 
oxygen delivery to tissues by increasing hemoglobin or 
improving cardiac output should result in decreased 
oxygen extraction, improved mixed venous oxygen ten-
sion, and improved arterial hypoxemia.

Table 3-1 shows the causes of hypoxemic respiratory 
failure, their pathophysiologic mechanisms, and some 
clinical examples.

Assessment
Hypoxemia should be suspected when a patient shows 
signs and symptoms of inadequate oxygenation, mean-
ing that the tissues are becoming or have become hy-
poxic. Recognition of progressive global hypoxia can be 
difficult in the early stages because the clinical features 
are often nonspecific. Hyperventilation due to stimula-
tion of the carotid chemoreceptors becomes obvious 

when the Pao2 falls to 40 torr.5 Clinically, the patient 
exhibits nonspecific abnormal vital signs such as tachy-
pnea, tachycardia, and hypertension. Some patients may 
exhibit cyanosis; however, if the patient has anemia, 
cyanosis is not usually apparent. Table 3-2 reviews clini-
cal manifestations at different levels of tissue hypoxia. 
Often after the development of hypoxemia, hyperven-
tilation and respiratory alkalosis follow. If not, this situ-
ation is not treated, hypoventilation due to respiratory 
muscle fatigue (see Acute Hypercapnic Respiratory 
Failure) will occur.

While reduced Pao2 and Sao2 define a state of hy-
poxemia, hypoxemic respiratory failure results from 
abnormal oxygen transport secondary to pulmonary 
parenchymal disease. Oxygen delivery to the tissues is 
dependent on Pao2, Sao2, hemoglobin concentration, 
and cardiac output. Arterial oxygen saturation and Pao2 
remain the principal clinical measures of arterial hy-
poxemia; however, these values may be normal despite 
tissue hypoxia in low cardiac output states and anemia.5 
Most clinical manifestations caused by oxygen exchange 
dysfunction do not occur unless the Pao2 and Sao2 are 
significantly affected. Although a diagnosis of acute hy-
poxemic respiratory failure often begins with a clinical 
suspicion of its presence, confirmation is established by 
ABG analysis.

An overall assessment of a patient’s  oxygenation 
status can be determined by calculating the arterial  
blood oxygen content (Cao2), the alveolar-to-arterial  
oxygen tension gradient [P(A-a)o2], the ratio of arterial  
oxygen tension to oxygen concentration (P/F ratio), 
the arterial-to-alveolar oxygen tension ratio (Pao2/Pao2 
or a/A ratio), and the oxygenation index (OI). Table 3-3  
shows the normal and critical values for these oxygen-
ation assessments. Box 3-3 demonstrates how to calcu-
late these values.

Causes of Type I 
Respiratory Failure Pathophysiologic Mechanism Clinical Example

Ventilation–perfusion 
mismatch

Continuous perfusion of nonventilated portions  
of the lung

COPD, asthma, emphysema, chronic bronchitis, cystic 
fibrosis

Alveolar 
hypoventilation

Reduced ventilation results in an increase in PAco2,  
which in turn decreases Pao2, causing arterial hypoxemia 
despite a normal P(A-a)o2

Reduced respiratory rate (hypoventilation) caused by 
CNS depression (such as in an opioid drug overdose)

Low inspired oxygen 
concentration

Reduced amount of oxygen in the alveoli High-altitude breathing, inhaling high concentrations of 
gases other than oxygen, inappropriately low inspired 
Fio2 in a disease state

Diffusion impairment Abnormal diffusion of oxygen across the alveolar-
capillary membrane into the capillary blood

Pulmonary edema, diffuse ILD

Intrapulmonary shunt Intrapulmonary shunting of blood to the systemic 
circulation, passing by collapsed alveoli

Atelectasis, pneumonia, acute lung injury, ARDS, 
complete airway obstruction

TABLE 3-1
Common Mechanisms of Hypoxemia in Respiratory Failure
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Degree of 
Hypoxia Respiratory Cardiac/Cardiovascular Cognitive/Neurologic

Mild Shortness of breath
Increased respiratory rate
Respiratory distress

Increased heart rate
Mild hypertension
Peripheral vasoconstriction 

Overconfidence
Restlessness
Anxiety
Excitement
Euphoria
Lightheadedness
Nausea
Dizziness
Fatigue

Moderate Increased respiratory distress
Tachypnea
Increased minute volume/hyperventilation
Accessory muscle use
Intercostal retractions 

Tachycardia
Arrhythmias
Hypertension

Agitation
Impaired judgment
Confusion
Decreased night vision
Disorientation
Listlessness
Headache
Tingling
Loss of coordination

Severe Severe dyspnea
Slowed, irregular breathing
Cyanosis
Respiratory arrest

Hypertension followed by 
hypotension

Tachycardia followed by 
bradycardia

Cardiac arrest

Confusion
Somnolence
Severe headache
Unconsciousness
Vision disturbances (blurred vision, tunnel vision)
Slowed reaction time
Coma

TABLE 3-2
Signs and Symptoms of Hypoxia

Assessment Formula Normal Value Critical Value

Cao2 (Hb × 1.34 × Sao2) + (Pao2 × 0.003) 16–22 mL O2/dL <16 mL/dL

P(A-a)o2 [Fio2 × (PB − 47) − (Paco2 × 1.25)] − Pao2 On room air, 5–10 torr >10 torr

On 100% O2, 25–65 torr >65 torr

P/F ratio Pao2 ÷ Fio2 >400 200–300 mild disturbance
100–200 moderate disturbance
<100 severe disturbance

a/A ratio Pao2 ÷ Pao2 >0.75 0.35–0.75 V
.
/Q

. 
 mismatch

<0.35 intrapulmonary shunting

OI* (MAP × Fio2 × 100) ÷ Pao2 Not assessed unless receiving 
mechanical ventilation

>8

*Used to assess the oxygenation status for patients receiving mechanical ventilation to assess the intensity of ventilatory support needed to maintain oxygenation.

MAP, mean airway pressure.

TABLE 3-3
Normal and Critical Oxygen Assessment Values

The term hypoxemia defines a state of low oxygen 
in the blood as opposed to hypoxia, the condition of 
low oxygen levels in the body tissues.6 Hypoxemia 
is only one of the several causes of hypoxia and, as 
seen earlier, may be caused by several pathophysi-
ologic mechanisms. There are four mechanisms that 
cause tissue hypoxia (Table 3-4), including hypoxemia 

(hypoxemic hypoxia), anemia (anemic hypoxia), cardio-
vascular dysfunctions (stagnant hypoxia), and cellular 
dysfunction (histotoxic hypoxia).

Evaluation for an underlying cause and concurrent 
treatment must begin early. The cause of hypoxemic 
respiratory failure may become evident after a careful 
history and physical examination. Cases of cardiogenic 
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BOX 3-3 Evaluation of Oxygenation for the 40-Year-Old Police Officer Suffering  
from Type I Respiratory Failure
ABG while breathing with 4 L/minute nasal cannula 
(estimated Fio2 = 0.36)

PB = 700 torr
pH = 7.48
Paco2 = 23 torr
Pao2 = 48 torr
HCO3

− = 20 mEq/L
Sao2 = 85%

1. Assessment of the severity of hypoxemia =  
uncorrected moderate-to-severe hypoxemia. 
Uncorrected because the patient is receiving sup-
plemental oxygen that has not corrected his hy-
poxemia. It is important to note that this patient is 
hyperventilating, has tachypnea, and tachycardia 
with supplemental oxygen. ABG analysis = par-
tially compensated respiratory alkalosis with un-
corrected moderate-to-severe hypoxemia.

2. Cao2 = (Hb × 1.34 × Sao2) + (Pao2 × 0.003) =  
(14.1 g/dL × 1.34 × 0.85) + (23 torr × 0.003)

Cao2 = (16.06 g/dL + 0.14) = 16.2 mL/dL. This value 
is at the low end of the normal range.

3. P(A-a)o2 = [Fio2 × (PB − 47) − (Paco2 × 1.25)] − 
Pao2 = [0.36 × (760 torr − 47) − (23 torr × 1.25)] 
− 48 torr
P(A-a)o2 = [(0.36 × 713 torr) − (23 torr × 1.25)] − 48 
torr = [257 torr − 29 torr] − 48 torr
P(A-a)o2 = 228 torr − 48 torr = 180 torr. This 
 gradient for Fio2 is wider than normal.

4. P/F ratio = Pao2 ÷ Fio2 = 48 torr ÷ 0.36 = 133.33. 
This is a critical value suggestive of a moderate 
 disturbance of oxygenation.

5. a/A ratio = Pao2 ÷ Pao2 = 48 torr ÷ 228 
torr = 0.21. This is suggestive of an oxygenation 
problem due to intrapulmonary shunting.

6. The OI is not applicable to this patient because he is 
not receiving mechanical ventilation.

This patient was managed by changing the 4 L/minute 
nasal cannula to a non-rebreather mask. When there 
was no improvement, the patient received a CPAP mask.

Mechanism Explanation Examples
Response to Oxygen 
Administration

Hypoxemic hypoxia Insufficient oxygen at the tissue level 
due to low Pao2

Lung diseases, high altitude Good, except in the case of 
intrapulmonary shunt

Anemic hypoxia Normal Pao2; however, there is less Hb 
available to carry O2

Anemia, carbon monoxide poisoning, 
methemoglobinemia, hemorrhage

Poor

Stagnant hypoxia Inadequate blood flow to maintain 
oxygenation to the tissues

Cardiac failure, cardiac arrest, 
hypovolemia, persistent hypotension

Poor

Histotoxic hypoxia Inability of cells to metabolize oxygen Cyanide poisoning Poor

TABLE 3-4
Mechanisms of Hypoxia

pulmonary edema usually develop in patients with a 
history of cardiac disease (left-ventricular dysfunction or 
valvular heart disease), recent symptoms of chest pain, 
paroxysmal nocturnal dyspnea, and orthopnea. Cases of 
non-cardiogenic pulmonary edema or ARDS occur in a 
variety of clinical backgrounds including sepsis, trauma, 
aspiration, pneumonia, pancreatitis, drug toxicity, and 
multiple transfusions.

Management
Suspected or documented hypoxemia is treated initially 
by administering supplemental oxygen via nasal cannula 
or air entrainment mask. The underlying cause for acute 

hypoxemic respiratory failure is a major factor in the 
response to the administration of supplemental oxygen. 
Supplemental oxygen delivery is most likely to correct 
hypoxemia associated with diffusion impairments, al-
veolar hypoventilation, V

.
/Q

. 
 mismatch, and low inspired 

oxygen. Nonpulmonary causes of hypoxemic respira-
tory failure, such as cardiogenic shock, low cardiac 
output, anatomic shunt, and anemia, need to be treated 
medically or surgically and may require both oxygen-
ation and ventilatory support.

Intrapulmonary shunt is the only pulmonary cause of 
hypoxemia that does not respond significantly to the ad-
ministration of supplemental oxygen. Even 100% oxygen 
does not elicit appreciable changes in the oxygenation 
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status. This occurs because the unoxygenated blood in 
the pulmonary capillaries passes by collapsed alveoli con-
taining no oxygen in them. Patients with P/F ratio below 
200 and/or a/A ratio below 0.35 have intrapulmonary 
shunting. These patients do not respond significantly to 
supplemental oxygen alone. Another indicator of shunt-
ing is refractory hypoxemia or a Pao2 rise of <5 torr 
following an increase in Fio2 ≥ 0.10.1 To improve oxy-
genation in this situation, these  collapsed alveoli must be 
reopened. Patients with acute  hypoxemic respiratory fail-
ure who are spontaneously breathing may benefit from 
the administration of noninvasive CPAP. However, the 
use of CPAP may only be a temporary measure. Patients 
most likely to benefit from noninvasive CPAP would be 
those with postoperative atelectasis.7 The strongest evi-
dence for the use of noninvasive CPAP is for patients 
with acute cardiogenic pulmonary edema.8 A European 
study has shown that helmet CPAP can rapidly improve 
oxygenation, better than oxygen therapy, in patients with 
community-acquired pneumonia with moderate acute 
hypoxemic respiratory failure.9,10

If the hypoxemia is not responding to noninvasive 
CPAP, noninvasive positive pressure ventilation (NPPV) 
could be another alternative, especially if the P/F ratio  
is below 200. Initial settings for NPPV should be inspi-
ratory positive airway pressure (IPAP) 10–15 cm  
H2O, expiratory positive airway pressure (EPAP)  
5 cm H2O with an Fio2 of at least 0.50. The tidal vol-
ume delivered should be 6–8 mL/kg of the predicted 
body weight (PBW). Use IPAP adjustments to maintain 
pH and Paco2. Use EPAP and Fio2 to maintain Pao2 
and Sao2. Keep the pressure support (IPAP–EPAP) at 
≥5 cm H2O. Contraindications for the use of NPPV 
include (1) hemodynamic instability; (2) the presence 
of life- threatening dysrhythmias; (3) the existence of 
life-threatening severe hypoxemia; (4) a substantial risk 
of gastric aspiration; (5) a diminished patient mental 
state; and (6) poor patient tolerance. Invasive ventila-
tory support would be necessary if there is a contra-
indication to NPPV or if NPPV does not reverse the 
patient’s hypoxemia.

In the situation of acute hypoxemic respiratory fail-
ure, refractory to supplemental oxygen , CPAP, NPPV or 
invasive ventilatory support should be used to increase 
the patient’s Pao2. The Fio2 needs be sufficient to raise 
the Pao2 to a minimum of 60 torr. This will avoid high 
Fio2s, which increase the risk of oxygen toxicity and at-
electasis.4 Patients with P/F ratios <200 will most likely 
require high levels of positive end expiratory pressure 
(PEEP) to reduce shunting and to keep the Fio2 levels 
as low as possible. The level of PEEP used in a given 
clinical situation is determined by one of the methods 
reviewed in Table 3-5.

For conventional invasive ventilatory support, the 
target tidal volume is 6–8 mL/kg of PBW to keep the 
Pplateau <30 cm H2O. With patients who have severely 
reduced lung and/or chest wall compliance, use  

Method Use Explanation

Static 
compliance 
method

For volume 
control 
ventilation

Keep VT setting constant, 
measure and record exhaled VT 
and Pplateau or CSTAT at different 
PEEP settings. The optimal 
PEEP setting produces the 
highest CSTAT.

Equal 
pressure 
method

For pressure 
control 
ventilation

Keep the PIP–PEEP (∆P) 
constant (15–25 cm H2O) while 
making changes to the PEEP. 
(This means changes to the 
PIP to keep the ∆P constant.) 
Record the exhaled VT at each 
change. The PEEP setting that 
gives the largest VT represents 
the optimal PEEP.

Tissue 
oxygen 
delivery

For patients 
with 
Pulmonary 
Artery 
Catheters

O2 Delivery = Cardiac 
Output × Cao2. At each change 
of PEEP, use the pulmonary 
artery catheter to measure the 
cardiac output while drawing an 
ABG. Calculate the Cao2, and 
then determine the O2 delivery. 
Optimal PEEP produces the 
highest O2 delivery.

Pflex or low 
inflection 
point

For ventilator 
graphics

Examine the pressure–volume 
curve. The intersection point 
between the slopes of the high-
compliance segment and the low-
compliance segment is the low 
inflection point or the Pflex point. 
The optimal PEEP is 2–3 cm H2O 
above the Pflex point.

TABLE 3-5
Determining Optimal PEEP

KNOWLEDGE CHECK QUESTIONS

1. Tissue hypoxia causes:
a. intracellular alkalosis.
b. an induction of inflammation.
c. a depletion in metabolic byproducts.
d. an increase in adenosine triphosphate.

2. True or False: Pulmonary edema can lead to 
acute hypoxemic respiratory failure by causing a 
diffusion impairment.

4–6 mL/kg PBW for the volume and allow for slightly 
higher plateau pressures.

It is important to note that the impairment of oxy-
genation can lead to hypoxemic respiratory failure. 
When the hypoxemic respiratory failure becomes 
severe, carbon dioxide elimination becomes impaired 
and leads to the development of hypercapnic respira-
tory failure.
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Acute Hypercapnic Respiratory Failure

Case Study 2
A 43-year-old female was found unresponsive on a 
bed in her apartment by her husband when he came 
home from work. He found empty bottles of diaz-
epam (anti-anxiety) and venlafaxine (antidepressant) 
along with numerous empty beer cans near the bed. 
The husband immediately called emergency medical 
services (EMS), which arrived within 10 minutes. At 
the scene, the patient’s blood pressure was 100/60, 
pulse 68 beats/minute, and respiratory rate 10 and 
shallow. Her Glasgow coma score was 10 on the scene. 
The EMS took the patient to the emergency depart-
ment at the local hospital. During the transport, the 
patient required ventilatory assistance with a manual 

resuscitator bag because her breathing dropped to  
6 breaths/minute and remained shallow.

Upon arrival at the emergency department, the 
patient received a non-rebreather mask. An ABG was 
drawn, showing a pH of 7.26, Paco2 56 torr, Pao2  
50 torr, Sao2 60%, HCO3

− 24 mEq/L. Her Glasgow 
coma score was 3 in the emergency department. She 
was then intubated; an oral gastric tube was inserted, 
and an IV started. The patient was given intravenous 
Flumazenil, and a gastric lavage was completed. The 
patient’s Glasgow coma score increased to 13 within 
12 hours, and she was extubated within 18 hours of 
admission.

Definition
Hypercapnic respiratory failure is also called Type II 
respiratory failure, ventilatory failure, or pump fail-
ure. Hypercapnia is an increased Paco2 in the blood 
above the normal range and can also be called respira-
tory insufficiency. Hypercapnic respiratory failure can 
be acute (minutes to hours), chronic (several days or 
longer), or acute on chronic. A Paco2 of greater than 
50 torr, in otherwise healthy individuals, is considered 
hypercapnic respiratory failure. Acute hypercapnic 
respiratory failure is a sudden increase in Paco2 with a 
corresponding acidotic pH. Chronic hypercapnic res-
piratory failure is a consistently high Paco2 with meta-
bolic compensation resulting in a pH within normal 
limits. A chronic hypercapnic respiratory failure that 
is complicated by an acute superimposed hypercapnia 
is acute-on-chronic hypercapnic respiratory failure. 
Hypercapnic respiratory failure can be life threatening 
because it has toxic effects on both the brain and the 
circulation. Hypercapnia causes an alteration in brain 
chemistry causing depression of consciousness and it 
raises intracranial pressure by increasing cerebral blood 
flow. Elevated blood CO2 levels also depress myocardial 
contractility and cause coronary as well as systemic ar-
tery vasodilation. If not quickly recognized, the patient 
can become comatose, suffer hypoxemic respiratory 
failure, and die.

The body’s metabolic production of carbon dioxide 
and its effective removal via alveolar ventilation by the 
lungs normally maintain the arterial Paco2 within a 
physiologically normal range (35–45 torr). Elimination 
of CO2 by the lungs is important in the maintenance 
of the body’s acid–base balance. Control of carbon di-
oxide stability connects both alveolar ventilation and 
hydrogen ion regulation through sensitive hydrogen 

chemoreceptors. These chemoreceptors maintain the 
arterial blood pH within a relatively constant nar-
row range (pH 7.4 ± 0.05) by the elimination of CO2 
produced during metabolism and local production 
of H+. Alveolar ventilation effectiveness is inversely 
proportional to arterial blood CO2, and therefore, con-
sequently, an increase in Paco2 is indicative of inad-
equate alveolar ventilation with regard to the body’s 
metabolic production of carbon dioxide. If significant 
retention of CO2 above the normal level occurs, it is 
usually accompanied by significant hypoxemia un-
less a high concentration of oxygen is administered 
 simultaneously. This is called hypercapnic/hypoxemic 
respiratory failure.

The relationship between alveolar ventilation 
and Paco2 may be understood using the equation in 
Box 3-4. From this equation, it becomes clearly evident 
that the Paco2 increases with either a decrease in alveo-
lar ventilation or an increase in CO2 production.

Activity and metabolic rate vary the rate of CO2 
production. Alveolar ventilation is that part of ventila-
tion that participates in gas exchange and is sometimes 
called effective ventilation for this reason. Alveolar 

BOX 3-4 The Relationship Between 
Paco2 and Alveolar Ventilation

Paco2 = (k × V
.
co2) ÷ V

.
A

The constant k converts liters to torr and mL/minute  
to L/minute and is equal to 0.863. V

.
co2 is the 

rate of CO2 production and V
.

A represents alveolar 
ventilation.
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BOX 3-5 The Relationship Among 
Alveolar Ventilation, Minute Ventilation, 
and Dead Space

V
.

A = V
.

E − V
.

D physiologic

V
.

D physiologic = V
.

D anatomic + V
.

D alveolar

V
.

A = V
.

E − (V
.

D anatomic + V
.

D alveolar)

ventilation is equal to the minute ventilation minus the 
physiologic dead space ventilation. Box 3-5 shows this 
relationship.

Physiologic dead space is of two types. The dead 
space that is due to the conducting airways (conducting 
zone) is anatomic dead space. The normal anatomic 
dead space varies directly with a person’s height and is 
equal to approximately 1 mL/lb or 2.2 mL/kg of PBW. 
The dead space that is due to ventilated alveoli with no 
blood circulation to their capillaries (no perfusion) is 
alveolar dead space. This type of dead space can vary 
with disease states that reduce perfusion to the alveoli, 
such as pulmonary embolus, pulmonary artery thrombo-
sis, hypotension, or hemorrhage. The total functional or 
physiologic dead space consists of the addition of the an-
atomic dead space and the alveolar dead space. The equa-
tions in Box 3-5 show that alveolar ventilation can be 
decreased either by a reduction in total ventilation (VE) 
or through pulmonary ventilation–perfusion mismatch 
causing an increase in alveolar dead space ventilation. Be-
cause the Paco2 and pH are linked, an acute increase in 
CO2 causes a respiratory acidosis, leading to tissue dys-
function and clinical symptoms. The elimination of CO2 
by the lungs and fixed acids by the kidneys determine 
blood pH. The blood pH is inversely proportional to the 
Paco2 and directly related to the bicarbonate (HCO3

−). 
Also, not only can a reduction in alveolar ventilation 
cause hypercapnia, but increases in CO2 production sec-
ondary to increases in metabolism without increases in 
alveolar ventilation can also lead to hypercapnia.

Causes
A failure of the lungs to remove carbon dioxide from the 
blood results in acute hypercapnic respiratory failure, 
otherwise known as “pump failure.” This is a failure to 
move air out of the lungs and replace it with “fresh air.”

Impairment of the CNS
An impairment of the CNS directly reduces minute 
ventilation by blunting the respiratory center. This 
can occur as a result of the effects of opioid and seda-
tive drug overdoses (intentional or accidental), alcohol 
overdose, head trauma, anesthesia, or diseases of the 
medulla. Anything that interferes with the respiratory 
center’s output causes hypercapnia via a decrease in 

minute ventilation. Severe hypercapnia, or hypoxemia, 
can also depress the respiratory center, leading to a 
downward spiral of clinical deterioration. Factors that 
depress the respiratory center also tend to depress the 
cerebral function globally, leading to decreased con-
sciousness, the inability to protect the airway, and in-
creased risk of aspiration.

Impairment of the Spinal Cord
If motor output emanating from the CNS does not reach 
the respiratory muscles, hypercapnia occurs. The degree 
of respiratory involvement due to spinal cord impairment 
depends on the level at which the spinal cord is affected. 
High cervical spine injuries, particularly C1–C4, increase 
the likelihood of hypercapnic respiratory failure.11

Impairment of the Neuromuscular System
In the case of neuromuscular impairment, the CNS and 
the spinal cord may be intact but are unable to signal 
the muscles of inspiration due to transmission problems 
at the nerves, neuromuscular junctions, or muscles. 
Many neuromuscular diseases produce progressively 
worsening impairments in which respiratory insuf-
ficiency occurs slowly and follows a predictable rate of 
worsening; these include amyotrophic lateral sclerosis 
(ALS), post-polio syndrome, and Duchenne muscular 
dystrophy. Others may have a seemingly faster onset, 
such as Guillain–Barre syndrome, myasthenia gravis, 
and phrenic nerve damage. Botulism, organophosphate 
poisoning, and paralytic drugs can also result in inad-
equate ventilation.

Impairment of the Thorax
Impairments of the thorax interfere with the mechan-
ics of ventilation, predisposing the patient to the risk of 
respiratory failure. Fractured ribs can lead to hypoven-
tilation if not treated with adequate pain medications. 
Other thoracic impairments include kyphoscoliosis, 
obesity, and flail chest.

Impairment of the Pleura
The presence of gas or liquid in the pleural space inter-
feres with the integrity of the pleura, contributing to the 
development of acute hypercapnic respiratory failure, 
leading to acute hypoxemic respiratory failure. Ex-
amples of these impairments include pneumothorax, 
hemothorax, and pleural effusion.

Impairment of the Upper Airway
The upper airways lie above the carina and are subject 
to obstruction by a foreign body, trauma, infection, 
spasms (laryngospasm), edema, collapse (as in obstruc-
tive sleep apnea), and tumors. There are both acute and 
chronic causes of upper airway obstruction. The acute 
causes include foreign body aspiration, bilateral vocal 
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cord paralysis, and trauma to the cartilages. Bacterial 
causes of upper airway obstruction are more common 
in children than in adults. Chronic or slowly progressive 
causes of airflow obstruction include vocal cord polyps 
or granulomas and tumors.12

Fatigue
When a patient’s work of breathing is high for prolonged 
periods of time, the inspiratory muscles can become fa-
tigued, leading to hypercapnic respiratory failure. In other 
words, the respiratory muscles are unable to continue to 
generate enough pleural pressure to ventilate adequately 
although the CNS and the thoracic cage are intact. When 
the energy supply to the respiratory muscles is unable to 
meet the demands, fatigue sets in. Fatigue that plays a role 
in CO2 retention may occur either acutely or chronically. 
Fatigue and hypercapnia of acute onset are usually due to 
a combination of increased work of breathing, a reduction 
in muscle strength, a decrease in efficiency, and a reduc-
tion in energy supplies to the inspiratory muscles.13

Table 3-6 shows the causes of hypoxemic respiratory 
failure, their pathophysiologic mechanisms, and some 
clinical examples.

To simplify the classification of hypercapnic respira-
tory failure, the causes of decreasing alveolar ventilation 
fall into three broad categories: (1) CNS depression,  
(2) mechanical defect, and (3) fatigue.13

Assessment
The most common symptoms of acute hypercapnic res-
piratory failure in conscious patients are shortness of 
breath and anxiety. These typically occur with rapid and 

shallow breathing. When the central drive is affected, 
as with drug overdose or stroke, it is typical to have a 
lethargic patient. These patients are not able to provide 
any past or present medical history. As with hypox-
emic respiratory failure, clinical clues to the presence 
of hypercapnia are nonspecific and include headache, 
diminished alertness, bounding peripheral pulses, and 
flushed warm skin. It is very likely that a patient with an 
elevated Paco2 also has a low Pao2. Therefore, clinical 
signs of hypoxemia may be evident as well.

Other clinical signs of hypercapnic respiratory fail-
ure include tachycardia, tachypnea, accessory muscle 
use, and diaphoresis. Accessory muscle use and/or 
paradoxical movement of the chest and abdominal wall 
(opposite directions) indicates that there is an increased 
work of breathing. Intercostal retractions and nasal 
flaring, especially in infants and children, may accom-
pany the accessory muscle use. Without intervention, a 
patient with these signs and symptoms can deteriorate 
to respiratory failure and very likely to cardiac arrest. 
Figure 3-5 demonstrates an uninterrupted progression 
of ventilatory failure.

An assessment of respiratory rate, rhythm, and depth 
is imperative in identifying hypercapnic respiratory 
failure. Usually, tachypnea is accompanied by low tidal 
volumes, which essentially means ventilating little more 
than the patient’s anatomical dead space. Respiratory 
rates >30–35 breaths/minute with diaphoresis, inabil-
ity to speak between breaths, and accessory muscle use 
usually signal an impending respiratory arrest, which 
would require ventilatory support.

A patient with a decreased respiratory drive due to a 
CNS impairment would present with a respiratory rate 

Causes of Type II 
Respiratory Failure Pathophysiologic Mechanism Clinical Example

CNS impairment Decreased ventilatory drive Drug overdose, stroke, head trauma, obesity 
hypoventilation, central sleep apnea

Spinal cord 
impairment

Lack of communication from central drive to respiratory 
muscles, leading to an absent ventilatory drive

High spinal cord injury

Neuromuscular 
impairment

Motor neuron deficit, motor neuropathies, neuromuscular 
junction disorders leading to respiratory muscle fatigue 
and a decreased or absent ventilatory drive 

ALS, post-polio syndrome, myasthenia gravis, Guillain–
Barre syndrome, botulism, nerve gas, Cobra snake 
bites, bilateral phrenic nerve injury

Impairment of the 
thorax and pleura

Alteration of the integrity of the chest wall and pleura or 
change in pressure within the pleural space, impairing 
the lungs' ability to move air

Flail chest, diaphragmatic rupture, penetrating chest 
wound, pleural effusion, pneumothorax

Upper airway 
impairment

Obstruction of the upper airways prohibits the movement  
of air into the lungs

Obstructive sleep apnea, foreign body obstruction, post-
extubation laryngospasm, bilateral vocal cord paralysis

Fatigue Increased work of breathing, reduction in muscle 
strength, reduction in energy supply

Asthma, neuromuscular diseases, kyphoscoliosis, 
atrophy due to mechanical ventilation

TABLE 3-6
Common Mechanisms of Hypercapnia in Respiratory Failure
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FIGURE 3-5 Progression of ventilatory failure. Ventilatory failure often progresses over time in a typical fashion, often in a few hours to days; 
Time 0 provides an example of a patient with normal Pao2, Paco2, and pH. Beginning at time 1, the patient’s Pao2 starts to decline due to 
lung disease. When the Pao2 decreases to about 60 torr (Time 2), the patient starts to hyperventilate due to hypoxemia (e.g., the peripheral 
chemoreceptor stimulation). As the patient’s Pao2 continues to decline (Times 2 to 3), the patient continues to hyperventilate and pH rises (e.g., 
acute respiratory alkalosis). By Time 3, the patient begins to tire, and Paco2 rises with a corresponding decrease in pH (Times 3 to 4). As the 
patient’s condition worsens, Pao2 continues to fall, Paco2 continues to increase, and an acute respiratory acidosis ensues (Times 4 to 5). At this 
time, the patient has developed acute ventilatory failure (Time 5).
Data from Shelledy DC. Initiating and adjusting ventilatory support. In: Wilkins RL, Stoller JK, Kacmarek RM. Egan’s Fundamentals of Respiratory Care. 9th ed. St. Louis, MO: Elsevier-Mosby; 
2009:1045–1090.
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Major Disorder 
(Causing Hypercapnia) Respiratory Cardiovascular Neurologic

Decreased ventilatory 
drive

Bradypnea, decreased respiratory 
effort, declining tidal volume, respiratory 
acidosis, hypoxemia

Tachycardia, peripheral 
vasodilation

Headache, lethargy, obtundation, 
confusion, coma, miosis (opiate 
drug overdose)

Increased work of 
breathing (increased 
ventilation demand)

Tachypnea, increased respiratory effort, 
accessory muscle use, retractions, nasal 
flaring, respiratory alkalosis, adventitious 
breath sounds

Tachycardia, hypertension, 
arrhythmias, diminished heart 
sounds, pulsus paradoxus

Anxiety, agitation, tingling, fatigue 

Respiratory muscle 
weakness 

Bradypnea, decreased respiratory 
effort, declining tidal volume, respiratory 
acidosis, hypoxemia, impaired gag reflex, 
abdominal paradox

Tachycardia Lethargy 

TABLE 3-7
Signs and Symptoms of Acute Hypercapnia

<12 breaths/minute and would most likely have an al-
tered mental status. Time is important in this situation. 
Immediate ventilatory support is necessary.

Patients with respiratory muscle fatigue due to a 
reduction in muscle strength may present with drool-
ing, dysarthria, weak cough, weak gag, lower extremity 
weakness, or ocular muscle weakness. These patients 
usually have neuromuscular diseases such as ALS, 
 Guillain–Barre, or myasthenia gravis.

The one test that identifies hypercapnic respiratory 
failure is the ABG. If the ventilatory failure had a rapid on-
set, the ABG would show an uncompensated respiratory 
acidosis. If the hypercapnia has been present for a long 
time, this would give the kidneys the opportunity to com-
pensate for the respiratory acidosis and the ABG would 
show a partially or fully compensated respiratory acidosis. 
Table 3-7 summarizes some of the pertinent signs and 
symptoms of acute hypercapnic respiratory failure.
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Differentiating Hypoxemic and 
Hypercapnic Respiratory Failure
The P(A-a)o2 can be used to help differentiate between 
hypoxemia due to ventilation–perfusion mismatch, 
shunt, or diffusion defect from hypoxemia caused by 
hypoventilation. Box 3-6 shows a comparison of two 
different patients’ cases. Patient A’s arterial oxygen ten-
sion gradient is at the critical level, while Patient B’s 

KNOWLEDGE CHECK QUESTIONS

1. Respiratory failure due to a thoracic or pleural 
impairment may be caused by:
a. diaphragmatic rupture.
b. obstructive sleep apnea.
c. high spinal cord injury.
d. ALS.

2. True or False: A patient with an increased ven-
tilatory demand may present with tingling 
extremities, tachypnea, tachycardia, and pulsus 
paradoxus.

BOX 3-6 Differentiating Causes 
of Respiratory Failure 

Patient A Patient B

Fio2 = 0.21

PB = 760 torr

Fio2 = 0.21

PB = 760 torr

ABG Results

pH = 7.36

Paco2 = 46 torr

Pao2 = 41 torr

Sao2 = 74%

HCO3
− = 24 mEq/L

ABG Results

pH = 7.46

Paco2 = 72 torr

Pao2 = 53 torr

Sao2 = 81%

HCO3
− = 28 mEq/L

Pao2 = Fio2 (PB − 47 torr) − 
(Paco2 × 1.25)

Pao2 = 0.21(760 − 47) − 
(46 × 1.25)

Pao2 = 150 − 57.5

Pao2 = 92.5 torr

Pao2 = Fio2 (PB − 47 torr) 
− (Paco2 × 1.25)

Pao2 = 0.21(760 − 47) − 
(72 × 1.25)

Pao2 = 150 − 90

Pao2 = 60 torr

P(A-a)O2 = Pao2 − Pao2

P(A-a)O2 = 92.5 torr − 41 torr

P(A-a)O2 = 51.5 torr

P(A-a)O2 = Pao2 − Pao2

P(A-a)O2 = 60 torr − 53 torr

P(A-a)O2 = 7 torr

P(A-a)O2 > 10 torr on room 
air = CRITICAL

P(A-a)O2 = 5 to 10 
torr = NORMAL

FIGURE 3-6 This figure shows the difference between Patient A 
and Patient B. The hypoxemia in Patient A is most likely due to V

.
/Q

.
  

mismatch or shunt due to the high alveolar–arterial oxygen gradient. 
The hypoxemia in Patient B is due to alveolar hypoventilation because 
the Pao2 is reduced even though the alveolar-to-arterial oxygen 
gradient is normal.

Patient A Patient B

PAO2 = 92.5 torr

PaCO2 = 46 torr
PaO2 = 41 torr

P(A-a)O2 = 51.5 torr

FIO2 = 0.21
PB = 760 torr PAO2 = 60 torr

PaCO2 = 72 torr
PaO2 = 53 torr

P(A-a)O2 = 7 torr

gradient is within normal limits. This shows that Patient 
B’s cause of hypoxemia is elevated Paco2. However, 
the cause of Patient A’s hypoxemia is one of the other 
mechanisms, most likely V

.
/Q

. 
 mismatch. Therefore, the 

treatment of hypoxemia and hypercapnia in these two 
patients should be different. The patient with critically 
high P(A-a)o2 requires high levels of supplemental oxygen 
to start the treatment. The patient with normal P(A-a)o2 
and elevated Paco2 requires mechanical ventilation and 
may respond positively to NPPV with low-to-moderate 
levels of supplemental oxygen.

In Figure 3-6, each alveolus represents the lungs 
from both patients in the example in Box 3-6. Both pa-
tients are breathing atmospheric oxygen at a barometric 
pressure of 760 torr. Patient A has moderate-to-severe 
hypoxemia with a critically high alveolar–arterial oxy-
gen gradient. The oxygen in the alveoli is not able to dif-
fuse across the alveolar–capillary membrane. When this 
patient is given supplemental oxygen, if the Pao2 does 
not rise as expected, the cause of the hypoxemia is an 
intrapulmonary shunt. Patient B, on the other hand, has 
a normal alveolar–arterial oxygen gradient. The elevated 
CO2 reduces the available O2 in the alveoli, as evidenced 
by the Pao2 of 60 torr, when it should normally be ap-
proximately 100 torr. This identifies the cause of this 
patient’s hypoxemia as being hypercapnia.

KNOWLEDGE CHECK QUESTIONS

1. In acute Type II respiratory failure, a patient’s 
hypoxemia is caused by:
a. V

.
/Q

.
  mismatch.

b. diffusion impairment.
c. increase in dead space.
d. intrapulmonary shunt.

2. True or False: A patient with a P(A-a)O2 of 94 torr 
with a Pao2 of 60 torr and Paco2 of 45 torr while 
breathing room air has Type I respiratory failure.

Differentiating Hypoxemic and Hypercapnic Respiratory Failure 81



Chronic Respiratory Failure

Case Study 3
A 39-year-old man comes to the hospital for his 
preoperative evaluation prior to gastrointestinal 
bypass surgery for his obesity. He weighs 465 lb and 
is 5 foot 11 inches tall (body mass index 194 kg/m2).  
He has been morbidly obese for more than 20 
years. A baseline ABG was drawn on room air. The 
results are pH 7.46, Paco2 72 torr, Pao2 53 torr, Sao2 

81%, HCO3
− 28 mEq/L (he is the patient mentioned 

in Box 3-5). This is a fully compensated respiratory 
acidosis with moderate hypoxemia. As shown in 
Box 3-6, the hypoxemia is due to the hypoventila-
tion (hypercapnia).

Definition
Chronic respiratory failure (CRF) typically involves 
inappropriate levels of minute ventilation or an in-
crease in dead space. Manifestations of CRF, also called 
chronic ventilatory failure, in contrast to those of acute 
respiratory failure, are commonly less clinically dra-
matic or apparent. The onset of this type of failure is 
insidious. In CRF, slow development and long duration 
of disturbances of lung function allow for the interven-
tion of various compensatory mechanisms, which pre-
vent, or at least diminish, the harmful effects on body 
homeostasis. These compensatory mechanisms include 
changes in the respiratory pattern and the utilization 
of accessory muscles to overcome the increased airway 
resistance or reduced compliance. Hyperventilation 
occurs to increase CO2 elimination and improve alveo-
lar oxygen tension, circulatory adjustments improve 
oxygen transport, increases in hemoglobin facilitate 
oxygen delivery to the tissues, and renal compensation 
improves acid–base derangements. Individuals with 
CRF typically reduce their physical activity to cope with 
respiratory insufficiency.14

Causes
CRF, therefore, is a long-standing insufficient alveolar 
ventilation caused by a decreased CNS respiratory drive 
to breathe, impaired neuromuscular competence, and 
excessive respiratory load (Figure 3-7). The most com-
mon cause of CRF is COPD.

Examples of some CNS impairments that cause 
CRF include morbid obesity, primary alveolar hy-
poventilation (Ondine’s curse), brain stem infarction, 
or neoplasm. Respiratory muscle impairment or weak-
ness occurs due to neuromuscular diseases such as 
post-polio syndrome, myasthenia gravis, muscular 

FIGURE 3-7 Mechanisms of CRF.
Redrawn from Hanley ME, Welsh CH, eds. Current Diagnosis & Treatment in Pulmonary 
Medicine. Lange Medical Books/McGraw-Hill; 2003 (Figure 26-1, p. 269).
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dystrophies, quadriplegia, and phrenic nerve damage. 
Chest wall dysfunctions include kyphoscoliosis and tho-
racoplasty. Lung diseases causing CRF include COPD, 
tracheal stenosis, and obstructive sleep apnea.

Assessment
CRF is a problem brought on by conditions that pre-
dispose a person to respiratory failure. Identification 
of the underlying cause is central to the treatment of 
CRF, and the patient interview is essential to uncovering 
this cause. Also, disease-specific clues may be found on 
physical examination.

The symptoms of CO2 retention vary widely and 
do not correlate well with Paco2 levels. Using central 
cyanosis for the sole identification of hypoxemia is very 
dangerous, due to its appearance close to the Pao2 and 
Sao2 levels that cause tissue damage. Hypoxia does pro-
duce neurologic manifestations, from mild confusion to 
coma, but because the differential diagnosis of confusion 
is very broad, its clinical recognition is difficult.15 These 
facts make it impossible to use physical assessment to 
estimate a patient’s Pao2 and Paco2. Therefore, it is vital 
to perform both oxygen saturation and an ABG.

Because long-standing respiratory insufficiency leads 
to right heart problems, the identification of jugular ve-
nous distention and lower extremity edema not due to 
venous stasis, cirrhosis, or cardiomyopathy is a clue to 
cor pulmonale. Other physical signs include tachypnea, 
abdominal paradox (inward abdominal movement dur-
ing inspiration), respiratory alternation (alternation be-
tween abdominal and rib cage breathing), and accessory 
muscle use.

Diagnostic studies are important in identifying 
CRF. The ABG is used to determine the presence and 
degree of respiratory failure. The CBC identifies the 
presence of polycythemia, suggesting chronic hypox-
emia. The pulmonary function tests (PFTs) identify the 
presence and degree of obstructive or restrictive res-
piratory problems. Other tests include serum levels of 
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thyroid-stimulating hormone (TSH), which evaluates 
the possibility of hypothyroidism, a potentially revers-
ible cause of chronic hypercapnic respiratory failure, 
and a chemistry panel.

Management
The reversal of CRF is rare (CRF due to hypothyroidism 
can be reversed). The main goals of managing CRF is to 
ensure oxygenation and adequate ventilation. Low-flow 
supplemental oxygen treats chronic hypoxemia. Ven-
tilatory support may be noninvasive, invasive (via tra-
cheostomy), round the clock, nocturnal, full, or partial. 
The level of support is purely dependent on the patient’s 
situation (Table 3-8 for some examples).

Another goal of CRF management is to treat the 
underlying cause of the condition. Bronchial hygiene 
therapy should be used to mobilize excessive mucus. 
The administration of supplemental oxygen to treat hy-
poxemia will also treat the patient’s polycythemia and 
pulmonary hypertension. Phrenic nerve or diaphragm 
pacing is a potential therapy for patients with CRF from 
high cervical spinal cord lesions or respiratory drive 
disorders. Medications may be used to treat or maintain 
the underlying disease state.

One of the cornerstones in the treatment of CRF due 
to COPD is pulmonary rehabilitation. Pulmonary re-
habilitation is an evidence-based, multidisciplinary, and 
comprehensive intervention for patients with chronic 
pulmonary disease who are symptomatic and often have 
decreased daily life activities. The goal of pulmonary re-
habilitation is not to improve lung function, but rather 
to reverse the systemic consequences of the disease 
such as dyspnea, exercise tolerance, and quality of life.16 
Pulmonary rehabilitation is successfully used in the 
management of CRF due to severe persistent asthma, 
bronchiectasis, cystic fibrosis, and restrictive lung 
diseases.17–19

KNOWLEDGE CHECK QUESTIONS

1. Which of the following is vital to identify CRF?
a. Central cyanosis
b. ABG
c. Accessory muscle use
d. CBC

2. True or False: Full invasive ventilation is neces-
sary to treat CRF due to ILD.

Cause of CRF
Type of Respiratory 
Support

ALS Tracheostomy
full invasive ventilation

COPD Supplemental oxygen 
nocturnal NPPV

ILD Supplemental oxygen

Obesity hypoventilation syndrome Nocturnal NPPV

Respiratory muscle weakness 
(e.g., post-polio)

Nocturnal NPPV

Restrictive thoracic disease (e.g., 
kyphoscoliosis)

Nocturnal NPPV

TABLE 3-8
Examples of Respiratory Support for Different 
Causes of CRF

Acute-on-Chronic Respiratory Failure

Case Study 4
A 71-year-old man with a past medical history of COPD 
and cor pulmonale presents to the emergency depart-
ment with progressive shortness of breath. He had 
been able to walk as much as 20 feet without difficulty 
until about 2 weeks ago when his dyspnea progressed 
to shortness of breath at rest. His current home medi-
cations include fluticasone furoate and vilanterol 
(Breo®), furosemide, theophylline (low dose), con-
tinuous oxygen via nasal cannula at 2 L/minute, and 
 albuterol/ipratropium bromide as needed.

Physical examination reveals a temperature of 37.6°C, 
pulse 102 beats/minute, respiratory rate 28 breaths/

minute, positive accessory muscle use, blood pressure 
155/87. His breath sounds are diminished at the bases 
with bilateral basilar inspiratory crackles. His cardiac as-
sessment revealed a regular rate and rhythm with jugu-
lar vein distension (JVD), and a right-sided S3 is noted. 
He has 3+ pedal edema and is alert and oriented.

ABG results with 2 L/minute nasal cannula: pH 7.25, 
Paco2 90 torr, Pao2 42 torr, Sao2 59%, HCO3

− 38 mEq/L. 
A CBC reveals 13,500/µL; hematocrit 57.2%. A chest x-
ray reveals extensive hyperinflation, some blunting of 
both costophrenic angles, and flattened diaphragms 
(Figure 3-8).
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FIGURE 3-8 Chest radiograph of a 71-year-old male with a past 
medical history of COPD.
© deymos/iStock/Getty Images.

compensated respiratory acidosis (CRF). Most often it 
is seen in patients with severe COPD but is also found 
in patients with other diseases. Usually ACRF is used to 
describe a patient with COPD who develops acute res-
piratory failure at the time of an upper respiratory tract 
infection or another acute respiratory insult usually 
known as an acute exacerbation of COPD (AECOPD).

Causes
Relatively few patients develop ACRF from a decrease 
in respiratory drive; most often the ACRF is due to in-
adequate neuromuscular function, or excessive respira-
tory load, or both.20 Figure 3-9 shows that the balance 
between the burden on the respiratory system and the 
strength of the system determines the progression to 
and resolution of ACRF. The figure also gives examples 
of the causes of ACRF.

Assessment
An essential part of the initial patient presentation is 
the history of present illness and past medical and so-
cial histories, especially if this is the first time medical 
assistance is being sought by the patient. The phys-
ical assessment of the patient may reveal a variety of 
nonspecific clinical manifestations stated earlier in 
this chapter. The most important assessment in de-
termining the presence of ACRF is the ABG.21 Having 
a baseline ABG to compare with the patient’s cur-
rent ABG assists in the distinction between CRF and 

FIGURE 3-9 The balance between the load on the respiratory system and the strength of the system determines the progression to and 
resolution of ACRF. The central component of the respiratory drive is an important co-regulator.
Redrawn from Douglas IS. Acute-on-chronic respiratory failure. In: Douglas IS, Schmidt GA, Kress, JP, eds. Principles of Critical Care, 4th ed. New York, NY: McGraw-Hill; 2015.  
http://accessmedicine.mhmedical.com/content.aspx?bookid=1340&Sectionid=80033029. (Figure 54-2).

Depressed drive

Strength Load

Drug overdose
Brain-stem lesion

Sleep disordered breathing
Hypothyroidism

Impaired neuromuscular
transmission

Phrenic nerve injury
Cord lesion

Neuromuscular blockers
Aminoglycosides

Guillain-Barré syndrome
Myasthenia gravis

Amyotrophic lateral sclerosis
Botulism

Muscle weakness

Fatigue
Electrolyte derangement

Malnutrition
Hypoperfusion states

Hypoxemia
Myopathy

Resistive loads

Bronchospasm
Airway edema, secretions, scarring
Upper airway obstruction
Obstructive sleep apnea

Lung elastic loads

PEEPi
Alveolar edema
Infection
Atelectasis

Chest wall elastic loads

Pleural effusion
Pneumothorax
Rib fracture
Tumor
Obesity
Ascites
Abdominal distention

Minute ventilation loads

Sepsis
Pulmonary embolus
Hypovolemia
Excess carbohydrates

Definition
Acute-on-chronic respiratory failure (ACRF) is also 
known as acute-on-chronic ventilatory failure. ACRF is 
present when an acute increase in the Paco2 with a cor-
responding decrease in pH complicates a patient’s fully 
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ACRF. Remember that what appears to be a lack of 
compensation, on an ABG, may be an acute process 
superimposed on a chronic process. The typical patient 
with CRF has a fully compensated respiratory acidosis 
with mild-to-moderate hypoxemia. An acute exac-
erbation on top of the chronic situation can increase 
the patient’s Paco2 to a point where the HCO3

− is not 
enough to keep the pH within the normal range and the 
patient’s typical state of hypoxemia worsens. If there 
is no baseline ABG to assess, the patient’s ABG looks 
like a partially compensated respiratory acidosis. This 
is precisely what Case Study 4 ABG looks like: pH 7.25, 
Paco2 90 torr, Pao2 42 torr, Sao2 59%, HCO3

− 38 mEq/L. 
Without knowing the patient’s history, this ABG is 
interpreted as a partially compensated respiratory aci-
dosis with uncorrected moderate hypoxemia. However, 
knowing the prior acid–base status, it would be most 
correct to say this patient has an ACRF. The AECOPD 
has led to an increase in the Paco2 without any further 
increase in the HCO3

− because the kidneys have not 
had time to compensate for the acute change in the 
patient’s condition. See Table 3-9 for examples of CRF 
and ACRF ABGs.

Each of the CRF ABGs in Table 3-9 shows fully com-
pensated respiratory acidosis with mild hypoxemia. In 
each case of CRF, the pH is within normal limits due 
to the elevated HCO3

−. In all of the ACRF cases, the 
HCO3

− remains relatively unchanged, because metabolic 
compensation for primary respiratory abnormalities 
usually take several days, while the Paco2 is higher than 
the patient’s baseline.

Without a reference baseline ABG, primary respira-
tory acidosis and secondary metabolic alkalosis are two 
major clues for the diagnosis of ACRF. Other clues in-
clude polycythemia, positive smoking history, malnutri-
tion or morbid obesity, peripheral edema, JVD, hepatic 
enlargement, and hypophosphatemia (caused by many 
drugs used to treat CRF, such as beta-adrenergic agents, 
corticosteroids, diuretics, and methylxanthines). Some 

patients may exhibit signs of respiratory failure, such 
as dyspnea that has worsened over days, with increased 
cough and sputum production, purulent sputum, inabil-
ity to clear sputum, fever, and leukocytosis. Other signs 
are diminished breath sounds, reduced diaphragm ex-
cursion, and hyperresonance on percussion. Most often, 
physical examination demonstrates accessory muscle 
use, prolonged expiratory time, recruitment of expira-
tory muscles, and wheezing. It is important to realize 
that the absence of respiratory distress is not necessarily 
reassuring, and when there is somnolence, it is a grave 
and ominous sign of an impending respiratory arrest.20 

Electrocardiography (ECG) may show a cardiovascular 
cause for the ACRF or may detect dysrhythmias result-
ing from acidosis or severe hypoxemia. A chest radio-
graph is often abnormal and reflects the chronic lung 
disease, but only in 15–20% of cases, it reveals an acute 
finding (e.g., pneumonia, pneumothorax, pulmonary 
infarction, pulmonary edema) that results in a change in 
patient management.22 Box 3-7 shows a list of common 
causes of ACRF.

The prevalence of ACRF is the greatest in patients 
over the age of 60 years as exacerbations of COPD are 
the most common cause. Younger ACRF patients, how-
ever, tend to have neuromuscular diseases and cystic 
fibrosis.23

To analyze ACRF in a way that facilitates man-
agement, it is important to dissect the very com-
plex real-life patient into the simple components of 
 inadequate neuromuscular function and excessive 
 respiratory load20 (Figure 3-9).

Management
The goals of management in patients with ACRF who 
are not yet intubated are to avoid invasive mechanical 
ventilation when possible and to recognize progres-
sive respiratory failure when it is not. The proven ef-
ficacy of NPPV to avert the need for intubation, reduce 

Value

Patient 1 Patient 2 Patient 3

CRF ACRF CRF ACRF CRF ACRF

pH 7.35 7.25 7.45 7.34 7.36 7.22

Paco2 (torr) 55 65 72 95 75 100

HCO3
− mEq/L 32 33 48 49 41 40

Pao2 (torr) 70 59 68 52 65 40

Sao2 (%) 94 90 93 86 92 75

Fio2 0.21 0.21 0.28 0.28 0.24 0.24

TABLE 3-9
Comparison of Examples of ABG for CRF and ACRF
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BOX 3-7 Common Causes of ACRF

Bacterial respiratory infection

Pneumonia

Pneumothorax

Postoperative period

Pulmonary edema

Pulmonary emboli

Retained bronchopulmonary secretions

Sedatives

Viral respiratory infection

complications, and shorten the length of hospital stay 
makes this therapy one of the most significant de-
velopments in the management of these patients.20 
Current guidelines conclude that NPPV improves out-
comes compared to supportive care alone for patients 
with COPD-related ACRF.24 Patients with chronic 
neuromuscular–related ACRF may also benefit from 
NPPV23,25 along with a mechanical insufflator-exsuffla-
tor.23 Oxygen therapy should be administered to relieve 
hypoxemia with a target Pao2 of 50–59 torr with a Sao2 
of 88–90%. This avoids oxygen-induced ventilatory 
 depression and increased V

.
/Q

. 
 when the Pao2 exceeds 

60 torr.
In addition to ventilatory support, the management 

of ACRF includes eliminating or controlling the pre-
cipitating cause. This may, for example, require antibi-
otic therapy, bronchodilator therapy, corticosteroids, 
cardiac medications, and, if not caught early enough, 
invasive mechanical ventilation.

KNOWLEDGE CHECK QUESTIONS

1. A patient with ACRF would most likely have 
which of the following HCO3

− level?
a. 15 mEq/L
b. 20 mEq/L
c. 25 mEq/L
d. 30 mEq/L

2. True or False: The most common underlying 
disease in young patients with ACRF is neuro-
muscular disease.

Prognosis for Respiratory Failure
The overall prognosis for patients with respiratory 
failure depends chiefly on its primary cause. Respira-
tory failure is not in itself a particular disease but rep-
resents an end product of a comorbid disorder often 
accompanied by at least one precipitating factor (such 
as respiratory infection, among others). An estima-
tion of mortality associated with respiratory failure, 
therefore, generally varies according to the primary 
etiology. Significant mortality is known to occur in in-
dividuals admitted with hypercapnic respiratory fail-
ure mostly because these patients most often have a 
chronic respiratory disorder and other comorbidities 
such as cardiopulmonary, renal, hepatic, or neurologic 
disease. These patients also may have a poor nutri-
tional status.

If the underlying disease is managed and the pre-
cipitating factor is effectively treated while the patient’s 
breathing is supported, the outlook is usually good in 
respiratory failure. Careful attention is considered ne-
cessary not to expose the patient to potentially harm-
ful factors while recovering from respiratory failure 
because this could tip the balance against recovery. If it 
is not possible to provide sufficient oxygen to the body 
tissues, complications involving either the brain or the 
heart are likely to prove fatal. Prognosis markedly de-
teriorates when kidneys fail, previously diseased lungs 
become infected, or the primary disorder responsible 
for the lungs failing is irreversible. Once acute res-
piratory failure is present, treatment should occur in 
an ICU, where a close supervision of the treatment by 
highly skilled personnel and using the potential equip-
ment is available, which helps to minimize additional 
complications.

KNOWLEDGE CHECK QUESTIONS

1. True or False: The overall prognosis for a patient 
with respiratory failure depends chiefly on the 
type of respiratory failure.

2. True or False: The more comorbidities a patient 
has, the worse is the prognosis for respiratory 
failure.

Chapter Summary
Respiratory failure represents a syndrome rather than 
a single disease, in which the respiratory system fails in 
one or both of its gas exchange functions. It is said to 
occur when the respiratory system, composed of those 
components involved in alveolar–arterial gas exchange 
or in the delivery of oxygen or elimination of CO2, can 
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2. The laboratory results of a patient in the intensive 
care unit are as follows: ABG while receiving 100% 
oxygen with PB = 760 torr: pH 7.43, Paco2 37 torr, 
Pao2 216 torr, Sao2 100%, HCO3

− 24 mEq/L. The 
patient’s hemoglobin is 6.9 g/dL. The respiratory 
therapist can conclude that in this patient:
a. the content of arterial oxygen is within the nor-

mal range.
b. the alveolar-to-arterial oxygen gradient is criti-

cally elevated.
c. the P/F ratio shows a severe disturbance.
d. the a/A ratio shows intrapulmonary shunting is 

present.

no longer function sufficiently to maintain a normal 
physiologic gas exchange status, regardless of its under-
lying cause. The pace at which respiratory failure de-
velops is dependent upon the nature of the precipitating 
condition as well as the presence of preexisting respira-
tory disorders.

Respiratory failure is classified as hypoxemic or hy-
percapnic and may be either acute or chronic or acute 
on chronic. There are many potential causes of respira-
tory failure, including inherent lung disorders, neuro-
muscular diseases, and abnormalities causing central 
neurologic depression. The ultimate outcome following 
acute respiratory failure appears to be more dependent 
on dysfunction on other vital organs than on the degree 
of severity of the respiratory failure. The various vital 
organ systems affected by respiratory failure are im-
pacted most by damage and subsequent consequences 
of hypoxia to the tissues and not the hypercapnia 
(though the elevation of Paco2 and the resultant acido-
sis further enhance the harmful effects of hypoxemia). 
Hypoxemia may also produce direct effects on the 
myocardium, causing left-ventricular impairment and 
reduced cardiac output, with resultant cardiogenic pul-
monary edema as well as right-sided heart failure (cor 
pulmonale). Hypoxemia and hypercapnia jointly affect 
respiratory muscles and diaphragm function, which can 
often lead to additional worsening of respiratory failure 
and ultimate mortality if appropriate treatment and im-
mediate reversal are not secured.

The first principle in managing patients at risk for 
respiratory failure is to prevent the progression of the 
underlying disease or precipitating factors responsible 
for its development. Because respiratory failure is the 
consequence of many other primary conditions, its suc-
cessful treatment is dependent, for the most part, upon 
effective therapies for the primary conditions.

Key Points
1. Respiratory failure is a syndrome rather than a 

single disease, in which the respiratory system fails 
in one or both of its gas exchange functions: tissue 
oxygen delivery and carbon dioxide elimination.

2. Respiratory failure is classified as either hypoxemic 
or hypercapnic and is ordinarily subdivided into 
either acute or chronic forms.

3. The clinical features of acute respiratory failure 
include a combination of clinical features of the 
underlying disease process (as occurring in persons 
with COPD), precipitating factor(s) (as with super-
imposed infection), along with manifestations of 
hypoxemia and/or hypercapnia.

4. The acute deterioration of usual arterial Po2 
and Pco2 in persons with established CRF leads  
to ACRF.

5. The effectiveness of alveolar ventilation is inversely 
related to arterial blood CO2, such that an increase 
in Paco2 is indicative of insufficient alveolar venti-
lation with relation to the body’s metabolic produc-
tion of carbon dioxide.

6. Appropriate tissue oxygenation, which is dependent 
upon arterial blood oxygen content, cardiac output, 
and tissue perfusion, is of major concern in the 
management of individuals with respiratory failure.

7. Hypoventilation, V
.
/Q

. 
 mismatch, and shunt are the 

most common pathophysiologic mechanisms re-
sulting in acute respiratory failure.

8. The distinction between acute and chronic 
 hypoxemic respiratory failure is made on the 
basis of ABGs, and the clinical manifestations of 
chronic hypoxemia such as polycythemia or cor 
pulmonale.

9. Acute hypercapnic respiratory failure develops over 
minutes to hours usually causing the pH, in pure 
respiratory failure, to be less than 7.3. CRF typically 
develops over several days or longer, allowing time 
for renal compensation and an increase in bicar-
bonate concentration.

10. Although a diagnosis of respiratory failure usually 
begins with a clinical suspicion of its presence, con-
firmation is established by laboratory means with 
ABG analysis.

Chapter Questions
1. Which of the following arterial blood gas (ABG) 

results is most consistent with Type I respiratory 
failure? (The barometric pressure is 760 torr)

pH PaCO2 PaO2 SaO2 HCO3 FIO2

a. 7.15 68 torr 60 torr 91% 23 mEq/L 0.21

b. 7.36 76 torr 50 torr 88% 42 mEq/L 0.24

c. 7.32 34 torr 43 torr 79% 17 mEq/L 0.5

d. 7.32 95 torr 45 torr 81% 48 mEq/L 0.28
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3. Chronic respiratory failure is reversible if it is 
due to:
a. post-polio
b. interstitial lung disease
c. hypothyroidism
d. amyotrophic lateral sclerosis

4. The laboratory results of a patient in the intensive 
care unit are as follows: ABG while receiving 35% 
oxygen with PB = 760 torr: pH 7.30, Paco2 55 torr,  
Pao2 60 torr, Sao2 91%, HCO3

− 26 mEq/L. The 
patient’s hemoglobin is 14 g/dL. The respiratory 
therapist can  conclude that in this patient:
a. the a/A ratio shows intrapulmonary shunting is 

present.
b. the content of arterial oxygen is in a critical 

range.
c. the P/F ratio shows a severe disturbance.
d. the alveolar-to-arterial oxygen gradient is 

within normal limits.
5. A patient with acute hypoxemic respiratory failure 

due to intrapulmonary shunting has a Pao2 of 45 
torr and Paco2 of 38 torr while receiving 50% sup-
plemental oxygen. The most appropriate action to 
take at this time is to:
a. administer NPPV with 100%.
b. increase the oxygen concentration to 100%.
c. perform intubation and initiate mechanical 

ventilation.
d. administer noninvasive continuous positive air-

way pressure with an Fio2 of 50%.
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OBJECTIVES
1. Understand the basic relationship between the 

neuromuscular system and the respiratory system.
2. Define each type of neuromuscular disease process.
3. Identify the causes of the various neuromuscular disease 

process.
4. Assess a variety of neuromuscular patients and identify 

their main problems.
5. Suggest therapeutic interventions and management for a 

particular neuromuscular patient.

KEY TERMS
Amyotrophic lateral 

sclerosis (ALS)
Ataxic breathing 
Becker muscular dystrophy
Botulism
Central nervous system
Cheyne–Stokes breathing
Duchenne muscular 

dystrophy (DMD)
Guillain–Barre syndrome
El Escorial criteria

Muscular dystrophy (MD)
Myasthenia gravis (MG)
Neuropathy
Peripheral nervous system
Plasmapheresis
Ptosis
Single-fiber 

electromyography 
(SFEMG)

Tetanus
Thymectomy
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Case Study
A 19-year-old female noticed an onset of symptoms 
approximately 2 months ago. The young woman be-
gan to realize that she had a hard time swallowing, 
had a generalized weakness in her upper arm region, 
and some visual distortions. The patient stated that 
as the day went along, she noticed that the symptoms 
began to get worse than when she first woke up. At 
this time, her general practitioner referred her to a 
neurologist to determine the root of the symptoms.

Upon scheduling her appointment, the neurologist 
requested that she be seen when her symptoms are 
at their worse, so the patient planned her visit to the 
neurologist’s office for the afternoon. Upon physical 
examination, the patient had disconjugate eye move-
ment and bilateral ptosis. She had deterioration in 
her upper limb strength with repeated testing. At this 
time, the patient was further questioned about any 
other visual disturbances or weakness that she had 
noticed. She stated that she feels tired while chew-
ing her meals but seems to resolve after she is done 
eating.

The neurologist felt that the patient may have 
myasthenia gravis (MG). The neurologist performed 
a Tensilon test with an intravenous injection of 

edrophonium. The test proved positive by completely 
abolishing all the neurologic signs. However, the pa-
tient’s eye movements deteriorated 30 minutes after 
the injection. The neurologist concluded that the pa-
tient should undergo a diagnosis for MG. Subsequent 
blood tests showed high levels of antibodies against 
the acetylcholine receptor. The patient received a 
prescription for an oral cholinesterase inhibitor, and a 
1-month follow-up appointment was made. If the pa-
tient experienced a worsening of symptoms, she was 
instructed to return to the neurologist’s office.

At her 1-month follow-up, her symptoms were 
about the same as before. A CT scan was ordered to 
investigate her thymus gland. No signs of a tumor 
were noted, and a thymectomy was done to relieve 
her symptoms.

Following the thymectomy, the patient’s symptoms 
dissipated and the neurologist discontinued the oral 
cholinesterase inhibitor with instructions to monitor 
herself for signs. At her postsurgical follow-up, a base-
line pulmonary function test result was within normal 
limits. However, blood work revealed a slight elevation 
in acetylcholine receptor antibody levels. At this time, 
the patient is considered stable.

FIGURE 4-1 Schematic of the neurorespiratory system.
Reproduced with permission from Benditt J. The neuromuscular Respiratory System: 
Physiology, Pathophysiology, and a Respiratory Care Approach to Patients. Respir Care. 
2006;51(8):829–836 (Figure 1).
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Introduction
The signals for voluntary breathing originate in the ce-
rebral cortex. The parietal cortex can signal for inspira-
tion and expiration to occur. The automatic breathing 
system is a complex one that includes the respiratory 
centers in the pons and medulla of the brain. Nerve 
tracts and chemical and mechanical feedback mech-
anisms are part of the automatic breathing system1 
(Figure 4-1).

The spinal cord and the motor nerves conduct the 
nerve impulses from the cortex of the brain and the 
brainstem to the anterior horn cells of the motor 
neurons that supply the respiratory muscles. The 
fibers in these tracts project to the lower portion of 
the spinal cord, where they synapse with the lower 
motor neurons.1 The lower motor neurons have their 
cell bodies, anterior horn cells, within the spinal cord 
and are considered the spinal nerve roots. These are 
the nerves that supply the respiratory muscles. These 
nerves reach the muscle membranes of the respiratory 
muscles at the motor end plate junctions. Here, 
acetylcholine is the neurotransmitter between the 
nerve ending and the muscle. The respiratory muscles 
include inspiratory muscles, expiratory muscles, and 
accessory muscles.1

The diaphragm, the primary muscle of inspiration, is 
innervated by the phrenic nerve, which originates from 
cervical nerve roots three through five. The external in-
tercostal muscles expand the rib cage during inspiration, 
and the internal intercostal muscles function during 
expiration. The intercostal muscles are innervated by the 
intercostal nerves that originate from the thoracic spinal 
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nerve roots.1 Other muscles used for ventilation include 
the abdominal muscles, the accessory muscles of ventila-
tion, and the upper airway muscles.2

When the neuromuscular disease process begins, 
it can affect one of two components of the patient's 
breathing. The disease process may affect the movement 
of the respiratory muscles, the expansion of the rib cage, 
or the neurologic control of breathing. The severity of 
respiratory impairment depends on the neuromuscu-
lar disease process that is occurring and its severity. 
Considering the variety of neuromuscular diseases, the 
impairment of the respiratory function may begin at 
the central nervous system and can take place anywhere 
throughout the respiratory system. These can include 
the spinal cord, peripheral nerves, and neuromuscular 
junction. Within this chapter, each disease process will 
consider the etiology, assessment, and management of 
patients with neuromuscular diseases.

Neuromuscular diseases may affect the body in sev-
eral ways. However, they can present with very similar 
clinical assessments. With many of these neuromus-
cular patients, the clinician may record reoccurring 
pulmonary infections, weakness, and an inability to 
adequately clear secretions or a cough. Neuromuscular 
diseases may also be looked at in two pathologic groups 
for disease processes, as seen in Table 4-1. When dis-
cussing the upper and lower motor neurons, it is best to 
understand what these mean and how these areas affect 
the respiratory system.

Neuromuscular Disease and Its Effects  
on the Respiratory System
The respiratory changes that occur with neuromuscular 
diseases become worse as the disease process progresses. 
The fundamental alterations observed in patients with 
neuromuscular disorder involve such issues as muscle 
weakness leading to a decrease in tidal volumes, de-
creased functional residual capacity, poor cough, and  
the inability to protect one’s airway (Figure 4-2).  

Level Disease

Upper motor neuron
Spinal cord Spinal cord injury

Lower motor neuron
Anterior horn
Peripheral nerves
Neuromuscular junction
Muscular disorders

Poliomyelitis
Amyotrophic lateral sclerosis (ALS)
Guillain–Barre syndrome
MG
Botulism
Tetanus
Muscular dystrophy

Hess, Dean. (2016). Respiratory Care: Principles and Practice, 3e. 
Burlington, MA: Jones & Bartlett Learning.

TABLE 4-1
Levels of Pathologic Injury in Neuromuscular 
Diseases

FIGURE 4-2 The pathophysiology of respiratory failure in patients with neuromuscular disease.
Reproduced from Hill NS, Braman S. 1999. Noninvasive ventilation in neuromuscular disease. In: Cherniack NS, Altose MD, Homma I, eds. Rehabilitation of the Patient with Respiratory Disease. 
McGraw-Hill, New York. (© McGraw-Hill Education).

Neuromuscular disease

Muscle weakness
Decreased gag reflex

Malnutrition

Decreased tidal volume
Decreased FRC

Skeletal deformity
Poor cough efficiency

Microatelectasis
Decreased lung compliance

Decreased chest wall compliance
Increased work of breathing

Respiratory failure
Increased PaCO2
Decreased PaO2

Aspiration
Retained secretions

Recurrent pneumonia
Atelectasis

Pharyngeal collapse
Sleep apnea/hypopnea

Nocturnal hypoventilation
Reset chemoreceptors
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FIGURE 4-3 Muscles of the chest wall involved in ventilation.
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Upper airway
Muscles of the soft palate and 
pharynx
Genioglossus muscles

Glossopharyngeal nerve 
Vagus nerve 
Spinal accessory nerve
Hypoglossal nerve

Inspiratory
Diaphragm
Scalene muscles
Parasternal intercostal muscles
Sternocleidomastoid muscle
Lateral external intercostal 
muscles 

Phrenic nerve
Cervical (C4 through C9) 
nerve
Intercostal (T1 through T7) 
nerve
Spinal accessory nerve
Intercostal (T1 through 
T12) nerves

Expiratory
Abdominal muscle
Internal intercostal muscles

Lumbar (T7 through T11) 
nerve
Intercostal (T1 through 
T12) nerves

Cordova F, Mullarkey J, Criner G. Neuromuscular dysfunction. In: Hess D, 
MacIntyre N, Galvin W, Mishoe S. Respiratory Care: Principles and Practice. 
3rd ed. Burlington, MA: Jones & Bartlett Learning; 2016:993–1032.

TABLE 4-2
Muscle Groups and the Nerves That Control Them

Some patients may also show signs of sleep disorders 
such as nocturnal hypoventilation, which could lead to 
atelectasis and increased work of breathing. Many of 
these symptoms may become apparent rather quickly 
or may be very subtle in neuromuscular compromised 
patients. When looking at patients with neuromuscular 
diseases, the diagnosis may not even occur until the 
patient is being invasively ventilated and is unable to be 
liberated promptly.

To have a better understanding of how the respira-
tory system is affected by this variety of neuromuscular 
disease, it is essential to review how the respiratory sys-
tem functions in a healthy person. In healthy people,  
the relationship between oxygen saturation and ventila-
tion is linear, such that a fall in oxygen saturation by  
1% will trigger an increase of approximately 1 L/minute 
in ventilation.2 There exists a relationship not only  
between oxygen saturation and minute ventilation, but 
also between hypercapnic breathing and minute venti-
lation. For each 1 mm Hg rise in Paco2, ventilation 
increases by 2.5–3 L/minute.2 Changes in the levels of 
Paco2 and Pao2 drive the brain’s response. Alterations 
in either of these two values can happen with neuro-
muscular patients, and they may be unable to adjust 
their breathing adequately.

Different muscles are used for ventilation, in-
cluding the muscles of the upper airway, chest wall, 
abdomen, and the diaphragm. The body employs in-
spiratory and expiratory muscles to perform the act 
of breathing. In the inspiratory muscle group, the dia-
phragm is considered the major muscle of inspiration. 
Additionally, muscles such as the scalene muscles, 
sternocleidomastoids of the neck, the intercostal 
muscles, and other muscles of the rib cage may help 
with inspiration.

The muscles of expiration include the rectus abdomi-
nis, transversus abdominis, and internal and external 
oblique muscles during strenuous exercise or heavy 
breathing. Typically, exhalation is a passive process due 
to the elastic energy that is built up during inhalation 
(Figure 4-3).

Some neuromuscular disorders affect the muscles of 
ventilation, which in turn can compromise the respira-
tory drive of the neuromuscular patient (Table 4-2 and 
Figure 4-4).

Each neuromuscular disorder may produce a slightly 
different effect on the respiratory muscle drive. A vari-
ety of tests may determine the extent of the respiratory 
muscle involvement.

Assessing Patients with Neuromuscular 
Disease
As with any respiratory patient, assessment usually 
starts with the patient history and physical examina-
tion. Arterial blood gas measurements, chest x-ray, 
and pulmonary function test are helpful with the 

assessment of neuromuscular patients. Other tests 
include maximum voluntary ventilation, total lung ca-
pacity, maximum inspiratory pressure, and maximum 
expiratory pressure.

When investigating the patient’s history, it is es-
sential to note the onset and severity of the patient’s 
symptoms as well as the symptom location. Often the 
symptoms of neuromuscular disorders are similar.  
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FIGURE 4-4 The three main components of neuromuscular 
respiratory failure.
Reproduced with permission from Benditt J. The neuromuscular respiratory system: 
physiology, pathophysiology, and a respiratory care approach to patients. Respir Care. 
2006;51(8): 836 (Figure 5).
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A neuromuscular disease that predominantly affects the 
pump function of the respiratory system will present as 
dyspnea, weak cough, and recurrent respiratory tract 
infections. Neuromuscular disorders that primarily af-
fect the limb muscles present as impaired patient mobil-
ity early in the disease evolution.2

Respiratory failure is a real possibility with any of 
the neuromuscular disorders, either due to the sever-
ity of the disorder or with its progression. In some 
cases, there may be a rapid decline in the patient’s re-
spiratory status. In other cases, the decline is slow, and 

hypercapnic respiratory failure develops as chronic 
respiratory failure. Overall, one of the critical factors 
to monitor is the patient’s overall muscle strength.3 
See Figure 4-5. When the respiratory deterioration is 
caught early enough, invasive mechanical ventilation 
may be avoided. In many cases, the early use of nonin-
vasive mechanical ventilation is successful in avoiding 
invasive mechanical ventilation.3

Following a thorough interview of the patient, the 
physical exam can begin. With many of the neuromus-
cular disorders, a routine examination may not yield 
a conclusive diagnosis. Patients need to present with 
current symptoms of muscle weakness or with another 
symptom that demands more energy from the patient. 
Signs of limb muscle or respiratory muscle weakness 
may not appear until the patient makes multiple at-
tempts at a particular activity. If the patient presents 
with acute neuromuscular exacerbation, visible signs of 
respiratory distress may be present.

Once the patient is in respiratory distress, interven-
tion is necessary to avoid respiratory failure. Some 
neuromuscular patients may present with abnormal 
breathing patterns such as Cheyne–Stokes breathing, 
or ataxic breathing.1 Cheyne–Stokes breathing is a 
repeating pattern of breathing where both the rate and 
the depth of breathing increase to a peak, then de-
crease followed by a period of apnea.2 Ataxic breathing 
is entirely irregular with pauses and increasing periods 
of apnea.

FIGURE 4-5 Assessing for neuromuscular respiratory failure that requires mechanical ventilation.
Modified from Makker H, Mangera, Panesar. Practical approach to management of respiratory complications in neurological disorders. Int J Gen Med. 2012:255. doi:10.2147/ijgm.s26333.

Neuromuscular disease

Does the patient have bulbar
symptoms?
Examples:
• Choking on liquids
• Chewing difficulty
• Dysphagia
• Slurred speech 

Is the patient able to raise elbows
or arms or stand up?

Is there a rapid progression of
muscle weakness?

Does the patient meet any one of the following criteria?

No mechanical
ventilation required

Neuromuscular respiratory failure
requiring mechanical ventilation

• Vital capacity < 15 mL/kg or < 1L
• Vital capacity reduced by 50% since admission
• Maximum inspiratory pressure > –30cm H2O
• Maximum expiratory pressure < 40cm H2O

Yes

Yes

Yes

Yes

No

No

No
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Other portions of the physical examination include 
the overall muscle strength of the patient. In specific 
disease processes, patients may present with ptosis, or 
drooping of one or both eyelids.4 The physical examina-
tion includes a test for reflexes, coordination, and sense 
of touch. The patient history is of great value for the 
 differential diagnosis.

Some neuromuscular disorders deteriorate acutely 
within days to weeks, such as Guillain–Barre syndrome 
and MG. Muscle disorders including Duchenne muscu-
lar dystrophy (DMD) progress more slowly, while ALS 
has a more rapid progression.3

enters the body through the mouth and multiplies in the 
intestines and targets the nervous system.

Definition/Diagnosis
Poliomyelitis is a term that refers to the disease pro-
cess of polio. Between the late 1940s and early 1950s, 
polio crippled around 35,000 people each year in the 
United States.6 Three polioviruses exist. Of the three 
strains, one strain was eradicated in 1999, and a second 
strain has not been reported since 2012.7 In 2017, only 
37 cases of polio were reported.7

Etiology
The poliovirus infects only humans. It is highly conta-
gious and spreads through person-to-person contact. 
The virus enters the body through the mouth and 
spreads through contact with the feces of an infected 
person and less commonly through droplets from a 
sneeze or a cough.8

Clinical Signs and Symptoms
Typically, small children, under the age of 5 years, are at 
a higher risk of developing polio as they are more likely 
to place contaminated toys and other objects into their 
mouths. However, travelers to areas that still have ac-
tive cases of polio and do not currently have immunity 
either due to a lack of immunization or incomplete 
 vaccinations need to take precautions.

The poliovirus causes an inflammatory response in 
the central nervous system, which affects the anterior 
horn cells of the spinal cord and the brainstem. In some 
cases, this inflammation will decrease, and the patient 
may show complete recovery or some minor paralysis. 
The World Health Organization (WHO) reports that 1 
in 200 infections leads to irreversible paralysis (usually 
in the legs). Among those paralyzed, 5–10% die due to 
their breathing muscles becoming immobilized.7

Initially, patients may present with flu-like symptoms 
such as fever, headache, nausea, vomiting, fatigue, pain 
in the limbs, and a stiff neck. These symptoms may ap-
pear within 3–14 days depending on the degree of the 
illness. Patients who present with a minor degree of 
the polio infection may have symptoms that dissipate 
24–72 hours after their initial onset.8 Other patients 
who present with a significant degree of polio illness 
will experience symptoms in the latter time frame of 
7–14 days. Severely affected patients have similar symp-
toms along with deep muscle pain, areas of increased 
sensitivity, and paresthesia.

Treatment and Management
There is no cure for poliovirus; it can only be prevented. 
The polio vaccine protects children by preparing their 
bodies to fight the polio virus. There are two types of 
vaccines: the inactivated poliovirus vaccine (IPV) and 

KNOWLEDGE CHECK QUESTIONS

1. True or False: Neuromuscular disease processes 
can affect the movement of the respiratory 
muscles and lung function.

2. True or False: The respiratory impairment de-
pends on the type of neuromuscular disease 
process and its severity.

3. True or False: Cheyne–Stokes is a repeating pat-
tern of breathing, which includes increases and 
then decreases in the respiratory rate and depth 
of breathing, followed by a period of apnea.

4. True or False: The body uses more the inspira-
tory and expiratory muscles to perform the act 
of breathing.

5. True or False: The two pathologic groups of 
neuromuscular diseases include only upper and 
lower motor neurons.

Central Nervous System Disorders
Central nervous system disorders comprise disease 
processes such as poliomyelitis, post-polio syndrome 
(PPS), drug overdose, ALS, and spinal cord injury. The 
central nervous system is the part of the nervous system 
that consists of the brain and the spinal cord. Sensory 
impulses travel to the central nervous system, and mo-
tor impulses pass out of the central nervous system. 
The central nervous system coordinates the activity of 
the entire nervous system.5 With each of these types 
of the disease process, the pulmonary system may be 
affected directly or inadvertently, and the patient may 
require some measure of pulmonary support. These 
disease processes can consist of poliomyelitis, PPS, and 
drug overdose.

Poliomyelitis
In the early 20th century, for decades, polio was one of 
the most feared diseases. Polio is a highly contagious 
viral illness that occurs in the gastrointestinal tract. It 
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KNOWLEDGE CHECK QUESTIONS

1. True or False: Certified polio-free areas exist 
around the world.

2. True or False: PPS results in rapid deterioration 
of the muscles.

3. True or False: The main method to combat 
the polio virus is through prevention and 
containment.

oral poliovirus vaccine (OPV). The United States uses 
the IPV, but much of the world uses the OPV.8

In those who acquire polio, recovery is possible. The 
management of these patients is a lifelong process. Polio 
patients have a risk of developing post-polio complica-
tions later in life. With strong efforts from the WHO, a 
Global Polio Eradication Initiative (GPEI) was launched 
in 1988.7 In 1994, the WHO Region of the Americas 
was certified polio free followed by the WHO Western 
Pacific Region in 2000, the WHO European Region in 
2002, and the WHO South-East Asia Region in 2014. 
Today 80% of the world’s population lives in certified 
polio-free regions.7

Post-Polio Syndrome
PPS was first identified more than 10 years after the 
first outbreak of polio. Up to three quarters of polio 
survivors are affected by PPS, with new onset of muscle 
weakness or deterioration of previously affected mus-
cles, muscle atrophy, pain in the joints and muscles, and 
functional deterioration.

Definition/Diagnosis
According to the Mayo Clinic, PPS refers to a cluster of 
potentially disabling signs and symptoms that appear 
decades—an average of 30–40 years—after the initial 
polio illness.9

Etiology
The cause of PPS is not fully understood at this time. 
Some believe that once the initial infection occurs, the 
destroyed motor neurons get replaced by other mo-
tor neurons that enlarge and sprout additional fibers 
to compensate for the ones that are destroyed. As 
time progresses, these enlarged motor neurons cannot 
maintain this extra capacity. The new weakness of PPS 
appears to be related to the degeneration of individual 
nerve terminals in the motor units.6 The slow deterio-
ration of the neurons leads to loss of muscle strength. 
Restoration of nerve function may occur in some fibers 
a second time, but eventually, nerve terminals malfunc-
tion and permanent weakness occurs.6

Clinical Signs and Symptoms
An assessment of these patients reveals general fatigue, 
muscle atrophy, progressive muscle and joint weakness, 
and breathing or swallowing problems. A comprehensive 
medical history and physical examination are necessary. 
All other causes of the presenting symptoms and signs 
require elimination before a diagnosis of PPS is made. 
Also, certain criteria are necessary when diagnosing PPS, 
including prior paralytic poliomyelitis with evidence of 
motor neuron loss. Other criteria include a period of par-
tial or complete functional recovery after acute paralytic 
poliomyelitis. The patient currently needs to have a slowly 

progressive and persistent new muscle weakness or de-
creased endurance (with or without generalized fatigue, 
muscle atrophy, or muscle and joint pain). These current 
symptoms must be present for at least a year. Lastly, no 
other causes can explain the patient’s symptoms.6

Treatment and Management
There are no effective treatments for PPS. There are, 
however, recommended management strategies. 
 Patients with PPS are advised to participate in physical 
activities and exercise as tolerated and utilize assistive 
mobility devices or aids if needed. No pharmaceutical 
treatments show statistically significant improvement 
following therapy.6

Patients with PPS need to be cautious with falls, mal-
nutrition, and dehydration. Some of the post-polio pa-
tients may develop chewing and swallowing problems, 
which can lead to aspiration pneumonia. Patients and 
caregivers need to be aware of any muscle deteriora-
tion because the diaphragm may be involved, leading to 
respiratory insufficiency. If this occurs, the patient may 
require assistance with deep breathing and coughing. 
Continued deterioration can lead to the development of 
chronic respiratory failure requiring mechanical ventila-
tion and/or a permanent airway.

Drug Overdose
An overdose of drugs such as opiates like fentanyl, 
heroin, or morphine; some benzodiazepines; and bar-
biturates depresses the central nervous system. This 
depression leads to alveolar hypoventilation, acute hy-
percapnic respiratory failure, and possibly death.

Definition
A drug overdose can occur by a few different methods. 
Overall, it is an inappropriate use of a pharmacologic 
agent by an individual. In some cases, this can be ac-
cidental on the patient’s part due to the inability to 
comprehend the types of medications they are taking, 
or they may not be able to fully remember if they have 
already taken their pills or not. In other cases, it is in-
tentional by the patient and is considered abuse of phar-
macologic drugs.

Central Nervous System Disorders 95



Certain drugs can affect the respiratory system in 
certain ways. These include direct suppression or stimu-
lation of the respiratory center, alteration in the re-
sponse of chemoreceptors to changes in Pco2, impaired 
mechanics of respiratory muscles from muscular weak-
ness, and increase in metabolic demands leading to an 
increase in total body consumption.10 Unfortunately, 
drug overdose is a widespread occurrence.

Etiology
The causes of an overdose may vary from patient to 
patient, but the overall results may be the same. The effect 
of a drug overdose depends on the number and types of 
medications consumed by the patient. In some cases, the 
patient may exhibit minor effects of the overdose, and in 
others, the patient may require more invasive therapies 
to avoid death. Life-threatening issues include respiratory 
failure and multisystem organ failure.

Clinical Sign and Symptoms
When a patient presents with a possible overdose, a 
few common characteristics lead to the suspicion of 
overdose. The patient’s vital signs, history, and physi-
cal exam may infer an overdose, especially when severe 
respiratory depression is present with the current his-
tory. However, restoration of ventilation and oxygen-
ation takes precedence over obtaining the history of the 
present illness or performing a physical examination or 
diagnostic testing.11 The patient may present with an al-
tered level of consciousness, irrational behavior, or even 
a coma-like state. Other typical characteristics include 
tachypnea, cardiac arrest, respiratory arrest, hypoxemia, 
hypercapnia, or even kidney injury and imbalances. If 
any of these are present, the patient requires immediate 
intervention.

The typical presentation of patients with opioid anal-
gesic intoxication is respiratory depression, miosis, and 
stupor. However, miosis and stupor occur in poisoned 
patients. Hypoxemia or ingestion of drugs that are 
co-formulated with acetaminophen can cause hepatic 
injury; acute renal failure can result from hypoxemia 
or precipitation of myoglobin due to rhabdomyolysis. 
Opioid analgesics also decrease intestinal peristalsis. 
Patients in a motionless stupor often have compressed 
fascia-bound muscle groups, causing compartment syn-
drome. These patients can also have hypothermia, due 
to environmental exposure.11

Treatment and Management
In many of these cases, the patient may not be able to 
adequately protect their airway or perform a normal 
function to maintain homeostasis. In this case, it will 
require intervention such as mechanical ventilation.  
A study showed that approximately 77% of the patients 
who participated required mechanical ventilation in an 
acute overdose setting.12 During the stabilization of the 

patient, a drug screen test should be performed to verify 
the type of medication that was consumed by the pa-
tient. In many cases, some of the common drugs found 
include opioids (heroin, fentanyl, oxycodone, morphine, 
methadone, and hydrocodone), cocaine, benzodiaz-
epines, methamphetamine, and alcohol.12

This type of patient requires an intensive care unit 
(ICU) admission. Some of these patients require medi-
cations to stabilize their hemodynamics. The length of 
stay in the ICU and hospital may vary from patient to 
patient. Some patients may require an extended stay due 
to the previous history of drug abuse, alcohol abuse, or 
other reasons that may put them at risk if they are liber-
ated too soon. In the case of an unintentional overdose, 
the patient may be in the hospital only for a brief period.

Unfortunately, in many of these cases, preventable 
occurrences may happen repeatedly. Services can be 
provided to the patients for support or counseling to 
determine the underlying cause. In some cases, it may 
mean that the patient is supervised, or receives assist-
ance while at home with their prescriptions.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Drug overdose can be life threat-
ening and may result in the patient suffering 
from respiratory failure, multisystem organ fail-
ure, and even death.

2. True or False: All drug overdoses are 
preventable.

Spinal Cord Disorders
Spinal cord disorders can include a few specific pro-
cesses. ALS and spinal cord injury are two common 
spinal cord disorders that both lead to a compromised 
respiratory system. In each of these types of conditions, 
the spinal cord is affected by different methods.

Amyotrophic Lateral Sclerosis
Amyotrophic lateral sclerosis (ALS) is a devastating 
neuromuscular disease that begins in the muscles of the 
mouth, throat, chest, or abdomen, and works its way 
down and out. The relatively worse form of ALS is the 
bulbar form. This type of ALS is associated with more 
widespread brain tissue loss.

Definition
By definition, ALS is a disease process that involves 
progressive degeneration of nerve cells that control 
muscle movements.13 ALS is considered the most 
common lower motor neuron disorder in developed 
countries. It damages the anterior horn cells of the 
spinal cord and brain stem.14 ALS is also known as Lou 
Gehrig disease.
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Classifying Feature Name of Phenotype Description

Motor neuron 
involvement

ALS A mixture of upper and lower motor neuron signs on clinical examination. The degree 
of certainty of diagnosis based on El Escorial criteria. May involve up to all regions.

Primary lateral sclerosis 
or upper motor neuron 
predominant ALS

Clinical signs limited to upper motor neuron features. Slow progression but involving all 
regions. This phenotype is usually confirmed if there have been no lower motor neuron 
signs after 4 years.

Progressive muscular 
atrophy or lower motor 
neuron predominant ALS

Clinical signs limited to lower motor neuron features. Slightly slower progression but 
can involve all regions. This phenotype is usually confirmed if there have been no upper 
motor neuron signs after 4 years.

Site of onset Bulbar onset
Spinal onset

The site of onset may be included in the description of ALS, as different disease-onset 
patterns have different rates of progression. The two categorized are bulbar and 
spinal.

Disease focality Progressive bulbar palsy A condition involving the bulbar region and predominantly lower motor neurons. May 
progress to other regions.

Pseudobulbar palsy A condition involving the bulbar region and predominantly upper motor neurons. May 
progress to other regions. 

Flail arm Predominantly lower motor neuron proximal symmetrical involvement in the upper 
limbs. Some upper motor neuron signs may be seen in the lower limbs.

Flail leg Lower motor neuron distal symmetrical involvement restricted to the lower limbs. May 
affect one side only.

Cognitive 
involvement

ALS with cognitive 
impairment

ALS with some cognitive involvement below the threshold criteria for frontotemporal 
dementia.

ALS with frontotemporal 
dementia (ALS-FTD)

ALS with frank frontotemporal dementia.

Martin S, Al Khleifat A, Al-Chalabi A. What causes amyotrophic lateral sclerosis? F1000Res. 2017;6:371. doi:10.12688/f1000research.10476.1.

TABLE 4-3
Clinical Presentations of ALS14

BOX 4-1 Criteria for Diagnosis of ALS
The diagnosis of ALS requires:
 1. The presence of

 y Neuropathologic, clinical or electrophysiologic 
evidence of lower motor neuron degeneration 

 y Clinical evidence of upper motor neuron 
degeneration

 y Patient history or clinical examination revealing 
a progression of the motor syndrome within a 
region or to other regions

 2. The absence of

 y Electrophysiological, pathological or neuroim-
aging evidence of other disease processes that 
might explain the upper and/or lower motor 
neuron signs and the observed and electrophysi-
ological signs

Data from Oliveira A, Pereira R. Amyotrophic lateral  
sclerosis (ALS): three letters that change the people’s life  
forever. Arq  Neuropsiquiatr. 2009;67(3a):750–782. doi:10.1590 
/s0004-282x2009000400040.

Etiology
Currently, the cause of ALS is partially unknown. Nu-
merous studies have attempted to identify genetic or 
environmental processes that cause ALS. Currently, 
more than 25 genes have an association with ALS.14 
It appears that men have a higher likelihood of having 
ALS than women. ALS appears later in life between the 
ages of 50 and 70.

Clinical Signs and Symptoms
ALS most frequently presents as progressive distal 
muscle weakness and wasting in an older adult.14 The 
different phenotypes have various clinical presenta-
tions (Table 4-3). ALS has both lower and upper motor 
neuron involvement. The El Escorial criteria are used 
to  determine the diagnosis and degree of progression 
for this process. See Box 4-1. In the case of ALS, there 
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is a progression of degeneration of the motor neurons. 
Once this process begins, the muscles that are affected 
start to weaken, resulting in paralysis and eventually 
death due to respiratory failure.

Treatment and Management
More than 50% of patients die of complications, such 
as aspiration and pneumonia, within 3 years of diagno-
sis. Serial pulmonary function testing in such patients 
reveals a progressive decline in vital capacity and total 
lung capacity and an increase in residual volume caused 
by the widespread loss of respiratory muscle function 
that will eventually lead to respiratory failure.14

There are a few different methods of treatment for pa-
tients with ALS. None of these treatments can reverse the 
process of ALS. However, they can improve the quality 
of life. These can consist of nonpharmacologic and phar-
macologic methods of treatment. According to a recent 
study, masitinib and edaravone show enormous potential 
but have no approval in the U.S. and European markets.15

As for the nonpharmacologic treatments, many stud-
ies with stem cell therapy do not have U.S. Food and 
Drug Administration (FDA)  approval. Other methods 
of treatment are focused on managing pain, improving 
cognitive impairment, avoiding respiratory failure and 
fatigue, and providing adequate nutrition. Respiratory 
failure is managed by either noninvasive mechanical 
ventilation or invasive mechanical ventilation. Trache-
ostomy can prolong life substantially but does not affect 
the disease progression.15

Spinal Cord Injury
Most often spinal cord injury leads to impairment of the 
pulmonary system. The higher in the spine the injury, 
the more likely the injury will affect ventilation. The 
main cause of mortality and morbidity following spinal 
cord injury is respiratory insufficiency.

Definition/Diagnosis
A spinal cord injury is one that causes damage to a 
portion of the spine that influences cardiopulmonary 
actions of the body.16 In many of these cases, the spinal 
cord injury is a result of trauma due to a motor vehicle 
accident, sports injury, shooting, or work-related acci-
dents and, in other cases, diseases such as polio or spina 
bifida, which can result in a spinal cord injury. These 
types of injuries can be complete or incomplete spinal 
impact. An incomplete injury to the spinal cord will 
result in the patient having some function below the 
injury site. With a complete injury, the patient will no 
longer have voluntary movement below the injury site.

Clinical Signs and Symptoms
A traumatic spinal cord injury causes spinal shock 
resulting in flaccid paralysis of the muscles below the 

level of damage.16 The flaccid paralysis may last for a 
period of weeks to months. Flaccid paralysis of the in-
tercostal muscles creates an unstable chest wall during 
inspiration. The negative intrathoracic pressure causes 
paradoxical inward depression of the ribs, creating a 
mechanical imbalance that increases work of breathing 
and causes microatelectasis. Airway secretions can ac-
cumulate in the lungs due to increased production or 
decreased clearance secondary to impaired cough. It 
is during this time that intubation and ventilation for 
respiratory support are very likely.17 Patients who have 
suffered a spinal cord injury present with bradycardia 
and hypotension, along with minimal or no movement 
to the affected area. Most patients that show brady-
cardia and hypotension will require pharmacologic 
intervention. Along with cardiac complications, the 
bronchopulmonary functions may be affected. Such 
complete injuries that occur at the level of C3–C5 
may result in loss of the voluntary movement of the 
diaphragm.

Many patients with spinal cord injury will not be able 
to maintain respiratory function on their own. Usually, 
patients who have complete injury above the level of C5 
have diaphragm function impairment18 (Table 4-4).

Treatment and Management
The management of patients who have had a spinal cord 
injury will depend on the location and the type of injury 
that has occurred. If the injury causes impairment of 
respiratory muscles, there may be a reduction in vital 
capacity, ineffective cough, reduction in lung and chest 
wall compliance, and excess oxygen cost of breathing 
due to the distortion of the respiratory system.19 If any 
of these complications occurs, it will help to determine 
the type of treatment and therapies that may be needed 
for the patient. Patients who have had a loss of volun-
tary function to control breathing may require the use 
of mechanical ventilation. Others may require only par-
tial ventilatory support or other means of treatment.

Many of the other patients will require monitoring of 
their respiratory status. Follow-up of these patients can 
include trending the patients' vital capacity, and muscle 
strength for exhalation and inspiration. In some cases, 
patients may qualify for procedures such as phrenic 
nerve pacing or pacing of the external intercostal mus-
cles, to maintain respiratory function. Patients may also 
be able to try respiratory-muscle training and abdomi-
nal binders to improve their respiratory function.

With patients who have suffered a spinal cord injury, 
the leading cause of death has been noted to be septice-
mia, pneumonia, cardiovascular complications, and sui-
cide. It is highly critical that these patients be monitored 
very closely with respect to not only their respiratory 
function but also their skin integrity and cardiac and uri-
nary function. A large group of tetraplegics, paraplegics, 
and quadriplegics suffer from urinary tract infections 
and are at a higher risk for respiratory tract infections.19
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Level of Impairment Respiratory Dysfunction

C1 to C3 Severe diaphragm weakness or paralysis leading to full-time ventilatory support. May be able to tolerate brief 
periods of self-ventilating using the guppy-breathing technique. A potential candidate for diaphragm pacing.

C3 to C4 Impaired diaphragmatic function leading to reduced tidal volume and vital capacity. Periods of unassisted 
ventilation likely and may be adequately supported with nocturnal ventilation alone. If unassisted ventilation 
produces high enough tidal volumes while seated, noninvasive ventilatory support may be adequate.

C5 Diaphragm function intact, but intercostal and abdominal muscle paralysis may decrease lung volumes, and cough 
strength and effectiveness. Initial ventilatory support is common with independent ventilation in the long term. 

C6 to C8 People with lesions caudal to C7 typically can augment inspiration and cough with accessory muscles, particularly 
pectoralis major and minor. In the long term, patients can breathe independently.

T1 to T4 Inspiratory capacity and forced expiration are supported by intercostal activity. Cough efficiency remains reduced 
secondary to abdominal (expiratory) muscle weakness.

T5 to T12 Minimal disruption to autonomic dysfunction affecting the cardiovascular system below T6.

T12 Respiratory function is essentially comparable to that of a non-disabled person.

Reproduced with permission of the © ERS 2018. Breathe, Dec 2016:12(4):328-340. doi: 10.1183/20734735.012616.

TABLE 4-4
Neurologic Level for Complete Spinal Cord Injury, Typical Respiratory Impairment, and Support17 

KNOWLEDGE CHECK QUESTIONS

1. True or False: 10% of ALS patients die from 
complications of the disease.

2. True or False: The location of the spinal cord 
injury can affect how the patient’s respiratory 
function will occur.

3. True or False: Cardiovascular complications are 
a leading cause of death in patients with spinal 
cord injuries.

Peripheral Motor Nerve Disorder
The peripheral nervous system consists of various 
parts of the nervous system that is outside the brain 
and the spinal cord system. Many disease processes 
and syndromes are peripheral motor nerve disorders. 
These disorders can consist of diverse types of periph-
eral nerve disorders, including infectious, hereditary, 
inflammatory, or ischemic types. They include, but 
are not all inclusive to, carpal tunnel syndrome, radial 
nerve palsy, hereditary sensory and motor neuropa-
thies, hepatitis C, herpes, Lyme disease, syphilis, choric 
inflammatory demyelinating polyradiculoneuropa-
thy, Guillain–Barre syndrome, and vasculitis causing 
 multiple mononeuropathies.20 This section covers the 
Guillain–Barre syndrome.

Guillain–Barre Syndrome
The Guillain–Barre syndrome is a rare condition 
that causes a person’s immune system to attack the 

peripheral nervous system. In doing this, the affected 
person has muscle weakness that begins in the lower 
extremities and progresses upward. The person may 
have temporary mild weakness or become entirely 
paralyzed.

Definition/Diagnosis
Guillain–Barre Syndrome is a peripheral motor nerve 
disorder in which the immune system is evoked to 
demyelinate the peripheral motor neurons. The syn-
drome includes several pathologic subtypes, of which 
the most common is a multifocal demyelinating disor-
der of the peripheral nerves in close association with 
macrophages.21 There are three common forms of 
Guillain–Barre syndrome, including acute inflamma-
tory demyelinating polyradiculoneuropathy (AIDP), 
Miller–Fisher syndrome (MFS), and acute motor axonal 
neuropathy (AMAN) and acute motor-sensory axonal 
neuropathy (AMSAN).22 Under the general heading of 
neuropathy, Guillain–Barre syndrome is an abnormal 
and usually degenerative state of the nervous system.23

Etiology
Guillain–Barre syndrome is considered an autoimmune 
response due to the postinfectious disease process. The 
infection can be either bacterial or viral and may even 
be triggered by a surgical procedure or vaccination in 
some cases.

Clinical Signs and Symptoms
The first symptoms of Guillain–Barre syndrome include 
weakness or tingling sensations, which usually begin 
in the legs and can spread to the arms and face, and an 
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 ascending symmetric paralysis of the lower extremi-
ties. These symptoms can lead to paralysis of the legs,  
arms, or face muscles. In 20% to 30% of people, the  
chest muscles are affected, making breathing difficult.24 
One-third of the patients with Guillain–Barre develop 
acute respiratory failure.2 The diagnosis of Guillain– 
Barre syndrome rests on the presence of progressive 
weakness of more than two limbs, areflexia (lack of 
neurologic reflexes), and progression for no more than 
4 weeks. The patient must also meet criteria for exclu-
sion of other disease processes such as lead poisoning, 
botulism, vasculitis, and porphyria.

Treatment and Management
In patients who present with a confirmed diagnosis 
of Guillain–Barre, the treatment includes close mon-
itoring in the ICU with adequate respiratory support 
always available. Intubation for airway protection is 
indicated when bulbar muscle weakness increases the 
risk of aspiration. Indications for ventilatory support 
include a forced vital capacity less than 12 mL/kg, 
hypercarbia, hypoxemia, and the inability to handle 
oral secretions.2 Deep vein thrombosis prophylaxis is 
essential to prevent pulmonary emboli. Also, patient 
movement, when possible, is vital to maintain good 
skin integrity and minimize the effects of atelectasis. 
The use of plasma exchange (the discarding and sub-
stitution of plasma) and intravenous immunoglobulin 
therapy in the earlier stages of the disease processes 
shortens the recovery time for patients with Guillain–
Barre syndrome.

The prognosis for these patients is relatively good. 
Approximately 65% of patients in whom diagnosis 
was confirmed were able to return to normal function 
within 1 year of onset. Of the other group of patients 
 (approximately 35%), 8% had passed away from car-
diac or pulmonary complications such as a pulmonary 
 embolism or cardiac arrhythmias.25

KNOWLEDGE CHECK QUESTIONS

1. True or False: The types of peripheral nervous 
disorders include infectious, inflammatory, he-
reditary, and dehydration.

2. True or False: Approximately 65% of patients 
with a confirmed diagnosis of Guillain–Barre 
syndrome return to normal function.

is the neurotransmitter responsible for transmitting the 
electrical impulse from the nerve to the muscle causing 
the muscle to contract. If nerve impulse transmission 
cannot proceed, the muscles will not contract properly. 
In neuromuscular diseases such as MG, botulism, and 
tetanus, this transmission is blocked.

Myasthenia Gravis
Myasthenia gravis (MG) is a neuromuscular disease that 
is caused by a breakdown in the communication between 
muscles and nerves. Typically, the paralysis caused by MG 
begins in the facial area and descends to the extremities.

Definition
MG is the most common disorder of the neuromuscular 
junction.14 It is considered an autoimmune disorder. 
Patients who have this disorder may show onset at vari-
ous ages in their life. MG is a disease characterized by 
progressive weakness and exhaustibility of voluntary 
muscles without atrophy or sensory disturbance and is 
caused by an autoimmune attack on acetylcholine re-
ceptors at the neuromuscular junction26 (Figure 4-6).

Etiology
Patients with this disorder lack the appropriate amount 
of acetylcholine receptors. In MG, antibodies block, at-
tack, or destroy the acetylcholine receptors needed for 
muscle contraction.27 Without the proper amount of 
acetylcholine, these patients cannot contract the mus-
cles that are being affected.

Clinical Signs and Symptoms
Patients who are suffering from an MG exacerbation 
present with a history of a recent infectious process. 
Their symptoms begin to develop and progress very rap-
idly over a few days. These patients will typically present 
to their primary care practitioner, clinic, or hospital with 
fluctuating weakness that is fatigable, worsening with 
repetitive activities, and improving with rest. Weakness 
worsens with exposure to heat, infection, and stress.28 
Approximately 10% of these patients who present with 
MG crisis will have respiratory muscle involvement.

The distribution of weakness may range from ocular 
muscle weakness to bulbar, neck and proximal extrem-
ity weakness, and, in more severe cases, the respiratory 
muscles. The effect of respiratory muscle weakness is 
seen after the first few years of diagnosis of the disease 
process. Diagnosis of MG can be done by performing 
the Tensilon test (edrophonium chloride test). During 
this test, the patient receives an edrophonium chlo-
ride injection. Edrophonium chloride is a short-acting 
acetylcholinesterase inhibitor. Following the injection, 
the patient is monitored for improvement in muscle 
strength. The injection of edrophonium chloride in-
creases the duration of action of acetylcholine at the 

Neuromuscular Junction Disorders
When a patient suffers from a neuromuscular junc-
tion disorder, there is a lack of communication at the 
neuromuscular junction itself. These junction sites, 
the motor end plates, contain the receptors that are 
responsible for picking up acetylcholine. Acetylcholine 
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FIGURE 4-6 Comparison of a healthy motor end plate and one with MG. Notice the receptors at the neuromuscular junction are blocked.
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neuromuscular junctions. A positive response to this 
test occurs with an improvement in the ocular muscles. 
Eyelid ptosis and extraocular muscle movements im-
prove. Eyelid ptosis is one of the more commonly seen 
signs of MG exacerbation.

Another method of diagnosis of MG is with an 
electrophysiologic test. Two kinds of tests can be 
performed depending on the specific patient symptoms. 
These include the repetitive nerve stimulation study 
and the single-fiber electromyography (SFEMG) test. 
The repetitive nerve stimulation test is performed by 
stimulating the nerve supramaximally at 2–3 Hz. A 
10% decrement between the first and the fifth evoked 
muscle action potential (AP) is diagnostic of MG. 
In the absence of the decrement, exercise can be 
used to induce exhaustion of muscles and document 
decrement.28 In SFEMG, a selective EMG recording 
technique allows the identification of APs from 
individual muscle fibers. This test is the most sensitive 
test for MG. The procedure uses a special needle 
electrode that allows the identification of APs from 
individual muscle fibers. The procedure simultaneously 
records the APs of two muscle fibers innervated by the 
same motor axon. The variability in time of the second 
AP relative to the first is called “jitter.” In MG, the jitter 
will increase because the safety factor of transmission at 
the neuromuscular junction is reduced.28

Treatment and Management
A patient with MG can have a full recovery from an MG 
exacerbation. The first step in treatment is to increase the 
amount of available acetylcholine for binding to the re-
ceptors. The next step is to open the acetylcholine recep-
tors for more binding opportunities. Treatment includes 
the administration of an acetylcholinesterase inhibitor, 
intravenous immunoglobulin treatment, long-term glu-
cocorticoid agents, other immunosuppressive drugs, 
plasmapheresis, and lastly surgical treatment.28

The most commonly used acetylcholinesterase 
inhibitor drug for MG treatment is mestinon (pyr-
idostigmine). This medication has an onset of action of 
15–30 minutes and a duration of 3–4 hours. Side effects 
include, but are not limited to, increased salivation, 
increased bronchial secretions, bradycardia, nausea, 
sweating, diarrhea, and abdominal cramping.

Plasmapheresis is a process that directly removes 
acetylcholine receptor antibodies (AChR) from the 
circulation and promotes quick improvement for the 
patient. Plasmapheresis has side effects such as hypo-
tension, thrombotic complications, and possible bleed-
ing disorders. The intravenous immunoglobulin therapy 
has a rapid onset as well. However, these side effects are 
short lived and temporary.

For the long-term treatment of MG, corticosteroids 
and immunosuppressive drugs are used. The corticoste-
roid of choice is prednisone in combination with other 
immunosuppressive therapies. The nonsteroidal immu-
nosuppressive medications used include azathioprine, 
mycophenolate mofetil, cyclophosphamide, tacrolimus, 
and etanercept.28 If all other treatments are unsuccess-
ful, the treatment of last resort is surgical intervention. 
The surgery is a thymectomy (removal of the thymus 
gland). In patients who present with thymoma, this in-
tervention is strongly encouraged.

Botulism
Poisoning by the bacterium Clostridium botulinum can 
be deadly because this bacterium releases a neurotoxin 
that causes flaccid paralysis. Botulism is not contagious 
but is spread most commonly by consuming contami-
nated food.

Definition/Diagnosis
Botulism is a potentially fatal neuromuscular disease 
that occurs when C. botulinum releases neurotoxins 
A–G. Neurotoxins C, D, and E do not affect humans. 
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Neurotoxins A, B, E, and rarely F cause human botu-
lism. These neurotoxins prevent the release of the 
acetylcholine from the presynaptic terminal axon that 
affects both the nicotinic receptor site and the musca-
rinic receptor site synapses29 (Figure 4-7). The diagnosis 
of foodborne botulism depends on the patient history 
and physical examination. It is confirmed by the pres-
ence of the toxin in serum, stool, or food. Botulism can 
also be confirmed via culture of C. botulinum in the 
food, stool, or wound.

Etiology
There are three variations of botulism: foodborne, 
infant botulism, and wound botulism. Foodborne 
botulism occurs when a person ingests C. botulinum, 
which can be present in canned vegetables or meat. 
The C. botulinum grows and produces toxins before 
the food consumption. Infant botulism occurs when 
an infant, usually less than 6 months of age, ingests 
C. botulinum spores. These spores germinate and  
colonize the infant’s intestines and release toxins. 
Wound botulism is rare and occurs when the  
C. botulinum and its spores contaminate traumatic  
or surgical wounds.20

Clinical Signs and Symptoms
Typically, early symptoms of botulism poisoning com-
prise diplopia (visual disturbances), dysphagia (difficulty 
swallowing), dysphonia (voice change), and dysarthria 
(slurred speech).29 Foodborne botulism begins to show 
signs and symptoms of abdominal cramping and vomit-
ing between 12 and 72 hours of ingestion of the bac-
teria. It is not the bacteria that cause botulism, but the 
toxins released by the bacteria. Wound botulism will 
present with the same symptoms along with cellulitis 
around the affected area.

Treatment and Management
Treatment for botulism consists of antitoxin adminis-
tration, hospital admission, close monitoring, respira-
tory support, and debridement plus antibiotics in the 
case of wound botulism.29

Tetanus
Tetanus is a nervous system disorder that is charac-
terized by the presence of muscle spasms brought on 
by the toxins of the anaerobe Clostridium tetani. One of 
the cardinal signs of tetanus is trismus, or  lockjaw. Tris-
mus is painful intense spasms of the  masseter muscles.

Definition
Tetanus is a rare disease process now and occurs in 
many undeveloped countries. The vaccine to prevent 
this disease has been around since 1923. Tetanus is 
caused by C. tetani, a gram-positive bacillus bacterium 
that can result in respiratory paralysis, opisthoto-
nos (muscle spasms causing severe hyperextension 
of the spine), and rigidity of the voluntary muscles 
(Figure 4-8). This bacterium secretes two toxins: teta-
nospasmin and tetanolysin.30 The main toxin that yields 
the clinical symptoms of tetanus is tetanospasmin.

FIGURE 4-7 Comparison of a healthy neuromuscular junction with one exposed to the botulinum toxin.
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FIGURE 4-8 Opisthotonos (muscle spasms) occurring in a boy with 
tetanus. Tetanus is caused by C. tetani, which enter the body through 
a small wound or puncture of an infected object.
© ellepigrafcia/Shutterstock.
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Etiology
Tetanus is an infectious disease caused by wound con-
tamination with C. tetani or the spores they produce. 
The bacterium produces the toxin tetanospasmin. Teta-
nospasmin binds to motor nerves that control muscles. 
The toxin prevents the release of neurotransmitters. 
“The toxin has a predominant effect on inhibitory 
neurons, inhibiting release of glycine and gamma- 
aminobutyric acid (GABA).”30 Following an injury, 
 tetanus is typically picked up from rusty metal, manure, 
or the soil.

Clinical Signs and Symptoms
A patient with tetanus will show a clinical triad of mus-
cle spasms, rigidity, and autonomic dysfunction.31 The 
tetanus toxin causes hyperactivity of voluntary muscles 
in the form of stiffness and spasms. The muscle spasms 
can occur in the jaw, causing rigidity of the temporal 
and masseter muscles, which leads to trismus (lock-
jaw).31 Masseter muscle spasms may be the primary 
symptom of tetanus. A patient with tetanus may also 
show the characteristic “risus sardonicus,” or the bared 
teeth and contracted facial muscles causing dysphagia. 
The muscles of the head and neck are usually affected 
first with the progressive caudal spread of rigidity and 
spasm to affect the entire body. Severe tetanus is as-
sociated with marked autonomic instability causing 
tachycardia and hypertension, vasoconstriction, and 
pyrexia. These “autonomic storms” occur with marked 
cardiovascular instability, including cardiac arrest.30 The 
muscle spasms and rigidity of the chest wall, diaphragm, 
and abdomen lead to a restrictive defect. Pharyngeal 
and laryngeal spasms can cause respiratory failure or 
life-threatening airway obstruction. A weak cough from 
rigidity, spasm, and sedation leads to atelectasis, and the 
risk of pneumonia is high.30 Before the introduction of 
mechanical ventilation, many patients with severe teta-
nus died from acute respiratory failure.

Treatment and Management
Because muscle rigidity and spasms are common 
 occurrences with tetanus, they have an impact on the 
patient’s respiratory function. The focus on the treat-
ment for tetanus is to neutralize the toxin, remove the 
source of infection, and control the patient’s symptoms. 
To neutralize the toxin, 3 to 6,000 units of human teta-
nus immune globulin are given intramuscularly.30 For 
removing the source of infection, surgical removal and 
debridement of the area may be required. The antibiotic 
of choice is metronidazole, but penicillin, erythromycin, 
tetracycline, chloramphenicol, and clindamycin are all 
acceptable alternatives. Sedation with a benzodiazepine 
is the mainstay of treatment. When sedation by itself is 
inadequate, a neuromuscular blocking agent, an artifi-
cial airway, and mechanical ventilation may be neces-
sary for a prolonged period.

The mortality for this tetanus varies with the treat-
ment available to the patient. In highly developed 
countries, the mortality is substantially lowered than in 
underdeveloped nations. With the use of critical care 
treatment, mortality rates have dropped. Mortality 
also depends on the patient's age at the time of infec-
tion. Many other factors contribute to mortality when 
the patient has this type of infection. Elderly patients 
who develop tetanus have a higher chance of general-
ized sepsis, thrombosis, gastrointestinal bleed, and 
pneumonia.31

KNOWLEDGE CHECK QUESTIONS

1. True or False: The Tensilon test diagnoses 
 Guillain–Barre syndrome.

2. True or False: Neurotoxins C, D, and E secreted 
by C. botulinum cause botulism.

3. True or False: Plasmapheresis and intravenous 
immunoglobulin treat MG.

4. True or False: The toxin that occurs in a tetanus 
infection predominantly affects the inhibition 
of neurons, inhibiting the release of glycine 
and GABA.

5. True or False: When tetanus infection is present, 
the first area of the body to show signs of the 
infection is the legs.

Muscular Disorders
Muscular disorders that cause progressive skeletal 
muscle atrophy may also cause the respiratory muscles 
to weaken. Respiratory failure is the main cause of death 
among patients suffering from muscular dystrophies.

Muscular Dystrophy
Muscular dystrophy (MD) is one of a group of 30 genetic 
diseases characterized by progressive weakness and de-
generation of the skeletal or voluntary muscles,  which 
control movement.21 The two primary conditions are 
Duchenne and Becker muscular dystrophies. Both 
of these muscular dystrophies are progressive my-
opathies due to mutations in the dystrophin gene on 
chromosome Xp21.32 Duchenne muscular dystrophy 
(DMD) is a lethal form of MD caused by mutations 
in the dystrophin gene that result in absent or insuf-
ficient functional dystrophin, a cytoskeletal protein 
that enables the strength, stability, and functionality of 
myofibers.33 Duchenne is more likely to occur in boys. 
Becker muscular dystrophy is a less severe form of MD, 
with dystrophin present but in smaller quantities than 
in a healthy individual. Becker MD is less common than 
DMD. Unfortunately, with both diseases, respiratory 
failure, due to weakened muscles, will result in death.
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is evaluated by using vital capacity and mouth pressure 
generated during a maximum inspiratory maneuver.36 
Other routine evaluations of respiratory function 
include gas exchange, lung volumes, assisted cough 
peak flow, and maximum insufflation capacity.36 These 
other measures will take into consideration the muscle 
strength to generate the flows through the airways. As 
time progresses and the patient’s respiratory muscle 
strength waivers, carbon dioxide levels need monitoring 
to detect the presence of alveolar hypoventilation.

Treatment and Management
Managing these patients will depend on the severity of 
the disease process at a particular time. Following the 
diagnosis, a classification of the severity of the disease 
is needed. Patients need to be able to perform some 
of the basic therapies, such as airway clearance. The 
inability to adequately clear secretions leads to respira-
tory viral infections or pneumonia. A patient unable 
to generate an effective cough can benefit from the use 
of a mechanical insufflator–exsufflator (MIE) device 
(Cough-Assist®).37

In the next stage of management, noninvasive ven-
tilation (NIV) is usually necessary during sleep. Many 
 patients with DMD develop elevated levels of CO2 in 
their bloodstream while they sleep. Once this begins to 
occur, patients require assistance while they are sleep-
ing. A high level of carbon dioxide during daytime 
hours necessitates ventilatory support in the daytime as 
well as at night. There are many options for ventilatory 
support for these patients. See Box 4-2.

If NIV is required 24 hours a day, the patient and 
families may need to consider invasive ventilation. 
In this type of situation, a surgically placed tracheos-
tomy allows for mechanical ventilation. The chronic 

Etiology
These disorders are inherited through the X-link gene, 
with DMD being more common than Becker MD. With 
both disease processes, patients may present with wast-
ing or deteriorating muscle strength. Because of this loss 
of muscle strength, it is essential to monitor the progres-
sion of muscle wasting in these patients. Ultimately, the 
loss of muscle strength will affect the respiratory and 
cardiac systems.33 As with most neuromuscular diseases, 
this will cause a restrictive respiratory concern.

DMD is reported in approximately 1 in 3,500 boys 
worldwide. The expected lifespan of these patients is 
into the mid-20s.33 At various stages in their lives, the 
progression of the disease is noted. Typically, the begin-
ning of the disease process is observed around the time 
the patient begins to walk. Other observable character-
istics of a child with DMD include the gate, stability, and 
strength with walking. The weakness of the lower limb 
muscles of children with DMD is demonstrated by their 
inability to get up from a squatting position. Children 
will use their hands and arms to help lift themselves. 
The action of lifting oneself up with hands and arms is 
the Gowers sign (Figure 4-9).

Once the patient is diagnosed with MD, it is just a 
matter of time before the muscle wasting takes over 
and the patient becomes wheelchair bound. Typically, 
between the ages of 15 and 20 years, respiratory muscle 
weakness sets in and causes the patient to require as-
sistance with their respiratory function.34 Many of 
these patients will also develop cardiac symptoms with 
cardiomyopathy.35

Clinical Signs and Symptoms
Many methods are used to assess the respiratory dys-
function of patients with DMD. Respiratory impairment 

FIGURE 4-9 The sequence of movements of a boy with DMD with Gowers sign.
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BOX 4-2 Types of Ventilatory Support  
for Patients with DMD37

I. Positive pressure ventilation
A. A. Noninvasive positive pressure ventilation 

(NIPPV)
1. Pressure-supported ventilation (patient’s 

inspiratory flow triggers mechanical 
breath)
a. Bilevel positive airway pressure (BPAP)
b. Continuous positive airway pressure 

(CPAP) (for obstructive sleep apnea 
without hypoventilation)

2. Volume-supported ventilation
B. Invasive positive pressure ventilation via 

tracheostomy
II. Negative pressure ventilation

A. Iron lung or tank
B. Cuirass
C. Pneumo-suit

III. Other support
A. Insufflator–exsufflator (Cough-Assist®) if 

coughing is impaired
B. Pneumatic belt respiratory assistance
C. Quad coughing

Modified from Wagner K. Approaching a new age in 
 Duchenne muscular dystrophy treatment. Neurotherapeutics. 
2008;5(4):583–591. doi:10.1016/j.nurt.2008.08.013.

use of corticosteroids is a part of the standard of care 
for DMD. This type of treatment may lead to side ef-
fects, and rapid withdrawal of corticosteroids can 
result in life-threatening complications. Prednisone 
and deflazacort are the two corticosteroids of choice. 
Deflazacort is an anti-inflammatory and immunosup-
pressant that slows the loss of muscle strength and 
function, preserves cardiac and respiratory function, 
and reduces the incidence of scoliosis. Compared with 
prednisone, deflazacort causes less unwanted side ef-
fects, such as weight gain, loss of bone mass, glucose 
intolerance, and behavioral issues.37

Many patients with DMD do not live past age  
25 years. Fifty to ninety percent of DMD patients suc-
cumb to respiratory failure, 13% from heart failure or 
severe rhythm abnormalities, and 12% from infections 
or septicemia.34 Unfortunately, MD is fatal in all cases. 
No patients are reported to live into their 30s. Research-
ers are studying novel approaches to the treatment of 
DMD. These studies include the evaluation of the thera-
peutic potential of a protein called PTEN in DMD and 

the study of exon-skipping drugs (targets genetic in-
structions at the RNA stage) in DMD.34 Researchers are 
also looking at regeneration and stimulation of muscle 
growth and evolving therapeutic advances.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Once NIPPV is required 24 hours a 
day to maintain adequate respiratory function, 
it is time to consider a tracheostomy.

2. True or False: Respiratory impairment in pa-
tients with DMD is measured by vital capacity, 
monitoring gas exchange, lung volumes, and 
peak flows.

3. True or False: MD is considered a terminal 
disease

Prognosis for Neuromuscular 
Diseases
The prognosis for patients with neuromuscular condi-
tions has improved since the days of the polio epidemic 
in the mid-20th century. The improvement is largely 
due to the availability of NIV. Successive large cohort 
studies have shown that NIV can extend survival in pa-
tients with nonprogressive conditions such that these 
individuals are likely to have a nearly average life ex-
pectancy.38 The prognosis for neuromuscular disorders 
depends on the extent of the cardiopulmonary involve-
ment. In situations such as a drug overdose, the patient 
is likely to make a full recovery and resume a normal 
lifestyle. In other cases, such as DMD or ALS, respira-
tory failure is inevitable and chronic. In these chronic 
situations, it is crucial to understand the appropriate 
time to intervene. Interventions can range from moni-
toring the maintenance of current pulmonary status to 
invasive mechanical ventilation.

With chronic neuromuscular conditions, it is im-
portant that the patient’s care team involve not only the 
physicians but other healthcare practitioners as well. 
Team members may include the respiratory therapist, 
specialized nurses, nutritionists, physical therapist, 
social workers, and support groups for both the patient 
and the family members. Although a vast majority of 
these patients with neuromuscular conditions will not 
be able to improve function, it is possible to maintain 
the function they currently have. Therapies that help to 
maintain and possibly improve the quality of life include 
respiratory muscle training, MIE, diaphragmatic pac-
ing, and NIV.38,39 Therefore, in the absence of disease- 
modifying treatments, the management of respiratory 
failure with support is necessary to improve the quality 
of life and prevent secondary complications.39
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Chapter Summary
Overall, patients who suffer from a neuromuscular 
disease process may show different signs and symp-
toms upon presentation to the physician’s office or the 
acute care facility. It is always important to start with 
obtaining a patient history and physical examination, 
if appropriate, then begin with more in-depth assess-
ment and testing, if needed. In some of these cases, the 
end outcome of the disease process is terminal, while 
in others it is resolvable, and the patient may maintain 
a relatively normal lifestyle after the event. It will all 
begin with determining the correct disease process and 
then being able to provide the appropriate treatment for 
these patients.

Many tests are available for the physicians’ offices 
and at the hospitals to identify the type of neuromuscu-
lar disorder and its severity. Hopefully, this will occur as 
promptly as possible, to expedite the treatment. In some 
cases, the patient may remain in the hospital setting for 
an extended period. Treatment may involve noninvasive 
and invasive life support depending on the severity of 
the disease process and the patient’s overall health.

Key Points
1. Neuromuscular disorders consist of a variety of 

process that affects voluntary muscles of the body. 
These include central nervous system disorders, 
drug overdose, spinal cord disorders, peripheral 
motor nerve disorder, neuromuscular junction dis-
orders, and muscular disorders.

2. This chapter covered poliomyelitis and PPS (cen-
tral nervous system disorders); ALS and spinal 
cord injury (spinal cord disorders); Guillain–Barre 
syndrome (peripheral motor nerve disorder); MG, 
botulism, and tetanus (neuromuscular junction dis-
orders); and DMD (muscular disorders).

3. The etiologies of neuromuscular disorders include 
genetic mutations, viral infections, bacterial in-
fections, autoimmune diseases, and metabolic 
disorders.

4. Any neuromuscular disorder that affects the 
muscles of ventilation can cause acute and chronic 
respiratory failure.

5. The differential diagnosis of neuromuscular 
disorders depends on the muscle and nerve 
groups that are affected, age at onset, the rate of 
progression, genetic predisposition, blood tests, 
physical examination, and possibly a biopsy.  
The Tensilon test, using edrophonium, helps 
diagnose MG. A positive test demonstrates 
improvement in muscle strength following its 
administration. However, SFEMG is a more 
 sensitive test for MG.

6. Noninvasive mechanical ventilation is becom-
ing more commonly used with neuromuscular 
patients.

7. Chronic respiratory failure due to a neuromuscular 
disorder may cause failure to liberate the patient 
from noninvasive mechanical ventilation. Invasive 
mechanical ventilation is an option to be consid-
ered at this point.

8. Therapies available for the treatment of neuromus-
cular disorders may improve the quality of life for 
many of these patients. The MIE (Cough-Assist®) is 
one such therapy.

9. Treatment for chronic neuromuscular diseases re-
quires a team approach with numerous healthcare 
practitioners and family members.

10. The prognosis for neuromuscular disorders de-
pends on the extent of the cardiopulmonary 
involvement.

Chapter Questions
1. The ________________ nerve has no effect on the 

upper airways.
a. glossopharyngeal
b. vagus
c. lumbar T8
d. spinal accessory

2. Receptors for ____________ and _______________ 
drive the response of the brain to breathe.
a. Paco2; HCO3

−

b. Pao2; Paco2
c. Sao2; Hb
d. HCO3

−; Pao2
3. A/An ___________ is not a useful test to assess a 

patient with a questionable neuromuscular disease 
process.
a. arterial blood gas analysis
b. pulmonary function testing
c. urine output
d. chest radiograph

4. ________________ is a central nervous system 
disorder.
a. Amyotrophic lateral sclerosis (ALS)
b. poliomyelitis
c. botulism
d. Guillain–Barre syndrome

KNOWLEDGE CHECK QUESTIONS

1. True or False: NIV does not normalize the life 
expectancy of a patient with neuromuscular 
disorders.

2. True or False: Quality of life for patients with 
neuromuscular disorders may improve with the 
use of an MIE.
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5. _______________ is an acetylcholinesterase 
 inhibitor used during a myasthenia gravis (MG) 
exacerbation.
a. Pyridostigmine
b. Prednisone
c. Cyclophosphamide
d. Etanercept

6. The most common clinical sign of tetanus is 
__________________.
a. hypertension
b. muscle rigidity
c. ptosis
d. sepsis

7. The respiratory muscles are weakened in a patient 
with Duchenne muscular dystrophy around ages 
______________.
a. 5–7
b. 7–9
c. 10–13
d. 15–20

8. Plasmapheresis is a therapy used in the treatment 
of ____________________________.
a. MG
b. Guillain–Barre
c. botulism
d. ALS

9. The most sensitive test to confirm a diagnosis of 
MG is the _____________.
a. Tensilon test
b. pulmonary function test
c. maximum inspiratory pressure
d. single-fiber electromyography

10. ______________ of patients with ALS die due to 
complications of the disease.
a. 10%
b. 30%
c. 50%
d. 70%
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“Healing is a matter of time, but sometimes it is a matter of opportunity”

—Hippocrates

OUTLINE
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Fluid in the Pleural Space
Air in the Pleural Space

OBJECTIVES
1. Describe the etiology of chest trauma and 

pathophysiological changes that occur.
2. Identify common pathophysiologic conditions in chest 

trauma patients.
3. Describe the components of primary and secondary 

surveys in a chest trauma patient.
4. Explain the treatment and management priorities with a 

chest trauma patient.
5. Relate how chest wall deformities impact the respiratory 

system.
6. Recognize common characteristics, manifestations, and 

anatomic features of the pleura and pleural space.
7. Compare common disorders involving the pleura and their 

management.
8. Discuss diagnostic testing used in identifying pleural 

effusion.

KEY TERMS
Abdominal paradox
Ankylosing spondylitis (AS)
Beck triad
Blunt force trauma
Cardiac tamponade
Cobb angle
eFAST
Empyema
Empyema necessitans
Exudative
Flail chest
Glasgow Coma Scale (GCS)
Hemopneumothorax
Hemothorax
Kyphoscoliosis
Kyphosis
Mesothelium
Open pneumothorax
Paradoxical chest 

movement
Parapneumonic effusion
Parietal pleura
Pectus carinatum (PC)
Pectus excavatum

Pleural effusion
Pleural space
Pleurodesis
Pneumomediastinum
Pneumothorax
Primary spontaneous 

pneumothorax
Primary survey
Pulmonary contusion
Sclerotherapy
Scoliosis
Secondary spontaneous 

pneumothorax
Secondary survey
Simple pneumothorax
Spontaneous  

pneumothorax
Tension pneumothorax
Thoracentesis
Tracheal deviation
Transudative
Traumatic pneumothorax
Urinothorax
Visceral pleura
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Case Study
A 54-year-old woman with a long-standing his-
tory of disabling rheumatoid arthritis was admitted 
to the hospital with pleuritic left-sided chest pain 
along with progressive shortness of breath. She had 
no allergies, prior surgeries, or other serious medi-
cal illnesses to her knowledge, but admitted to a 
30-pack-year history of cigarette smoking, which she 
had discontinued 3 months earlier. She had no known 
exposure to asbestos or other occupational/environ-
mental dusts and no recent history of chills, sweats, 
or sputum production. She did admit to a weight loss 
of approximately 10 pounds over the past 2 months 
attributed to “just not feeling hungry.” Her only cur-
rent medication was prednisone taken daily for her 
rheumatoid arthritis.

On physical examination, her temperature was  
99.2°F, pulse was 108, and respiratory rate was 20. 
Her blood pressure was 135/75 mm Hg. On physical 
examination, the patient appeared relatively comfort-
able at rest though became noticeably dyspneic with 
minimal exertion. Prominent rheumatoid deformi-
ties involved the hands, ankles, and knees. No skin 
rash or cervical lymphadenopathy was found. Soft, 
bilateral axillary lymph nodes were palpated with 
nodes identified on the right side as being noticeably 
more enlarged. Lung auscultation revealed diminished 
sounds in the left base. Dullness was noted to chest 
percussion over this area with inspiratory crackles 
heard above the area of dullness. Breast examina-
tion was not remarkable. The cardiac and abdominal 

exams were also considered normal. There was slight 
lower extremity peripheral edema bilaterally though 
no overt signs were present suggestive of deep venous 
thrombosis.

A standard chest radiograph taken on admission 
showed a moderate left-sided pleural effusion. A 
patchy opacity was suggested involving the left lower 
lobe. The heart was felt to be of normal cardiac size.  
A ventilation–perfusion scan revealed a low probabil-
ity of pulmonary embolism.

Shortly following her hospital admission, a diag-
nostic thoracentesis was performed revealing cloudy 
pleural fluid, which contained 120,000 red cells and 
97,400 white cells per cubic millimeter; of the white 
cells, 78% were neutrophils, 7% lymphocytes, 9% 
monocytes, and 6% eosinophils. Specific gravity of 
the pleural fluid was 1.030 with a fluid glucose level 
of 47 mg/dL. The total protein level of the pleural 
fluid was 4.6 g/dL with an amylase level of 31 U/L 
and an increased lactate dehydrogenase level (LDH) 
of 1,565 U/L. Microscopic examination of the fluid 
showed no acid–fast bacilli, fungi, or other micro-
organisms; anaerobic, fungal, and mycobacterial 
cultures were sterile. The pH of the pleural fluid was 
7.20. Cytological examination of the pleural fluid 
was consistent with a diagnosis of adenocarcinoma. 
A chest x-ray taken following thoracentesis showed 
a decrease in left-sided pleural effusion along with 
a persistent area of increased density involving the 
base of the left lung.

Introduction
The chest wall and the pleura are vital parts of the 
respiratory pump. Disorders that affect the structure 
of the chest wall and the pleura affect the function of 
the lungs and can lead to respiratory failure. These 
disorders are characterized by a reduction in the vi-
tal capacity and sometimes resting lung volume with 
little change in airway resistance. These disorders do, 
however, alter the ability of the lungs to stretch, thus 
decreasing compliance.

The visceral and parietal pleura are a single continu-
ous membrane that folds over itself to form a double 
layer that covers each lung. The inner layer, the visceral 
pleura, is attached to the lung’s surface. This layer 
doubles back around the hilar region to form the outer 
layer, or parietal pleura. The parietal pleura is attached 
to the inner chest wall surface (Figure 5-1).

The thoracic cage is formed by the ribs, their mus-
cles, the sternum, the vertebrae, and the diaphragm. 
The thoracic cage protects the lungs and assists in the 
enlargement of the chest cavity during inspiration. The 
ribs and the intercostal muscles create a semiflexible 
chest wall (Figure 5-2).

KNOWLEDGE CHECK QUESTIONS

1. True or False: Disorders of the respiratory pump 
increase airway resistance.

2. True or False: The visceral and parietal pleura 
are two separate structures.

3. True or False: The thoracic cage is formed by ribs, 
sternum, muscles, vertebrae, and diaphragm.
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FIGURE 5-1 The thorax showing the pleura. The pleural cavity is the interpleural space, which is extremely small and is filled with a thin layer of 
serous pleural fluid, which lubricates the membranes allowing for the almost frictionless movement of the lungs.
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FIGURE 5-2 Muscles of the chest wall involved in chest movement 
for ventilation and protection of the lungs.
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Disorders of the Chest Wall
The chest wall is a critical component of the respiratory 
pump. Diseases and disorders that alter the structure 
of the chest wall affect the function of the respiratory 
pump and can result in respiratory compromise or 
failure. The components of the chest wall include the 
bony structures, ribs and spine, respiratory muscles, 
and nerves connecting the central nervous system to 

the respiratory muscles. Forces that act on the me-
chanical structure of the chest wall play a major role in 
determining lung volume. Chest wall pathology may 
be a significant contributor to restrictive physiology of 
the respiratory system.1 The disorders discussed in this 
chapter are not all inclusive but represent those com-
monly seen in two main categories: chest trauma and 
chest wall deformities.

Chest Trauma
The chest wall protects the internal thoracic organs 
(heart and lungs), mediastinal structures (esophagus 
and trachea), and major vasculature (aorta and vena 
cava). Damage to the chest wall may coincide with sig-
nificant injury to some of these internal structures.2

Definition/Diagnosis
It is critical that a trauma patient receive pre-hospital 
triage prior to transport to a trauma center. Minimiz-
ing time between critical injury and definitive care has 
long been a hallmark and metric of trauma systems.3 
When considering the time to treat a trauma case, 
there are generally three phases. The first lasts from 
the point when a patient is injured to the time when 
911 is notified. The second phase lasts from the time 
of 911 notification to the delivery of the patient to the 
hospital. The third period is the interval between arrival 
at the hospital and actual medical intervention in the 
emergency center.4 Rapid identification, stabilization, 
and timely transportation to the hospital is of utmost 
importance. Pre-hospital trauma triage criteria typi-
cally adopt a combination of physiologic, anatomic, 
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and mechanism of injury components tailored to meet 
individual trauma system needs, generally adapted from 
early criteria developed in the United States.5

In the emergency department, life-threatening in-
juries must be addressed immediately. Patients are as-
sessed, and their treatment priorities established, based 
on injuries, vital signs, and the mechanism of injury. In 
severely injured patients, logical and sequential treat-
ment priorities must be established based on overall 
patient assessment.6 It is not a matter of whether cer-
tain procedures are needed, but it is more a matter of 
when they need to be performed. A primary example 
of this is in the case of a tension pneumothorax. The 
clinical identification of a tension pneumothorax is 
enough evidence to perform a needle decompression. 
Waiting for a chest radiograph for confirmation of the 
pneumothorax causes potential life-threatening delay. 
All trauma patients need assessment and management 
in accordance with Advanced Trauma Life Support 
(ATLS) guidelines.

The primary survey facilitates the identification and 
treatment of immediately life-threatening conditions. 
This process constitutes the ABCDEs of trauma care. 
See Box 5-1.

The primary survey is designed to assess and treat 
any life-threatening injuries quickly. It needs to be 
completed very rapidly. The main causes of death in 
a trauma patient are airway obstruction, respiratory 
failure, shock from hemorrhage, and brain injuries.6 
Therefore, these are the areas targeted during the 
primary survey. Box 5-2 identifies specific injuries that 
may be found during a primary survey and may be 
potentially life threatening.

Clinical Signs and Symptoms
The initial evaluation follows a protocol of primary 
survey, resuscitation, secondary survey, and either de-
finitive treatment or transfer to an appropriate trauma 
center for definitive care.8 The objectives of the initial 
evaluation of the trauma patient are as follows: (1) to 

BOX 5-1 The ABCDEs of Trauma Care
Airway maintenance with cervical spine 

protection
Breathing and ventilation
Circulation with hemorrhage control
Disability
Exposure/environmental control

Advanced Trauma Life Support. Chicago, IL:  American  College 
of Surgeons; 2012. Planas J, Waseem M. Trauma, primary survey. 
In: Statpearls. Treasure Island, FL: StatePearls Publishing; 2017. 
https://www.ncbi.nlm.nih.gov/books/NBK430800. Accessed 
June 11, 2018. 

BOX 5-2 Potential Life-Threatening 
Injuries Identified During a Primary 
Survey

 � Airway obstruction

 � Tension pneumothorax

 � Massive internal or external hemorrhage

 � Open pneumothorax

 � Flail chest

 � Cardiac tamponade

Data from Planas J, Waseem M. Trauma, primary survey. In:  
Statpearls. Treasure Island, FL: StatePearls Publishing; 2017. 
https://www.ncbi.nlm.nih.gov/books/NBK430800. Accessed 
June 11, 2018.

rapidly identify life-threatening injuries, (2) to initi-
ate adequate supportive therapy, and (3) to efficiently 
 organize either definitive therapy or transfer to a facil-
ity that provides definitive therapy.8 All life-threatening 
situations must be addressed at the time they are 
identified.

Chest trauma patients typically present with chest 
pain and shortness of breath but can also present in 
shock (altered mental status) or in traumatic arrest. 
 Presenting vital signs tend to range from slightly abnor-
mal to very unstable. See Box 5-3. A simple algorithm 
for rapid assessment can help determine some issues 
that cause respiratory distress (Figure 5-3).

The primary survey guides the practitioner’s initial 
assessment of the patient. It is important to follow 
the ABCDEs of trauma to assure that no critical or 
life-threatening injuries are overlooked.

The patency of the patient’s airway can be assessed 
by asking the patient a question. If the patient can 
speak, the patient is responsive and has an open air-
way. If not, either a chin lift or a jaw thrust can be used. 
In the case of a cervical spine injury, the jaw thrust is 

BOX 5-3 Chest Trauma Primary Survey 
Signs

Breath sound abnormalities
Chest wall deformity
Hypoxemia
Percussion abnormalities
Respiratory distress
Tachypnea
Tracheal deviation

Data from Nadir N. Chest trauma. CDEM Curriculum. 2018. https://
cdemcurriculum.com/chest-trauma. Accessed June 17, 2018.
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FIGURE 5-3 A simple, rapid assessment of patients with thoracic trauma and respiratory distress during the primary survey.
From the MSD Manual Professional Version (Known as the Merck Manual in the US and Canada and the MSD Manual in the rest of the world), edited by Robert Porter. Copyright 2018 by Merck 
Sharp & Dohme Corp., a subsidiary of Merck & Co., Inc, Kenilworth, NJ. Available at http://www.msdmanuals.com/professional.
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preferred. Other issues to look for during the airway as-
sessment are foreign bodies, secretions, facial fractures, 
or airway lacerations. During these evaluations and 
possible interventions, caution must be used to ensure 
that the cervical spine is immobilized and maintained 
in-line. Airway protection is required in many trauma 
patients. Patients with airway obstruction require im-
mediate ventilation.7

The first inspection of the patient reveals whether 
the patient is breathing. The clinician needs to look 
for tracheal deviation, chest wounds or an open pneu-
mothorax, flail chest or paradoxical chest movement, 
and asymmetrical chest wall excursion. Auscultation 
of the lungs may also identify decreased or asym-
metric breath sounds. Decreased breath sounds and 
decreased chest wall excursion can be a sign of a pneu-
mothorax or hemothorax. These combined with either 
tracheal deviation or hemodynamic compromise can be 
a clinical sign of a tension pneumothorax requiring im-
mediate needle decompression followed by chest tube 
placement. Open chest wounds need to be covered im-
mediately to prevent the entry of air into the chest. If a 
flail is present and is causing respiratory compromise, 
positive pressure ventilation may need to be provided.6

Adequate circulation is a requirement for oxygen-
ation to all the vital organs. Evaluate the circulation 

by identifying hypovolemia, cardiac tamponade, and 
external sources of hemorrhage. Inspect extremities 
for the quality of perfusion and determine whether the 
heart tones are auscultated and whether the external 
hemorrhage is identified and controlled.  Initiate treat-
ment of hypovolemia by rapidly infusing a lactated 
Ringer solution via two large-bore, peripheral, intra-
venous catheters placed preferentially in the upper 
extremities.

The disability of the patients is determined  using 
gross mental status and motor examinations. The pa-
tients’ conscious state and neurologic signs are assessed 
using the Glasgow Coma Scale (GCS) (Figure 5-4), pu-
pil size and reaction, and lateralizing signs.

The final step in the primary survey includes patient 
exposure and control of the immediate environment. 
Completely remove patient clothes for a thorough 
physical examination. Simultaneously, initiate treatment 
to prevent hypothermia, a condition that is frequently 
iatrogenic in the exposed patient in an air-conditioned 
emergency department. Treat prophylactically with 
the administration of warmed IV fluids, blankets, heat 
lamps, and warmed air-circulating blankets as needed.8

The secondary survey includes a more methodi-
cal examination of the respiratory system. Second-
ary survey utilizes all aspects of a physical exam 
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FIGURE 5-4 The Glasgow Coma Scale (GCS). The GCS is scored between 3 and 15, with 3 being the worst and 15 the best.
Reproduced with permission from Laureys S, Majerus S, Moonen G. Assessing consciousness in critically ill patients. In: Vincent JL ed. 2002 Yearbook of Intensive Care and Emergency 
medicine. Heidelberg: Springer-Verlag, 715–727. 
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including inspection, palpation, percussion, and 
auscultation. See Box 5-4. The secondary survey can 
identify bruising, deformity, or paradoxical chest 
motion, chest wall tenderness or crepitations, di-
minished breath sounds, muffled heart sounds, and 
mediastinal crepitations. Specialized diagnostic tests 
may be performed during the secondary survey to 
identify specific injuries.

Etiology
Chest trauma can be distinguished by the mechanism 
of injury. Blunt chest trauma refers to mechanisms 
causing increase intrathoracic pressure. This occurs 
with motor vehicle accidents and falls. By comparison, 

BOX 5-4 Secondary Assessment Survey 
for Chest Trauma

 � Inspect the anterior, lateral, and posterior chest 
wall for signs of blunt and penetrating injury, use 
of accessory breathing muscles, and bilateral 
respiratory excursions.

 � Auscultate the anterior chest wall and poste-
rior bases for bilateral breath sounds and heart 
sounds.

 � Palpate the entire chest wall for evidence of 
blunt and penetrating injury, subcutaneous em-
physema, tenderness, and crepitation.

 � Percuss for evidence of hyperresonance or 
dullness.

Advanced Trauma Life Support. Chicago, IL: American College 
of Surgeons; 2012. Planas J, Waseem M. Trauma, primary survey. 
In: Statpearls. Treasure Island, FL: StatePearls Publishing; 2017. 
https://www.ncbi.nlm.nih.gov/books/NBK430800. Accessed 
June 11, 2018.

Velocity Possible Injuries

Low velocity (knife wounds, 
impalement)

Disrupts only the structures 
penetrated

Medium velocity (handgun 
bullet, shotgun, pellet gun)

Disrupts only the structures 
penetrated
Can cause cavitation of 
surrounding tissue

High velocity (military 
weapons)

The higher the velocity, the 
more the damage
Fragmentation weapons cause 
extensive disruption and 
thermal tissue damage

Modified from Shahani R. Penetrating chest trauma: background, anatomy, 
pathophysiology. Emedicinemedscapecom. 2017. https://emedicine 
.medscape.com/article/425698-overview. Accessed June 11, 2018.

TABLE 5-1
Etiology of Penetrating Chest Trauma

penetrating chest trauma refers to gunshot wounds, 
stab wounds, and impalement. Crushing chest inju-
ries occur when the elastic limits of the chest and its 
contents are exceeded. There is considerable overlap 
among the various traumatic disorders experienced in 
penetrating, blunt chest trauma.9 The mode of injury 
is very important. Blunt force trauma to the chest is 
an acceleration or deceleration injury. These injuries 
are a result of a motor vehicle accident or a fall. Blunt 
force trauma to the chest wall can occur in one of three 
directions: anterior– posterior, lateral compression, and 
trans-diaphragmatic. See Figure 5-5.

Crushing chest injury typically occurs from 
 anterior–posterior forces, causing flail chest, shock, 
pneumothorax, cardiac and aortic injuries, and rup-
ture of the diaphragm. Penetrating injuries are caused 
by low-velocity, medium-velocity, or high-velocity 
 penetration (Table 5-1).

FIGURE 5-5 Types of forces that cause blunt chest trauma.
Based on Blyth A. Thoracic Trauma. British Medical Journal. 2014;348. doi:10.1136/bmj.g1137.
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• Fracture of ribs 7–10
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 kidneys
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• Laceration of lung parenchyma
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 the left hemidiaphragm 
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Life-threatening chest trauma includes flail 
chest, pneumothorax (traumatic pneumothorax, 
tension pneumothorax, and open pneumothorax), mas-
sive hemothorax, and cardiac tamponade. Other impor-
tant injuries include rib fractures, pulmonary contusion, 
simple pneumothorax, simple hemothorax, and blunt 
aortic injury and blunt myocardial injury.12

Epidemiology
Injury is the number one cause of death for people aged 
1 to 44. In the United States, there were 199,756 trauma 
deaths in 2014, about two-thirds being accidental. Of 
intentional injury deaths, more than 70% were due to 
self-harm. In addition to deaths, injury results in about 
41 million emergency department visits and 2.3 million 
hospital admissions annually.12 Estimates of thoracic 
trauma frequency indicate that injuries occur in 12 per-
sons per 1 million population per day. Approximately 
33% of these injuries necessitate hospital admission. 
Blunt chest wall trauma accounts for over 10% of all 
trauma patients presenting to emergency departments 
worldwide.13 Overall, blunt thoracic injuries are directly 
responsible for 20–25% of all deaths, and chest trauma 
is a major contributor in another 50% of deaths.14

Pathogenesis/Pathophysiology
Rather than list the various types of injury to organs and 
describe the pathophysiologic consequences, a discus-
sion of three common problems arising from chest wall 
trauma is addressed in this section.15 These problems 
are hypoxemia, hypotension, and inflammation.

Chest trauma can compromise breathing by di-
rectly damaging the lungs or airways or by altering the 
mechanics of ventilation. Direct injury to the lungs or 
airways includes pulmonary contusion and tracheo-
bronchial disruption. Injuries that alter the mechan-
ics of ventilation include flail chest, hemothorax, and 

pneumothorax. The pain associated with these injuries 
can cause ventilatory compromise as well. Hypoventila-
tion occurs and, if severe enough, causes hypoxemia. 
Areas of atelectasis may occur because of hypoventila-
tion. The atelectatic areas form areas of ventilation–per-
fusion mismatch and contribute to further worsening.15

Damage to the lung parenchyma, tracheobronchial 
tree, or esophagus may allow air to enter the soft tissues of 
the chest, neck, and mediastinum, causing subcutaneous 
emphysema. Subcutaneous emphysema is not a particu-
larly harmful issue. However, the underlying injury is the 
problem.16 Pulmonary contusion usually occurs because 
of blunt chest trauma, although it may also occur with 
high-velocity penetrating chest injury. Pulmonary contu-
sion is characterized by hemorrhage into alveolar spaces 
and variable disruption of alveolar-capillary membranes.15 
The degree of hypoxemia initially caused by the pulmo-
nary contusion depends on the size of the contusion.

Blunt chest trauma can cause air, or blood, or both 
to enter the pleural space (pneumothorax, hemotho-
rax, hemopneumothorax), interfering with oxygenation 
and ventilation by compressing lung parenchyma. The 
 occurrence of a pneumothorax during trauma is called 
a traumatic pneumothorax. The thorax may be injured 
in such a way as to create a one-way valve. This allows 
air to enter the pleural space each time an inhalation is 
attempted. Eventually end-expiratory pleural pressure 
exceeds atmospheric pressure and the lung becomes 
compressed.15 The tension pneumothorax is of special 
concern because as air leaks out of the lung parenchyma 
into the pleural space, it will eventually compress the 
underlying lung and shift the mediastinal contents 
toward the opposite side (Figure 5-6). Progressive 

FIGURE 5-6 (A) A drawing of a pneumothorax. (B) A chest radiograph showing a right-sided pneumothorax. As the air collects in the pleural 
space, the lung on the affected side collapses because the pressure in the pleural space is greater than within the lungs. If left untreated, the 
pneumothorax will begin to push the trachea to the opposite side.
(B) © meenon/iStock/Getty Images.
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 ventilation–perfusion mismatching occurs, and hypox-
emia worsens.15 Distortion of the superior vena cava by 
this mediastinal shift can result in decreased blood re-
turn to the heart, circulatory compromise, and shock.17 
Heart failure and conduction abnormalities can result 
from blunt cardiac injury that damages the myocardium 
or the heart valves.16

An open pneumothorax (sucking chest wound)  occurs 
when an object penetrates the chest wall, leaving a hole. It 
involves air in the pleural space, but it differs from other 
pneumothoraces due to the unsealed opening and com-
munication with the atmosphere. When a patient with 
an open pneumothorax inhales, air is entrained into the 
chest cavity through the opening in the chest. The larger 
the opening, the more the air brought in this way. Once 
the size of the hole is more than 0.75 times the size of the 
trachea, air preferentially enters through the thoracic cav-
ity instead of the trachea due to the lower resistance of the 
hole. Movement of air in and out of the open pneumotho-
rax, during inspiration and expiration, can cause medi-
astinal shifting with each breath. This causes inadequate 
oxygenation and ventilation, and a progressive buildup of 
air in the pleural space.12

Flail chest, the existence of two or more ribs bro-
ken in two or more places, indicates the application of 
a significant amount of force resulting in rib fractures 
and damage to the underlying structures. This results 
in a free segment of the chest wall that can move in-
dependently of the remainder of the chest during 
ventilation.18 A flail produces both mechanical and 
physiologic abnormalities. The severity of the pain from 
the flail and muscle spasms causes splinting by the pa-
tient.18 Paradoxical chest movement is a sign of patient 

FIGURE 5-7 (A) Drawing of a left-sided flail segment. (B) Chest radiograph showing a large left-sided flail segment with small hemothorax and 
apical pneumothorax. The flail segment moves in the opposite direction of the remainder of the chest, paradoxical chest movement, causing 
air to be shunted back and forth from one lung to the other, pendelluft. The lung under the flail segment is compressed and atelectasis occurs, 
causing intrapulmonary shunting.
Reproduced with permission from Qasim Z, Gwinnutt C. Flail chest: pathophysiology and management. Trauma. 2009;11(1):63–70 (Figure 2). doi:10.1177/1460408608101344. 
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 exhaustion. Flail chest and pulmonary contusion are 
inherently linked as a complex injury in patients suffer-
ing from blunt chest trauma.18 Other mechanical effects 
from the flail are typically due to the underlying hemo- 
or pneumothorax that frequently accompany the flail 
(Figure 5-7).

One of the hallmarks of the chest trauma patient is 
hemorrhage, because the thoracic cage contains many 
structures filled with blood, some under high pressure. 
Many times, the source of bleeding is not immediately 
apparent. The easiest patient to evaluate is one who 
 arrives lying in a pool of blood and is hypotensive.18 
Internal bleeding into the pleural space or pericardial 
space can occur, causing hypotension and hypoxemia. 
When air accompanies blood in the pleural space, 
there may be a hemopneumothorax, which can also 
cause progressive atelectasis and ventilation–perfusion 
mismatching. The pericardium surrounding the heart 
serves a similar function as the pleura surrounding the 
lungs. The pericardial space is also a potential space, 
which can fill with blood from adjacent structures fol-
lowing either penetration or blunt chest trauma. When 
pericardial pressure exceeds the pressure in the right 
atrium and ventricle (lower pressure system), venous 
flow decreases, stroke volume is depressed, and cardiac 
output drops. Cardiac tamponade, a life-threatening 
emergency, requires immediate attention.

Blunt chest trauma can cause myocardial contusion and 
laceration. Due to its anterior position, the right ventricle is 
the most commonly contused region of the myocardium.18 
Fractured bones, including the sternum and/or ribs, can 
cause a contusion or laceration. Posterior myocardial con-
tusions can occur with crushing chest injuries.19 Other 

Disorders of the Chest Wall 117



injuries to the heart include chamber rupture or great-ves-
sel injury (such as thoracic aortic disruption). An aortic dis-
ruption frequently results in death prior to hospital arrival 
from exsanguination or loss of cardiac pump function.17

Penetrating chest trauma to the heart can cause 
cardiac tamponade physiology or hemorrhagic shock, 
depending on whether blood can escape the pericardial 
space. As little as 50 mL of blood in the pericardial sac 
can cause tamponade.20 The right ventricle is the most 
commonly injured chamber in penetrating trauma due 
to its anterior position within the chest cavity.20 A pen-
etrating cardiac injury or great-vessel injury leads to 
massive hemorrhage, causing a traumatic arrest. These 
types of patients typically expire in the field.

Hypovolemia can lead to a hypovolemic traumatic 
cardiac arrest, which is known to have a poor outcome. 
The initial cardiac rhythm for most patients in surviv-
able traumatic cardiac arrest is pulseless electrical activ-
ity (PEA). Traumatic cardiac arrest PEA is often a very 
low cardiac output state, rather than a true cardiac ar-
rest as understood for medical patients with a ventricu-
lar fibrillation (VF) arrest (when there is no output at 
all).21 Understanding the difference between a medical 
cardiac arrest and traumatic cardiac arrest is important 
because the treatment rationale is different.

At the molecular level, after blunt chest trauma a lo-
cal inflammatory response occurs. Severe injury or mul-
tiple trauma evokes a systemic inflammatory response, 
excessive immune reaction, subsequent priming of 
neutrophils in the circulation, and mobilization of new 
young neutrophils from bone marrow.22 Surgical inter-
vention can worsen the inflammatory response, thereby 
increasing the risk of posttraumatic inflammatory com-
plications and posttraumatic organ failure.22 Persistent 
elevation of pro-inflammatory cytokines in the lungs 
with subsequent suppression of the immune system is 
associated with an enhanced risk for acute lung injury 
progression and is known to increase mortality.23 This 
process can go on to cause acute respiratory distress 
syndrome (ARDS) and multiorgan failure.24

The many types of injuries that can occur with chest 
trauma are listed in Table 5-2.

Risk Factors
Risk factors for mortality in patients sustaining blunt 
chest wall trauma are age 65 years or above, three or 
more ribs fractures, and the presence of preexisting  
disease, especially cardiopulmonary disease.26

Risk factors for motor vehicle accidents revolve 
around inexperience, distractions while driving, hav-
ing teenage passengers, excessive speeds, following too 
close, drinking and driving, drugs and driving, driving 
at night, and being male.27

Complications
Although there are a wide range of complications fol-
lowing chest trauma, respiratory failure, pneumonia, 

and pleural sepsis are the most common potentially 
preventable complications. Respiratory failure and 
pneumonia are directly related to the severity of the 
injury and the age and condition of the patient.28 Pleural 
sepsis can develop when there is a retained hemotho-
rax, which becomes contaminated with bacteria. The 
most common source for this contamination is from the 
placement of the chest tube (tube thoracostomy).28,29

Pulmonary contusion occurs quite often with chest 
trauma. It is sometimes considered a direct injury from 
chest trauma and other times as a complication of chest 
trauma.15,30,31 However it is considered, it contributes 
to the development of ARDS by way of diffuse systemic 
inflammatory mediators. This inflammatory network 
leads to alveolar and interstitial edema, reduced al-
veolar fluid clearance, impaired surfactant production 
and function, and lung fibrosis, which finally results in 
respiratory failure.32 The release of inflammatory me-
diators from the damaged lung tissue triggers systemic 
inflammation and promotes multiple organ failure, 
which represents a major cause of late deaths after se-
vere trauma.33,34 ARDS may also be a complication of 
pneumonia. Other complications of chest trauma in-
clude decubitus ulcers, deep vein thrombosis, and other 
systemic sepsis.35

Blunt Chest Trauma Penetrating Chest Trauma

Aortic and cardiac injury Diaphragmatic rupture

Blunt cardiac injury Hemothorax

Blunt esophageal rupture Hemopneumothorax—open

Cardiac contusion Pneumomediastinum

Costochondral fractures Pneumothorax—open, tension

Flail chest Rib fractures

Fractures—ribs, sternum, 
clavicular, and scapular

Sternal fracture

Hematomas of the lung Traumatic cardiac arrest

Hemopneumothorax Thoracic wall lacerations

Hemothorax

Lung contusion

Pneumothorax—simple, 
tension

Pulmonary contusion

Traumatic cardiac arrest

Traumatic diaphragmatic injury

TABLE 5-2
Some Possible Chest Trauma Injuries2,7,9,15,21,25 
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Diagnostic Testing
Patients with chest wall trauma are at significant risk 
for intrathoracic or intraabdominal injury. This risk is 
based on the mechanism of injury or the initial clinical 
assessment and may warrant further diagnostic imaging 
unless they require immediate surgery. Depending on 
the clinical scenario, initial imaging typically includes 
an extended focused assessment with sonography for 
trauma (eFAST). The FAST exam, per the ATLS proto-
col, is performed immediately after the primary survey 
of the ATLS protocol.36 Ultrasonography has recently 
emerged as an essential point-of-care device in the 
trauma bay.37 Ultrasound is the ideal initial imaging 
modality because it can be performed simultaneously 
with other resuscitative cares, providing vital informa-
tion without the time delay caused by radiographs or 
computed tomography (CT). The concept behind the 
FAST exam is that many life-threatening injuries cause 
bleeding. Although ultrasound is not 100% sensitive for 
identifying all bleeding, it is nearly perfect for recogniz-
ing intraperitoneal bleeding in hypotensive patients 
who need an emergent laparotomy and for diagnosing 
cardiac injuries from penetrating trauma.38 eFAST is 
an extension of the practitioner’s hand and allows for 
the assessment of the pleura, brain, heart, and stomach. 
It facilitates vascular access and other invasive proce-
dures. However, eFAST does not replace radiography in 
the initial management of trauma.36

Advancements in CT have changed the management 
of trauma patients and permitted the detection of blood 
in bronchi and interstitial air or blood with greater ac-
curacy.39 However, studies have shown that the use of 
WBCT does not reduce in-hospital mortality compared 
with the standard radiological work-up, and WBCT 
increases the amount of radiation the patient is exposed 
to.40,41 Additionally, hemodynamically unstable trauma 
patients are difficult to scan due to the resuscitation 
equipment required and the increased risk for transport 
to the scanning room.39

The NEXUS CT Chest Decision Instru-
ment identifies blunt trauma patients with clini-
cally significant thoracic injuries. The instrument 
can be used to determine whether a blunt trauma 
patient requires a CT chest scan to be done or 
whether it may be avoided.42 This decision-making 
tool is available at https://www.mdcalc.com/
nexus-chest-ct-decision-instrument-ct-imaging.

Every patient with chest trauma has a chest radio-
graph. The chest radiograph is systematically reviewed 
for evidence of hemothorax, pneumothorax, pulmonary 
contusions, fractures, and cardiac and aortic injury 
(Figures 5-8 through 5-12). The chest radiograph is the 
most common diagnostic tool in the detection of pul-
monary contusion, but the presence of hemothorax or 
pneumothorax might complicate the diagnosis.43 Typ-
ically, the identification of pulmonary contusion is not 
possible for the first 6 hours after injury.44 CT chest scan 

FIGURE 5-8 A chest radiograph of cardiac tamponade. This patient 
requires immediate treatment with a pericardiocentesis, which can be 
done at the bedside in a life-threatening situation.
© Santibhavank P/Shutterstock.

FIGURE 5-9 A chest x-ray of a blunt chest wall injury.
© Sopone Nawoot/iStock/Getty Images.

FIGURE 5-10 Fracture of the left clavicle. Clavicle fractures are 
commonly associated with blunt chest trauma.
© stockdevil/iStock/GettyImages.
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FIGURE 5-11 Right-side tension pneumothorax with chest tube  
in place.
© Sopone Nawoot/iStock/Getty Images.

FIGURE 5-12 Chest radiograph of a trauma patient with a fracture 
of the eighth rib, pulmonary contusion, and right hemothorax.
© Tomatheart/Shutterstock.

and CPK-MB) can help exclude cardiac injury. Cardiac 
injury may cause arrhythmias, conduction abnormali-
ties, ST segment abnormalities, or a combination of 
these.16 These can be identified via ECG.

Treatment and Management
The primary survey of patients with chest trauma be-
gins with the airway, followed by breathing, and then 
circulation. Major problems should be corrected as 
soon as they are identified. Apart from patients with 
very superficial lacerations, superficial contusions, and 
solitary rib fractures, most patients warrant admission 
for observation.9 Treatment of the chest trauma patient 
depends on the nature of the injury.

Important, yet often subtle, signs of chest injury or hy-
poxia include an increased respiratory rate and change in 
the breathing pattern, which is often manifested by pro-
gressively shallower respirations. Cyanosis is a late sign 
of hypoxia. However, the absence of cyanosis does not 
necessarily indicate adequate tissue oxygenation or an 
adequate airway. The major thoracic injuries that affect 
breathing and must be recognized and addressed during 
the primary survey include tension pneumothorax, open 
pneumothorax (sucking chest wound), flail chest and 
pulmonary contusion, and massive hemothorax.6

The presence of a tension pneumothorax is an emer-
gency, and treatment should not be delayed waiting 
for radiologic confirmation.6 A tension pneumothorax 
requires immediate decompression and can be managed 
initially by rapidly inserting a large-bore needle into the 
second intercostal space in the midclavicular line on the 
affected side. Definitive treatment requires the insertion 
of a chest tube into the fourth or fifth intercostal space, 
along the anterior axillary line (Figure 5-13). A simple 
pneumothorax is also treated with chest tube placement.

BOX 5-5 Chest Radiography Findings 
That Indicate the Likelihood of Blunt 
Aortic Injury2

 � Wide mediastinum

 � Obscured aortic knob; abnormal aortic contour

 � Left “apical cap” (e.g., pleural blood above the 
apex of left lung)

 � Large left hemothorax

 � Deviation of nasogastric tube rightward

 � Deviation of trachea rightward and/or right 
mainstem bronchus downward

 � Wide left paravertebral stripe

Reproduced with permission from Legome E. Initial evaluation 
and management of blunt thoracic trauma in adults. Post TW, 
ed. UpToDate. Waltham, MA: UpToDate Inc. http://www 
.uptodate.com (Accessed on September 19, 2018).

is the most accurate diagnostic tool for pulmonary con-
tusion and can detect the lesion right after the injury.45 
However, ultrasonography has been found to have better 
screening performance characteristics when compared to 
radiography in the detection of pulmonary contusion.43

The presence of blunt aortic injury is not easily 
found. However, there are certain findings on chest ra-
diography that increase the likelihood of blunt aortic 
injury. See Box 5-5. If chest radiography shows any of 
the possible findings, a CT of the chest is warranted.

Other imaging tests that may be used to scan for 
injuries include aortography, transesophageal echocar-
diography (TEE), magnetic resonance imaging (MRI), 
and nuclear medicine study.39 These imaging techniques 
have no role in the initial treatment of a critically ill and 
hemodynamically unstable patient.

Laboratory and other tests that are helpful in the 
assessment of chest trauma patients include complete 
blood count (CBC), arterial blood gas (ABG), cardiac 
markers, and electrocardiogram (ECG). The CBC 
serves as a baseline for the detection of ongoing hem-
orrhage. ABG results monitor patients for hypoxemia 
and hypoventilation. Cardiac markers (e.g., troponin 
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Initial management of an open pneumothorax may 
be accomplished by placing a sterile occlusive dress-
ing over the wound and taping it securely on three 
sides.6 This provides a flutter-like valve, so the air can 
escape, but cannot enter the pleural cavity through the 
wound. The definitive treatment is the placement of a 
chest tube.

A flail chest is initially managed by insuring adequate 
ventilation and oxygenation and providing fluid resus-
citation. Analgesics must be given for pain control and 
must be provided judiciously as not to cause respiratory 
depression. Local anesthetics may be administered via 
intermittent intercostal nerve block(s) and intrapleural, 
extrapleural, or epidural anesthesia.6 Prevention of hy-
poxemia is vital in the management of trauma patients, 
and a short period of intubation and mechanical venti-
lation may be necessary until the full patient assessment 
is complete.

Treatment for a hemothorax is drainage with a 
chest tube. Evacuation of more than 1,500 mL of blood 
immediately after the chest tube is placed is consid-
ered a massive hemothorax.6 A massive hemothorax 
also requires restoration of blood volume through 
large-caliber intravenous lines and rapid crystalloid 
infusion. The blood from the chest tube can be col-
lected in a device suitable for autotransfusion.6 A simple 
hemothorax (<1,500 mL) must also be evacuated with 
chest tube placement. If not fully evacuated, the blood 
retained in the pleural space can clot or develop into  
an empyema.6

Cardiac tamponade may develop slowly, allowing 
for a less urgent evaluation, or may occur rapidly, re-
quiring rapid diagnosis and treatment. The diagnosis 
of cardiac tamponade can be difficult in the setting of 
a busy trauma or emergency room because the initial 
assessment for it relies on the presence of Beck triad 
 (elevation of venous pressure, decline in arterial pres-
sure, and muffled heart tones).6 Also, other problems 
can mimic cardiac tamponade. The blood in the 

FIGURE 5-13 Left-sided chest tube placed into the fifth intercostal 
space along the anterior axillary line.
© Casa nayafana/Shutterstock.

pericardial sac requires evacuation. This can be done 
with percutaneous pericardiocentesis, surgically, or 
with a video-assisted thoracoscopic (VAT) procedure. 
The method used depends on the patient’s hemody-
namic stability44 (Figure 5-14).

Pulmonary contusion occurs in 25–35% of all blunt 
chest traumas.46 Most pulmonary contusions resolve 
spontaneously within 14 days, provided no secondary 
insult occurs.30 Most pulmonary contusions require no 
specific therapy. The management focuses on support-
ive care while waiting for the contusion to heal.47 Most 
importantly, it focuses on the prevention of respira-
tory failure and maintenance of adequate oxygenation. 
However, large contusions may affect gas exchange and 
cause hypoxemia. If this occurs, tracheal intubation and 
mechanical ventilation are necessary. Once the pulmo-
nary contusion heals, mechanical ventilation may not be 
necessary unless ARDS develops. At that time, ventila-
tor strategies to protect the lungs from over-inflation 
are needed (lung protection strategy). Some additional 
strategies include independent lung ventilation,48 extra-
corporeal membrane oxygenation (ECMO),46 and prone 
positioning.49

Prognosis
The outcomes of patients with penetrating chest trauma 
directly depend on the extent of the patient injuries and 
the timeliness of initiation of treatments. Blunt thoracic 
trauma is a common form of injury and a frequent 
cause of mortality and morbidity in severely injured pa-
tients.50 In the United States and Europe, the mortality 
rate in patients with blunt chest trauma can be as high 
as 60%.51

Chest Wall Deformities
The thorax is a critical component of the respiratory 
pump. Normal breathing is done by the respiratory 
muscles by synchronously expanding the rib cage with 
piston-like movements of the diaphragm. Anything that 
limits the mobility of the ribs impedes the movement 
of air into the lungs.52 Therefore, disorders that change 
the structure of the chest wall affect the ability of the 
pump to function, resulting in respiratory compromise 
or failure.51 Any anatomical or functional abnormalities 
of the bony thorax increases dead space ventilation and 
the work of breathing, whether congenital or acquired, 
acute or chromic, and whether its cause is infectious, 
traumatic, environmental, iatrogenic, or unknown.52

Definition/Diagnosis
Chest wall deformities are caused by anomalous skeletal 
development and/or formation of the thoracic cavity.53 
These anomalous deformities develop while in utero. 
The most common of these are pectus excavatum 
(PE) and pectus carinatum (PC). PE or funnel chest is 
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FIGURE 5-14 Access site selection for percutaneous pericardiocentesis is based on the detection of the shortest distance to the largest fluid 
pocket within the pericardial space detected by echocardiography. This site selection can be achieved after careful bedside scanning from 
multiple directions. Needle and catheter insertions are performed while avoiding the intercostal and internal mammary artery structures.  
(A) The anterior view of the rib cage with the internal mammary arteries and intercostal arteries in red and pericardial fluid in yellow. The small 
green squares mark the location of the safe access sites. (B) A sample of short-axis echocardiographic views to help select the shortest 
distance to the largest fluid pocket. (C) A close-up view of the needle and catheter insertion site. Insertion must avoid the intercostal and internal 
mammary arteries.
El Haddad D, Iliescu C, Yusuf S, et al. Outcomes of cancer patients undergoing percutaneous pericardiocentesis for pericardial effusion. J Am Coll Cardiol. 2015;66(10):1119–1128 (Figure 2). 
doi:10.1016/j.jacc.2015.06.1332. 
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characterized by variable depression of the sternum and 
lower costal cartilage.53 PC or pigeon chest is charac-
terized by the protrusion of the sternum and adjacent 
costal cartilages.53

Spinal deformities can also alter the structure of 
the chest cavity. These deformities include scoliosis, 
kyphosis, and kyphoscoliosis. Scoliosis is a lateral 
curvature of the spine. Kyphosis, “dowager’s hump,” 
is an anteroposterior curvature of the thoracic spine. 
Scoliosis is complicated by an abnormal kyphosis, 
whereas  kyphosis can be present without scoliosis when 
acquired in adulthood due to vertebral compression, 
infection, tumor, or injury.

Ankylosing spondylitis (AS) is a chronic inflam-
matory rheumatic disease that can affect the axial 
skeleton. This inflammatory process can cause fusion 
of spinal vertebrae, which limits the mobility of the 
thoracic cage and causes a restrictive-type pulmonary 
impairment.

Obesity is a chronic disease characterized by exces-
sive accumulation of body fat that is harmful to indi-
viduals. In obese individuals, structural changes in the 
thoracic-abdominal region lead to limited diaphragm 
mobility and rib movement, both essential for appropri-
ate ventilatory mechanics.54 Excess body fat is classified 

in categories according to severity or by the distribution 
of the fat, either gynoid (pear shaped) or android (apple 
shaped).54 Because obesity affects the function of the 
ventilatory pump, it is included in this chapter.

Clinical Signs and Symptoms
Disorders of the chest wall and spine include an array of 
conditions that share pulmonary function abnormalities 
consistent with restrictive lung disease. The hallmark of 
any chest wall deformity is the appearance of the tho-
rax. The more severe the deformity, the more likely the 
patient will have dyspnea with exertion and symptoms 
of nocturnal hypoventilation.55

Patients with abnormalities in ventilatory pump 
function typically have limited exercise capacity, re-
duced respiratory system compliance, and an increased 
work of breathing. Patients may exhibit significant alter-
ations in their breathing patterns. Typically, individuals 
with significant thoracic abnormalities and those with 
abdominal distention take on a rapid shallow breath-
ing pattern consisting of low tidal volumes, shortened 
inspiratory time, and increased respiratory rate.55 See 
Box 5-6. Dyspnea appears to be an early manifestation 
of ventilatory pump abnormalities.
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BOX 5-6 Common Respiratory Signs 
in Patients with Ventilatory Pump 
Abnormalities52,55,56

 � Abdominal paradox

 � Accessory muscle use

 � Dyspnea on exertion

 � Exercise intolerance

 � Fatigue

 � Hypopnea

 � Nocturnal hypoventilation

 � Orthopnea

 � Tachypnea

contracting diaphragm in response to the negative in-
trathoracic pressure generated by the inspiratory action 
of the neck and intercostal muscles. Abdominal paradox 
may also be present in patients with marked derange-
ments in lung mechanics, in whom inspiratory intratho-
racic pressure swings exceed 30% of maximum.56

The severity of obesity is commonly assessed by cal-
culating the body mass index (BMI), defined as body 
weight (BW) in kilograms divided by the square of 
height in meters (BW/Ht2). An individual with a BMI 
between 18.5 and 24.9 kg/m2 is normal, a BMI between 
25 and 29.9 kg/m2 is overweight, and a BMI greater 
than 30 kg/m2 is obese; BMI greater than 40 kg/m2 is 
morbidly obese.55

Etiology
Scoliosis is most frequently idiopathic. However, it 
can be caused by neuromuscular diseases, such as 
cerebral palsy, poliomyelitis, Duchenne muscular 
dystrophy, vertebral diseases, Marfan syndrome, or 
thoracic cage abnormalities. The severity of scoliosis is 
quantified by Cobb’s method of measuring the angle, 
Cobb angle, between the upper and lower portions of 
the spinal curve.57

Kyphosis can be caused by any process that affects 
the supporting structures of the spine. Deformities that 
result in anterior wedge-shaped vertebra will accentuate 
the angle of kyphosis. As with other age-related condi-
tions, kyphosis occurs because of multiple contributing 
factors. These factors include vertebral fractures, low 
bone density, short vertebral height, degenerative disc 
disease, postural changes, and loss of elasticity of the 
intervertebral ligaments.58 If kyphosis occurs early in 
life, it is often related to inherited genetic conditions 
including Marfan syndrome, cystic fibrosis, and osteo-
genesis imperfecta. Other causes include spinal tuber-
culosis, spondylolisthesis, and other complications from 
spinal surgical procedures. Kyphosis tends to progress 
with age.58

Kyphoscoliosis acquired in adulthood is usually a 
complication of neuromuscular disease or injury, in-
cluding thoracoplasty. Otherwise, most are idiopathic 
in etiology. Kyphoscoliosis is believed to be a multigene 
condition, with autosomal or sex-linked inheritance 
with variable phenotypic expression.55

PE is a congenital chest wall deformity with a 
family history present in 15–40% of the cases.55 It is 
believed to result from an abnormal growth of carti-
lage around the sternum due to a defect in collagen 
formation.59 The sternal depression may be minimal 
or prominent. In extreme cases, it is usually appar-
ent at birth and progresses as the child grows.55 PC 
is less common than PE and can be associated with 
congenital heart disease, severe childhood asthma, and 
rickets. This chest wall deformity has less physiological 
consequence than PE.57 As with PE, there is a genetic 

FIGURE 5-15 The paradoxical inward movement of the abdominal 
wall during inhalation is due to the upward movement of the fatiguing 
diaphragm in response to negative intrathoracic pressure generated 
by the inspiratory action of the accessory muscles.
Adapted from Medicine Specifies, 2018. http://medicinespecifics.com/paradoxical 
-breathing-abdominal-paradox-mechanism/.
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Inspection and palpation demonstrate accessory 
respiratory muscle use. Intense respiratory efforts are 
associated with visible activation of the neck accessory 
muscles, interosseous intercostals, and abdominal expi-
ratory muscles.56 Patients with AS typically complain of 
chest pain that is accentuated by inspiration.52

Breathlessness in the supine position is character-
istic of isolated diaphragm dysfunction or increased 
hydrostatic pressure imposed by the abdominal vis-
cera (obesity).56 Normally, in the supine position, the 
anterior abdominal wall moves prominently outward 
during inspiration. With impaired diaphragm func-
tion, the abdominal wall may move inward on inspira-
tion. This is called abdominal paradox (Figure 5-15). 
Abdominal paradox reflects cephalad movement of the 
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component in PC and an association of this anatomic 
variant with numerous conditions such as Marfan 
disease, Noonan syndrome, prune belly, Morquio syn-
drome, osteogenesis imperfecta, mitral valve prolapse, 
and homocystinuria.60

The etiology of AS is unknown, but a combination 
of genetic and environmental factors works in concert 
to produce this disease. There is a strong association 
with genetic predisposition. The heritability of AS is 
estimated to be greater than 95%.61 However, not ev-
eryone with the genes develop the disease. Nongenetic 
factors, such as microbial infection, play a role in its 
development.61

Almost all obesity in children is strongly influenced 
by environmental factors, caused by either a sedentary 
lifestyle or a caloric intake that is greater than needs. 
There is strong evidence that genetic factors play a per-
missive role and interact with environmental factors to 
produce obesity.62 People can become overweight at any 
age. However, there are certain times when weight gain 
tends to occur, which vary between men and women. 
There is increasing evidence that environmental and 
nutritional influences during critical periods in devel-
opment can have permanent effects on an individual’s 
predisposition to obesity and metabolic disease.63 The 
increasing prevalence in adults, adolescents, and chil-
dren has made it a global epidemic.63

Epidemiology
Adolescent idiopathic scoliosis (AIS) is called 
“late-onset” idiopathic scoliosis. AIS accounts for 
80–85% of cases of idiopathic scoliosis.64 The prevalence 
of AIS with a Cobb angle greater than 10 degrees (mini-
mum to define scoliosis) is approximately 3%. Males  
and females are affected equally. However, the curve 
progression (and therefore the need for treatment) is  
10 times higher in females than in males.64

Because there is no widely accepted definition of 
kyphosis, the prevalence is unknown. Some estimates 
range between 20% and 40% in individuals 60 years or 
older. The prevalence increases with age, with the great-
est change in the angle of kyphosis occurring among 
women age 50–59 years.58 In the United States, kypho-
scoliosis affects approximately 2% of the population. 
This 2% is mostly young children who are going through 
a growing spurt. Kyphoscoliosis rarely develops in 
adults—unless it is a worsening condition that started in 
childhood and was not diagnosed or treated.

PE occurs in an estimated 1 in 300–400 births, with 
male predominance (male-to-female ratio of 3:1). It 
comprises approximately 90% of all chest wall deformi-
ties.65 PC is much less common. The incidence for PC is 
1:1,500 live births60 with an estimated overall prevalence 
of 0.06%.66 Internationally the percentage of chest wall 
deformities by PC are greater in reports from Brazil and 
Argentina.66

The prevalence of AS is estimated between 0.1% and 
1.4% with higher occurrence in men 6.0:1.61,67 AS is an 
underrecognized form of chronic arthritis. The disease 
predominantly strikes men between the ages of 20 and 
40 years, in their peak productive years, leading to sig-
nificant loss of work productivity and decreased quality 
of life.61

Obesity affects about 93.3 million adults in the 
United States, with a prevalence of 39.8%. Broken down 
by age, the prevalence among young adults (20–39 
years) is 37%, 42.8% among middle-aged adults (40–59 
years), and 41% among older adults (60 and over).68

Pathogenesis/Pathophysiology
Each disease has its own pathogenesis. However, the 
commonality here is that each of the diseases discussed 
can lead to respiratory insufficiency. This insufficiency 
is due to failure of the ventilatory pump. Any deformity 
of the chest wall can create an abnormal anatomical ar-
rangement (Figure 5-16). The thoracic cage is mostly 
covered by muscles that do not belong to the thorax, 
but to the shoulder, neck, back, or abdominal wall.69 
Chest wall deformities not only limit rib mobility, but 
also cause some of the muscles to be overstretched and 
others to relax, reducing the patient’s ability to inflate 
the lungs. The changes in the length and orientation 
of these muscles cause ineffective coupling between 
the respiratory muscles and the thoracic cage, leading 
to weakness of the diaphragm.56,70 In childhood, these 
chest wall deformities rarely cause physical discomfort 
because of the elasticity of the thorax. However, as the 
individual grows, more physical interferences occur. 
As stiffness of the bony elements of the chest wall in-
creases, the diaphragm becomes overworked. The direct 
consequences are fatigability and reduced oxygenation 
of the body.71

Obesity imposes a stress on the respiratory system 
both by altering lung mechanics and by the work of 
breathing. The mass loads applied to the thorax and 
abdomen by excess fatty tissue decrease chest wall 
compliance, causing an increase in the elastic and resis-
tive work of breathing. Additionally, the excessive body 
mass results in increased carbon dioxide production 
and oxygen consumption. Increases in metabolism may 
be two to three times normal in morbidly obese individ-
uals.56 Compliance of the lungs is decreased more than 
chest wall compliance in morbid obesity due to pulmo-
nary vascular engorgement and a decrease in operating 
lung volume. Chest wall compliance is decreased due to 
adiposity of the chest wall and within the abdomen.57

Individuals with chest wall deformities, including 
obesity, breathe against increased elastic resistance 
(elastance) caused by their increased elastic load. These 
individuals tend to breathe with smaller tidal volumes 
and reduced inspiratory and expiratory times, demon-
strating a rapid and shallow pattern of breathing. This 
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FIGURE 5-16 Cross-sectional views of various chest wall deformities.

Normal chest Pectus excavatum Pectus carinatum

Scoliosis Kyphosis Kyphoscoliosis

is the body’s attempt to diminish the elastic work of 
breathing.56 Those with AS can also have interstitial 
lung involvement causing decreased lung compliance.52 
Continuous breathing against an increase elastic load 
due to the decrease in chest wall compliance results 
in hypoventilation. Eventually, muscle fatigue, alveo-
lar hypoventilation, hypoxemia, and sleep-disordered 
breathing may occur. Sleep-related changes in chemo-
sensitivity underlie the recurrent patterns of apnea, 
hyperpnea, and exaggerated hypercapnia that occur in 
some patients with chest wall diseases.56

With limited ability to expand the lungs, the conse-
quence is typically abnormally low total lung capacity 
(TLC) and inspiratory capacity (IC) depicting a restric-
tive defect. Functional residual capacity (FRC) and re-
sidual volume (RV) may not be reduced, at least to the 
same degree as TLC and IC. The RV–TLC ratio is often 
abnormally high52 (Figure 5-17). Unique among the dis-
orders of the thoracic cage, about half of patients with 
AS have an elevated FRC,57 as seen in Figure 5-16.

Exercise or stress increases minute ventilation in in-
dividuals with chest wall deformities, with further rapid 
shallow breathing rather than increase in tidal volume. 
The work of breathing increases more, for these individ-
uals, due to dead space ventilation. The more severe the 
deformity, the less the exercise tolerated due to oxyhe-
moglobin desaturation.72 Some individuals with milder 
forms of chest wall deformities may have exercise in-
tolerance due to deconditioning or cardiovascular dis-
ease;52 others may also have obstructive lung disorders.

Risk Factors
Risk factors for the development of chest wall abnor-
malities are varied. Some are due to genetics and oth-
ers are the result of other disease processes. Disease 

processes responsible for the development of chest 
wall deformities include osteoporosis, degenerative 
disk disease, arthritis, connective tissue disorders 
such as  Marfan syndrome, muscular dystrophy, polio, 
spina bifida, spinal tumors, spinal tuberculosis, Paget 
disease, and neurofibromatosis. Other risk factors for 
the development of these chest wall abnormalities 
include trauma; thoracoplasty; poor posture, espe-
cially in teenagers (kyphosis); genetics; or congenital 
anomaly.

Complications
The most important complications from chest wall  
deformities are physiologic and typically do not develop 
unless the chest deformity is severe or the individual is 
elderly. Chest wall compliance decreases with age,  
further increasing the work of breathing and risk of  
respiratory muscle fatigue in older adults.1

Atelectasis and excessive airway secretions are 
the main issues that develop as chest abnormalities 
worsen. These lead to chronic hypercapnic respira-
tory failure and chronic hypoxemic respiratory failure. 
Pulmonary hypertension and cor pulmonale may also 
develop in these individuals.52,57 The inability to take 
deep breaths and cough reduce the individual’s ability 
to clear secretions. Upper respiratory infections can 
prove to be challenging for these patients and often 
lead to pneumonia and acute-on-chronic respiratory 
failure. See Box 5-7.

Morbid obesity can lead to obesity hypoventila-
tion syndrome. Severe chest wall deformities can also 
cause progressive sleep apnea and sleep fragmenta-
tion. Kyphoscoliosis is associated with nocturnal hy-
poventilation and obstructive sleep apnea. Although 
daytime respiratory symptoms are more common 
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FIGURE 5-17 TLC and its subdivisions in normal persons and in patients with kyphoscoliosis and AS.
Reproduced from Donath J, Miller A. Restrictive Chest Wall Disorders. Semin Respir Crit Care Med. 2009;30(03):275–292. doi:10.1055/s-0029-1222441.
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when the angle of the thoracic spinal deformity ap-
proaches 100 degrees, nocturnal oxygen desaturation 
is not  directly correlated with the degree of scoliosis 
or with either lung volumes or ventilatory respon-
siveness.73 Individuals with daytime hypoxemia and 
hypercarbia often have further deterioration of gas 
exchange during sleep. Therefore, individuals with 
even mild abnormalities in daytime blood gases are 
at risk for significant disruption of nocturnal gas 
exchange.52,73 The more severe nocturnal oxygen de-
saturation is seen and should be suspected in individ-
uals with cor pulmonale, polycythemia, and daytime 

BOX 5-7 Manifestations Associated with 
Acute-on-Chronic Respiratory Failure in 
Patients with Chest Wall Disorders55,56

Tachypnea, more than baseline
Tachycardia
Cyanosis
Digital clubbing
Pitting edema
Jugular vein distension
Loose, nonproductive cough
Dull percussion notes
Bronchial breath sounds over lung fields
Whispered pectoriloquy
Adventitious breath sounds
Abdominal paradox
Accessory muscle use (more than normal)

systemic hypertension.73 Advanced chest wall defor-
mities can also compress the heart.

Diagnostic Testing
Chest wall deformities can go unnoticed in their mildest 
forms. Unfortunately, when these deformities are severe 
enough to cause respiratory compromise, they are very 
noticeable when visually inspecting the patient. Con-
ventional chest and anteroposterior spine radiographs 
can help identify and characterize many thoracic cage 
abnormalities (Figure 5-18). CT is useful for determin-
ing the severity of PE, PC, and scoliosis in selected pa-
tients1 (Figure 5-19).

In the case of acute respiratory failure, ABG mea-
surements are needed to determine the severity of the 
respiratory failure. These measurements typically show 
hypoxemia more than baseline and acute hypercapnia 
superimposed on chronic hypercapnia. These measure-
ments determine the need for ventilatory assistance and 
supplemental oxygen.

For patients who can perform them, pulmonary 
function tests (PFTs) help to determine the degree of 
respiratory impairment caused by a chest wall abnor-
mality and whether other respiratory diseases are con-
tributing to the patient’s symptoms. Complete PFTs 
for this type of patient include upright spirometry, 
lung volumes, diffusion capacity for carbon monoxide 
(DLCO), supine spirometry, maximal inspiratory pres-
sure (MIP), and maximum expiratory pressure (MEP). 
The maximum inspiratory and expiratory pressures re-
flect respiratory muscle strength. Among patients with 
severe scoliosis or kyphoscoliosis, MIP is decreased, 
approximately 50% normal in eucapnic patients and 
25% normal in hypercapnic patients, due to either 
intrinsic muscle weakness or mechanical disadvan-
tage caused by the rib cage distortion.1 Weakened 
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inspiratory muscles coupled with a stiff, poorly com-
pliant respiratory system not only leads to profound 
decrements in vital capacity but also predisposes 
these individuals to respiratory failure.55 Decreases 
in these patients’ vital capacities to less than 40% of 
predicted is a sign that monitoring for hypercapnia is 
appropriate.1

Exercise testing is appropriate when the patient is 
not acutely ill. Exercise capacity may be reduced, but 
oxygen desaturation with exercise is uncommon, con-
trary to what is frequently observed in patients with 
interstitial lung disease. However, in some conditions 
(e.g., scoliosis, obesity), atelectasis may be present 
and associated with hypoxemia.1 For those individ-
uals with complaints relating to sleep, a sleep study is 
appropriate.

FIGURE 5-18 Chest deformities seen on chest radiography. (A) scoliosis, (B) kyphoscoliosis, (C) PE, (D) AS causing kyphosis.
(A) © real444/iStock/Getty Images; (B) © Puwadol Jaturawutthichai/Shutterstock; (C) Published with permission from LearningRadiology.com; (D) Published with permission from WikiFoundry.
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FIGURE 5-19 A CT scan of a 14-year-old male with severe PE.
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Treatment and Management
Treatment of the acute respiratory failure can be ac-
complished with supplemental oxygen and/or mechani-
cal ventilation, suctioning of the airways, and airway 
clearance therapy. The seriousness of the acute respira-
tory failure determines the amount of supportive treat-
ment. Nutritional, rehabilitational, and psychological 
care also provide important ancillary help.52

Once back to the patient’s own baseline health, a 
determination of the need for long-term treatment and 
management may be assessed. The treatment depends 
on the severity of the chest wall deformity. Surgical 
considerations are appropriate for certain chest wall 
disorders.

The traditional approach to the treatment of chest 
wall deformities was complete or partial sternotomy. 
Currently, PE repair can be accomplished using a mini-
mally invasive technique to safely position a convex 
metal bar from one side of the chest to the other side. 
This bar is then inverted 180 degrees, exerting upward 
pressure on the concave sternum.  Bilateral thoracos-
copy may be necessary if the pectus is severe.74

PC can be treated nonoperatively with a brace that 
provides anteroposterior compression results in pro-
gressive remodeling of the chest. The brace must be 
worn 14 hours per day for at least 2 years. Surgical cor-
rection is often reserved for those who fail conservative 
management or in nonadherent patients. The surgical 
treatment of PC is like that of PE.53

Like PC, the primary treatment for kyphosis is non-
surgical and consists of exercise, physical therapy, and 
pain medication. However, treatment options depend 
on the type of kyphosis. Some types of kyphosis, like 
Scheuermann kyphosis, may require surgery.

The treatment for kyphoscoliosis depends on the 
etiology, onset, and state of the disease. Brace therapy 
is sometimes used, and its goal is to prevent disease 
progression. However, it is inconvenient and has limited 
efficacy. Surgery may include the traditional Harrington 
rod insertion to prevent further progression of the cur-
vature, spinal arthrodesis, vertebral fusion with metal 
hardware or bone implants, thoracoscopic scoliosis 
surgery, and/or thoracoplasty. The outcome of surgi-
cal correction is many times cosmetic in nature with 
little improvement in vital capacity.52 For patients with 
chronic respiratory failure, nocturnal mechanical venti-
lation can reverse cor pulmonale, improve gas exchange 
and maximum inspiratory and expiratory pressures, and 
reduce hospital admissions.57 However, both exercise 
limitation and dyspnea usually become persistent and 
impair health-related quality of life (HRQL). Pulmonary 
rehabilitation in patients with chronic respiratory fail-
ure due to kyphoscoliosis improves exercise capacity, 
muscle strength, dyspnea, and HRQL.72,75

No definite disease-modifying treatment exists for 
individuals with AS. Early diagnosis is important, and 
treatment measures include pharmacologic, surgical, 

and physical therapy. Disease progression can be moni-
tored by following laboratory values, including the 
erythrocyte sedimentation rate (ESR) and C-reactive 
protein (CRP) level. Any surgical treatment is focused 
on the resolution of complications related to AS, such 
as correcting spinal deformities or repairing damaged 
peripheral joints.76

Dietary changes combined with exercise and behav-
ioral modifications can lead to weight loss in some obese 
individuals. However, these modalities are usually not 
successful in maintaining long-term weight loss. Bariat-
ric surgery is a common intervention that can produce 
not only weight loss but also long-term maintenance 
of weight loss. In patients with obesity hypoventilation 
syndrome and acute or chronic hypercapnic respiratory 
failure, nocturnal noninvasive ventilation may improve 
gas exchange, daytime somnolence, and HRQL.55

Prognosis
Depending on the cause, these disorders can manifest 
from birth to adolescence, with a very variable prog-
nosis ranging from death during infancy (e.g., severe 
congenital chest wall deformity) to milder functional 
abnormality later in life (e.g., adolescent kyphoscoliosis).

Mild defects do not shorten life expectancy. Patients 
debilitated with severe advanced disease often die of 
respiratory failure at times of intercurrent acute illness. 
Life expectancy and quality depend mainly on disease 
severity, comorbidity, and timely therapy.52

KNOWLEDGE CHECK QUESTIONS

1. True or False: A pneumothorax can push the 
contents of the chest away from the affected 
side.

2. True or False: The primary survey for chest 
trauma consists of observation, inspection,  
palpation, percussion, and auscultation.

3. True or False: A large open pneumothorax will 
allow more air to flow through the opening in 
the chest than through the trachea.

4. True or False: A tension pneumothorax must 
be confirmed by chest radiograph prior to 
treatment.

5. True or False: Beck triad is a sign of a traumatic 
pneumothorax.

6. True or False: Chest wall deformities can de-
crease compliance by limiting chest expansion.

7. True or False: The most common chest wall  
deformity is scoliosis.

8. True or False: Chest wall deformities cause re-
strictive patterns on PFTs.
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Disorders of the Pleura
The potential space between the visceral pleura and 
parietal pleura surfaces is separated by about 10 mL of 
glycoprotein-rich fluid, which serves as a lubricating 
film. While the protein is qualitatively like plasma, the 
albumin content is slightly higher and fibrinogen con-
tent is slightly lower than that of plasma.77

The lymphatic anatomy of the visceral pleura and pa-
rietal pleura is important in the homeostasis of pleural 
fluid volume in a normal individual. In disease, excess 
production or decreased absorption of lymph plays a 
significant role in the generation of effusions. Naturally 
occurring pores (stomata) in the caudal portions of the 
peripheral parietal pleura and lower mediastinal pari-
etal pleura transfer particulate matter and cells directly 
into lymphatic channels for removal.78 Fluid that abnor-
mally accumulates within the pleural space is derived 
from the lung through the visceral pleura and absorbed 
almost entirely through the parietal pleura system 
(Figure 5-20). Protein content and increased cellular 
components in the accumulated pleural fluid are often 
useful in determining disease etiology.79

The normal pleura is a thin translucent membrane 
consisting of five layers: (1) the mesothelium composed 
of flattened mesothelial cells joined primarily by tight 
junctions; (2) a thin layer of submesothelial connective 
tissue; (3) a superficial elastic tissue layer, (4) a second 
loose subpleural connective tissue layer rich in arter-
ies, veins, nerves, and lymphatics; and (5) a deep fibro-
elastic layer attached to underlying lung parenchyma, 
chest wall, diaphragm, or mediastinum.80 Long slender 
microvilli present on the mesothelial surface facing 
toward the pleural space provide an increased surface 
area for the release of hyaluronic acid into the pleural 
fluid and do not appear to play any resorptive role.80 
Visceral pleura mesothelial cells have more microvilli 

than mesothelial cells of the parietal pleura at similar 
intrathoracic levels.

The pleural space plays a vital role in ventilation. 
In healthy individuals, the pleural space conjoins the 
natural outward movement of the chest wall to that 
of the natural inward movement of the lungs via two 
mechanisms. First, the potential space’s relative vacuum 
sustains the visceral and parietal pleurae’s extreme un-
interrupted adherence. Second, the minute amount of 
pleural fluid serves as the lubricant to facilitate the nor-
mal physiologic sliding motion of both pleural surfaces 
against each other during inspiration and expiration. 
The small volume of fluid is maintained via a delicate 
balance of hydrostatic and oncotic pressure and periph-
eral sulcal lymphatic drainage.81 Primary disease of the 
pleura is relatively uncommon compared to secondary 
involvement affecting the pleura, yet most disorders 
manifest by fostering fluid accumulation.

Fluid in the Pleural Space
A pleural effusion, an excessive accumulation of fluid 
in the pleural space, indicates an imbalance between 
pleural fluid formation and removal. Accumulation of 
pleural fluid is not a specific disease, but rather a reflec-
tion of underlying pathology. Pleural effusions accom-
pany a wide variety of disorders of the lung, pleura, and 
systemic disorders.79 Hemothorax results from blood in 
the pleural space typically caused by either a blunt or a 
penetrating chest injury. It is distinguished by a hema-
tocrit of at least 50% that of the individual’s blood.

Diagnosis/Definition
In the normal individual, resorption of pleural fluid 
maintains pace with pleural fluid formation, so fluid 
does not accumulate. An abnormal accumulation of 
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FIGURE 5-20 Schematic diagram of normal filtration and resorption of fluid in pleural space. The solid arrow shows the filtration of fluid from 
parietal pleural microvessels into the pleural space. The arrowhead indicates the removal of fluid through stomata and into parietal pleural 
lymphatics. Dashed arrows indicate a minor role for filtration and resorption of fluid by visceral pleural microvessels.
Adapted from Pistolesi M, Miniati M, Giuntini C. Pleural liquid and solute exchange. Am Rev Respir Dis. 1989;140:825–847.
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fluid within the pleural space caused by an intrinsic 
abnormality of the pleura (associated with exudative 
effusion), an imbalance in oncotic or hydrostatic pres-
sures (associated with a transudative effusion), or ex-
travascular fluid such as cerebrospinal fluid, urine, bile, 
chyle, or blood enters the pleural space. Not only should 
chest disease be considered a cause of pleural effusion, 
but diseases of organs below the diaphragm (splenic 
infarction), systemic diseases (systemic lupus erythe-
matosus), and diseases of the lymphatic system must be 
considered in the appropriate clinical setting. Effusions, 
therefore, represent a common manifestation of both 
intrathoracic and systemic diseases.

Changes in hydrostatic and oncotic forces in the 
chest favor the accumulation of ultrafiltrates of plasma 
within the pleural space.82 This fluid is transudative. 
Transudative pleural effusions can also be caused by 
the movement of fluid from peritoneal spaces or by 
iatrogenic infusion from misplaced or migrated cen-
tral venous catheters or nasogastric feeding tubes. 
Exudative pleural effusions primarily result from struc-
tural breakdown or increased vascular permeability.82 
This occurs in malignant effusions resulting from tumor 
invasion of the pleura, infection, and a multiplicity of 
inflammatory conditions that often require extensive 
evaluation and treatment. Increased pleural perme-
ability may result from pleural or lung inflammation, 
impaired lymphatic drainage of the pleural space, or 
trans-diaphragmatic movement of inflammatory fluid 
crossing the peritoneal space. Recognition of manifesta-
tions of disorders in patients who present with pleural 
effusions may be helpful in narrowing the differential 
diagnosis of an exudative effusion.

In many patients with pneumonia, a sterile simple 
parapneumonic effusion develops in the pleural space. 
If this pleural effusion becomes infected, it is labeled 
a complicated parapneumonic effusion, whereas the 
presence of frank pus in the pleural space defines an 
empyema.83 An empyema represents the end stage of a 
complicated parapneumonic effusion and essentially al-
ways requires chest tube drainage. Contamination of the 
pleura and pleural space can occur from disease arising 
in the ipsilateral lung from trauma and vascular dissem-
ination. Direct pleural contact with other structures also 
directly affects contiguous susceptibility to infection. 
Every class of infectious organism (or contagion) can 
cause pleural infection as well as produces a fiber-filled 
exudate. Parietal pleura overlying the diaphragm and 
chest wall is relatively resistant to infection penetration, 
whereas the parietal pleura that overlies the mediasti-
num is easily penetrated by invading organisms.84

Clinical Signs and Symptoms
Individuals who develop pleural effusion may be as-
ymptomatic with the chest radiograph comprising the 

only clue. Dyspnea and discomfort are the most com-
mon symptoms associated with pleural effusion and 
predominately attributed more to the distortion of the 
diaphragm and chest wall occurring during respiration 
rather than to hypoxemia.81 These complaints gener-
ally begin abruptly and are more likely to be expressed 
in persons with a large effusion and normal lungs, and 
in individuals with small- to moderate-size effusion 
coupled with underlying lung disease.

While drainage of the pleural fluid often alleviates or 
partially relieves symptoms in many individuals, limited 
benefit may be seen in gas exchange. Underlying lung 
or heart disease, obstructing endobronchial lesions, or 
diaphragmatic paralysis can also cause or increase dys-
pnea, especially after coronary artery bypass surgery. 
These comorbidities may be recognized following pleu-
ral fluid removal on follow-up chest radiographs.

Less common symptoms of pleural effusions in-
clude mild nonproductive cough. A more severe cough 
accompanied by production of purulent or bloody 
sputum suggests underlying pneumonia or endobron-
chial lesion.

The chest pain associated with pleural effusion is 
caused by pleural inflammation of the parietal pleura 
resulting from movement-related friction between 
the two pleural surfaces. Pleuritic chest pain may be 
localized or referred. The pain is typically sharp and is 
exacerbated by movement of the pleural surfaces, as 
with deep inspiration, soughing, and sneezing. The pain 
eases with strapping of the chest.79 Pleuritic chest pain 
suggests an inflammatory pleural process or the possi-
bility of pulmonary embolism, whereas systemic mani-
festations presenting as fever, weight loss, and inanition 
are by and large more suggestive of infection such as 
empyema. Continuous chest wall pain may reflect chest 
wall invasion by bronchogenic carcinoma or malignant 
mesothelioma, especially when combined with a com-
patible history.85

Pleural effusions with less than 300 mL typically 
manifest no clinical signs or symptoms. Physical find-
ings usually manifest after pleural effusions exceed  
300 mL (Table 5-3).

Symptoms of empyema may vary in severity and are 
often quite nonspecific and confounded by host factors. 
Features such as host immunity, concurrent medical 
treatment, and associated disease processes may af-
fect the clinical presentation. Signs and symptoms that 
are considered common but not always present with 
pulmonary empyema include fever usually not more 
than 102°F, cough, pleuritic chest pain, sweating, and 
shortness of breath.83 Empyema may also subacutely 
present with anorexia, fatigue, weight loss, malaise, 
and low-grade fever.83 Chronically ill patients, as well 
as individuals on steroids or other immunosuppres-
sive agents, may remain afebrile despite the presence of 
infection.
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Etiology
Patient history provides information about the possible 
etiology of pleural effusion and guidelines for necessary 
investigations. For example, a history of pneumonia 
suggests parapneumonic effusion, empyema or uncom-
plicated. Fever indicates an infective etiology. A history 
of cardiac, renal, or liver impairment can suggest tran-
sudative effusion. See Box 5-8.

Common causes of empyema include a parapneu-
monic effusion that has become infected (about 50% 
of all empyemas); penetrating chest trauma; undrained 
hemothoraces, including those secondary to blunt chest 
trauma; and contamination of a wound during proce-
dures such as needle decompression, chest tube place-
ment, thoracentesis, or thoracic surgery.83 See Box 5-9.

Epidemiology
The estimated incidence of pleural effusion in the United 
States is 1.5 million cases per year, with most effu-
sions caused by congestive heart failure (CHF), bacte-
rial pneumonia, malignancy, and pulmonary emboli.81 
 Malignant pleural effusion (MPE), a sign of advanced 
cancer, affects an estimated 150,000 people each year in 
the United States and over 100,000 people in Europe.87

The estimated prevalence for pleural effusion 
is 320 cases per 100,000 people in industrialized 

Assessment Findings Indication

Inspection Peripheral edema CHF
Nephrotic syndrome
Pericardial disease
Yellow nail syndrome

Distended neck veins CHF

Digital clubbing Long-standing empyema

Palpation Asymmetrical or delayed chest expansion Delayed expansion on the side of the effusion

Mediastinal shift away from the effusion Effusion >1000 mL

Trachea and mediastinal shift toward the side of the 
effusion

Lobar bronchial obstruction (malignancy or foreign body 
obstruction)

Decreased tactile fremitus Location of pleural effusion

Percussion Dullness to percussion Fluid surrounding the lungs
Location of pleural effusion

Auscultation Diminished or inaudible breath sounds Either fluid or air around the lungs
Location of pleural effusion

Pleural friction rub Pleural inflammation

Egophony (E-to-A change in voice sound on auscultation) Enhanced transmission of high-frequency sound through fluid

TABLE 5-3
Physical Findings for Pleural Effusion/Empyema81,83

countries.81 Overall rates of parapneumonic empy-
ema in the United States are estimated at 6 cases per 
100,000.83 The rate for individuals at the extremes  
of age is higher.

Nearly two-thirds of MPEs  occur in women, 
which are associated with breast and gynecological 
malignancies. Because pleural effusion is usually the 
manifestation of an underlying disease process, racial 
differences most likely reflect racial variation in the 
incidence of the causative disorder.81 Pleural  effusions 
associated with systemic lupus erythematosus is spe-
cifically more common in women than in men. In the 
United States, the incidence of pleural effusion in  
the setting of malignant mesothelioma is higher 
in men.88

Most empyemas are complications of pneumonia, 
but up to 20% are secondary to iatrogenic causes, in-
cluding but not limited to thoracic surgeries, chest tube 
insertion, or thoracentesis. Three percent of empy-
emas are estimated to occur as complications of chest 
trauma.83

Pathology/Pathophysiology
Factors determining the accumulation of fluid within 
the pleural space include: (1) increased oncotic 
pressure of pleural fluid, pleural microcirculation 
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BOX 5-8 Causes of Pleural Effusion79,81

Transudative Pleural Effusion

 � Ascites

 � Cerebral spinal fluid leak to the pleural space

 � CHF

 � Hypoproteinemia

 � Nephrotic syndrome

 � Superior vena cava obstruction

 � Urinothorax (retroperitoneal leakage of urine into 
the pleural space)

Exudative Pleural Effusion

 � Connective tissue disorders

 y Rheumatoid arthritis

 y Systemic lupus erythematosus

 � Infectious

 y Bacterial

 y Parasitic

 y Tuberculosis

 y Viral

 � Malignancy

 y Primary cancer

 y Metastatic cancer

 � Immunological

 y Post-cardiac injury syndrome

 y Sarcoidosis

 y Wegener granulomatosis

 � Gastrointestinal related

 y Abscess

 y Complicated amebic abscess of liver

 y Esophageal perforation

 y Hematoma

 y Hepatitis related

 y Infarction

 y Pancreatitis

 y Spleen related

 � Inflammatory

 y Asbestos related

 y Meigs syndrome

 y Post-abdominal surgery

 y Postpartum

 y Pulmonary embolism

 y Trapped lung

 � Iatrogenic

 y Drug induced (e.g., amiodarone, nitrofurantoin)

 y Enteral feeding tube misplacement

 y Esophageal sclerotherapy

BOX 5-9 Common Microorganisms 
Causing Empyemas83,86

Aerobic gram-negative bacilli
Bacteroides species
Clostridium
Enteric gram-negative bacilli
Escherichia coli
Fusobacterium nucleatum
Peptostreptococcus species
Prevotella species
Pseudomonas species
Staphylococcus aureus
Streptococcus pneumoniae

permeability, and lymphatics; (2) pleural microcircula-
tion permeability; (3) systemic and pulmonary venous 
pressures; (4) any process obstructing lymphatic drain-
age; (5) diaphragmatic defects as well as enhanced 

trans-diaphragmatic lymphatic flow; and (6) increased 
negative pressure in the pleural space (with pulmonary 
atelectasis).79 Fluid can accumulate in the pleural space 
under pathologic conditions that disrupt the process 
that typically allows around 90% of accumulated fluid 
in the pleural space to be drained by the vascular sys-
tem. The remaining 10% is absorbed by the lymphat-
ics. An abnormality in the delicate balance that exists 
between the oncotic and hydrostatic pressures of the 
pleural space will alter the filtration and drainage of 
pleural fluid.

Lymphatic drainage from the parietal pleura can 
significantly exceed the rate of fluid filtration in the 
pleural space.89 Abnormal chest wall and diaphrag-
matic movements can impair the absorption of pleural 
fluid by the vascular and lymphatic vessels. Exces-
sive filtration of fluid can overwhelm these efficient 
absorptive mechanisms and lead to the formation of 
pleural effusion. Diseases that adversely affect the 
filtration of pleural fluid result in transudate forma-
tion that is observed in disorders such as in CHF and 
nephrosis.79 The systemic nature of the causative dis-
orders such as inflammation or injury, on the other 
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hand, increases pleural membrane permeability to 
proteins and various types of cells, leading to the for-
mation of exudative effusion.89

In 5–10% of patients with a pleural effusion, the  
effusion becomes infected and neutrophils build up.83 
This inflammatory response also causes the produc-
tion of chemokines, cytokines, oxidants, and protease 
mediators.

This more complicated parapneumonic effusion re-
quires both antibiotics and some form of surgical drain-
age or alternative treatment modality to remove the 
purulent effusion. In these more complicated effusions, 
decreased fibrinolysis and activation of the coagulation 
cascade lead to the production of fibrin with subsequent 
adhesions and loculated fluid collections. This process 
ultimately can cause pleural fibrosis and a permanent 
impairment of lung expansion.83

Complications
Pleural effusions compromise lung function by pre-
venting its full expansion for breathing. If the effusion 
is long-standing, associated lung scarring can occur, 
resulting in a permanent decrease in lung function. 
Pleural fluid that remains present within the pleural 
space for a prolonged period is also at risk for becoming 
infected and forming empyema.

An untreated empyema can spontaneously burrow 
through the parietal pleura and present with a spon-
taneous abscess. This rare complication is known as 
empyema necessitans. This complication was more 
common in the pre-antibiotic era.90

Complications arising from diagnostic thoracentesis 
as well as chest tube placement include mispositioning 
of the catheter or chest tube in the lung parenchyma 
often within the lobar fissure, under the diaphragm, or 
subcutaneously. Bleeding, as well as hemoptysis, from 
lung puncture may sometimes occur along with risks 
associated with anesthesia. Clotting, kinking, or dis-
lodgement of the chest tube may require replacement. 
Patients may develop reexpansion pulmonary edema 
or hypotension after rapid removal of large volumes of 
fluid. Subcutaneous emphysema can occur with tube 
manipulation as well as infection of residual pleural 
fluid or recurrent effusion. Pulmonary or diaphragmatic 
laceration is a possibility with an invasive procedure as 
well as the rare injury or perforation of other structures 
such as liver or spleen. Vasovagal syncope causing a 
sudden loss of consciousness from decreased cardiac 
output, peripheral vasodilation, and bradycardia as-
sociated with vagal activity may also complicate pleural 
fluid removal.

Diagnostic Testing
The presence of an effusion is usually confirmed by 
standard chest radiographs. Freely flowing pleural ef-
fusions of approximately 200 mL are usually apparent 

as blunting of the costophrenic angle79 (Figure 5-21) or 
as a crescent-shaped attenuating area79 (Figure 5-22) 
in the dependent portion of the hemithorax on upright 
posteroanterior chest radiographs. This occurs because 
the lung-effusion interface has an upward concave con-
figuration due to the recoil tendency of the lung.

Chest radiographs taken in the patient’s supine 
position in contrast to upright films generally display 
significant pleural effusions as a homogenous increase 
in density over the lower lung fields (Figure 5-23). 
 Elevation of the hemidiaphragm, lateral displacement of 
the dome of the diaphragm, or an increased density be-
tween the left hemidiaphragm and the gastric air bubble 
suggest a subpulmonic positioning of the effusion. 
Loculated effusions as well as underlying lung disease 
may also alter or displace the typical chest x-ray pattern 
of fluid layering. A lateral decubitus view of the chest 
obtained with a horizontal x-ray beam is the most sensi-
tive radiographic projection for detecting smaller pleu-
ral effusions as little as 50 mL.79 Layering of an effusion 

FIGURE 5-21 Chest radiograph of a left-sided pleural effusion 
showing the blunting of the costophrenic angle (yellow arrow).
© Sopone Nawoot/iStock/Getty Images.

FIGURE 5-22 A right-side pleural effusion showing the crescent-
shaped attenuating area.
© stockdevil/iStock/Getty Images.
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FIGURE 5-23 (A) Upright chest radiograph showing a right pleural 
effusion (arrows). (B) Right lateral decubitus film of the same patient 
in (A) shows that the effusion is free flowing and provides better 
quantitation of the size of the effusion.
Reproduced from Erkonen W, Smith W. Radiology 101: The Basics And Fundamentals Of 
Imaging. 3rd ed. Philadelphia: Wolters Kluwer; 2010:24 (Figure 2-17).

(B)

(A)

FIGURE 5-24 (A) Frontal chest radiograph of a patient with an 
empyema. (B) Lateral view of the same patient.
Case courtesy of A.Prof Frank Gaillard, Radiopaedia.org, rID: 15390.

(B)

(A)

reliably defines a freely flowing effusion, and a fluid 
accumulation approximately 1 cm thick generally indi-
cates an effusion of greater than 200 mL. The inability of 
an effusion to layer on lateral decubitus films suggests 
the possibility of loculated pleural fluid or some other 
etiology causing the increased pleural density.

A chest radiograph of an empyema can resemble that 
of a pleural effusion and can mimic a peripheral pul-
monary abscess. Generally, empyemas form an obtuse 
angle with the chest wall and, due to their lenticular 
shape, are much larger in one projection (e.g., frontal 
chest radiograph) compared to the other (e.g., lateral)91 
(Figure 5-24).

Ultrasonography or CT can confirm a pleural effu-
sion or empyema especially in cases where the fluid is 
loculated, there is complete opacification of hemitho-
rax, or when associated lung parenchymal or medias-
tinum abnormalities (such as the presence of a mass or 
lymphadenopathy).79 These modalities can also detect 
thickened pleura or signs of invasion of underlying or 
adjacent structures. CT scanning in empyema with con-
trast material enhances the pleural surface and thereby 
assists in delineating pleural fluid loculations. The chest 
CT may also aid in detecting airway or parenchymal 
abnormalities such as endobronchial obstruction or the 
presence of lung abscesses. Ultrasound has a major role 
in enabling targeted thoracentesis.

Patients with pulmonary effusion usually present 
with dyspnea and chest discomfort that may cause mild 
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protein content, and cell count. Light’s diagnostic cri-
teria are most commonly used to differentiate between 
transudative and exudative effusions. According to this 
method, an exudative effusion is diagnosed if one or 
more of three criteria are satisfied82 (Table 5-4).

Pleural fluid pH can be especially helpful in para-
pneumonic effusions because a low pleural fluid pH 
level is more predictive of complicated effusions than a 
low pleural fluid glucose level. Other factors are help-
ful in the differential determination of the type of fluid 
in the pleural space. See Box 5-10. There is increasing 

tachypnea and hyperventilation. Hypoxemia with or 
without increased PCO2 may be seen on ABG analysis 
associated with pleural effusion results from an intra-
pulmonary shunt caused by compression of the lungs, 
V/Q perfusion mismatch, and underlying lung disease. 
The drainage of a pleural effusion unfortunately does 
not always improve gas exchange. Pleural fluid pH can 
be useful diagnostically with various exudative fluids 
when combined with additional diagnostic testing as 
well as when determining therapeutic strategies in para-
pneumonic effusions. A low pleural fluid pH of <7.30 in 
the setting of a normal arterial pH essentially narrows 
the differential diagnosis of exudative effusions to in-
clude empyema, complicated parapneumonic effusion, 
chronic rheumatoid pleurisy, esophageal rupture, malig-
nancy, tuberculous pleurisy, and lupus pleuritis.  
In cases where the pleural fluid pH is less than 7.0, 
drainage of the pleural cavity is necessary, and pleural 
lavage is needed if the purulence is strong.82

Laboratory testing of pleural fluid rarely provides 
a specific diagnosis; however, when combined with a 
detailed patient history, physical examination, and ap-
propriate chest x-ray or CT scan studies, the diagnostic 
value of pleural fluid testing is significantly enhanced. 
Initial pleural fluid analysis may be definitively or pre-
sumptively diagnostic in 80% of patients with effusion 
and is valuable clinically in about 90% of cases. Thora-
centesis followed by pleural fluid analysis is performed 
on new and unexplained pleural effusions when suf-
ficient fluid is present to allow a safe procedure and no 
other contraindications exist.

Initial pleural fluid characteristics may be extremely 
valuable in determining the appropriate testing. Most 
transudates are non-odorous, clear, non-viscous, and 
straw colored. While the gross appearance of some 
exudates may be clear, straw colored, and non-viscous, 
generally most cases involving exudative fluid may be 
odorous, turbid, milky, colored, viscid, or sometimes 
bloody in appearance. Putrid-smelling effusion is sug-
gestive of anaerobic bacteria and purulent fluid should 
prompt Gram stain and appropriate culture studies.  
An ammonia odor suggests urinothorax, whereas a very 
viscous fluid (either clear or bloody) is characteristic of 
mesothelioma. Bloody fluid, on the other hand, suggests 
many potential causes, including malignancy, trauma, 
pulmonary embolism with infarct, and asbestos.

The differentiation between pleural fluid transudates 
and exudates is an important laboratory diagnostic 
starting point in the analysis of pleural fluid. Causes of 
transudative effusions represent hydrostatic and oncotic 
pressure imbalances in persons with normal pleural 
membranes, and characteristically have a low specific 
gravity, protein content, and cell count. Exudates occur 
more frequently and are associated with a multitude 
of diseases, including infection, inflammation, malig-
nancy, and lymphatic abnormalities. Exudative fluids, in 
contrast to transudates, involve abnormal pleural mem-
branes and are associated with a high specific gravity, 

Parameters Normal
Criteria for 
Exudative Effusion

Protein Pleural fluid protein/
serum protein >0.5

Total serum 
protein

6–7.8 g/dL

Pleural fluid 
protein

1–2 g/dL

Lactate dehydrogenase (LDH) Pleural fluid LDH/
serum LDH >0.6

Serum LDH 60–160 U/L

Pleural fluid LDH 0–1,000 U/L

Upper limits of 
normal Serum 
LDH

222 U/L Pleural fluid LDH 
>2/3 serum LDH 
upper limits of 
normal

Note: At least one or more of the findings needs to be met to be considered 
an exudative effusion.

TABLE 5-4
Light’s Criteria for Exudative Effusions82,92

BOX 5-10 Pleural Fluid Findings 
Suggestive of an Empyema or 
Parapneumonic Effusion83

 � Grossly purulent pleural fluid

 � pH <7.2

 � White blood cell count >50,000 cells/µL  
(or polymorphonuclear leukocyte  
count = 1,000 IU/dL)

 � Glucose <60 mg/dL

 � Lactate dehydrogenase >1,000 U/mL

 � Positive pleural fluid culture

Modified from Ward M. Empyema and abscess pneumonia: back-
ground,  pathophysiology, epidemiology. Emedicinemedscape-
com. 2015. https://emedicine.medscape.com/article/807499 
-overview#a5. Accessed June 17, 2018.
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evidence that tumor necrosis factor (TNF)–alpha 
may be used to help determine whether a pleural ef-
fusion is a complicated parapneumonic effusion or an 
empyema.93

In 25% of cases, pleural effusion results from malig-
nant disease. In another 20–40% of cases, biochemical 
testing, bacteriological examination, and pathological 
cytology of the pleural fluid fail to identify any underly-
ing cause of disease. In such cases, either cytology is 
repeated, or a pleural biopsy is performed.82

Additionally, helpful tests to assess the patient in-
clude pulse oximetry, to assess oxygenation, and ABG 
analysis, to assess oxygenation and ventilation. Tissue 
sampling via closed pleural biopsy for histological as-
sessment is performed in some cases and can reveal 
granulomas of tuberculosis or tumor cells from malig-
nant processes.94

Treatment and Management
Treatment of the underlying disease is the principle 
therapy for fluid in the pleural space. Emergency proce-
dures are required when there is a large amount of fluid, 
when breathing is impaired, when cardiac function is 
compromised, or when pleural bleeding resulting from 
external injury cannot be controlled. Drainage of the 
pleural space is instituted promptly in cases of acute 
thoracic empyema.82 If the initial thoracentesis reveals a 
complicated parapneumonic effusion with pleural fluid 
pH <7.20 or a glucose level ≤40 mg/dL, an immediate 
chest tube thoracostomy placement is required. Chest 
tube insertions for complicated effusions must be done 
under imaging guidance as the added cost for the pro-
cedure is expected to be more than compensated by the 
increased success of drainage.84

Only in few specific circumstances is a thoracentesis 
not warranted; for example, if there is a strong suspicion 
of heart failure as a cause of the effusion(s), then a trial 
of medical therapy for heart failure can be done prior to 
a thoracentesis.84

The palliation of dyspnea in persons with recurrent 
malignant fluid accumulation is an important therapeu-
tic goal. The instillation of agents such as talc, tetracy-
cline, doxycycline, or bleomycin into the pleural space 
(sclerotherapy) following chest tube drainage may be 
effective in fusing the pleura (pleurodesis) and prevent-
ing the recurrence of the effusion. The type of malig-
nancy involved, however, directly influences the success 
of pleurodesis regardless of the sclerosing agent used 
with mesothelioma and lung cancer particularly prone 
to failure.82,95

Prognosis
Prognosis varies in accordance with the underlying 
disorder and subsequent response to directed therapy. 
The outcome in malignant effusions invariably carries 
a very poor prognosis with survival typically measured 

in months. While management in malignant effusion 
is primarily palliative, therapeutic options including 
thoracentesis, tube thoracostomy, chemical pleurode-
sis, and thoracoscopic powder poudrage can result in 
a significant response.85 Parapneumonic effusions, on 
the other hand, when recognized and treated promptly, 
normally resolve without significant consequence. Most 
patients recover, but the mortality rate for parapneu-
monic effusions and empyema remains at approximately 
10%. Approximately 15–25% of patients require surgi-
cal intervention, including decortication and/or open 
drainage procedure.96

Air in the Pleural Space
Pneumothorax is a relatively common disorder involv-
ing the abnormal presence of air or gas within the pleu-
ral space. Pneumothorax is traditionally referred to as 
spontaneous when it occurs in the absence of indirect 
or intentional trauma in an individual with or without 
the presence of pleural or lung disease. Normal intra-
pleural pressure is negative (less than atmospheric pres-
sure) because of inward lung and outward chest wall 
recoil. In pneumothorax, however, air enters the pleural 
space from outside the chest or from the lung itself via  
a virtual check-valve-like mechanism through medias-
tinal tissue planes or direct pleural perforation causing 
intrapleural pressure to increase and lung volume  
to decrease.

Definition/Diagnosis
Spontaneous pneumothoraces can be divided into pri-
mary or idiopathic form that occurs in persons without 
a previous underlying lung disease and a secondary 
form occurring in individuals with a known underly-
ing lung disease.97 Other forms of pneumothorax that 
are sometimes separately described include catamenial, 
 iatrogenic, traumatic, and tension pneumothorax.

A spontaneous pneumomediastinum refers to the 
presence of free air (extraluminal gas) in the mediasti-
num that happens without traumatic injury or known 
underlying disease, resulting from alveolar rupture.  
A secondary pneumomediastinum, on the other hand, 
refers to free air introduced into the mediastinum fol-
lowing medical procedure complications or trauma, 
commonly occurring following perforation of the tra-
cheobronchial tree or esophagus, or gas leaking into the 
thorax from the neck, chest wall, or abdomen.98

Clinical Signs and Symptoms
The main symptoms of pneumothorax and pneumo-
mediastinum are chest pain and dyspnea, which usu-
ally begin abruptly. Pneumomediastinum can manifest 
with variable signs and symptoms. The severity of 
the symptoms depends on the volume of air and the 
degree of the underlying disease. Box 5-11 shows 
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some common physical signs of pneumothorax and 
pneumomediastinum.

A small amount of air in the pleural space may not 
manifest with any symptoms and have a normal physi-
cal exam. The triggering factors for pneumomediasti-
num include precipitating factors such as the Valsalva 
maneuver, illicit drug ingestion, vigorous vomiting 
or cough, or activities leading to barotrauma (e.g., 
scuba diving, flying). A forceful cough from asthma 
is one of the most common triggers of spontaneous 
pneumomediastinum.99

Etiology
In some cases of pneumothorax, air enters the in-
trapleural space without preceding trauma and 
without an underlying history of lung disease. This 
type of pneumothorax is commonly referred to as 
primary spontaneous pneumothorax (PSP). There are 
times when a pneumothorax is diagnosed as PSP; how-
ever, the patient has subclinical lung disease that can be 
detected only by CT scanning. These patients are typi-
cally between the ages of 18 and 40 years, tall, and thin 
and often smoke tobacco.97

BOX 5-11 Common Physical Signs of 
Pneumothorax (Non-tension) and 
Pneumomediastinum97,98

Pneumothorax
 � Respiratory distress

 � Tachypnea

 � Asymmetric lung expansion (less expansion of 
the affected side)

 � Distant or absent breath sounds of the affected 
area

 � Hyperresonance on percussion (over the affected 
side)

 � Adventitious lung sounds

 � Tachycardia

 � Pulsus paradoxus
Pneumomediastinum

 � Dyspnea

 � Fever

 � Dysphonia

 � Throat pain

 � Jaw pain

 � Subcutaneous emphysema

 � Hamman sign (crunching, rasping sound, syn-
chronous with the heartbeat, heard over the 
precordium)

Secondary spontaneous pneumothorax (SSP) occurs 
in people with a wide variety of parenchymal lung dis-
eases. These lung diseases cause structural alterations 
that allow air to enter the pleural space via distended, 
damaged, or compromised alveoli. Iatrogenic pneumo-
thorax is a type of traumatic pneumothorax resulting 
from pleural injury.97 In this type of pneumothorax, 
air enters the pleural space because of a diagnostic or 
therapeutic medical intervention. Pneumomediastinum 
may occur spontaneously or because of trauma.

Epidemiology
Pneumothorax is estimated to occur in more than 
20,000 individuals in the United States and cost over 
$130 million annually in added healthcare expenses. 
The estimated annual incidence of PSP is between  
7.4–18 cases per 100,000 persons in men and 1.2–6 
cases per 100,000 persons in women, while the incidence 
estimate of SSP is 6.3 cases per 100,000 persons annu-
ally in men and 2 cases per 100,000 persons annually 
in women.97 While difficult to accurately determine, 
it is likely that the incidence estimates for spontane-
ous pneumothorax are underestimated. PSP occurs 
less commonly in children than in adults. Chronic 
obstructive pulmonary disease (COPD) involving pri-
marily emphysema is the most common cause of SSP 
and carries an estimated incidence of approximately 
26 cases per 100,000 persons.

Spontaneous pneumomediastinum typically occurs 
in young, healthy individuals with no serious underlying 
pulmonary disease who are between 20 and 40 years of 
age. There is a slight predominance for males.97

Pathology/Pathophysiology
Spontaneous pneumothorax occurs mostly from the 
rupture of blebs and bullae. This is thought to be related 
to increased shear forces in the apex (apical pleural 
blebs), especially in tall, young people without paren-
chymal lung disease. Spontaneous pneumomediastinum 
occurs when air leaks through small alveolar ruptures to 
the surrounding bronchovascular sheath.98 Air escapes 
into the surrounding connective tissue and dissects 
further into the mediastinum. Less commonly, pneumo-
mediastinum results from air escaping from the upper 
respiratory tract, intrathoracic airways, or gastrointes-
tinal tract (e.g., esophageal perforation). Esophageal 
trauma or elevated airway pressures may also allow air 
to dissect into the mediastinum. Air may then travel 
superiorly into the visceral, retropharyngeal, and sub-
cutaneous spaces of the neck, and can then continue 
throughout the body.

Risk Factors
Risk factors for PSP, SSP, and pneumomediastinum are 
listed in Box 5-12.
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Complications
Complications can take place in all forms of pneumo-
thorax and are usually categorized as being either acute 
or long term. Acute complications include air leaks 
due to continued leakage of air from the lung into the 
pleural space or air leaking around the chest tube inser-
tion site, and are more common in secondary than in 
PSP. Failure of the lung to reexpand may complicate 
pneumothorax from a persistent air leak, an endobron-
chial obstruction, a trapped lung, or a mispositioned 
chest tube. Reexpansion pulmonary edema may occur 
when the lung is rapidly expanded following a relatively 
 extended collapse. Other associated difficulties include 
 bilateral pneumothorax, hemothorax, empyema, or 
acute respiratory failure. Problems that more likely oc-
cur for a long term include persistent pneumothorax 
(failure of the lung to reexpand) and pneumothorax 
recurrence. In most cases of complications for pneu-
momediastinum, the movement of air into the subcu-
taneous tissues prevents the buildup of pressure in the 
mediastinum. Occasionally, air leaks into the pericardial 
space, causing pneumopericardium.98

Diagnostic Testing
Standard radiographic findings in pneumothorax are 
dependent on the presence or absence of coexisting 
lung disease and tension pneumothorax. The chest x-ray 

BOX 5-12 Risk Factors for Pneumothorax and Pneumomediastinum97,99

Primary Spontaneous Pneumothorax

 � Smoking

 � Tall, thin stature in a healthy person

 � Marfan syndrome

 � Pregnancy

 � Familial pneumothorax

Secondary Spontaneous Pneumothorax

 � COPD

 � Asthma

 � Human immunodeficiency virus/acquired  
immunodeficiency syndrome

 � Necrotizing pneumonia

 � Tuberculosis

 � Sarcoidosis

 � Cystic fibrosis

 � Bronchogenic carcinoma or metastatic  
malignancy

 � Idiopathic pulmonary fibrosis

 � Inhalational and intravenous drug use

 � Interstitial lung diseases associated with connec-
tive tissue diseases

 � Lymphangioleiomyomatosis

 � Langerhans cell histiocytosis

 � Severe acute respiratory syndrome (SARS)

 � Thoracic endometriosis and catamenial 
pneumothorax

 � Collagen vascular disease, including Marfan 
syndrome

Pneumomediastinum

 � Acute generation of high intrathoracic pressures

 � Asthma

 � Respiratory tract infection

 � Parturition

 � Emesis

 � Severe cough

 � Mechanical ventilation

 � Trauma or surgical disruption of the oropharyngeal, 
esophageal, or respiratory mucosa

 � Athletic competition

examination in pneumothorax uncomplicated by under-
ling pulmonary disease or adhesions typically reveals the 
margin of the lung as a thin outwardly convex line sepa-
rating the collapse lung from the chest wall (Figure 5-25).

FIGURE 5-25 Red arrows point to the thin white visceral pleural line, 
which is the single best sign for pneumothorax.
Published with permission from LearningRadiology.com.
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Chapter Summary
The thorax is a body cavity that contains the lungs, 
heart, great vessels, esophagus, trachea, nerves, and 
blood vessels that supply blood to these vital organs. 
Surrounding and protecting these organs is the chest 
wall made up of the rib cage, sternum, spine, respira-
tory muscles, and diaphragm. The lungs are covered by 
a thin, transparent double membrane that is in close 
contact with each other and cover the lungs and inner 
chest wall. Between these two thin flexible layers, there 
is normally about 10 mL of fluid surrounding each lung. 
Alterations of any of these structures can have major ef-
fects on the ability of the respiratory system to operate 
effectively, leading to respiratory distress and possibly 

Patients with mild pneumothorax usually present 
with mild hyperventilation causing ABGs to commonly 
display a lowered Pao2 and Paco2 with an increased 
pH consistent with acute respiratory alkalemia. Mild-
to-moderate hypoxemia (reflecting an increased V/Q 
shunt) is usually dependent on the extent of physi-
ologic impairment. Acute ventilatory failure can result 
from inadequate alveolar ventilation and abnormal 
gas exchange, especially with life-threatening ten-
sion pneumothorax or with significant secondary 
pneumothorax.

ECG findings in pneumothorax characteristically 
reveal decreased QRS amplitude and electrical axis shift 
in addition to tachycardia.100 Electromechanical dis-
sociation may occur in extreme cases, as with tension 
pneumothorax.

Left-sided pneumothoraces greater than 30% are 
often associated with right-axis deviation, diminu-
tion of the QRS complex amplitude, T-wave inversion, 
and loss of R waves in the precordial leads.100 Rarely, 
12-lead ECG findings may be suggestive of acute 
myocardial infarction. Right-sided pneumothorax 
less often produces diminution of precordial chest R 
waves, inversion of precordial T waves, diminution of 
QRS amplitude, and rightward shift in the frontal QRS 
axis.100 In general characteristic changes encountered 
in pneumothorax return to normal with the resolution 
of pneumothorax.

Treatment and Management
The management options are dependent on the sever-
ity of the pneumothorax or pneumomediastinum, the 
predisposing state, and the underlying disease. Persons 
that present with a small, uncomplicated, asymptom-
atic pneumothorax or pneumomediastinum with no 
underlying lung disease present may (1) be monitored 
by careful observation in either the inpatient or the 
outpatient setting only; (2) undergo small-catheter 
pleural aspiration; (3) undergo small chest tube place-
ment attached to a flutter valve (for pneumothorax); or 
(4) undergo chest tube drainage to evacuate the air (for 
pneumothorax).101

More complicated presentations generally require 
chest tube insertion attached to negative pressure 
evacuation and underwater seal. Because recurrences of 
PSPs are common after the initial evacuation treatment 
additional therapy may include chemical pleurodesis, 
open thoracotomy with pleural abrasion, or VAT in 
which blebs are stapled.101 A pleurodesis may be neces-
sary with pleural abrasion, parietal pleurectomy, or talc 
insufflations after recurrence of pneumothorax. The 
use of supplemental oxygen in all cases (spontaneous 
pneumothorax and spontaneous pneumomediastinum) 
causes an increase in the gradient between nitrogen in 
the pleural space and nitrogen in the pleural capillary 
blood, promoting the movement of nitrogen out of the 

pleural space.97,98 When no evidence of re-accumulation 
of air is confirmed on chest radiograph following an 
adequate period of observation, the catheter can be 
removed.

Uncomplicated spontaneous pneumomediastinum is 
managed conservatively with analgesia, rest, and avoid-
ance of maneuvers that increase pulmonary pressure 
(Valsalva or forced expiration, including spirometry). 
Asthma or another underlying lung disease is treated  
as indicated.98

Prognosis
SSP is associated with a higher mortality and morbid-
ity than PSP. The presence of pneumothorax in patients 
with HIV is thought to be an ominous sign and is as-
sociated with poor outcome. Pneumothorax occurs in 
1–2% of hospitalized HIV patients and is associated 
with 30–34% mortality.102 Pneumomediastinum is gen-
erally considered a benign entity of little clinical impor-
tance with good prognosis.103

KNOWLEDGE CHECK QUESTIONS

1. True or False: Decreased absorption of lymph 
fluid can cause a pleural effusion.

2. True or False: The pleura consists of five layers 
of cells.

3. True or False: CHF typically causes an exudative 
pleural effusion.

4. True or False: Empyemas are caused by 
infection.

5. True or False: A spontaneous pneumomedias-
tinum is caused by either chest trauma or an 
underlying pulmonary disease.

6. True or False: Trauma to the esophagus can 
cause a pneumomediastinum.
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failure. These alterations may come from direct trauma 
to the chest wall, chest wall deformities, infectious dis-
eases, CHF, cancer, and other systemic diseases. The 
effects on the respiratory system may be immediate, as 
with chest trauma; may take days or weeks to develop, 
as with infectious diseases; or may take years to de-
velop, as with chest wall deformities. The pulmonary 
effects depend on the severity of these disorders.

Key Points
1. The primary survey for chest trauma consists of 

assessing the airway, breathing, circulation, disabil-
ity, and exposure (ABCDEs of trauma care) of the 
trauma patient looking for life-threatening injuries 
and addressing them immediately upon discovery.

2. The secondary survey for chest trauma is a me-
thodical examination of the respiratory system 
looking for injuries that may have been missed with 
the primary survey.

3. Chest trauma comes in several forms, but the 
 majority are blunt injuries, or penetrating injuries, 
or a combination of both.

4. Chest trauma causes a local inflammatory re-
sponse, and severe or multiple trauma evokes a 
systemic inflammatory response that can lead to 
ARDS and multiorgan failure.

5. Chest wall deformities can lead to respiratory in-
sufficiency by limiting the ability of the chest to 
expand while overworking the diaphragm.

6. Obesity is a form of chest wall deformity because it 
limits chest expansion, decreases chest compliance, 
and increases the work of breathing.

7. Limited movement of the chest wall manifests in 
reductions of lung volumes and appears on PFTs as 
a restrictive defect.

8. Once the type of pleural effusion (exudative, tran-
sudative, parapneumonic, empyema) is determined 
by the drainage and evaluation of the fluid, the un-
derlying disorder causing the disrupted physiologic 
condition can be treated.

9. Transudative pleural effusions are caused mostly by 
CHF.

10. One-quarter of all pleural effusions are due to a 
malignant process; many more go undiagnosed.

Chapter Questions
1. A(An)  can cause the 

trachea to shift away from the affected side, dull 
percussion over the affected side, decreased chest 
expansion of the affected side, and absent or de-
creased breath sounds over the affected side.
a. tension pneumothorax
b. open pneumothorax
c. massive hemothorax
d. pleural effusion

2. Hemorrhaging into the alveolar spaces and disrup-
tion of the alveolar–capillary membrane is typically 
caused by a .
a. hemothorax
b. hemopneumothorax
c. flail chest
d. pulmonary contusion

3. Shifting of the mediastinum away from the af-
fected lung during inspiration and back to 
midline during expiration is caused by a(an) 

.
a. open pneumothorax
b. tension pneumothorax
c. flail chest
d. pneumomediastinum

4. A chest radiograph that shows a wide mediasti-
num, obscured aortic knob, a left apical cap, and 
tracheal deviation to the right is indicative of a 

.
a. pneumomediastinum
b. pneumohemothorax
c. blunt aortic injury
d. flail chest

5. The presence of elevated venous pressure, with a 
decline in arterial pressure and muffled heart tones 
are signs of .
a. pulmonary contusion
b. pericardial effusion
c. pleural effusion
d. cardiac tamponade

6. The anteroposterior deformity of the spine is 
.

a. kyphosis
b. scoliosis
c. ankylosing spondylitis
d. pectus excavatum

7. Transudative pleural effusions can be caused by 
.

a. metastatic lung cancer
b. congestive heart failure
c. connective tissue disorders
d. sarcoidosis

8. Blunting of the costophrenic angle on chest radio-
graph from a pleural effusion requires a minimum 
of approximately  mL of fluid.
a. 50
b. 100
c. 150
d. 200

9. A primary spontaneous pneumothorax occurs 
.

a. during a Valsalva maneuver
b. without preceding trauma or lung injury
c. because of different types of parenchymal lung 

disease
d. from pleural injury
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10. A recurring spontaneous pneumothorax can be 
treated using .
a. permanent chest tube placement
b. pleurodesis with talc insufflation
c. rest and Valsalva maneuver avoidance
d. pneumonectomy
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OBJECTIVES
1. Recognize common characteristics, manifestations, and 

diagnostic features of upper airway obstruction (UAO) 
disorders.

2. Discuss the incidence, prevalence, and risk factors as well 
as prognostic determinants of UAO disorders.

3. Compare vocal cord dysfunction and vocal cord paralysis.
4. Discuss the management objectives for UAO disorders.
5. Identify common complications associated with UAO 

disorders.
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“Listen, are you breathing just a little, and calling it a life?”

—Mary Oliver, Have You Ever Tried to Enter the Long Black Branches?
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Introduction
The upper respiratory tract or upper airway consists 
of the segment between the nose or mouth and the 
carina. This part of the respiratory tract includes the 
conducting nasal passage, pharynx, larynx, and central 
airway. The central airways refer to the trachea and the 
main-stem bronchi. Unlike the lower conducting air-
ways, such as the main, lobar, and segmental bronchi, 
the upper airway has no collateral ventilation. There-
fore, the obstruction of the upper airway or central 
airway is unique in that any obstruction, whether acute 
(occurring within minutes) or chronic (developing over 
weeks or months), may be catastrophic. Clinically sig-
nificant obstruction may occur at any site along the up-
per airway and result in asphyxia and death; recognition 
and treatment can be lifesaving.1

The nasal pathway is considered a part of a dual air-
way conduit along with the oral cavity. Because of their 
parallel arrangement, the mouth and the nose are rarely 
the sites of obstruction except in massive facial trauma.2 
The pharynx has three distinct continuous areas. These 
areas include the nasopharynx region, which occupies 
the portion below the nasal passages and above the soft 
palate of the mouth; the oropharynx, consisting of the 
area between the soft palate and the epiglottis; and the 
laryngopharynx, which extends below the epiglottis to 
the level of the cricoid cartilage (Figure 6-1). The larynx 
has three separate areas, including the supraglottic re-
gion, the glottis, and the subglottic region.

FIGURE 6-1 Upper airway anatomy.
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Case Study
A 41-year-old woman presented to her primary care 
physician for an assessment of progressive breathless-
ness with activity. She is taking inhaled bronchodila-
tors and corticosteroids for several years now without 
noticeable improvement. Her medical history is no-
table for a 1-week of endotracheal intubation and me-
chanical ventilation 9 years earlier following a severe 
head injury. She denies a previous history of smoking 
as well as family or personal history of allergy or 
asthma. Her work and environmental exposure his-
tory is noncontributory. She is complaining of mild 
nocturnal coughing but denied symptoms suggesting 
gastroesophageal reflux.

On physical examination, the patient appears to be 
in no respiratory distress at rest. Her temperature is 
97.5°F, pulse is 94/minute, resting respiratory rate is 
18/minute, and blood pressure is 128/90, and the pa-
tient weighs 140 lb. Her ear, nose, and throat are nor-
mal. A chest examination reveals a biphasic wheeze 

with deep breathing, but her anterior– posterior chest 
radiograph is normal. The abdominal exam is noncon-
tributory. Upper and lower limbs are normal. Office 
spirometry reveals a mild airflow obstruction.

The patient receives a referral for full pulmonary 
function testing. The pulmonary function test-
ing including maximum expiratory–inspiratory 
flow–volume loop studies displayed marked limita-
tion of the inspiratory and expiratory flow rates, con-
sistent with a fixed upper airway obstruction (UAO). 
Her static lung volumes are normal as is her diffusion 
capacity. High-resolution computed tomography 
(HRCT) imaging of the trachea revealed a narrowing 
of the trachea 2.8 cm below the vocal cords. Fiberop-
tic bronchoscopy confirmed a circular fibrous tracheal 
web located 2 cm below the vocal cords. The patient 
received a referral to a thoracic surgeon for surgical 
consideration.

Upper airway obstruction (UAO) includes obstruc-
tion of the mouth through the trachea at the level of 
the carina. The term central airway obstruction (CAO) 
refers to the obstruction of airflow through the trachea 
and main-stem bronchi.1 Lower airway obstruction 
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relates to airflow obstruction in the smaller bronchi and 
is not associated with UAO or CAO.

Definition/Diagnosis
UAO disorders limiting airflow exchange can occur 
subacutely, as a persistent yet slowly progressive process 
over several months. One such subacute UAO is tra-
cheal tumors. UAO can also present as an acute event 
that is potentially fatal. Acute UAO requires immediate 
evaluation and treatment to assure adequate ventila-
tion and oxygenation, as with foreign body aspiration. 
UAO disorders can occur anywhere within the upper 
respiratory tract. However, the larynx has a predilec-
tion for obstruction because the glottis in adults and the 
subglottic region in infants are normally the narrow-
est part of the upper airway. Slowly progressive upper 
airway narrowing may be tolerable and symptom free 
until a critical boundary is reached. In an acute situa-
tion, however, rapid identification of warning signs and 
symptoms is necessary to secure sufficient time for eval-
uation and treatment of the precipitating condition. The 
timing for any medical or surgical interventions is based 
on the clinical status of the affected individual and the 
assessment of the circumstances.

In the unconscious apneic person, airway obstruc-
tion requires immediate determination of airway 
patency. In this situation, airflow must be quickly estab-
lished. The initiation of appropriate resuscitation efforts 
is determined by the absence of airflow and is caused by 
the termination of cardiopulmonary function or airway 
obstruction. In the absence of associated cervical spine 
injury, an airway obstruction resulting from backward 
displacement of the jaw and tongue can be corrected 
by tilting the head backward. This backward head tilt 
extends the neck, separating the posterior pharyngeal 
wall from the base of the tongue. Moving the mandible 
forward with a chin lift opens the pharyngeal airway. 
This sniffing position allows air passage and removal 
of secretions or other substances. If unconsciousness 
persists, endotracheal intubation establishes, protects, 
and maintains airway patency (Figure 6-2). A surgical 
airway, such as tracheostomy, cricothyroidotomy, or 
needle cricothyrotomy, may be necessary under certain 
circumstances.

A diagnosis of complete UAO in a conscious person, 
caused by a foreign body or food bolus lodged in the hy-
popharynx, is often made by an observer witnessing the 
event. In this case, witnesses observe that the affected 
person stops breathing during the process of eating. This 
event is shortly followed by the affected person becom-
ing pale, anxious, and agitated. This situation is accom-
panied by the obvious inability of the victim to voice 
complaint or a cough. The cause of the acute respiratory 
distress, in the outpatient setting, points to an obstruc-
tion of the larynx from a foreign body. For this reason, 
techniques such as the Heimlich maneuver (abdominal 

thrust), a jaw-thrust technique in suspected neck 
trauma, chest thrust, and back blows may be sufficient 
(especially when repeated if not initially dislodged) to 
create an artificial cough to expel the foreign substance 
from the airway (Figure 6-3).

A diagnosis of a partial or incomplete UAO in an 
awake and breathing patient is suspected when an im-
pediment of airflow during breathing is accompanied by 
a history of foreign body aspiration, trauma, or infec-
tion to upper airway structures. These types of situa-
tions cause somewhat less dramatic features than those 
displayed in complete airway obstruction.

FIGURE 6-2 The sniffing position to open the upper airway with the 
neck slightly flexed and the head extended. This position is used for 
intubation.
© Jones & Bartlett Learning. Courtesy of MEMSS.

B

A

FIGURE 6-3 The Heimlich maneuver or abdominal thrust is done to 
clear a foreign body obstruction from the upper airway.
© lukaves/iStock/Getty Images.
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Clinical Signs and Symptoms
Acute UAO typically presents with stridor and dyspnea. 
These patients require immediate assessment so that 
they can be managed expediently with appropriate in-
terventions to secure a safe and stable airway.3 Box 6-1 
lists other clinical signs and symptoms of UAO, both 
acute and subacute.

Symptoms and signs of shortness of breath, cough, 
wheeze, stridor, and voice hoarseness, along with intercos-
tal and supraclavicular muscle retractions, indicate at least 
partial airflow movement. Stridor is an abnormal, high-
pitched sound produced by turbulent airflow through a 
partially obstructed airway at the level of the supraglottis, 
glottis, and/or trachea. Stridor is associated with partial 
obstruction of the upper airway, and represents turbulent 
airflow involving the upper airway, glottis, and trachea. It 
implies a reduction in airway diameter to less than 5 mm 
in an adult. Stridor may be inspiratory, expiratory, or bi-
phasic depending on its timing in the respiratory cycle. In-
spiratory stridor suggests a laryngeal obstruction, whereas 
expiratory stridor implies tracheobronchial obstruction. 
Biphasic stridor suggests a subglottic or glottic anomaly. 
A triad of choking, cough, and wheezing is suggestive of 
foreign body aspiration in children.4

Etiology
The upper airway can be affected by either acute prob-
lems or those following a more subacute or chronic 
course. The causes of UAO disorders are varied. They 
include congenital abnormalities, trauma, infections,  
inflammation, foreign bodies, vocal cord paralysis 
(VCP), tumors, angioedema, and neuromuscular, and 
may be inadvertently caused by medical treatment  
(iatrogenic) (Table 6-1).

Epidemiology
The epidemiology of UAO depends on the cause. Some 
of the well-known UAO disorders include laryngeal  

BOX 6-1 Clinical Signs and Symptoms  
of UAO

Acute UAO Subacute UAO

• Throat constriction
• Panic
• Inability to speak
• Muted or weak cough
• Salivation
• Patient grabbing at throat
• Stridor or no audible 

breath sounds
• Tachycardia
• Hypertension
• Hypercapnia
• Hypoxemia

• Progressive dyspnea
• Dry chronic cough
• Sore throat
• Voice changes
• Orthopnea
• Shortness of breath 

related to position
• Asymmetrical neck bulge
• Paroxysmal nocturnal 

dyspnea
• Gastroesophageal reflux 

symptoms

Category Causes

Angioedema Anaphylactic reactions (e.g., allergic, 
hereditary, drug induced)

Congenital Laryngeal web
Laryngomalacia (LM)
Macroglossia (large tongue)
Micrognathia
Vascular ring
VCD

Foreign bodies Chicken bones, etc.

Iatrogenic Mucous ball from transtracheal catheter
Tracheal stenosis postintubation
Tracheal stenosis post-tracheostomy

Infections and 
Inflammation

Diphtheria
Laryngitis
Ludwig angina
Pharyngitis
Relapsing polychondritis
Retropharyngeal abscess
Sarcoidosis
Suppurative parotitis
Tonsillar hypertrophy
Wegener granulomatosis

Neuromuscular Guillain–Barre polyneuritis
Hypocalcemia
Laryngospasm
Myasthenia gravis
Obstructive sleep apnea
Recurrent laryngeal nerve interruption
Stroke
Tetanus

Trauma Acute laryngeal injury
Airway burns
Facial trauma (mandibular or maxillary 

fractures)
Hemorrhage
Laryngeal stenosis (LS)
Tracheal stenosis

Tumors Laryngeal papillomatosis
Laryngeal tumors (benign or malignant)
Tracheal stenosis

Others VCP
Exercise-induced laryngeal obstruction

TABLE 6-1
Etiologies of UAO in Adults4 

or glottic stenosis, angioedema, vocal cord dysfunction 
(VCD), Ludwig angina, and foreign body aspiration.  
Approximately 15% of patients who are intubated for 
more than 10 days develop some degree of glottic stenosis. 
The reported incidence of subglottic stenosis after intu-
bation is 1–10%. The duration of intubation is the most 
critical factor in the development of stenosis. Congeni-
tal glottic stenosis is a rare disorder, as is congenital 
laryngeal webs.5 The World Allergy Organization states 
that urticaria (hives) and angioedema affect up to 20% 
of the population and estimates that approximately 
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10–20% of the world population may experience at 
least one episode of angioedema during their lifetime.6 
Angioedema affects people of all ages. Individuals who 
are predisposed to angioedema have an increase in the 
frequency of attacks after adolescence, with the peak 
incidence in the third decade of life.6

VCD is observed in up to 10% of patients seeking 
referrals for asthma that is unresponsive to aggressive 
therapy. VCD is predominantly found in females, with 
a female-to-male ratio of approximately 3:1, and in 
people aged 20–40 years.7 Most patients who develop 
Ludwig angina, a life-threatening, soft tissue infection 
of the floor of the mouth and neck, are between the 
ages of 20 and 60 years. This UAO disorder has a male 
predominance, with a male-to-female ratio of 3:1 to 
4:1.8 Foreign body aspiration has a bimodal age distri-
bution. Most incidences occur with children ages  
1–4 years, and then the frequency rises again with 
people over the age of 75 years.9,10

Pathology/Pathophysiology
The sites of UAO include supraglottic, above the true 
vocal cords; intraglottic, involving the true vocal cords; 
or infraglottic, between the vocal cords and the carina. 
UAOs are also divided into intrathoracic and extratho-
racic locations. There are a variety of causes of UAO, 
but fundamentally all lead to an increase in airway resis-
tance and work of breathing and cause breathing to be 
ineffective.

Nasal Passage
Nasal obstructions infrequently cause significant air-
flow limitation and ventilatory impairment due to the 
combined airway pathway through both the nose and 
the mouth. The nasal passages primarily participate 
in nearly all modifications of inspired air, including a 
warming and humidifying function resulting from aero-
dynamic patterns of airflow proximal to the nasal mu-
cosa. When abnormalities exist, nonemergent airway 
obstructions are far more commonly seen. Those disor-
ders that can produce nasal airflow obstruction include 
nasal passage or sinus allergies and infections, nasal 
polyps, nasal tumors or lymphoma, adenoidal hypertro-
phy, and trauma. Any process causing obstruction of the 
nasal passageway and cavities not only compromises the 
air modification processes but also affects the cellular 
defense mechanisms of the nasal mucosa and impairs 
normal drainage from paranasal sinuses.

Pharynx
The muscles of the pharynx are central to efficient lung 
airflow and ventilation because they are responsible 
for helping to maintain open upper airspace for the 
unrestricted passage of air into and out of the lungs. 
The oropharyngeal and hypopharyngeal regions of the 
pharynx serve as a common pathway for both food and 
inspired air. Respiratory control regulates and maintains 

the tone of deglutition muscles (swallowing muscles), 
including the tongue, which prevents the collapse of 
pharynx during inspiration. In unconscious patients, 
the tongue may fall backward, causing UAO.

The oropharynx region of the pharynx is espe-
cially crucial in obstructive sleep apnea because this 
area is more vulnerable to airflow obstruction dur-
ing inspiration. An interrupted loss of pharyngeal 
and tongue muscle tone, especially during periods of 
rapid-eye-movement (REM) sleep, causes a fundamen-
tal modification of pharyngeal muscle tone and reflex 
responses that, in healthy individuals, leads to predict-
able airway narrowing and hypoventilation. In persons 
with already anatomically narrow upper airways, the ef-
fects of sleep are compounded, thus predisposing these 
individuals to inspiratory flow limitation (hypopneas), 
airway closure, and obstructive sleep apnea (Chapter 7). 
Pharyngeal obstruction is caused by various infections 
presenting as abscesses, neoplastic lesions, tonsillar 
enlargement, salivary tumors, traumatic injury, and 
macroglossia.

Larynx
The larynx is that region of the upper airway that con-
nects the pharynx with the trachea. It is composed of 
three single cartilages (thyroid, cricoid, and epiglottis) 
and three paired cartilages (arytenoid, corniculate, and 
cuneiform), which are connected by ligaments and 
moved by various muscles (Figure 6-4). Because of the 
small size opening of the larynx, especially in children, 
this upper airway structure is commonly obstructed 
from infectious causes of inflammation such as those 
responsible for causing epiglottitis and croup. Other 
causes of laryngeal obstruction include foreign body 
aspiration causing partial or complete obstruction; al-
lergic mechanisms (as in angioedema); trauma to the 
larynx; congenital defects; neoplastic changes in the 
larynx, including papillomatosis; and vocal cord anoma-
lies. Post-extubation laryngeal edema may immediately 
result in airway impingement or obstruction following 
removal on an endotracheal tube. Vocal cord move-
ment disorders can cause abnormal laryngeal closure 
and opening, resulting in airway obstruction. This can 
be due to the failure of or the augmented activity of the 
vocal cord adductor muscle function which can disrupt 
normal glottic opening during inspiration and narrow-
ing during expiration. VCP or palsy is generally a much 
more severe disorder, especially with bilateral cord 
involvement.

Trachea
The trachea is the longest section of the upper airway, 
which begins at the inferior portion of the larynx and 
extends to the main bifurcation, the carina. The tra-
chea has a “D” shape, with 18–22 elliptical-appearing 
or “C”-shaped cartilaginous rings in the human trachea 
occurring approximately two rings per centimeter. The 
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FIGURE 6-4 Anatomy of the larynx. (A) Anterior view. (B) Posterior 
view.

FIGURE 6-5 Intrathoracic and extrathoracic airways.
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cartilaginous “C rings” are present throughout the entire 
trachea as well as the large- and medium-sized airways, 
which function to maintain airway patency during expira-
tion, including coughing. Posterior to the trachea is the 
esophagus, which sits next to the straight membranous 
wall of the trachea. The diameter of the trachea varies 
from 2 to 2.5 cm, and the length ranges from 10 to 13 
cm. Tracheal obstructions result from intrinsic disorders 
such as infections, inflammatory disorders, trauma, and 
malignancy or from extrinsic compression from adja-
cent structures such as carcinomas and lymph nodes.11 
Obstructions in the trachea, as well as in the main-stem 
bronchi, are CAOs and are divided into malignant and 
nonmalignant etiologies.1

Fixed Versus Variable and Intrathoracic  
Versus Extrathoracic UAO
UAO is either fixed or variable and either intratho-
racic or extrathoracic. Inspection of the flow–volume 
loop obtained during a pulmonary function test helps 

to determine which type of UAO is present.12 The 
extrathoracic airways include the upper portion of the 
trachea, the glottis, and the structures superior to the 
glottis. The intrathoracic airways include the lower por-
tion of the trachea and all the conducting airways infe-
rior to the trachea (Figure 6-5).

During normal deep inspiration, the intrathoracic 
airways slightly increase in diameter due to the negative 
pressure maintained in the intrapleural space and the 
airways. The extrathoracic airways slightly decrease in 
diameter during deep inspiration. During forced expira-
tion, the intrathoracic airways slightly reduce in diam-
eter due to the positive pressure surrounding them and 
the extrathoracic airways increase in diameter because 
the tracheal pressure is higher than the atmospheric 
pressure.

An obstruction of the upper airway causes a change 
in the flow–volume loop, which is characteristic de-
pending on the location and type of obstruction. See 
Box 6-2. Figure 6-6 presents a flow–volume loop that 
shows a variable intrathoracic obstruction. The forced 
expiratory flow rates cause the airways to collapse due 
to the increased pleural pressure. During the forced in-
spiration, flow is normal.13

Figure 6-7 shows a flow–volume loop with a 
variable extrathoracic obstruction. The forced expi-
ratory flow rates are normal and higher than those 
achieved during the forced inspiration. During the 
forced inspiration, flow rates are reduced because the 
pressure in the extrathoracic airways is less than atmo-
spheric pressure, causing collapse.13

Figure 6-8 presents a flow–volume loop that shows 
a fixed obstruction. The airway is minimally affected by 
the airway pressure because of an intrathoracic or extra-
thoracic blockage. Airflow during forced inspiration and 
expiration is equally reduced, and the flow–volume loop 
appears rectangular.13
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BOX 6-2 Examples of Fixed and Variable UAO12

Fixed UAO, which may be extrathoracic or intratho-
racic, includes the following:

 � Tracheal stenosis (postintubation or 
post-tracheostomy)

 � Tracheal tumors or lesion (firm)

 � Angioedema

 � Goiter (enlarged thyroid gland) compressing the 
trachea

Variable UAO, which may be extrathoracic or intratho-
racic, includes the following:

 � Extrathoracic UAO

 y Laryngeal abnormalities

 { Glottic strictures (stenosis, swelling)
 { LS and tumor
 { LM
 { Subglottic stenosis (SGS)
 { VCP and dysfunction

 y Extrathoracic tracheomalacia

 � Intrathoracic UAO

 y Intrathoracic tracheomalacia

 y Tracheal tumor

Data from Shelledy D. Assessment of Oxygenation. In: Shelledy D,  
Peters J, eds. Respiratory Care Patient Assessment & Care Plan 
 Development. 1st ed. Burlington, MA: Jones & Bartlett Learning; 2016 
(Box 6-7, page 197).

FIGURE 6-6 (A) Flow-volume loop displaying a variable intrathoracic large airway obstruction (e.g. airway tumor). (B) Schematic of lungs, with a 
variable intrathoracic airway obstruction in the thorax, during a forced expiratory maneuver. The positive pressure in the pleural space during the 
forced exhalation causes the airway to collapse, reducing the expiratory flow.
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FIGURE 6-7 (A) Flow-volume loop displaying a variable extrathoracic large airway obstruction. The extrathoracic airway obstruction increases 
during an inspiratory maneuver when the atmospheric pressure is less than the pressure in the upper airway. (B) Schematic of lungs during an 
inspiratory maneuver with a variable extrathoracic obstruction. During a forced expiration the airway normalizes in size. 
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Diagnostic Testing
It is difficult to detect the sound signals from the asth-
matic wheeze and stridor because they are of similar 
frequency. This explains why errors in diagnosis may be 
made and why UAO due to a tumor or foreign body is 
often mistakenly treated as asthma.2,14 See Box 6-3.

The character of a patient’s voice may be a clue to 
UAO. Hoarseness may be a sign of a laryngeal abnormal-
ity, and muffling of the voice without hoarseness may 
represent a supraglottic process.2 The direct observation 
of a visible pharyngeal abnormality such as infection, cyst, 
tumor, and tonsillar enlargement can provide evidence of 
incomplete airway obstruction. Most other subacute or 
chronic causes of UAO and severity may be suspected by 
obtaining a complete history and physical examination, 
appropriate use of radiographic imaging, and pulmonary 
spirometric studies, and may be later confirmed with en-
doscopic visualization of the suspected region. When an 
acute UAO is suspected, immediate treatment is neces-
sary because a delay may be dangerous for the patient.

Investigational options in UAO include several stud-
ies that can assist in identifying the presence, location, 
and usually the cause of an apparent UAO.

BOX 6-3 Stridor Versus Wheeze2,15

Stridor
• Occurs usually during 

inspiration
• Heard loudest over the 

neck
• Accentuated by 

voluntary panting
• Intensity changed with 

neck flexion (thoracic 
outlet obstruction)

• Inspiratory and 
expiratory stridor 
may be intrathoracic 
obstruction

• Worrisome sign of UAO

Wheeze
• Predominantly during 

expiration
• Loudest at end expiration
• Diffuse wheeze (lower 

airway narrowing)
• Focal wheeze (e.g., foreign 

body in lower airway, 
endobronchial tumor)

• Polyphonic wheeze 
(dynamic compression of 
large, more central airways)

• Monophonic wheeze 
(suggestive of 
bronchospasm when over 
lower airways)

Symptoms, spirometric findings, and specific risk fac-
tor exposures may suggest the need for chest and neck 
radiologic screening. These tests identify tracheal devia-
tion, extrinsic airway compression, or the presence of 
radiopaque foreign bodies when the diagnosis remains 
in doubt, and there is no immediate threat of worsen-
ing obstruction. Diagnostic imaging plays an essential 
role in the evaluation of disease processes that affect the 
upper airway. Imaging allows for the localization and 
characterization of various conditions that are often not 
identified on physical examination.16 Plain radiography 
maintains a limited role in airway evaluation, whereas 
advanced imaging modalities, including computed to-
mography (CT) and magnetic resonance imaging, have 
emerged as indispensable tools in patient evaluation16 
(Figure 6-9). CT scanning is the standard imaging mo-
dality for the evaluation of chronic UAO because it is 
highly accurate for identifying focal abnormalities in the 
large upper airways.1 The use of multiplanar CT tech-
niques, coupled with three-dimensional reconstructions, 
provides precise anatomic delineation of the trachea and 
larynx.1,17 Virtual bronchoscopy offers excellent anatom-
ical images of airways, thereby overcoming the limita-
tions of conventional axial CT images. The advantage of 
virtual bronchoscopy is the ability to produce images of 
the airway surfaces beyond the site of stenosis, through 
which conventional bronchoscopes cannot pass.17

Pulmonary function studies, including spirometry 
with flow–volume loop determinations, may assist in 
assessing the individual who displays symptoms of non-
emergent UAO. The flow–volume loop tracing is useful 
for identifying the anatomic location, as well as func-
tional severity, of UAO (Figures 6-6 to 6-8).

No definitive laboratory tests are currently available 
and capable of aiding in the diagnosis of UAO disorders. 
Endoscopic findings via direct visualization provide the 
most successful means of diagnosing and often treat-
ing suspected UAO (Figure 6-9). Rigid bronchoscopy is 
useful and recommended in securing the upper airway 
by permitting direct passage through incomplete ste-
notic regions of obstruction below the larynx. Flexible 
bronchoscopy, with a thin bronchoscope, is a useful 
tool for evaluating narrowed airways during therapeutic 

FIGURE 6-8 (A) Flow-volume loop displaying a fix airway obstruction, either intrathoracic or extrathoracic. Both the forced expiratory and 
inspiratory maneuvers demonstrate similar flow limitations. (B) Schematic of lungs, with either an extrathoracic or intrathoracic airway obstruction. 
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bronchoscopic procedures. A thin bronchoscope, with 
a 1.7-mm working channel, can pass through a ste-
nosed airway when a standard-sized bronchoscope has 
failed.17 Bronchoscopes, both flexible and rigid, are use-
ful during the visual examination to establish a diagno-
sis and also to deliver treatments such as endobronchial 
laser therapy, cryotherapy, photodynamic therapy, 
endobronchial electrocautery, bronchoplasty (balloon 
 dilation), or tracheal stent placement18 (Figure 6-10).

Fixed UAO
Tracheal obstruction results from both intrinsic disor-
ders (infections, inflammatory diseases, trauma, and 
malignancy) and extrinsic compression from adjacent 
structures. These disorders manifest mainly as obstruc-
tion via narrowing or stenosis.11 However, a process that 
causes flaccidity of the supporting tracheal cartilage, 
tracheomalacia, causes the trachea to collapse during 
inspiration or expiration. Tracheomalacia (TM) pres-
ents as a variable intrathoracic UAO.

Tracheal Stenosis
Clinically significant stenosis typically occurs when the 
original diameter of the trachea is reduced by approxi-
mately 50%.19 Clinical recognition of tracheal stenosis is 

FIGURE 6-9 Medication-induced angioedema of the upper airway seen in two patients. Diffuse mucosal and submucosal edema is seen in these 
contrast-enhanced axial and sagittal CT images through the upper airway. Mild narrowing of the airway is seen in the first patient (top left and 
right), and complete occlusion of the airway is seen in the second patient (bottom left and right).
Reprinted with permission of the American Thoracic Society. Copyright © 2019 American Thoracic Society. Kuo G, Torok C, Aygun N, Zinreich S. Diagnostic Imaging of the Upper Airway. Proc 
Am Thorac Soc. 2011;8(1):40–45. doi:10.1513/pats.201004-032rn. Figure 3, page 42. The American Journal of Respiratory and Critical Care Medicine is an official journal of the American 
Thoracic Society.

FIGURE 6-10 Bronchoscopic view of a lobulated mass lesion 
located in the mid-portion of the trachea, causing 65% of the lumen 
obstruction.
Reproduced from Yıldırım F, Türk M, Demircan S, Akyürek N, & Yurdakul AS. (2015). Tracheal 
papilloma treated with cryotherapy and interferon-α: a case report and review of the literature. 
Case reports in Pulmonology, 2015.

usually complicated early in its course because features 
of airway obstruction are late and nonspecific. If tracheal 
narrowing is less than 50%, the pressure drop across the 
narrowing is like that which occurs through the normal 
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glottic opening and, therefore, is unlikely to cause symp-
toms.19 CT imaging and the use of multidetector com-
puted tomography (MDCT) enable early diagnosis.

Tracheal stenosis is mainly related to endotra-
cheal intubation, tracheostomy, and postinfection, 
transplant-related, and idiopathic stenosis.19 The in-
cidence of postintubation tracheal stenosis (PITS) is 
estimated to be up to 21% and is more common in 
females.11

Tracheal stenosis has several morphologies. Circum-
ferential tracheal stenosis is concentric in nature and 
is due to a cuff-related injury from an endotracheal or 
tracheostomy tubes and autoimmune disorders. Simple 
circumferential tracheal stenosis is less than 1 cm in 
the vertical extent. Complex circumferential tracheal 
stenosis is longer than 1 cm and occurs with chondritis. 
Triangular tracheal stenosis is “A” shaped and develops 
from tracheal wall injury after tracheostomy and chon-
dritis. Eccentric tracheal stenosis is oval or elliptical  
in shape and occurs after intubation or after thermal  
injury (inappropriate use of laser or electrocautery).  
Eccentric tracheal stenosis is often complex stenosis 
with cartilaginous damage. The complex tracheal ste-
nosis is a scar stenosis with an hourglass-like contrac-
tion that is usually greater than 1 cm long with tracheal 
wall injury or associated chondritis. Complex tracheal 
stenosis occurs most commonly after intubation and 
tracheostomy (Figure 6-11). Simple tracheal stenosis 
is a web-like membranous stenosis without cartilage 
damage and is less than 1 cm in vertical length.11,19 
Iatrogenic tracheal stenosis is due to tracheal mucosal 
ischemia, inflammation, and erosion of the mucosa 
leading to necrosis, then fibrosis at the site of the endo-
tracheal tube or tracheostomy tube cuff and at the loca-
tion of the tracheostomy.11

The assessment of airway stenosis, particularly 
tracheal stenosis, requires that several factors be 

considered. These factors are considered for individual-
izing treatment and follow-up strategies in patients with 
tracheal stenosis. The factors include the severity of the 
airway narrowing, extent, cause (origin), morphology 
(shape of the stenosis), voice characteristics, swallow-
ing, and overall functional impairment.19 The severity 
categories include mild, less than 50% reduction in tra-
cheal diameter; moderate, 51–70% reduction in diam-
eter; and severe, 71% or greater reduction in diameter.19

Surgical reconstruction is the “gold standard” for the 
management of tracheal stenosis.20 However, stenosis 
resection in the subglottic area is much more difficult to 
repair surgically. Conservative treatments are possible 
for stenoses smaller than 1 cm in length without cir-
cumferential scarring and no loss of cartilaginous sup-
port.21 Noninvasive techniques are available for those 
patients who are not candidates for surgical repair. 
These include techniques that can be applied through 
the bronchoscope such as bronchoscopic dilatation, in-
tralesional corticosteroid injection, laser therapy, photo-
dynamic therapy, cryotherapy, external beam radiation, 
and brachytherapy. Airway stents are useful for pallia-
tive relief of airway obstruction in selected, inoperable, 
and histologically benign tracheal stenosis.11,19

Tracheal Tumors
A variety of malignant and nonmalignant tumors can 
obstruct the trachea. The nature of the malignant tumors 
is further classified as primary endoluminal, metastatic 
carcinoma of the airway, extraluminal, or mixed. Pri-
mary tracheal tumors are relatively uncommon, with an 
estimated 600–700 cases per year. Most of the primary 
tracheal tumors (70–80%) are due to lung cancer, either 
squamous cell carcinoma or adenoid cystic carcinoma22 
(Figure 6-12). Carcinoid tumors account for most of the 
primary airway tumors distal to the carina.22 Metastatic 
tracheal tumors are mostly from thyroid, breast, or colon 
cancer; melanoma; or renal carcinoma.19

The clinical signs and symptoms of tracheal tumors 
are nondefinitive, often manifesting like a variety of 
common respiratory conditions. If the airway obstruc-
tion is mild, it may have little effect on airflow, and 
therefore, patients may be asymptomatic. The inflam-
mation associated with even mild respiratory tract 
infections can cause mucosal swelling and mucus pro-
duction, which may further occlude the tracheal lumen. 
That is why patients are sometimes misdiagnosed with 
exacerbations of chronic obstructive pulmonary disease 
(COPD) or asthma, especially because wheezing and 
dyspnea may improve with therapy aimed at treating 
the superimposed infection.22

An initial insidious presentation typically involves slow 
progressive shortness of breath after activity. Evidence 
of acute respiratory difficulty does not emerge until the 
airway is almost completely occluded. Because of the 
dramatic loss of airway diameter before the develop-
ment of symptoms, patients can present with respiratory 

FIGURE 6-11 Three-dimensional reconstruction CT scan of tracheal 
stenosis.
Reproduced from Saenghirunvattana, S, et al. Different approaches on various cases 
of tracheal stenosis. Open Journal of Respiratory Diseases. 2014:4, 90–100.  
Doi: 10.4236/ojrd.2014.43013.
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distress.22 Tracheal tumors are very likely to be found 
during the work-up for more common pulmonary condi-
tions such as pneumonia, adult asthma, or lung cancer.

The flow–volume loop in the case of a tracheal tu-
mor, either intrinsic or extrinsic, demonstrates the char-
acteristic “clipping” of both expiratory and inspiratory 
sides. Because of the possibility of inducing respiratory 
failure, spirometry should not be undertaken in patients 
with respiratory distress.22 In a stable patient or in one 
who is stable following the initial airway management, 
a thorough patient history, imaging studies (chest radi-
ography and CT scan), and pulmonary function tests 
(in nonintubated patients) are needed. These tests will 
provide enough evidence to narrow the differential di-
agnosis to one or a few diagnostic possibilities.23

Direct visualization allows the nature and extent of 
the obstruction to be determined and provides useful 
treatment planning information such as the relative 
amount of intraluminal and extraluminal disease.22 
In most cases, flexible bronchoscopy with or without 
endobronchial ultrasound (EBUS) is sufficient for the 
diagnostic evaluation of a tracheal tumor. EBUS is ex-
tremely sensitive for determining the degree of tracheal 
invasion and is useful in planning therapeutic interven-
tions.22 EBUS is useful in selecting proper airway stent 
size, guiding tumor debridement, and selecting patients 
for endoscopic therapy versus surgical therapy.22 If can-
cer is suspected, a tissue sample is necessary for therapy. 
In some cases, brief therapeutic interventions can be 
performed simultaneously with the initial bronchos-
copy. If cancer is not suspected, as with extraluminal 
nonmalignancies (vascular ring or enlarge goiter), a CT 
scan may be sufficient.23

The immediate goal for the treatment of airway 
obstruction due to a tracheal tumor is to stabilize the 

airway and ensure adequate ventilation and oxygen-
ation. In emergencies, airways may be dilated with 
the barrel of a rigid bronchoscope or via sequential 
balloon dilation.22 Surgical resection of the tumor in 
patients with lung cancer is considered curative and 
is, therefore, the standard therapeutic approach. In all 
other patients, the goal of management is to restore 
airway patency to improve symptoms or prevent posto-
bstructive pneumonia, respiratory insufficiency, and 
sepsis.19,24 Endobronchial treatment with or without 
airway stenting is commonly used as a tumor-debulking 
method for malignant tracheal tumors.25 Other effective 
treatment options for symptomatic obstruction relief 
include laser therapy, argon beam coagulation, contact 
electrocautery, cryotherapy, photodynamic therapy, 
brachytherapy, and airway stenting19 (Figure 6-13). No 
one endobronchial therapy is superior to another for 
debulking tracheal tumors.19,22,24 Frequently, the best 
therapeutic approach appears to include a combination 
of several treatment approaches.24 Interventions need 
to leave options for further therapy open, and the most 
comprehensive assessment and therapy are generally 
provided by centers with a multidisciplinary airway 
team specializing in compromised airways.22

Angioedema
Angioedema manifests as episodes of localized swell-
ing in the dermis, subcutaneous tissue, mucosa, and/
or submucosal tissues because of vascular leakage.26 
Angioedema is typically nonpitting and nonpruritic, 
with either no change in color or a slight redness. Dif-
ferent types of angioedema are recognized. Hereditary 

FIGURE 6-12 Tracheal squamous cell carcinoma: 2 cm in size, 
located 2 cm above the carina, obstructing about 90% of the 
trachea.

FIGURE 6-13 Contact electrocautery of an airway tumor.
Stratakos G, Gerovasili V, Dimitropoulos C, et al. Survival and quality of life benefit after 
endoscopic management of malignant central airway obstruction. J Cancer. 2016;7(7): 
794–802 (Figure 7, p. 801). doi:10.7150/jca.15097.
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angioedema (HAE) is a rare genetic disorder occurring 
in approximately 1 per 50,000 persons.27 HAE due to a 
C1 inhibitor deficiency (HAE-C1INH) results from gene 
mutations. Two subtypes of HAE-C1INH exist. Type 
I results from the inability of the mutated C1 inhibitor 
protein to be secreted into the blood and accounts for 
85% of cases. Type II HAE results from the secretion 
of dysfunctional C1 inhibitor protein and accounts for 
the remaining 15%.28 Types I and II usually appear early 
in life, most often by age 13 and may increase in sever-
ity with age. The third type of HAE (HAE-nl-C1INH) 
results from a mutation in coagulation factor XII. With 
HAE-nl-C1INH, the C1 inhibitor gene is normal. But 
like HAE Types I and II, there is a hereditary factor. 
This type of HAE occurs more frequently in women.28 
Two very rare types of acquired angioedema (AAE-1 
and AAE-II) appear in the fourth decade of life or later 
and are not genetic in origin. Nonhistaminergic angio-
edema (INAE) occurs in about 1 out of every 20 cases of 
angioedema and occurs without urticaria (hives).28 The 
most common form of angioedema is allergic angio-
edema. Allergic angioedema is a reaction to an outside 
influence such as food, bee sting, cold, heat, latex, or 
drug, which provokes a histamine reaction.28 If urticaria 
persists past 6 weeks, it is called chronic idiopathic an-
gioedema and not allergic angioedema. More than 40% 
of chronic angioedema is idiopathic.6 About 4–8% of 
people with angioedema have the angiotensin-convert-
ing enzyme (ACE) inhibitor type. The ACE inhibitors 
that are known to cause angioedema include captopril, 
enalapril, benazepril, quinapril, and ramipril.28

Pathophysiologically, angioedema develops mainly 
because of the release of two different vasoactive pep-
tides: histamine and bradykinin. The clinical presenta-
tion of angioedema may be similar.29

Whatever the etiology of the angioedema, the pri-
ority is to ensure that the patient has a patent airway. 
Recognition of airway involvement is of primary impor-
tance in receiving appropriate early care (Figures 6-9 
and 6-14). Facial and lip edema is regarded as an im-
portant “initial” symptom because upper airway edema 
is preceded by facial/labial edema in 15–30% of cases.30 
Edema of the soft palate, pharyngeal arch, uvula, and 

tongue is easy to assess using a tongue blade. However, 
the assessment of laryngeal angioedema requires endos-
copy or indirect laryngoscopy. Assessment of the physi-
cal signs and symptoms of UAO is vital because acute 
laryngeal edema due to angioedema is a potentially life-
threatening emergency. See Box 6-4.

The challenge of this condition is whether to observe 
the patient or immediately secure the airway, either 
by intubation or via surgical airway. Airway edema 
may become so severe and extensive that tracheotomy 
may not be successful in providing a patient airway.26 
This difficult airway situation requires videolaryngos-
copy,26 fiberoptic bronchoscopy,26 or nasopharyngeal30 
intubation.

Pharmacologic treatment depends on the type 
of angioedema. Antihistamines are beneficial in 
histamine-mediated angioedema but have no role in 
the treatment of bradykinin-mediated angioedemas, 
such as HAE.28 Epinephrine is appropriate for acute 
airway edema, anaphylaxis, and histamine-mediated 
angioedema.29 Glucocorticosteroids are beneficial in 
the treatment of patients with acute urticaria and an-
gioedema.29 Bradykinin-mediated angioedema can be 
treated with plasma-derived C1 inhibitors, bradykinin 
receptor antagonist, plasma kallikrein inhibitor, or re-
combinant C1 inhibitor.28,29

The long-term prognosis for patients with angio-
edema depends on the etiology and on whether the trig-
ger can be identified and subsequently avoided. With 

FIGURE 6-14 (A) Edema of the face and neck due to angioedema. (B) Resolution of edema.
Irène R, Jocia F, Mampionona R, Andry R. About a Case of Neurotic Angioedema Induced by Angiotensin Converting Enzyme Inhibitor. Case Reports in Clinical Medicine. 2017;06(11):295–300. 
doi:10.4236/crcm.2017.611034 (Creative Commons Attribution International License).

BOX 6-4 Signs and Symptoms of 
Angioedema of the Upper Airway29,30

Aphonia
Anxiety and agitation
Cyanosis (rapidly progressive)
Diminished respiratory effort
Dyspnea
Hoarseness
Intercostal and supraclavicular 

retractions

Loss of consciousness
Odynophagia (painful 

swallowing)
Resonant, “barky” cough
Rough voice
Stridor
Throat tightness
Voice changes

(A) (B)
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idiopathic angioedema, there is tremendous variability 
in the clinical course. HAE requires lifelong treatment.6

Variable Extrathoracic UAO
A variable obstruction elicits varying degrees of ob-
struction during the respiratory cycle. A variable 
extrathoracic airway obstruction creates increased tur-
bulence during inspiration and a decreased intraluminal 
pressure (below atmospheric pressure). During inspira-
tion the already partially obstructed airway becomes 
narrower. The positive pressure during expiration de-
creases the obstruction because it is located outside the 
thorax. VCP, VCD, LS, and LM are common causes of 
variable extrathoracic obstructions.

Vocal Cord Paralysis
Vocal cord paralysis (VCP) can be caused by a lesion 
anywhere on the neural pathway to the larynx.31 Vocal 
cord (fold) paralysis is typically classified by the site of 
the lesions (supranuclear, bulbar, peripheral nerve, myo-
neural junctions, or laryngeal muscles) or the nature of 
the disorder (inflammatory, neoplastic, traumatic, post-
surgical, systemic, or idiopathic).32 VCP may be bilateral 
or unilateral, congenital or acquired (Figure 6-15). The 
disorder generally involves either the vagus nerve or its 
recurrent laryngeal branch between the jugular fora-
men and its arrival at the larynx. Unilateral VCP is most 
common. About one-third of unilateral paralysis is neo-
plastic in origin, one-third traumatic, and one-third id-
iopathic.31 However, it is the bilateral VCP (BVCP) that 
can be life threatening.

VCP ultimately results from a disturbance of the 
vagal nerve and the recurrent laryngeal nerve supply 
to the laryngeal muscles.32,33 The primary outcome of 

VCP is the loss of sufficient vocal cord abduction and 
adduction that can influence phonation, ventilation, 
and deglutition.

Unlike the immobile vocal cord that is paralyzed and 
constant in location, conditions such as recurrent laryn-
geal nerve paralysis may permit the cord to move with 
phonation but not with inspiration. Although the voice 
may be hoarse in character, the airway usually remains un-
obstructed because the normal cord is capable of abduct-
ing sufficiently. In BVCP, which is nonfixed, both cords are 
generally positioned near the midline (2–3 mm),31 with a 
narrow glottic aperture.34 While the voice usually remains 
of good quality in contrast to the hoarseness of unilateral 
paralysis, the intensity of the voice typically becomes 
diminished. The obstructed airflow pathway becomes in-
sufficient, resulting in inspiratory stridor and shortness of 
breath as both vocal cords are drawn closer to the midline 
by an inspiratory Bernoulli effect.31

Unilateral and bilateral VCP are different entities 
with an assortment of presenting symptoms, causes, and 
treatments. In unilateral VCP, the left vocal cord is af-
fected twice as often as the right and occurs more often 
in females than in males (3:2).31 Clinical presentation of 
unilateral VCP includes coughing, choking, dysphonia, 
and aspiration. Around 40% of unilateral VCP is caused 
by surgical injury.33 Stridor and other symptoms of air-
way obstruction are less frequent and are often relatively 
mild. Treatment for unilateral paralysis is directed at im-
proving voice quality and preventing aspiration through 
augmentation, medialization, or re-innervation. Injection 
augmentation of materials such as autologous fat, gel 
foam, collagen, and silicone can bring the cords closer 
together to improve the voice and prevent aspiration.31 
Medialization laryngoplasty shifts the vocal cord toward 
the midline by inserting an adjustable spacer laterally to 
the affected cord.31,35 Laryngeal re-innervation is a surgi-
cal procedure that aims to bring a new nerve supply to 
the injured vocal cord.35 Symptom resolution often oc-
curs over a period of several months depending on the 
treatment performed.

BVCP presents a far more significant clinical chal-
lenge. BVCP in adduction is characterized by inspira-
tory dyspnea, due to the paramedian position of the 
vocal fold with narrowing of the airway at the glottic 
level. The condition is often life threatening and there-
fore requires surgical intervention to prevent acute 
asphyxiation, or pulmonary consequences of chronic 
airway obstruction.36 Symptoms range from minimal 
dyspnea or inspiratory stridor to severe respiratory dis-
tress.34 Four to fourteen percent of patients with BVCP 
tolerate the condition and do not require any surgical 
treatment.36 However, over the course of several years, 
these individuals may decompensate and inevitably 
need surgery. Most patients undergo some form of sur-
gery to enlarge the glottis.

BVCP can be iatrogenic, secondary to neck surgery 
or tracheal intubation. Neurologic disorders such as 
amyotrophic lateral sclerosis, diabetic neuropathy, 
myasthenia gravis, stroke, and head injury may also 

FIGURE 6-15 A comparison of normal vocal cords, unilateral VCP, 
and BVCP during respiration and phonation.
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be the cause.34 Treatment for BVCP is based on the 
severity of symptoms, functionality, and patient priori-
ties. For some, optimal vocal quality is worth living 
with a tracheostomy, but for most, decannulation of 
their tracheotomy, or improvement of their airway 
obstruction symptoms is the primary goal of treat-
ment.37 Treatment options for BVCP include nocturnal 
CPAP37 for those not opting for surgery, posterior laser 
cordotomy,31 arytenoidectomy,31 endoscopic lateral-
ization,38 and possibly re-innervation of the recurrent 
laryngeal nerve.37

Vocal Cord Dysfunction
VCD, or paradoxical vocal fold motion disorder, is a 
disorder characterized by inappropriate closure of the 
vocal cords during inhalation and sometimes during 
exhalation.39 VCD can cause extrathoracic airway ob-
struction and asthma-like symptoms by producing a 
partial upper airflow obstruction at the level of the lar-
ynx.40 The vocal cords normally abduct with inhalation 
and partially adduct during the early phase of expiration 
(Figure 6-16). This causes unobstructed movement of 
air into the lungs and outward from the lungs to the 
atmosphere while maintaining alveolar patency. Normal 
vocal cord adduction also occurs during swallowing, 
phonation, the Valsalva maneuver, and the early com-
pressive phase of coughing.41 In this way, the larynx 
functions as an upper airway valve to maintain ventila-
tory performance and lung expansion in addition to its 
role in voice production and swallowing.

The disorder predominantly occurs in females com-
pared to males in an approximate ratio of 3:1.42 While 
the condition is seen mostly in people aged 20–40 
years,41 it can occur in people from infancy to 82 years, 
with an increase among children and adolescents.42 
VCD is frequently misdiagnosed as having refractory 
asthma and is often treated with high-dose inhaled or 
systemic corticosteroids and bronchodilators.43,44

Patients with VCD typically present with episodic 
and recurrent attacks of dyspnea. The distressing 

sensation of having to struggle to take a breath consti-
tutes the predominant complaint.41 Patient-reported 
symptoms include air hunger, sensations of choking, 
chest tightness, chest pain, difficulty swallowing, globus 
sensation, intermittent aphonia or dysphonia, neck or 
chest retractions, fatigue, and throat clearing. Many 
of these sensations can elicit fear, panic, and anxiety, 
which can further worsen respiratory symptoms.44 The 
severity of respiratory distress is quite variable, reflect-
ing the degree of airway obstruction. Often, dyspnea 
is relatively mild. In other cases, it can be very severe. 
The dyspnea often occurs suddenly without warning 
signs. Dyspnea is accompanied by stridor heard loud-
est over the larynx and upper trachea.41 Typically, these 
symptoms do not respond to routine asthma therapy. 
Fortunately, most of these episodes are self-limiting and 
subside spontaneously in less than 2 minutes.41

Although the underlying cause of VCD is unknown, 
inflammation and/or irritation of the vocal cords sec-
ondary to gastroesophageal reflux disease (GERD), 
rhinitis with postnasal drip, cold air, exercise, or inhala-
tional irritants are potential triggers.43 Physical findings 
observed during symptoms may be unremarkable ex-
cept for the detection of harsh stridor over the laryngeal 
region at the time of an acute attack. A history or pres-
ence of postnasal drip and/or gastroesophageal reflux is 
common.42

Pulmonary function testing is particularly useful in 
differentiating VCD from asthma because broncho-
spasm produces an impaired expiratory loop that is 
different from that seen in VCD.39 Flow–volume loop 
studies obtained during symptomatic periods show in-
spiratory loop flattening suggestive of variable extratho-
racic obstruction39,42 (Figure 6-17). Routine laboratory 
tests are usually not helpful, and only severe episodes of 
VCD are associated with arterial blood gases that show 
hypoxia with desaturation.41 Chest radiographs do not 
typically show any abnormalities. The gold standard for 
confirmation of VCD is videolaryngostroboscopy. This 
visualizes and documents the vocal cords adducting 
paradoxically during inspiration.41

FIGURE 6-16 Images taken during laryngoscopy showing (A) paradoxical adduction detected during mid-inspiration in a patient with VCD and 
(B) appropriate movement of the vocal cords during mid-inspiration in the same patient following speech therapy.
Dunn N, Katial R, Hoyte F. Vocal cord dysfunction: a review. Asthma Res Pract. 2015;1(1) (Figure 1, p. 5). doi:10.1186/s40733-015-0009-z. 
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An acute severe episode of VCD can generally be 
managed with sedation and/or Heliox (80% helium and 
20% oxygen) administration.39,41,42 The use of anticho-
linergic inhaled agents (such as ipratropium bromide) 
may be helpful in patients with exercise-induced VCD.39 
An invasive and rarely used treatment modality is a 
laryngeal injection of botulinum toxin type A, which 
prevents acetylcholine release at nerve endings, lead-
ing to chemical denervation and paralysis of the vocal 
fold in the open position.44 Tracheostomy represents 
another invasive procedure option that carries the risk 
of potential morbidity and like botulinum, toxin should 
be considered only as a final option in cautiously se-
lected cases.39,42,44 The primary long-term treatment 
for VCD involves teaching the patient vocal cord re-
laxation techniques, breathing exercises, and speech 
therapy. These speech therapy procedures along with a 
multidisciplinary approach including patient education, 
supportive counseling, psychotherapy, and control of 
comorbidities are effective in controlling VCD even in 
severe cases.41,42

Laryngeal Stenosis
Laryngeal stenosis (LS) is the partial or circumferen-
tial narrowing of the supraglottis, glottis, or subglottis 
area, or multiple sites caused by an acquired or con-
genital disorder that results in airway compromise45 
(Figure 6-18). Adult LS is a complex disease caused by 
several etiological factors. The primary etiology, how-
ever, is postintubation stenosis.46 LS can also occur after 
external trauma or thermal injury, in granulomatosis 
with polyangiitis (GPA; formerly known as Wegener 
disease), in idiopathic subglottic stenosis (ISS), and due 
to other causes.46

Supraglottic stenosis is a rare disease, which is usu-
ally difficult to manage.47 The most common causes of 
supraglottic stenosis are iatrogenic and include supra-
glottic surgery, prolonged intubation, trauma, radiation 
therapy, caustic ingestion, and autoimmune disease.47

Glottic stenosis is the narrowing of the larynx at the 
level of the glottis caused by scarring most often in the 
posterior glottis and interarytenoid regions, where  
the endotracheal tube rests.48 Glottic stenosis charac-
teristically presents as anterior or posterior webs, inter-
arytenoid adhesions with or without VCD, or rarely as a 
fusion of the true vocal folds. Congenital glottic stenosis 
is rare. The most common form of LS is acquired poste-
rior glottic stenosis, which typically results from trauma 
due to prolonged endotracheal intubation.

FIGURE 6-17 (A) Normal flow–volume loop in an asymptomatic 
patient. (B) Example of flattening, early truncation, and saw-tooth 
pattern of inspiratory limb of the flow–volume loop in a patient 
with VCD.
Dunn N, Katial R, Hoyte F. Vocal cord dysfunction: a review. Asthma Res Pract. 2015;1(1) 
(Figure 2, p. 6). doi:10.1186/s40733-015-0009-z. 
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FIGURE 6-18 Laryngeal stenosis. (A) Normal glottis. (B) Posterior 
glottic stenosis. (C) SGS.
Reproduced with permission from Pacheco-Lopez P, Berkow L, Hillel A, Akst L. Complications 
of airway management. Respir Care. 2014;59(6):1006–1021 (Figures 3A, 4, and 5A, 
p. 1012). doi:10.4187/respcare.02884. 
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The subglottic area of the larynx is the most common 
site of involvement in LS. The subglottic area extends 
from the inferior margin of the vocal cords to the lower 
border of the cricoid cartilage. The subglottic area 
within the laryngeal region of the upper airway is par-
ticularly unique in being the narrowest passageway for 
air because of its complete, non-expandable, and solid 
ring of cartilage, unlike the trachea and the larynx. SGS 
is generally nonmalignant and may be due to a variety of 
diseases, but postintubation injury is the most frequent 
cause.49 Such damage may be produced by either trans-
laryngeal intubation or tracheostomy.49

LS with airway compromise causes significant mor-
bidity to the patients and is a difficult condition to treat. 
The successful outcome of treatment entails adequate 
airway patency with the maintenance of airway protec-
tion and phonation.45 The presence of comorbidities, 
such as diabetes mellitus, gastroesophageal reflux, 
and immunosuppression, predisposes patients to the 
development of stenosis.50 The duration of intubation 
correlates significantly with the incidence of laryngeal 
pathologies, including the development of subglottic 
edema and narrowing when intubation time exceeds 
7 days.50 Inflammatory changes in the posterior glottis 
occur as early as 2–5 days after intubation.50 Pressure 
from the endotracheal tube can cause localized tis-
sue ischemia when the pressure on the tissue exceeds 
the capillary pressure. The excessive pressure can lead 
to vascular damage, edema, granulation, and ulcers.50 
Patients who progress to granulation formation are 
at risk of interarytenoid adhesion formation or early 
posterior glottic stenosis.51 As the granulomas mature 
and proliferate, the deposition of collagen eventually 
leads to scar formation and tissue contracture.50 This 
causes progressive narrowing of the lumen leading to 
airway compromise.45

Treatment for LS is difficult with the requirement 
of multiple interventions and is based on the patient, 
the type, the site, and the severity of the stenosis. The 
interventions can be endoscopic or open and include 
intralesional injections, balloon dilation, excision with 
CO2 laser or cold steel, microdebrider excision, and open 
surgery. The success rate of endoscopic procedures ranges 
between 44% and 68%.50 The literature shows that uncom-
plicated stenosis including cases of thin web-like stricture 
or granuloma can be removed definitively by dilation, 
laser treatment, or laser-assisted mechanical dilation. 
However, the benefit of their use in more complex lesions 
is generally temporary, with frequent recurrences, conse-
quent need for repeated procedures, and risk of extending 
the diseased segment.49 Open procedures, such as laryn-
gotracheal reconstruction with anterior and/or posterior 
cartilage grafting and cricotracheal/tracheal resection 
with anastomosis, are possible options for stenoses longer 
than 2 cm or for patients in whom multiple endoscopic 

procedures have failed.50 Stenosis resulting from infec-
tions or inflammatory disorders typically requires treat-
ment with antibiotics, or corticosteroids, or both.

Prevention of LS as a complication of endotracheal 
tube insertion is of paramount importance for the re-
duction of postintubation patient morbidity. Several key 
facts can aid the prevention of this complication. See 
Box 6-5.

Laryngomalacia
Laryngomalacia (LM) is an abnormality of the laryngeal 
cartilage, which represents the most common con-
genital lesion of the pharynx and cause of congenital 
stridor.52 It characterized by a dynamic obstruction 
of the upper airway caused by an inward collapse of 
supraglottic structures during inhalation, resulting in 

BOX 6-5 Techniques to Prevent 
Postintubation Laryngeal Stenosis LS48,50

 � Maintain the endotracheal tube tip close and 
parallel to the video-laryngoscope blade until it 
is viewed on the monitor.

 � Directly visualize the endotracheal tube tip dur-
ing intubation until it is out of site; then look at 
the monitor.

 � Insert the endotracheal tube in the midline with 
the proximal portion oriented to the right and 
then rotate counterclockwise 90 degrees to 
bring the tip into view.

 � Whenever possible, have a capable assistant 
during difficult or emergent intubation.

 � Monitor and keep cuff pressures between 20 and 
30 cm H2O and limit prolonged intubation.

 � Ensure the endotracheal tube is rotated regu-
larly and its position maintained.

 � Consider patients with comorbid conditions at 
higher risk of long-term airway complications 
and manage accordingly.

 � Seek early otolaryngology evaluation for pa-
tients with severe acute soft tissue injuries, for 
those with severe symptoms after extubation, 
and for those whose symptoms (hoarseness, 
dysphagia, aspiration) persist beyond 1 month 
after extubation.

 � Choose a supraglottic airway device that is ad-
equately sized for the patient and monitor cuff 
pressures.
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inspiratory stridor.53 In infants, the inspiratory stridor 
is exacerbated by feedings, agitation, and when lying 
in the supine position. Most forms of congenital LM 
are minor (70–90%), presenting in the form of isolated 
and intermittent stridor without alteration of crying or 
coughing, no dyspnea, and no swallowing disorders. 
The stridor usually appears in the first 2 weeks of life, 
with an incidence peak around 6 months and spontane-
ous resolution in 90% of the cases by the second year of 
life.52 These minor forms do not have any consequences 
on the infant’s growth and simply require observation. 
Only 10–20% of infants have severe enough LM to re-
quire surgical management.54

Acquired airway obstruction in adults is rare55 and 
is typically caused by excessive hypotense, hyperactive, 
or floppy supraglottic tissue (LM).56 Adult LM may be 
secondary to trauma, surgery, neurologic lesion, degen-
erative disease (Parkinson disease, amyotrophic lateral 
sclerosis), or it can be idiopathic.55 There is an increas-
ing attention to physiological laryngeal dysfunctions as 
a cause of respiratory difficulties during sports in young, 
otherwise healthy, individuals. In general, this issue is 
exercise-induced laryngeal obstruction, and one of the 
conditions that can lead to the laryngeal obstruction is 
exercise-induced laryngomalacia (EIL), where the ary-
tenoid regions collapse into the airflow, obstructing the 
flow and creating turbulence.57

LM is categorized into three types depending on the 
supraglottic morphology. Type I LM is due to collapse 
of the bodies of the arytenoid cartilages over the laryn-
geal inlet. In Type II LM, the anteroposterior dimension 
of the airway is significantly reduced by abnormally 
short aryepiglottic folds. The Type III LM form involves 
abnormal degrees of posterior deflection of the epi-
glottis during inspiratory aerodynamics, which results 
in pronounced narrowing of the laryngeal lumen56 
(Figure 6-19). There is a predominance of LM among 
male patients

LM is consistently associated with several specific 
anatomical abnormalities. These include shortened 

aryepiglottic folds, redundant arytenoid mucosa 
prolapsing into the glottis, or an elongated curled 
epiglottis. Usually, these conditions require surgical 
intervention when simultaneously present. Severe cases 
of LM are associated with a higher incidence of gastro-
esophageal reflux, as well as other difficulties such as 
choking or gagging, life-threatening apneic episodes, 
neuromotor disease, and obstructive apnea, and fail-
ure to thrive for infants.53 Infants affected by LM who 
develop clinically significant hypoxemia (defined as a 
resting oxygen saturation <90%) require supplemental 
oxygen because they are more likely to develop pul-
monary hypertension. Noninvasive positive pressure 
mechanical ventilation can also be used to maintain 
a patent airway in cases of airway collapse. If airway 
patency cannot be sustained by noninvasive positive 
pressure mechanical ventilation in individuals with im-
pending respiratory failure, intubation with mechanical 
ventilation is necessary.54

Radiologic imaging studies including fluoroscopy 
of the airway may be used to diagnose this disorder as 
cartilages may be observed collapsing on inspiration on 
a lateral view of the airway. A more effective evaluation 
uses endoscopy under general anesthesia or a system-
atic dynamic airway endoscopy to confirm the diagnosis 
and exclude an associated respiratory tract lesion.54 In 
most infants, conservative management without surgi-
cal intervention is the only treatment necessary for LM 
because the cartilage abnormality gradually improves 
as it matures with typical inspiratory noise disappear-
ance by 2 years of age. In severe cases in which the LM 
impedes ventilation sufficiently to impair normal eat-
ing, growth, and development, a surgical approach may 
be warranted, involving simple tracheotomy or laser 
supraglottoplasty. Patients with Type III LM have a 
more limited success rate than those with morphologi-
cal Types I and II.53 The kind of LM varies by age and 
initial presentation. The outcome of surgical treatment 
seems to be poorer for males and in the presence of 
neurologic diagnosis.58

FIGURE 6-19 Morphological types of LM classified: Type I LM: prolapsing supra-arytenoid floppy tissues; Type II LM: shortened aryepiglottic 
folds associated with a long, omega-shape epiglottis that curls on itself; Type III LM: overhanging retroflexed epiglottis collapsing posteriorly 
during inspiration.
Reproduced with permission from Reinhard A, Gorostidi F, Leishman C, Monnier P, Sandu K. Laser supraglottoplasty for laryngomalacia; a 14-year experience of a tertiary referral center. 
European Archives of Oto-Rhino-Laryngology. 2016;274(1):367–374 (Figure 1, p. 368). doi:10.1007/s00405-016-4252-6. 

Normal

Epiglottis

Vocal fold

Aryepiglottic
fold

Arytenoid

Type I Type II Type III

Variable Extrathoracic UAO 161



Variable Intrathoracic UAO
A variable airway obstruction in the intrathoracic air-
ways causes a decrease in maximal expiratory flow but 
preserves the maximal inspiratory flow. This relation-
ship occurs due to the high intrapleural pressure during 
forced expiration, which causes dynamic compression 
of the intrathoracic airways. During inspiration, the ob-
struction decreases because the intrapleural pressure is 
markedly negative.

Tracheomalacia
Tracheomalacia (TM) is an upper airway condition 
characterized by weakness of the supporting structures 
of the trachea, resulting in expiratory collapse, leading 
to symptoms of airway obstruction.59 There are two 
distinct anatomical forms: the cartilaginous malacia 
characterized by softening of the cartilage and the 
membranous malacia with excessive forward displace-
ment of the membranous wall (also known as excessive 
dynamic airway collapse [EDAC]).60 TM classification 
is either congenital (primary) or acquired (second-
ary) (Table 6-2). TM is the most common congenital 
anomaly of the trachea and is more commonly seen in 
premature infants than in healthy infants.61 Congenital 
TM occurs in approximately 1:2,100 children. In adults, 
TM is more commonly acquired than congenital.60

The diagnostic evaluation of TM may be challenging 
because patients often have pulmonary comorbidities 
such as COPD, asthma, or sleep apnea with overlapping 
symptoms. The diagnosis of TM is often overlooked 
because the admitting chest radiograph is unremark-
able, and therefore, the patient’s respiratory failure is 
often attributed to the pulmonary comorbidities.59 The 
mainstays of diagnosis are dynamic CT and dynamic 
bronchoscopy with forced expiratory maneuvers62 
(Figures 6-20 and 6-21). Dynamic CT has the advan-
tage of showing the distal extent of the TM. This is 
important for treatment decisions. If the TM extends 
into the segmental and subsegmental bronchi, neither 
airway stenting nor surgical intervention can correct 
the distal disease.60 Bronchoscopy provides information 
about the ease of navigation into and within the airway, 
which is useful for planning future interventions. Both 
tests are necessary to evaluate the degree of TM.60,62 
The diagnosis of TM is made when the diameter of the 
trachea exceeds the upper limits of normal by three or 
more standard deviations. TM is also defined as mild, if 
the lumen narrows to 50% of its initial size; moderate, 
if it narrows to 25% of its initial size; and severe, if the 
anterior and posterior walls touch.63

Patients with mild TM may be asymptomatic. When 
the severity of airway narrowing progresses, the symp-
toms and signs of airway obstruction become more 
obvious. This typically occurs when the patient has an 
infection, is under general anesthesia, is extubated, or 

has progressive hypercapnic respiratory failure from 
a pulmonary comorbidity. The main symptoms of TM 
in adults are dyspnea, cough, and sputum produc-
tion.60,61,63 When TM coexists with pulmonary comor-
bidities, the symptoms may seem out of proportion to 
the severity of any condition alone, or some patient may 
remain symptomatic despite maximal medical therapy 
for the condition being treated.60

Treatment for TM depends on the extent of the air-
way collapse and if the patient is symptomatic. Patients 
with coexisting diseases need their medical regime op-
timized. Then the patient has a functional assessment.60 

Appearance of the 
trachea

Crescent—anteroposterior tracheal 
narrowing (scabbard shape)

Lateral—lateral tracheal narrowing 
(saber-sheath or fissure shape)

Circumferential—both anteroposterior 
and lateral narrowing

Distribution of 
tracheomalacia

Segmental or diffuse

Tracheal, bronchial, or both

Etiology Congenital 
(Primary)

Genetic—such as 
polychondritis

Idiopathic—such as 
Mounier–Kuhn

Posttraumatic Postintubation

Post-tracheostomy

External chest  
trauma

Post-lung transport

Emphysema Chronic infection/
bronchitis

Chronic 
inflammation

Relapsing 
polychondritis

Chronic 
external 
compression 
of the trachea

Malignancy

Benign tumors

Cysts

Abscesses

Aortic aneurysm

Vascular rings, previously undiagnosed in 
childhood

TABLE 6-2
Classifications for Adult TM60,61
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This assessment typically includes pulmonary function 
testing, 6-minute walk test, quality-of-life assessment, 
and dyspnea scores.60,62 This functional assessment as-
sists in establishing a baseline from which the response 
to therapy can be objectively measured.60 Treatment 
options include surveillance, noninvasive medical 
treatment, minimally invasive intervention, and sur-
gery (Figure 6-22).

Chapter Summary
The upper airway is considered to represent the por-
tion of the conducting passageway extending from the 
nose and mouth to the tracheal bifurcation. UAO is any 
disorder that impedes the process of breathing when 
the remainder of the respiratory system is functioning 
normally.

The dynamic and severe nature of UAO typi-
cally precludes little, if any, time for an investigative 
work-up. In cases of severe UAO, a secure airway, 

endotracheal tube, or tracheostomy needs to be in 
place prior to establishing a definitive diagnosis. The 
life-threatening potential of a majority of acute UAO 
cases poses a medical emergency requiring rapid 
evaluation and simultaneous treatment precluding any 
radiologic, laboratory, and arterial blood gas testing. 
An emergent presentation mandates that all efforts 
and resources be directed toward securing a patent 
airway and preventing cardiopulmonary arrest. Com-
ponents of effective UAO treatment, as well as man-
agement, are dependent on several factors, including 
the associated symptoms, the extent or amount of 
obstruction, the potential for progression, character-
istics of the specific disorder, associated conditions, 
and the location of the obstruction. While therapeutic 
strategies (Table 6-3) used in various UAO may differ, 
the immediate goal in any UAO remains the same: the 
establishment and maintenance of adequate airflow 
and airway patency to allow adequate oxygenation 
and ventilation.

FIGURE 6-20 Dynamic, flexible bronchoscopy. Left: During forced inhalation. Right: At exhalation.
Reproduced with permission from Majid A, Sosa A, Ernst A et al. Pulmonary Function and Flow-Volume Loop Patterns in Patients with Tracheobronchomalacia. Respir Care. 2013;58(9): 
1521–1526 (Figure 1, p. 1522). doi:10.4187/respcare.02277. 

FIGURE 6-21 Dynamic CT. Left: During forced inhalation. Right: At exhalation.
Reproduced with permission from Majid A, Sosa A, Ernst A et al. Pulmonary Function and Flow-Volume Loop Patterns in Patients with Tracheobronchomalacia. Respir Care. 2013;58(9): 
1521–1526. (Figure 2, p. 1522). doi:10.4187/respcare.02277. 
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FIGURE 6-22 Sample algorithm for the evaluation and treatment of tracheomalacia. 6MWT, 6-minute walk test; CPCP, Continuous positive 
airway pressure; PFT, pulmonary function test; PEP, positive expiratory pressure; TBM, tracheobronchomalacia.
Adapted from Buitrago D, Wilson J, Parikh M, Majid A, Gangadharan S. Current concepts in severe adult tracheobronchomalacia: evaluation and treatment. J Thorac Dis. 2017;9(1): E57-E66 
(Figure 2, p. E61). doi:10.21037/jtd.2017.01.13. 
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Therapeutic 
Strategy Method of Operation Indication for Use

Airway stents Tube-shaped tracheal prosthesis placed via bronchoscope, 
made from silicone (requires rigid bronchoscope) or self-
expanding metal set via flexible bronchoscope

Lifesaving therapy in fragile patients who cannot tolerate 
surgery with either intrinsic or extrinsic tracheal tumors 
following debulking

Argon plasma 
coagulation (APC)

Immediate-acting noncontact, nonpenetrating, thermal 
ablation technique through a flexible bronchoscope

Superficial vascular lesions, granulomas at surgical 
anastomosis, respiratory papillomatosis

Bronchoplasty Endoscopic airway dilation with a rigid or flexible 
bronchoscope; a rigid bronchoscope can be advanced 
through the stenotic airway opening, which has a “coring” 
effect instead of balloon dilation

Sequential rigid bronchoscopy causes less mucosal 
trauma than balloon dilation; sequential rigid 
bronchoscopy is useful for severe obstruction; balloon 
dilation is useful for less-severe obstruction

Cryotherapy Local ablation using repeated freeze–thaw cycles via 
bronchoscopy

Foreign body removal, treatment of extrinsic airway 
lesions and is frequently combined with other therapies; 
can be useful for post-transplant anastomotic strictures

Debridement Forceps removal of damaged tissue in the trachea using 
a rigid bronchoscope; can be combined with “coring” 
for severe obstructions; microdebriders, with rapidly a 
rotating blade, can also be used

Severe UAO

Electrocautery Contact electrical thermal injury administered via a flexible 
bronchoscope

Alternative to laser therapy or APC for the acute 
treatment of intraluminal tumors

Endobronchial 
brachytherapy 
(EBBT)

High-dose or low-dose radiation seed delivered directly to 
the airway through a flexible bronchoscope

Palliation of obstructive symptoms caused by large 
inoperable airway tumors

External beam 
radiotherapy 
(EBRT)

Delivery of targeted radiation from outside the body Non-life-threatening inoperable intraluminal or 
extraluminal obstruction due to non-small-cell cancer of 
the airway

Laser therapy Thermally ablative noncontact technique performed using 
a rigid or flexible bronchoscope

Useful for debulking intraluminal short (<4 cm) airway 
tumors; not for extraluminal tumors

Photodynamic 
therapy (PDT)

Nonthermal light modality administered via bronchoscope 
following intravenous administration of a photosensitizing 
agent

Palliative or adjunctive therapy to relieve non-life-
threatening airway obstruction due to malignant or 
benign conditions

TABLE 6-3
Endobronchial Therapy for UAO18,22,23

Key Points
1. UAO disorders can clinically present as a subacute 

slowly progressive and persistent process or as an 
acute life-threatening emergency.

2. The oropharynx region is vulnerable to airflow 
obstruction during inspiration and is the primary 
cause of obstructive sleep apnea.

3. Tracheal tumors are classified as primary endolu-
minal, metastatic carcinoma of the airway, extralu-
minal, or mixed.

4. Pulmonary function studies, including spirometry 
with flow–volume loop determinations, may assist 
in assessing the individual who displays symptoms 
of nonemergent UAO. Flow–volume loop testing 

can identify whether the UAO is fixed or variable 
and intrathoracic or extrathoracic.

5. Clinical recognition of tracheal stenosis is usually 
complicated early in its course because features of 
airway obstruction are late and nonspecific.

6. LM is consistently associated with several specific 
anatomical abnormalities, including the collapse of 
the bodies of the arytenoid cartilages over the laryn-
geal inlet, abnormally short aryepiglottic folds, and 
abnormal degrees of posterior deflection of the epi-
glottis during inspiratory aerodynamics.

7. Unilateral VCP is more common than BVCP and 
ultimately the result of a disturbance of the vagal 
nerve and the recurrent laryngeal nerve supply to 
the laryngeal muscles.
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8. _______________________ is often misdiagnosed as 
asthma.
a. Unilateral vocal cord paralysis
b. VCD
c. Bilateral vocal cord paralysis (BVCP)
d. LM

9. Tracheomalacia is diagnosed using ______________
____________________________.
a. chest radiography and flow–volume loops
b. dynamic CT and dynamic bronchoscopy with 

forced expiratory maneuvers
c. bronchoscopy and flow–volume loops
d. endobronchial ultrasound and dynamic CT 

with forced expiratory maneuvers
10. The inhaled anticholinergic agent, ipratropium bro-

mide, is helpful in the treatment of ______________
_________________.
a. BVCP
b. exercised-induced VCD
c. subglottic stenosis
d. LM
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8. VCD causes an extrathoracic airway obstruction 
that mimics asthma symptoms but can be differen-
tiated by flow–volume loop determination.

9. LS is a postintubation complication that is  
often difficult to treat. Prevention is the key to  
reducing LS.

10. Glottic stenosis is caused by scarring, usually in the 
posterior glottis and interarytenoid regions, where 
endotracheal tubes typically rest.

Chapter Questions
1. In an adult, the narrowest part of the upper airway 

is the ______________________.
a. oropharynx
b. subglottis
c. glottis
d. trachea

2. Foreign bodies tend to lodge in the 
_______________ of adults, causing a complete 
 upper airway obstruction (UAO).
a. pharynx
b. larynx
c. trachea
d. hypopharynx

3. Glottic stenosis occurs in approximately _________ 
of patients intubated for more than 10 days.
a. 5%
b. 10%
c. 15%
d. 20%

4. A flow–volume loop that shows reduced airflow 
during both forced expiration and forced inspira-
tion is typical of __________________________.
a. tracheal stenosis
b. supraglottic stenosis
c. laryngomalacia (LM)
d. extrathoracic tracheomalacia

5. Muffling of the voice without hoarseness may be a 
sign of ________________________.
a. vocal cord dysfunction (VCD)
b. tracheal stenosis
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6. The gold standard treatment for tracheal stenosis is 
______________________________.
a. cryotherapy
b. surgical resection
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7. Histamine-mediated angioedema can be treated 
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d. plasma kallikrein inhibitor
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OBJECTIVES
1. Relate the common characteristics, manifestations, and 

diagnostic features of sleep-related breathing disorders 
(SRBDs).

2. Discuss the incidence, prevalence, and risk factors as well 
as prognostic determinants of SRBDs.

3. Compare and contrast the three types of SRBDs: 
obstructive, central, and mixed central apnea.

4. Discuss the testing methods used in the diagnosis of 
SRBDs.

5. Understand the surgical management used for SRBDs.

KEY TERMS
Adaptive servo-

ventilation (ASV)
Apnea
Apnea threshold
Auto-titrating positive 

airway pressure (APAP)
Average volume-

assured pressure 
support (AVAPS)

Bi-level positive airway 
pressure (BPAP)

Body mass index (BMI)
Central sleep apnea  

(CSA)
Circadian rhythm
Congenital central 

hypoventilation 
syndrome (CCHS)

Continuous positive airway 
pressure (CPAP)

Electroencephalogram 
(EEG)

Electromyogram (EMG)
Electrooculogram (EOG)
Epworth sleepiness 

scale (ESS)
Excessive daytime 

sleepiness (EDS)
Home sleep apnea 

testing (HSAT)
Homeostatic sleep 

regulation
Hypopnea
Loop gain
Mandibular advancement 

devices (MADs)

Sleep-Related Breathing  
Disorders

“Sleep is that golden chain that ties health and our bodies together.”

—From ‘The Gul’s Horne Booke.’ Warner, et al., comp. 1917. The Library of the World’s Best Literature. Bartlebycom Great Books 
Online. 2018. Retrieved from: http://www.bartleby.com/library/prose/1607.html. Accessed January 28, 2018.
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Nonrapid eye movement 
(NREM) sleep

Obstructive sleep 
apnea (OSA)

Polysomnography (PSG)

Positive airway pressure 
(PAP) therapy

Rapid eye movement 
(REM) sleep

Respiratory events

Sleep-related breathing 
disorders (SRBDs)

Stage N1 of NREM
Tongue-retaining 

devices (TRDs)

Treatment-emergent CSA
Uvulopalatopharyngoplasty 

(UPPP, or U3P)

BOX 7-1 Sleep-Related Breathing Disorders

Disorder
I. OSA disorders

A. OSA, adult
B. OSA, pediatrics

II. CSA syndromes
A. CSA with Cheyne–Stokes breathing
B. CSA due to a medical disorder without 

Cheyne–Stokes breathing
C. CSA due to high-altitude periodic breathing
D. CSA due to a medication or substance
E. Primary CSA
F. Primary CSA of infancy

G. Primary CSA of prematurity
H. Treatment-emergent CSA

III. SRH disorders
A. Obesity hypoventilation syndrome (OHS)
B. Congenital central alveolar hypoventilation 

syndrome
C. Late-onset central hypoventilation with hypo-

thalamic dysfunction
D. Idiopathic central alveolar hypoventilation
E. SRH due to a medication or substance
F. SRH due to a medical disorder

IV. Sleep-related hypoxemia disorder

Reproduced with permission from American Academy of Sleep 
Medicine, International Classification of Sleep Disorders, 3rd ed. 
American Academy of Sleep Medicine, Darien, IL 2014.

Case Study
A 32-year-old overweight man is referred to a pulmo-
nologist for the evaluation of sleep apnea following 
a recent visit to his primary care physician for a rou-
tine follow-up visit for persistent hypertension and 
“diet-controlled” type 2 non-insulin-dependent dia-
betes. The patient’s medical history reveals marginal 
treatment control over his ongoing hypertension. The 
patient mentions that he noticed feeling progressively 
and unusually sluggish and sleepy during the day, 
and when lying down, he would fall asleep quickly. 
The patient believes that he sleeps well, but his wife 
complains persistently about his loud snoring and 
irregular breathing during his sleep. His only prescrip-
tion medication is a daily thiazide-calcium blocker 
antihypertensive.

On physical examination, the patient is 5 feet 
10 inches and weighs 284 pounds, resulting in a 

body mass index (BMI) of 40.8. The patient’s tem-
perature is normal, his respiratory rate is 22 breaths/
minute, and he has a seated blood pressure of 165/94. 
The patient has swollen nasal mucosa with thick se-
cretions. Chest auscultation reveals normal breath 
sounds throughout all lung fields. His heart examina-
tion is unremarkable other than a mild tachycardia of 
118 beats/minute. The patient’s abdomen and upper 
and lower extremities are all normal. Pulse oximetry 
while breathing room air at rest is 90%.

The patient completes a sleep questionnaire 
in the pulmonologist’s office. His score on the 
Epworth Sleepiness Scale (ESS) is 15. The patient’s 
sleep history, obesity, hypertension, and results from 
the ESS are strongly suspicious of a sleep-related 
breathing disorder. The pulmonologist recommends a 
diagnostic sleep study.

Introduction
Sleep-related breathing disorders (SRBDs) refer to sev-
eral conditions that cause brief and cyclical cessations 
in breathing rhythm (apnea) or transient or sustained 
decline in the breath amplitude (hypopnea) that oc-
cur during the sleeping state. These events are typi-
cally sufficient enough to cause significant hypoxemia 

and hypercapnia. The International Classification of 
Sleep Disorders defines four significant categories 
of SRBDs: obstructive sleep apnea (OSA) syndrome, 
central sleep apnea (CSA) syndrome, sleep-related 
 hypoventilation (SRH) disorders, and sleep-related 
 hypoxemia disorder.1 Further categorization is accord-
ing to their etiology. See Box 7-1.
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Normal Respiration during Sleep
To understand the pathogenesis of SRBDs, the basic 
knowledge of normal sleep patterns is necessary. Most 
adults typically sleep between 7 and 8 hours per night, 
although variation in the pattern of sleep architecture 
does occur among healthy individuals. Age may alter 
sleep patterns. Both infants and the elderly experience 
frequent interruptions of sleep. The normal control 
of respiration during the dynamic physiologic state of 
sleep significantly differs between sleep and wakeful-
ness. Significant changes in several processes control-
ling breathing occur with sleep onset. The normal sleep 
time consists of a complex sleep architecture composed 
of several stages of nonrapid eye movement (NREM) 
sleep alternating with periods of rapid eye movement 
(REM) sleep. Each sleep stage in a typical sleep cycle 
has a characteristic electrophysiologic pattern, identi-
fied by waveforms seen during electroencephalogram 
(EEG) readings (Table 7-1 and Figure 7-1).2

The stages of sleep begin with Stage W (wake), 
progress to Stage N1 (light sleep), then to Stage N2 
and Stage N3 (deep sleep), and finally to Stage R (REM 
sleep) (Table 7-2).2 Each stage in the sleep cycle has 
characteristic waveforms identified by EEG. These 
waveforms are used in polysomnography (PSG) to 
identify the stages of sleep. PSG is a continuous multi-
function physiologic recording system used to distin-
guish two states of sleep. PSG uses the characteristic 
patterns in the EEG to measure brainwave activity, the 
electrooculogram (EOG) to measure eye movement ac-
tivity, and the surface electromyogram (EMG) is placed 
on the chin and neck to measure muscle movement 
activity. This procedure enables the identification of 
specific states of sleep, REM and NREM stages. About 

TABLE 7-1
EEG Waveforms in Sleep

75–80% of the night is spent in NREM sleep, which is 
further divided into three stages characterized by iden-
tifiable EEG patterns that are capable of demonstrat-
ing increasing arousal thresholds and slowing of the 
cortical EEG. Stage N1 of NREM sleep presents as the 
initial stage of “light sleep” transition between wake and 
sleep, in which a low-voltage mixed-frequency pattern 
emerges. In this stage, individuals often drift in and out 
of sleep and can be awakened easily. During Stage N1 
sleep, eyes usually move very slowly and muscle activi-
ties slow down, and if awakened, the individual often 
remembers fragmented visual images. Other significant 
physiologic changes in the processes controlling res-
piration occur with the onset of sleep. These changes 
include a fall in minute ventilation in response to a 
decline in the metabolic rate and a diminished chemo-
sensitivity to O2 and CO2.3 Sleep onset causes a gradual 
decrease in sympathetic activity, resulting in a slowing 
of heart rate and drop in blood pressure, which pro-
gresses with deeper stages of NREM sleep.4 Stage N2 of 
NREM sleep is recognized by the presence of spindles 
and K-complexes on EEG and may be the first true sleep 
stage. During Stage N2 sleep, eye movements stop and 
brain wave fluctuations of electrical activity slow down 
and there are intermittent bursts of rapid waves called 
sleep spindles. Stage N3 of NREM sleep, which is also 
referred to as slow-wave or deep sleep, is distinguished 
by high-amplitude slow delta waves interspersed with 
smaller, faster waves. During Stage N3 sleep there is no 
eye movement or muscle activity (Table 7-2).

REM sleep is characterized by rapid eye movements 
and low-frequency sawtooth waves. The complete sleep 
cycles that occur at the beginning of each night contain 
relatively short REM periods lasting only a few minutes 

Waveform Type Characteristics

Alpha Fast 8–13 Hz
Occipital EEG channels
Relaxed wakefulness
Associated with EEG arousals

Theta Low voltage
Mixed frequency

4–7 Hz
Stage N1
Background of Stage N2 and REM

Sleep Spindles Brief bursts of high frequency
Activity

11–16 Hz
Central EEG channels
Associated with Stage N2

K-complex Unique waveform Sharp negative wave followed by slower positive component
Associated with Stage N2
Often immediately followed by sleep spindles

Slow waves Low frequency
Low amplitude

0.5–2 Hz
Frontal regions of the brain
Mostly associated with Stage N3

Data from Spriggs W. Essentials of Polysomnography. 2nd ed. Burlington, MA: Jones & Bartlett Learning; 2015:157–187.
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FIGURE 7-1 EEG waveforms indicative of different stages of sleep.

(A)

(C) (D) (E)

(B)

Stage of Sleep Waveforms Characteristics

Stage W Alpha waves Awake
Physically active (body movements) or inactive (no body movements) or 
relaxed wakefulness
Eye blinks
High-amplitude chin EMG

Stage N1 Alpha waves disappear
Low-voltage, mixed-frequency EEG

First stage of sleep or transitional stage of sleep
Light sleep
NREM
Makes up <10% of the total sleep time 

Stage N2 Sleep Spindles
K-complexes

Begins at the first set of sleep spindles or the first K-complex
NREM
Makes up about 50% of the total sleep time 

Stage N3 Slow waves Begins when the EEG waveforms contain a minimum of 20% slow waves
NREM
Human growth hormone is emitted
Makes up about 20–25% of the total sleep time 

Stage R Sawtooth waves
(2–6 Hz)

REM sleep
Typically occurs 90–120 minutes after sleep onset
Core temperature drops
Respiratory patterns may vary slightly
Makes up about 20–25% of the total sleep time
Transitions to wake or Stage N3

TABLE 7-2
Sleep Stages Seen on PSG of Normal Healthy Adults

Data from Spriggs W. Essentials of Polysomnography. 2nd ed. Burlington, MA: Jones & Bartlett Learning; 2015:157–187.
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and long periods of deep sleep. REM usually alternates 
with NREM periods in 90- to 120-minute average com-
plete sleep cycles. REM periods with added sleep time 
increase in length while deep sleep decreases as the 
night goes on. Most adults spend approximately 20–
25% of their sleep time in REM sleep, whereas infants 
typically spend about 50% of their sleep time in REM 
sleep. A variety of physiologic and behavioral changes 
occur during NREM and REM sleep. Table 7-3 sums up 
the differences between the two types of sleep.

As the complete sleep cycle sequentially transitions 
through the NREM phases into the REM stage, respi-
rations become variable, that is, more rapid, irregular, 
and shallow. Eye movements begin to occur rapidly in 

various directions, while limb muscles become tempo-
rarily inactive. Heart rate and blood pressure increase 
during REM sleep. Changes in respiratory rate, rhythm, 
and depth of breathing result in variations in alveolar 
ventilation. Other alterations known to occur during 
REM include a reduction in mucociliary clearance as 
well as diminished protective reflexes of the airways and 
decreased arousal responses to noxious stimuli. Indi-
viduals who awaken during REM sleep frequently ex-
perience strange dreams. A partial loss of the ability to 
regulate their body temperature during the REM stage 
of sleep will cause abnormal changes in environmental 
temperature to result in a reset in the normal sleep cycle 
progression. In such cases, subsequent sleep typically 
begins with the REM sleep stage rather than beginning 
with Stage N1 and goes through extended periods of 
REM until a “catch-up” has occurred. Ventilation during 
NREM sleep normally demonstrates a characteristically 
more regular respiratory pattern than wakeful breath-
ing, without a sizable reduction in average respiratory 
frequency. Significant physiologic changes occur with 
the onset of sleep, including a fall in minute ventilation 
along with a decline in metabolic rate and diminished 
chemosensitivity to O2 and CO2, resulting in a reduction 
in the respiratory drive during sleep3 (Table 7-4).

The lowest frequency of minute ventilation during 
NREM sleep occurs during Stage N3 sleep (also known 
as slow-wave sleep) with concurrent declines in tidal 
volume. As a result of the physiologic changes occurring 
during NREM sleep, end-tidal carbon dioxide (etco2) 
increases by 2–3 mm Hg compared with the waking 
state.6 During REM sleep, on the other hand, respiratory 
patterns and control vary more significantly compared 

Characteristics NREM REM

Eye movement Slow eye 
movement

Rapid eye 
movement

Type of sleep Restful sleep Not restful sleep

Metabolism Decreased 
metabolism

Increased 
metabolism

Vital signs Decreased Irregular

Muscle tone Maintained Depressed

Dreams Not vivid Dreams occur

TABLE 7-3
Differences between NREM and REM Sleep

Reproduced with permission from Burepalli S, Punuru P, Gottiganti G, Badhvel 
J, Gopinath C. Review on Sleep and Sleep Disorders. Scholars Acad J Pharm. 
2017;6(9):372–377. doi:10.21276/sajp.2017.6.9.1.

Physiology NREM Sleep REM Sleep

Heart rate Slow and regular Irregular

Blood pressure Stable Transient increases and decreases

Cardiac output Decreases Decreases further

Respiratory rate Decreases Increases

Ventilatory drive Decreased tidal volume; decreased response  
to hypoxia and hypercapnia

Significant decrease in ventilatory drive; decreased response 
to hypoxia and hypercapnia

Autonomic nervous 
system 

Increased parasympathetic tone Unstable, brief surges in sympathetic and parasympathetic 
activity

Gastric motility Decreases Decreases

Muscle tone Similar to wakefulness Absent

Blood flow to brain Decreases Increases

Temperature regulation Decreased hypothalamic temperature set point Reduced thermoregulatory mechanism

TABLE 7-4
Normal Physiologic Changes during Sleep

Reproduced with permission from Burepalli S, Punuru P, Gottiganti G, Badhvel J, Gopinath C. Review on Sleep and Sleep Disorders. Scholars Acad J Pharm. 
2017;6(9):372–377. doi:10.21276/sajp.2017.6.9.1; Benca R. Sleep Disorders. New York, NY: Oxford University Press; 2012.
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to that observed during NREM sleep, with increased 
respiratory frequency and diminished regularity.3 Tidal 
volume in REM sleep is additionally reduced to that seen 
during NREM sleep, resulting in the lowest level of nor-
mal minute ventilation. Subsequently, the onset of REM  
sleep will exhibit an increase in etco2 (an additional  
2–3 mm Hg), which is typically accompanied by a  
decrease in oxygen saturation.7

A fall in sleep-related alveolar ventilation may also be 
attributed to sleep-related changes in the upper airway 
mechanics. Upper airway muscles are normally active 
during inspiration when awake, functioning to maintain 
patency and prevent the collapse of the upper airways 

during inspiration. See Box 7-2. The activity of the ge-
nioglossus muscle during NREM sleep seems to mirror 
its action during wakefulness except that its response to 
CO2 during sleep appears to be blunted8 (Figure 7-2). 
At the onset of sleep, a partial pharyngeal collapse 
causes an increase in inspiratory resistance. The in-
creased inspiratory resistance can cause hypoventilation 
if the added resistive “load” is not compensated for by 
increased respiratory effort. Upper airway muscle activ-
ity is at its lowest during REM sleep.7 There is a higher 
degree of sleep-related reductions in muscle activity of 
the upper airway compared to that of the diaphragm.7 
Other factors that negatively affect upper airway 

FIGURE 7-2 Upper airway anatomy. There are more than 20 upper airway muscles surrounding the airway that actively constrict and dilate the 
upper airway lumen. These groups of muscles interact in a complex fashion to determine the patency of the airway. Soft tissue structures form 
the walls of the upper airway and include the tonsils, soft palate, uvula, tongue, and lateral pharyngeal walls.9
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BOX 7-2 Muscles That Determine the Patency of the Upper Airway
Muscles regulating the position of the soft palate

 � Alai nasi

 � Tensor palatine

 � Levator palatini
Tongue

 � Genioglossus

 � Geniohyoid

 � Hyoglossus

 � Styloglossus

Hyoid apparatus

 � Hyoglossus

 � Genioglossus

 � Digastric

 � Geniohyoid

 � Sternohyoid
Posterolateral pharyngeal walls

 � Palatoglossus

 � Pharyngeal constrictors

Ayappa I, Rapoport D. The upper airway in sleep: physiology of the 
pharynx. Sleep Med Rev. 2003;7(1):9–33. doi:10.1053/smrv.2002.0238.
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patency include position, especially the supine position, 
the presence of excessive upper airway soft tissue, and 
retroglossal narrowing of the upper airway during sleep. 
Subtle increases in vascular congestion of the airways 
in response to positional changes may also increase up-
per airway resistance. Skeletal muscle inactivity associ-
ated with normal REM sleep causes ventilation to be 
accomplished solely by the diaphragm.3 Because of the 
combined effects of decreased sensitivity of the respira-
tory drive to hypercapnia and hypoxia and reduced re-
spiratory mechanical capacities, REM sleep is normally 
associated with relative hypoventilation. Hypoxia and 
hypercapnia may trigger arousals from sleep, result-
ing in a return to the more tightly regulated ventilatory 
control associated with wakefulness. The waking state is 
also associated with an increased ventilatory response 
to both elastic and airways resistance, prompting com-
pensatory changes that preserve appropriate ventilation 
and prevent the development of hypercapnia.

Regulation of the sleep–wake cycle is modulated  
by two separate biologic mechanisms: homeostatic  
sleep regulation and circadian rhythm. The homeostatic 
factor refers to an increased propensity for sleepiness 
with longer periods of prior wakefulness, while the cir-
cadian factor relates to clinical variations in physiologic 
alertness and sleepiness with the time of day.4,10 Homeo-
static drive gradually increases as the day progresses, 
and by the end of the day, this drive results in the onset 
of sleep.9 Sleep and wake states are produced by the in-
terplay of centers in the brain stem, the hypothalamus, 
thalamus, and forebrain. Two mutually inhibitory groups 
of these centers, a wake-promoting group and a sleep-
promoting group, result in a flip-flop circuit that provides 
sleep–wake control.11 The circadian control is active 
during the day, while the homeostatic drive to sleep in-
creases. When one system inhibits the other, the result is 
a switch between wakefulness and sleep.11 The homeo-
static sleep drive dominates over the circadian waking 
signal at the end of the day. When a person wakes spon-
taneously, in the morning, the homeostatic sleep drive is 
essentially zero, and the circadian wake signal is domi-
nant. The circadian clock is normally synchronized with 
environmental cues, such as lighting and noise level, and 
external influences can affect the sleep–wake balance.

Several neurotransmitters promote wakefulness or 
sleepiness. These neurotransmitters include acetylcho-
line, adenosine, gamma-aminobutyric acid, glutamate, 
histamine, hypocretin, noradrenaline, and serotonin.4,10 
Because sleep and wakefulness are influenced by dif-
ferent neurotransmitter signals in the brain, foods and 
medicines can change the balance of these various neu-
rotransmitter signals, affecting alertness and the quality 
of sleep. Underlying abnormalities in the function of the 
sleep–wake cycle, or outside interferences, such as envi-
ronmental, drug-, or illness-related disorders, may alter 
either system’s normal expression, leading to a clinically 
recognizable sleep disorder.

Respiratory Event Definition

Apnea Cessation of airflow for at least 
10 seconds, though may last for 
30 seconds or longer. Airflow 
decreased by >90% is considered 
an apnea.

Hypopnea A respiratory event characterized 
by a reduction in airflow (>30%) 
at least 10 seconds with >3% 
oxyhemoglobin desaturation. 
Hypopnea may occur during any 
sleep stage though tends to be 
more severe during REM sleep 
when ventilation is more irregular.

Respiratory effort–related 
arousal (RERA)

Arousal seen on EEG caused by 
a decrease in airflow that does 
not qualify as either an apnea or a 
hypopnea.

Obstructive apnea A respiratory event characterized by 
continued thoracoabdominal effort 
in the setting of partial or complete 
airflow cessation.

Central apnea A respiratory event characterized by 
the lack of thoracoabdominal effort 
in the setting of partial or complete 
airflow cessation for a minimum of 
10 seconds during sleep.

Mixed apnea A respiratory event including both 
obstructive and central features. 

TABLE 7-5
Sleep-Disordered Breathing (SDB) Definitions

KNOWLEDGE CHECK QUESTIONS

1. True or False: There are four major categories of 
SRBDs.

2. True or False: Theta waves are normally present 
in K-complexes.

3. True or False: Stage R sleep usually occurs 
about 30 minutes after sleep onset.

4. True or False: Unstable, brief surges of para-
sympathetic and sympathetic activity occur 
during NREM sleep.

5. True or False: Neurotransmitters play a role in 
the daily sleep–wake cycle.

Definitions
The American Academy of Sleep Medicine promotes 
the use of standardized language. The terminology in 
Tables 7-5 and 7-6 appear throughout this chapter.
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Obstructive Sleep Apnea
OSA is the most common type of SDB. OSA is caused 
by the collapse of soft tissue in the pharynx.

Definition/Diagnosis
OSA represents an abnormal condition characterized 
by recurrent episodes of complete (apnea) or partial 
(hypopnea and RERA) interruption of airflow resulting 
from upper airway collapse and obstruction during sleep 
despite continued efforts in breathing. Clinically, the 

patient has loud snoring, daytime sleepiness, witnessed 
breathing interruptions, or awakenings due to gasp-
ing or choking in the presence of at least five obstruc-
tive respiratory events (apneas, hypopneas, RERAs, or 
mixed apneas) per hour of sleep. The occurrence of 15 or 
more obstructive respiratory events per hour of sleep in 
the absence of sleep-related symptoms is also sufficient 
for the diagnosis of OSA.12 These respiratory events 
are often accompanied by fluctuations in heart rate, an 
abrupt fall in oxygen saturation, and brief arousals. Typi-
cally, these occurrences are concurrent with loud and 
harsh breathing sounds or snoring as air is exhaled when 
the airway reopens. Clinical manifestations of hypopnea 
can be similar to those of apnea, though a more signifi-
cant decrease in oxygen saturation is generally associ-
ated with apnea compared to hypopneic events.

A diagnosis of OSA is based on the presence or 
 absence of related symptoms, as well as the frequency 
of respiratory events during sleep, as measured by PSG 
or home sleep apnea testing (HSAT).13 The diagnosis of 
OSA in adults is confirmed if either of the two criteria 
developed by the American Association of Sleep Medi-
cine exists (Box 7-3).1

Clinical Signs and Symptoms
Manifestations of OSA usually begin insidiously and are 
often present for years before the patient is referred for 
evaluation. As clinical signs and symptoms eventually 
become apparent, the patient with OSA typically displays 
nocturnal symptoms, including loud, persistent snoring 
that is bothersome to others; witnessed apneas, which 

Indices Definition

Apnea index The average number of apneas per hour of 
sleep.

Apnea threshold The Paco2 level below which respiratory output 
ceases primarily, resulting in a central apneic 
event. This generally occurs 2–6 mm Hg 
lower than normocapnic sleep Paco2 levels 
observed during spontaneous breathing. 

Hypopnea index The number of hypopnea events occurring 
per hour of total sleep time.

Apnea–hypopnea 
index (AHI)

The number of complete airflow cessation 
(apnea) and partial obstruction (hypopnea) 
events per hour of total sleep time, used 
to assess the severity of sleep apnea. 
AHI = (apneas + hypopneas) ÷ total 
number of minutes of sleep. The AHI can be 
used to classify the severity of disease (mild 
as 5–15, moderate as 15–30, and severe 
as greater than 30 episodes per hour of 
sleep). 

Respiratory 
disturbance index 

The average number of respiratory 
disturbances, including apneas, hypopneas, 
and RERAs per hour of the total sleep time. 
This index, like the AHI, is commonly used 
to assess the severity of SDB.

Central apneas The number of complete cessations of 
airflow and respiratory effort events per 
hour of the total sleep time.

Central 
hypopneas

The number of hypopneas due to reduced 
effort during sleep.

TABLE 7-6
Measurements of SDB

KNOWLEDGE CHECK QUESTIONS

1. True or False: A decrease in airflow of 95% is 
considered an apnea.

2. True or False: Apnea is defined as cessation of 
airflow for at least 20 seconds.

3. True or False: The apnea–hypopnea index and 
the respiratory disturbance index are the same.

BOX 7-3 Criteria for the Diagnosis of OSA

 � ≥5 predominantly obstructive respiratory events 
per hour of sleep (for PSG) or recording time (for 
HSAT) in a patient who has ≥1 of the following:

 y Waking up with gasping, choking, or breath 
holding

 y Habitual snoring, or breathing interruptions, 
or both noted by a bed partner or observer

 y Fatigue, sleepiness, nonrestorative sleep, or 
insomnia symptoms

 y Atrial fibrillation, cognitive dysfunction, con-
gestive heart failure (CHF), coronary artery 
disease (CAD), hypertension, mood disorder, 
stroke, or type 2 diabetes mellitus

 � ≥15 predominantly obstructive respiratory 
events per hour of sleep (for PSG) or recording 
time (for HSAT), regardless of the presence of 
associated symptoms or comorbidities

American Academy of Sleep Medicine. International Classification 
of Sleep Disorders. 3rd ed. Darien, IL: American Academy of Sleep 
Medicine; 2014.
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BOX 7-4 Symptoms of OSA
Awakening with choking
Cognitive deficits
Daytime sleepiness or fatigue
Diaphoresis at night
Dry mouth upon awakening
Gastroesophageal reflux
Insomnia with frequent awakenings
Lack of concentration
Loud snoring
Mood changes
Morning headaches
Nocturia
Nocturnal restlessness
Nonrestorative sleep
Witnessed apneas by bed partner

Modified from Benca R. Sleep Disorders. New York, NY: Ox-
ford University Press; 2012; Kline L. Clinical presentation and 
 diagnosis of obstructive sleep apnea in adults. In: Finlay G,  
Collop N, ed. Uptodate. Waltham, MA: UpToDate; 2017.  
http://www.uptodate.com. Accessed December 29, 2017.

frequently interrupt snoring; gasping or choking that 
awaken the patient from sleep; restless sleep with noc-
turnal awakenings and excessive body movements; and 
more.13,14 See Box 7-4. These manifestations all tend to 
result in poor sleep quality. Daytime symptoms include 
excessive daytime sleepiness (EDS), which  typically 
begins during quiet activities (such as when reading or 
watching television) and progressively worsens.

Eventually, these individuals extend their sleepiness 
into activities that require alertness (such as during 
school or work, or when driving). EDS is one of the most 
debilitating symptoms associated with OSA syndrome 
because it reduces the quality of life, impairs daytime 
functioning, and causes neurocognitive deficits, such as 
memory loss. EDS is typically assessed using a subjective 
sleep questionnaire, such as the ESS. The ESS is a vali-
dated self-administered eight-item questionnaire that 
measures subjective daytime sleepiness15 (Figure 7-3). 
Although the ESS is not specific for apnea, and apnea 
severity is not always correlated with the  degree of per-
ceived sleepiness, the scale is used to identify patients 
with EDS who may require further screening for sleep 
apnea or other causes of sleepiness.5 Another help-
ful screening tool is the Berlin Questionnaire, which 
has been demonstrated to have good sensitivity in 

FIGURE 7-3 The ESS is a subjective measure of a patient’s sleepiness.
Reproduced with permission from Johns M. A new method for measuring daytime sleepiness: the Epworth sleepiness scale. Sleep. 1991;14(6):541 (Table 1).

THE EPWORTH SLEEPINESS SCALE

Name: 

Today’s date: Your age (years): 

Your sex (male 5 M; female 5 F): 

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 have not done some 
of these things recently try to work out how they would have affected you. Use the following 
scale to choose the most appropriate number for each situation:

0 5 would never doze

1 5 slight chance of dozing

2 5 moderate chance of dozing

3 5 high chance of dozing

Situation Chance of dozing

Sitting and reading

Watching TV

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

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

Lying down to rest in the afternoon when circumstances permit

Sitting and talking to someone

Sitting quietly after a lunch without alcohol

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

Thank you for your cooperation
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identifying individuals at risk for OSA.5 Other methods 
of quantifying EDS and fatigue include the multiple 
sleep latency test (MSLT) and the maintenance of wake-
fulness test (MWT). The MSLT is an objective test of 
physiologic sleepiness using a nap study to measure how 
quickly a patient falls asleep in quiet situations during 
the day.16 The MWT measures a patient’s ability to stay 
awake in a calm, nonstimulating situation for a given pe-
riod of time.16 These tests are not routinely indicated in 
the initial evaluation and diagnosis of OSA.17

The physical examination for individuals suspected 
of OSA is frequently normal except for the presence of 
obesity (BMI >30 kg/m2), a significantly enlarged neck 
circumference, and a crowded oropharyngeal airway.12 
The upper airway of all patients displaying symptoms 
suggestive of OSA needs evaluation, even if they are not 
obese (Table 7-7).18

Numerous conditions can cause the crowding in the 
oropharyngeal airway. These conditions include retrog-
nathia (lower jaw setback from the upper jaw), micro-
gnathia (small lower jaw), macroglossia (large tongue), 
tonsillar hypertrophy, elongated uvula, high arched or 
narrow palate, nasal septal deviation, and nasal pol-
yps.13,14 The Mallampati classification is a common eval-
uation method for quantifying upper airway narrowing. 
This simple scoring system relates the amount of mouth 
opening to the size of the tongue. It is typically used to 
assess the space available for oral intubation by direct 
laryngoscopy13 (Figure 7-4).

Etiology
The most common cause of OSA in adults is obesity as-
sociated with disproportionate amounts of soft tissue in 
the mouth and throat. Because sleep represents a period 
of time muscles of the upper airway are normally more 
relaxed, the presence of additional soft tissue can block 

the oropharyngeal airway. Certain naso-oro-pharyngeal 
parameters are significantly associated with OSA. These 
parameters include enlarged adenoids, a large tongue, 
greater neck circumference, and a narrow oropharyn-
geal inlet.19 Contributing factors may also include meta-
bolic disturbances, such as hypothyroidism, acromegaly 
(abnormal growth due to excess production of growth 
hormone), allergies, and a deviated nasal septum.

Epidemiology
OSA is the most common SRBD. Prevalence estimates 
vary according to the way in which OSA is defined and 
the distribution of risk factors in the population being 
studied.20 The prevalence of OSA is two times higher 

Sign Criteria/Comment

BMI >30 kg/m2 

Crowded oropharyngeal airway Mallampati classification of 3 or 4

Large neck >17 inches for men, >16 inches for women

Large waist circumference >102 cm (40 inches) in men or women

Elevated blood pressure 50% of patients with OSA have coexisting hypertension

Signs of pulmonary hypertension or cor pulmonale Common sequelae when OSA exists with daytime hypoxemia due to 
other chronic illnesses

TABLE 7-7
Physical Findings Frequently Identified with OSA

FIGURE 7-4 Mallampati classification of airway crowding.  
A classification of 3 or 4 is considered positive for a crowded 
oropharyngeal airway.

Class 1 Class 2

Class 3 Class 4

Epstein L, Kriste D, Strollo P, et al. Clinical guideline for the evaluation, management and long-term care of obstructive sleep apnea in adults. J Clin Sleep Med. 
2009;5(3):263–276; Kline L. Clinical presentation and diagnosis of obstructive sleep apnea in adults. In: Finlay G, Collop N, eds. Uptodate. Waltham, MA: 
UpToDate; 2017. http://www.uptodate.com. Accessed December 29, 2017; Qasrawi S, Al Ismaili R, Pandi-Perumal S, Bahammam A. Chapter 13 Sleep-related 
breathing disorders in adults. Synop Sleep Med. 2016:213–232. doi:10.1201/9781315366340-14; Davidson T, Patel M. Waist circumference, and sleep 
disordered breathing. Laryngoscope. 2008;118(2):339–347. doi:10.1097/mlg.0b013e3181587d7c.
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in men than in women in the general population.21 The 
prevalence of OSA increases with age through midlife 
but then decreases in both men and women.21 The 
number of adults in the United States with OSA is at 
least 25 million.22

The prevalence of OSA also varies by race and eth-
nicity. OSA is more prevalent in African Americans 
who are younger than 35 years compared with Cauca-
sians of the same age group and independent of body 
weight.20 Given the rising obesity rates in the United 
States, it is likely that the prevalence of OSA will also 
continue to increase.5

Pathology/Pathophysiology
Most individuals who develop OSA demonstrate recur-
rent upper airway obstruction above the level of the 
larynx. Upper airway size in patients with OSA is typi-
cally small. This is often due to increased body mass 
or eccentric facial bone structure. Retropositioning of 
the maxilla and mandible can also predispose patients 
to a narrow pharynx caused by posterior displacement 
of the tongue and soft palate. The obstruction can re-
sult in substantially reduced (hypopnea) or complete 
cessation (apnea) of airflow despite ongoing breathing 
efforts (Figure 7-5). Disruptions in breathing produce 
intermittent blood gas disturbances (hypercapnia and 
hypoxemia) and surges of sympathetic activation. The 
frequent occurrence of loud snoring is usually inter-
rupted in most cases by the culmination of a respira-
tory event associated with a brief awakening from sleep 
(arousal). A cyclical breathing pattern and associated 
fragmented sleep events continue to reoccur as the 
patient fluctuates between wakefulness and sleep. In 
severe cases of OSA, respiratory events can occur more 
than 100 times/hour, with each event typically lasting 
from 20 to 40 seconds.

OSA has long been recognized as a heterogeneous 
pathophysiologic disorder with potentially multiple 
contributing causes that may vary considerably between 
patients. The site of upper airway collapse during sleep is 

FIGURE 7-5 A normal upper airway during sleep versus OSA. 
The obstruction is caused by the reduced muscle tone of the 
genioglossus muscle of the tongue, the soft palate, and the uvula.
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typically between the hard palate and the larynx. The col-
lapse occurs during inspiration due to the limited space, 
negative pharyngeal pressure, and the decreased tone 
of the genioglossus muscle.23 REM sleep is often associ-
ated with the most frequent or prolonged obstructions, 
possibly because of the generalized muscle atonia and 
reduced chemoreceptor sensitivity to changes in Paco2 
and Pao2.5 The occurrence of an anatomically compro-
mised collapsible airway associated with sleep-induced 
loss of the compensatory tonic input to the upper airway 
dilator muscle motor neurons leads to further collapse of 
the pharyngeal airway. Box 7-5 lists the abnormal physi-
ologic contributing to and perpetuating OSA.

Sleeping in the supine position can worsen apnea, 
as gravity allows the tongue and related soft tissues to 
fall back toward the posterior wall of the pharynx, de-
creasing airway diameter. The ability of the individual to 
compensate for the airway obstruction thus controls the 
degree of cycling of these events (Figure 7-6).

Despite multiple physiologic sleep-related changes 
in respiratory mechanics and a rise in Paco2, not all 
individuals develop complete upper airway obstruction. 
Individuals with favorable upper airway anatomy and 
lung mechanics are able to sustain rhythmic breathing 
and normal gas exchange, whereas those with highly 
compromised upper airway may develop complete 
obstruction.24

Risk Factors
Risk factors for OSA are advancing age, male gender, 
menopause, obesity, neck circumference, and nasal and 
pharyngeal anatomy, nasal congestion, smoking, and al-
cohol consumption. Several medical conditions increase 
a person’s risk for OSA. These medical conditions include 
endocrine abnormalities, such as acromegaly and hypo-
thyroidism. Other risk factors include polycystic ovary 
syndrome and testosterone therapy because they cause 
increased tissue deposition in and around upper airway 
along with effects on respiratory centers. See Box 7-6.

Complications
Patients with OSA are at a higher risk of developing 
complications that include postoperative hypoxemia, 
respiratory failure, unplanned ICU transfers, and longer 

BOX 7-5 Abnormal Physiologic Factors 
Causing or Perpetuating OSA
Decreased arousal threshold (ability to wake from 

increased respiratory drive)
Decreased upper airway dilator muscle responsive-

ness and activity
Decreased upper airway opening
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FIGURE 7-6 (A) Schematic representation of the typical pathophysiologic sequence that occurs in OSA and the associated physiologic 
processes that occur throughout the cycle. Factors that are protective/restorative are located on the outside of the circle. Factors that 
are perpetuating are located on the outside of the circle. (B) Schematic representation of the possible sites where each of the various 
pathophysiologic traits either predisposes or tends to worsen OSA. These factors are located inside the main circle.
Modified from Eckert D, Malhotra A. Pathophysiology of adult obstructive sleep apnea. Proc Am Thorac Soc. 2008;5(2):144–153 (Figure 2A, p. 148). doi:10.1513/pats.200707-114mg.
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hospital stays.25 OSA is associated with EDS, inatten-
tion, and fatigue, which may impair daily function, 
induce or exacerbate cognitive deficits, and increase the 
likelihood of errors and accidents.20

Moderate-to-severe untreated OSA puts an indi-
vidual at a high risk for a broad range of cardiovascular 
morbidities, including systemic hypertension, pul-
monary arterial hypertension, CAD, cardiac arrhyth-
mias, heart failure (HF), stroke, and sudden cardiac 

death.20,26,27 Patients with OSA who develop coronary 
heart disease are a high-risk group because of the in-
creased likelihood of apnea-associated silent myocardial 
ischemia and electrical instability of the myocardium. 
The occurrence of serious cardiac arrhythmias, such as 
premature ventricular contraction, second-degree heart 
block, and ventricular tachyarrhythmia is linked to OSA 
due to intermittent hypoxia.26 Increasing evidence has 
also demonstrated that OSA is an independent risk 
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factor for ischemic stroke.28 Patients with untreated 
severe OSA have a two- to three-fold increased risk of 
all-cause mortality compared with individuals without 
OSA, independent of other risk factors, such as obesity 
and cardiovascular disease.28-30

Diagnostic Testing
The clinical history and physical examination indicate 
which patients are at a higher risk for OSA. However, 
the diagnosis of OSA requires a sleep study. PSG is 
considered the “gold standard” when considering the 
possibility of SRBD. However, for patients who are 
strongly suspected of having OSA without any medical 
comorbidities, the HSAT may be an acceptable alterna-
tive. Routine laboratory and radiologic testing are usu-
ally not particularly helpful in the diagnostic evaluation 
of OSA unless a specific indication is clinically present 
or suspected.

Polysomnography
PSG entails the recording of multiple physiologic pa-
rameters during the night in a sleep laboratory attended 
by a specialized sleep technologist. It is a multichannel 
recording of both sleep and breathing. Numerous mea-
surements are continuously monitored (Table 7-8 and 
Figure 7-7).

A diagnostic, or baseline, PSG report contains much 
information from the study. The data from the PSG are 
reported to the physician to assist in the determination 
of an accurate diagnosis. The information on the PSG 
report includes, but is not limited to, information such 
as patient demographics; results of screening tools such 

as the ESS; sleep time summary, including total sleep 
time; respiratory summary; EEG arousal summary; limb 
movement summary; ECG summary; AHI; and oxygen 
saturation summary (Figures 7-8 and 7-9).

Home Sleep Apnea Testing
HSAT is useful for the diagnosis of OSA in patients with 
a high pretest probability of moderate-to-severe un-
complicated OSA. This means patients who do not have 
medical comorbidities, such as cardiopulmonary disease 
or other significant disorders, may be tested with HSAT. 
The risk of moderate-to-severe OSA is high when the 
patient exhibits daytime hypersomnolence and at least 
two of the following three criteria: habitual loud snoring, 
witnessed apnea or gasping/choking, or diagnosed hy-
pertension. Additionally, environmental or personal fac-
tors may influence the choice of the testing site.13 HSAT 
is a considerably less complicated diagnostic modality, is 
less difficult to perform, and is less time consuming and 
less expensive. Portable studies offer greater convenience 
and more closely replicate the patient’s usual night of 
sleep. At a minimum, HSAT must record airflow, respi-
ratory effort, and pulse oximetry.5,12 These unattended 
tests typically do not include standard sleep-staging pa-
rameters, so no sleep data are obtained.5

Treatment and Management
OSA is a chronic disease that requires long-term, mul-
tidisciplinary management. The goals of OSA therapy 
include resolution of signs and symptoms of OSA, im-
proving sleep quality, and normalizing AHI and oxygen 
saturation levels during sleep. The potential benefits of 

BOX 7-6 Risk Factors for OSA
Advancing age
Alcohol use
BMI >25 kg/m2

Craniofacial and upper airway abnormalities
Family history of OSA or snoring
Male gender
Menopause and postmenopause
Neck circumference >17 inches for men, >16 inches 

for women
Pregnancy
Smoking
Medical conditions

 y Acromegaly

 y Depression

 y Diabetes mellitus

 y Down syndrome

 y Hypertension

 y Hypothyroidism

 y Neuromuscular disorders

 y Polycystic ovary syndrome

 y Renal failure

 y Stroke
Medications

 y Anesthetics

 y Barbiturates

 y Benzodiazepines

 y Growth hormone

 y Narcotics

 y Testosterone
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FIGURE 7-7 Example of electrode and sensor placements during PSG.
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Parameter Placement Function

EEG Multiple electrodes placed on head using the International 
10/20 System for EEG electrode placement

Records various brain waves generated while awake and 
during sleep

EOG At least two electrodes placed above or below the outer 
canthus of the eye

Records eye movements for identification of REMs that 
occur during Stage R (REM) sleep

EMG Three electrodes placed on the chin Records activity in the chin to determine the level of 
muscle tone

ECG Two standard ECG electrodes placed in a lead II format Records the heart rhythm

Upper airway sound 
recording

Snore sensor or microphone placed over the trachea or 
on the side of the neck

Detects snore bursts for determining and verifying the 
nature of arousals

Airflow sensor A thermistor, thermocouple, or pressure transducer 
placed directly in front of the nose or mouth

Records air movement from both the nose and the 
mouth

Respiratory effort 
belt

Snug fitting (not tight) respiratory inductance 
plethysmography belts around the chest and abdomen

Records respiratory effort

Leg EMG Two electrodes placed on the anterior tibialis muscle on 
the outside of the lower half of each leg

Records leg movement during sleep

Pulse oximetry Finger sensor placed on the tip of any three middle fingers Records arterial oxygen saturation during sleep

Body position Observation by sleep technologist during the study or 
body position monitoring device

Identify body positions that exacerbate apnea during 
sleep

Video recording Recording of behavior during sleep with the least 
disruption

Observe the patient’s normal sleep pattern in an 
environment that resembles a bedroom or hotel room

TABLE 7-8
Parameters Measured during PSG

Spriggs W. Essentials of Polysomnography. 2nd ed. Burlington, MA: Jones & Bartlett Learning; 2015:157–187; Benca R. Sleep Disorders. New York, NY: Oxford 
University Press; 2012; Epstein L, Kriste D, Strollo P, et al. Clinical guideline for the evaluation, management and long-term care of obstructive sleep apnea in 
adults. J Clin Sleep Med. 2009;5(3):263–276; American Association of Sleep Technologists. Sleep Technology: Technical Guideline. Darien, IL: American Association 
of Sleep Technologists; 2012:2–8. https://www.aastweb.org/hubfs/Technical%20Guidelines/StandardPSG.pdf?t=1510785704439. Accessed January 3, 2018.

182 CHAPTER 7 Sleep-Related Breathing Disorders 



FIGURE 7-8 Sample PSG report page 1.

Symptoms Consistent with OSA
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Sleep 
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Number 
of Leg 
Movements

successful treatment of OSA include clinical improve-
ment (e.g., less daytime sleepiness), reduced healthcare 
utilization and costs, and, possibly, decreased cardiovas-
cular morbidity and mortality. OSA should be treated 
early because the overall outcome is dependent on 
avoiding potential long-term complications.32 There are 
medical and surgical options, as well as lifestyle modifi-
cations, for the treatment of OSA. Adjunctive therapies 
are used as needed to supplement the primary treatment 

options.12 The patient must take an active role in the 
treatment decision and receive education about the risk 
factors, causes, and consequences of OSA.

The sleep specialists who evaluate the PSG or 
HSAT results typically make their treatment recom-
mendations for OSA patients based in large part on 
the severity of the SDB. Individuals presenting with 
mild apnea have a greater variety of options, includ-
ing behavior modification programs and medical 
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FIGURE 7-9 Sample PSG report page 2.
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treatment, while those with moderate-to-severe apnea 
typically require additional measures ranging from 
continuous positive airway pressure (CPAP) to surgical 
interventions.

Lifestyle Modifications
Treatment of OSA often includes lifestyle modifica-
tions, such as weight loss, which can improve or possi-
bly cure OSA in cases where apnea is caused by obesity.5 
A majority of patients with OSA are obese, and the 
incidence of OSA in adults is also high. Evidence shows 
that intensive weight loss interventions help reduce AHI 

scores and improve OSA symptoms.33 Other health 
benefits are associated with weight loss. After a 10% 
change in body weight, reassessment of OSA severity 
is recommended.5 Lifestyle counseling is an essential 
component in the comprehensive care of patients with 
OSA. This counseling not only addresses weight loss but 
also promotes adherence to other therapies that may be 
prescribed.

Many patients have what is called positional OSA. 
This form of OSA occurs when a person experiences 
more respiratory events while sleeping in the supine po-
sition as opposed to the non-supine position. Positional 
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OSA is defined as an AHI at least twice as high in the 
supine position as in other positions.34 For these pa-
tients, avoidance of the flat position may be enough to 
control their OSA. There are several commercial prod-
ucts available that can be worn to prevent a person from 
rolling onto their backs during sleep. Alternatively, self-
made devices utilizing tennis balls sewn into the backs 
of pajamas can also prevent patients from moving onto 
their backs. Unfortunately, long-term adherence to po-
sitional therapy is low.34

There are also specially designed pillows for the 
treatment of snoring and mild OSA that may effectively 
maintain the patient’s head and neck positions during 
sleep to optimize upper airway patency. Other lifestyle 
modifications that help to reduce OSA symptoms in-
clude smoking cessation, elimination of exposure to 
secondhand smoke, avoiding the use of alcohol, and 
elimination of or decrease in the use of sedating medi-
cations, especially at bedtime.

Positive Airway Pressure Therapy
The “gold standard” treatment for sleep apnea is 
positive airway pressure (PAP) therapy.5,12,14,33 PAP 
therapy provides pneumatic splinting of the upper air-
way by maintaining positive pressure to the upper air-
way structures during both inspiration and expiration. 
As a result, the patient experiences fewer apneas and 
hypopneas due to airway collapse.14 Patient ESS scores 
improve, and there are reductions in AHI and patient 
symptoms.33 PAP therapy is recommended for patients 
with moderate-to-severe OSA (AHI ≥ 15) and consid-
ered for mild OSA accompanied by daytime sleepiness 
or associated comorbidities.

The three ways to deliver PAP include CPAP, 
auto-titrating positive airway pressure (APAP), 
bi-level positive airway pressure (BPAP), and 
adaptive servo-ventilation (ASV). CPAP is generally con-
sidered the preferred treatment option for OSA. CPAP 
can quickly reverse OSA with appropriate titration of 
a fixed airway pressure typically between 5 and 24 cm 
H2O. This pressure is applied to the airway by means of 
a nasal mask, nasal prongs, nasal pillows, or facemask. 
Figure 7-10 shows a nasal mask. CPAP dilates the air-
ways within the retropalatal and retroglossal regions, 
increases the lateral dimensions of the upper airway, 
and causes thinning of the lateral pharyngeal walls. The 
appropriate pressure setting for a patient is identified 
via titration during the second half of the sleep study 
(split-night titration) or during a full-night titration. The 
pressure is increased until the respiratory events and 
snoring disappear. The higher the CPAP, the less tolera-
ble it is. However, because CPAP is the standard of care 
for the treatment of OSA, all reasonable interventions 
to improve the tolerance for CPAP therapy are needed 
before deciding to terminate treatment for a particular 
patient.

APAP (or auto-CPAP) represents a more recently 
developed mode of PAP delivery designed to act in 

FIGURE 7-10 CPAP delivered by nasal mask.
© Juanmonino/iStock/Getty Images.

response to changes in upper airway resistance. PAP 
with this mode automatically increases or decreases in 
response to changes in pressure, airflow, or reflections 
of snoring sounds. APAP automatically varies the level 
of pressure administered to the patient during each use. 
This action permits delivery of the lowest pressure that 
overcomes airflow limitation between minimum and 
maximum pressure determined by the provider. APAP 
is particularly valuable in patients who experience dif-
ficulty tolerating a fixed, higher level of CPAP. APAP 
is not recommended for patients with certain comor-
bidities, including HF, chronic obstructive pulmonary 
disease, OHS, and daytime or nocturnal hypoxemia.5 
Figure 7-11 shows a summary of the approach to initia-
tion, management, and follow-up of CPAP for OSA.

BPAP provides two different pressures, an inspira-
tory positive airway pressure (IPAP) and an expiratory 
positive airway pressure (EPAP). IPAP is set higher than 
EPAP and prevents the collapse of the airway during 
inspiration. Because EPAP is lower, it can make PAP 
easier to tolerate because the overall lowered mean 
airway pressure tends to provide a more comfortable 
option. BiPAP’s overall delivery often reduces the feel-
ing of excessive air pressure or the sensation of exhaling 
against positive pressure. BPAP and APAP are consid-
ered in the management of OSA for CPAP-intolerant 
patients.12 BPAP is the treatment of choice for patients 
who have hypoventilation, such as those with OHS or 
chronic obstructive pulmonary disease, and in those 
with a component of CSA.

ASV is a type of PAP therapy that adjusts the airflow to 
maintain a preset minute ventilation. The device performs 
a breath-by-breath analysis of the patient and adjusts the 
airflow according to the patient’s respiratory effort. This 
form of PAP therapy is useful for the treatment of CSA 
with various etiologies, including Cheyne–Stokes respira-
tion (CSR-CSA). ASV is useful for the treatment of OSA 
that coexists with CSA, especially in patients with HF.35

Because adherence rates for PAP therapy are low, 
increasing adherence with PAP therapy is probably the 
most important issue in the treatment of OSA.5 Patient 
education and supportive interventions that encourage 
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FIGURE 7-11 Approach to initiation, management, and follow-up of CPAP treatment for OSA in adults.
Modified from Epstein L, Kriste D, Strollo P, et al. Clinical guideline for the evaluation, management and long-term care of obstructive sleep apnea in adults. J Clin Sleep Med.  
2009;5(3):263–276 (Figure 2, p. 269).
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people to continue to use their CPAP machines are es-
sential to improve adherence.36 Close follow-up for PAP 
usage and problems by appropriately trained healthcare 
providers is indicated to establish effective utilization 
patterns and remediate issues, if needed.12 Problems 
that may cause decreased adherence to PAP therapy are 
listed in Box 7-7. It is the multidisciplinary care team, 
which typically includes a sleep specialist, a referring 
physician, nursing personnel, a respiratory therapist, 
and a sleep technologist, that work with each patient to 
select the most appropriate therapy and provide educa-
tion and supportive interventions to improve the adher-
ence to treatment.12

Alternative Therapies
Although CPAP is the gold standard for OSA, there are 
some patients who do not or will not tolerate CPAP. 
Alternative therapies may be used for those patients 
for whom CPAP is not an option for treatment of 
mild-to-moderate OSA.

Oral Appliance Devices
OSA treatment is generally predicated on the prem-
ise that supportive measures should begin with those 
methods that are least invasive and effective, then ad-
vance to more invasive treatments as necessary. Most 
experts believe that all patients requiring more than 
lifestyle modifications need to be initially offered PAP 
therapy. Oral appliances (OAs) are generally indicated 
for patients who have mild-to-moderate OSA decline 
and do not respond to or fail to adhere to PAP therapy.14 
OA devices are not considered first-choice treatment 
for patients with OSA.

There are several types of OA devices. 
Mandibular advancement devices (MADs) or mandibu-
lar repositioning appliances (MRSs) cover the upper 
and lower teeth and reposition the lower jaw forward 
and downward during sleep (Figure 7-12). The treat-
ment aims to widen the upper airways in order to 
improve the upper airway patency and reduce snoring 
and OSAs.37 Candidates for a MAD require adequate 
healthy teeth upon which to seat the OA, no important 

FIGURE 7-12 One type of mandibular advancement device (MADs).
© Chassenet/age fotostock.

BOX 7-7 Some Problems Leading to 
Decreased Adherence to PAP Therapy

Equipment issues

 � Mouth leak

 � Mask leak

 � Claustrophobia
Patient issues

 � Dryness of upper 
airways

 � Eye irritation

 � Nasal congestion

 � Sinusitis

 � Skin irritation/pres-
sure sores

 � Epistaxis

 � Aerophagia

temporomandibular joint (TMJ) disorder, adequate jaw 
range of motion, and adequate manual dexterity and 
motivation to insert and remove the OA, as determined 
by a qualified dental professional.12 For MADs to oper-
ate properly, they need to be custom-made and evalu-
ated and need to advance the mandible by at least 50% 
of the maximum protrusion.37 Tongue-retaining devices 
(TRDs) work by keeping the tongue in place, thereby 
preventing it from occluding the upper airway at the 
level of the oropharynx or laryngopharynx. TRDs are 
not recommended for OSA.14,37

OAs may be better tolerated than PAP therapy. 
However, these devices are less efficient.5 Side effects of 
oral devices include jaw, TMJ or tooth pain, dry mouth, 
changes in bite, excessive salivation, and discomfort. 
Persistent TMJ pain and changes in occlusive alignment 
may necessitate cessation of treatment.14

Pharmacologic Treatment
Supplemental oxygen is not recommended as a primary 
treatment for patients with OSA.38 Supplemental oxy-
gen is appropriate as an adjunct to other primary thera-
pies to treat hypoxemia. However, supplemental oxygen 
alone may prolong apneas and may potentially worsen 
nocturnal hypercapnia in patients with comorbid respi-
ratory disease.12

Pharmacologic therapy with agents such as acetazol-
amide, medroxyprogesterone, fluoxetine, protriptyline, 
and xanthines was investigated for the management of 
OSA. However, these agents are not considered a part 
of the primary treatment recommendations.12,14,37,38 
Although pharmacologic therapy is not considered use-
ful for OSA, modafinil (a wake-promoting medication) 
and armodafinil (a derivative of modafinil) appear to 
effectively enhance alertness in patients with residual 
daytime sleepiness despite optimal use of CPAP.12,14,38

Surgical Treatment
Patients with therapeutically resistant OSA or those 
who are nonadherent with first-line therapy (CPAP, 
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BiPAP, APAP, and ASV) or with alternatives such as 
OAs are then offered alternative surgical options.12 
Figure 7-13 lists common surgical procedures for OSA.

Tracheostomy is an effective surgical procedure for 
treatment of OSA and may be considered when other 
treatments fail or are refused.5 It is virtually 100% ef-
fective because it completely bypasses the obstruction. 
While its therapeutic effectiveness is noteworthy, tra-
cheostomy is primarily reserved for the most severe 
cases because of the potentially substantial surgical and 
psychosocial complications that may arise following the 
procedure. Unfortunately, tracheostomy is a disfigur-
ing procedure that often results in a decrease in quality 
of life. Tracheostomy may be used as a temporary or 
permanent option in patients presenting with critical 
oxygen desaturation or who develop cardiac dysrhyth-
mia precipitated by OSA when CPAP therapy is refused, 
poorly tolerated, or unsuccessful.

Uvulopalatopharyngoplasty (UPPP, or U3P) is one of 
the more common surgical procedures used in the surgi-
cal treatment of OSA. This procedure normally entails 
resection of the uvula, as well as excess retroglossal soft 
tissue, and palatine tonsillar lymphoid tissue involv-
ing the soft palate. The success rate of this procedure is 
about 50%.37 This degree of effectiveness is despite pre-
selection of patients with upper airway  obstruction evi-
denced by using radiographic imaging and endoscopic 
studies. Predicting which patients will likely benefit from 
UPPP is problematic especially because patients with 
initial treatment success when following the treatment 
over a long term often have a recurrence of symptoms. 
Laser-assisted uvulopalatoplasty (LAUP) uses radio 
frequency waves to heat and remove  tissue.  However, 

LAUP is not recommended for the treatment of OSA,12
 

except in carefully selected patients.37

Nasal surgery for patients with OSA include sep-
toplasty, nasal turbinate reduction, polypectomy, and 
rhinoplasty may in certain circumstances be useful 
adjuncts to other procedures or improve insufficient 
CPAP adherence. Nasal causes of obstruction are 
caused by boney and cartilaginous distortion or from 
soft tissue changes. Nasal surgery by itself, however, is 
rarely effective for the treatment of OSA. Nasal surgery 
is recommended for reducing high therapeutic CPAP 
pressure due to nasal obstruction.37

Surgical procedures may be considered as secondary 
therapy when there is an inadequate treatment outcome 
with PAP therapy and an OA or when the patient is 
intolerant of these therapies. Surgery is appropriate as 
an adjunct therapy when obstructive anatomy or func-
tional deficiencies compromise other therapies to im-
prove tolerance for other OSA treatments.12

Prognosis
Although a common clinical disorder with increasing 
awareness of its potential to cause serious disease, OSA 
remains underrecognized by most primary care physi-
cians with an estimated 75–80% of Americans remain-
ing undiagnosed.39 OSA is important for physicians to 
consider because of its strong association with several 
medical conditions, including hypertension,40 cardio-
vascular disease,26 CAD,41 insulin-resistance diabetes,42 
depression,43 and sleepiness-related traffic accidents.44

The short-term prognosis of OSA patients has been 
shown to be good to excellent with the regular use of 
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FIGURE 7-13 Anatomical sites and the surgical procedures used to treat OSA.
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CPAP.45 CPAP treatment for OSA reduces the risk for 
CAD by normalizing serum concentrations of bio-
markers associated with CAD. Cardiovascular disease, 
primarily stroke, is related to OSA, and subjects under 
the age of 70 run an increased risk of early death if they 
suffer from OSA.21

CSA Syndromes
Unlike OSA, CSA has a neurologic cause. CSA occurs 
because the central nervous system (CNS) fails to signal 
the respiratory muscles. Therefore, with CSA there is no 
effort to inhale by the person.

Definition/Diagnosis
CSA is not a single abnormal condition but comprises 
a heterogeneous group of distinct SRBDs in which air-
flow ceases due to an absence of respiratory effort.14 
CSA represents the cessation of breathing during sleep, 
resulting from failure of stimulation of the respira-
tory apparatus by medullary respiratory centers. It is 
characterized by impaired airflow caused by a lack of 
ventilatory effort or drive. The inability and tempo-
rary cessation of CNS controller mechanisms to ac-
tivate  inspiratory muscles ultimately lead to daytime 
 symptoms, nocturnal hypoxia, and ventilation/CO2 
changes. CSA is far less common than OSA and tends to 
occur in those with congestive HF, neurologic disorders, 
and stroke. It is also more common in patients taking 
opioid narcotics, and it is exacerbated at high altitudes.5

Clinical Signs and Symptoms
Common symptoms associated with most CSA syn-
dromes are similar to the clinical features of OSA. See 
Box 7-8.

Other commonly experienced nighttime symptoms 
include bed partner–witnessed apneas, erratic snoring, 
sleep disruption with nighttime awakenings, and noctur-
nal breathlessness. Many of these symptoms are similarly 

seen in patients with OSA. Daytime symptoms frequently 
include unusual or atypical irritability in an otherwise 
easygoing individual, lack of ability to concentrate, and 
an overall reduction in quality of life. Patients also experi-
ence coexistent symptoms pertaining to their underlying 
primary diseases, such as symptoms of HF, stroke, renal 
failure, Parkinson disease, or multiple system atrophy. 
Physical findings in CSA are generally not helpful in 
predicting its presence or absence in contrast to OSA be-
cause CSA patients usually have a normal body habitus.48

Etiology
Central apnea is due to an abnormality in the regulation 
of breathing in the respiratory centers of the brainstem.49 
This causes a loss of ventilatory effort, and if it is sus-
tained for 10 seconds or more, it is defined as central 
apnea. During central apnea, the instability of the CNS 
controller mechanisms causes a lack of brainstem inspi-
ratory neural output that ultimately results in the tem-
porary cessation of nerves innervating the inspiratory 
thoracic pump muscles. This action may be clinically 
observed as central apnea by the absence of naso-oral 
airflow and thoracoabdominal excursions. CSA exists 
in various forms and therefore has multiple etiologies. 
Refer back to Box 7-1. The adult etiologies include CSA 
with Cheyne–Stokes breathing (CSA-CSB), CSA due to a 
medical disorder without CSB, CSA due to high-altitude 
periodic breathing, CSA due to medication or substance, 
primary CSA, and treatment-emergent CSA.

Patients with CSA-CSB usually have predispos-
ing factors such as HF, stroke, or renal failure, as well 
as a lower resting Paco2 than normal.48 The medical 
disorders that can cause CSA without CSB appear in 
Box 7-9. CSA due to high-altitude periodic breathing 
occurs only with a recent ascent to altitudes of 5,000 m  
or more. Drugs commonly used for pain control, 
including morphine, fentanyl, and methadone, can 
cause CSA.50 The cause for primary CSA is not ap-
parent and is essentially a diagnosis of exclusion.50 

KNOWLEDGE CHECK QUESTIONS

1. True or False: Individuals with OSA continue 
breathing efforts with little or no airflow during 
apnea episodes.

2. True or False: A Mallampati classification of 
three or more is associated with a crowded oro-
pharyngeal airway.

3. True or False: During polysomnography, respira-
tory effort is monitored with an airflow sensor.

4. True or False: The most effective treatment for 
OSA is the use of PAP therapy.

5. True or False: The success rate of uvulopalato-
pharyngoplasty is higher than 75%.

BOX 7-8 Common Symptoms Associated 
with CSA Syndromes46,47

EDS
Inattention
Insomnia
Memory loss
Mood disorders
Morning headaches
Nocturnal angina
Paroxysmal nocturnal dyspnea
Poor concentration
Poor subjective sleep quality
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Treatment-emergent CSA (TECSA) may also emerge 
during the titration of CPAP in patients with OSA and 
may also appear on exposure to virtually any treatment 
modality used to treat OSA.48,51

Epidemiology
Central apnea is relatively uncommon and occurs in 
less than 10% of patients with sleep-related disordered 
breathing presenting for PSG and less than 1% of the 
general U.S. population. The prevalence of CSA associ-
ated with Cheyne–Stoke breathing (CSA-CSB), how-
ever, has been reported in 25–40% of patients with HF 
and in 10% of patients who have had a stroke.48

Primary CSA mostly affects middle-aged or elderly 
individuals. CSA-CSB shows a striking male prepon-
derance, while gender distribution in other subtypes 
of CSA syndromes is not known. CSA does appear to 
be uncommon in premenopausal women. Many sleep 
experts feel that differences may be due to the presence 
of a lower apneic threshold of Paco2 in women com-
pared with men, requiring a more significant reduction 
in their Paco2 to initiate apnea. CSA primarily affects 
middle-aged or elderly individuals, with CSB-CSA in-
creasing in prevalence among individuals older than 
60 years.48

Pathology/Pathophysiology
During wakefulness, ventilation maintains levels of 
Pao2 and Paco2 within narrow ranges. Wakefulness 
ventilation relies on two systems. One, the autonomic 

system utilizes peripheral and central chemoreceptors, 
intrapulmonary vagal receptors, the respiratory con-
trol centers, and the respiratory muscles. The other is 
the behavioral system, which can influence ventilation 
through signals from cortical areas of the brain. Many 
nonchemical stimuli, which include pulmonary mecha-
noreceptors and behavioral or awake stimulation, are 
known to modulate this phenomenon.48

Ventilation during sleep relies on automatic control 
only. Sleep is characterized by elevation of Paco2, a 
higher apneic threshold, the Paco2 below which ventila-
tion stops, and loss of the behavioral system. A few mm 
Hg reduction of Psco2 below the apneic threshold can 
result in apnea.48 The chemoreflex response to increases 
in Paco2 depends on the apnea threshold and the sensi-
tivity of the ventilatory response.

The engineering concept of loop gain is helpful in 
the understanding of the pathogenesis of central sleep 
apnea syndromes (CSAS)50 (Figure 7-14). Loop gain re-
fers to the ratio of a corrective ventilatory response, the 
ability to increase ventilation by the lungs and respira-
tory muscles, to a disturbance, change in Paco2 and the 
feedback between the two.52,53 As with any system that 
is regulated by feedback loops, the respiratory system 
is vulnerable to instability.52 The occurrence and per-
petuation of ventilatory instability in the pathogenesis 
of CSA can be visualized in the context of loop gain.48 
With ventilation, loop gain is the ratio of the controller 
gain (e.g., ventilatory response to CO2), the plant gain 
(e.g., blood gas response to a change in ventilation), and 
feedback gain (e.g., the speed [cardiac output] of the 

FIGURE 7-14 Loop gain is the measure of the propensity of a negative feedback control system to oscillate. Loop gain = response/
disturbance. When loop gain is less than 1, the response to a disturbance is lessened. When loop gain is greater than 1, the response to 
respiratory disturbances is vigorous, resulting in the continuous oscillation between the events and the corrections. This results in an unstable 
periodic breathing pattern.48

White D. Pathogenesis of obstructive and central sleep apnea. Am J Respir Crit Care Med. 2005;172(11):1363–1370.
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BOX 7-9 Medical Disorders That May Cause CSA without CSB
Acromegaly
Arnold–Chiari malformation types I–III
Cervical cordotomy
Diabetes mellitus
Familial dysautonomia
Hypothyroidism
Idiopathic cardiomyopathy
Medullary respiratory center damage
Multiple system atrophy or Shy–Drager syndrome

Muscular dystrophy
Myasthenia gravis
Parkinson disease
Post-polio syndrome
Prader–Willi syndrome
Stroke

Becker K. Central sleep apnea syndromes. Emedicinemedscapecom. 
2018. https://emedicine.medscape.com/article/304967-overview. 
Accessed January 21, 2018.
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feedback signal [CO2] back to the controller).53 During 
sleep the respiratory system regulates Paco2 via chemo-
receptors. Under normal NREM sleep conditions, small 
(<2 mm Hg) changes in Paco2 are promptly recognized 
by the chemoreceptors, maintaining stable ventilation.53 
Individuals with very effective CO2 excretion are more 
likely to develop marked CO2 fluctuations than indi-
viduals with less efficient CO2 excretion.

There are two broad pathophysiologic patterns 
that cause CSAS, either hyperventilation (ventila-
tory instability) or hypoventilation (depression of the 
brainstem respiratory centers or chemoreceptors)48,54,55 
(Figure 7-15).

The hyperventilation causes of central apneas are 
more common than the hypoventilation causes.54 The 
hyperventilation causes of CSA include HF, high alti-
tude, and idiopathic. Initiation of a central apnea may 
be as a result of a variety of stimuli. However, the most 
common trigger is hypoxia. Once this occurs, the apnea 
it causes will repeat throughout the night (Figure 7-16).

Patients with HF and CSA have an augmented ven-
tilatory response to change in Paco2 compared to pa-
tients with HF and OSA.56 In contrast to OSA, CSA is 
typically considered a consequence rather than a cause 
of HF.49 HF patients have significant alterations of sleep 
due to changes associated with their disease. Three 
main factors interact and lead to ventilatory instability 
in HF: hyperventilation, circulatory delay, and cerebro-
vascular reactivity. Alterations in these three factors 
destabilize normal breathing, leading to respiratory in-
stability and the rhythmic pattern of breathing referred 
to as CSB.57 CSB occurs primarily during NREM sleep.

Hypoxia augments the ventilatory response to 
changes in Paco2 and predisposes to instability in ven-
tilation, as in Figure 7-16. Ambient hypoxia occurs at 
high altitudes and leads to high loop gain, resulting in 
hyperventilation and hypocapnia. These individuals do 
not have this periodic breathing at sea level. Eventually, 
at an altitude (other than extreme elevations), the peri-
odic breathing resolves.58

The last type of CSA that is caused by hyperventila-
tion is idiopathic CSA. This is a relatively uncommon 
disorder seen at sea level in individuals with high loop 

gain. Idiopathic CSA is typically diagnosed by exclusion. 
Patients with idiopathic CSA tend to have low Paco2 
levels during wakefulness. During NREM sleep these 
individuals exhibit central apnea because of ventilatory 
instability.58

CSA due to hypoventilation (hypercapnia) is a less 
common cause of central apnea.54 Ventilatory depres-
sion during wakefulness is a well-known effect of 
opioid drugs and other CNS depressants. The daytime 
hypoventilation caused by chronic use of these agents 
is generally mild, but sleep apnea tends to become 
somewhat prevalent particularly with opiate use. CSA 
that develops as a result of drugs or substance abuse 
is more common during NREM sleep in contrast to 
REM sleep.48 Breathing patterns associated with CSA 
resulting from drug effects are both periodic and non-
periodic with the cycle length typically being short. 

FIGURE 7-15 A schematic representing the pathophysiology of CSA syndrome. See text for explanation.
Modified from Kohnlein T. Central sleep apnoea syndrome in patients with chronic heart disease: a critical review of the current literature. Thorax. 2002;57(6):547–554 (Figure 1, p. 547). 

CSAS due to hypoventilation
Decreased ventilatory response to carbon dioxide.
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FIGURE 7-16 The pathogenesis of CSA due to hyperventilation.
Modified from Badr M. Central sleep apnea: Pathogenesis. In: Eichler A, Chervin R, eds. 
Uptodate. Waltham, MA: UpToDate; 2017.
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Narcotic respiratory depression from drugs such as 
heroin, morphine, and methadone results from stimu-
lation of the opioid Mu receptors located on neurons 
present in the medullary respiratory complex.48 CNS 
tolerance may develop for many adverse effects of 
opioids especially in individuals receiving long-term 
opioids.

Brainstem, as well as spinal cord, disorders constitute 
several heterogeneous pathologic processes that can 
cause severe hypoventilation and central apnea during 
sleep. Because central chemoreceptors and respiratory 
centers are located in the brainstem, pathologic pro-
cesses such as compression, edema, ischemia, infarct, 
tumor, encephalitis, and neurodegenerative disorders 
(e.g., Parkinson disease) are associated with CSA.52

Individuals with congenital central hypoventilation  
syndrome (CCHS), also known as Ondine’s curse, have 
relatively normal ventilation during wakefulness but a 
very diminished or absent ventilatory response when 
they fall asleep. CSA results as the wakefulness stimu-
lus for respiration is lost. Patients with CCHS exhibit 
the most severe hypoventilation in deep NREM sleep, 
during which automatic control of breathing usually 
predominates. Historically, CCHS was diagnosed in the 
newborn period, yet we now know that cases can be 
 diagnosed later in infancy, childhood, or adulthood.59

Patients with chest wall disorders can have signifi-
cantly compromised chest wall compliance and sub-
sequently lower tidal volumes while awake and during 
sleep. These restrictive pulmonary disorders can arise 
from major thoracic surgery or those impacting the bel-
lows function of the respiratory system (e.g., kyphosco-
liosis, ankylosing spondylitis, nonsurgical chest trauma, 
or pleural disorders). The changes in control of breath-
ing and respiratory mechanics increase physiologic 
dead space, making it difficult for the patient to sustain 
adequate gas exchange during sleep, eventually causing 
daytime and nocturnal hypercapnia, as well as hypox-
emia as their condition worsens. These patients are also 
subject to the development of atelectasis, further deteri-
orating hypoxemia, and pulmonary hypertension. These 
events are accentuated during sleep as hypoventilation 
results in reduced arterial oxygen saturation and a rise 
in end-tidal Pco2.

Neuromuscular disorders represent an assorted 
group of conditions affecting both adults and children 
characterized by dysfunction of respiratory motor in-
nervation causing respiratory muscle impairment. Neu-
romuscular disorders may affect respiratory muscles, 
the neuromuscular junction, or the phrenic and inter-
costal nerves. Diseases include Duchenne muscular dys-
trophy, idiopathic diaphragmatic paralysis, amyotrophic 
lateral sclerosis, post-polio syndrome, and myasthenia 
gravis. These maladies often have additional risk factors 
that may predispose them to a specific pathophysiologic 
SDB. These factors may include CNS involvement, chest 
wall deformity with restrictive lung disease, diaphrag-
matic weakness, increased upper airway resistance, and 

impaired respiratory chemosensitivity, especially during 
sleep.60 Other comorbidities associated with CSA ap-
pear in Box 7-9.

Treatment-emergent CSA, previously referred to 
as complex sleep apnea, is detected in approximately 
5–15% of patients who undergo PAP titration for OSA. 
Treatment-emergent CSA is the persistence or emer-
gence of central apneas and hypopneas during the 
initiation of CPAP therapy for OSA, despite significant 
resolution of the obstructive respiratory events.52 The 
conversion from OSA to CSA can occur with the use of 
CPAP, an OA, or tracheostomy.61,62

There are a few potential mechanisms by which 
treatment of OSA may induce central apneas. Patients 
with OSA frequently exhibit ventilatory instability 
(high loop gain), which is augmented by PAP therapy. 
This results in minor ventilatory disturbances causing 
a ventilatory overcorrection that brings the Paco2 level 
below the apneic threshold. The central apnea, in turn, 
prompts a reciprocal corrective response, establishing 
a pattern of periodic breathing.52 Chronic intermit-
tent hypoxemia, common in OSA, is associated with 
increased peripheral chemoreflex activity, making pa-
tients with OSA more susceptible to the development 
of CSA due to hyperventilation.61 Also, PAP therapy 
activates stretch receptors, which inhibits central respi-
ratory output and causes central apnea.52

Risk Factors
Certain factors are known to increase the risk of de-
veloping CSA. These factors include male gender, in-
creased age, comorbidities, HF, atrial fibrillation, stroke, 
and chronic opioid use.46,48 The treatment of OSA in-
creases the risk for treatment-emergent CSA. Risk fac-
tors for high-altitude CSA include the inherent presence 
of a greater intrinsic hypoxic ventilatory drive, being at 
extremely high altitudes above the sea level, and rapidly 
ascending to higher altitude.

Complications Associated with CSA
The overall morbidity and mortality associated with pri-
mary CSA remain unknown although most individuals 
with CSA are unlikely to develop significant hypercarbia 
or hypoxia that will adversely affect the pulmonary cir-
culation or result in cor pulmonale.48 Those individu-
als who develop HF associated with CSA-CSB have a 
higher mortality rate than those without it. The likeli-
hood of atrial fibrillation or complex ventricular ectopy 
appears to increase with the severity of SDB in patients 
with both OSA and CSA-CSB. Various forms of SDB 
are associated with different types of arrhythmias. How-
ever, CSA is strongly associated with atrial fibrillation/
flutter.48

Diagnostic Tests
An overnight in-laboratory, fully attended PSG is the 
standard for the diagnosis of CSA.5,46,56 HSAT has not 

192 CHAPTER 7 Sleep-Related Breathing Disorders 



been validated for the management of CSA.46 Moni-
toring respiratory effort is critical for distinguishing 
between CSA and OSA. Findings on PSG for CSA typi-
cally display more than five central apneas per hour of 
sleep, each apneic period lasting 10 seconds.5,46 The 
diagnostic criteria for CSA vary according to the type of 
CSA1 (Table 7-9).

Treatment and Management
If present, the treatment of an underlying medical dis-
order often improves CSA. This is especially true in 
such cases as high-altitude periodic breathing where de-
scending to a low altitude may be sufficient. Optimizing 
medical treatment for HF helps improve the CSA as-
sociated with HF. This therapy may include angiotensin-
converting enzyme inhibitors, beta-blockers, diuretic 
agents, and cardioversion.57

Positive Airway Pressure Therapy
CPAP therapy targeted to normalize the AHI is indi-
cated for the initial treatment of CSAS related to CHF.63 
CPAP has been shown to improve cardiac function 
in patients with congestive HF associated with CSA-
CSB and can also improve their survival.64 Patients 
with CSAS related to CHF can benefit from nocturnal 

oxygen.63 Supplemental oxygen may help to prevent 
hypoxemia and reduces hypocapnia in patients with in-
creased sensitivity to CO2.5 Other types of PAP therapy 
include BPAP and ASV. BPAP provides two levels of 
pressure: IPAP and EPAP. The IPAP setting is higher 
than the EPAP setting. The change from the lower pres-
sure to the higher pressure delivers a volume to the 
patient, augmenting alveolar ventilation. BPAP can be 
more effective in treating CSA-CSB and improves left 
ventricular function in HF.64

ASV is a form of closed-loop mechanical ventilation, 
pressure present, and volume or flow cycled. It can be 
delivered at default settings or with variable inspiratory 
and expiratory pressure (to ensure upper airway pa-
tency). ASV alleviates CSA-CSB by providing dynamic 
(breath-by-breath) adjustment of inspiratory pressure 
support with a backup rate to normalize breathing pat-
terns relative to a predetermined target. Specifically, 
ASV mitigates hyperventilation and associated hypocap-
nia by delivering preset minute ventilation.63  However, 
an American Academy of Sleep Medicine 2016 update 
states that patients with symptomatic congestive HF and 
reduced left ventricular ejection fraction (LVEF ≤45%) 
using ASV for treatment of CSAS are at an increased 
risk of cardiovascular mortality.65 An overview of the 
treatment of CSAS in adults appears in Box 7-10.

 I. Primary CSA
 A. PSG shows ≥5 central apneas and/or central hypopneas per hour of sleep
 B. No evidence of CSB
 C. No evidence of daytime or nocturnal hypoventilation
 D. EDS
 E. Awakening short of breath, snoring, witnessed apneas, or insomnia

 II. CSA with CSB
 A. PSG shows ≥5 central apneas and/or central hypopneas per hour of sleep
 B. At least three consecutive central apneas and/or central hypopneas separated by crescendo-decrescendo breathing
 C. The number of central apneas and/or central hypopneas is >50% of the total number of apneas and hypopneas
 D. EDS
 E. Awakening short of breath, snoring, witnessed apneas, or insomnia

 III. CSA due to high-altitude periodic breathing
 A. Recent ascent to at least 5,000 m (for some less)
 B. EDS
 C. Awakening short of breath, snoring, witnessed apneas, or insomnia
 D. Symptoms clinically attributable to high-altitude periodic breathing (PSG reveals recurrent central apneas or hypopneas during NREM 

sleep at a rate of ≥5/hour)
 E. Disorder not better explained by another current sleep disorder, medical or neurologic disorder, or medication use or substance use 

disorder

 IV. CSA due to a medication or substance
 A. Opioid or other respiratory depressant being used by the patient
 B. EDS
 C. Awakening short of breath, snoring, witnessed apneas, or insomnia
 D. PSG shows ≥5 central apneas and/or central hypopneas per hour of sleep
 E. The number of central apneas and/or central hypopneas is >50% of the total number of apneas and hypopneas
 F. The disorder is not better explained by another current sleep disorder

TABLE 7-9
Diagnostic Criteria for CSA Syndromes

Reproduced with permission from Boiing S, Randerath W. Chronic hypoventilation syndromes and sleep-related hypoventilation. J Thorac Dis. 2015;7(8): 
1273–1285. doi:10.3978/j.issn.2072-1439.2015.06.10.
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Prognosis
The mortality and morbidity associated with primary 
CSA remain unknown; however, these individuals are 
unlikely to develop significant hypercarbia or hypoxia 
to the detriment of pulmonary circulation or cor pul-
monale.48 CSA is now recognized as an important, 
independent risk factor for worsening HF and poor 
prognosis in patients with HF.57,66

narcotics, anesthetics, sedatives, muscle relaxants, and 
alcohol.67 SRH refers to a more significant than normal 
increase in Psco2 during sleep. A Psco2 >55 mm Hg for 
10 minutes or more during sleep or an increase of 10 
mm Hg or more above the awake supine Psco2 to one 
over 50 mm Hg for 10 minutes or more is the definition 
of SRH.68 With obesity on the rise to pandemic propor-
tions, this section reviews OHS as the representative 
disorder in the SRH disorders group.

Obesity Hypoventilation Syndrome
OHS was historically called the Pickwickian syndrome. 
The syndrome is named after Joe, the heavy, red-faced 
boy in Charles Dickens’s the Pickwick Papers.

Definition
OHS, which historically has been described as the Pick-
wickian syndrome, consists of the triad of obesity with 
a BMI >30 kg/m2, SDB, and chronic alveolar hypoven-
tilation that is typically worse during wakefulness. This 
disorder by definition occurs in the absence of other 
known pulmonary, thoracic, metabolic, or neuromuscu-
lar diseases accounting for hypercapnia and subsequent 
marked nighttime hypoxemia (Table 7-10). Decreased 
ventilatory responsiveness reflecting a defective central 
respiratory control to both hypoxemia and hypercapnia 
is further compromised by a diminished total lung ca-
pacity, an increased work of breathing, and an increase 
in carbon dioxide production.16,69,70

Clinical Signs and Symptoms
About 90% of patient with OHS have coexisting OSA; 
therefore, symptoms and many of the physical find-
ings in OHS patients are similar to those in patients 
with OSA, such as EDS, snoring, choking during sleep, 
morning headaches, fatigue, mood disturbance, and  
impairments of memory or concentration.14,67 About 
10% of patients with OHS have AHIs <5 events/hour  
of sleep.67

On examination, obesity is the most obvious fea-
ture. Many OHS patients have a crowded oropharynx 
and an increased neck circumference.14 These patients 
might display signs of cor pulmonale and secondary 

BOX 7-10 Treatment of CSAS in Adults

 � Treat underlying medical problems

 � Weight loss for obese patients

 � Eliminate medications that may be contributing to 
apnea

 � Trial of PAP therapy (CPAP, BPAP, ASV)

 � Nocturnal oxygen therapy

 � Pharmacotherapy with respiratory stimulants 
 (acetazolamide, clomipramine, theophylline)

 � Other therapies: phrenic nerve stimulation, CO2 
 administration, atrial overdrive pacing

Data from Benca R. Sleep Disorders. New York, NY: Oxford University 
Press; 2012; Aurora R, Chowdhuri S, Ramar K, et al. The treatment 
of central sleep apnea syndromes in adults: practice parameters 
with an evidence-based literature review and meta-analyses. Sleep. 
2012;35(1):17–40. doi:10.5665/sleep.1580; Momomura S. Treatment 
of Cheyne–Stokes respiration–central sleep apnea in  zpatients  
with heart failure. J Cardiol. 2012;59(2):110–116. doi:10.1016/j.jjcc 
.2011.12.008.

KNOWLEDGE CHECK QUESTIONS

1. True or False: The physical findings in CSA 
are very helpful in predicting its presence or 
absence.

2. True or False: CSA with Cheyne–Stokes breath-
ing is indicative of HF.

3. True or False: Hypoventilation is a more com-
mon pathophysiologic mechanism of CSA.

4. True or False: Patients with CSA experience the 
central apneas during NREM sleep.

5. True or False: An overnight, in-laboratory, fully 
attended polysomnography is the standard for 
the diagnosis of CSA.

Sleep-Related Hypoventilation 
Disorders
There are six subtypes of hypoventilation sleeping 
disorders. See Box 7-1. Three subtypes are rare. These 
include CCHS, late-onset central hypoventilation with 
hypothalamic dysfunction, and idiopathic central alveo-
lar hypoventilation. In contrast to these rare disorders, 
the OHS and chronic hypoventilation due to medical 
disorders or pharmaceutical influences represent the 
considerable majority of chronic and SRH.67

SRH due to a medical disorder is diagnosed in pa-
tients with underlying diseases of the lung parenchyma 
or the airways, the pulmonary vessels, or neurologic 
or musculoskeletal disorders. In addition, SRH can be 
induced by drugs that depress ventilatory drive or im-
pair muscle function. These drugs include long-acting 
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pulmonary hypertension, including polycythemia, eye 
redness, peripheral edema, and a prominent pulmonary 
component (P2) of the second heart sound.14,70,71

Etiology
Patients with OHS have a higher incidence of restrictive 
ventilatory defects when compared with patients who 
are obese but do not hypoventilate. Studies have shown 
that patients with OHS have total lung capacities that 
are 20% lower and maximal voluntary ventilation that is 
40% lower than patients who are obese who do not have 
hypoventilation.72

Epidemiology
The prevalence of OHS varies significantly due to dif-
ferences in disease definition, population studied, and 
the methods of sample acquisition. Because most OHS 
patients have coexisting OSA, most prevalence studies 
have focused on patients referred to sleep centers for 
evaluation of SDB, and a reasonable prevalence estimate 
among OSA patients has emerged. The overall preva-
lence of OHS can be estimated using severe obesity (BMI 
>40 kg/m2) and OSA prevalence data. This estimate is 
likely conservative because it does not take into account 
the roughly 10% OHS patients who do not have OSA. 
Estimated by this method, the rate of OHS in the United 
States is approximately 1 in 160 adults. OHS may be 
more prevalent in the United States because of the higher 
prevalence of severe obesity than in other countries.72

Pathology/Pathophysiology
Obesity increases the demand (mechanical load) on the 
respiratory system, leading to its restriction, and trig-
gers compensatory mechanisms to maintain adequate 
ventilation. Eventually, OHS develops due to the failure 
of these compensatory mechanisms, resulting in hy-
poventilation, hypercapnia (Paco2 ≥45 mm Hg), and 
hypoxemia73 (Figure 7-17).

Reduction of minute ventilation is the common 
characteristic of all chronic hypoventilation disorders. 
However, the underlying pathomechanisms differ 

substantially between the entities and can be complex 
in individual cases.67 The pathogenesis of OHS results 
from a series of complex interactions that involve SDB, 
altered pulmonary mechanics, impaired ventilatory 
control, and increased carbon dioxide production.73

The role of SDB is supported by the fact that a ma-
jority (90%) of individuals with OHS also have OSA 
and that treatment of the OSA with PAP therapy also 
eliminates OHS.73 Also, although other obesity-related 
mechanisms play a role in promoting hypoventilation 
during wakefulness, changes in gas exchange are most 
prominent during sleep, further emphasizing the contri-
bution of SDB to the pathogenesis of OHS.73

Obesity leads to a reduction in chest wall compli-
ance and respiratory muscle endurance with increased 
airway and chest wall resistance.70 Individuals with 
OHS adopt a pattern of rapid shallow breathing. The 
low tidal volume leads to decreased alveolar ventilation 
and increases CO2 accumulation. Obese individuals 
poorly ventilate the lower lung lobes due to reduced 
respiratory muscle strength, decreased lung compli-
ance, difficulty moving the ribcage and diaphragm, and 

Definition Criteria Description

Chronic hypoventilation Hypercapnia in wakefulness and sleep (Paco2 ≥45 mm Hg)

Obesity BMI ≥30 kg/m2

Absence of other causes of 
hypercapnia

Lung parenchymal disease; airways; pulmonary vessels; neuromuscular, musculoskeletal, or idiopathic 
disorders; congenital central alveolar hypoventilation syndrome; medications; or drugs

SRBDs OSA with or without coexisting SRH (present in 90% of OHS patients)
Nonobstructive (AHI <5 events/hour) SRH (present in about 10% of OHS patients)

TABLE 7-10
Characteristics of OHS 

FIGURE 7-17 The pathophysiology of OHS simplified into an 
algorithm.
Adapted from Al Dabal L Bahammam A. Obesity hypoventilation syndrome. Ann Thorac Med. 
2009;4(2):41 (Figure 1, p. 43). doi:10.4103/1817-1737.49411.
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to accommodate the increased work of breathing and increased

need to augment minute ventilation to maintain adequate alveolar
ventilation?
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Data from Piper A, Yee B. Clinical manifestations and diagnosis of obesity hypoventilation syndrome. In: Badr MS, Finlay G, ed. Uptodate. Waltham, MA: UpToDate; 
2017. http://www.uptodate.com. Accessed February 1, 2018.
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atelectasis.70,73 The final result is hypoxemia, especially 
in the supine position; impaired pulmonary function; 
and progressively worse disability.70

Individuals with OHS demonstrate reduced hypox-
emic and hypercapnic ventilatory responses, especially 
in the supine position. Resistance to the protein leptin 
is one proposed mechanism that contributes to OHS 
through decreased ventilatory responsiveness to CO2. 
Leptin is produced by adipose tissues and acts on 
 receptors in the hypothalamus to suppress appetite and 
also on the central respiratory pathways to increase 
 ventilation. Obese individuals have serum leptin  levels 
significantly higher than non-obese individuals.70 Clearly, 
if these high leptin levels were biologically  active, there 
would be reduced eating and subsequently weight loss. 
This is apparently not the case in human obesity, and the 
problem instead is “leptin resistance.”74

Excess CO2 production is associated with increased 
body surface area.73 This plus the decreased ventilatory 
responsiveness to CO2 leads to hypercapnia. In addi-
tion, hypoxic and hypercapnic ventilatory responses are 
blunted during REM sleep, leading to insufficient reac-
tions to changes in blood gases. Respiratory derailments 
during REM as well as NREM sleep trigger arousals, 
resulting in sleep fragmentation and diminished sleep 
efficacy.67

Risk Factors
Morbid obesity (BMI >50 kg/m2) is a major risk factor 
for OHS.74 Although all OHS patients are obese, not all 
patients with obesity, or even morbid obesity, develop 
OHS.72 The severity of concurrent OSA is a significant 
risk factor for OHS. No gender-specific, race-specific, 
or ethnic-specific risks are currently known. It has been 
speculated, however, that due to the higher prevalence 
of morbid obesity in African Americans, they might 
have a higher risk for OHS.72

Complications
Numerous complications are associated with OHS due 
to the overlap with obesity alone. Approximately 66% of 
patients with OHS have pulmonary hypertension. Con-
ditions such as hypertension, congestive HF, and insulin 
resistance are all more common in patients with OHS 
than in patients with eucapnic obesity and may be pres-
ent 3 or more years prior to the diagnosis of OHS71,72 
(Table 7-11).

Diagnostic Tests
OHS is a diagnosis of exclusion that can be made when 
the patient has a BMI >30 kg/m2; has awake alveolar 
hypoventilation, as indicated by a Paco2 >45 mm Hg; 
and alternative causes of hypercapnia and hypoventi-
lation have been excluded.71 Diagnostic tests include 
arterial blood gas (ABG), pulmonary function tests, 
chest radiograph, laboratory tests, electrocardiograph, 

Body System Complications

Cardiovascular CAD
Congestive HF
Endothelial dysfunction

CNS Cognitive deficit
Decreased neural drive

General Decreased physical activity
Increased morbidity and mortality
Peripheral edema

Metabolic Chronic inflammation
Central (abdominal) obesity
Insulin-like growth factor 1 (IGF-1) deficit
Metabolic syndrome

Respiratory Pulmonary hypertension
Restrictive lung function

Upper airway OSA
Increased intubation risk

TABLE 7-11
Complications Associated with OHS

and PSG.14 The primary competing diagnosis for the 
symptoms of OHS is OSA. Apart from the presence of 
chronic respiratory acidosis with compensatory meta-
bolic alkalosis, both disorders are often clinically indis-
tinguishable from each other.71

For those in whom OHS is suspected, a serum 
 bicarbonate level is a useful test in screening patients. 
An  elevated serum bicarbonate level >27 mEq/L should 
prompt an ABG.14,71,74 Usually, the ABG reveals the indic-
atively elevated Paco2 with a high bicarbonate level, which 
reflects the chronic nature of the disease.14 Similarly, Pao2 
is generally <70 mm Hg in OHS, particularly in those 
with a more severe disease. Therefore, a pulse oximetry 
reading of <94% suggests the need for an ABG to clarify 
the diagnosis.74 For those with suspected OHS in whom 
a diagnosis of OSA does not already exist, in-laboratory 
PSG should ideally be performed based on the rationale 
that 90% of patients with OHS have coexistent OSA and 
the remainder have SRH.71 Once diagnosed, all patients 
with OHS need to have assessments for common compli-
cations, including pulmonary hypertension and cardio-
vascular disorders (Table 7-12).

Treatment and Management
The optimal management of patients with OHS requires 
multidisciplinary approach combining experts in obe-
sity, sleep, and pulmonary medicine. Initially, PAP ther-
apy together with weight loss is the first-line therapy for 
patients with OHS.14,69,70 Losing at least 10 kg of original 

Piper A, Yee B. Clinical manifestations and diagnosis of obesity hypoventilation 
syndrome. In: Badr MS, Finlay G, eds. Uptodate. Waltham, MA: UpToDate; 
2017. http://www.uptodate.com. Accessed February 1, 2018.
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body weight leads to improvement in pulmonary physi-
ology and function as evidenced by improved vital 
capacity and forced expiratory volume.70 In patients 
with combined OSA and OHS, weight loss leads to a 
reduction in AHI and desaturation severity.69,70 Severe 
obesity is refractory to dietary management with or 
without behavioral or drug therapies, and in these cases, 
bariatric surgery is the most effective modality of reli-
able and durable treatment for severe obesity.70 Weight 
loss is just part of the initial treatment.

The application of PAP therapy is the mainstay of 
therapy for OHS because 90% of these patients have 
OSA and 10% have SRH. CPAP is the initial mode of 
choice. However, for patients who have acutely de-
compensated OHS, BPAP is usually the initial mode 
of choice. Patients with OHS and OSA who fail or 
do not tolerate CPAP are also treated with BPAP. For 
those who fail or do not tolerate BPAP, a hybrid mode 
(average volume-assured pressure support [AVAPS]) 
or, less commonly, volume-cycled ventilation may be 
chosen.75

The therapeutic goals for OHS patients receiving  
PAP therapy include normalization of Paco2 during 
wakefulness and sleep, elimination of oxyhemoglobin  
desaturation during wakefulness and sleep, relief of 
 daytime hypersomnolence, and treats underlying 
OSA. The PAP therapy also prevents some complica-
tions, including polycythemia, pulmonary hyperten-
sion, and right HF. Sleep architecture and quality 
also improve.75

Weight loss and PAP therapy are the first-line treat-
ments for OHS. Second-line therapies are reserved for 
patients with OHS who fail or do not tolerate first-line 
therapies (Table 7-13). In any case, all comorbid condi-
tions need to be identified and treated.

Test Results

Serum bicarbonate >27 mEq/L

Paco2 >45 mm Hg

Pao2 <70 mm Hg

Pulmonary function tests Mild-to-moderate restrictive pattern due to obesity

Chest radiographs Rules out other causes

Electrocardiogram Right heart strain
Right ventricular hypertrophy

Transthoracic echocardiogram Right ventricular hypertrophy
Right atrial enlargement
Pulmonary artery hypertension

PSG Oxygen desaturation and hypercapnia during sleep not related to apneas and hypopneas
Hypoventilation more prominent during REM sleep compared to NREM sleep

TABLE 7-12
Typical Diagnostic Test Results for OHS

Therapy Type Description

First line Weight loss + PAP therapy (CPAP, BPAP, or 
AVAPS) +
Supplemental oxygen, if necessary

Second line Bariatric surgery
Tracheostomy
Pharmacotherapy—medroxyprogesterone 
acetate, acetazolamide

Additional therapy Treat comorbidities

TABLE 7-13
Summary of Treatments for OHS

Prognosis
The mortality of severe OHS patients is high and 
substantially worse than that of OSA patients, even 
when properly managed and treated from a respira-
tory perspective.69,76 OHS tends to be progressive if left 
untreated in many patients developing cardiovascular 
complications, including pulmonary hypertension 
and right HF. The impact of therapy, particularly PAP 
therapy on cardiovascular complications and mortality, 
is uncertain and appears limited based on extrapolated 
data from patients with OSA.69

Individuals with OHS have considerably worse health 
status and access more healthcare resources compared 
to the general population, with differences apparent up 
to 8 years before a diagnosis is made.69 A few factors are 
able to predict a poor prognosis in OHS. These inde-
pendent predictors include a clinical history of diabetes, 
baseline diurnal oxygen saturation <83%, EPAP <7 cm 
H2O after titration, and adherence to NIV <4 hours.76

Data from Qasrawi S, Al Ismaili R, Pandi-Perumal S, Bahammam A. Chapter 13 Sleep-related breathing disorders in adults. Synop Sleep Med. 2016:213–232. 
doi:10.1201/9781315366340-14.
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Chapter Summary
The sleep process represents an active, complex, and 
dynamic state that greatly influences our waking hours. 
The diagnostic approach to SRBDs begins with a com-
prehensive sleep evaluation that includes a complete 
sleep history, and a physical examination focused on 
the upper airway. If the evaluation suggests an SRBD 
as the cause of the patient’s symptoms, appropriately 
directed diagnostic tests are performed. While several 
diagnostic approaches may be helpful when screening 
for the presence of a particular SRBD, such as dynamic 
magnetic resonance imaging, airway fluoroscopy during 
sleep, fiberoptic endoscopy, and pneumography record-
ing the movements of the thorax in respiration, the 
PSG remains the “gold standard.” The approaches to the 
management of SRBD include the use of medical and 
surgical treatments that are dependent on the specific 
respiratory abnormality and its etiology. Management 
of patients with SRBD may be extremely gratifying be-
cause even current treatment modalities often result 
in significant improvement in people’s lives, especially 
when applied early in the disease course.

Key Points
1. OSA representing the most frequent sleep-related 

breathing disorder is a common health problem 
worldwide with increased prevalence associated 
with advancing age and male gender.

2. It appears likely that OSA and CSA increase the risk 
of death in patients with HF from different hemody-
namic effects that develop during sleep.

3. Health complications in untreated OSA and OHS 
along with increased mortality include an increase 
in cardiovascular disease and neurocognitive 
difficulties.

4. The predominant symptoms associated with OSA 
include loud snoring, restless sleep, and daytime 
hypersomnolence. Polysomnography is required 
for diagnosis.

5. Patients with OSA may develop CSA af-
ter beginning PAP therapy. This is called 
treatment-emergent CSA.

6. Uvulopalatopharyngoplasty is currently the most 
commonly performed surgical procedure for OSA, 
yet is often unsuccessful as the first line of surgical 
therapy for OSA. The presence of coexistent patient 
factors such as obesity, retrognathia, and additional 
sites of obstruction often results in treatment fail-
ure of OSA in unselected patients.

7. Central apnea is relatively uncommon and occurs 
in less than 10% of patients with sleep-related dis-
ordered breathing presenting for PSG and less than 
1% of the general U.S. population.

8. There are two broad pathophysiologic patterns that 
cause CSAS, either hyperventilation (ventilatory 
instability) or hypoventilation (depression of the 
brainstem respiratory centers or chemoreceptors).

9. The underlying cause of CSA typically determines 
its specific treatment.

10. Individuals with OHS have an excessive increase 
in arterial Pco2 during sleep, ordinarily have hy-
percapnia during wakefulness, and typically have a 
very high BMI. The pathogenetic processes leading 
to this disorder include mechanical mass loading by 
the chest wall and alterations in ventilatory control.

Chapter Questions
1. Slow-wave sleep is characterized by 

___________________________ sleep waves.
a. low-frequency, low-amplitude
b. unique, sharply negative
c. low-voltage mixed-frequency
d. brief bursts of high-frequency

2. How much of a normal night’s sleep is spent in 
NREM sleep?
a. 15–20%
b. 25–30%
c. 55–60%
d. 75–80%

3. The Paco2 level below which respiratory output 
ceases is the ___________________.
a. apnea index
b. hypopnea index
c. apnea threshold
d. respiratory disturbance index

4. A physical finding frequently identified with ob-
structive sleep apnea is a ____________.
a. small neck size
b. BMI >30 kg/m2

c. Mallampati classification of 2
d. waist circumference of 35 inches

KNOWLEDGE CHECK QUESTIONS

1. True or False: Congenital central alveolar hy-
poventilation syndrome is a common type of 
SRH disorder.

2. True or False: About 90% of all OHS patients 
also have OSA.

3. True or False: Obesity causes an obstructive 
ventilatory defect.

4. True or False: Respiratory issues due to OHS 
 occur during both NREM and REM sleep.

5. True or False: First-line treatment for OHS 
 includes PAP therapy and weight loss.

198 CHAPTER 7 Sleep-Related Breathing Disorders 



5. _______________ is not monitored during home 
sleep apnea testing.
a. Airflow
b. Respiratory effort
c. Pulse oximetry
d. Sleep waveforms

6. The most common surgical treatment for obstruc-
tive sleep apnea is _________________.
a. bariatric surgery
b. uvulopalatopharyngoplasty
c. epiglottoplasty
d. tracheostomy

7. _________________ tends to occur in patients with 
congestive heart failure, neurologic disorders, and 
stroke.
a. Central sleep apnea
b. Obstructive sleep apnea
c. Obesity hypoventilation syndrome
d. Congenital central alveolar hypoventilation 

syndrome
8. High-altitude central sleep apnea occurs following 

a recent ascent to altitudes of _____________ or 
more.
a. 2,000 m
b. 3,000 m
c. 4,000 m
d. 5,000 m

9. A diagnosis of sleep-related hypoventilation re-
quires the following during sleep:
a. Paco2 >40 mm Hg for at least 5 minutes
b. Pao2 <80 mm Hg for at least 10 minutes
c. Paco2 >55 mm Hg for at least 10 minutes
d. Pao2 <70 mm Hg for at least 10 minutes

10. A majority of patients with obesity hypoventilation 
syndrome also have _____________.
a. late-onset central hypoventilation
b. central sleep apnea with Cheyne–Stokes 

breathing
c. obstructive sleep apnea
d. primary central sleep apnea
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OBJECTIVES
1. Identify the common characteristics, manifestations, and 

diagnostic features of asthma.
2. Discuss the incidence, prevalence, and risk factors as well 

as prognostic determinants of asthmatic disorders.
3. Describe the underlying pathophysiologic mechanisms in 

asthma.

4. Utilize diagnostic testing to establish a diagnosis of asthma 
and classify the disease severity.

5. Identify common risk factors and complications of asthma.
6. Discuss the four major components of effective asthma 

management.

KEY TERMS
Anticholinergic 

bronchodilator
Asthma–COPD overlap 

syndrome (ACOS)
Bronchial challenge
Bronchial 

hyperresponsiveness (BHR)
Bronchial thermoplasty
Cytokine
Eosinophil
Exacerbation
Forced expiratory volume 

in 1 second (FEV1)
Fractional exhaled 

nitric oxide (FENO)
Heliox
Heterogeneous
Histamine
Immunoglobulin E (IgE)
Immunomodulator
Inhaled corticosteroid (ICS)
Leukotriene receptor 

antagonist (LTRA)
Leukotrienes

Long-acting beta-agonist 
(LABA)

Mast cells
Methacholine
Methylxanthine
Nonsteroidal anti-

inflammatory 
drug (NSAID)

Peak expiratory flow 
rate (PEFR)

Phenotype
Prostaglandin D2
Pulsus paradoxus
Short-acting 

beta-adrenergic 
agonists (SABAs)

Systemic corticosteroid
T lymphocytes
Trigger

Asthma

“Asthmatics escape death, but in the intervals between severe attacks or even when they are walking  
on ground level, they bear in mind the symptoms of the disease.”

—Aretaeus. The Extant Works of Aretaeus the Cappadocian. Adams F, editor-translator. London:  
The Sydenham Society; 1861. Ch. XI, pp. 73–75
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Introduction
Asthma is a complex genetic disorder in which mul-
tiple genes contribute to its development as well as a 
multifactorial disease involving various environmental 
factors that influence disease characteristics.1,2 While 
recognized as a chronic respiratory disorder causing 
inflammatory changes and bronchoconstriction of the 
airways, its severity can be widely variable in any one 
individual and characterized by episodic exacerbations 
that may be frequently mixed with symptom-free inter-
vals. Asthma has significantly increased in prevalence 

Case Study
A 48-year-old white stockbroker is seeing his pri-
mary care physician for a routine office follow-up. 
The patient is complaining of increasing difficulty in 
controlling his “asthma.” He admitted to a life-long 
history of recurrent episodes of breathing difficulty 
primarily with upper respiratory infections. He de-
scribed frequently missing school as a child because 
of “asthmatic attacks.” He experienced a noticeable 
improvement in his asthma while away at college 
and after returning home, but feels that his asthma 
has seemed to have “gotten progressively worse” in 
the past few years. When acutely symptomatic, he 
experiences a minimally productive cough, chest tight-
ness, as well as wheezing. He reports using a “rescue” 
short-acting beta-agonist inhaler “more often” in 
addition to his regular doses and frequently awakens 
from sleep during the middle of the night with wheez-
ing, shortness of breath, and cough.

The “triggers” that appear to initiate this patient’s 
asthma symptoms include moderate exercise, ex-
posure to cats, and strong odors, which can some-
times cause his symptoms to persist for several 
days. He denied ever smoking or using illicit drug. 
He lives in an older house with a “damp basement” 
following heavy rain. There is no apparent change 
in his respiratory symptoms whether he is at work 
or home. There are no pets in his house, and he de-
nied any known food allergies. He takes no medica-
tions other than his inhaled corticosteroid (ICS) 
once daily and a short-acting albuterol inhaler two 
to three times daily. He does not take aspirin or any 
nonsteroidal anti-inflammatory drugs (NSAIDs) since 
this was advised by his family physician many years 
ago. He continues to experience seasonal allergic rhi-
nitis during the spring and fall seasons manifested by 
itchy eyes and nasal congestion. He does complain of 

frequent nocturnal cough; he denies symptoms sug-
gesting gastroesophageal reflux. Although he began 
his ICS inhaler about 6 weeks ago, he has not noticed 
any significant improvement in his symptoms.

On physical examination, the patient appears in no 
obvious respiratory distress while at rest. His tem-
perature is 98.5oF, pulse 96/minute, resting respiratory 
rate 20/minute, blood pressure 140/90, and weight 
200 lb, with a body mass index (BMI) of 31. His nasal 
mucosa and turbinates are pale and swollen with a 
watery discharge. Chest examination reveals scattered 
expiratory wheezing with an increase in anterior–pos-
terior diameter. Abdominal exam is noncontributory. 
Upper and lower limbs are normal. The patient’s 
peak expiratory flow rate (PEFR) reading is low com-
pared with his baseline values. Office spirometry re-
veals a mild airflow obstruction. His forced expiratory 
volume in 1 second (FEV1)  improved by approximately 
20% following short- acting beta-agonist inhalation 
(Figure 8-1). A chest x-ray, taken 2 months ago, during 
a severe asthmatic episode treated in a local hospital 
emergency department, is essentially normal.
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FIGURE 8-1 Pre- and post-bronchodilator spirometry results.

over the past several decades and is a significant cause 
of disability, medical expense, and preventable death.3

In the United States, the growing problem of asthma 
is the focus of the National Asthma Education and Pre-
vention Program (NAEPP). This program is adminis-
tered by the National Institutes of Health (NIH) and the 
National Heart, Lung, and Blood Institute (NHLBI). The 
NAEPP released its third asthma guideline report (Ex-
pert Panel Report 3 Summary Report 2007: Guidelines 
for the Diagnosis and Management of Asthma4) follow-
ing two previous successive reports published in 1991 
and 1997. Expert panels develop these clinical practice 
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guidelines by conducting systematic evidence reviews.5 
While asthma is not yet curable, NAEPP guidelines 
emphasize that formal patient and family education, 
objective measurement of airflow obstruction, and an 
individualized treatment plan, designed for daily and 
disease exacerbation use, are necessary components of 
successful management.

Asthma is not just a public health problem in the 
United States. Globally, the World Health Organization 
(WHO) recognizes this and coordinates international 
efforts to reduce disability and deaths related to asthma. 
The WHO and the NHLBI collaborate their efforts to 
help healthcare professionals and public health officials 
around the world to reduce the prevalence, morbidity, 
and mortality due to asthma with the Global Initiative 
for Asthma (GINA).6 The GINA guidelines update was 
published in 2017.

leading to wheezing need consideration in the initial 
diagnosis and if there is no clear response to initial 
therapy.4 Box 8-1 shows several possible differential di-
agnoses of asthma in adults.

The differential diagnosis of chronic obstructive 
pulmonary disease (COPD) can be difficult with adult-
onset asthma. The demarcation between childhood-
onset and adult-onset asthma is somewhat arbitrary, 
but adult-onset asthma has been defined as occurring 
from as young as 16 years.7 Sometimes the distinction 
between adult-onset asthma and COPD is clear. At other 
times, however, the difference is less clear. Recogni-
tion of these overlapping features of both asthma and 
COPD in some patients has led to the description of the 
asthma–COPD overlap syndrome (ACOS).6,8 COPD typi-
cally presents in patients with a smoking history of more 
than 20 pack-years who demonstrate less pronounced 
reversibility in post-bronchodilator spirometry.8

The diagnosis of asthma in adults requires a stepwise 
approach. This approach begins by identifying whether 
a patient is at risk of having or currently has a chronic 
airways disease. To determine this, a detailed history, 
physical exam, and other tests are necessary. Next, a 
comparison of features is required to distinguish asthma 
from COPD. If there are features of both asthma and 

Diagnostic Feature Diagnostic Criteria

History of variable respiratory symptoms

• Recurrent wheeze
• Recurrent shortness of 

breath
• Recurrent chest 

tightness
• Recurrent cough

• Symptoms vary over time, 
worse at night or on waking.

• Symptoms vary in intensity.
• Symptoms are commonly 

triggered by allergens, cold air, 
exercise, or laughter.

• Symptoms often appear worse 
with viral infections.

Confirmed variable expiratory airflow obstruction

• Spirometry showing 
reduced FEV1/FVC

• Significant reversibility 
of airflow obstruction 
following short-acting 
beta-agonist inhalation

• In the setting of normal 
spirometry, confirm 
airway responsiveness 
via bronchoprovocation

• Spirometry results compared 
with referenced values based on 
age, height, gender, and race

• Obstructive pattern that shows 
reversibility as evidenced by 
FEV1 increase ≥0.2 L or ≥12% 
over baseline spirometry 
measurements 15 minutes after 
inhaled bronchodilator

• Methacholine, histamine, cold 
air, or exercise challenge 
useful to identify airway 
responsiveness if FEV1 drops by 
20% after bronchoprovocation

Global Initiative for Asthma. Global Strategy for Asthma Management 
and Prevention, 2017 (Box 1-2, p. 17). www.ginasthma.org. Accessed 
October 24, 2017.

TABLE 8-1
Diagnostic Criteria for Asthma in Adults, 
Adolescents, and Children Ages 6–11 Years

KNOWLEDGE CHECK QUESTIONS

1. True or False: Asthma has a genetic component.
2. True or False: Asthma is caused mainly by epi-

sodes of bronchospasm.

Definition/Diagnosis
Asthma is a complex, heterogeneous disease usu-
ally characterized by reversible and variable recur-
ring symptoms, reversible airflow obstruction, 
bronchial hyperresponsiveness (BHR), and underlying 
inflammation.4,6 Asthma may manifest as any single 
symptom or a combination of symptoms that include 
wheezing, chest tightness, shortness of breath, and 
cough. Exercise, allergen exposure, or viral infections 
often precipitate the symptoms of asthma due to airway 
inflammation and obstruction. Symptoms character-
istically vary over several minutes, within a single day, 
and from day to day. In general, symptoms also tend to 
worsen at night or during early morning hours. Exten-
sive yet irregular airflow obstruction occurring during 
exacerbations often reverses spontaneously or following 
treatment. The inflammatory processes also heighten 
BHR to a variety of stimuli or “triggers.”

The hallmarks for the diagnosis of asthma include 
physical examination, history, and spirometry. The diag-
nosis is confirmed by a history of respiratory symptoms, 
including wheeze, shortness of breath, chest tightness, 
and cough that vary over time and in intensity, together 
with variable expiratory airflow limitation identified us-
ing spirometry.4,6 Initial diagnostic criteria for asthma 
in adults, adolescents, and children ages 6–11 years are 
listed in Table 8-1.

Recurrent episodes of cough and wheezing most 
often are due to asthma in both children and adults; 
however, other significant causes of airway obstruction 
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COPD, then ACOS is very likely. Spirometry is essential 
for any patient suspected of having a chronic airways 
disease. Table 8-2 compares the spirometry results for 
asthma, COPD, and ACOS. One-time spirometry is not 
always confirmatory of a diagnosis, and results need 

BOX 8-1 Differential Diagnosis  
of Adult-Onset Asthma

Chronic obstructive pulmonary disease (COPD)
Congestive heart failure (CHF)
Pulmonary embolism (PE)
Mechanical obstruction of the airways due to 

benign or malignant tumors
Pulmonary infiltration with eosinophilia
Cough secondary to medications such as angio-

tensin-converting enzyme inhibitors
Gastroesophageal reflux
Vocal cord dysfunction (VCD)

National Heart, Lung and Blood Institute (NHLBI). Expert  
Panel Report 3 (EPR3): Guidelines for the Diagnosis and Manage-
ment of Asthma. Bethesda, MD: U.S. Department of Health  
and Human Services, National Institutes of Health; 2007. 
http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.pdf. 
 Accessed October 24, 2017.

Spirometry Variables Asthma COPD ACOS

Normal FEV1/FVC pre- or 
post-bronchodilator

Compatible with diagnosis Not compatible with diagnosis Not compatible unless there 
is other evidence of chronic 
airflow limitation

Post-bronchodilator  
FEV1/FVC <0.7

Indicates airflow limitation but 
may improve spontaneously or 
with further treatment

Required for diagnosis (Global 
Initiative for Chronic Obstructive 
Lung Disease [GOLD] criteria)

Usually present

Post-bronchodilator FEV1 

≥80% predicted
Compatible with diagnosis 
(good asthma control or interval 
between symptoms)

Compatible with GOLD classification 
of mild airflow limitation if post-
bronchodilator FEV1/FVC <0.7

Compatible with diagnosis of 
mild ACOS

Post-bronchodilator FEV1 
<80% predicted

Compatible with the diagnosis; 
risk factor for asthma 
exacerbations

An indicator of the severity of 
airflow limitation and risk of future 
events (e.g., mortality and COPD 
exacerbations)

An indicator of the severity of 
airflow limitation and risk of 
future events (e.g., mortality 
and COPD exacerbations)

Post-bronchodilator increase 
in FEV1 ≥12% and 200 mL 
from baseline (reversible 
airflow limitation)

Usual at some time in the course 
of asthma, but may not be 
present when well controlled or 
on controller medication

Common and more likely when FEV1 
is low

Common and more likely when 
FEV1 is low

Post-bronchodilator increase 
in FEV1 >12% and 400 
mL from baseline (marked 
reversibility)

High probability of asthma Unusual in COPD, consider ACOS Compatible with the diagnosis 
of ACOS

Reproduced with permission from Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention, 2017. www.ginasthma.org. Accessed 
October 24, 2017.

TABLE 8-2
Spirometry Measurements for Asthma, COPD, and Asthma–COPD Overlap Compared

consideration in the context of the patient’s clinical pre-
sentation, and whether treatment has started.6 In the 
case of a patient with normal spirometry that does not 
meet the guidelines for FEV1 changes required for bron-
chodilator reversibility, a bronchial challenge test with 
methacholine may be necessary.9

KNOWLEDGE CHECK QUESTIONS

1. True or False: Wheezing is the only sign of an 
asthma exacerbation.

2. True or False: The signs and symptoms of 
asthma are variable.

Clinical Signs and Symptoms
No clinical feature is unique to asthma, and no clini-
cal feature is universal in all patients with asthma. The 
symptom triad consisting of wheezing, chest tight-
ness (a sensation of a heavy weight on the chest), and 
shortness of breath is commonly considered the classic 
presentation for asthma. While one or more of these 
symptoms occur in most patients during an asthma 
exacerbation, none of these findings are diagnostic. 
See Table 8-1. Patients with several disorders, includ-
ing those with COPD and heart disease have the same 
complaints.
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The typical presentation of asthma includes a pattern 
of respiratory symptoms that occur following exposure 
to triggers such as allergens, exercise, or viral infection, 
and resolve with trigger avoidance or asthma medica-
tion. Although the symptoms of asthma are also seen 
in several other respiratory diseases, it is the presence 
of certain historical features that increases the prob-
ability of asthma. These features include symptoms that 
worsen at night or those triggered by exercise, cold air, 
and exposure to inhaled allergens; work-related expos-
ures that worsen symptoms; family or personal history 
of atopy; and history of asthmatic symptoms as a child.8

An acute exacerbation of asthma is a medical emer-
gency that needs treatment and diagnosis urgently.10 
Exacerbations represent an acute or subacute worsening 
in symptoms of shortness of breath, cough, wheezing, 
or chest tightness and a progressive decrease in lung 
function from the patient’s baseline status or, in some 
cases, the initial presentation of asthma.6 The severity of 
asthma exacerbations ranges from mild to life threaten-
ing. Symptoms can develop following viral respiratory 
tract infections, after exercise, or from exposure to 
aeroallergens or irritants, or can be persistent in severe 
or uncontrolled asthma.11

The interaction of underlying airway inflammation, 
airflow obstruction, and BHR effectively determines the 
clinical presentation, degree of severity, and response 
to treatment. Manifestations of asthma during an acute 

exacerbation usually reveal expiratory wheezes with a 
prolongation of exhaled breath and accessory muscle use. 
Rapid labored breathing and tachycardia typically present. 
Since airway obstruction occurring with acute asthma 
exacerbations cause significant alterations in intratho-
racic pressure, pulsus paradoxus (a pulse that weakens 
abnormally during inspiration due to an unusually large 
decrease in systolic blood pressure during inspiration) 
may also occur during moderate-to-severe exacerbations. 
On the other hand, when asthma is quiescent, a patient 
with asthma may show no abnormal findings on physical 
examination. Since the presentation of asthma is variable, 
any given patient may or may not exhibit a variety of the 
clinical signs and symptoms depending on the severity of 
asthma when evaluated7,12 (Table 8-3).

A cough associated with asthma is typically nonpro-
ductive, tends to worsen at night, is often chronic, and 
at times reoccurs persistently for several years. Asthma 
cough also tends to worsen with exercise, inhalation of 
cold air, allergen exposure, and upper respiratory infec-
tions. When attempting to distinguish asthma symp-
toms from other causes of cough, supportive factors 
associated with asthma, such as a personal or family 
history of asthma, allergic rhinitis, atopic dermatitis, or 
eczema, increase the likelihood of diagnosis.4 Identifica-
tion of other health conditions that may mimic asthma 
is needed to eliminate them as the cause of the symp-
toms. See Box 8-1.

Mild Moderate Severe
Life-Threatening, 
Respiratory Arrest Imminent

Symptoms

Breathlessness While walking 
can lie down

While at rest, prefers 
to sit

While at rest, needs to sit 
upright

Speech Able to speak in 
full sentences

Able to speak in 
phrases, breathless with 
complete sentences

Able to talk a few words 
at a time (chipped speech) 
without becoming breathless

Level of consciousness Alert and 
oriented

Alert, usually agitated Alert, agitated Drowsy or confused

Signs

Accessory muscle use, 
suprasternal retractions

Usually not Commonly Usually Paradoxical thoracoabdominal 
movement

Pulse rate 60–100 beats/
minute

100–120 beats/minute >120 beats/minute Bradycardia

Respiratory rate Tachypnea Tachypnea Often >30/minute

Pulsus paradoxus Absent <10 
mm Hg

May be present 10–25 
mm Hg

Often present >25 mm Hg Absence may be due to 
respiratory muscle fatigue

Modified from Camargo C, Rachelefsky G, Schatz M. Managing Asthma Exacerbations in the Emergency Department: Summary of the National Asthma Education 
and Prevention Program Expert Panel Report 3 Guidelines for the Management of Asthma Exacerbations. Proc Am Thorac Soc. 2009;6(4):357–366.  
doi:10.1513/pats.p09st2.

TABLE 8-3
Signs, Symptoms, and Severity of Asthma Exacerbations: General Guidelines
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Etiology
Asthma is a complex heterogeneous disease that is 
affected by numerous genes12 and environmental fac-
tors.13 It is the interaction of genetics and the environ-
ment that determines the eventual expression of the 
asthmatic phenotype (Figure 8-2). Genetic factors asso-
ciated with the pathogenesis and expression of asthma 
are involved in a variety of biologic processes. Some of 
these processes include the immunoglobulin E (IgE) re-
sponse of B cells, Th2 cytokine inflammation, and HLA 
locus/immunity, which contribute to the development 
of acute and chronic allergic inflammation.2 Genetic 
association studies have identified and replicated sus-
ceptibility genes.2 The three main strategies currently 
used to determine the genetic factors that predispose 
to the development of asthma are linkage analysis in 
families with asthma, case-control or family-based as-
sociation studies, and animal models of asthma traits. 
Despite recent advances in the genetics of asthma, 
there is currently no established clinical utility for these 
findings.14 However, knowing the genetic signature of 

asthma-associated genes with altered expression during 
the peak of asthma exacerbations may help predict the 
severity and response to therapy.15

Factors that provoke symptoms of asthma are not 
necessarily those that are responsible for its inception, 
and gene–environment interactions may modify the ex-
pression of asthma according to different levels of expo-
sure.16 Infectious sequelae of viral causes are implicated 
as a predisposing factor in the development of asthma. 
Research findings suggest that children who experience 
severe respiratory syncytial virus (RSV) bronchiolitis 
at an early age are more likely to develop a subsequent 
asthma diagnosis.17–19

KNOWLEDGE CHECK QUESTIONS

1. True or False: Wheezing, chest tightness, and 
shortness of breath must be present to make a 
diagnosis of asthma.

2. True or False: Pulsus paradoxus may be absent 
in life-threatening asthma due to respiratory 
muscle fatigue.

3. True or False: The interaction of underlying airway 
inflammation, airflow obstruction, and bronchial 
hyperresponsiveness determines the clinical pres-
entation of asthma and its degree of severity.

Environmental factors
Allergens
Comorbidities
Climate/weather
Infections
Irritants
Microbes
Pollutants
Stress

Gene-environment
interaction

Asthma

Genetic factors*
Beta2-adrenergic receptor (ADRB2)
Chromosome 2 locus IL-1 receptor
Interleukin-4 (IL-4)
Interleukin-33 (IL-33)
ORMDL3
Thymic stromal lymphopoietin (TSLP)

FIGURE 8-2 Etiology of asthma. Both environment and genetic 
factors contribute to the phenotypical expression of asthma. *Gene 
identification from association studies and genome-wide association 
studies.
Ober C, Yao T. The genetics of asthma and allergic disease: a 21st century perspective. 
Immunol Rev. 2011;242(1):10–30. doi:10.1111/j.1600-065x.2011.01029.x.

4

8

10

6

2

14

12

0
Child Adult Male

6.5% 6.6%
7.6%

8.4%
9.1%

7.8%

10.3%

Female White Black Hispanic

Age

Gender
Race/ethnicity

FIGURE 8-3 Current asthma prevalence percentage by age, gender, 
and race/ethnicity, United States, 2015.
National Health Interview Survey, National Center for Health Statistics, Centers for Disease 
Control and Prevention. https://www.cdc.gov/asthma/asthmadata.htm.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Asthma is a homogeneous disease 
that is environmental in etiology.

2. True or False: The factors that provoke asthma 
symptoms are those responsible for its cause.

Epidemiology
Asthma is a common respiratory disorder that affects 
an estimated 235 million people worldwide.20 The 
Centers for Disease Control and Prevention (CDC) es-
timates that around 25 million Americans are currently 
living with asthma21 (Figure 8-3). Asthma prevalence 
varies around the world. Since the year 2000, a rise in 
prevalence has occurred in some countries, while in 
other countries there has been a plateau.22–25

Asthma occurs more commonly in urban than in 
rural populations, has a higher incidence among min-
ority populations, and is the most common chronic 
disease among children.21 Asthma can develop at any 
age, though most cases develop early in childhood and 
among boys younger than age 18. In contrast to patients 

208 CHAPTER 8 Asthma



who develop adult-onset asthma later in life, children 
with asthma often have remission as adults. Ethnic 
differences among people with asthma often translate 
to healthcare disparities. Urban areas with prevalent 
poverty and large minority populations have a very high 
rate of asthma, with those below 100% of the federal 
poverty threshold having the highest asthma rate.21

Fortunately, mortality rates associated with asthma 
have decreased over the last decade, probably at least in 
part secondary to advances made in diagnosis and medi-
cal management. More adult women, however, die from 
asthma compared with men. These deaths may be at-
tributable to hormonal differences among other things. 
Ethnic differences in mortality rates are conspicuously 
striking. African American men between the ages of 25 
and 35 years are at the highest risk of dying of asthma, 
which is 2.5 to 3 times higher than in whites.21 Differ-
ences in mortality rates among racial and ethnic groups, 
however, likely reflect composite differences in access to 
care, tobacco use, genetic influences, environmental ex-
posures, as well as social and cultural influences among 
different population groups. The number of deaths due 
to asthma in 2014 was 3,651, or 1.1 deaths per 100,000.21

macrophages, and T lymphocytes into the airway walls, 
mucosa, and lumen. Bronchial smooth muscle con-
traction occurs secondary to release of several media-
tors. These mediators, including histamine, cytokines, 
prostaglandin D2, and leukotrienes, contract the airway 
smooth muscle directly (Figure 8-4).

The immediate, or acute phase, response to an 
asthma trigger is short lived. This phase involves bron-
chospasm with airway narrowing that responds to 
bronchodilator therapy. During this phase, the cells 
that mediate this response are recruited into the airway. 
Over several hours, these cells become activated and 
cause persistent inflammation with a cycle of cell dam-
age and repair.4 Six to eight hours after the acute phase, 
the late-phase reaction occurs. This phase manifests 
as a more severe reaction that is difficult to treat. The 
late-phase response is characterized by recruitment of 
inflammatory and immune cells, particularly the eo-
sinophil, basophil, neutrophil, and T cells to the sites of 
allergen exposure.27 Other cells, including monocytes 
and dendritic cells, are also recruited to inflammatory 
sites and may play roles in mediated or modulating the 
response to allergen exposure28 (Table 8-5).

Eosinophils present in the airways of people with 
asthma have a destructive impact on the airway 
epithelium, leaving the airway walls denuded.4 It has 
been proposed that patients with significant epithe-
lial destruction present with persistent rather than 
intermittent asthma.29 Permanent airway structural 
changes, airway remodeling, may occur over time and 
limit the patient’s asthma from being fully reversible4 
(Figure 8-5). These histopathologic structure changes 
are characterized by the damage to or loss of normal 
pseudostratified airway epithelium, increased number 
of goblet cells, fibrotic thickening of the subepithelial 
reticular basement membrane, increased numbers 
of myofibroblasts, angiogenesis, increased airway 
smooth muscle mass, and increased extracellular ma-
trix30 (Figure 8-6). BHR to direct stimuli seems to be a 

Area of Airway Findings

Bronchial wall Edema and cellular infiltrates (eosinophils 
and lymphocytes)

Epithelium Detachment of surface epithelial cells from 
basal cells, increased deposition of collagen 
in a layer

Smooth muscle Hypertrophy and hyperplasia

Mucous glands Hypertrophy 

Goblet cells Increased number

Modified from Weinberger S, Cockrill B, Mandel J. Principles of Pulmonary 
Medicine. Philadelphia, PA: Elsevier/Saunders; 2014:74–90.

TABLE 8-4
Airway Microscopy Findings for Asthma

KNOWLEDGE CHECK QUESTIONS

1. True or False: Asthma is more commonly found 
in rural areas of the United States.

2. True or False: The highest prevalence of asthma 
is among African Americans.

Pathology/Pathophysiology
Pathologic findings usually are the result of multiple 
processes within the airways that ultimately lead to 
obstruction of the airways, limiting airflow and causing 
lung hyperinflation. These are the findings described 
by autopsy studies and therefore represent the conse-
quences of the severe disease. In these cases, marked 
overdistention of the lungs is seen, and thick, tenacious 
mucus plugs occlude the airways. Microscopic exami-
nation of the airways demonstrates similar findings in 
both mild and more severe disease, the only difference 
being severity26 (Table 8-4).

The NAEPP defines asthma as “a complex chronic 
inflammatory lung disease characterized by variable and 
reoccurring symptoms, airflow obstruction, bronchial 
hyperresponsiveness, and underlying inflammation.”4 It 
is the interaction of these features that create the clini-
cal presentation of the patient, thereby defining the 
patient’s treatment and management. The underlying 
inflammation in asthma contributes to the recurrent 
episodes of shortness of breath, coughing, wheezing, 
and chest tightness in susceptible individuals.
The characteristic inflammatory changes due to 
asthma include infiltration of eosinophils, mast cells, 
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Antigens

Release antibodies

 Bronchoconstriciton

Epithelial cells
become APCs,
release cytokines

Mast cells
release cytokines,
 prostaglandins,

leukotrienes and histamine

B cells
become APCs

Plasma cells

Eosinophils
release cytokines,

toxic oxygen radicals
and chemotaxic factors

Basophils and neutrophils
release cytokines,

T cells
release cytokines

Macrophages
become APCs,
release cytokines
and histamine

Cytotoxic T cells
and T-helper cells

Macrophages
release cytokines

Cytokines

Inflammation

SubacuteAcute Chronic

FIGURE 8-4 Asthma inflammatory cascade. Acute-phase inflammation is triggered when inhaled allergens are captured by epithelial cells and 
macrophages and presented to T cells. Activated Th2 cells trigger B cells to become antibody-producing plasma cells. Plasma cells release 
antigen-specific IgE, which binds to IgE receptors on mast cells. Activated mast cells degranulate releasing histamine, which binds to receptors 
on airway smooth muscle cells, triggering contraction and airway narrowing. Repeated bouts of acute inflammation can lead to chronic 
inflammation with persistent airway eosinophilia and/or neutrophilia. APCs, antigen-presenting cells.
Reproduced with permission from Wadsworth S, Sin D, Dorscheid. Clinical update on the use of biomarkers of airway inflammation in the management of asthma. J Asthma Allergy. 2011:77 
(Figure 3). doi:10.2147/jaa.s15081. 

Cell Type Mediators Produced

Basophils Cytokines
Histamine
Interleukin-4 (IL-4)
Interleukin-13 (IL-13)
Leukotrienes

Eosinophils Cytokines
Interleukins
Leukotrienes
Platelet-activating factor (PAF)
Toxic granule products
Transforming growth factors (TGFα and TGFβ) 

Mast Histamine
Prostaglandins (some)
Tumor necrosis factor (TNFα) 

Th2 lymphocytes Granulocyte-macrophage colony-stimulating factor (GM-CSF)
Interleukin-3 (IL-3)
Interleukin-4 (IL-4)
Interleukin-5 (IL-5) (increases extracellular matrix proteins)
Interleukin-13 (IL-13)

TABLE 8-5
Examples of Cells Involved in Airway Inflammation and the Mediators They Produce in Asthma
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Asthma
pathophysiology

Structural
alteration

TGF-β, VEGF,
CTGF, TNF-α,

IL-8, etc.

Cellular
hypertrophy

and
hyperplasia

Inflammatory
cells

accumulation

+

+

ECM proteins
deposition

Epithelial layer
thickening

Edema

Epithelial
damage

Increased
muscle mass

VEGF

Size and
number of

blood vessels
are increased

Increased
mucus

secretion

Inflammatory
mediators
release

Angiogenesis

Airway
narrowing

Airway
remodeling

FIGURE 8-5 Schematic representation of the major events underlying asthma pathophysiology.
Reproduced from Youssef M, Kanagaratham C, Saad M, Radzioch B. Genetics of allergic asthma and current perspectives on therapeutic management. In: Pereira C, ed. Asthma—From 
Childhood Asthma To ACOS Phenotypes; 2016 (Figure 2). https://www.intechopen.com/books/asthma-from-childhood-asthma-to-acos-phenotypes/genetics-of-allergic-asthma-and-current 
-perspectives-on-therapeutic-management. Accessed November 21, 2017.

TGF-�

IL5

IL4

MMP

Th1

Th2

Native
cell

Smooth
muscle
cell

Neutrophil

Eosinophil

Alveoli

Mucus

Mast cell

Abnormal

Increased
permeability

Normal

FIGURE 8-6 Airway remodeling (abnormal half of figure) involves almost all elements of the airway wall and occurs throughout the bronchial tree.
Shifren A, Witt C, Christie C, Castro M. Mechanisms of Remodeling in Asthmatic Airways. J Allergy. 2012;2012:1–12 (Figure 1). doi:10.1155/2012/316049. 

Pathology/Pathophysiology 211



Category Triggers

Allergens Animal allergens
Cockroach antigen
Dust mite antigen
Mold
Pollen

Medications Aspirin
Certain beta-blocker medications
NSAID

Infections Flu virus
Respiratory tract infections
Sinus infection

Irritants Air fresheners
Burning wood
Cooking oils
Indoor chemical use
Outdoor air pollution
Perfumes
Tobacco smoke
Volatile organic compounds

Other Cold air
Exercise
Menstrual cycle
Strong emotions

TABLE 8-6
Examples of Asthma Triggers

BOX 8-2 Representative Asthma 
Phenotypes 

Asthma Phenotype
Major Characteristics  
of the Phenotype

Major Asthma Phenotypes

Allergic • Positive allergy test
• Younger patient
• Early onset
• Seasonal variation
• Allergy triggers (grass, dust, 

cat, dog)

Nonallergic • Negative allergy test
• Normal or low IgE
• Late, adult onset
• No family history

Aspirin-exacerbated 
respiratory disease 
(AERD)

• Asthmatic response to aspirin or 
another NSAID(s)

Infection induced • Causes of new-onset infection-
induced asthma: RSV, rhinovirus, 
parainfluenza, metapneumovirus

• Causes of exacerbations: 
rhinovirus, RSV, influenza/
parainfluenza, coronaviruses

• Causes of persistence: 
adenovirus, chlamydia, 
mycoplasma

Other Asthma Phenotypes

Exercise-induced 
bronchospasm

• Occurs 3–5 minutes after 
cessation of exercise

• Peak bronchoconstriction at 
10–15 minutes

Cough variant • Cough is the main or only 
symptom

• No atopy
• No diurnal variability

function of airway remodeling and airway inflamma-
tion.30 However, airway remodeling is not a prerequisite 
for increased bronchial responsiveness to direct stimuli 
as exposure to organic material can induce a substan-
tial increase in bronchial responsiveness in healthy, 
non-asthmatic subjects.31,32 Traditionally, airway re-
modeling was thought to be indicative of adult asthma 
with a slow progression from a reversible to an irrevers-
ible state. However, airway remodeling has been shown 
to be present as early as 3–6 years of age.33,34

The airway geometry that results from airway re-
modeling and inflammation creates BHR. BHR makes 
the airways susceptible to numerous exogenous or en-
dogenous stimuli or triggers.35 The degree of BHR usu-
ally correlates with the clinical severity of asthma. The 
common exogenous triggers are divided into categories: 
allergens, medications, infections, irritants, and others 
(Table 8-6).

Airway obstruction increases airway resistance, 
decreasing expiratory flow rates, leading to hyper-
inflation. Uneven changes in airflow resistance, the 
resulting unequal distribution of air, and alterations in 
circulation from increased intra-alveolar pressure due 
to hyperinflation all lead to ventilation–perfusion mis-
match,36 alterations of pulmonary mechanics, and in-
creased work of breathing. These changes are evident 
during acute exacerbations and in severe persistent 
asthma.

Asthma Phenotypes
Asthma is a heterogeneous disease comprised of several 
distinct phenotypes.37,38 See Box 8-2. Phenotypes are a 
cluster of characteristics that define a disease or a sub-
set of a disease that results from the interaction of genes 
with the environment.39,40

The identification of an asthma phenotype assists 
the clinician in understanding the pathophysiology bet-
ter and utilizing appropriate treatment unique to the 
control of a patient’s asthma. For example, a patient 
with nonallergic asthma phenotype will not respond 
favorably to immunotherapy. A patient with the allergic 
asthma phenotype will respond favorably to immuno-
therapy.38 A patient with allergic asthma phenotype 
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responds favorably to trigger avoidance and environ-
mental modification. However, a patient with cough-
variant asthma will not.

Occupationally related asthma may be induced in 
some patients from workplace exposure to airborne 
dust, vapors, or fumes. It may be traced to high-molec-
ular-weight allergens (e.g., flour, latex, and animal pro-
teins) with classic IgE-mediated allergic reactions versus 
low-molecular-weight antigens, most often such chemi-
cals as isocyanates or acid anhydrides, where the precise 
mechanism is not as clear. Potential triggers are diverse, 
and therefore, diagnosis is dependent on obtaining a 
complete and accurate occupational and environmental 
history and documenting a temporal association be-
tween workplace exposure and the onset of asthma.

Although occupational asthma usually refers to a 
new onset of disease caused by some exposure at the 
workplace environment, an exacerbation of preexisting 
conditions that is not asthma can occur at the work-
place that is work aggravated rather than work caused. 
Management of occupationally related asthma includes 
utilizing standard asthma therapies in combination with 
instituting preventive strategies such as appropriate 
avoidance of environmental triggers. Preventive mea-
sures often involve providing specific work restrictions 
as well as using environmental controls and individual 
respiratory protection.

Genetics Family history of asthma
Family history of atopy

Age/gender Boys <20 years old
Women ≥40 years old

Exposure Cigarette smoking
Cleaning agents (occupational)
Chemical fumes (occupational)
Environmental tobacco smoke
Exhaust fumes (occupational)
Fires (occupational)
Industrial spills (occupational)

TABLE 8-7
Common Risk Factors for the Development  
of Asthma

KNOWLEDGE CHECK QUESTIONS

1. True or False: The late-phase response is charac-
terized by bronchospasm.

2. True or False: Eosinophils present in asthmatic 
airways damage the airway epithelium.

3. True or False: Airway inflammation and remod-
eling create bronchial hyperresponsiveness.

4. True or False: The allergic asthma phenotype 
has a late onset.

Risk Factors
Several risk factors are associated with the develop-
ment of asthma (Table 8-7). Major risk factors include 
a genetic link, including a family history of asthma, or 
atopy.2 Atopy is the “genetic propensity to develop im-
munoglobulin E (IgE) antibodies in response to expo-
sure to allergens.”41 In childhood, gender is a risk factor. 
Boys have a higher risk for asthma than girls. However, 
after age 20, the prevalence of asthma for male and fe-
male is approximately equal. After age 40, the disease is 
more common in women.42 Exposure to environmental 
tobacco smoke is also a risk factor for the development 
of asthma in children.

Occupational exposure increases the risk of 
new-onset asthma, including exposure to industrial 
spills, fires, and mixing cleaning agents.42 Additionally, 
individuals with an increased BMI have a higher risk of 
developing asthma than those with a healthy BMI. This 
risk may be more significant for the nonallergic asthma 
phenotype than the allergic asthma phenotype.43

KNOWLEDGE CHECK QUESTIONS

1. True or False: Women under the age of 40 have 
a higher risk of developing asthma than men of 
the same age.

2. True or False: A family history of atopy is a risk 
factor for the development of asthma.

Complications
Asthma complications occur most often when asthma 
is not well controlled and during acute exacerbations. 
These complications include, but are not limited to, 
interference with activities of daily living, respiratory 
failure from severe acute asthma, and death. Several 
distinctive circumstances are identified as increas-
ing the risk of death in patients with asthma.44–50 See 
Box 8-3.51 Identification of the conditions that increase 
the risk of death due to asthma is vital to the survival of 
the patient.

Life-threatening asthma is a medical emergency in 
which acute asthmatic symptoms are persistently non-
responsive (refractory) to bronchodilator therapy. The 
bronchodilator therapy typically begins at home and is 
later continued in the hospital emergency department. 
Individuals with this more severe form of asthma fre-
quently describe having chest discomfort and tightness, 
display rapidly accelerating shortness of breath, mani-
fest a dry or minimally productive cough, and produce 
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BOX 8-3 Circumstances Increasing the 
Risk of Death from Asthma

 � Prior intubation and mechanical ventilation due 
to severe asthma

 � At least one ICU admission as the result of 
 severe asthma

 � Two or more hospitalizations for asthma in the 
past year

 � Three or more emergency department visits in 
the past year for asthma

 � Comorbidity with another serious disorder such 
as cardiovascular, psychiatric, or other chronic 
lung disease, especially in the older asthmatic

 � Poor patient adherence to treatment or under-
treatment with ICSs

 � Use of >2 metered-dose inhaler (MDI) canisters 
of SABA per month

 � Difficulty perceiving asthma symptoms or sever-
ity of exacerbations

 � Low socioeconomic status or urban residence 
(lack of access to medical care)

 � Sensitization to the aeroallergen Alternaria alternata

Modified from National Asthma Education and Prevention 
Program Expert Panel Report 3. Guidelines for the Diagnosis and 
Management of Asthma. Bethesda, MD: National Institutes of 
Health; 2007.

inspiratory along with expiratory wheezing despite the 
frequent use of short-acting bronchodilators. These indi-
viduals may present over a few hours or a few days after 
the onset of a viral respiratory illness, following exposure 
to a potent allergen or irritant, or after exercise in a cold 
environment. Frequently, these patients have underused 
or may have been underprescribed anti-inflammatory 
therapy.6 Occasionally, patients with life-threatening 
asthma do not perceive the severity of their asthma and 
may appear better than their lung function.52

KNOWLEDGE CHECK QUESTIONS

1. True or False: Lack of access to medical care in-
creases the risk of complications from asthma.

2. True or False: Life-threatening asthma responds 
to bronchodilator therapy.

Diagnostic Testing
The diagnosis of asthma is maybe apparent from the 
symptoms of variable and intermittent airways obstruc-
tion but is confirmed by objective measurements of 
lung function.53 Variable airflow obstruction means that 
the obstruction is not necessarily present at all times, 
varying with time, exposure to asthma triggers, and 
treatment.54 It is the intermittent nature of and wide 
variation in asthma symptoms that make diagnosing the 
condition a challenge.55 The medical history is an essen-
tial part of diagnosing asthma (Figure 8-7).

Asthma medical
history

Asthma impact on 
patient and family

e.g. missed work/school, ED 
visits, hospitalizations, impact of 

family routines

Exacerbation history
e.g. typical signs and symptoms, 

severity, duration, history of 
intubation

Asthma triggers
e.g. smoke exposure, exercise, 

environmental, weather 
changes, animal dander

Asthma onset and treatment
e.g. age at onset, progression, 
quick acting bronchodilator use

Patient and family beliefs
and peceptions of asthma

e.g. level of family support, belief 
system, economic resources

Symptoms and symptom 
patterns/timing

e.g. wheezes, cough, 
shortness of breath, seasonal, 

continual, episodic

Social history
e.g. daily activities, support 

system, education, employment

Family history
e.g. parental and sibling 

allergies, asthma, eczema

FIGURE 8-7 Examples of items for the medical history of an asthma patient.
Based on Clark M. Asthma: a clinician’s guide. Sudbury, MA: Jones & Bartlett Learning; 2011.
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Pulmonary Function Testing
Pulmonary function testing or spirometry is recom-
mended for all patients to confirm the diagnosis of 
asthma before initiation of therapy. Spirometry can 
demonstrate obstruction and assess reversibility in 
patients 5 years old or older. It is an essential objective 
measure to establish the diagnosis of asthma because 
patients’ perceptions of airflow are highly variable.4 
Spirometry is also a critical factor in the classification of 
asthma severity, which in turn determines treatment.

Spirometry in asthma commonly shows an ob-
structive pattern demonstrating a reduced ratio of 
forced expiratory volume in 1 second (FEV1) and  
FEV1/forced vital capacity (FVC). These reductions 
indicate the presence of airflow limitation. The clini-
cal diagnosis of asthma is supported by an obstructive 
pattern in which the FEV1 increases more than 12% 
and at least 200 mL from baseline following admin-
istration of an aerosolized short-acting bronchodila-
tor. The improvement in FEV1 verifies reversibility. 
Bronchodilator responsiveness provides the quickest 
support for diagnosing asthma when suspected on 
clinical grounds (Figure 8-8). Lack of airway obstruc-
tion or reactivity, however, does not rule out asthma. 
In such cases, the diagnosis can be made by dem-
onstrating heightened airway reactivity after graded 
bronchial challenge usually with methacholine. A 
positive bronchial challenge test reflects a fall in 
FEV1 from baseline of 20% or more with a standard 
dose of methacholine or histamine.6 A positive test is 
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FIGURE 8-8 Spirometry results for a patient with asthma: (A) data table, (B) flow-volume loop, and (C) volume-time graph. The FEV1 before 
the administration of a bronchodilator is 77% of predicted and the FEV1 following the bronchodilator is 96% of predicted. This improvement 
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This is redrawn from the author’s spirometry results from 11/18/16.

consistent with asthma, and a negative bronchial chal-
lenge test may be more helpful to rule out asthma.4

Generalized gas exchange is measured by diffusion 
capacity (DLCO) and is either normal or slightly elevated 
in patients with asthma. Lung volumes typically show 
normal or elevated total lung capacity (TLC) and func-
tional residual capacity (FRC) with markedly elevated 
residual volume (RV). Table 8-8 shows a summary of 
pulmonary function testing.

Test Findings

FEV1 (pre-bronchodilator) Normal or reduced

FEV1 (post-bronchodilator) Increased from  
pre-bronchodilator FEV1

FVC Normal or reduced

FEV1/FVC ratio Normal or reduced

Flow–volume loop Scooped-out shape

TLC Normal or increased

FRC Normal or increased

RV Normal or increased

DLCO Normal or increased

Bronchial challenge with 
methacholine 

FEV1 reduction more than 20%

TABLE 8-8
Pulmonary Function Test Findings in Asthma
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Clinicians need to correlate the patient’s medical 
history, the physical examination, and the pulmonary 
function test results to ensure that the diagnosis is 
accurate.7

During an acute exacerbation of asthma, the mea-
surement of expiratory airflow with a peak flow meter 
is typically the most appropriate method for objec-
tive assessment of the severity of the exacerbation in 
patients who can perform the test. The normal values 
for PEFR depend on gender, height, and age. However, 
a PEFR below 200 L/minute indicates severe obstruc-
tion for most adults except those who are very short 
or elderly.4

Allergy Tests
Because there is currently no definitive diagnostic 
laboratory test for asthma, differentiating asthma 
from many other respiratory disorders (especially 
COPDs) can be challenging. Laboratory tests provide 
only supportive evidence of asthma. The presence 
of atopy increases the probability that a patient with 
respiratory symptoms has allergic asthma, but this is 
not specific for asthma nor is it present in all asthma 
phenotypes.6 Elevation in serum immunoglobulin E 
(IgE) levels and positive skin prick tests to common 
antigens may support an allergic susceptibility asso-
ciated with asthma but does not confirm a diagnosis 
of asthma.

Exhaled Nitric Oxide
A less-invasive diagnostic method of examining air-
way inflammation and oxidative stress associated with 
asthma is to measure the constituents of exhaled air, in-
cluding nitric oxide (NO). Fractional exhaled nitric oxide 
(FENO) measurement is a biomarker of airway inflamma-
tion and appears to be clinically promising for diagnosis 
of certain asthma phenotypes and for improving asthma 
management.56 FENO measurements assist in assessing 
the etiology of respiratory symptoms, help identify the 
eosinophilic asthma phenotype, and assess response 
to ICSs. Also, they serve as a guide to the use of anti-
inflammatory medications, assist in the evaluation of 
adherence to  anti-inflammatory medications, and help 
to assess whether airway inflammation is contributing to 
poor asthma control.57

Chest Radiograph
Chest radiography is not diagnostic for asthma. A chest 
radiograph in patients with asthma may be entirely nor-
mal or may show signs suggesting over-inflation of the 
lungs, including hyperlucency, depressed diaphragms, 
and increased retrosternal airspace. A chest radiograph 
is often obtained to evaluate other diagnoses, including 
pneumonia or pneumothorax.

Pulse Oximetry and Arterial Blood Gas
Pulse oximetry is particularly valuable in the symp-
tomatic asthma patient. Decreased oxygen saturation, 
less than 90%, present while breathing room air is 
usually associated with the need for hospitalization, 
signals the need for aggressive therapy,6 and necessi-
tates arterial blood gas (ABG). Oxygen administration 
should be titrated against pulse oximetry to maintain 
oxygen saturation at 93–95% (94–98% for children 
6–11 years).

ABG analysis is essential in assessing asthma 
 exacerbation severity, assure adequate oxygenation, 
and substantiate the necessity for more aggressive 
management. ABG measurements are helpful for 
evaluating Paco2 in patients with suspected hypoven-
tilation, those in severe distress.13 An ABG determina-
tion is considered mandatory when the PEFR or FEV1 
is less than or equal to 25% of the predicted value13,58 
or when the patient shows evidence of fatigue or 
progressive airway obstruction despite treatment. At 
the onset of an exacerbation, ABG values are typi-
cally normal, but as exacerbation severity increases, 
hyperventilation causes a decrease in Paco2 and a cor-
responding respiratory alkalosis. Without intervention 
or response to therapy, a widened alveolar–arterial 
oxygen gradient develops, causing Pao2 and Sao2 to 
drop. Eventually, the Paco2 begins to falsely normal-
ize and pH decreases in a person with a persistent 
severe asthma exacerbation. At this point, fatigue 
and impending respiratory failure are more likely to 
be clinically seen. The final and more severe stage is 
consistent with  respiratory and ventilatory failure as 
well as profound respiratory muscle fatigue, which is 
characterized by a low Po2, low pH, and a high Pco2 
(Table 8-9). The respiratory muscle insufficiency man-
dates ventilatory support.

Laboratory Blood Tests
Most patients with an asthma exacerbation do not re-
quire laboratory studies. However, if ordered, these lab 
tests must not delay treatment. A complete blood cell 
(CBC) count is rarely needed but might be appropri-
ate in patients with fever or purulent sputum.13 The 
CBC count and differential may demonstrate a bacterial 
infection, such as pneumonia. Leukocytosis, however, 
may be caused by treatment with glucocorticoids and 
beta-agonists.13,59 Glucose levels need to be checked 
and monitored for hyperglycemia from glucocorticoid 
administration, especially in patients with diabetes. 
Electrolyte assessment during an acute exacerbation 
can reveal hypokalemia associated with the use of 
beta-agonists and systemic corticosteroids. Reduced 
serum levels of magnesium and phosphate may also be 
identified.58
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Stage ABG Comments

I Paco2 = hyperventilation

Pao2 = normal

An ABG at this point is usually not warranted because the patient’s PEFR or FEV1 is greater than 25% of 
the predicted value. Monitoring the pulse oximeter is most appropriate. Mild exacerbation.

II Paco2 = hyperventilation

Pao2 = hypoxemia

The presence of hypoxemia (Pao2 <60 mm Hg, Sao2 <90%) suggests possible complications such as 
atelectasis due to mucus plugging or pneumonia. Moderate exacerbation.

III Paco2 = false normal

Pao2 = hypoxemia

Ventilation is decreasing from Stage II due to respiratory muscle fatigue. Severe exacerbation.

IV Paco2 = hypoventilation

Pao2 = hypoxemia

Increasing airflow obstruction and fatigue lead to respiratory muscle insufficiency and respiratory 
failure. Life-threatening exacerbation.

*Treatment can stop the progression to the later, more severe stages.
Data from Camargo C, Rachelefsky G, Schatz M. Managing Asthma Exacerbations in the Emergency Department: Summary of the National Asthma Education and 
Prevention Program Expert Panel Report 3 Guidelines for the Management of Asthma Exacerbations. Proc Am Thorac Soc. 2009;6(4):357–366 (Table 2, p.359). 
doi:10.1513/pats.p09st2.

TABLE 8-9
ABG Progression during Acute Asthma Exacerbations*

Component of Severity Intermittent  Mild Persistent
Moderate 
Persistent Severe Persistent

Symptoms ≤2 days/week >2 days/week but not daily Daily Throughout the day

Nighttime awakenings ≤2 times/month 3–4 times/month >1 time/week but 
not nightly

Often 7 times/week

Short-acting beta-agonist use for control
(not to prevent exercise-induced 
bronchospasm)

≤2 days/week >2 days/week but not daily 
and not more than once on 
any day 

Daily Several times per 
day

Interference with normal activity None Minor limitation Some limitation Extremely limited

Lung function
FEV1*(% predicted)
FEV1/FVC*

>80%
Normal for age

>80%
Normal for age

60–80%
Reduced by 5%

<60%
Reduced >5%

Asthma exacerbations requiring oral 
systemic corticosteroid 

0–1/year ≥2/year More frequent and intense events usually 
indicate greater severity

Recommended step for initiating therapy Step 1 Step 2 Step 3 Step 4 or 5

Data from U.S. Department of Health and Human Services, National Institutes of Health. Asthma Care Quick Reference Diagnosing and Managing Asthma. 
Bethesda, MD: National Heart Lung and Blood Institute; 2012:5.

TABLE 8-10
Initial Visit: Classifying Asthma Severity Ages 12 Years and Older

Classification of Asthma Severity
It is crucial to determine the degree of an individual’s 
asthma severity since current guidelines for asthma 
treatment recommend a “stepwise” treatment approach 
to asthma management, matching treatment intensity 
to disease severity. The NAEPP guidelines4 classify 
asthma severity intensity as (1) intermittent, (2) mild 
persistent, (3) moderate persistent, or (4) severe persis-
tent. Asthma severity classification is based on the level 
of impairment and the number of asthma exacerba-
tions requiring oral systemic corticosteroids. Impair-
ment is based on the number of days with symptoms, 

the frequency of nocturnal awakenings, short-acting 
beta-adrenergic bronchodilator use for controlling 
symptoms, interference with normal activity, and lung 
function, including FEV1 and FEV1/FVC. The NAEPP 
guidelines make specific recommendations per age 
group for each of these classifications of severity.4 The 
age groups include children 4 years of age and under, 5 
to 11 years, and 12 years and older. There are classifica-
tions for asthma severity and recommended therapy for 
the initial visit and follow-up visits.60 These classifica-
tions are used as a guide to assist with decision making 
for treatment (Table 8-10).
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such as montelukast. Another long-term control al-
ternative is the methylxanthine theophylline, which 
produces mild-to-moderate bronchodilators in addi-
tion to mild mucosal anti-inflammatory effects. Two 
long-acting beta-agonists (LABAs) such as salmeterol 
and formoterol are effective in improving asthma con-
trol when regularly taken with ICSs. Safety concerns of 
LABAs, however, have been questioned because trial 
results showed an increase in asthma-related deaths 
in individuals who received salmeterol compared to 
placebo. LABAs should not be used without simultane-
ous use of ICSs. Combination of two drugs in a single 
delivery device can be used to increase individual 
compliance and convenience as well as provide a safety 
factor. Immunomodulator treatment of asthmatic pa-
tients older than 12 years of age with a recombinant 
DNA-derived humanized IgG monoclonal antibody 
can be useful in treating moderate-to-severe allergic, 
 corticosteroid-dependent asthma. Their excessive cost 
limits their use. These medications are summarized in 
Table 8-11.

Acute Exacerbation Treatment
An acute exacerbation is an acute or subacute episode 
of progressively worsening shortness of breath, cough, 
wheezing, and chest tightness or some combination 
of these symptoms.6 Signs of an acute exacerbation 
may include tachypnea, tachycardia, use of accessory 
muscles, pulsus paradoxus, and inability to speak in 
full sentences. Exacerbations are characterized by de-
creases in expiratory airflow that can be documented 
and quantified by simple measurement of lung func-
tion, either FEV1 or PEFR.61 The principal goals for 
treatment of asthma exacerbations are to reverse 
airflow obstruction, correct hypoxemia (if present), 
and reduce the likelihood of future exacerbations.61 
At the onset of the exacerbation, early treatment by 
the patient at home is the best strategy for manag-
ing asthma exacerbations.4 When the patient has an 
asthma action plan, most often a mild asthma exacer-
bation can be managed entirely at home with a pos-
sible visit to the patient’s primary care practitioner. 
Individuals with asthma must be able to recognize 
their early indicators of an exacerbation and adjust 
their medications by increasing the use of their short-
acting beta-agonist. In some cases, these patients 
need to add a short course of oral systemic corti-
costeroids and remove the allergen or irritant from 
their environment.4

In the emergency department, the severity of the 
asthma exacerbation determines the intensity of the 
treatment and the frequency of patient monitoring. In 
general, primary treatment with the administration of 
oxygen, inhaled SABAs, and systemic corticosteroids is 
the standard for all exacerbations, but the dose and fre-
quency of administration and the frequency of patient 

KNOWLEDGE CHECK QUESTIONS

1. True or False: PEFR measurements are a key fac-
tor in the diagnosis of asthma.

2. True or False: A positive bronchial challenge 
test shows a minimum of a 20% drop from the 
baseline FEV1 measurement.

3. True or False: A 150 mL increase in 
post-bronchodilator FEV1 is indicative of the re-
versibility of airflow obstruction in asthma.

4. True or False: An eosinophilic asthma pheno-
type may be identified utilizing the measure-
ment of FENO.

5. True or False: The classification of asthma 
severity depends on symptoms, nighttime 
awakenings, use of short-acting beta-agonists, 
interference with normal activities, lung func-
tion, and use of systemic corticosteroids.

After the initial assessment and classification, ther-
apy is recommended. On follow-up visits to the primary 
care practitioner, the NAEPP guidelines recommend a 
similar assessment. This evaluation establishes the level 
of control based on the same impairment and risk cri-
teria as the initial assessment plus the use of validated 
questionnaires for the patient. The follow-up assess-
ment is also used to adjust therapy.

Treatment and Management
There are two main focuses for the treatment and man-
agement of asthma. One focus is on the treatment of 
acute exacerbations, and the second on the long-term 
management of asthma. The key short-term, quick 
relievers for the treatment of acute exacerbations are 
the short-acting beta-adrenergic agonists (SABAs) 
such as albuterol and levalbuterol. The inhaled 
anticholinergic bronchodilator ipratropium bro-
mide can provide additive benefit to SABAs in 
moderate-to-severe acute exacerbations and may 
be used in patients unable to tolerate SABAs. All 
short-term, quick-relief medications increase air-
way caliber by relaxing airway smooth muscle. 
Systemic corticosteroids, while not short-acting, 
are effective in moderate-to-severe asthma exacer-
bations when used adjunctively with short-acting 
beta-agonists. The most effective and most used 
long-term controllers are ICSs, which primarily pro-
duce improvement through their anti-inflammatory 
action and are considered first-line therapy in all 
age groups. Alternative long-term control medica-
tions include leukotriene receptor antagonists (LTRA) 
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Medication Use Comments

Inhaled short-
acting beta-agonist

Acute care management
Relieves acute bronchospasm

Albuterol and Levalbuterol are used in the United 
States

Inhaled 
short-acting 
anticholinergic

Acute care management
Used in addition to inhaled albuterol for patients with severe 

exacerbations in the emergency department

Ipratropium bromide mixed with albuterol for 
continuous bronchodilator therapy (CBT)

Systemic 
glucocorticoids

Acute care management
Anti-inflammatory to reduce airway inflammation that 

causes persistent airflow obstruction

Oral glucocorticoids—prednisone, prednisolone 
(used for acute exacerbations and to gain control of 
persistent asthma when ICSs are not effective)
Intravenous glucocorticoids—methylprednisolone 
(used for impending or actual respiratory arrest, or 
when a patient is intolerant of oral glucocorticoids)

Magnesium sulfate Acute care management
Has bronchodilator activity in acute asthma

Given via intravenous route, it is helpful in a subgroup 
of patients with severe asthma

ICSs Long-term management
Anti-inflammatory, used to prevent future severe exacerbations

Low-dose, medium-dose, and high-dose ICS; use 
depends on severity of persistent asthma

Inhaled LABAs Long-term management
Used in combination with ICS for long-term control and 

prevention of asthma symptoms

Formoterol, Salmeterol
Not to take the place of SABA; not for long-term 

monotherapy; always use in combination with ICS

Combined long-
term control 
medications

Long-term management
Used for the long-term control and management of asthma 

symptoms

Combinations of LABA and ICS
Not to take the place of short-acting beta-agonists

Leukotriene 
modifiers

Long-term management 
Alternative treatment option for long-term management of 

persistent asthma

Available in oral tablets
LTRAs—montelukast, zafirlukast
5-Lipoxygenase pathway inhibitor—zileuton

Methylxanthines Long-term management 
Alternative therapy for management of persistent asthma

Bronchodilator and mild anti-inflammatory

Immunomodulators Long-term management
Additional therapy for moderate-to-severe persistent allergic 

asthma

Injection
Anti-IgE therapy—omalizumab
Anti-IL-5 therapy—reslizumab, benralizumab 

TABLE 8-11
Commonly Used Medications in the Treatment and Management of Asthma

monitoring differ depending on the severity of the exac-
erbation13 (Figure 8-9).

Use of intravenous magnesium sulfate (a smooth 
muscle relaxant) is another adjunct medication in addi-
tion to beta-adrenergic agonists and systemic steroids 
for severe asthma exacerbations. 62 Another adjunct 
treatment includes the administration of heliox (a mix-
ture of helium and oxygen) to patients with asthma 
to help decrease the work of breathing and improve 
ventilation.62

A small proportion of asthmatics have progressive 
respiratory failure despite aggressive pharmacologic 
therapies.53 The decision to intubate and initiate me-
chanical ventilation during a severe asthma exac-
erbation is clinical. Slowing of the respiratory rate, 
depressed mental status, inability to maintain respi-
ratory effort, worsening hypercapnia and associated 
respiratory acidosis, or failure to maintain an oxygen 
saturation greater than 92% despite high-flow supple-
mental oxygen suggest that the patient requires intuba-
tion.62 The use of noninvasive ventilation for asthma 
patients with respiratory failure may be beneficial, 
but the results of several studies did not show a clear 

benefit for noninvasive ventilation.63,64 Intubation of 
the asthmatic patient is best accomplished in a semi-
elective manner and before respiratory arrest. Current 
invasive ventilation strategies aim to improve gas ex-
change, maintain adequate alveolar ventilation (per-
missive hypercapnia may be necessary),13 minimize air 
trapping, and avoid ventilator-induced lung injury.53

Long-Term Management
Successful management of patients with asthma includes 
four major components of effective asthma manage-
ment: (1) use of objective pulmonary function measures 
to assess asthma severity and monitor therapy out-
comes; (2) control of environmental events that avoid or 
eliminate “triggers” contributing to asthma severity and 
give rise to symptoms or exacerbations; (3) patient and 
family education in partnership with his or her health-
care provider that addresses expectations of asthma con-
trol; and (4) use of a pharmacologic regime designed to 
reverse and prevent the airway inflammation with least 
amount of adverse effects.4 Addressing each of these 
components helps to maintain normal pulmonary func-
tions and activity levels, averts chronic symptoms as well 
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Initial assessment
Brief history, physical examination (auscultation, use of accessory muscles, heart
rate, respiratory rate), PEF or FEV1, oxygen saturation, and other tests as indicated

Repeat assessment
Symptoms, physical examination, PEF,
O2 saturation, other tests as needed

FEV1 or PEF ≥40% (mild-to-moderate)
• Oxygen to achieve SaO2 ≥90%
• Inhaled SABA by nebulizer or MDI with
 valved holding chamber, up to 3 doses
 in first hour
• Oral systemic corticosteroids if no
 immediate response or if patient
 recently took oral systemic
 corticosteroids

Moderate exacerbation
FEV1 or PEF 40–69%
  predicted/personal best
Physical exam: moderate symptoms
 • Inhaled SABA every 60 minutes
 • Oral systemic corticosteroid
 • Continue treatment 1–3 hours,
  provided there is improvement;
  make admit decision in <4 hours

Discharge home
• Continue treatment with inhaled SABA
• Continue course of oral systemic corticosteroid
• Consider initiation of an ICS
• Patient education
  – Review medications, including inhaler
   technique
  – Review/initiate action plan
  – Recommend close medical follow-up

Admit to hospital ward
• Oxygen
• Inhaled SABA
• System c (oral or
 intravenous) corticosteroid
• Consider adjunct therapies
• Monitor vital signs, FEV1 or
 PEF, SaO2

Admit to hospital intensive care
• Oxygen
• Inhaled SABA hourly or
 continuously
• Intravenous corticosteroid
• Consider adjunct therapies
• Possible intubation and
 mechanical ventilation

Individualized decision re:
hospitalization (see text)

Good response
• FEV1 or PEF ≥70%
• Response sustained 60 minutes after last
 treatment
• No distress
• Physical exam; normal

Poor response
• FEV1 or PEF <40%
• PCO2 ≥42 mm Hg
• Physical exam; symptoms
 severe, drowsiness, confusion

Incomplete response
• FEV1 or PEF 40–69%
• Mild-to-moderate symptoms

Improve

Improve

Severe exacerbation
FEV1 or PEF <40% predicted/personal best
Physical exam: severe symptoms at rest,
  accessory muscle use, chest retraction
History: high-risk patient
No improvement after initial treatment
 • Oxygen
 • Nebulized SABA plus ipratropium,
  hourly or continuous
 • Oral systemic corticosteroids
 • Consider adjunct therapies

FEV1 or PEF <40% (severe)
• Oxygen to achieve SaO2 ≥90%
• High-dose inhaled SABA plus
 ipratropium by nebulizer or MDI plus
 valved holding chamber, every 20
 minutes or continuously for 1 hour
• Oral systemic corticosteroids

Impending or actual
respiratory arrest

Admit to hospital intensive
care (see box below)

• Intubation and mechanical
 ventilation with 100%
 oxygen
• Nebulized SABA and
 ipratropium
• Intravenous corticosteroids
• Consider adjunct therapies

Key: PCO2, partial pressure carbon dioxide; PEF, peak expiratory flow; SaO2, oxygen saturation

Discharge home
• Continue treatment with inhaled SABAs.
• Continue course of oral systemic corticosteroid.
• Continue on ICS. For those not on long-term-control therapy, consider initiation of an ICS.
• Patient education (e.g., review medications, including inhaler technique; review/initiate
 action plan and, whenever possible, environmental control measures; and recommend
 close medical follow-up).
• Before discharge, schedule follow-up appointment with primary care provider and/or
 asthma specialist in 1–4 weeks.

FIGURE 8-9 Management of asthma exacerbations in the emergency department and hospital-based care.
National Heart, Lung and Blood Institute (NHLBI). Expert Panel Report 3 (EPR3): Guidelines for the Diagnosis and Management of Asthma. Bethesda: U.S. Department of Health and Human 
Services, National Institutes of Health; 2007 (Figure 21, p. 55).
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FIGURE 8-10 Stepwise approach for managing asthma long term for those ≥12 years of age. This approach tailors the selection of medication to 
the level of asthma severity or asthma control. It is meant to help, not replace, the clinical decision making needed to meet individual patient’s needs.
Modified from U.S. Department of Health and Human Services, National Institutes of Health. Asthma Care Quick Reference Diagnosing and Managing Asthma. Bethesda, MD: National Heart Lung 
and Blood Institute; 2012:7.
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control:
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Persistent Asthma: Daily Medication
Consult with asthma specialist if step 4 care or higher is required. Consider consultation at step 3.

Preferred
treatment†

SABA* as needed

Alternative
treatment†,‡

Quick-relief
medication

Low-dose ICS*

Cromolyn, LTRA*,
or theophylline§

• SABA* as needed for symptoms. The intensity of treatment depends on severity of symptoms: up to 3 treatments
 every 20 minutes as needed. Short course of oral systemic corticosteroids may be needed.
• Caution: Use of SABA >2 days/week for symptom relief (not to prevent EIB*) generally indicates inadequate control
 and the need to step up treatment.

Consider subcutaneous allergen immunotherapy
for patients who have persistent, allergic asthma.**

High-dose ICS*
+
LABA*
+
oral
corticosteroid§§

AND
consider
omalizumab for
patients who
have allergies††
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+
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Step up if needed (first, check medication adherence, inhaler technique, environmental control, and comorbidities)

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6

Step down if possible (and asthma is well controlled for at least 3 months)

At each step: Patient education, environmental control, and management of comorbidities

Abbreviations: EIB, exercise-induced bronchospasm.
Treatment options are listed in alphabetical order, if more than one.
If alternative treatment is used and response is inadequate, discontinue and use preferred treatment before stepping up.
Theophylline is a less desirable alternative because of the need to monitor serum concentration levels.
Based on evidence for dust mites, animal dander, and pollen; evidence is weak or lacking for molds and cockroaches. Evidence is strongest for
immunotherapy with single allergens. The role of allergy in asthma is greater in children than in adults.
Clinicians who administer immunotherapy or omalizumab should be prepared to treat anaphylaxis that may occur.
Zileuton is less desirable because of limited studies as adjunctive therapy and the need to monitor liver function.
Before oral corticosteroids are introduced, a trial of high-dose ICS + LABA + either LTRA, theophylline, or zileuton, may be considered, although this
approach has not been studied.

*

†

‡

§

**

††

‡‡

§§

KNOWLEDGE CHECK QUESTIONS

1. True or False: LABAs are useful in the treatment 
of an acute asthma exacerbation.

2. True or False: LTRA are first-line control medica-
tions for asthma.

3. True or False: In the emergency department, 
the primary treatment for an acute asthma 
exacerbation includes the administration of 
short-acting beta-agonists, systemic corticoste-
roids, and oxygen.

4. True or False: A patient with intermittent 
asthma requires low-dose ICSs.

5. True or False: All asthma patients ≥12 years 
with a persistent type of asthma require an ICS.

as recurrent exacerbations, and results in the optimal 
use of treatment with least number of side effects.

The assessment of severity determines the recom-
mendation for therapy for the initial visit to gain control 
over asthma symptoms and for the follow-up visits to 
maintain that control (Table 8-10 and Figure 8-10).

A minimally invasive surgical treatment called 
bronchial thermoplasty has been reported to signifi-
cantly improve quality of life and reduce asthma exacer-
bations and respiratory-related emergency department 
visits in patients with severe asthma by reducing the 
amount of excess smooth muscle in the airway. This 
procedure uses a standard flexible bronchoscope that 
allows the introduction of the tip of the small-diameter 
catheter to be placed in contact with the walls of tar-
geted airways. Thermal energy is administered to airway 
walls, decreasing airway smooth muscle that usually 
narrows the airways in asthma patients who are experi-
encing a bronchoconstrictive attack.65
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Prognosis
Asthma is not curable, but it is controllable. The natu-
ral history of asthma is variable and often difficult to 
predict for any one individual.66 Children with asthma 
are more likely to experience long periods without 
symptoms and remission more frequently than adults.67 
The prognosis for asthma depends on several factors, 
most importantly its severity. In mild-to-moderate 
cases, asthma can improve over time, and many adults 
even become symptom free.68 The worse prognosis is 
for those new-onset adults with a history of cigarette 
smoking.69,70 Other factors that worsen the prognosis of 
adult-onset asthma include current persistent rhinitis,8 
hormonal influences,71 and elevated BMI.8,71 Good con-
trol over asthma allows most individuals with asthma to 
lead normal lives.

in agents that inhibit leukotriene pathways, and new 
therapies that block the IgE pathway or IL-5 path-
way is now available. Eventually, it should become 
possible to target anti-inflammatory treatments to 
various specific aspects of this disorder as well as 
various proinflammatory cytokines or inflammatory 
cells, thereby improving individuals who have inad-
equate responses to currently available medications. 
Until more specific and curative treatments become 
available, only the combined use of anti-inflamma-
tory and bronchodilator therapies, coupled with 
measures that reduce or eliminate environmental 
exposures, reduces the enormous burden of asthma 
on those affected.

Key Points
1. The NIH Expert Panel recommends that clinicians 

attempting to establish a diagnosis of asthma in a 
suspected patient should determine whether epi-
sodic symptoms of airflow obstruction are present, 
evidence of airflow obstruction is at least partially 
reversible, and other diagnoses can be excluded.

2. ICSs are probably the most effective long-term 
therapy available for mild, moderate, or severe per-
sistent asthma.

3. Poor compliance with anti-inflammatory therapy 
(such as corticosteroids), as well as ingestion of 
certain substances (such as aspirin or NSAIDs) or 
illicit drugs (heroin, cocaine), is frequently associ-
ated with fatal or near-fatal asthma.

4. It is essential for patients to distinguish pharmaco-
logic differences in asthma medications. Long-term 
control medications are normally used to prevent 
symptoms usually by reducing airway inflamma-
tion. These agents must be taken daily to maintain 
asthma control and are not expected to give imme-
diate or “rescue-type” relief.

5. Quick-relief medication such as SABAs primar-
ily cause relaxation of airway muscles to provide 
prompt relief of symptoms and is not expected to 
provide lasting asthma control.

6. Most acute wheezing episodes in asthmatic chil-
dren result from viral infections, which may be 
accompanied by fever. Antibiotics are not required 
and may be ultimately detrimental.

7. The overall incidence of life-threatening attacks of 
asthma can be significantly decreased if individuals 
remain vigilant regarding treatment compliance 
and avoid any factors known to trigger an attack.

8. Individuals with asthma should be assessed for risk 
factors and disease impairment in determining 
their level of asthma control.

9. Education of individuals with asthma regarding 
environmental controls and appropriate pharmaco-
therapy are key components in helping individuals 
achieve asthma control.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Remission of asthma symptoms is 
more likely with children than with adults.

2. True or False: People with asthma are unable to 
live normal lives.

Chapter Summary
Asthma is a chronic inflammatory disease of the air-
ways affecting probably greater than 25 million persons 
in the United States and is one of the most common 
chronic diseases of childhood. Asthma is also a complex 
genetic disorder in which the underlying pathology, 
clinical manifestations, natural course, and responses to 
treatment manifest considerable heterogeneity. Approx-
imately 80% of children with asthma begin wheezing be-
fore 5 years of age, and 50% will have their first episode 
within their first year. It has become recognized as a ma-
jor cause of disability and economic costs. While on the 
increase in developed Western countries, the prevalence 
of asthma also appears to be escalating in non-Western 
societies that adopt aspects of Western culture.

Periodic assessment is necessary to know whether 
successful asthma management is being achieved. 
Asthma not sufficiently controlled is associated with 
significant economic burden, reduced quality of life, 
and increased healthcare utilization. The key goal of 
management, therefore, is to control asthma by low-
ering impairment as well as risk. Current therapies 
available can be very effective in controlling asthma 
if appropriately and optimally applied, yet efficacy is 
also dependent on the patient’s full engagement and 
adherence to care. Modification of existing catego-
ries of therapeutics that include the development of 
safer and longer acting ICSs, LABAs, improvements 
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Chapter Questions
1. How many people in the United 

States are estimated to have asthma? 
___________________________
a. >10 million
b. >15 million
c. >20 million
d. >25 million

2. Asthma symptoms are most often worse at what 
time of day? ___________________________
a. Morning
b. Afternoon
c. Evening
d. Night

3. Significant alterations in intrathoracic pressure 
during an acute asthma exacerbation can cause 
___________________________.
a. pulsus paradoxus
b. tachycardia
c. hyperventilation
d. hypotension

4. Which immunoglobulin binds to mast cells to fa-
cilitate the release of chemical mediators?
a. IgA
b. IgD
c. IgE
d. IgM

5. Asthma is the most chronic disease among 
_______.
a. infants
b. children
c. young adults
d. adult

6. Microscopic examination of an asthmatic airway 
may find _________.
a. smooth muscle hypertrophy
b. mucous gland atrophy
c. a decrease in goblet cells
d. a decrease of collagen deposits in the 

epithelium
7. ______________________ cause denuding of the 

airway walls in asthma.
a. Basophils
b. Eosinophils
c. Mast cells
d. Th2 lymphocytes

8. The acute-phase response to an asthma trigger 
is_________________.
a. mucous plugging
b. persistent inflammation
c. epithelial damage
d. bronchospasm

9. The medication type used for the long-term 
 maintenance of persistent asthma is the _________.
a. inhaled corticosteroid
b. short-acting beta-agonist
c. long-acting beta-agonist
d. immunomodulator

10. A high-dose inhaled corticosteroid together with a 
long-acting beta-agonist is the recommended med-
ication for the initial treatment of _____________.
a. intermittent asthma
b. mild persistent asthma
c. moderate persistent asthma
d. severe persistent asthma

References
1. Koppelman GH. Gene by environment interaction in asthma. Curr 

Allergy Asthma Rep. 2006;6:103–111.
2. Ober C, Yao T. The genetics of asthma and allergic disease: a 

21st century perspective. Immunol Rev. 2011;242(1):10–30. 
doi:10.1111/j.1600-065x.2011.01029.x.

3. Akinbami L, Moorman J, Bailey C, et al. Trends in asthma prevalence, 
health care use, and mortality in the United States, 2001–2010.  
NCHS Data Brief, U.S. Department of Health and Human Ser-
vices. 2012;94. http://centerforplainlanguage.org/wp-content 
/uploads/2012/05/CDC_Asthma_Infographic_BEFORE1.pdf. 
 Accessed October 24, 2017.

4. National Heart, Lung and Blood Institute (NHLBI). Expert Panel 
Report 3 (EPR3): Guidelines for the Diagnosis and Management of 
Asthma. Bethesda, MD: U.S. Department of Health and Human 
Services, National Institutes of Health; 2007. http://www.nhlbi.nih.
gov/guidelines/asthma/asthgdln.pdf. Accessed October 24, 2017.

5. About Systematic Evidence Reviews and Clinical Practice Guidelines— 
NHLBI, NIH. Nhlbinihgov. 2017. https://www.nhlbi.nih.gov/health 
-pro/guidelines/about. Accessed November 21, 2017.

6. Global Initiative for Asthma. Global Strategy for Asthma Man-
agement and Prevention, 2017. www.ginasthma.org. Accessed 
October 24, 2017.

7. Torén K, Hermansson B. Incidence rate of adult-onset asthma in 
relation to age, sex, atopy and smoking: a Swedish population-based 
study of 15813 adults. Int J Tuberc Lung Dis. 1999;3(3):192–197.

8. Fanta C. Diagnosis of asthma in adolescents and adults. In: Barnes 
P, Bochner B, eds. Uptodate. Waltham, MA: UpToDate; 2017. http://
www.uptodate.com. Accessed November 6, 2017.

9. Kaicker J, Dang W, D’Urzo A. The challenge of objective confirma-
tion of asthma diagnosis in primary care. NPJ Prim Care Respir 
Med. 2014;24(1):14032. doi:10.1038/npjpcrm.2014.32.

10. Urso DL. Treatment for acute asthma in the Emergency Department: 
practical aspects. Eur Rev Med Pharmacol Sci. 2010;14:209–214.

11. Boulet L. Asthma control, education, and the role of the respiratory 
therapist. Can J Respir Ther. 2011;47(4):15–21.

12. Camargo C, Rachelefsky G, Schatz M. Managing Asthma Exacer-
bations in the Emergency Department: Summary of the National 
Asthma Education and Prevention Program Expert Panel Report 
3 Guidelines for the Management of Asthma Exacerbations. Proc 
Am Thorac Soc. 2009;6(4):357–366. doi:10.1513/pats.p09st2.

13. Peterson M, Gaeta T, Birkhahn R, Fernández J, Mancuso C. His-
tory of symptom triggers in patients presenting to the emergency 
department for asthma. J Asthma. 2012;49(6):629–636. doi:10.31
09/02770903.2012.690480.

14. Barnes K. Genetics of asthma. In: Barns P, Raby B, Hollingsworth 
H, eds. Uptodate. Waltham, MA: UpToDate; 2017. http://www 
.uptodate.com. Accessed November 21, 2017.

15. Youssef M, Kanagaratham C, Saad M, Radzioch B. Genetics of 
allergic asthma and current perspectives on therapeutic manage-
ment. In: Pereira C, ed. Asthma—From Childhood Asthma To ACOS 
Phenotypes; 2016. https://www.intechopen.com/books/asthma 
-from-childhood-asthma-to-acos-phenotypes/genetics-of-allergic 
-asthma-and-current-perspectives-on-therapeutic-management. 
Accessed November 21, 2017.

16. Granell R, Sterne J, Henderson J. Associations of different pheno-
types of wheezing illness in early childhood with environmental 
variables implicated in the aetiology of asthma. PLoS One. 2012;7(10): 
e48359. doi:10.1371/journal.pone.0048359.

223References



17. Bacharier L, Cohen R, Schweiger T, et al. Determinants of 
asthma after severe respiratory syncytial virus bronchiolitis. 
J Allergy Clin Immunol. 2012;130(1):91–100.e3. doi:10.1016/j.
jaci.2012.02.010.

18. Lu S, Hartert T, Everard M, et al. Predictors of asthma following severe 
respiratory syncytial virus (RSV) bronchiolitis in early childhood. 
Pediatr Pulmonol. 2016;51(12):1382–1392. doi:10.1002/ppul.23461.

19. Edwards M, Bartlett N, Hussell T, Openshaw P, Johnston S. The 
microbiology of asthma. Nat Rev Microbiol. 2012;10(7):459–471. 
doi:10.1038/nrmicro2801.

20. WHO | Asthma. Whoint. 2017. http://www.who.int/respiratory 
/asthma/en. Accessed November 21, 2017.

21. CDC—Asthma—Most Recent Asthma Data. Cdcgov. 2017. https://
www.cdc.gov/asthma/most_recent_data.htm#modalIdString 
_CDCTable_0. Accessed November 21, 2017.

22. Maio S, Baldacci S, Carrozzi L, et al. Respiratory symptoms/diseases 
prevalence is still increasing: a 25-yr population study. Respir Med. 
2016;110:58–65. doi:10.1016/j.rmed.2015.11.006.

23. Backman H, Räisänen P, Hedman L, et al. Increased prevalence of 
allergic asthma from 1996 to 2006 and further to 2016-results from 
three population surveys. Clin Exp Allergy. 2017;47(11):1426–1435. 
doi:10.1111/cea.12963.

24. de Korte-de Boer D, Mommers M, Gielkens-Sijstermans C, 
et al. Stabilizing prevalence trends of eczema, asthma and rhi-
noconjunctivitis in Dutch schoolchildren (2001–2010). Allergy. 
2015;70(12):1669–1673. doi:10.1111/all.12728.

25. Kim B, Kim J, Kang M, et al. Allergies are still on the rise? A 
6-year nationwide population-based study in Korea. Allergol Int. 
2016;65(2):186–191. doi:10.1016/j.alit.2015.11.002.

26. Weinberger S, Cockrill B, Mandel J. Principles of Pulmonary Medi-
cine. Philadelphia, PA: Elsevier/Saunders; 2014:74–90.

27. Liu M, Hubbard W, Proud D, et al. Immediate and late inflammatory 
responses to ragweed antigen challenge of the peripheral airways 
in allergic asthmatics: cellular, mediator, and permeability changes. 
Am Rev Respir Dis. 1991;144(1):51–58. doi:10.1164/ajrccm/144.1.51.

28. Jahnsen F, Moloney E, Hogan T, et al. Rapid dendritic cell recruit-
ment to the bronchial mucosa of patients with atopic asthma in 
response to local allergen challenge. Thorax. 2001;56(11):823–826. 
doi:10.1136/thorax.56.11.823.

29. Barrios R, Kheradmand F, Batts L, Corry D. Asthma pathology 
and pathophysiology. Arch Pathol Lab Med. 2006;130:447–451.

30. Liu M. Pathogenesis of asthma. In: Bochner B, Hollingsworth H, eds. 
Uptodate. Waltham, MA: UpToDate; 2017. http://www.uptodate.
com. Accessed November 24, 2017.

31. Strandberg K, Ek A, Palmberg L, Larsson K. Fluticasone and ibupro-
fen do not add to the effect of salmeterol on organic dust-induced 
airway inflammation and bronchial hyper-responsiveness. J Intern 
Med. 2008;264(1):83–94. doi:10.1111/j.1365-2796.2008.01928.x.

32. Sundblad B, Palmberg L, Larsson K. Bronchial responsiveness to 
eucapnic hyperventilation and methacholine following exposure to 
organic dust. Chest. 2002;122(1):363–368. doi:10.1378/chest.122.1.363.

33. Barbato A, Turato G, Baraldo S, et al. Epithelial damage and an-
giogenesis in the airways of children with asthma. Am J Respir Crit 
Care Med. 2006;174(9):975–981. doi:10.1164/rccm.200602-189oc.

34. Yoshihara S, Yamada Y, Abe T, Linden A, Arisaka O. Association 
of epithelial damage and signs of neutrophil mobilization in the 
airways during acute exacerbations of paediatric asthma. Clin Exp 
Immunol. 2006;144(2):212–216. doi:10.1111/j.1365-2249.2006.03058.x.

35. Pascoe C, Wang L, Syyong H, Paré P. A brief history of airway 
smooth muscle’s role in airway hyperresponsiveness. J Allergy. 
2012;2012:768982. doi:10.1155/2012/768982.

36. Morris M. Asthma: overview, diagnosis and management. 
Emedicinemedscapecom. 2017. https://emedicine.medscape.com 
/article/296301-overview#a4. Accessed November 27, 2017.

37. Wenzel S. Asthma phenotypes: the evolution from clinical to 
molecular approaches. Nat Med. 2012;18(5):716–725. doi:10.1038 
/nm.2678.

38. Chung K. Personalised medicine in asthma: time for action. Eur 
Respir Rev. 2017;26(145):170064. doi:10.1183/16000617.0064-2017.

39. Lockey R. Asthma phenotypes: an approach to the diagnosis and 
treatment of asthma. J Allergy Clin Immunol Pract. 2014;2(6): 
682–685. doi:10.1016/j.jaip.2014.09.008

40. Kiley J. Asthma phenotypes task force goals and objectives. Presented 
at the World Allergy Congress, Buenos Aires, Argentina; 2009.

41. Arshad S, Tariq S, Matthews S, Hakim E. Sensitization to common 
allergens and its association with allergic disorders at age 4 years: a 
whole population birth cohort Study. Pediatrics. 2001;108(2):E33. 
doi:10.1542/peds.108.2.e33.

42. Litonjua, A. Risk factors for asthma. In: Bochner B, Hollingsworth H,  
eds. Uptodate. Waltham, MA: UpToDate; 2017. http://www 
.uptodate.com. Accessed November 20, 2017.

43. Chen Y, Dales R, Jiang Y. The association between obesity and 
asthma is stronger in nonallergic than allergic adults. Chest. 
2006;130(3):890–895. doi:10.1378/chest.130.3.890.

44. Suissa S, Ernst P, Boivin JF, et al. A cohort analysis of excess mortality 
in asthma and the use of inhaled beta-agonists. Am J Respir Crit 
Care Med. 1994;2(3):604–610. doi:10.1164/ajrccm.149.3.

45. Sturdy PM, Victor CR, Anderson HR, et al. Psychological, social 
and health behaviour risk factors for deaths certified as asthma: a 
national case-control study. Thorax. 2002;57:1034–1039.

46. Turner MO, Noertjojo K, Vedal S, Bai T, Crump S, FitzGerald 
JM. Risk factors for near-fatal asthma. A case-control study in 
hospitalized patients with asthma. Am J Respir Crit Care Med. 
1998;157:1804–1809.

47. Pumphrey RSH, Gowland MH. Further fatal allergic reactions to 
food in the United Kingdom, 1999-2006. J Allergy Clin Immunol. 
2007;119:1018–1019.

48. Alvarez GG, Schulzer M, Jung D, Fitzgerald JM. A systematic 
review of risk factors associated with near-fatal and fatal asthma. 
Can Respir J. 2005;12:265–270.

49. Suissa S, Blais L, Ernst P. Patterns of increasing beta-agonist use and 
the risk of fatal or near-fatal asthma. Eur Respir J. 1994;7:1602–1609.

50. Roberts G, Patel N, Levi-Schaffer F, Habibi P, Lack G. Food al-
lergy as a risk factor for life-threatening asthma in childhood: 
a case-controlled study. J Allergy Clin Immunol. 2003;112: 
168–174.

51. National Asthma Education and Prevention Program Expert Panel 
Report 3. Guidelines for the Diagnosis and Management of Asthma. 
Bethesda, MD: National Institutes of Health; 2007.

52. Lugogo N, MacIntyre N. Life-threatening asthma: pathophysiology 
and management. Respir Care. 2008;53(6):726–739.

53. Barnes P. Asthma. In: Loscalzo J, ed. Harrison’s Pulmonary and 
Critical Care Medicine. 2nd ed. New York, NY: McGraw Hill 
Education; 2013:66–84.

54. Kaplan AG, Balter MS, Bell AD, Kim H, McIvor A. Diagnosis of 
asthma in adults. CMAJ. 2009;181(10):E210–E220.

55. Clark M. Asthma: a clinician’s guide. Sudbury, MA: Jones & Bartlett 
Learning; 2011.

56. Chiappori A, De Ferrari L, Folli C, Mauri P, Riccio A, Canonica G. 
Biomarkers and severe asthma: a critical appraisal. Clin Mol Allergy. 
2015;13(1):20. doi:10.1186/s12948-015-0027-7.

57. Dweik R, Boggs P, Erzurum S et al. An official ATS clinical practice 
guideline: Interpretation of exhaled nitric oxide levels (FeNO) for 
clinical applications. Am J Respir Crit Care Med. 2011;184(5):602–615. 
doi:10.1164/rccm.9120-11st.

58. Papiris S, Manali E, Kolilekas L, Triantafillidou C, Tsan-
garis I. Acute severe asthma. Drugs. 2009;69(17):2363–2391. 
doi:10.2165/11319930-000000000-00000.

59. Abramson N, Melton B. Leukocytosis: basics of clinical assessment. 
Am Fam Physician. 2000;62(9):2053–2060.

60. U.S. Department of Health and Human Services, National Institutes 
of Health. Asthma Care Quick Reference Diagnosing and Managing 
Asthma. Bethesda, MD: National Heart Lung and Blood Institute; 
2012:1–11.

224 CHAPTER 8 Asthma



61. Urso D. Acute asthma exacerbations in emergency department. Rev 
Health Care. 2015;6(4):127. doi:10.7175/rhc.v6i4.1210.

62. Fanta C. Management of acute exacerbations of asthma in 
adults. In: Bochner B, Hockberger R. eds. Uptodate. Waltham, 
MA: UpToDate; 2017. http://www.uptodate.com. Accessed 
December 15, 2017.

63. Pallin M, Hew M, Naughton M. Is non-invasive ventilation safe in 
acute severe asthma? Respirology. 2014;20(2):251–257. doi:10.1111 
/resp.12428.

64. Lim WJ, Mohammed Akram R, Carson KV, et al. Non-invasive 
positive pressure ventilation for treatment of respiratory failure due 
to severe acute exacerbations of asthma. Cochrane Database Syst 
Rev. 2012;12:CD004360. doi:10.1002/14651858.CD004360.pub4.

65. Wensel S. Treatment of severe asthma in adolescents and adults. In: 
Bochner B, ed. Uptodate. Waltham, MA: UpToDate; 2017. http://
www.uptodate.com. Accessed December 15, 2017.

66. Bisgaard H, BØnnelykke K. Long-term studies of the natural history 
of asthma in childhood. J Allergy Clin Immunol. 2010;126(2):187–197. 
doi:10.1016/j.jaci.2010.07.011.

67. Ernst P, Cai B, Blais L, Suissa S. The early course of newly di-
agnosed asthma. Am J Med. 2002;112(1):44–48. doi:10.1016 
/s0002-9343(01)01033-6.

68. Asthma in adults. University of Maryland Medical Center. 2017. 
http://www.umm.edu/health/medical/reports/articles/asthma-in 
-adults. Accessed December 16, 2017.

69. Westerhof G, Vollema E, Weersink E, Reinartz S, de Nijs S, Bel E. 
Predictors for the development of progressive severity in new-onset 
adult asthma. J Allergy Clin Immunol. 2014;134(5):1051–1056.e2. 
doi:10.1016/j.jaci.2014.05.005.

70. Tuomisto L, Ilmarinen P, Niemelä O, Haanpää J, Kankaanranta 
T, Kankaanranta H. A 12-year prognosis of adult-onset asthma: 
Seinäjoki Adult Asthma Study. Respir Med. 2016;117:223–229. 
doi:10.1016/j.rmed.2016.06.017.

71. Tuomisto L, Ilmarinen P, Kankaanranta H. Prognosis of new-onset 
asthma diagnosed at adult age. Respir Med. 2015;109(8):944–954. 
doi:10.1016/j.rmed.2015.05.001.

225References





©
 Ta

irA
/S

hu
tte

rst
oc

k

“Smoking is hateful to the nose, harmful to the brain, and dangerous to the lungs.”

—King James I. Born June 19, 1566; died March 27, 1625

Chronic Obstructive 
Pulmonary Disease
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OBJECTIVES
1. Define chronic obstructive pulmonary disease (COPD) 

based on the World Health Organization (WHO) parameters.
2. Explain the signs and symptoms of COPD.
3. Explain the relationship of symptoms with activities of daily 

living.
4. Explain the etiology and epidemiology of COPD.
5. Understand the pathophysiology of COPD and how it 

relates to symptoms seen in COPD.

6. Understand the importance of spirometry and other pulmonary 
function tests in the diagnosis and ongoing disease process.

7. Explain the importance of eliminating risk factors that can 
lead to COPD.

8. Understand the importance of treating the patient’s 
symptoms as it relates to the quality of life.
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Introduction
According to the World Health Organization (WHO), 
chronic obstructive pulmonary disease (COPD) is a 
lung disease characterized by chronic obstruction and 
airflow limitation interfering with normal lung function 
that is not fully reversible.2 COPD is the fourth leading 
cause of death in the United States.3 The two diseases 
most commonly associated with COPD are emphysema 
and chronic bronchitis (Figure 9-1).

Tobacco and tobacco-related products have a long 
history that stretches back to 6,000 BC in North and 
South America. Native Americans have been smoking 
for over two millennia for both medicinal and religious 
purposes. Tobacco products gained a strong foothold in 
the United States around the time of the Revolutionary 
War. It was the cash crop that financed the war. Ciga-
rettes came into popularity after the invention of the 
cigarette-making machine in 1881.4 Cigarette smoking 
is the primary causative agent for COPD. Smokers find 
it difficult to quit because tobacco contains nicotine, 
which is a highly addictive substance. Cigarette smok-
ing is an addiction and a chronic relapsing disorder, 

making it difficult, but not impossible, to overcome. 
Tobacco dependence is a chronic condition that war-
rants repeated treatment until long-term or permanent 
abstinence is achieved.5 In the United States, legislation 
has curtailed the advertisement of tobacco and empha-
sized the detrimental effects of cigarette smoking. With 
the establishment of smoking-cessation programs and 
older smokers dying from lung and heart diseases, the 
tobacco companies shifted their target to the youth of 
America. Younger Americans are rapidly becoming the 
population most at risk for future COPD.

Case Study
Mr. HJ is a 71-year-old male who presents to the pul-
monologist’s office, with his wife, complaining, for the 
first time, of shortness of breath and fever. He has never 
been to this physician before despite having the referral 
from his primary care physician. Because of his current 
symptoms, his wife has insisted he see the pulmonolo-
gist at this time. Mr. HJ has a past medical history of 
heart failure secondary to his myocardial infarction 
(MI) at the age of 65. Mr. HJ has a 30 pack-year smok-
ing history. He quit smoking after the MI. He is a retired 
schoolteacher. He is supposed to use 2 L/minute of 
oxygen via a nasal cannula at home but admits he does 
not like to wear it. His history also includes hypertension 
and an appendectomy. Cigarette smoking, hypertension, 
and heart failure are also a part of his family history.

His home respiratory medications include home 
oxygen, salmeterol/fluticasone 500/50 dry powder 
inhaler (DPI) twice a day, tiotropium DPI once a day, 
albuterol/ipratropium metered dose inhaler (MDI) or 
solution for a small-volume nebulizer every 6 hours 
as needed, and levalbuterol MDI every 4–6 hours. He 
 explains that he is confused about when and how to 
take these medications. His last spirometry results 
 reveal a forced expiratory volume in 1 second (FEV1) 
of 35% of the predicted value, with little  improvement 
after he receives a bronchodilator.

On physical examination, Mr. HJ is unable to speak 
in complete sentences due to shortness of breath, 
and he has a productive cough of yellowish-gray 
sputum. There is audible wheezing, and he has club-
bing of his fingers. His oxygen saturation is 86% on 
room air. His chest radiograph reveals hyperinfla-
tion and right lower lobe pneumonia. Mr. HJ is sent 
by ambulance to the emergency department by the 
pulmonologist. In the emergency department, his 
arterial blood gas (ABG) results on room air are pH, 
7.31; Paco2, 65 torr; Pao2, 49 torr; HCO-

3, 31 mEq/L; 
Sao2, 85%. The patient’s vital signs show a blood 
pressure of 128/74; heart rate of 68 beats/minute 
and regular; respiratory rate of 32 breaths/minute. 
The patient is 5 feet 6 inches tall, weighs 122 pounds, 
and, moreover, has an oral temperature of 101.5°F. 
The patient receives treatment with the antimicro-
bials amoxicillin and doxycycline. He is placed on a 
31% air-entrainment mask, and receives oral pred-
nisone and albuterol/ipratropium medication nebu-
lizer treatments every 6 hours.

Over a 3-day period, the patient significantly 
 improves and is weaned back to the 2 L/minute of 
oxygen as he uses at home. He can now switch from 
small-volume nebulizer treatments to inhalers. 
 Discharge planning will continue.1

KNOWLEDGE CHECK QUESTIONS

1. True or False: Tobacco is relatively new to North 
and South America.

2. True or False: Tobacco financed the Revolution-
ary War in the United States.

3. True or False: Smoking tobacco is an addiction.
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BOX 9-1 Definitions for COPD and Its 
Subtypes6

 � “COPD is a common, preventable, and treat-
able disease that is characterized by persistent 
respiratory symptoms and airflow limitation 
that is due to airway and alveolar abnormali-
ties usually caused by significant exposure to 
noxious particles or gases. The chronic airflow 
limitation that characterizes COPD is caused 
by a mixture of small airways disease (e.g., 
obstructive bronchiolitis) and parenchymal 
destruction (emphysema), the relative con-
tributions of which vary from person to per-
son. Chronic inflammation causes structural 
changes, small airways narrowing, and de-
struction of lung parenchyma. A loss of small 
airways may contribute to airflow limitation 
and mucociliary dysfunction, a characteristic 
feature of the disease.”

 � Chronic bronchitis is defined as a chronic pro-
ductive cough for 3 months in each of 2 succes-
sive years in a patient in whom other causes of 
chronic cough (e.g., bronchiectasis) have been 
excluded. It may precede or follow development 
of airflow limitation.

 � Emphysema is a pathologic term that describes 
some of the structural changes sometimes as-
sociated with COPD. These changes include 
abnormal and permanent enlargement of the 
airspaces distal to the terminal bronchioles that 
is accompanied by destruction of the airspace 
walls, without fibrosis.

Definition/Diagnosis
COPD is common, preventable, and treatable, and is due 
to abnormalities of the airways and alveoli.6 The defini-
tion of COPD and its subtypes (emphysema, chronic 
bronchitis, and chronic obstructive asthma) and the 
interrelationships between the closely related disorders 
that cause airflow limitation provide a foundation for 
understanding the spectrum of patient presentations.7 
See Box 9-1. For many years, cigarette smokers who 
had a chronic cough were said to have “smoker’s cough.” 
A chronic cough is one of the primary symptoms of 
COPD, and most people with COPD are either current 
or former cigarette smokers. However, a small number 
of COPD patients have never smoked. Some of these 
individuals have had long-term exposure to lung ir-
ritants, such as air pollution, chemical fumes, or dust. 
Other individuals with COPD have alpha-1-antitrypsin 
(AAT) deficiency (AATD), a rare genetic condition. AATD 
can cause COPD.8

When diagnosing COPD, practitioners must be mind-
ful that in recent decades women smoke as much as or 
more than men. Historically, COPD was a male dominated 
disease because it was socially unacceptable for women to 
smoke. Today, the rates of COPD among women are equal 
to that among men. COPD is underdiagnosed in women 
and possibly misdiagnosed with asthma.9 Practitioners 

KNOWLEDGE CHECK QUESTIONS

1. True or False: COPD is not preventable.
2. True or False: Cigarette smoke is the only cause 

of COPD.
3. True or False: Abnormal and permanent en-

largement of the airspaces is caused by chronic 
bronchitis.

FIGURE 9-1 COPD comprises subsets of individuals that may have 
the dominant features of the three main obstructive lung diseases: 
chronic bronchitis, emphysema, and asthma. The red box focuses 
on areas of disease overlap with the other obstructive diseases. 
Patients with COPD typically have the symptoms of chronic bronchitis 
and emphysema but may have some reversible airflow obstruction. 
The airflow obstruction due to COPD is not fully reversible. Patients 
that exhibit symptoms of both asthma and COPD have asthma–COPD 
overlap syndrome (ACOS).
Modified from Mosenifar Z. Chronic Obstructive Pulmonary Disease (COPD): Practice 
Essentials, Background, Pathophysiology. Emedicinemedscapecom. 2017. https://
emedicine.medscape.com/article/297664-overview. Accessed April 30, 2018.

Asthma

ACOS

COPD

Emphysema Chronic bronchitis

need to objectively assess symptoms and risk factors with 
no regard for the patient’s gender. COPD patients are 
significant consumers of healthcare services, even before 
diagnosis. It is estimated that half of all COPD cases are 
undiagnosed. Undiagnosed and underdiagnosed COPD is 
a tremendous burden on the healthcare system.10
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Clinical Signs and Symptoms
Any patient presenting with a cough, sputum produc-
tion, dyspnea, or a history of exposure to risk factors 
needs further assessment to rule out COPD as the 
cause. The triad of symptoms, cough, sputum produc-
tion, and dyspnea, is indicative of COPD (Figure 9-2).

Although symptom assessment leads to the sus-
picion that the patient has COPD, spirometry is the 
gold standard for the diagnosis of COPD (Table 9-1). 
A post-bronchodilator FEV1/forced vital capacity  
(FVC) of ≤ 70% confirms that airflow limitation exists.

Patients with COPD usually present in one of three 
ways. Some patients lead an extremely sedentary life-
style and do not complain much because they avoid dys-
pnea by limiting their activities. These patients typically 
mistake shortness of breath for fatigue. Some patients 
with COPD present with respiratory symptoms and 
complain of shortness of breath and a chronic cough. 
The dyspnea is progressive and becomes noticeable 
at rest. The chronic cough produces sputum, typically 
<60 mL, early in the morning. During exacerbations, 
the sputum becomes purulent. Other patients with 
COPD present with exacerbations of increased cough, 
purulent sputum, fatigue, shortness of breath, and 
wheezing. These patients may or may not be febrile.5

The severity of COPD is defined by both the patient’s 
spirometry and their reported symptoms. Visual obser-
vation of these patients typically reveals either a thin 
and underweight or a cachectic appearance, typical of 
emphysema, or a stocky and overweight appearance, 
typical of chronic bronchitis. Other findings include 
a barrel-shaped chest, prolonged expiration, and in-
creased resonance on percussion. Digital clubbing is 
not a characteristic finding with COPD (even with as-
sociated hypoxemia). However, the presence of digital 
clubbing suggests comorbidities such as lung cancer, 
interstitial lung disease, or bronchiectasis.7 Lung aus-
cultation can reveal decreased breath sounds, wheezing, 
bibasilar crackles, and distant heart sounds.7

FIGURE 9-2 These three symptoms combined in any patient should 
lead the clinician to suspect possible COPD.
Modified from Global Strategy for the Diagnosis, Management, and Prevention of Chronic 
Obstructive pulmonary Disease; Am J Respir Crit Care Med. 2013;187(4):347–365.

DyspneaSputum
production

Cough

Spirometry: Required to Establish a Diagnosis

Symptoms Risk Factors

• Chronic cough
• Shortness of breath
• Sputum production

• Host factors
• Indoor/outdoor pollution
• Occupation
• Tobacco

TABLE 9-1
Symptoms and Risk Factors of COPD6

KNOWLEDGE CHECK QUESTIONS

1. True or False: The criteria for establishing air-
flow limitation are based on FEV1. 

2. True or False: Fatigue can be mistaken for short-
ness of breath in patients who lead sedentary 
lives.

3. True or False: Emphysema can cause a patient 
to look cachectic.

Etiology
It is estimated that 16 million people in the United 
States have COPD. When you take into consideration 
all those who are undiagnosed, that number could be 
millions more. It is the third leading cause of death in 
the United States, causing 120,000 deaths annually.11 
Cigarette smoking is the primary cause of COPD, but 
not the only cause.

AATD also contributes to the incidence of COPD. 
AAT is synthesized primarily by the liver and then re-
leased into the bloodstream. Its function is to protect 
the lungs by blocking the effects of neutrophil elastase 
(NE). NE is secreted by neutrophils in response to infec-
tion or irritants to digest damaged tissue in the lungs. 
AAT binds to the excess NE, which results in inactiva-
tion of the protease. Without AAT, the lungs are left vul-
nerable to NE. Patients with AATD who smoke or are 
exposed to tobacco smoke typically present with respi-
ratory problems at an earlier age due to the accelerated 
appearance of symptoms and damage to the lungs.12

Oxidative stress may also play a role in the develop-
ment of COPD. Cigarette smoke and other particulates 
that are inhaled chronically generate oxidants that 
activate inflammatory genes and stimulate mucus secre-
tion.6 Nonsmokers can develop COPD due to chronic 
exposure to organic and inorganic dusts.

The etiology of acute exacerbations of COPD 
 (AECOPD) is complex and includes mucous plugging, 
regional atelectasis, inhalation of environmental irritants, 
changes in temperature, discontinuation of medications, 
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deviation from diet, viral infections, atypical bacteria, 
and common bacterial infections13 (Figure 9-3). The 
most common bacteria that cause AECOPD include 
Haemophilus influenzae, Streptococcus pneumoniae, 
Moraxella catarrhalis, and Pseudomonas aeruginosa.14 
Common viruses with the potential to cause AECOPD 
include human adenovirus, human coronavirus, human 
metapneumovirus, influenza virus, human parainfluenza 
virus, human rhinovirus, and respiratory syncytial vi-
rus.15 Exacerbations of COPD are associated with signifi-
cant morbidity, mortality, decreased quality of life, and 
increased healthcare resource utilization.16

region and independent of prevalence within a world 
 region, COPD is substantially underdiagnosed,3 with 
only about 10–15% of all cases identified. A contrib-
uting factor to underdiagnosis is the failure of clini-
cians and patients to recognize the significance of 
symptoms.18

A significant portion of the total cost of this disease 
is associated with exacerbations.10 An estimated 29 mil-
lion (15%) Americans ages 20–79 years are living with 
obstructive lung disease, but only 13 million, or 6.5%, of 
these adults are aware of their diagnosis.3 Many people 
who know their diagnosis are unaware of the specifics 
of their disease and the severity of it. In 2012, COPD 
exacerbations accounted for 1.8 million emergency 
department visits, with an estimated 20% subsequently 
admitted to the hospital.3 The Centers for Medicare and 
Medicaid (CMS) have instituted mandates that require 
healthcare institutions to manage COPD patients in 
such a way as to diminish readmissions and improve the 
quality of life of the patient. The goal is to reduce the 
readmission rate and the financial burden of the disease 
on the healthcare system in the United States.

FIGURE 9-3 Common causes of acute exacerbations of COPD.
Reproduced with permission from Anzueto A. Primary care management of chronic obstructive pulmonary disease to reduce exacerbations and their consequences. Am J Med Sci. 
2010:340(4):309–318. doi:10.1097/MAJ.0b013e3181e40cd1.
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KNOWLEDGE CHECK QUESTIONS

1. True or False: NE inactivates AAT.
2. True or False: Air pollution plays a role in the 

etiology of acute exacerbations of COPD.
3. True or False: Exacerbations of COPD have no 

effect on the overall quality of life of patients 
with COPD.

Epidemiology
COPD is a leading cause of morbidity and mortal-
ity worldwide, and results in an economic and social 
burden that is both substantial and increasing.5 It is 
the fourth leading cause of death in the United States.3 
According to WHO estimates, 65 million people have 
moderate-to-severe COPD.17 Irrespective of world 

KNOWLEDGE CHECK QUESTIONS

1. True or False: Underdiagnosis of COPD is a sig-
nificant issue worldwide.

2. True or False: Diagnosis of COPD does not nec-
essarily mean the patient understands the dis-
ease process.
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Pathology/Pathophysiology
The pathophysiologic changes of COPD occur in the 
central and peripheral airways, lung parenchyma, and 
pulmonary vasculature. Inhaled tobacco smoke and 
other irritants cause inflammation, an ordinarily pro-
tective mechanism, to become chronic, leading to tis-
sue destruction and impairment of pulmonary defense 
mechanisms. The repeated exposure to tobacco smoke 
and other irritants causes repeat injury and an increase 
in inflammatory cells resulting in small airway fibrosis. 
Lung inflammation can persist after smoking cessation 
or elimination of occupational exposure. The extent 
of inflammation, fibrosis, and luminal exudates in the 
small airways correlates with the decrease in FEV1 and 
FEV1/FVC that is characteristic of COPD.6 This inflam-
mation is different from the inflammation indicative of 
asthma. The inflammation in COPD involves neutro-
phils, oxidative stress, and an excess of proteinases.6

Destruction of small airways caused by inflammation 
and narrowing of the airways leads to airflow limita-
tion demonstrated by a reduction in FEV1. The added 
destruction of lung parenchyma by excess proteinases 
and loss of support of the small airways results in the 
air-trapping or lung hyperinflation characteristic of 
COPD (Figure 9-4). Lung parenchyma destruction and 
pulmonary capillary apoptosis reduce the surface area 
for gas exchange and create ventilation–perfusion ratio 
(V/Q) mismatch. Consequently, hypoxemia develops. 
The reduced airway caliber, due to mucosal edema, 
airway fibrotic remodeling, and mucous impaction, 
increases airway resistance. The weakening of elastic 
tissue generates inadequate inward lung elastic recoil 
pressures to cause movement of air out of the lungs.19 
Together, the increased airway resistance and the lack 
of elastic recoil prolong the removal of carbon dioxide 
from the lungs. The chronic hypercarbia that develops 

causes the normal chemoreceptor response to carbon 
dioxide to recalibrate and breathing becomes a response 
only to low levels of oxygen (hypoxic drive).

Mucus hypersecretion is a feature of chronic bronchitis, 
which is caused by hypertrophy of the submucosal glands 
and an increase in the number of goblet cells of the airway. 
This hypersecretion alone does not necessarily result in 
airflow limitation but does contribute to a chronic cough.

Several types of emphysema have distinct patho-
logic features, dependent on the location and distri-
bution of the destruction. The two most important 
types are panlobular (panacinar) emphysema and 
centrilobular (centriacinar) emphysema.20 In both, 
there is weakening and enlargement of alveoli distal to 
the terminal bronchioles. The entire acinus is affected 
with dilatation and destruction. Panlobar emphysema 
typically occurs in the lower parts of the lung and is 
common with AATD. Centrilobular emphysema affects 
the proximal respiratory bronchioles, particularly in the 
upper portions of the lung. The most common form of 
emphysema is centrilobular emphysema, which has a 
strong association with cigarette smoking.

Due to the chronic alveolar hypoxia of COPD, 
hypoxic vasoconstriction of the pulmonary vascula-
ture develops. Pulmonary vasoconstriction increases 
pulmonary vascular resistance (PVR), causing eleva-
tion of pulmonary artery pressures resulting in pul-
monary arterial hypertension (PAH). The continuous 
backup of pressures and resultant persistent increases 
in right ventricular pressure leads to the characteristic 
sequelae of right heart failure, or cor pulmonale. Most 
moderate-to-severe COPD patients develop some degree 
of mild PAH (25–35 mm Hg) over the course of time, 
and rarely severe PAH (>45 mm Hg). PAH is a known 
independent prognostic marker of COPD.19 Each COPD 
exacerbation increases pulmonary arterial pressure and 
can cause full-fledged PAH on recurrent episodes.

FIGURE 9-4 Pathophysiologic changes occurring in the lung of patients with COPD.
Brashier B, Kodgule R. Risk factors and pathophysiology of chronic obstructive pulmonary. J Assoc Physicians India. 2012;60(Suppl):17–21 (Figure 3, p. 19) https://www.ncbi.nlm.nih.gov 
/pubmed/23155808. Accessed May 9, 2018.
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Exacerbations of COPD are usually triggered by bac-
terial and viral infections, or environmental pollutants, 
or a combination of these factors. However, up to 30% 
of AECOPD is of unknown etiology.21 However, each 
acute exacerbation causes an increase in inflammation, 
hyperinflation, air trapping, and dyspnea. The classifica-
tions of AECOPD include mild, moderate, and severe. 
Severe exacerbations can cause acute respiratory failure. 
A history of earlier treated exacerbations is the best pre-
dictor of future frequent exacerbations.6

Systemic features of COPD include skeletal muscle 
wasting, increased cardiovascular disease osteoporosis, 
anemia, and depression. Having moderate-to-severe 
shortness of breath makes it difficult to breathe and eat. 
Shortness of breath is not conducive to eating. Failure 
to eat causes further muscle wasting and poor nutri-
tion, leading to an increase in the work of breathing 

KNOWLEDGE CHECK QUESTIONS

1. True or False: Fibrosis and small airway exu-
dates, along with chronic inflammation, de-
crease lung function in COPD.

2. True or False: The inflammation associated with 
COPD is the same as the inflammation associ-
ated with asthma.

3. True or False: Reduction in lung elasticity plays 
a role in hyperinflation.

4. True or False: Submucosal gland hypertrophy 
and goblet cell proliferation are indicative of 
chronic bronchitis.

5. True or False: Centrilobular emphysema is com-
mon with AATD.

and further muscle weakness. As the patient’s condition 
worsens on a day-to-day basis with shortness of breath, 
an inability to carry out the activities of daily living en-
sues, the patient suffers from depression (Figure 9-5).

Risk Factors
Risk factors for the development of COPD include 
tobacco smoke and indoor and outdoor environmen-
tal exposures. See Box 9-2. However, smoking is the 
most critical risk factor for the development of COPD, 
amounting to almost 85% of the COPD cases; the 
remaining 15% are nonsmoking related.19 The non-
smoking risk factors for COPD include the burning of 
biomass fuel, such as wood, cow dung, and crop residu-
als, which releases an array of air pollutants. Chronic 
exposure to pollutants like sulfur dioxide, carbon mon-
oxide, nitrogen dioxide, formaldehyde, and particulate 
matters smaller than 10 μm in size leads to COPD.19

Genetics plays a role in the development of COPD 
due to AATD. Although AATD is one of the most 
 common inherited conditions22 affecting about 1 in 
2,000–5,000 individuals, it is underdiagnosed and 
 accounts for a small percentage of COPD cases.12

FIGURE 9-5 Summary of the pathophysiology of COPD and its physical consequences for the patient.
Reproduced with permission from Cooper C. The connection between chronic obstructive pulmonary disease symptoms and hyperinflation and its impact on exercise and function. Am J Med. 
2006;119(10):21–31. doi:10.1016/j.amjmed.2006.08.004.
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KNOWLEDGE CHECK QUESTIONS

1. True or False: 10 years of exposure to bio-
mass fuel burning is a risk factor for COPD 
development.

2. True or False: Men are at higher risk for develop-
ing COPD than women.

3. True or False: Chronic exposure to aerosolized 
particulate matter of less than 10 μm in size 
 increases the risk of developing COPD.
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Complications
Patients with COPD are at an increased risk of devel-
oping perioperative complications and have increased 
mortality.23 These patients are at higher risk for the 
development of postoperative pulmonary complications 
such as pneumonia, reintubation following extubation, 
and prolonged intubation. Poorly controlled COPD car-
ries a higher risk for perioperative complications than 
controlled COPD.

Cor pulmonale was once considered a common 
complication of COPD, causing an increase in right 
ventricular mass and right ventricular dysfunction. 
However, contemporary literature on cor pulmonale 
in COPD demonstrates that the more severe COPD is 
associated with smaller right ventricular volumes. The 
finding of reduced right ventricular volumes contra-
dicts the classical paradigm of cor pulmonale in COPD, 
defined as an increase in right ventricular mass and 
volume in the setting of lung disease with or without 
right ventricular dysfunction. The reduced right ven-
tricular volume appears to be the more common right 
ventricular phenotype in COPD in the U.S. general 
population without overt cardiovascular disease and is 
better known as cor pulmonale parvus.16 The reasons 
for cor pulmonale parvus may include impaired venous 
return to the right heart due to gas trapping, diaphrag-
matic impingement on the inferior vena cava due to 
pulmonary  hyperexpansion, right heart stiffness and 
distortion, right ventricular diastolic dysfunction, and 
reduced blood volume.16

COPD patients are at a higher risk for the develop-
ment of cardiovascular diseases because airflow limita-
tion is a predictor of future risks of hypertension and 
cardiovascular events. COPD worsens over time no 
matter the level of patient care.24 Other complications 
that affect patients with COPD include respiratory in-
fections (including pneumonia), pneumothorax, lung 
cancer, and depression.

Diagnostic Testing
When diagnosing a patient who presents with dyspnea, 
cough and sputum production, spirometry, lung vol-
umes, diffusing capacity, and chest radiograph aid in 
the diagnosis of COPD. Spirometry plays a major role in 
the diagnosis and assessment of the severity of airflow 
obstruction for prognosis and follow-up assessment of 
patients who have risk factors for COPD or present with 
the signs and symptoms of COPD.

Chest radiography is obtained during the evaluation 
of a patient with COPD to exclude alternative diagnoses 
or evaluate for comorbidities such as lung cancer, pneu-
monia, pneumothorax, or heart failure. Imaging is not 
required to diagnose COPD. However, advanced COPD 
typically reveals a flattened left and right hemidia-
phragms due to hyperinflation. The heart silhouette ap-
pears elongated because the heart rests predominantly 
on the left hemidiaphragm. The intercostal spaces 
appear widened due to hyperinflation, along with an 
increase in the anterior–posterior (A–P) diameter. The 
patient’s retrosternal space can be increased because of 
air trapping7 (Figure 9-6).

Pulmonary function testing is the cornerstone 
of the evaluation for patients who are suspected of 

BOX 9-2 Risk Factors for the Development of COPD3,7,19

 � Tobacco smoke (≥10–15 pack-years)

 � Indoor air pollution from heating and cooking with 
biomass fuel in poorly ventilated homes (≥25 years 
of exposure)

 � Occupational exposure to organic and inorganic 
dusts found in fertilizer manufacturing, explosive 
manufacturing, petroleum refining, farming, food 
product manufacturing, welding, cement industry, 
granite industry, and more

 � Outdoor air pollution, especially when an individual 
has reduced lung volumes from previous tubercu-
losis, early childhood recurrent lower respiratory 
infections, or poor nutrition

 � Female gender

 � Old age

 � Low-socioeconomic status

KNOWLEDGE CHECK QUESTIONS

1. True or False: Perioperative complications and 
surgical mortality are higher in patients with 
uncontrolled COPD.

2. True or False: Reduced right ventricular volume, 
commonly seen in the COPD population in the 
United States, is called cor pulmonale parvus.

3. True or False: COPD patients usually develop 
hypotension.
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FIGURE 9-6 Chest radiograph of a patient with COPD. Hyperinflation 
is evidenced by the widened space between ribs, increased 
radiolucency, and a long, narrow heart shadow.

having COPD. Patients with COPD have pulmo-
nary function test findings that reveal decreases in 
all expiratory flow rates and increased total lung 
capacity (TLC). When performing spirometry, an 
FEV1/FVC ratio of <70% of the predicted value es-
tablishes that the patient has airflow limitation. The 
post-bronchodilator FEV1 establishes the sever-
ity of the airflow limitation. Table 9-2 shows the 
Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
guidelines for COPD diagnosis and classification of air-
flow limitation severity. Airflow limitation that is irre-
versible or only partially reversible with bronchodilator 
is the characteristic physiologic feature of COPD.7

To further determine whether the airflow limita-
tion is irreversible, a pre- and post-bronchodilator 
flow–volume loop (FVL) is also performed. Patients 

GOLD 
Classification Severity Spirometric Cut Points

GOLD 1 Mild FEV1 ≥80% of predicted 

GOLD 2 Moderate 50% ≤ FEV1 <80% of 
predicted

GOLD 3 Severe 30% ≤ FEV1 <50% of 
predicted

GOLD 4 Very Severe FEV1 <30% of predicted

Data from Global Initiative for Chronic Obstructive Lung Disease (GOLD). 
Global strategy for the diagnosis, management, and prevention of chronic 
obstructive pulmonary disease, 2018 Report; 2018. 

TABLE 9-2
Classification of Airflow Limitation Severity in COPD 
in Patients with FEV1/FVC <0.70 (Based on Post-
bronchodilator FEV1)

with COPD show the characteristic dug-out expiratory 
limb of the FVL (Figure 9-7).

Lung volumes can be increased due to hyperinflation 
from expiratory airflow limitation, particularly the TLC, 
residual volume (RV), and functional residual capacity. 
Emphysema destroys lung tissue, leading to loss of elastic 
recoil, allowing the lungs to be stretched to abnormally 
large volumes. The loss of elastic recoil increases the TLC. 
RV can also be increased in COPD when disease pro-
gression destroys the elastic tethers that help hold small 
airways open during exhalation. The loss of elastic tethers 
leads to premature closing of the airways and causes ab-
normal amounts of air to be trapped in the lung.25

The diffusing capacity of the lung for carbon mon-
oxide (DLCO) measures how easily carbon monoxide 
molecules cross the alveolar–capillary membrane. In 
COPD, the DLCO decreases with increasing severity 
of the disease due to the lower amount of surface area 
available for diffusion.25 This is due to the destruction 
of the alveolar walls and pulmonary capillary bed. An 
ABG can quantify the amount of hypoxemia the patient 
has, as well as determine the level of hypoventilation the 
patient is experiencing.

The alveolar hypoxemia associated with COPD 
causes specific changes in oxygenation indicators but is 
not necessary for the diagnosis of COPD. There is typi-
cally an increase in pulmonary shunting (QS/QT) due 
to ventilation–perfusion mismatch and a decrease in 
total oxygen delivery (DO2) due to the reduction in oxy-
gen crossing the alveolar-capillary membrane. Oxygen 
consumption (VO2) is normal because the tissue cells 

FIGURE 9-7 An FVL from a patient with severe emphysema (COPD).
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do not change oxygen requirements. There may be an 
increase in the oxygen extraction ratio (O2ER) because 
the oxygen available to the tissues has decreased. The 
decreased availability of oxygen reduces the mixed ve-
nous oxygen saturation (SVo2) because the tissues con-
tinue to have the same requirements with less available 
oxygen (Table 9-3).

Measurement of symptoms is subjective; how-
ever, it is necessary for the assessment of the  patient’s 
overall health status and guiding therapy. One of 
the tools used for this type of evaluation is the 
Modified Medical Research Council (mMRC) Dyspnea  
Scale. The mMRC Dyspnea Scale assesses patient  
perception of “shortness of breath”6 (Table 9-4). 

Parameter Value

FEV1 Decreased

FEV1/FVC Decreased

TLC Increased

RV Increased

DLCO Decreased

QS/QT Increased 

DO2 Decreased

VO2 Normal

O2ER Increased

SVo2 Decreased

TABLE 9-3
Typical Pulmonary Function Test Results for COPD26

Description Grade

“I get breathless only with strenuous exercise.” 0

“I get short of breath when hurrying on the level or 
walking up a slight hill.” 

1

“I walk slower than people of the same age on the 
level because of breathlessness or have to stop for 
breath when walking at my own pace on the level.” 

2

“I stop for breath after walking about 100 yards or 
after a few minutes on the level.” 

3

“I am too breathless to leave the house” or “I am 
breathless when dressing.” 

4

Grade 

Data from Global Initiative for Chronic Obstructive Lung Disease (GOLD). 
Global strategy for the diagnosis, management, and prevention of chronic 
obstructive pulmonary Disease, 2018 Report; 2018.

TABLE 9-4
The mMRC Dyspnea Scale

FIGURE 9-8 Items used to measure the status of COPD.

Frequency of cough

Amount of phlegm or mucus

Tightness of chest

Breathlessness during walking or stair climbing 

Limits of activities of daily living

Confidence venturing out of home

Quality of sleep

Level of energy

Shortness of breath can be very subjective, as is pain, 
but how the patient feels is vital in the treatment of 
symptoms. How the patient feels about his/her symp-
toms determines the level of activity the patient is 
willing to undertake. The mMRC Dyspnea Scale is best 
utilized to establish baseline functional impairment 
and is a component of a multifaceted assessment and 
treatment approach to patients with COPD (https:// 
www.mdcalc.com/ mmrc-modified-medical-research 
-council-dyspnea-scale).

Another assessment tool used as part of the mul-
tifaceted assessment is the COPD Assessment Test 
(CAT). The CAT is an eight-item unidimensional 
measure of health status impairment in COPD. 
Figure 9-8 shows the items assessed in the CAT. The 
role of the CAT is to supplement information ob-
tained from lung function measurement and assess-
ment of exacerbation risk.27
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KNOWLEDGE CHECK QUESTIONS

1. True or False: Chest radiography is necessary for 
the diagnosis of COPD.

2. True or False: A patient with a 
post-bronchodilator FEV1/FVC of 0.70 and FEV1 
of 60% of the predicted value has moderate air-
flow limitation.

3. True or False: COPD does not affect oxygen con-
sumption (VO2).

4. True or False: The mMRC Dyspnea Scale 
 assesses the health status of patients 
with COPD.

5. True or False: COPD patients younger than 
45 years should be tested for AATD.

FIGURE 9-9 The refined ABCD assessment tool for COPD. Step 1 in this process is the confirmation of the diagnosis of COPD by 
post-bronchodilator FEV1/FVC <0.7. Step 2 is the assessment of airflow limitation and classification of severity using the post-bronchodilator 
FEV1. Step 3 is the assessment of symptoms using either the mMRC Dyspnea Scale or the CAT. Step 4 is the classification of exacerbation 
history. The symptom assessment and exacerbation history classify the patient in one of four boxes or groups, A, B, C, or D. These groups are 
used to determine treatment.
Reproduced with permission from Global Initiative for Chronic Obstructive Lung Disease. Global strategy for the diagnosis, management, and prevention of chronic obstructive pulmonary 
disease. Global Initiative for Chronic Obstructive Lung Disease. 2018 (Figure 2.4, page 33). http://goldcopd.org. 
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The assessment of symptoms is combined with the 
risk of exacerbations and the evaluation of airflow lim-
itation to create the ABCD assessment tool.6 The risk 
of exacerbations is based on the history of exacerba-
tions and exacerbations leading to hospital admissions 
(Figure 9-9 and Box 9-3).

There are no diagnostic laboratory tests for COPD. 
However, specific criteria are sometimes used to ex-
clude other causes of shortness of breath and comor-
bid diseases. These tests include hemoglobin because 
anemia is a cause for dyspnea. However, patients with 
COPD can have polycythemia as a compensatory 

BOX 9-3 Example of the ABCD 
Assessment Tool for COPD
Spirometry confirms that a patient has a diagnosis 
of COPD based on a 35 pack-year smoking his-
tory, the presence of a chronic cough, and post- 
bronchodilator FEV1/FVC of 0.58. The patient’s 
post-bronchodilator FEV1 is 51% of the predicted 
value, which establishes the patient with a GOLD 
2 classification of moderate airflow limitation. 
This patient has a CAT score of 12. The patient has 
had three exacerbations in the past year. Utilizing 
the ABCD assessment tool in Figure 9-9, this cur-
rently classifies the patient into the GOLD grade 2, 
Group D.

mechanism for chronic hypoxemia. Measurement of 
the plasma brain natriuretic peptide (BNP) or N-ter-
minal pro-BNP (NT-proBNP) concentrations identifies 
heart failure as a differential diagnosis. Other labora-
tory tests used for differential diagnoses include blood 
glucose levels, urea nitrogen, creatinine, electrolytes, 
calcium, phosphorous, and thyroid-stimulating hor-
mone.7 Any patient diagnosed with COPD should have 
the test for the AATD, especially if the patient is 45 
years old or younger.
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Treatment and Management
Once a patient receives the diagnosis of COPD, the next 
step is to relieve the symptoms of airflow limitation, 
sputum production, and cough, and improve exercise 
tolerance and health status. Additionally, the goal of 
treatment is to reduce risk by minimizing exacerbations, 
preventing disease progression, and reducing mortal-
ity.6 Treatment, therefore, should decrease emergency 
department visits and hospitalizations.

Long-Term Treatment
Inhaled medications, including long-acting beta2-
agonists (LABAs), long-acting muscarinic receptor 
antagonists (LAMAs), and inhaled corticosteroids 
(ICSs) in combination with LABAs, are the main-
stay of maintenance therapy for COPD. See Box 9-4. 
Other medications that are added to combinations 
of LAMAs, LABAs, and ICSs include methylxan-
thines, oral glucocorticoids, and phosphodiesterase-4 
(PDE4) inhibitors. These treatments improve the air-
flow limitation and reduce airway secretions, thereby 
decreasing dynamic hyperinflation at rest and with 
exercise.6

Based on the ABCD assessment tool (Figure 9-10),  
the treatment for patients in Group A is based on the 
treatment’s effect on breathlessness. These  patients 
require either a short-acting beta-adrenergic ago-
nist (SABA) or a LABA. Initial long-term mainte-
nance treatment for patients in Group B consists of 
monotherapy with either a LABA or a LAMA and, if 
symptoms persist, combination therapy with LABA/
LAMA. No evidence exists that recommends one class 
of long-acting bronchodilator over another for the ini-
tial relief of symptoms in Group B patients. Group B 
patients typically have comorbidities that may add to 
their breathlessness and impact their prognosis. Initial 
long-term therapy for Group C patients consists of a 
LAMA. If symptoms persist for Group C patients using 
only a LAMA, conversion to combination therapy is 
recommended. This combination can be in the form of 
either a LABA/LAMA or LABA/ICS, with the LABA/
LAMA being the primary choice due to the increased 
risk of pneumonia with the use of ICSs. Group D pa-
tients need to begin initial therapy with a LABA/LAMA 
combination and not a LABA/ICS combination because 
these patients have a higher risk of developing pneu-
monia when treated with ICSs. If the Group D patient 
has asthma–COPD overlap, the LABA/ICS can be the 
first choice for initial therapy. Persistent symptoms in 
Group D patients may require the addition of an ICS to 
the LABA/LAMA combination (triple inhaled therapy). 
When a Group D patient is receiving triple inhaled 
treatment and is still experiencing exacerbations, a 
PDE4 medication, roflumilast, or a macrolide, azithro-
mycin, can be considered for use.6 This tool helps the 

BOX 9-4 Commonly Used Medications 
for the Long-Term Management of 
COPD6

LABAs

 � Arformoterol (liquid for nebulization)

 � Formoterol (DPI)

 � Indacaterol (DPI)

 � Olodaterol (soft mist inhaler)

 � Salmeterol (DPI and MDI)
LAMAs

 � Aclidinium bromide (DPI and MDI)

 � Glycopyrronium bromide (DPI)

 � Tiotropium (DPI and soft mist inhaler)

 � Umeclidinium (DPI)
LABAs/LAMA Combination Inhalers

 � Formoterol/aclidinium (DPI)

 � Formoterol/glycopyrronium (MDI)

 � Indacaterol/glycopyrronium (DPI)

 � Vilanterol/umeclidinium (DPI)
LABAs/ICS Combination Inhalers

 � Formoterol/beclomethasone (MDI)

 � Formoterol/budesonide (DPI and MDI)

 � Formoterol/mometasone (MDI)

 � Salmeterol/fluticasone (DPI and MDI)

 � Vilanterol/fluticasone furoate (DPI)
LABAs/LAMA/ICS

 � Vilanterol/umeclidinium/fluticasone furoate 
(DPI)

PDE4 Inhibitors

 � Roflumilast (pill)
Methylxanthines

 � Theophylline slow release (pill)

clinician to determine initial therapy and steps to take if 
symptoms persist.

In addition to COPD maintenance therapy, patients 
with AATD and an FEV1 of 30–60% predicted typically 
receive AATD augmentation therapy.28 This therapy 
may slow down the progression of emphysema by re-
placing the deficient protein. This therapy does not 
restore lost lung function. There are four augmenta-
tion drugs available in the United States: Prolastin-C®, 
Aralast NPTM, Zemaira®, and Glassia®. These drugs are 
administered by infusions.

Nonpharmacologic measures for the treatment of 
patients in Groups A to D include smoking cessation 
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(Box 9-5), physical activity, flu vaccination, and pneu-
mococcal vaccination, and for patients in Groups B 
to D pulmonary rehabilitation. Pulmonary rehabilita-
tion can improve the patient’s symptoms and activities 
of daily living and can reduce the number of future 
exacerbations.

Patients in all groups need to become active part-
ners in their ongoing care through self-management 
education. COPD self-management intervention 
is typically structured but personalized and often 
 multifaceted, with the goals of motivating, engag-
ing, and supporting patients to positively adapt their 
health behaviors and develop skills to manage their 
disease better.30 Self-management intervention is 
based on frequent interactions between disease man-
agement clinicians and patients. The goal of these 
patient-centered interactions is to identify patient 
needs, health beliefs, and motivations; identify per-
sonalized patient goals; formulate appropriate man-
agement strategies to achieve the goals; and evaluate 

and readjust plans.30 Patients with moderate-to-severe 
COPD who receive a self-management education with 
supervision and support of a case manager have bet-
ter outcomes than patients receiving standard care. 
The benefits are on patients’ health status and health-
care utilization with markedly decreased hospitaliza-
tions and emergency department and unscheduled 
physician visits.31

Long-term oxygen therapy (LTOT) is commonly 
used for stable COPD patients who have Pao2 at or 
below 55 mm Hg or oxygen saturation below 88%, with 
or without hypercapnia confirmed twice over a 3-week 
 period. LTOT has been shown to increase the survival 
of patients with severe chronic resting arterial hypox-
emia. Noninvasive positive pressure ventilation may 
be used with stable, but very severe COPD patients, 
especially if they have daytime persistent hypercapnia 
(Paco2 ≥ 52 mm Hg).6

In some cases, lung volume reduction surgery (LVRS) 
can be useful especially in patients with low exercise 

FIGURE 9-10 Pharmacologic treatment algorithms by GOLD grade. See text for explanation.
Reproduced with permission from Global Initiative for Chronic Obstructive Lung Disease (GOLD). Global strategy for the diagnosis, management, and prevention of chronic obstructive pulmonary 
disease, 2018 Report. 2018 (Figure 41, p. 83). http://goldcopd.org/wp-content/uploads/2017/11/GOLD-2018-v6.0-FINAL-revised-20-Nov_WMS.pdf.
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capacity before surgery. LVRS is a surgical procedure 
in which parts of the lungs are resected to reduce hy-
perinflation, making respiratory muscles more effective 
pressure generators by improving their mechanical 
efficiency. LVRS increases elastic recoil pressure of 
the lungs, thus improving expiratory flow rates and re-
ducing exacerbations.4 This surgery is not undertaken 
lightly as these patients already have significant pulmo-
nary dysfunction.

Treatment of Exacerbations
Acute exacerbations are treated with SABAs and 
short-acting muscarinic receptor antagonist. 
See Box 9-6. Antibiotics in COPD should be used only 
if an infection is present. Patients with COPD are gen-
erally older than asthma patients and have comorbid 
conditions; therefore, the risks of adverse reactions to 
medication therapy increase.

Acute COPD exacerbations are triggered most 
commonly by respiratory infections, with viral and 
bacterial infections being the most common cause. 
However, environmental factors such as pollu-
tion and ambient temperature may also initiate or 
amplify these events.4 Physical findings frequently 
include wheezing, tachypnea, inability to speak in 

full sentences, accessory muscle use, and paradoxi-
cal chest wall motion. Patients with hypercapnia or 
hypoxemia may present with altered mental status. 
High oxygen concentrations are typically not required 
to correct the hypoxemia associated with most ex-
acerbations of COPD. The target oxygen saturation 
for these patients is 88–92%.6 The inability to correct 
hypoxemia with up to 4 L/minute nasal cannula or 
35% air-entrainment mask may be due to pulmonary 
emboli, acute respiratory distress syndrome, pulmo-
nary edema, or severe pneumonia as the cause of the 
respiratory failure.32

Acute exacerbations, classification includes mild, 
moderate, or severe. Mild exacerbations can be treated 
with a SABA and can often be taken care of at home. 
Moderate and severe exacerbations require the addition 
of antibiotics and systemic glucocorticoids, noninva-
sive positive pressure ventilation (NIPPV), or invasive 
mechanical ventilation. Each exacerbation, whether 
mild, moderate, or severe, has a significant impact on 
the health status of the patient.6 This impact is why 
 exacerbation prevention is of utmost importance. The 
need for hospitalization during a COPD exacerbation 
is dependent on the patient signs and symptoms, and 
the clinical presentation of COPD exacerbations is 
heterogeneous.

Antibiotics are used in the treatment of exacer-
bations of COPD only if the patient presents with 
increases in dyspnea, sputum volume, and sputum 
purulence or requires NIPPV or invasive mechanical 
ventilation. NIPPV is preferred over invasive mechan-
ical ventilation because NIPPV improves many clinical 
outcomes for patients with exacerbations of COPD. See 
Box 9-7. Failure of NIPPV is an indication for the use of 
invasive mechanical ventilation. See Box 9-8.

BOX 9-5 Pharmacologic and 
Nonpharmacologic Methods  
for Treating Tobacco Dependence29

Pharmacologic Methods

 � Nicotine replacement

 y Patch

 y Gum

 y Lozenge

 y Inhaler

 y Nasal spray

 � Non-nicotine replacement

 y Varenicline (pills)

 y Bupropion SR (pills)
Nonpharmacologic Methods

 � Behavioral counseling

 y Individual counseling

 y Group counseling

 y Telephone quit-line counseling

 � Physician counseling

 y Brief advice

 y Brief counseling

BOX 9-6 Commonly Used Medications 
for the Treatment of Acute 
Exacerbations of COPD6

Short-Acting Beta2-Agonists

 � Albuterol (DPI, MDI, and liquid for nebulization)

 � Levalbuterol (MDI and liquid for nebulization)
SAMAs

 � Ipratropium bromide (MDI and liquid for 
nebulization)

Short-Acting Beta2-Agonist/SAMA  
Combinations

 � Albuterol/ipratropium (soft mist inhaler and liq-
uid for nebulization)

Systemic glucocorticoids
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Prognosis
There is no cure for COPD. However, the progression 
can be slowed down to give the patient the chance to 
live a long life while maintaining activities of daily liv-
ing as much as possible. Each exacerbation of COPD is 
associated with increased mortality.6 The mortality rate 
within the hospital ranges from 3% to 9% and estimates 
for death within 3 months of  admission are 14%.32

A multidimensional index, the BODE index, is an as-
sessment tool that may be used to assess an individual’s 
risk of death from COPD and can predict hospitaliza-
tion.33 This index is based on four factors, including 
(B) body mass index (BMI), (O) airway obstruction 
severity (FEV1), (D) dyspnea (mMRC Dyspnea Score), 
and (E) exercise capacity (6-minute walk distance) 
(Table 9-5).

BOX 9-7 Indications for NIPPV for COPD
At least one of the following clinical findings:

 � Respiratory acidosis (pH ≤7.35 with 
Paco2 ≥45 mm Hg)

 � Severe dyspnea with clinical signs suggestive of 
respiratory muscle fatigue, or increased work of 
breathing, or both, such as the use of respiratory 
accessory muscles, paradoxical motion of the 
abdomen, or retraction of the intercostal spaces

 � Persistent hypoxemia despite supplemental oxy-
gen therapy

Data from Global Initiative for Chronic Obstructive Lung Dis-
ease (GOLD). Global strategy for the diagnosis, management, 
and prevention of chronic obstructive pulmonary disease, 2018 
Report. 2018.

BOX 9-8 Indications for Invasive 
Mechanical Ventilation for COPD6

 � Inability to tolerate NIPPV or NIPPV failure

 � Status post respiratory or cardiac arrest

 � Diminished consciousness, psychomotor agita-
tion inadequately controlled by sedation

 � Massive aspiration or persistent vomiting

 � Persistent inability to remove respiratory 
secretions

 � Severe hemodynamic instability without re-
sponse to fluids and vasoactive drugs

 � Severe ventricular or supraventricular 
arrhythmias

 � Life-threatening hypoxemia in patients unable 
to tolerate NIPPV

KNOWLEDGE CHECK QUESTIONS

1. True or False: ICSs are the first-line medications 
for the long-term maintenance of COPD.

2. True or False: The ABCD assessment tool helps 
determine initial therapy for the long-term 
management of COPD.

3. True or False: Lung augmentation therapy restores 
lung function to patients with COPD due to AATD.

4. True or False: COPD patients confirmed with oxy-
gen saturations less than 88% benefit from LTOT.

5. True or False: NIPPV is preferred over invasive 
mechanical ventilation for the treatment of 
acute respiratory failure due to COPD.

Factor Measurement Score

Body mass 
index values

BMI >21 kg/m2 0

BMI <21 kg/m2 +1

Airway 
obstruction 
values

FEV1 ≥65% of predicted 0

FEV1 50–64% of predicted +1

FEV1 36–49% of predicted +2

FEV1 ≤35% of predicted +3

Dyspnea Scale 
(mMRC)

Dyspnea when hurrying or 
walking up a slight hill

0

Walks slower than people of 
the same age because of 
dyspnea or stops for breath 
when walking at own pace

+1

Stops for breath after walking 
100 yd (91 m) or after a few 
minutes

+2

Too dyspneic to leave house 
or breathless when dressing

+3

Exercise 
tolerance 
(6-minute walk 
distance)

≥350 m (383 yd) 0

250–349 m (273–382 yd) +1

150–249 m (164–272 yd) +2

≤149 m (163 yd) +3

TOTAL Total the 
points and 
place patient 
score here

Data from https://www.mdcalc.com/bode-index-copd-survival.

TABLE 9-5
The BODE Index for COPD Survival

Prognosis 241



membrane, if untreated, can lead to cardiac problems. 
As the disease progresses, treatment needs to address 
the pulmonary dysfunction and patient symptoms to 
maintain as much of the activities of daily living as 
possible.

It is essential to educate the public on the hazards of 
cigarette smoking and indoor/outdoor air pollution to 
protect public health from this debilitating and costly 
disease.

Key Points
1. Cigarette smoking is the leading cause of COPD 

and is an addiction.
2. “Smoker’s cough” is a serious sign of underlying 

pulmonary disease.
3. Airflow limitation, sputum production, and cough 

are hallmark signs of COPD.
4. Untreated and undertreated COPD can result in 

right heart dysfunction.
5. The COPD patient’s symptoms must be appropri-

ately treated to maintain their activities of daily 
living.

6. Systemic issues such as skeletal muscle wasting, 
increased cardiovascular disease, osteoporosis, 
anemia, and depression need to be addressed.

Chapter Questions
1. Chronic obstructive pulmonary disease (COPD) is 

the _______ leading cause of death in the United 
States.
a. second
b. fourth
c. sixth
d. eighth

2. Which of the following is the leading risk factor for 
COPD?
a. Cigarette smoking
b. Outdoor air pollution
c. Biomass fuels
d. Household cleaning solutions

3. Which medications are used regularly for the pa-
tient with COPD?
a. Methylxanthines
b. Corticosteroids
c. Beta2 agonists
d. Antimicrobials

4. Which tool is used to assess the potential risk for 
exacerbations of COPD?
a. Modified Medical Research Council (mMRC) 

Dyspnea Scale
b. Global Initiative for Chronic Obstructive Lung 

Disease (GOLD)
c. Centers for Medicare and Medicaid (CMS)
d. World Health Organization (WHO)

Calculated BODE Index 
(Points) COPD 4-Year Survival (%) 

0–2 80

3–4 67

5–6 57

7–10 18

Data from Marin et al. Prediction of risk of COPD exacerbations by the BODE 
index. Resp Med. 2009;103:373–378.

TABLE 9-6
Four-Year Survival Predictions Using the BODE 
Index

KNOWLEDGE CHECK QUESTIONS

1. True or False: The BODE index can help predict 
hospitalizations in patients with COPD.

2. True or False: The higher the BODE index, the 
worse the prognosis for the patient.

3. True or False: Outcomes for patients with COPD 
are variable and therapy can change the BODE 
index score.

The BODE index is used to approximate a COPD 
 patient’s 4-year survival rate (Table 9-6).34

The BODE index is a better predictor of the num-
ber and severity of exacerbations in COPD than FEV1 
alone.32 It can be a useful tool when looking at future 
COPD exacerbations or COPD survival. It should be 
used as a tool and not a steadfast predictor of patient 
outcomes. Outcomes can vary a great deal for each 
 patient. The use of medications and therapies can 
 improve these scores and the patient’s quality of life.

Chapter Summary
Despite COPD being preventable, both the global and 
the national burden of COPD remain high. COPD is 
characterized by airflow limitation and obstruction that 
is not fully reversible. The two diseases associated with 
COPD are emphysema and chronic bronchitis. How-
ever, there may be overlap between COPD and asthma. 
Today, COPD affects as many women as men. Cigarette 
smoking is a leading cause of COPD, but not the only 
cause. The genetic condition AATD, air pollution, and 
chemical fumes and dust can also result in COPD.

Spirometry and lung volumes are essential in the 
diagnosis, along with the symptoms reported by the pa-
tient. Treatment may be guided by both spirometry and 
symptoms. Changes to the patient’s alveolar–capillary 
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5. In COPD patients, chronic hypercarbia causes 
the normal chemoreceptor response to react to 
__________________________.
a. nitric oxide levels
b. carbon dioxide levels
c. carbon monoxide levels
d. oxygen levels

6. In the presence of alveolar hypoxia, the lungs ____
___________________________.
a. decompensate because they cannot handle the 

problem
b. build new alveoli
c. constrict the pulmonary capillaries
d. dilate the pulmonary capillaries

7. The pulmonary function tests of a 63-year-old male 
reveal an increased total lung capacity (TLC) and 
increased residual volume (RV) with a decreased 
forced expiratory volume in 1 second/forced ex-
piratory volume (FEV1/FVC). These findings are 
indicative of ______________________.
a. pneumonia
b. COPD
c. interstitial lung disease
d. lung cancer

8. Lung volume reduction surgery is useful in the 
treatment of ____________________.
a. COPD
b. interstitial lung disease
c. diseases of the chest wall
d. diseases of the diaphragm

9. _____________________ is not typical of COPD.
a. A cough
b. Sputum production
c. Shortness of breath
d. Chest pain

10. According to the combined COPD assessment 
tool, patients most at risk for an exacerbation are in 
____________________.
a. Group A
b. Group B
c. Group C
d. Group D
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“Remember that life is not measured by the number of breaths we take, but by the moments that take our breath away!”

—Vicki Corona

Cystic Fibrosis and  
Bronchiectasis

OUTLINE
Cystic Fibrosis

Introduction
Definition/Diagnosis
Clinical Signs and Symptoms
Etiology
Epidemiology
Pathophysiology
Risk Factors
Complications
Diagnostic Testing
Treatment and Management
Prognosis

Bronchiectasis
Diagnosis
Clinical Signs and Symptoms
Etiology
Epidemiology
Pathophysiology
Risk Factors
Complications
Diagnostic Testing
Treatment and Management
Prognosis

OBJECTIVES
1. State the working definition for both cystic fibrosis and 

bronchiectasis.
2. Define and discuss the clinical manifestations associated 

with both cystic fibrosis and bronchiectasis.

3. Explain the diagnostic testing used for both cystic fibrosis 
and bronchiectasis.

4. Summarize the recommended disease management for 
both cystic fibrosis and bronchiectasis.

5. Identify common complications associated with both cystic 
fibrosis and bronchiectasis.

6. Define the prognosis for both cystic fibrosis and 
bronchiectasis.

KEY TERMS
Active cycle of breathing
Adenosine 

triphosphate-binding 
cassette (ABC)

Allele
Alpha-1 antitrypsin (AAT)
Ciliary dyskinesia
Cystic fibrosis 

transmembrane 
conductance 
regulator (CFTR)

Cytokines
Dittrich plugs
Gamma globulin
High-frequency chest 

wall oscillation

Homozygous
Hypertonic  

saline (HTS)
Immunoreactive 

trypsinogen (IRT)
Meconium
Mucociliary escalator
Mucolytic
Mucopurulent
Neutrophilic proteases
Pilocarpine
Sweat chloride test
Tenacious
Trypsin
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Cystic Fibrosis
Although cystic fibrosis (CF) is a systemic disease pro-
cess, it is the effects on the lungs that continue to be the 
primary cause of patient morbidity and mortality. The 
development of respiratory tract infection with certain 
bacteria is widespread. The rate of progression of this 
disease is varied, depending on factors such as genetics, 
environment, and adherence to a daily maintenance plan.

Introduction
European folklore references CF as follows: 
“Woe to the child which when kissed on the 
forehead tastes salty. He is bewitched and soon 
will die.”1 CF is a life-limiting autosomal reces-
sive genetic disorder caused by a mutation in the 
cystic fibrosis transmembrane conductance regulator 
(CFTR) located on the long arm of chromosome 7.2 CF 
was first identified as CF of the pancreas by Dorothy 
Anderson, MD, a pathologist, in 1938.3 While conduct-
ing an autopsy on a child, who died from what was 
thought to be celiac disease, the physician noticed a 
pancreatic lesion. Anderson and her team began ex-
tensive medical research, including reviews of past 
autopsy records and the medical literature. The findings 

Case Study
A 13-year-old female with cystic fibrosis is directly 
admitted to the hospital from her pulmonologist’s 
office. The patient is complaining of increased cough 
and shortness of breath over the past 3 days. The 
patient’s pulse oximeter oxygen saturation (Spo2) 
upon admittance is 89% on room air; she is given 
supplemental oxygen with 2 L/minute nasal cannula, 
which increases her Spo2 to 96%. The pulmonologist 
increased the patient’s home regimen, and ordered 
a posterior–anterior (PA) radiograph, lateral chest 
radiograph (CXR), and sputum induction for culture 
and sensitivity. PA radiograph and CXR are positive for 
hyperinflation, mucus plugging, and bronchial wall 
thickening. Sputum is positive for gram-negative rods, 
Pseudomonas aeruginosa. The treatment plan includes 
increasing home nebulizer and vest therapy and add-
ing a broad-spectrum antibiotic (Table 10-1).

After 1 week of no marked improvement, the pa-
tient’s physician decides that a flexible bronchoscopy 
is needed. The bronchoscopy results show inflamma-
tion in the airway suspected to be from the excessive 
thick, sticky mucus plugs throughout the right and 
left lung fields. Bronchial washings are performed, 
and samples obtained. After 3 days, P. aeruginosa and 

methicillin-resistant Staphylococcus aureus organisms 
are isolated. Inhaled tobramycin 300 mg is added twice 
daily. Oscillatory positive expiratory pressure is added 
to coincide with nebulizer treatments. High-frequency 
chest wall oscillation is increased from 15 to 20 minutes 
four times daily to mobilize retained secretions.

Medication/
Therapy

Home 
Frequency

Hospital 
Frequency

Albuterol 2.5 mg Twice daily and 
prn

Four times daily 
and prn

7% NaCl 4 mL Twice daily Four times daily

Dornase alfa 
2.5 mg

Twice daily Twice daily

Pulmicort 0.5 mg Twice daily Twice daily

Tobramycin 
300 mg

N/A Twice daily

Vest therapy × 15 
minutes

Twice daily Four times daily

TABLE 10-1
Home Medication Regimen for Case Study Patient

concluded that there was a clear disease pattern, and 
they named it CF.2

The next breakthrough discovery was a result of the 
New York City heat wave of 1948.4 Paul di Sant’Agnese, 
MD, a pediatrician, observed that infants with CF were 
presenting to emergency departments with hyperther-
mia and a white powdery substance on their skin. Dr. 
Sant’Agnese hypothesized that the sweat from these 
infants was abnormally high in sodium and chloride. 
This singular discovery leads to the correlation between 
CF and abnormally high concentrations of salt. Sweat 
chloride testing is used to this day in the diagnosis of 
CF.5 Positional cloning identified the defective CF gene 
and its protein CFTR in 1989. This development led to 
better understanding of the disease and more effective 
treatments, and has improved patient outcomes.6

Definition/Diagnosis
CF is a multisystem genetic disease affecting the exo-
crine glands, respiratory and gastrointestinal systems, 
and reproductive tract.7 CF patients inherit two mu-
tated CFTR genes, one allele from each parent.8 The 
parents are carriers of the mutated gene, and most are 
asymptomatic. One of the functions of CFTR is to open 
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the sodium chloride channels.9 CF causes viscous mu-
cus that builds up in the lungs and blocks the airway, 
making it difficult to breathe, a breeding ground for 
bacteria, leading to chronic infection. Mucus normally 
has a slippery, watery consistency, keeping the lining 
of certain organs from dehydration and infection. Re-
peated serious infections over time will scar the lungs 
and lead to bronchiectasis.4 The viscous mucus blocks 
pancreatic ducts, making it difficult for digestive en-
zymes to reach the small intestine. Pancreatic enzymes 
aid in breaking down food particles. Without them, fats 
and proteins are unable to be absorbed through the in-
testines, causing malnutrition, vitamin deficiency, and 
failure to thrive.10

Clinical Signs and Symptoms
CF manifests in severity and symptoms differently in 
each person and is progressive. One of the earliest signs 

FIGURE 10-1 Signs and common disorders of CF. These symptoms 
are different in different patients. Patients may have one or more of 
these symptoms.
Reproduced with permission from Farnia P, Mirtajani S, Hassanzad M, Ghanavi J, Farnia P, 
Velayati A. Geographical distribution of cystic fibrosis; the past 70 years of data analyzis. 
Biomed Biotechnol Res J. 2017;1(2):105 (Figure 1). doi:10.4103/bbrj.bbrj_81_17.
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BOX 10-1 Signs and Symptoms Related 
to CF 
Genetics

 � Family history

 � Two copies of the faulty CFTR gene
Respiratory

 � Persistent cough

 � Thick, sticky sputum

 � Wheezing

 � Hemoptysis

 � Dyspnea

 � Chronic lung infections

 � Chronic sinusitis and rhinitis
Digestive

 � Meconium ileus (neonatal)

 � Greasy, bulky, foul-smelling stool

 � Severe gas

 � Chronic diarrhea

 � Failure to thrive
Reproductive Male

 � Sterility
Reproductive Female

 � Thick cervical mucus

 � Irregular menstruation

 � Infertility

Data from Cystic Fibrosis Background and Epidemiology. Pediat 
Clin N Am. 2016;(63):567-584. doi:10.1016/j.pcl.2016.04.001.

is the salty taste of an infant’s skin when kissed. Diges-
tive issues can also be noticed within the first few hours 
after birth. The meconium is more viscous in newborn 
infants with CF, blocking the ileum and causing the in-
fant not to pass stool. Infants with CF may vomit green 
bile and have swollen hard stomach.11 CF patients have 
a strong chronic cough producing viscous sputum and 
hemoptysis. The build-up of thick, sticky mucus makes 
it a breeding ground for bacteria and virus to grow, 
leading to chronic infection, obstruction, and inflam-
mation. When auscultated, breath sounds can demon-
strate wheezing or poor aeration. Visual signs include 
clubbed fingers, which is associated with low arterial 
oxygen levels and malabsorption in the gastrointestinal 
tract. The sinus passages are also affected by chronic 
sinusitis and rhinitis. Frequent pancreatic blockages 
prevent enzymes needed to break down and absorb fats 
and proteins in the intestines, causing failure to thrive. 
The body’s inability to absorb fats and proteins creates 
a foul-smelling, bulky, greasy stool. This stool can block 
the intestine and cause severe gas and constipation.12 In 
males, the dehydrated thickened secretions obstruct the 
development of the vas deferens (congenital bilateral 
absence of the vas deferens [CBAVD]), making them 
sterile.13 In females, the cervical mucus is thicker than 
normal, resulting in irregular menstruation, making 
it difficult to become pregnant.14 See Box 10-115 and 
Figure 10-1.
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Etiology
A defect in the CFTR gene causes CF. Researchers have 
identified over 1,900 CFTR mutations. Less than 150 of 
those known mutations cause CF.16 It is an autosomal 
recessive disease, manifesting only when both parents 
pass on the faulty CFTR allele (Figure 10-2). F508del 

is the most common mutation accounting for approxi-
mately 70% of the CF population.16 The CFTR muta-
tions have been divided into five classes, depending on 
where the mutation occurs, which organ is affected, and 
the severity of disease.17

Epidemiology
CF is the most common autosomal recessive gene 
among Caucasians, affecting approximately 1 in every 
3,000 white births worldwide. Most of these individuals 
are born in Europe, North America, and Australia.1 Ap-
proximately 30,000 adults and children are living with 
CF in the United States, and 40,000 more worldwide. 
The disease is less common in other ethnicities, affect-
ing 1 in every 7,000 Hispanics, 1 in every 17,500 African 
Americans, and 1 in every 31,000 Asian Americans15 
(Figure 10-3).

Pathophysiology
CF is caused by mutations or changes in the CFTR 
gene. The CFTR gene provides a code that is needed 
to produce the CFTR protein. The CFTR protein is a 
member of the adenosine triphosphate-binding cassette 
(ABC) membrane transporter superfamily.18 The CFTR 

FIGURE 10-2 The diagram illustrates how CFTR genes are inherited. 
People inherit one copy of the CFTR gene from each parent. If 
the parent is a carrier of the gene (has one normal copy “R” and 
one mutated copy “r”). Each child has a 25% chance of inheriting 
two mutated genes causing CF; a 50% chance of inheriting one 
normal gene and one mutated gene, making them a carrier; and a 
25% chance of inheriting two normal genes.
National Heart, Lung, and Blood Institute; National Institutes of Health; U.S. Department of 
Health and Human Services. https://www.nhlbi.nih.gov/health-topics/cystic-fibrosis.
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FIGURE 10-3 The difference in the distribution of CF in different continents. Accordingly, the highest rates are in Europe and the lowest rates 
are in East Asia.
Reproduced with permission from Farnia P, Mirtajani S, Hassanzad M, Ghanavi J, Farnia P, Velayati A.  Geographical distribution of cystic fibrosis; the past 70 years of data analyzis. Biomed 
Biotechnol Res J. 2017;1(2):105 (Figure 4). doi:10.4103/bbrj.bbrj_81_17.
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gene encodes a CFTR protein channel that is made 
up of 1,480 amino acids organized into five functional 
domains: two membrane-spanning domains (MSD1 
and MSD2), two nucleotide-binding domains (NBD1 
and NBD2), and one cytoplasmic regulatory domain 
(R)18. MSDs are also known as transmembrane do-
mains (TMD1 and TMD2). CFTR mutations can oc-
cur in the gene sequence that encodes any of the five 
protein domains. CFTR acts as a cyclic adenosine 
monophosphate-dependent chloride ion channel and 
plays a role in chloride transport across apical epithelial 
surfaces.18 The CFTR protein controls salt, fluid, and 
pH in the intestines, pancreas, lungs, and other organs 
(Figure 10-4).10 CFTR gene mutations are categorized 
into six classes based on the way the mutations affect 
the CFTR protein.18 Classes one through three are more 
severe, and four through six are mild18.

Class I mutations are the most severe altering CFTR 
protein synthesis. The prevention of stable protein 
biosynthesis results in a truncated protein caused by 
a premature termination codon. These truncated pro-
teins are unstable and degraded in the endoplasmic 

reticulum (ER), resulting in no mature CFTR protein 
formed. The mutations include Gly542X, Trp1282X, 
and 1717-1G→A.4

Class II mutations affect CFTR protein processing 
and trafficking. CFTR protein is created but cannot cor-
rectly fold in the ER. The misfolded protein is targeted 
for cellular degradation and keeps the protein from 
reaching the apical membrane. The most common Class 
II mutation is F508del.4

Class III mutations affect chloride ion channel regu-
lation. The mutated gene in this class creates the CFTR 
protein as it reaches the cell surface but does not func-
tion correctly. The mutation is located within the NBD 
folds, affecting the binding of cyclic adenosine mono-
phosphate (cAMP), thus preventing channel activation. 
The CFTR on the cell surface is nonfunctional. Muta-
tions include G551D, V520F, and R560T.4

In Class IV mutations, the CFTR protein is encoded, 
traffics through the cell to the apical membrane, and 
responds to cAMP stimulation. A decreased chloride 
ion current is generated and impairs protein function. 
Class IV mutations are located in the MSDs. Mutations 
include R117H, R334W, and R347P.4

Classes V and VI are the least severe of the faulty 
CFTR genes. In Class V, a normal CFTR protein is 
produced and moves to the apical surface but in insuffi-
cient quantities. Mutations include A455E, D565G, and 
3272-26A>G. Class VI mutations decrease CFTR ex-
pression by aiding the channel removal from the plasma 
membrane, decreasing CFTR stability. Mutations in-
clude 4326delTC, Gln1412X, and 4279insA.4

Risk Factors
Only one risk factor is associated with CF. If both par-
ents are carriers of the abnormal CF gene, each child 
has a 25% chance of inheriting both the genes and hav-
ing CF. Being of European descent may also be consid-
ered a risk.15 The type of mutation a person has impacts 
the severity of the disease.

Complications
CF affects the pulmonary, digestive, endocrine, and 
reproductive systems. Pulmonary manifestations vary 
with severity. Respiratory failure is the leading cause 
of death in persons with CF. Respiratory failure is 
brought on by thick, tenacious sputum, which blocks 
the airways, causing inflammation, chronic infection, 
and hemoptysis. Over time this chronic injury to the 
lungs causes tissue damage, inflammation, scarring, 
and bronchiectasis.4 Individuals with CF are prone to 
suffer from recurrent bouts of pneumonia due to the 
abnormal mucus and reduced water content in their 
airways. Some individuals with CF develop cor pulmo-
nale due to increased pulmonary vascular resistance, 
especially when pulmonary symptoms are primary 
(Figure 10-5).FIGURE 10-4 Cystic fibrosis, major affected organs.

Lungs:
pneumonia,

bronchiectasis,
fibrosis

Pancreas: fibrosis,
resulting in poor
nutrition (failure to
thrive) and diabetes.
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parents who are pregnant or planning to become preg-
nant have CF-carrier testing. Although there are over 
1,900 known CFTR mutations, this exam looks for the 
23 most common mutations. A positive result means 
the person is a CF carrier, and genetic counseling is 
encouraged.20

Sweat Chloride Test
The sweat chloride test is the gold standard in 
CF diagnosis. When an infant has a positive 
immunoreactive trypsinogen (IRT) test, the physi-
cian may order sweat chloride testing at 2–4 weeks 
of age for further analysis. The sweat chloride test is 
typically ordered if a patient has signs and symptoms 
related to CF.20 The sweat chloride test is noninvasive 
and may be done on the patient’s arm or leg. This 
test is performed in three stages. See Box 10-3 and 
Figure 10-6.

Two positive sweat chloride tests are sometimes 
needed to confirm a diagnosis of CF (Table 10-2).

Immunoreactive Trypsinogen
Early diagnosis is paramount to disease manage-
ment and patient outcomes. All newborns in the 
United States undergo newborn screening to diagnose 

BOX 10-2 Common Complications 
Caused by CF
Pulmonary

 � Repeated pneumonia

 � Bronchiectasis

 � Pneumothorax

 � Cor pulmonale

 � Nasal polyposis
Gastrointestinal

 � “Failure to thrive”

 � Distal intestinal obstruction

 � Hyperglycemia

 � Rectal prolapse

 � Liver cirrhosis
Reproductive

 � Delayed puberty

 � Male infertility

 � Female infertility

Data from Cystic Fibrosis Background and Epidemiology. Pediat 
Clin N Am. 2016;(63):567-584. doi:10.1016/j.pcl.2016.04.001.

FIGURE 10-5 The vicious cycle of CF.
Reproduced with permission from Kreindler J. Cystic fibrosis: exploiting its genetic 
basis in the hunt for new therapies. Pharmacol Ther. 2010;125(2):219–229 (Figure 2). 
doi:10.1016/j.pharmthera.2009.10.006.

Absent or dysfunctional CFTR

Impaired salt and water secretion

Impaired mucociliary clearance

Inflammation

InfectionTissue
damage

Chronic sinusitis and rhinitis lead to the formation of 
nasal polyps, that is, soft, painless growths in the lining 
of the nose. Surgery may be needed to remove polyps 
if the nasal cavity is obstructed.19 The mucosal lining 
of the pancreas and intestines is dehydrated in people 
with CF. Pancreatic dehydration may lead to pancreatic 
insufficiency, which causes CF-related diabetes. Annual 
testing is usually required starting at the age of 10. Other 
nutritional deficiencies include blocked bile duct, intes-
tinal obstruction, and distal intestinal obstruction. Oral 
enzymes are taken to aid in nutritional absorption. Elec-
trolyte imbalances occur because large amounts of salt 
are lost during sweating. This causes dehydration, tachy-
cardia, fatigue, weakness, hypotension, and heat stroke.10 
See Box 10-2.

Diagnostic Testing
Genetic and sweat chloride testing are the only two tests 
that accurately confirm a CF diagnosis. Bronchoscopies 
with bronchoalveolar lavage and pulmonary function 
testing help clinicians effectively treat, recognize, and 
manage disease progression.

Genetic Screening Test
Genetic testing is voluntary and costly, but an integral 
part in diagnosing CF.1 The chance of being a CF car-
rier depends on ethnic background unless there is a 
family history. Many Caucasians are carriers of the 
mutated CFTR gene. When one parent, typically the 
mother, has a positive CF-carrier test, the other parent 
should be tested. Genetic testing is minimally invasive. 
Cells are extracted from the blood, tissue, or saliva to 
examine deoxyribonucleic acid (DNA). The American 
College of Obstetrics and Gynecologists recommends 
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BOX 10-3 Stages of the Sweat Chloride 
Test for CF
Stage I

 � The site of choice is cleansed with distilled water 
and dried. Transdermal pilocarpine and electrical 
stimulation are applied for 5 minutes to pro-
mote sweating.

Stage II

 � Sweat is then collected for 30 minutes near the 
site using either filter paper, gauze, or a plas-
tic coil. The sweat is sent to the laboratory for 
analysis.

Stage III

 � The sweat is analyzed, and the amount of chlo-
ride in the sample is measured. This exam gener-
ally takes 1 hour.

Data from Diagnosis: Testing: Sweat Test. Johns Hopkins Cystic 
Fibrosis Center. Hopkinscforg. 2018. http://www.hopkinscf 
.org/what-is-cf/diagnosis/testing/sweat-test/. Accessed 
 October 10, 2017.

FIGURE 10-6 The sweat chloride test for CF. An elevated chloride 
level in the skin can be used to diagnose CF.
Reproduced with permission from Diagnosis: Testing: Sweat Test. Johns Hopkins Cystic 
Fibrosis Center. Hopkinscforg. 2018. http://www.hopkinscf.org/what-is-cf/diagnosis/testing 
/sweat-test/. Accessed June 20, 2018.
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specific health conditions. While in the hospital the 
infant’s heel is punctured, a small blood sample is 
extracted and sent for analysis. The newborn CF 
screening evaluates the IRT levels. Trypsinogen is 
manufactured in the pancreas and transferred to the 
small intestine to be converted into trypsin. Trypsin 
is the enzyme responsible for breaking down proteins 
found in food into peptides. Individuals with CF may 
have thick mucus plugs that lodge in the ducts of the 
pancreas, blocking trypsinogen from reaching the 
small intestines. This blockage increases trypsinogen 
values in the blood. Infants with an increased IRT 
level may be referred for sweat chloride testing. False 
positives may be seen in preterm infants and those 
with pancreatitis. IRT is not used for screening only 
or for a definitive diagnosis. If the IRT is positive, fur-
ther testing is necessary.21

Pulmonary Function Tests
Most individuals with CF have a progressive obstruc-
tive pulmonary component to their disease process. 
Pulmonary function testing is used to monitor the 
progression of the pulmonary component of CF. The 
percentage predicted forced expiratory volume in 
1 second (%FEV1) is commonly used to monitor lung 
function and to describe disease severity in CF.22 
%FEV1 is also utilized to make clinical decisions as to 
when to increase the intensity of treatment and as an 
outcome measure.

Pulmonary function tests are available and  
performed on infants. At a very young age, PFT  
results may not show any signs of the disease. How-
ever, these results may begin to deteriorate by age 
6 months. This decline in pulmonary function is as-
sociated with inflammation and infection. As CF 
progresses, PFT results decline. The %FEV1 corre-
lates with survival in CF patients.22 Significantly low 
%FEV1 can be used to determine the need for lung 
transplantation.

Age
CF Unlikely 
(mmol/L)

Intermediate 
(mmol/L)

Indicative of 
CF (mmol/L)

Birth to 
6 months

0–29 30–59 ≥60

Infants older 
than 6 months, 
children and 
adults

0–39 40–59 ≥60

Data from Diagnosis: Testing: Sweat Test. Johns Hopkins Cystic Fibrosis 
Center. Hopkinscforg. 2018. http://www.hopkinscf.org/what-is-cf 
/diagnosis/testing/sweat-test/. Accessed October 10, 2017.

TABLE 10-2
Sweat Chloride Test Results Interpretation
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Bronchoalveolar Lavage
Bronchoalveolar lavage is the gold standard for detect-
ing pathogens in the lower airways in CF.23 A few patho-
gens are recognized in CF airway disease. These include 
P. aeruginosa, S. aureus, Haemophilus influenzae, and 
the Burkholderia cepacia complex.

Treatment/Management
There is currently no cure for CF. The treatment for CF 
focuses on disease and symptom management and fo-
cuses on several strategies, relief of airway obstruction, 
treatment of airway infection, suppression of inflamma-
tion, and nutritional repletion.5 A pulmonary regimen 
of aerosolized bronchodilators, mucolytics, steroids, 
and antibiotics used concurrently with airway clear-
ance therapy is needed to improve the quality of life and 
increase life expectancy. See Box 10-4. In the past few 
years, gene modification therapy has been at the fore-
front of CF research.

Medications
Beta-adrenergic bronchodilators aid in the relief of 
airway obstruction by relaxing smooth muscles. The 
most commonly prescribed bronchodilators, in the 
United States, include albuterol sulfate (1.25 and 
2.5 mg dosages)29 and levalbuterol (0.31, 0.63, and 
1.25 mg dosages).30 These are commonly prescribed 
via aerosol delivery. Hypertonic saline (HTS) is used in 
3% and 7% concentrations nebulized in 4–5 mL vials. 
HTS aids with mucociliary clearance by impacting the 

BOX 10-4 Summary of Treatment Regimen for CF5,12,24–28

Treatment of Airway Obstruction

 � Beta-adrenergic bronchodilator (aerosolized)

 y Albuterol

 y Levalbuterol

 � Mucolytic (aerosolized)

 y Hypertonic saline

 y Dornase alfa (Pulmozyme®)

 � Anti-inflammatory agents (aerosolized)
Treatment of Airway Infection

 � Antibiotics (aerosolized)

 y Tobramycin solution (TOBI®)

 y Colistin

 y Aztreonam lysine (Cayston®)
Airway Clearance Therapy

 � High-frequency chest wall oscillation

 � Positive expiratory pressure

 � Oscillatory positive expiratory pressure

 � Postural drainage, percussion, and vibration
Exercise

 � Pulmonary rehabilitation

 � Upper body exercises
Reverse the Defective CFTR Protein

 � CFTR Potentiators

 y Lumacaftor (Kalydeco®)

 y Lumacaftor/ivacaftor (Orkambi®)

 y Tezacaftor/ivacaftor (Symdeko®)
Aid in Digestion

 � Pancreatic enzyme supplements

 � Vitamin supplements (including vitamins A, D, 
and K)

 � Nutritional supplements

 � High-fat, high-energy diet

hydration deficiency, and by stimulating the patient to 
cough, mobilizing the patient’s sputum up and out the 
tracheal-bronchial tree.31 Mucolytics help to thin the 
thick, tenacious secretions indicative of CF and loosen 
the secretion to enhance airway clearance. Dornase alfa 
(Pulmozyme®) is the mucolytic of choice for CF. Unlike 
other mucolytics, it breaks down the extracellular DNA 
found in the CF respiratory tract and decreases the 
viscosity of purulent sputum indicative of patients with 
CF. Dornase alfa (2.5 mg) is delivered via inhalation and 
cannot be mixed with any other aerosolized medica-
tion.32 Inhaled corticosteroids (ICSs) are administered 
for their anti-inflammatory effects. One commonly 
given ICS is budesonide (Pulmicort®) via inhalation in 
dosages of 0.25, 0.5, and 1 mg.33

Inhaled antibiotics allow for providing high antibiotic 
concentrations in sputum while minimizing systemic 
adverse effects.5 The three most commonly prescribed 
inhaled antibiotics include tobramycin solution (TOBI®), 
colistin, and aztreonam lysine (Cayston®). Tobramycin 
belongs to the aminoglycoside class of antibiotics and 
was the first aerosolized antibiotic approved for the 
treatment of P. aeruginosa.5 The medication disrupts 
protein synthesis, altering the cell permeability and cel-
lular envelope disruption, leading to the cell’s death. 
Tobramycin is administered at the 300 mg dosage, twice 
daily for 28 days. Tobramycin should be given as close 
to every 12 hours as possible for maximum efficacy.24 
Colistin belongs to the class of antibiotics called poly-
myxins and is a cationic peptide used in the treatment 
of P. aeruginosa and S. aureus. Colistin acts as a cat-
ionic detergent and damages the bacterial cytoplasmic 
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membrane, causing leaking of intracellular substances 
and cell death. The adult dosage is 150 mg administered 
every 8–12 hours. Both tobramycin and colistin are li-
censed for administration via PARI® nebulizer.34 Aztreo-
nam (Cayston®) is an inhaled antibiotic used only in the 
treatment of P. aeruginosa. Aztreonam is used only with 
the PARI Altera® nebulizer and is given three times a day 
at least 4 hours apart in a 75 mg dosage.35

The newest medications are aimed at modifying the 
specific genetic defect. Ivacaftor (Kalydeco®) is a CFTR 
potentiator increasing the effect of epithelial cell Cl- 
transport of faulty G551D mutant cell-surface CFTR 
protein, improving the management of salt and water 
absorption and excretion in the gastrointestinal and re-
spiratory tracts. Patient’s using ivacaftor have shown an 
increase in FEV1 and a decrease in sweat chloride within 
2 weeks. Lumacaftor is a CFTR corrector that works 
by improving the conformational stability, increasing 
the processing and trafficking of mature CFTR protein 
to the epithelium. Lumacaftor/ivacaftor combination 
therapy known as Orkambi® is used for the treatment of 
patients who have double copies of the F508del muta-
tion. It is the only medication currently on the market 
that works inside the cell to target the actual protein 
defect. Orkambi® is given in tablet form every 12 hours 
and is available in two different dosages; lumacaftor 
100 mg and ivacaftor 125 mg and lumacaftor 200 mg 
and ivacaftor 125 mg.26

Symdeko®, a synergetic combination of tezacaftor 
and ivacaftor, is approved by the Food and Drug Ad-
ministration for children and adults over the age of 12 
who are homozygous for F508del mutation. Tezacaftor 
increases the number of fully developed CFTR proteins 
delivered to the cell surface by aiding cell process-
ing and trafficking of normal and specific mutations 
of CFTR. Ivacaftor is a CFTR potentiator, increasing 
chloride transportation by activating the channel-open 
probability of the CFTR protein. Ivacaftor can activate 
the protein delivered to the cell surface by tezacaftor, 
increasing chloride transport.36

Airway Clearance
Chronic bronchial infection and airway obstruction 
requires aggressive pulmonary hygiene to mobilize re-
tained secretions. Postural drainage, percussion, and 
vibration (PDPV) was the standard CF therapy. Postural 
drainage is performed concurrently with percussion and 
vibration. The patient is placed in numerous body posi-
tions to assist in the drainage of the mucus. The body 
positions help to drain the affected parts of the lung.37 
The percussion is administered using cupped hands, 
a pneumatic device, or a percussive cup over the lung 
fields. High-frequency chest wall oscillation (HFCWO) 
consists of an inflatable vest or wrap connected to an 
air-pulse-generating device using hoses. Pressure pulses 
within the vest or wrap oscillate the thoracic wall, 

transiently increasing airflow within the lungs. High os-
cillatory volumes at the mouth and high peak expiratory 
flow rates mimic that of a cough. These forces physically 
vibrate the mucus, altering its consistency and thereby 
mobilizing the mucus by the change in inspiratory and 
expiratory flow and velocity.27

Many medications are involved in the routine 
therapy for CF.  The aerosolized medications should 
never be mixed and needs to be administered in a spe-
cific sequence. The appropriate sequence for therapy is 
(1) bronchodilator, (2) mucolytic, (3) airway clearance 
therapy, (4) anti-inflammatory agents, and (5) aerosol-
ized antibiotic. The airway clearance therapy may be 
used during the administration of the bronchodilator 
and mucolytic.

Nutritional Support
CF is a complex and multisystem disease that requires 
many different types of therapies. The maintenance of 
adequate nutrition is a vital part of CF therapy because 
relative underweight is a negative prognostic indicator.5 
Therefore, to try to keep up with high-energy needs, nu-
tritional support is encouraged.

Physical Activity
In addition to nutritional support, regular physical 
activity is encouraged. Exercise aids in controlling dia-
betes, which can be caused by CF; improving lung func-
tion; and reducing the risk of cardiovascular disease.

Lung Transplantation
CF is the second most common reason for lung trans-
plantation.5 Only one in every five lungs from deceased 
donors is viable. Patients must meet physical and 
psychosocial factors to be eligible for lung transplanta-
tion. To be eligible for a double lung transplant, the 
person must have a poor prognosis, with survival be-
ing predicted at <2 years. A person’s physiologic, not 
chronologic, age must be 60 years or younger, and the 
person must have no other life-threatening systemic 
disease. Lifetime regimen (medications, airway clear-
ance, enzyme supplementation, and others) compliance, 
emotional stability, and social support are also deciding 
factors.37 After successful transplantation, the donor’s 
lungs are recognized as foreign tissue, and patients must 
take immune suppressants the rest of their life, so the 
body does not reject the lungs. The survival rate is 90% 
at 1 year, 55% at 5 years, and 33% at 10 years. The lead-
ing cause of death in the first year of transplantation is 
infection.37

Prognosis
CF, once a childhood death sentence, is now a manage-
able disease, with the number of adults outnumbering 
the pediatric population.5 The median age of survival 
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computed tomography (CT) scans, such as bronchial 
wall thickening and luminal dilatation.38-40

Clinical Signs and Symptoms
Bronchiectasis is a morphologic diagnosis and there-
fore may exist with relatively few symptoms.38 The 
classic clinical manifestations of bronchiectasis are 
cough and the daily production of mucopurulent and 
tenacious sputum lasting months to years.39 Other 

is nearing 40, with the leading cause of morbidity and 
mortality being obstructive lung disease and respiratory 
failure. Adherence to treatment regimen creates better 
patient outcomes. However, CF remains a life-limiting 
disease.

KNOWLEDGE CHECK QUESTIONS

1. True or False: The sweat from an individual with 
CF is high in sodium and chloride.

2. True or False: Inheriting one mutated CFTR gene 
causes CF.

3. True or False: The pancreas is involved in CF.
4. True or False: CF causes a restrictive-type pul-

monary disease.
5. True or False: The newest medications for CF 

modify the CFTR protein.

Category Causes

Post-infectious Viral

Bacterial

Fungal

Atypical mycobacteria

Allergic bronchopulmonary 
aspergillosis

COPD

Idiopathic traction Post-tuberculosis fibrosis

Post-radiation fibrosis

Fibrosis (e.g., sarcoidosis)

Collagen vascular diseases

Twisting or displacement of the 
airways after lobar resection

Inhalation/aspiration Inhalation of corrosive substances

Aspiration of foreign body

Obstruction Benign bronchogenic tumors

Broncholithiasis

Enlarged lymph nodes

Amyloidosis Nodular pulmonary amyloidosis

Secondary amyloidosis

Immunologic 
abnormalities

Both primary and secondary 
immunologic abnormalities

Congenital abnormalities Anatomic—scoliosis, pectus 
excavatum, Marfan syndrome

Secondary—chemotherapy, 
immunosuppressive therapy, cancer

Ankylosing spondylitis

TABLE 10-3
Representative Categories and Causes of   
Non-cystic Bronchiectasis

Data from Goeminne P, Dupont L. Non-cystic fibrosis bronchiectasis: 
diagnosis and management in 21st century. Postgrad Med J. 
2010;86(1018):493–501. doi:10.1136/pgmj.2009.091041.

Bronchiectasis
Bronchiectasis is an uncommon chronic pulmonary 
condition characterized by bronchial inflammation and 
permanent bronchial dilation secondary to an infec-
tious process. One or both lungs may be affected. Bron-
chiectasis can be categorized as a chronic obstructive 
pulmonary disease (COPD) manifested by airways that 
are inflamed and easily collapsible, resulting in airflow 
obstruction with shortness of breath, impaired clear-
ance of secretions (often with disabling cough), and oc-
casionally hemoptysis.38

Diagnosis
Bronchiectasis most commonly presents as a focal 
process involving a lobe, segment, or subsegment of 
the lung. It is much less common for an individual to 
have a diffuse process involving both lungs.38 There 
are two broad categories to classify bronchiectasis: 
CF-associated bronchiectasis and non-CF-associated 
bronchiectasis (Table 10-3). Most cases are not as-
sociated with CF.39 CF can cause diffuse bilateral 
bronchiectasis due to chronic pulmonary infection, 
increased viscous sputum, and mucus plugging. 
Non-CF- associated bronchiectasis is common in 
immunocompromised patients with chronic infec-
tion or people with connective tissue diseases, like 
ciliary dyskinesia. In ciliary dyskinesia, the cilia 
are impaired and unable to move secretions up the 
mucociliary escalator, creating an opportunistic envi-
ronment for infection.

Diagnosis is usually based on a compatible 
clinical history of chronic respiratory symptoms, 
such as daily coughing and viscid sputum produc-
tion, and  characteristic radiographic findings on 
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signs include dyspnea, wheezing, weakness, malaise, 
weight loss, and hemoptysis. During an exacerbation, 
patients have increased viscous sputum production.41 
Occasionally, the sputum has a foul odor caused by 
infections, such as P. aeruginosa. Increased baseline 
dyspnea, pleuritic pain, and fatigue are also clinical 
manifestations during a flare-up. Physical examina-
tion includes a head-to-toe analysis. Hypoxic patients 
present with cyanosis and polycythemia. Ausculta-
tion typically reveals crackles, rhonchi, and wheezing. 
 Approximately 3% of moderate to severe patients have 
digital clubbing. The chronic sinusitis leads to the for-
mation of nasal polyps.41

Etiology
The cause of bronchiectasis involves pulmonary insult. 
Diseases that affect the formation of the lungs or that 
are correlated with increased pulmonary infection are 
the most likely to cause bronchiectasis. See Box 10-5. 
Patients who had an acute pulmonary infection, respira-
tory syncytial virus, or adenovirus during childhood are 
also at higher risk. Aspiration and bronchial obstruction 
damage the lung tissue and parenchyma, causing edema 
and scarring leading to focal bronchiectasis typically 
seen in the right middle lobe.41

Epidemiology
Approximately 110,000 people are living with bronchi-
ectasis in the United States.39 The prevalence of diag-
nosis increases with age, but the disease is diagnosed in 
all age groups. Evidence suggests that non-CF-related 
bronchiectasis is more common and more virulent in 
women, particularly slender white women older than 

BOX 10-5 Causes of Bronchiectasis
Primary infections
Bronchial obstruction
Aspiration
CF
Primary ciliary dyskinesia
Allergic bronchopulmonary aspergillosis
Immunodeficiency states
Congenital anatomic defects
Connective tissue disorders
Alpha-1 antitrypsin deficiency (AATD)
Autoimmune diseases
Idiopathic inflammatory disorders
Autosomal dominant polycystic kidney disease
Traction from other processes
Toxic gas exposure

60 years.38 The prevalence of bronchiectasis increases 
with age after 60 years (300–500/100,000) as compared 
to ages <40–50 years (40/100,000 to 50/100,000).

Pathophysiology
The pathophysiology of bronchiectasis is not well de-
fined.42 The clinical changes in the lungs are a result of 
other conditions and diseases. Factors such as infectious 
pulmonary insult, chronic airway obstruction leading 
to inadequate pulmonary drainage, and an autoimmune 
impairment cause permanent pulmonary scarring and 
dilation.40 Three important elements lead to bronchi-
ectasis: inflammation, infection, and damage.41 The tis-
sue damage is, in part, a result of the host response of 
neutrophilic proteases, inflammatory cytokines, nitric 
oxide, and oxygen radicals.38 Inflammation protects 
against the invasion of foreign material, but when this 
response fails to eliminate the aggressor, the inflamma-
tion may turn chronic, inducing bronchial wall damage 
and irreversible dilatation.41

Three observed phenotypes are used to classify 
the bronchodilation associated with bronchiectasis 
(Figure 10-7). These phenotypes are cylindrical (tu-
bular), varicose, and cystic.42 The most commonly 
seen phenotype is cylindrical, which is also the mild-
est form of bronchiectasis.43 The varicose phenotype 
is more severe than the cylindrical phenotype, and the 
cystic phenotype is the most severe type.43 Cylindri-
cal bronchiectasis is characterized by mucosal edema 
with straight dilated bronchi that end abruptly and are 
square. Varicose bronchiectasis has a rounded appear-
ance, the bronchus is dilated, and obstructive scarring 
can be seen. Cystic bronchiectasis shows a balloon-like 

FIGURE 10-7 Morphologic types of bronchiectasis.
Source: https://radiopaedia.org/articles/bronchiectasis.
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appearance on chest radiography. Neovascularization 
and ulceration are also present.41

Risk Factors
Risk factors for bronchiectasis include infections and 
diseases that cause injury to the lungs. See Box 10-6.

Complications
The most common complications include recurrent 
pneumonia requiring hospitalization, empyema, lung 
abscess, progressive respiratory failure, and cor pulmo-
nale.38 Additional complications include chronic bron-
chial infection and pneumothorax.44

Diagnostic Testing
Diagnosing bronchiectasis includes an array of testing 
to include the presence of bronchiectasis and the un-
derlying cause. A detailed pulmonary history is vital to 
disease diagnosis.

Chest Radiograph
Chest radiography is not usually a definitive factor when 
diagnosing bronchiectasis. Chest radiographic find-
ings are usually abnormal and may include increased 
pulmonary markings, honeycombing, atelectasis, and 
pleural changes. Dilated bronchi, linear hyperlucency, 
and parallel markings emanating from the hila are seen 
in cylindrical bronchiectasis. Alternating areas of con-
striction and dilation are noticeable in varicose bronchi-
ectasis and clustered cysts in cystic bronchiectasis (see 
Figures 10-8 and 10-9).

Computed Tomography
The gold standard for diagnosing bronchiectasis is high-
resolution computed tomography (HRCT). A multislice, 

BOX 10-6 Risk Factors Associated with 
Bronchiectasis
Extreme age
COPD
Mucociliary dysfunction
Post-infectious insult
Immunocompromised patients
Rheumatic diseases
Alpha-1 antitrypsin (AAT)
Aspiration
Malnutrition
Obstruction

Data from King P. The pathophysiology of bronchiectasis. Int J 
Chron Obstruct Pulmon Dis. 2009;4:411–419. doi:10.2147/copd.s6133.

FIGURE 10-8 Cystic bronchiectasis.
Case courtesy of Dr Ian Bickle, Radiopaedia.org, rID: 34599.

FIGURE 10-9 Cylindrical bronchiectasis and tram-track opacities in 
a CF patient.
Reproduced with permission of the © ERS 2018: Perera P, Screaton N. Radiological  
features of bronchiectasis. Bronchiectasis. 2011:44–67 (Figure 1b). doi:10.1183 
/1025448x.10003510.

multidetector-row, helical computed tomography 
(MDCT) is also used for diagnosis. Airway dilation is 
noted as parallel lines (tram lines) or end-on ring shad-
ows. There are three key markers on CT scan: there is 
absence of bronchial tapering as it reaches the periph-
ery of the lung, the bronchial internal diameter’s width 
is greater than the adjacent vessel, and the bronchi are 
visualized in the peripheral 1–2 cm of the lung field(s)42 
(Figures 10-10 and 10-11).

Alpha-1 Antitrypsin Level
Alpha-1 antitrypsin (AAT) blood testing is recommended 
for patients with idiopathic bronchiectasis.43 AAT is 
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a protein made by the liver and aids in protecting the 
body from other proteins. People who are AAT defi-
cient have deformed AAT proteins. These malformed 
AAT proteins are unable to move out of the liver into 
the bloodstream efficiently. AATD is a genetic disorder. 
Low levels of AAT in the blood cause an increased risk 
of lung disease. Recent studies have shown that as much 
as 95% of patients with AATD with normal sputum cul-
tures present with bronchiectasis on radiography.43

Immunoglobulin Level
Hypogammaglobulinemia is considered a  differential 
diagnosis for bronchiectasis. It is a disorder 

FIGURE 10-10 HRCT scan showing cylindrical bronchiectasis.
Case courtesy of A.Prof Frank Gaillard, Radiopaedia.org, rID: 2587.

FIGURE 10-11 HRCT coronal section showing cystic and cylindrical 
bronchiectasis.
Case courtesy of Dr Alexandra Stanislavsky, Radiopaedia.org, rID: 13187.

where the body produces insufficient amounts of 
gamma globulin. These individuals are immunocom-
promised;  often the initial presentation is a chronic 
infection, like  bronchiectasis.44 If hypogammaglobu-
linemia is  suspected, diagnostic testing is performed 
 specifically for IgG, IgM, and IgA. This includes 
 quantitative  measurements of immunoglobulin levels in 
the blood.43

Pulmonary Function Tests
Pulmonary function testing is used to assess pulmonary 
obstruction and severity. Pulmonary tests may be nor-
mal or abnormal.44 Spirometry, including forced vital 
capacity (FVC), FEV1, and FEV1/FVC, are examined. 
Patients do not typically show reversibility following 
bronchodilator administration.39

The most common abnormality is an obstructive 
airway defect, which may even be found in patients 
without a prior smoking history. Also, patients with 
bronchiectasis have higher rates of yearly decline in 
FEV1 than patients without bronchiectasis.38 In patients 
with non-CF bronchiectasis, risk factors for a more 
rapid decline in FEV1 include colonization with P. aeru-
ginosa and higher concentrations of proinflammatory 
markers. The 6-minute walk test may provide additional 
information about spirometry.39

Sputum Analysis
Sputum analysis may reinforce the diagnosis of bron-
chiectasis and add significant information regarding po-
tential etiologies. Once sputum settles in the collection 
cup, the examination may reveal Dittrich plugs, small 
white or yellow concretions.38 Bedside analysis of the 
sputum checks for consistency, color, and odor. Most 
often, three layers of sputum form in the collection cup: 
at the top, there is a frothy saliva layer; in the middle, 
there is a sero-mucus liquid layer; and settled out at the 
bottom is a layer of cellular debris, including pus and 
necrotic tissue.

A Gram stain and culture result may reveal evidence 
of microorganisms, including mucoid Pseudomonas spe-
cies and Escherichia coli, which suggest CF but are not 
diagnostic.38 H. influenza is the most commonly isolated 
non-CF-associated bronchiectasis.39 Mycobacterium 
avium complex (MAC), also known as noncontagious 
tuberculosis, is another identified microbe. MAC is a 
highly opportunistic microorganism, requiring intensive 
antibiotic therapy for 24 months. Pseudomonas is found 
in both CF-related and non-CF-related bronchiectasis 
and contributes to decreasing lung function, disease 
progression, and increased morbidity and mortality.44

Treatment and Management
The goal of treatment from bronchiectasis is to im-
prove the symptoms of a cough, sputum production, 
and dyspnea, and to prevent the progression of airway 
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damage.41 Early recognition is essential in bronchiec-
tasis and associated conditions. Additionally, manage-
ment of underlying conditions, which may include the 
use of intravenous immunoglobulin or intravenous 
AAT therapy, is essential to the overall treatment of 
the patient.38

Pharmacologic Management
Pharmacologic management is similar to that of CF. 
Bronchodilator therapy, mucolytics, antibiotic therapy, 
and anti-inflammatory therapy are used. See Box 10-7.

Antibiotic treatment is the mainstay of bronchiectasis 
treatment. Oral, parenteral, and aerosolized antibiotics 
are used depending on the situation. Antibiotics can be 
used prophylactically and for treatment of acute exacer-
bations of bronchiectasis. Severe infections require high-
penetrating antibiotics—macrolides, quinolones, and 
azalides.45 Mucolytics are administered to stimulate a 

BOX 10-7 Treatment Modalities for 
Bronchiectasis
Antibiotic Therapy

 � Oral

 � Parenteral

 � Aerosolized
Aerosolized Bronchodilator Therapy

 � For patients with underlying bronchospasm
Anti-inflammatory Therapy

 � Aerosolized

 � Oral
Mucolytic Therapy

 � Hypertonic saline (especially for CF-related 
bronchiectasis)

 � Dornase alfa (especially for CF-related 
bronchiectasis)

Airway Clearance Therapy

 � HFCWO

 � Oscillatory positive expiratory pressure

 � Positive expiratory pressure

 � Intrapulmonary percussive ventilation

 � Active cycle of breathing

 � PDPV
Surgery

 � For advanced or complicated diseases with focal 
disease poorly controlled by antibiotics

Lung Transplantation

 � Especially for CF-related bronchiectasis

cough and improve pulmonary clearance by targeting the 
physiochemical makeup of sputum.45 Anti- inflammatory 
agents reduce inflammation, and systemic cortico-
steroids target the bronchial wall, making them more 
effective.45 Patients present with shortness of breath; 
bronchodilator therapy is prescribed, but not indicated 
unless the underlying cause is COPD or asthma.45

Nonpharmacologic Management
Nonpharmacologic management is an essential treat-
ment option. Airway clearance therapy and exercise 
training have proven to be effective in decreasing exac-
erbations and increasing exercise tolerance.45 Airway 
clearance therapy aims at clearing out the excess secre-
tions. It includes PDPV, positive expiratory pressure, 
oscillatory positive expiratory pressure, HFCWO, and 
active cycle of breathing. Active cycle of breathing is an 
effective method to assist in clearing out excess secre-
tions.46 This procedure does not require any equipment. 
It consists of several breathing techniques, including 
breath control with abdominal breathing, thoracic ex-
pansion exercises with deep breathing, and forced expi-
ratory technique with breath control and huff coughing 
(Figure 10-12).

Surgical Management
Surgical resection is an option for patients having fre-
quent exacerbations not easily controlled by antibiotic 
therapy. The afflicted lung segment or segments are 
surgically removed. By removing the diseased portion, a 
reduction in chronic infection and sputum production 
improves the patient’s quality of life.41

Prognosis
There is currently no cure for bronchiectasis. Regular 
physician visits, higher body mass index, and yearly 

KNOWLEDGE CHECK QUESTIONS

1. True or False: Bronchiectasis is a reversible 
 obstructive airway disease.

2. True or False: COPD can be an etiology for 
 bronchiectasis in some patients.

3. True or False: Foul-smelling mucopurulent 
 sputum is indicative of P. aeruginosa.

4. True or False: Inflammation, infection, and 
 airway damage are the three important 
 elements of bronchiectasis.

5. True or False: The gold standard for the diagnosis 
of bronchiectasis is chest radiography.
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FIGURE 10-12 (A) Lung volumes during active cycle of breathing technique. (B) Active cycle of breathing technique. (C) Three active cycles of 
breathing routines.
Reproduced with permission from Fink JB. Forced expiratory technique, directed cough, and autogenic drainage. Respir Care. 2007;52:1210–1223.

(A)

(B) (C)

vaccinations decrease mortality.38 Prognosis is based 
on age, patient compliance, and disease progression. 
Patients with CF-associated bronchiectasis have an 
increased mortality rate.41 Exacerbations decrease lung 
function and quality of life and increase hospitalizations 
and mortality. Two systems are utilized by practitio-
ners to predict mortality: bronchiectasis severity index 
(BSI) and FACED. FACED was designed as a prog-
nostic score. F for FEV1; A for age; C for Pseudomonas 

colonization; E for extent of bronchiectasis (counting 
lobar involvement on a CT scan); and D for dyspnea, us-
ing the Medical Research Council (MRC) dyspnea score.

The BSI combines age, body mass index (BMI), FEV1 
in previous hospitalizations, exacerbation frequency, 
colonization status, and radiologic appearance. This 
score was designed to predict future exacerbations and 
hospitalizations, health status, and death over 4 years47 
(Table 10-4).
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Chapter Summary
CF is a progressive, genetic disease that causes a muta-
tion in the genes that control the CFTR protein. The 
CFTR protein, in turn, controls the salt, fluid, and pH lev-
els in the intestines, pancreas, and lungs. These mutations 
cause a thick, tenacious, chronic build-up of mucus in the 
lungs. The dysfunctional or missing CFTR protein pre-
vents the release of digestive enzymes, causing numer-
ous gastrointestinal problems. The most common CFTR 
mutation is F508del. CF requires lifelong adherence to a 
complexity of routine therapies, including medications, 
airway clearance therapy, diet, exercise, and nutritional 
supplements. The prognosis is better now than it was in 
the past, with the median age of survival nearing 40 years.

Bronchiectasis is an uncommon chronic pulmonary 
condition that is characterized by chronic and persistent 
mucus production. It is caused by an infectious insult, im-
pairment of mucociliary clearance, and airway obstruction. 
There is permanent damage to the airways. This damage 
may be seen on chest radiography. However, HRCT is the 
gold standard for diagnosis. There are three phenotypes: 
cylindrical, varicose, and cystic. The etiology of bronchi-
ectasis can be categorized as either CF related or non-CF 
related. The management of bronchiectasis is very similar 
to that of CF. The prognosis for bronchiectasis is based on 
several factors, including age, FEV1, dyspnea, bacterial col-
onization, and the number of lobes affected by the disease.

Key Points
1. CF is an autosomal recessive genetically inher-

ited disease that requires the inheritance of two 
recessive mutated genes, one from each parent. 
The parents are carriers of the gene, and most are 

asymptomatic. The CF gene mutations are catego-
rized into six classes (I, II, III, IV, V, and VI), with 
Class I being the most severe.

2. CF is a multisystem disease that affects the exo-
crine glands, respiratory system, gastrointestinal 
tract, and reproductive tract. It causes sterility in 
males and infertility in females. In the pulmonary 
system, the mucus is thick, tenacious, and copious.

3. Complications of CF include repeated pneumonia, 
bronchiectasis, pneumothorax, cor pulmonale, 
nasal polyps, failure to thrive, and distal intestinal 
obstruction. CF increases the chances of airway 
colonization with a variety of microorganisms, 
including Pseudomonas aeruginosa, Staphylococcus 
aureus, Haemophilus influenzae, and Burkholderia 
cepacia complex.

4. Infant screening is done with the IRT test. If the 
IRT is positive, further testing is necessary. Two 
positive sweat chloride tests are necessary to diag-
nose CF.

5. The treatment and management of CF are com-
plex, requiring numerous therapies throughout the 
day. These therapies include the administration of 
bronchodilators, mucolytics, anti-inflammatories, 
aerosolized antibiotics, airway clearance therapy, 
nutritional supplementation, diet, and exercise. 
These therapies improve the quality of life and the 
longevity of the individual with CF.

6. Bronchiectasis is typically seen secondary to an 
infectious process that results in abnormal and 
permanent airway damage, causing a build-up of 
mucus. The diagnosis of bronchiectasis is based on 
a compatible clinical history of chronic respiratory 
symptoms, including daily coughing and sputum 
production.

7. Bronchiectasis shows up on HRCT as bronchial 
wall thickening and luminal dilation, demonstrat-
ing three forms: cylindrical, varicose, and cystic.

8. Pulmonary function testing results show that 
bronchiectasis is an obstructive lung disease with 
no reversibility. The treatment of bronchiectasis is 
similar to that of CF.

Chapter Questions
1. The 1,480 amino acids of the CFTR protein channel 

are organized into ______ functional domains.
a. 2
b. 3
c. 5
d. 7

2. The cystic fibrosis (CF) Class ____ mutations result 
in having no mature CFTR proteins.
a. I
b. II
c. V
d. VI

Bronchiectasis Severity Index FACED

Advanced age Age >70 years

Lower FEV1 FEV1 <50% of predicted

Dyspnea (MRC dyspnea score >3) Dyspnea (MRC score ≥3)

P. aeruginosa colonization
Colonization with other organisms

P. aeruginosa 
colonization

Radiologic severity (≥3 lobes 
involved or CF-related bronchiectasis

Extension of 
bronchiectasis (≥2 lobes)

Lower BMI (<18.5)

Prior hospitalization

≥3 Exacerbations

Data from https://www.aboutbronchiectasis.com/en/diagnosis-classification 
/assessment-of-disease-severity/

TABLE 10-4
Comparison of Two Bronchiectasis Assessment 
Indexes
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3. Two sweat chloride test results for a 4-month-old 
baby read 75 mmol/L. These results indicate that 
the baby ____________________________________.
a. probably has bronchiectasis
b. most likely has CF
c. does not have CF
d. has pancreatitis

4. Lung transplantation for CF is considered when 
____________________________.
a. the Burkholderia cepacia complex colonizes the 

airways
b. the patient has bronchiectasis
c. the chest radiograph worsens
d. the %FEV1 becomes significantly low

5. The most appropriate sequence for the admin-
istration of treatments to a patient with CF is  
____________________________________________
____________________________________________.
a. aerosolized antibiotic—bronchodilator— 

mucolytic—inhaled anti-inflammatory—airway 
clearance.

b. mucolytic—aerosolized antibiotic— 
bronchodilator—inhaled anti-inflammatory—
airway clearance.

c. bronchodilator—aerosolized antibiotic— 
mucolytic—inhaled anti-inflammatory—airway 
clearance.

d. bronchodilator—mucolytic—airway 
 clearance—inhaled anti-inflammatory— 
aerosolized antibiotic.

6. ___________________ is a CFTR potentiator 
medication.
a. Budesonide (Pulmicort®)
b. Ivacaftor (Kalydeco®)
c. Aztreonam lysine (Cayston®)
d. Dornase alfa (Pulmozyme®)

7. _____________________ can be used for patients 
with CF who have Staphylococcus aureus in their 
sputum culture.
a. Tobramycin (TOBI®)
b. Colistin
c. Tezacaftor/ivacaftor (Symdeko®)
d. Lumacaftor/ivacaftor (Orkambi®)

8. The mildest form of bronchiectasis is 
______________________________.
a. cylindrical
b. CF associated
c. non-CF associated
d. varicose

9. The diagnosis of bronchiectasis is made with a(an) 
_____________________________ test.
a. sweat chloride
b. chest radiograph
c. high-resolution computer tomography
d. immunoglobulin blood level

10. ______________________ are the only type of med-
ication used to treat CF, but not routinely used in 
the treatment of non-CF bronchiectasis.
a. Mucolytics
b. Inhaled anti-inflammatory agents
c. Bronchodilators
d. Inhaled antibiotics
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Burns and Inhalational Injuries

OUTLINE
Introduction
Definition/Diagnosis
Clinical Signs and Symptoms

Cutaneous Burns
Inhalation Injury
Carbon Monoxide Poisoning

Etiology
Epidemiology
Pathology/Pathophysiology

Cutaneous Burns
Inhalation Injury
Carbon Monoxide Poisoning

Risk factors
Complications
Diagnostic Tests
Treatment and Management

Management of Cutaneous Burns
Management of Inhalation Injury
Management of Acute Upper Airway Obstruction
Management of Bronchospasm
Management of Small Airway Obstruction
Management of Pulmonary Infection
Management of Respiratory Failure
Management of Carbon Monoxide Poisoning
Management of Hydrogen Cyanide Poisoning
Burn Center Referral Criteria

Prognosis

OBJECTIVES
1. Recognize common characteristics, manifestations, and 

diagnostic features of cutaneous burns and inhalational 
injuries.

2. Discuss the incidence, prevalence, and risk factors as 
well as prognostic determinants of burn and inhalational 
injuries.

3. Relate how cutaneous burns can affect pulmonary 
ventilation.

4. Explain diagnostic testing and treatment for carbon 
monoxide poisoning.

5. Review recommended management of patients with 
inhalational and cutaneous burns.

6. Identify common complications associated with cutaneous 
burns and inhalational injuries.

KEY TERMS
Allografts
Burn shock
Carbonaceous particles
Carboxyhemoglobin (COHb)
Carboxymyoglobin (MbCO)
CO-oximetry
Dermis
Epidermis
Eschar
Escharectomy
Escharotomy
Fluid resuscitation
Full-thickness graft
Hyperbaric oxygen 

(HBO) therapy

Hypodermis
Inhalation injury
Meshing
Multiple organ dysfunction 

syndrome
Rule of Nines
Split-thickness graft
Total body surface 

area (TBSA)
Xenograft
Zone of coagulation
Zone of hyperemia
Zone of stasis

“Knowledge is being aware that fire can burn; wisdom is remembering the blister.”

—Leo Nikolaevich Tolstoy
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Introduction
Burn injury is a complex traumatic event with various 
 local and systemic effects, affecting several organ systems 
beyond the skin. Burn victims are subject to potentially 
fatal pathophysiological mechanisms caused by heat, par-
ticulate matter, and carbon monoxide (CO). Heat will not 
only burn skin, but can also burn the airways. Particulate 
matter is the chief contributor to the pathophysiology of 
smoke inhalation injury, and CO causes tissue hypoxia.

Burn injuries are caused not only by heat, but also 
by freezing, electricity, chemicals, radiation, or friction. 
These injuries are highly variable in terms of tissue af-
fected, the severity, and resultant complications. Skin, 
nerves, muscle, bone, and vascular tissue can all be 
damaged. Depending on the location affected and burn 
depth, a burn victim may experience a wide number of 
potentially fatal complications, including shock, infec-
tion, electrolyte imbalances, and respiratory failure.1

Respiratory injury from the inhalation of smoke or 
chemical products of combustion causes significant 
morbidity and mortality. Combined with cutaneous 
burns, inhalation injury increases fluid resuscitation re-
quirements, incidence of pulmonary complications, and 
overall mortality of thermal injury. While many prod-
ucts and techniques have been developed to manage 
cutaneous injury, relatively few diagnosis-specific thera-
peutic options are available for patients with inhalation 

injury.2 The treatment for inhalation injury is mostly 
supportive.

CO poisoning is common in modern society, result-
ing in significant morbidity and mortality in the United 
States annually.3 Most cases of CO poisoning are from 
fire-related smoke inhalation. However, non-fire-related 
CO poisoning can be caused by poorly functioning 
heating systems, camping stoves, electrical generators, 
and motor vehicles.

All three types of injuries, cutaneous burns, inhala-
tion injury, and smoke inhalation, can exist in a single 
patient, making treatment complex and the risk of mor-
tality high.

Case Study
A 6-foot 1-inch 42-year-old man is brought to the 
emergency department at 06:00 hours by ambulance 
after having been rescued from a house fire. The 
paramedic reports that the victim was conscious the 
entire time; however, the firefighters noted that the 
victim was in a semi-conscious state when they found 
him. The patient had ensured that his wife and three 
children were out of the house before he went back 
in to look for the family cat. At that time, he became 
trapped in a smoke-filled room on the second floor 
of the house. The patient said that he believes he lost 
consciousness briefly before he was rescued.

In the emergency department, the patient is fully 
awake and alert. Physical assessment reveals a 
blood pressure of 138/78 mm Hg, respiratory rate 
of 20 breaths/minute, body temperature of 37.1°C, 
oxygen saturation of 100% on room air, heart rate 
of 103 beats/minute, and a glucose level of 128 mg/
dL. He has superficial burns on his face and on his 
left arm. He is the only one of his family that is in the 
hospital. He states that he is feeling fine and wishes 
to return to his family. The patient is discharged 

at 08:15 with instructions to return if he has any 
complications.

At 11:15, the patient’s wife brings him back to the 
emergency department due to difficulty breathing and 
swallowing. The patient’s lips and tongue are notice-
ably swollen. His respiratory rate is 46 breaths/minute 
and labored, blood pressure is 153/94 mm Hg, heart 
rate is 110 beats/minute, and stridor is audible. Laryn-
goscopy shows a swollen and erythematous upper air-
way with a Cormack and Lehane classification of grade 
IV. The patient is intubated using a bronchoscope and 
a size 7.5 mm ID endotracheal tube and placed on me-
chanical ventilation with pressure control continuous 
mandatory ventilation with 22 cm H2O, inspiratory 
time of 1 second, respiratory rate of 12 breaths/min-
ute, PEEP (positive end-expiratory pressure) of 5 cm 
H2O, and Fio2 of 1.0. The arterial blood gas values with 
these settings are pH 7.42, Paco2 37 mm Hg, and Pao2 
380 mm Hg. The COHb level assessed by CO-oximetry 
is 23%. The patient is managed on the ventilator for 
2 days. He is extubated at that time and discharged 
from the hospital 1 day later.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Burns can be caused by freezing.
2. True or False: There are more treatment for 

cutaneous burns than there are for inhalation 
injury.

Definition/Diagnosis
The term burn refers to injuries resulting from the 
denaturing and destruction of tissue proteins and 
bone, having thermal, electrical, or chemical origin. 
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A major burn is defined as an injury involving 20% or 
more of the total body surface area (TBSA).4 The qual-
ity of life and the outcome for major burn patients 
have improved dramatically over the past 20 years.5–7 
This change first began with a realization that the 
natural history of burns can be influenced by prompt 
surgery; the early removal of eschar and rapid bio-
logic closure of the resulting open wounds prevent 
the otherwise inevitable development of burn wound 
sepsis. To support a patient with a serious burn in-
jury and associated respiratory failure through the 
physiologically taxing trial of staged wound closure is 
not a simple undertaking. Patients who experience a 
major burn injury have a better outcome when cared 
for at a specialty burn center staffed with experienced 
personnel.8

Inhalation injury is a generalized term describing 
damage to the lungs and upper airway by the inspira-
tion of either superheated gases (temperatures greater 
than 150°C), steam, or noxious products of incomplete 
combustion. Inhalation injury also refers to the dam-
age resulting from breathing irritant substances such as 
chlorine gas, hydrogen sulfide, smoke, or direct aspira-
tion of petrochemicals. Although frequently paired with 
thermal injury, inhalation injury is more commonly the 
result of chemical interactions between foreign sub-
stances and the lung tissue rather than thermal injury. 
Despite advances in burn care as well as postinjury re-
suscitation, inhalation injury remains a critical determi-
nant in burn outcome.9

Smoke inhalation is the most common form of inha-
lation injury. The components of smoke are determined 
by the burning material and the availability of oxygen 
where the fire has taken place. CO, a major component 
of smoke, is a colorless and odorless gas produced by 
an incomplete combustion of any carbon-containing 
substance. CO poisoning occurs after inhalation of CO, 
which binds to hemoglobin with much greater affin-
ity than oxygen, forming carboxyhemoglobin (COHb) 
and resulting in impaired oxygen transport, leaving 
the body’s organs and cells starved of oxygen. Other 
components of smoke depend on what is burning and 
include, for example, nitrogen dioxide, hydrogen cya-
nide, phosgene, formaldehyde, benzene, acid gases, and 
isocyanates.10 These inhalants are classified as irritants, 
asphyxiants, or system toxins.

Diagnosis and initial treatment of a patient suffering 
from burns and smoke inhalation occur simultaneously. 
The essentials of the diagnosis begin with the immedi-
ate management of any life-threatening problems. This 
includes a rapid initial assessment of respiratory and 
cardiovascular status. See Box 11-1. The emergency 
department treatment focus is on airway management, 
respiratory care, and fluid resuscitation.11 Part of these 
initial actions is to stop the burning process by remov-
ing jewelry, all clothing, and injurious material and de-
contaminate if needed.

In addition to the ABCDEs, a secondary survey is 
necessary, which is a burn-specific survey and includes 
a full history. This survey includes the mechanism 
of injury (e.g., fire, smoke, steam, scald, electrical, or 
chemical), time of injury, length of time of exposure, 
associated symptoms, prehospital care received, height 

BOX 11-1 Airway, Breathing, Circulation, 
Disability, Exposure (ABCDE) for Burns 
and Smoke Inhalation in Adults12,13

 � Airway

 y Severe airway burns or smoke inhalation can 
cause airway edema within 12–24 hours

 � Breathing

 y 100% supplemental oxygen for inhalation in-
juries, mechanical ventilation as needed

 � Circulation

 y Fluid resuscitation with one or two large-bore 
peripheral lines in unburned areas of skin

 y Formulas for fluid resuscitation
 { Parkland formula 4 mL/kg 

 crystalloid × TBSA% per 24 hours
 { Modified Brooke formula 2 mL/kg lactated 

ringers × TBSA%
 { Utilize acute trauma life support

 � Disability

 y Assess mental status

 y Glasgow Coma Score

 � Exposure

 y Expose the entire body to assess all areas of 
burn (remove all jewelry and clothing)

 y Avoid hypothermia (core temperature 
>34°C)

 y Decontaminate for chemical injuries

KNOWLEDGE CHECK QUESTIONS

1. True or False: A major burn includes any burn 
over 10% TBSA.

2. True or False: Most inhalation injuries are due 
to heat.

3. True or False: Life-threatening injuries have 
priority over burn wounds.

4. True or False: CO has a greater affinity for 
hemoglobin than oxygen.
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and weight, possibility of CO poisoning (enclosed or 
open space fire), presence of comorbid conditions, and 
substance abuse.12 The AMPLE (allergies, medications, 
past medical history, last meal, events) trauma history 
should be obtained, if possible.14 Examination of the 
cornea as well as the ear is important in cases of explo-
sion trauma. A complete systematic head-to-toe exami-
nation needs to be performed during this phase.

Clinical Signs and Symptoms
The signs and symptoms of burns are easy to assess 
due to their visibility. However, the full extent of inha-
lational injury and CO poisoning is difficult to evaluate 
because patients will often have few external signs of 
injury. Therefore, a detailed history and physical exam is 
necessary.

Cutaneous Burns
An extensive cutaneous burn wound has a profound in-
fluence on pulmonary function, and accurate evaluation 
of the wound is important. The extent of the cutaneous 
burn needs to be assessed. The appearance of a burn 

FIGURE 11-1 Various degrees of burn severity. (A) First degree. (B) Second degree. (C) Third degree. (D) Fourth degree.
Robert L. Sheridan - Contributor/Mass Gen Hospital.
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depends on its degree of depth. The process of calcu-
lating burn depth and size is the first, crucial step in 
assessment. This task can prove to be difficult even for 
an experienced burn surgeon because the burn wound 
is a dynamic injury and will alter based on both extrin-
sic and intrinsic factors, such as thrombosis of dermal 
blood vessels, amount of resultant edema, release of 
inflammatory mediators, and initial treatment of the 
wound.4,15–17

Burns are classified as first, second, third, or fourth 
degree (Figure 11-1). In addition, they are classified by 
the depth of the injury, ranging from superficial to full 
thickness and finally to deep dermal18 (Table 11-1). It 
can be difficult for even an experienced examiner to 
accurately determine the depth of a burn early on. As 
a rule, depth usually is underestimated on the initial 
examination.16,18,19

Burns also need to be evaluated for extent and 
circumferential components. It is critical to have an 
accurate estimate of TBSA involvement to determine 
the course and aggressiveness of the resuscitative ef-
forts. Estimation of the involved body surface area in 
a burn wound is one of the more difficult, yet crucial, 
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tasks to be performed during the assessment of the in-
jury. Various methods to determine body surface area 
have been developed and introduced over the past 200 
years of widely varying complexity. These range from 
paper templates used to cover the wound, mathemati-
cal formulas, estimation based on the proportion of a 
section of the body to the total surface area, computer 
models using digitized photographs, and small mea-
suring devices intended to standardize the measuring 
area.21

Accurate measurement of the burned area, ex-
pressed as a percentage of body surface, is crucial in 
determining the need for hospital admission or referral 
to a burn center and in guiding initial fluid resuscita-
tion and establishing a prognosis.13 Burn size may be 
quickly estimated by using the Lund–Browder chart, a 
two-dimensional drawing of both anterior and poste-
rior surfaces of a generalized body. The Lund–Browder 
chart accounts for variance in body proportions with 
growth (Figure 11-2). It has recently been noted that 
most Lund–Browder charts total up to 101% because 
demarcation of the body as described in the original 
text did not exactly coincide with the drawing, and this 
discrepancy has been carried on throughout the years.22

During the initial survey, the burn size is typically es-
timated using the Wallace Rule of Nines.23 The Wallace 
Rule of Nines divides the body into sections represent-
ing 9% or multiples thereof to estimate body surface 
area (Figure 11-3). This technique is a rapid method of 
estimating burn surface area and is frequently used by 
first responders. If only a portion of an anatomic region 
is burned, further evaluation to determine the exact 

percentage burned is necessary.23 The Rule of Nines 
tends to overestimate the extent of the burn, which has 
led to excessive fluid resuscitation.5,24–26 The Rule of 
Nines also does not account for changes in body pro-
portion with age and weight.27 For example, an infant’s 
head has significantly more surface area in proportion 
to the body than an adult’s head, but they both account 
for the same area when using this technique. Using the 
size of the patient’s palm, including the fingers, can act 
as an approximation as 1% TBSA and can be used as 
a guideline for estimating burn size.23 Computerized 
methods have evolved and demonstrate high correlation 
and reproducibility that also facilitates the use of tele-
medicine.23 See Box 11-2

Most methods used for estimating TBSA make the 
common assumption of normal body habitus. With 
morbidly obese patients (BMI >31), the affected body 
surface area is even less. Work has been done to in-
corporate various body types and shapes into different 
models using a Lund–Browder type of chart.27–29

The severity of the burn injury depends on several 
factors in addition to burn size and depth. Burns to 
certain body parts are considered major injuries. These 
include deep burns to the hands or feet (may produce 
permanent disability), partial- or full-thickness facial 
burns (associated with inhalation injury and com-
promised airway), burns of the eyes (associated with 
blindness), deep burns of the ears, perineum, and cir-
cumferential burns. Other factors considered in the 
severity of burns include inhalation injury, electrical 
injury, age of the patient, associated injuries, and major 
underlying medical problems.13

Degree Depth of Burn Color and Appearance
Skin 
Texture

Capillary 
Refill Sensation Healing 

1° Superficial (epidermal) Red, dry, blanches with pressure Normal Yes Painful 3–6 days

2° Partial thickness Red, moist, weeping, blanches 
with pressure, blisters

Edematous Yes Painful to 
temperature 
and air

1–3 weeks
No or minimal 
scaring

2° Deep partial thickness Variable color (patchy to cheesy 
white to red), wet or waxy dry, 
blisters, no blanching with 
pressure

Thick Possibly Painful, 
perceptive of 
pressure

>3 weeks
Dense scar

3° Full thickness Waxy white to leathery gray 
to charred and black, dry and 
inelastic, no blanching with 
pressure

Leathery No No pain, deep 
pressure only

No 
spontaneous 
healing

4° Full thickness involving 
subcutaneous tissue, 
tendon, or bone

Variable colors and appearance Variable No None No 
spontaneous 
healing

TABLE 11-1
Clinical Characteristics according to the Burn Depth13,20
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FIGURE 11-2 Lund–Browder chart for estimating body surface area involvement.

Some of the benefits of computerized TBSA pro-
grams are that the computed TBSA involvement is 
reproducible and can be obtained quickly even by cli-
nicians who may have limited burn experience, and the 
injury maps can be sent along with the patient when 
he or she is transferred to a regional burn center. The 
initial injury thus is also better documented for evalu-
ation by the burn surgeon. Serial measurements can 
also aid the burn surgeon in observing the progress 
in wound healing. A more direct need for having ac-
curate burn maps is to determine the fluid require-
ments for the patient based on the severity of the 
injury. Inaccurate estimates can lead to improper fluid 

resuscitation.30 Providing too little fluid during the ini-
tial resuscitation can lead to organ system failure. Too 
much fluid will contribute to systemic edema, which 
decreases peripheral circulation, leading to collateral 
tissue injury.25,26

Inhalation Injury
The likelihood of inhalation injury depends on the 
concentration of smoke inspired, the confines of the 
space where the fire is occurring as well as the dura-
tion of  exposure. Burns on the face, soot marks, and 
singed eyebrows or facial hair are indicative of smoke 
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FIGURE 11-3 Wallace Rule of Nines for determining TBSA for burns.
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BOX 11-2 Determining TBSA for Burn Injury
Lund–Browder Chart

 � An age-specific chart that accounts for changes 
in body proportions. This is the preferred method 
used to determine the extent of a burn injury.

Wallace Rule of Nines

 � A rough method of estimation that assumes adult 
body proportions. The head and neck are roughly 
9%; the anterior and posterior chests are 9% each; 
the anterior and posterior abdomen (including 
buttocks) are 9% each; each upper extremity is 9%; 
each thigh is 9%; each leg and foot is 9%; and the 
genitals are 1%.

Palmar Surface of the Hand

 � The palmar surface of a person’s hand (without the 
fingers) is approximately 1% of the body surface 
over all age groups.

Computer Programs/Smartphone Applications

 � These systems are typically based on either the 
Lund–Browder chart or the Rule of Nines and cal-
culate involvement based on either photographs or 
drawings by the user.

inhalation. Large cutaneous burns indicate an inability 
to escape flame and a risk for smoke inhalation injury. 
However, inhalation injury can occur without evidence 
of burns.31 See Box 11-3.

Upper airway edema following a burn-related in-
jury can occur rapidly. Among patients who manifest 
signs of smoke inhalation, a sizable percentage develop 
complete airway obstruction and there is no means to 

Clinical Signs and Symptoms 269



Healthy Adults Susceptible Subpopulations

COHb (%) Symptoms COHb (%) Symptoms

≈1 Physiological background concentration 2 During physical exertion, reduced time to onset of angina 
and electrocardiogram signs of myocardial ischemia in 
subjects with coronary artery disease

5–6 Increase in cardiac arrhythmias in subjects with 
coronary artery disease

3–8 Background concentration in smokers

7 Headache, nausea in children

10 No appreciable effect, except shortness of 
breath on vigorous exertion, possible tightness 
across the forehead, dilation of cutaneous blood 
vessels

13 Cognitive development deficits in children

15 Myocardial infarction in subjects with coronary artery 
disease

20 Shortness of breath on moderate exertion, 
occasional headache with throbbing in temples

25 Syncopes in children

25 Stillbirths

30  Headache, irritability, easily fatigued, disturbed 
judgment, possible dizziness, dimness of vision

40–50 Headache, confusion, collapse, fainting on 
exertion

60–70 Unconsciousness, intermittent convulsion, 
respiratory failure, death if exposure is long 
continued

80 Rapidly fatal

Reproduced with permission from Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 8. National Research Council (US) Committee on 
Acute Exposure Guideline Levels. Washington (DC): National Academies Press (US); 2010.

TABLE 11-2
Symptoms Associated with COHb in Healthy Adults and Susceptible Subpopulations

BOX 11-3 Clinical Manifestations of 
Inhalation Injury14,31

 � Decreased level of consciousness or confusion, 
agitation

 � Deep facial or circumferential neck burns

 � Carbonaceous sputum or burned matter in the 
mouth or nose

 � Singed nasal or facial hair

 � Persistent cough, stridor, or wheezing

 � Hoarseness

 � Dyspnea

 � Tachypnea

injury, resulting in upper airway dysfunction later in the 
healing process.33 Clinically assessed signs of thermal 
inhalation injury include hypoxemia, hypercapnia, and 
blistering or edema of the oropharynx.

Carbon Monoxide Poisoning
Symptoms of CO toxicity are usually present when 
COHb levels exceed 15%.34 The clinical findings of CO 
poisoning are highly variable and largely nonspecific. 
Mild to moderately impaired individuals may pres-
ent with headache, malaise, nausea, and dizziness. In 
the absence of involvement in a fire or trauma, these 
presenting signs may be misdiagnosed as an acute viral 
syndrome.35 The standard method to assess the sever-
ity of exposure is to focus on neurological and cardiac 
symptoms indicating tissue hypoxia, such as loss of 
consciousness and chest pain.36 The higher the COHb 
level, the more likely neurological and cardiac manifes-
tations occur due to the decrease in tissue oxygenation 
(Table 11-2).

Altered vital signs in patients with CO poisoning 
may include tachycardia, hypertension or hypotension, 

determine which patients will do so.14 Of the signs and 
symptoms, the most worrisome for inhalation injury 
are voice changes, hoarseness, and stridor.32 The larynx 
is one of the most affected organs in thermal inhalation 
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and hypothermia or hyperthermia. Mild tachypnea may 
be present; rarely patients with severe CO intoxication 
may have marked tachypnea. Noncardiogenic pulmo-
nary edema may be present. The skin may exhibit pal-
lor; the classic sign of cherry-red skin occurs rarely and 
is generally a postmortem finding. Other signs include 
bright red retinal veins, flam-shaped retinal hemor-
rhages, and papilledema.31

Cyanide toxicity presents in a very similar fashion, 
with obtundation in severe cases. The degree of cyanide 
toxicity depends directly on the concentration of HCN 
in the smoke. Diagnosis, however, is more difficult than 
CO toxicity because cyanide levels are not always read-
ily available or reliable.34

KNOWLEDGE CHECK QUESTIONS

1. True or False: The Wallace Rule of Nines ac-
counts for changes in body proportion with age 
and weight.

2. True or False: Patients with large cutaneous 
burns are at a higher risk of inhalation injury.

3. True or False: Thermal inhalation injury most 
often affects the larynx.

4. True or False: Cherry-red skin is an early sign of 
CO poisoning.

5. True or False: Neurological and cardiac symp-
toms are manifestations of CO poisoning.

Etiology
Burns are typically thought of as a product of excessive 
heat on the skin. However, burns result from traumatic 
injuries to the skin or other tissues primarily caused by 
thermal or other acute exposures. Burns occur when 
some of the cells in the skin or other tissue are de-
stroyed by heat, electrical discharge, friction, chemicals, 
or radiation.20 Most burns are caused by contact with 
open flames. Fires may be due to automobile accidents, 
industrial accidents, structural fires, and explosions. 
However, there are several other causes. See Box 11-4.

Smoke is produced by combustion. Smoke is a col-
loid formed of airborne solids, liquid particles, and 
gases that are mixed with entrained air.32 Up to 150 
toxic compounds have been identified in smoke.32 CO is 
released during combustion of any product. The other 
components of smoke are unique to the material that is 
involved, the availability of oxygen, and the nature of the 
combustion (Table 11-3).

The chemicals are irritants that disperse on the 
carbonaceous particles (soot). These particles can 
cause mechanical obstruction, increasing airway re-
sistance, and increased work of breathing. The heat 

BOX 11-4 Causes of Cutaneous Burns 

 � Chemical burns—strong acids, lye

 � Contact burns—kitchen appliances, cigarettes

 � Electrical burns—faulty electrical wiring, 
lightening

 � Explosions

 � Fire—house, industrial, office, cooking, forest 
fires

 � Friction burns—traffic accidents with motor-
cycles or bicycles

 � Radiation—radiation therapy for cancer 
treatment

 � Scalds—hot liquids

 � Sunburn—ultraviolet rays

Data from Rice, Jr P, Orgill D. Classification of burn injury.  
In: Jeschke M, Collins K, eds. Uptodate. Waltham, MA: Uptodate; 
2018. http://www.uptodate.com. Accessed June 28, 2018.

from a fire can cause proximal burns of the nasal and 
oropharyngeal mucosa. The body effectively transfers 
the heat to the upper airway, so thermal burns below 
the vocal cords are rare.32 However, smoke containing 
superheated steam can cause pulmonary damage, but 
usually this insult also causes glottic swelling and is rap-
idly fatal.32

KNOWLEDGE CHECK QUESTIONS

1. True or False: All combustible products produce 
oxygen radicals and CO.

2. True or False: Thermal airway burns below the 
vocal cords are common.

3. True or False: Smoke contains airborne solids, 
liquid particles, and gases.

4. True or False: Most burns are caused by contact 
with hot liquids.

Epidemiology
Unintentional and intentional burn injuries vary across 
age groups, gender, income, and global region. Adults 
are equally likely to sustain a burn in the home, out-
doors, or at work. Men are most likely to sustain burns 
in outdoor or work locations, while burns to adult fe-
males occur mostly at home.37 Older adults are likely to 
sustain a burn in the bathroom, followed by the kitchen. 
Pediatric burns are most likely to occur at home, when 
children are unsupervised.37
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BOX 11-5 Selected Statistics: 2005–2014 
Burn Admissions to Burn Centers

Survival rate: 96.8%
Gender: 68% male, 32% female
Ethnicity: 59% Caucasian, 20% African Ameri-

can, 14% Hispanic, 7% other
Admission cause: 41% fire/flame, 35% scald, 

10% contact, 3% electrical, 3% chemical, 8% 
other

Place of occurrence: 73% home, 8% workplace, 
5% street/highway, 5% recreational/sport 
center, 9% other

Data from Burn Incidence Fact Sheet—American Burn Associa-
tion. Ameriburnorg. 2018. https://ameriburn.org/who-we-are 
/media/burn-incidence-fact-sheet. Accessed June 30, 2018.

Material Source Decomposition Products

All combustible products CO, carbon dioxide, oxygen radicals

Cellulose Wood, paper, cotton Aldehydes, acrolein

Wool, silk Clothing, fabric, blankets, furniture Hydrogen cyanide, ammonia, hydrogen sulfide

Rubber Tires Sulfur dioxide, hydrogen sulfide, oxygen radicals

Polyvinyl chloride Upholstery, wire/pipe coating, wall, floor, furniture 
coverings

Hydrogen chloride, phosgene

Polyurethane Insulation, upholstery material Hydrogen cyanide, isocyanates, ammonia, 
acrylonitrile

Polyester Clothing, fabric Hydrogen chloride

Polypropylene Upholstery, carpeting Acrolein, oxygen radicals

Polyacrylonitrile Appliances, engineering, plastics Hydrogen cyanide

Polyamide Carpeting, clothing Hydrogen cyanide, ammonia

Polyamine resins Household and kitchen goods Hydrogen cyanide, ammonia, formaldehyde

Acrylics Aircraft windows, textiles, wall coverings Acrolein, aldehydes

Fire retardants Polymeric materials Hydrogen cyanide, acetylene chloroethane, propene 
nitrite

Demling R. Smoke inhalation lung injury: an update. Eplasty. 2008;8(e27):254–282. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2396464. Accessed  
June 27, 2018.

TABLE 11-3
Origin of Selected Toxic Smoke Compounds

The World Health Organization estimates that 
180,000 deaths are caused by burns each year, with 
most occurring in low- and middle-income countries.38 
In the United States, burn injuries receiving medi-
cal treatment in 2016 numbered 486,000, with 40,000 
hospitalizations, including 30,000 at hospital burn 
centers.39 Deaths from fire and smoke inhalation in the 
same year were 3,275. Both fire and inhalation deaths 
are combined because deaths from thermal burns 
in fires cannot always be distinguished from deaths 
from inhalation of toxins in smoke. The National Burn 
 Repository of the American Burn Association reports 
up to 10.3% of the burn patients have concomitant in-
halation injury.39

The American Burn Association compiled statistics 
for the years 2005 through 2014 from admissions to 
burn centers in the United States.39 See Box 11-5.

Age is an important predictor of burn injury with 
older (>64 years) and younger (<10 years) victims be-
ing more likely to die due to fire.32 These individuals 
also represent a disproportionate percentage of those 
injured by a fire. During 2010–2015, a total of 2,244 
deaths resulted from unintentional CO poisoning, 
with the highest numbers of deaths each year occur-
ring in the winter months. In 2015, a total of 393 deaths 

resulting from unintentional CO poisoning occurred, 
with 36% of the deaths occurring in December, January, 
or February.40

272 CHAPTER 11 Burns and Inhalational Injuries



The case-fatality rate for non-fire CO poisoning 
ranges widely, but the analysis of aggregated national 
data from the United States supports an overall mortal-
ity of 1–3%.35

evaporative, metabolic (oxygen, nitrogen, and carbon 
dioxide diffusion), and protective. Equally as important, 
skin has a role in physical identity.41 The thickness of 
the skin varies among different parts of the body, from 
0.05 mm on the eyelids to over 1 mm on the soles of 
the feet.42

The epidermis, the outer layer, is the tough protective 
layer that contains the melanin-producing cells, mela-
nocytes, the Langerhans cells (involved in the immune 
system in the skin), Merkel cells, and sensory nerves. 
The epidermis is made of five sublayers that work to-
gether to continually rebuild the surface of the skin. 
The dermis consists of two layers of connective tissue, 
which merge together with no clear demarcation. Sweat 
glands, hairs, sensory neurons, and blood vessels are in 
the dermis. The hypodermis, subcutaneous fascia, is the 
deepest layer of skin. It contains adipose lobules along 
with hair follicles, sensory neurons, and blood vessels43 
(Table 11-4).

Prolonged exposure to temperatures greater than 
40°C leads to denaturation of proteins and loss of 
plasma membrane integrity. Burn injuries affect the 
skin in three histological zones extending away from the 
center of the injury in two directions, out and down.41 
These local pathophysiological changes occurring 
around the burn are called Jackson’s burn zones.1,4,44 At 
the center of the burn, the point of maximum damage, 
is the zone of coagulation. This damage is irreversible 
due to necrosis of the tissue when proteins denature 
and is the central focus of the injury (Figure 11-5). 
The most peripheral zone is the zone of hyperemia, 
characterized by vasodilation, inflammatory changes 
without structural damage.1 Between these two zones 
is an intermediate region characterized by decreased 
tissue perfusion, the zone of stasis. This tissue is 
 potentially salvageable. The focus of burn resuscitation 

KNOWLEDGE CHECK QUESTIONS

1. True or False: About 10% of burn patients also 
have inhalation injury.

2. True or False: Death from CO poisoning is typi-
cally higher during the summer months.

3. True or False: Older individuals are most likely 
to sustain burn injuries in the bathroom.

FIGURE 11-4 Basic anatomy of the human skin.
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Pathology/Pathophysiology
Understanding the pathophysiology of burn and inhala-
tion injuries is important for effective management and 
appropriate respiratory care in the burn unit. The extent 
of any damage depends on the fire environment, mean-
ing the ignition source, temperature, concentration, and 
solubility of the toxic gases. Successfully resuscitated 
burn patients manifest a sequence of predictable physi-
ological changes. These changes can be anticipated, 
which aids in patient management.

Cutaneous Burns
The skin is the largest organ in the human body with 
a surface area of approximately 2 m2 for an adult. The 
skin is composed of three layers: the epidermis, the 
dermis, and the hypodermis (subcutaneous tissue) 
(Figure 11-4). Each layer serves many key functions, in-
cluding thermoregulation, neurosensory, immunologic, 
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Layer Cells Function

Epidermis—outermost layer protects the body from the environment

Stratum basale or 
stratum germinativum

Basal cells Produce new skin cells

Melanocytes Produce skin coloring

Merkel cells Sensory function for fine touch, most populous in fingertips

Stratum spinosum Keratinocytes (squamous cells) Produce keratin

Langerhans cells Take up antigens in skin and transport to lymph node

Stratum granulosum Cells are fused together

Stratum lucidum Keratinocytes Lose their nuclei 

Stratum corneum Dead keratinocytes, keratin and 
horny scales

Protection

Dermis—Thickest of the three layers; contains blood vessels, lymph vessels, hair follicles, sweat glands, sebaceous glands, nerve endings, 
collagen, and elastin

Papillary layer Collagen fibers thinly arranged Thin extensive vascular system within this layer

Reticular layer Thick collagen fibers, denser 
than papillary layer

Strengthens the skin providing structure, supports hair follicles, sweat 
glands, and sebaceous glands

Hypodermis—deepest layer of skin

Subcutis Fat cells Insulates the body from cold temperatures and provides shock absorption

TABLE 11-4
Skin Layers, Cells, and Function42,43

is to increase tissue perfusion to this zone and prevent 
further damage. This tissue has the potential to heal 
or alternately to progress to a full-thickness lesion.1 
Clinically, this ischemic area can be salvaged only if 
revascularization is achieved within a few days. If not, 
additional insults, such as prolonged hypotension, in-
fection, or edema, can convert this zone into an area of 
complete tissue loss.45

The thermal injury and the inflammatory media-
tors released are associated with increased capillary 

permeability and massive intravascular volume deficits, 
which peak within 24 hours following the burn. Major 
burns encompassing more than 20% of the TBSA result 
in a persistent pathophysiological stress response.46 
These responses severely alter homeostasis and are 
triggered by the release of inflammatory mediators and 
stress hormones. Circulating mediators deleteriously 
increase microvascular permeability and alter cellular 
membrane function, creating massive intravascular vol-
ume deficits, which peak within 24 hours following the 

FIGURE 11-5 Jackson’s burn zones. The center, zone of coagulation, is necrotic tissue, surrounded by the zone of stasis and of hyperemia.
Adapted from Hettiaratchy S, Dziewulski P. ABC of burns: pathophysiology and types of burns. BMJ. 2004;328:1427–1429.

Zone of hyperemia

Zone of stasis

Zone of coagulation

274 CHAPTER 11 Burns and Inhalational Injuries



burn. Circulating mediators also favor renal conserva-
tion of water and salt, impair cardiac contractility, and 
cause vasoconstriction. This further aggravates ischemia 
due to combined hypovolemia and cardiac dysfunction. 
The result of this complex chain of events is decreased 
intravascular volume, increased systemic vascular 
resistance, decreased cardiac output, end-organ isch-
emia, and metabolic acidosis. Without early and full 
resuscitation therapy, these derangements can result 
in acute renal failure, organ dysfunction, cardiovascu-
lar collapse (burn shock), and death.47 Burn shock is a 
unique combination of distributive and hypovolemic 
shock, recognized by intravascular volume depletion, 
low pulmonary artery occlusion pressure, increased 
systemic vascular resistance, and depressed cardiac 
output.48 Subsequently, burn shock continues as a sig-
nificant pathophysiological state, even if hypovolemia is 
corrected.47 The increases in pulmonary and systemic 
vascular resistance and myocardial depression occur 
despite adequate preload and volume support. Such 
cardiovascular dysfunctions can further exacerbate the 
whole-body inflammatory response into a vicious cycle 
of accelerating organ dysfunction.47

Inhalation Injury
Inhalation injury complicates burns in approximately 
10–20% of patients and significantly increases morbid-
ity and mortality.49 Smoke is composed of a gas phase 
and a particle phase. Particle size and tidal volume de-
termine their distribution in the lung. The nasopharynx 
is responsible for clearing the inspiratory air of most 
particles with a diameter larger than 5 μm. During a 
fire, however, victims (consciously and unconsciously) 
breathe through the mouth due to irritation of the na-
sopharynx. This results in greater particle deposition in 
the airways, causing cellular injury.50 Smoke inhalation 
results in three physiological types of injury: (a) thermal 
injury predominantly to the upper airway; (b) chemical 
injury to the upper and lower respiratory tract; and (c) 
systemic effects of the toxic gases such as CO and CN.51 
See Box 11-6.

Thermal injury to the upper airway is supraglot-
tic, except for steam inhalation or blast injury, which 
can cause thermal injury to the lower airways. This 
damage is primarily due to the efficient heat exchange 
in the oro- and nasopharynx. The immediate injury 
results in erythema, ulcerations, and marked swelling 
of the tongue, epiglottis, and glottis.51 In combined 
burn and inhalation injury, aggressive fluid adminis-
tration required to treat burn shock promotes early 
edema formation.52 This can progress rapidly, as edema 
continues to develop over the first 24–36 hours post 
injury.32 Burns to the face and neck may cause ana-
tomic distortion (swelling) or external compression of 
the upper airway, complicating airway management52 
(Figure 11-6).

BOX 11-6 Types and Locations of 
Inhalation Injury

 � Types of Inhalation Injury

 y Thermal injury

 y Chemical irritation

 y Systemic toxicity

 � Locations of Inhalation Injury

 y Upper airway

 y Tracheobronchial tree

 y Lung parenchyma

 y Systemic toxicity

Data from Rehberg S, Maybauer M, Enkhbaatar P, Maybauer D,  
Yamamoto Y, Traber D. Pathophysiology, management and 
treatment of smoke inhalation injury. Expert Rev Respir Med. 
2009;3(3):283–297. doi:10.1586/ers.09.21.

FIGURE 11-6 A facial burn often associated with thermal injury to 
the upper airway. Notice the facial and tongue swelling.
Reproduced with permission from Cancio LC. Airway management and smoke inhalation 
injury in the burn patient. Clin Plast Surg. 2009; 36(4):555–567.

In addition to the acute inflammation, the damage of 
ciliary function impairs mucus clearance, increasing the 
risk of bacterial infection for several weeks. Increased 
mucus production can cause distal airway obstruction, 
atelectasis, and impaired gas exchange.52

Apart from inhalation of steam, injury to the tra-
cheobronchial tree is usually caused by chemicals 
present in the smoke. These chemicals lead to inflam-
mation and edema of the tracheobronchial tree. The 
materials that burned determine the composition of the 
smoke and the severity of the inflammatory reactions. 
The principle subglottic pathophysiological changes 
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occurring after inhalation injury include airway mucosal 
hyperemia, bronchospasm, and cast formation from fi-
brinous exudation into the airways, mucosal sloughing, 
inspissated mucus, and loss of surfactant and mucocili-
ary escalator function.53 These pathologies lead to small 
airway obstruction, including alveoli, and compromised 
ventilation, leading to ventilation/perfusion (V/Q) 
mismatch, causing intrapulmonary shunting and, ulti-
mately, compromising oxygenation. Hypermetabolism 
and the systemic inflammatory response are much more 
intense when inhalation injury is accompanied by cuta-
neous burn.53

The damage of lung parenchyma following smoke in-
halation injury is delayed. The time difference between 
the initial trauma and the parenchyma manifestation is 
correlated with the severity of the lung injury.50 A faster 
time is associated with more severe injury. Parenchy-
mal injury, diffuse alveolar damage, is characterized by 
atelectasis and alveolar collapse, resulting in increased 
transvascular fluid flux, a decrease in surfactant, and 
a loss of hypoxic vasoconstriction leading to impaired 
oxygenation.54 These abnormalities cause reduced lung 
compliance, increased V/Q mismatch, and an increase 
in dead space ventilation. Respiratory failure may occur 
from 12 to 48 hours after smoke exposure.2 Necrosis of 
the respiratory epithelium, impaired function of alveo-
lar macrophages, polymorphonuclear leukocytes, and 
mucociliary transport leave patients predisposed to sec-
ondary bacterial invasion and superimposed bacterial 
pneumonia.2

Carbon Monoxide Poisoning
Direct systemic effect of inhalation injury is caused by 
breathing toxic chemicals formed by the combustion of 
various organic and inorganic materials. The two most 
relevant gases associated with increased morbidity and 
mortality are CO and hydrogen cyanide. CO is one of 
the most frequent immediate causes of death follow-
ing inhalation injury.54 CO poisoning causes tissue 
hypoxia in three ways. First, it binds with hemoglobin 
with about 250 times the affinity of oxygen, therefore 
preventing oxygen binding. Second, it leads to a shift 
in the oxygen dissociation curve to the left, impeding 
oxygen delivery. Third, it competitively inhibits binding 
of oxygen with cytochrome oxidase, a key mitochon-
drial enzyme, significantly impairing cellular utilization 
of oxygen.32 In addition to tissue hypoxia, CO poison-
ing also causes direct cellular changes involving im-
munological or inflammatory damage by a variety of 
mechanisms.3 These mechanisms include binding to 
intracellular proteins, peroxynitrite production from 
nitric oxide, lipid peroxidation by neutrophils, mito-
chondrial oxidative stress, apoptosis (programmed 
cell death), immune-mediated injury, and delayed 
inflammation.3

CO also binds to myoglobin, forming 
carboxymyoglobin (MbCO), with heart muscle taking 

up about three times as much CO as skeletal muscle.55 
The formation of COHb results in an acute physiologi-
cal anemia, much like an isovolemic hemodilution. A 
COHb concentration of 50% is physiologically similar to 
an isovolemic hemodilution to 50% of a baseline hemo-
globin level.

Hydrogen cyanide (HCN) is the gaseous form of 
cyanide. It is a colorless gas that may be detected by 
the odor of bitter almonds. HCN poisoning is difficult 
to detect, as most inhalation injuries represent mixed 
intoxications.50 HCN combines with the ferric ion in 
cytochrome a3 oxidase in mitochondria with high af-
finity, and so impairs cellular respiration by structurally 
changing the enzyme. Anaerobic metabolism ensues 
and leads to high lactate levels and decreased oxygen 
consumption. The presence of both HCN and CO has a 
synergistic effect of asphyxia.32

KNOWLEDGE CHECK QUESTIONS

1. True or False: The deepest layer of skin is the 
hypodermis.

2. True or False: The zone of stasis has sustained 
the most damage from the burn injury.

3. True or False: Burns cause massive intravas-
cular volume deficits, which require fluid 
resuscitation.

4. True or False: Thermal injuries to the lower air-
way can be caused by steam.

5. True or False: Lung parenchymal damage fol-
lowing smoke inhalation occurs immediately.

6. True or False: An elevated lactate level is indica-
tive of hydrogen cyanide inhalation.

7. True or False: The skeletal muscles take up more 
CO than the heart muscle.

Risk Factors
Burn risk correlates with socioeconomic status, so 
those living in low- and middle-income countries are at 
higher risk for burns.38 Those individuals who are in oc-
cupations that increase exposure to fire are at high risk 
for burns and inhalational injury. Individuals who live in 
overcrowded housing or housing without proper safety 
measures are at increased risk for burns. Other risk 
factors include alcohol abuse, smoking, small children 
(maltreatment), underlying medical conditions (epi-
lepsy, peripheral neuropathy, physical and cognitive dis-
abilities), lack of appropriate safety measures.38 The risk 
of burns is highest in the 18- to 35-year-old age group. 
The male–female ratio is 2:1 for both injury and death. 
The incidence of scalds from hot liquids is higher in 
children 1–5 years of age and in the elderly.56 Children 
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distinguish between pneumonia and tracheobronchitis 
(purulent infection of the denuded tracheobronchial 
tree), but the difference often has little practical clini-
cal importance. Infection typically occurs toward the 
end of the first postinjury week; patients with serious 
inhalation injuries often are seen to deteriorate at this 
time. A patient with newly purulent sputum, fever, and 
perhaps diminished gas exchange should be treated 
with antibiotics, which should be adjusted as necessary 
after sputum culture information has been obtained. To 
repeat an important point: the physiology of inhalation 

are at increased risk of burn morbidity and mortality.57 
The death rate in patients over the age of 65 is much 
higher than that in the overall burn population.56

Those who are at risk for burns are also at risk for 
inhalation injuries and CO poisoning, especially those 
who are victims of fires in an enclosed space, such as 
those trapped in burning buildings. In major fire disas-
ters, such as the 9/11 disaster at the World Trade Center 
in New York, smoke inhalation injury was an important 
cause of morbidity and mortality.51 Other risk factors 
include using indoor cooking fires, forest fires, and 
burning of crops. Children are less likely to experience 
smoke inhalation than adults.58

Unintended CO poisoning demonstrates a sea-
sonal variation and is most common during the winter 
months in cold climates. Also, other risk factors include 
poorly functioning heating systems and improperly 
vented fuel-burning devices, such as camping stoves, 
gasoline-powered electrical generators, and motor 
vehicles operating in poorly ventilated areas such as 
garages.35

The key to risk reduction for burns and inhalation in-
juries is prevention. A reduction in the temperature set-
ting on hot water heaters will help avoid scalds, mostly 
to children under the age of 5 years, and the elderly.57 
Using smoke and CO detectors represent effective pre-
vention strategies. Fire sprinklers complement smoke 
detectors and can effectively extinguish a fire in an iso-
lated area.57 Fire safety prevention initiatives directed 
at the home are the key to reductions in the overall fire 
death toll. See Box 11-7.

BOX 11-7 Fire Safety Initiatives for the 
Home Environment 

1. Widespread public fire safety education
2. Escape plans developed and practiced
3. Increased use of residential sprinkler systems
4. Increased production of fire-safe home products 

and construction material
5. Attention directed at fire safety needs of high-

risk groups (e.g., young, old, poor, disabled)

Data from Hunt J, Arnoldo B, Purdue G. Prevention of burn 
 injuries. In: Herndon D, ed. Total Burn Care. 4th ed. New York, NY: 
Saunders Elsevier; 2012.

System Complication

Cardiac Decreased preload due to volume loss, 
cardiac arrhythmias

Gastrointestinal Feeding intolerance, mucosal ulceration, 
bleeding, abdominal compartment syndrome

Renal Acute tubular necrosis, acute renal failure

Pulmonary Airway obstruction, respiratory failure, 
pneumonia, acute respiratory distress 
syndrome

Endocrine Hyperglycemia, insulin resistance, stress-
induced diabetes

Systemic Hypothermia, sepsis, multiorgan dysfunction 
syndrome, rhabdomyolysis, metabolic 
acidosis, wound infection

Neurological Altered level of consciousness, anoxic brain 
injury

Muscles Contractures, muscle wasting

Skin Hypertrophic scars, keloid scars

TABLE 11-5
Complications from Burns and Inhalation 
Injury34,46,59–61 

KNOWLEDGE CHECK QUESTIONS

1. True or False: The risk for burns is highest in the 
18- to 35-year-old age group.

2. True or False: The highest risk for death from 
burns is in the 18- to 35-year-old age group.

3. True or False: Children are more likely to experi-
ence smoke inhalation than adults.

Complications
Deep and widespread burns and inhalation injury can 
lead to numerous complications (Table 11-5).

Infection is a critical problem with burns, although 
modern therapy has reduced the incidence with the 
combination of early excision and grafting along with 
topical antibacterial agents.34,46 The most common 
burn infections are caused by Staphylococcus aureus, 
Pseudomonas aeruginosa, and Candida albicans.62 The 
most common complication following inhalation injury 
is respiratory tract infection. Pneumonia without the 
presence of inhalation injury increases the mortality 
of burn injury up to 40%.63 It frequently is difficult to 
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contracture. In the chest and abdomen, large areas of 
burn can prevent the natural expansion of skin during 
breathing (Figure 11-8). Without release, hemodynamic 
and respiratory compromise can result.64

Solid airway obstructive casts not only reduce nor-
mal air passage, but also become a perfect culture 
media for bacterial growth. Debris from sloughing of 
the dead cells as well as the hypersecretion of mucous 
glands contributes to small airway occlusion. Airway 
sloughing is typically treated with supportive measures 
or by evacuation with a bronchoscope65 (Figure 11-9).

injury, which involves injury to endobronchial mucosa 
with hampered mucociliary clearance, makes good pul-
monary hygiene a particularly important component of 
management.

Respiratory failure is common in individuals with 
inhalation injury. Respiratory failure among these pa-
tients is caused as often by sepsis as by inhalation injury 
(Figure 11-7). As in other forms of respiratory failure, 
the lung volume that can be recruited with mechani-
cal ventilation is limited, and over-vigorous attempts 
to force high pressures into these lungs exacerbate the 
underlying injury.

The primary cause of death in burn patients who 
survive the initial burn shock resuscitation is from 
multiple organ dysfunction syndrome, which is a direct 
response to sepsis. In the case of burn injury, there are 
two potential causes of sepsis, infection or inflamma-
tion without infection. The difficulty is determining 
what is the cause, because the traditional indicators 
for infection, such as temperature and white blood cell 
count, are unreliable because of massive hypermetabo-
lism and inflammation associated with recovery and 
healing.59

Full-thickness circumferential burns of an extrem-
ity or of the trunk pose special problems. These burns 
result in an eschar that is noncompliant, demonstrating 
mechanical properties like leather.64 Swelling beneath 
the unyielding eschar can act as a tourniquet to blood 
and lymph flow. Pressure within the compartment 
increases and can result in necrosis of tissue within 
the compartment. Decompression is done by incising 
(escharotomy) the tightened inelastic skin to restore 
both arterial and venous flow. Permanent damage is 
avoided by performing the escharotomy before isch-
emia develops.62 If left untreated, the result can be 
amputation, tissue loss, infection, or a painful muscle 

FIGURE 11-7 Contributing factors to respiratory failure in inhalation 
injury.
Reproduced with permission from Boots R, Dulhunty J, Paratz J, Lipman J. Respiratory 
complications in burns. Clin Pulm Med. 2009;16(3):132–138 (Figure 1). doi:10.1097/
cpm.0b013e3181a39032.
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FIGURE 11-8 In burn patients being mechanically ventilated, an 
escharotomy can improve chest wall compliance.

FIGURE 11-9 Cutaneous burn and smoke inhalation in a sheep 
after 48 hours. (A) Trachea. (B) Bronchi. (C) Smaller bronchi.
Reproduced from Enkhbaatar P, Cox R, Traber L, et al. Aerosolized anticoagulants ameliorate 
acute lung injury in sheep after exposure to burn and smoke inhalation. Crit Care Med. 
2007;35:2805–2810. Reprinted with permission from Wolters Kluwer Health.
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Diagnostic Testing
Following the primary assessment of a patient suffering 
from burn or inhalation injury, the secondary assess-
ment includes a complete physical examination with 
a careful neurological examination, as evidence of ce-
rebral anoxic injury can be subtle. Patients with facial 
burns should have their corneas examined with fluores-
cent staining.67 All extremities should be examined for 
pulses, especially with circumferential burns. This can 
be assisted by the use of a Doppler ultrasound flowme-
ter. Absent limb pulses may require decompression with 
an escharotomy.67

CO poisoning must be considered in every patient 
suspected of having inhalation injury based on being 
burned in a closed space along with physical evidence 
of inhalation injury.34 Arterial blood gas analysis and 
COHb levels need to be determined. Standard pulse 
oximetry (Spo2) screen for CO exposure is not reliable, 
as it does not differentiate COHb from oxyhemoglo-
bin.35 Confirmation of CO poisoning needs to rely on 

Acute respiratory distress syndrome (ARDS) may 
occur because of direct injury to the lung, which can be 
direct through smoke inhalation or pneumonia or in-
direct through mediators associated with sepsis. ARDS 
occurs because of damage to the vascular endothelium 
and alveolar epithelium. ARDS is an acute condition 
that takes place within a week of a known insult or that 
presents worsening of respiratory symptoms within this 
period, followed by bilateral radiographic opacities that 
are not fully explained by effusions, pulmonary collapse, 
or nodules.66 The resulting increase in capillary perme-
ability leads to leakage of fluid into the interstitium. 
Pulmonary edema is increased in areas of lung injury 
and occurs in uninjured lung tissue.59 ARDS is com-
mon among burn patients, particularly among those 
requiring mechanical ventilation. The exact reasons why 
this occurs is not fully understood but are likely to be 
multifactorial. Inhalation lesions are associated with an 
increased risk of developing ARDS, which is associated 
with increased mortality rates in burn patients.66

COHb levels of at least 3–4% in nonsmokers and at 
least 10% in smokers.3,68 An absence of elevated CO 
level, however, does not exclude CO exposure due to 
the short half-life (250-minute breathing room air), 
especially if supplemental oxygen is being given.69 If 
CO poisoning is confirmed, an electrocardiogram and 
cardiac biomarker evaluation is needed, especially in 
patients with ECG evidence of ischemia or a history of 
cardiac disease.35

Routine laboratory tests for burn patients include 
complete blood count, platelets, prothrombin time, 
activated partial thromboplastin time, thrombin time, 
blood urea nitrogen, creatinine, electrolytes, and blood 
glucose level. Ongoing cardiac monitoring is neces-
sary for all patients with significant thermal burns. 
If inhalation injury is suspected, arterial blood gas 
analysis, COHb level, electrocardiogram, and chest ra-
diograph are necessary. A cyanide level may be helpful, 
particularly in the setting of unexplained severe lactic 
acidosis.14

A blood type and cross-match are essential for any 
victim of significant trauma in anticipation of the need 
for transfusion. Other useful laboratory studies in as-
sessing muscle, cardiac, or end-organ injury include 
urine myoglobin, serum creatine kinase, and serum lac-
tate.14 Additionally, urine drug test and alcohol tests are 
completed.

Fiberoptic bronchoscopy is indicated when there 
is suspicion of inhalation injury and in intubated pa-
tients, because this is both diagnostic and therapeutic 
in clearing the airways.56 Bronchoscopy is considered 
the “gold standard” for early evaluation of upper airway 
injury and can be used to help predict acute lung injury. 
Fiberoptic bronchoscopy allows assessment of the lar-
ynx down to the fourth- to fifth-order bronchi and of 
the cough reflex, with the potential to remove airway 
debris.69 It is an important tool in the initial evaluation 
of patients with suspected inhalational lung injury70,71 
(Figure 11-10).

The Abbreviated Injury Score (AIS) for inhalation 
injury classifies inhalation injury severity based on 
bronchoscopic findings (Table 11-6). This classifica-
tion system determines the severity of the injury. The 
best tools for diagnosis of inhalation injury are clinical 
presentation and bronchoscopic findings. However, if 
performed too soon after the injury, it may not show 
mucosal injury.72 Clinicians must be aware that acute 
lung injury due to systemic inflammation from cutane-
ous burns may take as much as 36–48 hours to become 
evident by bronchoscopy.

Chest radiography is considered an insensitive indi-
cator of parenchymal injury after smoke inhalation.72 
However, a chest radiograph on arrival during initial 
assessment is a simple, easily achieved investigation that 
serves as a baseline for later comparison and may also 
reveal other useful information, such as coexistent pul-
monary pathology.74

KNOWLEDGE CHECK QUESTIONS

1. True or False: P. aeruginosa is a common cause 
of burn wound infections.

2. True or False: Pneumonia typically occurs within 
the end of the first postinjury week.

3. True or False: Full-thickness burns to the chest 
increases airway resistance, making it difficult 
to mechanically ventilate patients.

4. True or False: ARDS is a rare occurrence among 
mechanically ventilated burn patients.
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FIGURE 11-10 Bronchoscopic image of airway after sustaining 
inhalation injury. Note the carbonaceous buildup and inflammation of 
the airway wall.
Robert L. Sheridan-Contributor/Mass Gen Hospital.

Grade Bronchoscopic Findings Injury Type

0 No carbonaceous deposits, erythema, 
edema, bronchorrhea, or obstruction

No injury

1 Minor or patchy areas of erythema, 
carbonaceous deposits, bronchorrhea, 
or bronchial obstruction present

Mild 

2 Moderate erythema, carbonaceous 
deposits, bronchorrhea, or bronchial 
obstruction present

Moderate 

3 Severe inflammation with friability, 
copious carbonaceous deposits, 
bronchorrhea, or obstruction present

Severe 

4 Mucosal sloughing, necrosis, or 
endoluminal obstruction present

Massive

Reproduced from Endorf FW, Gamelli RL. Inhalation injury, pulmonary 
perturbations, and fluid resuscitation. J Burn Care Res. 2007 Jan-Feb; 
28(1):80-3. https://academic.oup.com/jbcr/article-abstract/28/1/80 
/4636872?redirectedFrom=fulltext

TABLE 11-6
The AIS for Inhalation Injury Classification73

KNOWLEDGE CHECK QUESTIONS

1. True or False: Circumferential burns can cause 
pulselessness in an extremity.

2. True or False: Routine pulse oximetry can iden-
tify CO poisoning.

3. True or False: Bronchoscopy is the gold standard 
for identifying inhalation injury.

4. True or False: Chest radiography is needed to 
identify lung parenchymal damage after smoke 
inhalation.

Treatment and Management
The function of the skin is to maintain normothermia, 
protect from infection, and maintain fluid balance 
within the body. Any injury that damages this organ 
has an impact on these three factors. Patients with 
large burns typically have a deep, painful wound that 
puts them at risk for sepsis and progressive multiorgan 
dysfunction from the break in skin integrity. Immedi-
ate clinical needs must be met, but an organized, over-
all plan of care must also be created. This organized 
plan of care can be described as four phases of care 
(Table 11-7).

The first phase, the initial evaluation and resuscita-
tion, extends from day 1 (day of injury) through day 3. 
During this phase of care, the crucial events are to 
determine the size and extent of the injury, as well as 
provide replacement intravascular volume. Both as-
sessments can have a profound effect on the remaining 
course of the injury. Providing adequate replacement 
fluid resuscitation to prevent and treat burn shock is 
the most important factor in treating patients with burn 
injury.24,76,77 Untreated, burn shock is the major cause of 
morbidity and mortality in the burn patient.78,79

Management of Cutaneous Burns
Establishment of intravenous lines for fluid resuscita-
tion are necessary for all patients with major burns, in-
cluding those with inhalation injury or other associated 
injuries. A large-bore intravenous catheter should be 
inserted into a large peripheral vein, if possible. The loss 
of skin integrity provides a conduit for insensible fluid 

Phase Timing Treatment Objectives

Initial evaluation 
and resuscitation

First 72 hours To achieve accurate 
fluid resuscitation and 
perform a thorough 
evaluation

Initial wound 
excision and 
biologic closure

Days 1 
through 7

To identify and remove 
all full-thickness wounds 
and obtain biological 
closure

Definitive wound 
closure

Day 7 through 
week 6

To replace temporary 
covers with definitive 
ones and close small, 
complex wounds

Rehabilitation, 
reconstruction, and 
reintegration

Entire 
hospitalization 
and 
post-discharge

Initially to maintain 
range of motion 
and reduce edema; 
subsequently to 
strengthen and prepare 
patients for return to 
community

TABLE 11-7
Four Phases of Burn Care75
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loss through the patient. The amount of fluid needed to 
replace the volume lost is a function of burn size, time, 
and overall body surface area. One of the more common 
resuscitation formulas is the Parkland Formula, which 
calculates fluid requirement as

Fluid required = 4 mL × %TBSA × Weight (kg)

The first half of total fluid is given during the first 
8 hours post burn because of the greater initial volume 
loss. The remainder is given over the next 16 hours, ti-
trating to urine output.80,81 Although fluid resuscitation 
is critically important in managing patients with signifi-
cant burns, fluid status should be closely monitored to 
avoid overhydration and possible exacerbation of pul-
monary edema.14

The response to fluid administration and physi-
ological tolerance of a patient is the most impor-
tant determinant.52 Additional fluids are commonly 
needed with inhalation injury, electrical burns, asso-
ciated trauma, and delayed resuscitation. The appro-
priate resuscitation regimen administers the minimal 
amount of fluid necessary for maintenance of vital or-
gan perfusion; the subsequent response of the patient 
over time dictates if more or less fluid is needed. Fluid 
replacement is usually monitored by measuring uri-
nary output. An acceptable hydration is indicated by 
a urine output of more than 30 mL/hour in an adult 
(0.5 mL/kg/hour).

Wound coverage for burns varies depending on 
the severity of the injury. First-degree burns require a 
dry, sterile dressing while more severe full-thickness 
second- and third-degree burns may require excision 
of the damaged tissue and coverage of the area by skin 
grafting. There are other kinds of dressings as well. 
Some dressings are impregnated with silver ions (Ag++) 
because silver has antimicrobial properties; these are 
applied topically to prevent infection. Other dress-
ing materials are combinations of biologically based 
and a nonbiologic substrate (Alloderm, Biobrane, 
and Integra). These products have cultured cells from 
either human or animal (bovine, porcine) origin usu-
ally on a silicone backing. These products are used to 
provide temporary coverage when there is insufficient 
donor skin available to cover the wound area as well as 
to prepare the wound bed for subsequent grafting. A 
common goal for using biologic dressings is to reduce 
scarring when compared with the nonbiologically based 
dressings.

Allografts are skin grafts where the skin being used 
comes from the patient being treated. The tissue form-
ing the allograft originated from the patient himself or 
herself and will not pose any rejection of foreign tissue. 
Sometimes the area needing coverage is larger than the 
size of the graft; the surgeon will expand the coverage 
area of the graft by meshing. This term refers to pass-
ing the graft through a device that creates a matrix of 
small holes in the tissue, allowing it to be stretched. 

The holes in the meshed graft help with fluid drain-
age and decrease hematoma formation, allowing for a 
healthier graft.

Xenografts refer to skin that is from a donor (usually 
cadaver). This donated skin is usually stored frozen and 
thawed only when needed. Another source of xenograft 
skin is from animals, most typically porcine skin. Re-
gardless of the source of the xenograft, these are tempo-
rary coverings that are used to protect the patient from 
infection and to prepare the wound bed for healing.

Grafts can be classified as either split thickness 
or full thickness. Split-thickness grafts have a layer 
of dermis, while full-thickness grafts contain all the 
components of the skin: epidermis, dermis, nerve end-
ings, and even hair follicles.15 Full-thickness grafts 
are attributed with less scar formation and are thus 
reserved when function or aesthetics (eyelids, face) are 
important.15

The second phase, initial wound excision and bio-
logic closure, extends from day 1 through day 7. Dur-
ing this phase, the surgery is performed that changes 
the natural history of the injury. Typically, this period 
involves a series of staged operations to excise and de-
bride the wound and place temporary covering over the 
denuded areas. The damaged or dead tissue needs to be 
removed (escharectomy). Otherwise, it poses an infec-
tion risk as well as having an impact on the patient’s 
acid–base and electrolytes.

The third phase, definitive wound closure, lasts from 
day 7 through week 6. It involves replacement of tempo-
rary wound covers with a definitive cover, as well as clo-
sure and acute reconstruction of burns that have a small 
surface area but are highly complex, such as wounds on 
the face and hands.

The success of graft healing (graft take) depends on 
the nutritional status of the patient. If patients are not 
being given adequate nutrition to meet their caloric 
requirements, they will go into a catabolic state, which 
has a detrimental impact on graft and donor site heal-
ing. If a graft does not adhere to the wound and sur-
vive, it will need to be treated as a wound with removal 
of the dead tissue.

The final stage involves rehabilitation, reconstruc-
tion, and reintegration. Although this final stage really 
begins during the resuscitation period, it becomes very 
involved and time consuming toward the end of the 
acute hospital stay. Because this is an ongoing process, 
the psychological health of the burn patient is crucial 
for a successful rehabilitation. Issues that need to be 
addressed are impaired function, altered body image, 
and retraining/reconditioning. Still considered inves-
tigational, limb (arm, hand), and facial transplantation 
have been used in the most severe cases where the un-
derlying tissue was destroyed beyond any functionality 
requiring surgical removal.82 These procedures are be-
ing developed to restore function where a limb has been 
lost or extreme facial damage has occurred.
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a well-experienced anesthesiologist or even a surgical 
airway. Failure to recognize impending airway obstruc-
tion can result in serious morbidity and even mortality 
in burn patients. Clinicians should be alert in cases in-
volving hot liquid aspiration, which can lead to sudden 
loss of airway patency and late sequelae of upper airway 
burns.24,75,83,93,94 The critical importance of initial airway 
evaluation and proper control cannot be overempha-
sized, and this need continues throughout the period of 
intubation.

Oral endotracheal tubes are often used because they 
are easy to place and are subjectively more comfortable 
for the patient than nasal endotracheal tubes. Tubes 
should be secured in a manner that allows room for sta-
bilization and easy adjustment as facial edema changes, 
but not for gross movement of the airway that might 
risk unintended extubation. Because the lips are not 
reliable landmarks, placement of the endotracheal tube 
must be monitored by notation of the centimeter mark 
at the incisor or gum. It is useful if this information is 
posted near the head of the bed for quick reference dur-
ing routine and emergency airway care.

The security of the endotracheal tube should be veri-
fied regularly, because reintubation after accidental extu-
bation can be difficult in burn patients, who commonly 
have significant facial and oropharyngeal edema. Clini-
cians who care for these patients should be equipped 
to deal with sudden airway emergencies and have the 
appropriate equipment on hand for managing a difficult, 
unstable airway. Maintenance of endotracheal tubes in 
burn patients is complicated by shifts in extravascular 
volume. The method used to secure the tube should 
facilitate simple loosening and tightening as needed 

Management of Inhalation Injury
When a diagnosis of inhalation injury is suspected 
or confirmed, management is supportive only. See 
Box 11-8. The treatment of inhalation injury can be 
broken down into several main categories: ventilator 
management, pharmacological treatment to aid pul-
monary function using aerosolized medications, early 
tracheostomy, and using evidence-based medicine to 
optimize patient outcomes.83 There are no prophylactic 
or preemptive therapies for inhalation injury. There is 
no clear-cut value in using prophylactic antibiotics, and 
there is evidence to show that such use would promote 
the selection of antibiotic-resistant strains colonizing 
the airway.84 Although many patients demonstrate reac-
tive bronchospasm and benefit from early institution 
of nebulized beta2 agonists, steroids are infrequently 
required to treat acute bronchospasm. The practice of 
nebulizing heparin alone or with N-acetylcysteine has 
been studied as a means to prevent or lessen the effects 
of small airway obstruction resulting from the slough-
ing of epithelial cells, excessive mucus production, and 
the formation of fibrin casts in a sheep model.85,86 This 
practice has been undertaken by several burn centers, 
but the supporting evidence is anecdotal and small sam-
ple sizes prevent definitive conclusions.83,85–87 It is im-
portant, however, to maintain high humidity within the 
ventilator circuit to prevent a humidity deficit of the air-
ways that results in the desiccation of the  secretions of 
the distal airways. Good pulmonary hygiene is crucial.88

Lung-protective strategies should be used in the 
ventilator management of these patients. The use of a 
low-tidal-volume (Vt) approach, like the ARDSnet pro-
tocol, is an acceptable method of managing these pa-
tients because it keeps ventilating pressures low, which 
would otherwise add to the already sustained lung 
injury.89,90 Other practices to consider are permissive 
hypercapnia and prone positioning.89–92

In patients with inhalation injury, five predictable 
events occur that have important clinical implications 
and require intervention: acute upper airway obstruc-
tion, bronchospasm, small airway obstruction, infec-
tion, and respiratory failure.

Management of Acute Upper Airway 
Obstruction
During inhalation injury, airway obstruction caused by 
mucosal edema evolves over time (usually within the 
first 4–24 hours after injury) and ideally is anticipated 
and managed with intubation.87 Early intubation for 
airway protection should be considered in the patient 
with suspected inhalation injury. Intubation attempts 
of these often-difficult airways can be approached in a 
studied manner if the impending obstruction is antici-
pated. After resuscitation has occurred, edema of the 
upper airway can change the anatomic structures from 
a relatively easy intubation to a difficult airway requiring 

BOX 11-8 Management of Inhalation 
Injury 

 � Upper airway obstruction should be bypassed 
with endotracheal intubation or a tracheostomy; 
careful attention must be given to the endotra-
cheal tube’s position and patency.

 � Bronchospasm should be treated with inhaled 
bronchodilators.

 � Adequate humidification of the airway needs to 
be provided to lessen the chances of secretion 
desiccation.

 � Pulmonary infection should be managed with 
a focus on organisms identified by sputum 
culture.

 � Respiratory failure is managed with PEEP and 
low tidal volumes to avoid alveolar overdisten-
tion and subsequent ventilator-induced lung 
injury.
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to provide for adjustments coinciding with changes in 
facial edema. A unique concern with airway securing 
techniques in burns is for a method that can function 
in a high relative humidity, heated environment. When 
facial burns are present, adhesive tape is seldom useful. 
Cloth ties can be effectively used to secure tubes.95

Another aspect of airway care should be maintaining 
adequate pressure in the cuff of the airway to prevent 
or at least minimize leakage and aspiration of trapped 
material from the oropharynx into the lungs. Elevat-
ing the head of the bed, if physiologically possible, at a 
30-degree supine angle will also help minimize silent as-
piration and potential ventilator-associated pneumonia 
(VAP).88 By following these interventions, the VAP can 
be decreased, as this is a population where pulmonary 
involvements can double the morbidity of the underly-
ing injury.96,97

The proper indication and optimum timing for tra-
cheostomy in the burn patient remains the subject of 
debate. The consensus is that adult burn patients in 
whom protracted intubation is expected are candidates 
for tracheostomy, ideally after anterior neck burns have 
been addressed.

Management of Bronchospasm
Intense bronchospasm from aerosolized irritants is 
common during the first 24–48 hours after injury, 
especially in young children. This condition is well 
managed with inhaled beta2 agonists in most patients, 
although some require low-dose epinephrine infu-
sions or parenteral or inhaled steroids. One option is 
heliox if the oxygen requirement is minimal. The use of 
continuous nebulization of high-dose beta2 agonists is 
another option. Recent evidence, however, has pointed 
to increased mortality when patients with ARDS are 
routinely treated with beta2 agonists.98,99

Ventilator management strategy for patients with 
burns and/or inhalation injury is not significantly differ-
ent from those for any other critically ill patient needing 
respiratory support. Some points of emphasis specific 
to patients with burn and inhalation injury should be 
emphasized, such as monitoring airway pressures, lung 
compliance and resistance, and good pulmonary hy-
giene techniques.

Thoracic escharotomies may be required to provide 
adequate chest excursion, allowing the patient to breathe 
more freely. Until this is done, airway pressures may need 
to be high to overcome the decreased compliance of the 
chest wall. Techniques used to minimize auto-PEEP, such 
as using short inspiratory times and high inspiratory 
flows, as well as attempting to match the auto-PEEP with 
applied PEEP, often may be necessary, but if air trapping 
is severe, some degree of carbon dioxide retention is ac-
ceptable. Plateau airway pressure (Pplat) and mean air-
way pressure should be monitored to assess the patient’s 
gas exchange and transport status.89,90

Management of Small Airway Obstruction
During the first 24 hours after inhalation injury, airway 
obstruction is essentially limited to the bronchial air-
ways. Major components of this obstructive material are 
mucus from extensive glandular secretion, inflamma-
tory cells, fibrin, and exfoliated epithelial cells.87 As ne-
crotic endobronchial debris sloughs, pulmonary hygiene 
often becomes increasingly difficult. An aggressive 
program of pulmonary hygiene, including suctioning 
and bronchoscopy, is an important component of care. 
Along with aggressive airway clearance, it is important 
to provide adequate humidification of inspired gases. 
Therapeutic bronchoscopy can facilitate clearance of the 
airways and evaluation of the condition of the airway 
mucosa. Small endotracheal tubes can suddenly become 
occluded; staff members should be prepared to respond 
promptly. Pulmonary hygiene is an essential component 
of the management of patients with inhalation injury. 
It is crucial to provide 100% relative humidity to these 
patients and decrease the potential for creating a hu-
midity deficit that might lead to thickened pulmonary 
secretions and increase the chances of occluding the 
endotracheal tube.

The use of mucolytic agents in treating small airway 
obstruction has been shown not to be as effective as was 
once believed. The main components of bronchial and 
small airway casts are fibrin and cellular debris. Use of 
mucolytic agents has not been shown to be effective in 
either clinical practice or animal models.88

Management of Pulmonary Infection
Pulmonary infection develops in 30–50% of patients 
with an inhalation injury. Pneumonia without the 
presence of inhalation injury increases the mortality 
of burn injury up to 40%.63 It frequently is difficult to 
distinguish between pneumonia and tracheobronchitis 
(purulent infection of the denuded tracheobronchial 
tree), but the difference often has little practical clini-
cal importance. Infection typically occurs toward the 
end of the first postinjury week; patients with serious 
inhalation injuries often are seen to deteriorate at this 
time. A patient with newly purulent sputum, fever, and 
perhaps diminished gas exchange should be treated 
with antibiotics, which should be adjusted as necessary 
after sputum culture information has been obtained. To 
repeat an important point: the physiology of inhalation 
injury, which involves injury to endobronchial mucosa 
with hampered mucociliary clearance, makes good pul-
monary hygiene a particularly important component of 
management.

Management of Respiratory Failure
Respiratory failure is common in individuals with inha-
lation injury. Respiratory failure among these patients is 
caused as often by sepsis as by inhalation injury. As in 
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other forms of respiratory failure, the lung volume that 
can be recruited with mechanical ventilation is limited, 
and over-vigorous attempts to force high pressures into 
these lungs exacerbate the underlying injury. These pa-
tients do well with a volume-targeted, pressure-limited 
ventilation strategy. See Box 11-9. If this approach 
fails, innovative methods of support should be consid-
ered, such as extracorporeal membrane oxygenation or 
inhaled nitric oxide. Prone positioning also has been 
shown to improve oxygenation. With adequate person-
nel, the patient can be quickly and safely repositioned 
while special attention is given to maintenance of the 
airway and central lines.92

The use of a specific ventilator mode or ventilator 
often accompanies the discussion of inhalation injury. 
Some of these modes include high-frequency oscilla-
tory ventilation (HFOV), volume diffusive respiration 

(VDR), and airway pressure release ventilation. Each 
of these ventilation techniques has the common goal 
of maintaining alveolar recruitment and gas exchange. 
Both HFOV and VDR require special-purpose venti-
lators. HFOV has recently been evaluated in several 
large randomized controlled studies, which have 
shown either no difference or a negative impact on 
outcome.100,101

VDR is pressure-controlled ventilation with super-
imposed subtidal oscillations that facilitates clearance 
of endobronchial debris. Although some data have 
been encouraging, burn patients with inhalation injury 
and respiratory failure can be very well managed with 
any other mode of ventilation with which the center 
is comfortable, paying particular attention to tidal 
volume, airway pressure, and aggressive pulmonary 
hygiene.24,63,83,102

Ventilator discontinuation and extubation of burn 
patients follow the general guidelines applicable to 
other patients. This patient group has some unique 
aspects that must be taken into consideration. See 
Box 11-10. Of great importance is the balance of the 
pain medication needs of patients with large wounds 
and donor sites with the need for an alert sensorium for 
extubation. There is evidence of benefit from combined 

BOX 11-9 Therapeutic Responses to 
Progressive Respiratory Failure 

 � Address bronchospasm with nebulized beta2-
agonist agents.

 � Address poor chest wall compliance that 
occurs secondary to overlying eschar with 
escharotomies.

 � Ensure ventilator synchrony with adequate opi-
ate and benzodiazepine infusions.

 � Neuromuscular blockade occasionally may be 
required.

 � Reset goal of ventilation to a physiological pH 
(7.2 or higher). Allow gradual onset of hypercap-
nia if the patient does not have a head injury.

 � Reset goal of oxygenation to an arterial satura-
tion of at least 88%, typically associated with an 
arterial oxygen content of 55 mm Hg or higher.

 � Optimize inflating pressures.

 � Utilize a lung-protective, low-tidal-volume ap-
proach to ventilation. Follow ARDSnet guide-
lines for adjusting tidal volumes based on the 
ideal body weight of the patient.

 � Keep plateau pressure (Pplat) below 30 cm H2O.

 � Choose optimum PEEP.

 � Choose optimum mean airway pressure. 
Lengthen inspiratory time to a target mean air-
way pressure of 20–25 cm H2O, if auto-PEEP is 
not detectable.

 � If these measures are inadequate, consider the 
use of adjuncts such as inhaled nitric oxide or 
extracorporeal support.

BOX 11-10 Important Considerations 
in Ventilator Discontinuation and 
Extubation of a Patient with a Burn 
Injury

 � Sensorium: The patient must be awake and alert 
enough to protect the airway.

 � Airway patency: Upper airway edema must be 
resolved to the extent that an air leak is audible 
around the endotracheal tube (with the cuff de-
flated if the tube is cuffed) at a moderate inflat-
ing pressure (20–30 cm H2O).

 � Muscle strength: Strength must be adequate for 
ventilation. An indirect measure of this is an 
unassisted tidal volume of 6–10 mL/kg and a 
maximum inspiratory pressure (Pimax) less than 
−20 cm H2O.

 � Compliance: Combined chest wall and lung 
compliance must be high enough that work 
of spontaneous breathing is not excessive. 
Respiratory system compliance should be at 
least 50 mL/cm H2O.

 � Gas exchange: The Pao2/Fio2 should be greater 
than 200 mm Hg.

 � SBT: The successful completion of an SBT.
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spontaneous breathing trial (SBTs) along with routine 
periodic sedation discontinuation to facilitate mental 
status assessment.103,104

Management of Carbon Monoxide Poisoning
For unknown reasons, 5–25% of patients with seri-
ous CO exposure have been reported to develop de-
layed major neurological sequelae.92,105 These patients 
can be managed with 100% isobaric oxygen or with 
hyperbaric oxygen (HBO) therapy. The half-life of 
COHb is about 5 hours breathing 21% oxygen at ambi-
ent pressure, about 74 minutes breathing 100% oxygen 
at ambient pressure (range 26–148 minutes), and less 
than 30 minutes breathing 100% oxygen at 3 atm. If seri-
ous exposure has occurred and is manifested by overt 
neurological impairment or a high COHb level, HBO 
is reasonable if it can be safely administered. There is 
some evidence that neurological impairment with CO 
poisoning can be delayed and the effects can be long 
term.106,107 With inhalation injury, 100% oxygen should 
be administered until a safe COHb level is reached. 
MbCO has a slower dissociation than COHb, which can 
account for a rebound of COHb several hours after re-
ceiving normobaric oxygen.55

With inhalation injury the COHb level should be 
measured with CO-oximetry. In the presence of COHb, 
traditional pulse oximetry is unreliable and potentially 
misleading. Two-wavelength pulse oximetry does not 
measure COHb. The pulse oximeter displays high O2 
saturation (Spo2) despite significant COHb, misleading 
the clinician into believing that COHb is not present. 
New-generation multiple-wavelength pulse oximeters 
allow noninvasive measurement of COHb. These por-
table, noninvasive devices can be part of emergency 
medical services crew equipment providing COHb 
measurements closer to the time of exposure. Because 
COHb does not affect gas exchange in the lungs, a pa-
tient with COHb who is breathing 100% oxygen may 
have a very high Pao2 (more than 400 mm Hg) despite 
low hemoglobin oxygen saturation as measured by 
CO-oximetry. The high Pao2 competes with CO for 
hemoglobin-binding sites, resulting in eventual dis-
placement of CO from the hemoglobin. It is best to use 
COHb measurements taken close to the time of expo-
sure. COHb measurements taken at the hospital can be 
less because treatment with supplemental oxygen may 
have already started prior to arrival.55

HBO has been proposed to improve the prognosis 
of those who suffer serious CO exposure, but its use 
remains controversial. On a busy burn service, the ques-
tion of which patient to treat in the hyperbaric chamber 
commonly arises. Most patients who undergo hyper-
baric oxygen therapy are treated in a monoplace hyper-
baric chamber. Treatment regimens vary, but a typical 
CO poisoning protocol is 3 atm for the first treatment 
and then 2 or 3 atm for subsequent treatments, for 90 

minutes, with two 10-minute air breaks to reduce the 
incidence of oxygen toxicity seizures. Providing HBO to 
a patient in a monoplace chamber severely limits access 
to the patient during treatment, so patients in unstable 
condition are poor candidates. Other relative contrain-
dications are wheezing and air trapping, which increase 
the risk of pneumothorax, and high fever, which in-
creases the risk of hyperoxia-induced seizures, which is 
also known as the Paul Bert effect.108

If a patient must be mechanically ventilated dur-
ing HBO, adequate preparation measures before the 
chamber door is closed can prevent most complica-
tions. Prior to the patient’s being placed into the 
chamber, the airway must be well positioned and ad-
equately stabilized because patients who inadvertently 
awaken during the therapy may attempt self-extuba-
tion. For the same reason, patients must be well re-
strained before HBO regardless of their mental status. 
The endotracheal tube cuff must be converted from 
air filled and refilled with an appropriate volume of 
sterile water; this conversion prevents collapse of the 
cuff during the compression phase of the treatment. 
They must be evaluated for bronchospasm and aggres-
sively treated with bronchodilators just before treat-
ment. Suctioning of both the lower respiratory tract 
and the oral pharynx is helpful because this cannot be 
done while the patient is in the hyperbaric chamber. 
Prophylactic myringotomies are recommended for un-
conscious or intubated patients to prevent tympanic 
membrane rupture.

Providing mechanical breathing support at hyper-
baric pressures can be a technically difficult task. Some 
considerations that need to be considered are patient 
and practitioner safety, the type of chamber being uti-
lized (monoplace vs. multiplace), physiological monitor-
ing needs, as well as sedation requirements. The design 
of monoplace chambers prevents immediate response 
in the event of a medical emergency. Multiplace cham-
bers typically have a clinical attendant in the chamber to 
respond to a crisis.

Ventilators used with monoplace HBO chambers 
are usually modified versions of a pressure-limited, 
time-cycled device, although there is a limited choice 
for commercially available HBO-capable ventila-
tors.109,110 A base rate is maintained, but all spontaneous 
breathing efforts are unassisted. Patients who suddenly 
awaken during therapy and who cough or inspire vigor-
ously can aspirate oral secretions, leading to an increase 
in airway pressure and a reduction in tidal volume. 
These same clinical signs occur with other clinical com-
plications, such as a kinked endotracheal tube, main 
stem intubation, pneumothorax, or bronchospasm. 
Assessment and ascertaining the cause are difficult be-
cause the clinician is isolated from the patient. It may 
be best, if clinically appropriate, to adequately sedate 
the patient and avoid spontaneous breathing during the 
treatment.
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Management of Hydrogen Cyanide Poisoning
Although CO poisoning is the more common condition 
to treat with inhalation injury, hydrogen cyanide (HCN) 
poisoning can be present and can result in similar prob-
lems with cellular respiration. HCN is produced by the 
combustion of nitrogen-containing compounds (such 
as those found in synthetic materials used in furniture) 
in a low-oxygen atmosphere. Like CO, HCN binds to 
the cytochrome oxidase system and inhibits cellular 
metabolism, resulting in tissue and systemic acidosis.102 
Cyanide antidotes are amyl nitrite and intravenous 
infusions of sodium nitrite and sodium thiosulfate. 
These treatments do have risks, and often care may be 
supportive.102

Burn Center Referral Criteria
Caring for a patient with a burn and inhalation injury 
can be challenging. Optimal treatment of severely 
burned patients requires significant healthcare re-
sources and has led to the development of burn centers. 
A burn center is an ideal place for treating patients with 
any type of significant burn. The multidisciplinary team 
members in these centers are well trained and comfort-
able treating patients with massive cutaneous injuries 
and their systemic side effects. Knowing which individ-
uals to treat and which to refer to a burn center is vital. 
See Box 11-11.111

Centralized care provided in designated burn units 
has promoted a tram approach to both scientific investi-
gation and clinical care that has demonstrably improved 
the welfare of burn patients. Multidisciplinary efforts 
are imperative to continue improving and understand-
ing the rehabilitation and emotional, psychological, and 
physiological recovery of burn patients.112

Prognosis
The treatment of patients with extensive burns remains 
a major challenge, even with advances in burn care over 
recent decades. Most patients do not suffer long-term 
functional impairment following smoke inhalation 
alone.52 However, pulmonary-related complications fol-
lowing burns and inhalation injury are responsible for 
up to 77% of the deaths.52 Three major risk factors for 
death from burns include age 60 or older, TBSA ≥40%, 
and the presence of inhalation injury.113 The need for 
mechanical ventilation and severe inhalation injury on 
bronchoscopy predicts increased mortality in patients 
with inhalation injury due to burns.52,114 Other fac-
tors contributing to a poor prognosis include ARDS 
and pneumonia, which have also been found to be in-
dependent predictive factors for mortality.115 Clinical 

BOX 11-11 Burn Center Referral Criteria
Burn injuries that should be referred to a burn cen-
ter include the following:

1. Partial thickness burns greater than 10% TBSA.
2. Burns that involve the face, hands, feet, genita-

lia, perineum, or major joints.
3. Third-degree burns in any age group.
4. Electrical burns, including lightning injury.
5. Chemical burns.
6. Inhalation injury.
7. Burn injury in patients with preexisting medical 

disorders that could complicate management, 
prolong recovery or affect mortality.

8. Any patient with burns and concomitant 
trauma (such as fractures) in which the burn 
injury poses the greatest risk of morbidity or 
mortality. In such cases, if the trauma poses 
the greater immediate risk, the patient may 
be initially stabilized in a trauma center before 
being transferred to a burn unit. Physician judg-
ment will be necessary in such situations and 
should be in concert with the regional medical 
control plan and triage protocols.

9. Burned children in hospitals without quali-
fied personnel or equipment for the care of 
children.

10. Burn injury in patients who will require special 
social, emotional, or rehabilitative intervention.

Reproduced with permission from Burn Center Referral   

Criteria—American Burn Association.  Ameriburnorg. 2018. 
https://ameriburn.org/public-resources/burn-center-referral 
-criteria. Accessed July 5, 2018.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Additional fluids must be admin-
istered when a burn patient has an inhalation 
injury.

2. True or False: Meshing is used to increase the 
size of skin grafts.

3. True or False: Prophylactic intravenous antibiot-
ics are indicated for all mechanically ventilated 
patients with inhalation injuries.

4. True or False: Relative humidity needs to be 
minimized to allow healing of the airways dur-
ing mechanical ventilation.

5. True or False: The first treatment with hyper-
baric oxygen therapy is achieved with 3 atm 
of pressure.
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observations suggest that a patient’s previous medical 
history plays an important part in the prognosis, and 
this has been confirmed in some large studies, but not 
in others.114 Age and full-thickness burns are factors as-
sociated with reductions in long-term survival.114

Support groups exist for burn survivors. These 
groups are an important measure in the phase of recov-
ery and rehabilitation as much as surgical intervention. 
One of these groups, the Phoenix Society for Burn Sur-
vivors (http://www.phoenix-society.org), provides peer 
support for newly burned patients as well as survivors 
of burn injury. Peer support has been helpful in reinte-
grating burn survivors into society.

Key Points
1. An organized plan of care for patients with 

burn injury has four phases: initial evaluation 
and resuscitation, initial wound excision and 
biological closure, definitive wound closure, and 
rehabilitation.

2. Diagnosis and initial treatment for burn and 
inhalation injury patients occurs simultaneously 
using the ABCDE survey as a guide. The secondary 
survey is a more burn-specific, head-to-toe 
assessment and full history.

3. Burn wounds need to be evaluated for extent, 
depth, and circumferential components.

4. Estimates of TBSA percentage burned are 
 important to determine the amount of fluid 
 resuscitation required by the patient and 
whether the patient needs to be transferred to a 
burn center.

5. All clinicians who care for burn patients should be 
prepared to deal with airway emergencies.

6. Five predictable events occur in patients with 
inhalation injury: acute upper airway obstruction, 
bronchospasm, small airway obstruction, infection, 
and respiratory failure.

7. Lung-protective ventilation strategies should 
be used for patients with inhalation and burn 
injury.

8. COHb is treated with 100% oxygen or hyperbaric 
oxygen therapy or both.

9. Respiratory failure is a leading cause of morbid-
ity and mortality in the burn unit. Approximately 
20% of burn injury patients suffer inhalation in-
jury. Pneumonia with the presence of inhalation 
injury increases the mortality of a burn injury up 
to 40%.

Chapter Questions
1. Cutaneous burns over ______ of total body surface 

area are considered major burns.
a. 10%
b. 15%
c. 20%
d. 25%

2. A third-degree cutaneous burn ________________.
a. is very painful
b. heals spontaneously within 3–6 weeks
c. is considered a full-thickness burn
d. is mostly red and moist

3. The estimated burn size for a patient with circum-
ferential burns to the right leg and right arm and an 
anterior chest burn is _______________.
a. 45%
b. 36%
c. 27%
d. 18%

KNOWLEDGE CHECK QUESTIONS

1. True or False: More than 75% of deaths from 
cutaneous burns and inhalation injury are due 
to pulmonary-related complications.

2. True or False: Burn survivors require 
rehabilitation.

Chapter Summary
When a burn victim enters the emergency department, 
the focus of care is to stop the burning process, manage 
the airway, and provide respiratory care and fluid re-
suscitation. The primary survey includes simultaneous 
diagnosis and treatment of the patient. The secondary 
survey includes a complete burn-focused head-to-toe 
assessment of the patient and a gathering of pertinent 
patient information.

Cutaneous burns are classified by their depth, rang-
ing from superficial to deep dermal burns, which corre-
late to the degree classification system. The percentage 
of TBSA that is burned is estimated for the calculation 
of initial fluid resuscitation and to decide on transfer to 
a burn center. A patient with any partial thickness burn 
that covers more than 10% TBSA, any third-degree 
burn, or burns involving the face, hands, feet, genitalia, 
perineum, or major joints should be transferred to a 
burn center.

A patient with a significant burn injury needs to be 
assessed for CO poisoning, especially if the patient was 
in an enclosed structure. CO poisoning is treated with 
100% oxygen or hyperbaric oxygenation therapy or 
both. Facial burns are associated with inhalation injury 
and a compromised airway. Early intubation for airway 
protection should be considered in patients with sus-
pected inhalation injury.

Respiratory complications are common in patients 
with inhalation injury and large cutaneous burns. These 
complications include pneumonia, respiratory failure, 
ARDS, and multiorgan dysfunction syndrome.
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4. Symptoms from carbon monoxide poison typically 
manifest at a carboxyhemoglobin level of _______.
a. 10%
b. 15%
c. 20%
d. 25%

5. Hydrogen cyanide gas is produced by the burning 
of _________________.
a. household appliances
b. tires
c. polyvinyl chloride
d. polyester

6. The hypodermal layer of skin __________________
________________________.
a. contains an extensive vascular system
b. provides the skin with structural support
c. produces new skin cells and coloring
d. insulates the body from cold temperatures

7. The maximal damage to the skin by a burn is con-
tained within the _____________________.
a. zone of stasis
b. dermal layer
c. zone of hyperemia
d. zone of coagulation

8. Direct damage to the lower airways is due to 
______________.
a. fire
b. steam
c. electricity
d. chemicals

9. The presence of mucosal sloughing in the airways 
classifies the inhalation injury as _______.
a. massive
b. severe
c. moderate
d. mild

10. Initial hyperbaric oxygenation treatment for carbon 
monoxide poisoning is at ________.
a. 2 atm
b. 3 atm
c. 4 atm
d. 4.5 atm
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OBJECTIVES
1. Recognize common characteristics, manifestations, and 

diagnostic features of lung cancer.
2. Review the incidence, prevalence, and risk factors, as well 

as prognostic determinants, of lung cancer.
3. Explain how lung cancer is staged.
4. Review recommended treatment and management of 

patients with various malignant and benign neoplastic 
disorders.

KEY TERMS
Adenocarcinoma
Adjuvant chemotherapy
Benign
Bronchogenic carcinoma
Bronchoalveolar carcinoma
Cachexia
Carcinoma
Driver mutations
Endobronchial ultrasound
Fine-needle aspiration
Horner syndrome
Keratin pearls
Large cell lung 

carcinoma (LCLC)
Malignant
Mediastinoscopy
Metastasize
Neoplasm
Neuroendocrine cells

Neuroendocrine 
(NE) markers

Neuroendocrine progenitors
Non-small cell lung 

carcinoma (NSCLC)
Pancoast syndrome
Positron emission 

tomography (PET)
Small cell lung 

carcinoma (SCLC)
Sputum cytologic studies
Squamous cell lung 

carcinoma (SQCLC)
Thoracoscopy
Transbronchial needle 

aspiration (TTNA)
Transthoracic needle 

aspiration
Video-assisted 

thoracoscopy (VAT)

“When you have exhausted all possibilities, remember this: You haven’t.”

—Thomas Edison
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Case Study
A 62-year-old man sees his family physician complain-
ing of cough, shortness of breath, and weight loss. 
The patient is sent for a chest radiograph. The chest 
radiograph is reported, by the radiologist, to be abnor-
mal, showing a “shadow” and a small left-side pleural 
effusion. The patient explains that the cough began 
about 5 weeks ago and is nonproductive. The patient 
attributed the cough to his “sinuses.” He admitted to 
a 40+ pack-year history of cigarette smoking, which 
he discontinued about 10 years earlier. Over those 
past 5 weeks, the patient claims he has lost around 10 
pounds. On physical examination, the patient appears 
thin for his height and has a palpable lymph node in the 
left supraclavicular fossa. Breath sounds over the left 
lower lobe are decreased. The patient’s temperature is 
normal, heart rate is 106 beats/minute, respiratory rate 
is 18 breaths/minute, and blood pressure is 145/92 mm 

Hg. The oncologist finds a palpable liver, but his liver is 
enlarged. The patient receives a referral to an oncolo-
gist for follow-up of suspected lung cancer.

The oncologist performs a needle biopsy of the 
patient’s left supraclavicular lymph node. Cytologic 
results of the needle aspirate reveal small cell lung car-
cinoma (SCLC). The patient’s computed tomography 
(CT) scan showed a 4-cm mass in his left lung, a 1-cm 
mass in his right lung with mediastinal lymphadenopa-
thy, enlargement of several superior mediastinal and 
supraclavicular lymph nodes, a pleural effusion, and 
metastasis to several spots within the liver. The pleural 
effusion is tapped, and the cytology report is positive 
for SCLC. Since the cancer spread to the pleural space 
and the liver, the patient has extensive-stage SCLC. 
The oncologist notes that the cancer is T2N3M1c lung 
cancer and recommends chemotherapy.

Introduction
Lung neoplasms are abnormal masses of tissue that 
proliferate abnormally due to rapid division into the 
tissue surrounding it. Neoplasms may either be benign, 
noncancerous, or malignant. Benign lung neoplasms 
tend not to grow in an unlimited, aggressive manner; do 
not invade surrounding tissues or structures; and do not 
metastasize. Malignant neoplasms tend to be aggressive 
and metastasize to other areas of the body. The term 
lung carcinoma, or bronchogenic carcinoma, refers to 
malignancies that originate in the airways or pulmonary 
parenchyma.1

The World Health Organization (WHO) estimates 
that lung cancer is the cause of 1.37 million deaths glob-
ally per year.2 Primary lung cancer remains the most 
common malignancy after non-melanocytic skin cancer, 
and deaths from lung cancer exceed those from any 
other malignancy worldwide.2 This translates to 1.82 
million new cases of lung cancer.3 In the United States, 
lung cancer is also the leading cause of cancer mortality 
in men and women.4

Lung cancer is highly heterogeneous and can arise in 
many different sites in the bronchial tree. Due to its het-
erogeneous nature, lung cancer has highly variable signs 
and symptoms, which depend on its anatomic location. 
Most patients (70%) diagnosed with lung cancer present 
with advanced disease.4

The WHO divides lung cancer into two major classes 
based on their biology, therapy, and prognosis. These 
two categories are non-small cell lung carcinoma 
(NSCLC) and small cell lung carcinoma (SCLC). 
NSCLC accounts for more than 80% of all lung 

cancer cases, and it includes two major types: non-
squamous, including adenocarcinoma (AdenoCA), 
large cell lung carcinoma (LCLC), and other cell types, 
and squamous cell lung carcinoma (SQCLC). AdenoCA 
is the most common type of lung cancer seen in the 
United States and is also the most frequently occurring 
histology in nonsmokers5 (Table 12-1). In addition to 

Lung Carcinoma 
Type

Percentage 
of all Lung 
Carcinoma Anatomic Location

AdenoCA 40 Arise in peripheral bronchi

SQCLC 25–30 Arise in main bronchi and 
advance to the carina

LCLC 10 Tumors lack the classic 
glandular or squamous 
morphology

SCLC 10–15 Derived from the 
hormonal cells of the lung
Cells disseminate into 
submucosal lymphatic 
vessels and regional 
lymph nodes almost 
without a bronchial 
invasion

Data from Lemjabbar-Alaoui H, Hassan O, Yang Y, Buchanan P. Lung cancer: 
biology and treatment options. Biochim Biophys Acta. 2015;1856(2):189–210. 
doi:10.1016/j.bbcan.2015.08.002.

TABLE 12-1
Types of Lung Cancer
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the histologic classification, an additional biomarker 
profile is available for some of the lung cancers. Since 
these cancers originate in the lungs, they are also re-
ferred to as primary lung cancers.

Both absolute and relative frequencies of lung can-
cer have risen dramatically. Around 1953, lung cancer 
became the most common cause of cancer deaths in 
men. In 1985, it became the leading cause of cancer 
deaths in women, and now causes approximately twice 
as many deaths as breast cancer. Lung cancer deaths 
are declining in men, and the death rate in women has 
plateaued secondary to decreases in smoking. Now, 
however, almost one-half of all lung cancer deaths occur 
in women.1

KNOWLEDGE CHECK QUESTIONS

1. True or False: Bronchogenic carcinoma is a 
broad name for all malignancies originating in 
the airways or lung parenchyma.

2. True or False: Most patients present early on in 
their cancerous lung disease.

3. True or False: SQCLC is a type of SCLC.
4. True or False: AdenoCA is the most common 

type of lung cancer in the United States.

Non-Small Cell Lung Carcinoma
NSCLC accounts for approximately 80% of all lung can-
cers. These cancers are divided into three histologically 
different types: AdenoCA, SQCLC, and LCLC. Patients 
with NSCLC require a complete staging workup to 
evaluate the extent of the disease because stage plays a 
major role in determining the choice of treatment.6

Definition/Diagnosis
Methods used to obtain a definitive diagnosis of a 
suspected lung cancer is dependent on several fac-
tors, including the histology, size, and location of the 
primary tumor; the presence of metastasis; and the 
overall clinical status of the patient. This distinction 
allows for a more tailored selection of cytotoxic che-
motherapy in advanced NSCLC. Optimal management 
of NSCLC now requires that tumors be screened for 
a range of predictive and prognostic biomarkers that 
help to predict sensitivity to targeted therapy and esti-
mate prognosis, respectively.7 Several mutations, called 
driver mutations, were identified in NSCLC research, 
and relevant targeted therapies are now available and 
new ones are on the horizon in the foreseeable future.7

Clinical Signs and Symptoms
While lung cancer is a common malignant disorder, 
its clinical presentation may be insidious with little 

advanced warning, often progressing asymptomatically 
until the disease is well advanced. Early symptom recog-
nition of subtle manifestations or clues suggesting lung 
cancer involvement may potentially lead to early diag-
nosis. Early diagnosis is beneficial to outcome because it 
is estimated that 20% patients have localized resectable 
disease at initial diagnosis.6 Unfortunately, 25% of pa-
tients have regional metastasis at initial diagnosis, with 
55% patients having distant spread of disease.6

The most common presenting manifestations include 
cough (50–75%), hemoptysis (25–50%), dyspnea (25%), 
and chest pain (20%).8 Less-common manifestations 
include the signs and symptoms or laboratory abnor-
malities of distant metastases. When any of these mani-
festations are present in a patient with suspected lung 
cancer, the patient needs to be promptly referred for 
additional testing (Table 12-2).

Musculoskeletal signs may include bone pain, muscle 
weakness, and spinal cord impingement. Systemic 
physical findings are usually associated with metastatic 
disease and are by nature nonspecific. Common mani-
festations may include unexplained weight loss, fatigue, 
cachexia, and low-grade fever. NSCLC may cause post-
obstructive pneumonia and pleural involvement. Pleural 
involvement can cause malignant pleural effusions. 
However, not all pleural effusions are malignant. They 
may be associated with lymphatic obstruction, postob-
structive pneumonitis, or atelectasis.1 Pleural effusions 
occur in 10–15% of patients with lung cancer.1

Etiology
Approximately 78–90% of all lung cancers are directly 
caused from tobacco smoking, which exhibits a clear 
dose response rate that accentuates its genetic predis-
position.6 Cigarette smoking is firmly established as a 
cause of lung cancer in industrialized North American 
and Europe.9 One in nine smokers eventually develops 
lung cancer.10 An increased intensity and duration of 
cigarette smoking strongly correlates with development 
of lung cancer. Environmental exposure (passive or 
“secondhand” exposure) is far less of a risk for lung can-
cer than active smoking. However, there is also a dose 

Central Tumors Peripheral Tumors

Cough
Hemoptysis
Postobstructive pneumonia
Shortness of breath
Wheezing

Cough
Pain
Pleural effusion
Shortness of breath

Data from Tan W. Non-small cell lung cancer: practice essentials, background, 
pathophysiology. Emedicinemedscapecom. 2018. https://emedicine 
.medscape.com/article/279960-overview. Accessed June 22, 2018.

TABLE 12-2
Signs and Symptoms of NSCLC
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from lung cancer exceed those from any other malig-
nancy worldwide.2 The major types of lung cancers 
include AdenoCA, SCLC, and LCLC, in addition to 
SCLC. NSCLC accounts for 85–90% of lung cancers.2,6

In 2012, a total of 1.8 million new cases of lung can-
cer and 1.6 million related deaths were reported. Men 
had the highest death rates in Central and Eastern Eu-
rope (47.6), Eastern Asia (44.8), and Micronesia (41.7) 
at that time. The highest mortality rate for women was 
reported in North America (23.5), Micronesia (20.8), 
and Northern Europe (19.1).12 Lung cancer incidence 
in men in the United States has been decreasing since 
the early 1980s. However, in U.S. women, the rate has 
been decreasing only since the mid-2000s. From 2004 to 
2013, the incidence of lung cancer decreased by 2% per 
year in men and by 1% per year in women.13 The inci-
dence and mortality rates for lung cancer tend to mirror 
each other because most patients diagnosed with lung 
cancer eventually die of it.10

A significantly higher proportion of lung cancer is 
diagnosed in patients aged 65 and over, and the median 
age at diagnosis is around 70 years. A subset of patients 
with NSCLC present at a younger age (<40 years), but 
the incidence in this population had decreased in the 
United States from 1978 to 2010.2

The term never smokers refers to individuals who 
smoked fewer than 100 cigarettes in their lifetime, includ-
ing lifetime nonsmokers.10 Available data show the overall 
global statistics estimate that 15% of lung cancer in men 
and up to 53% in women are not attributable to smoking, 
with never smokers accounting for 25% of all lung cancer 
cases worldwide.10 Although all histologic types of lung 
cancer are associated with cigarette smoking, in smokers 
the association is stronger for SCLC and for SQCLC. In 
contrast, AdenoCA of the lung is more common in never 
smokers compared with smokers (Figure 12-1).

During the last 25 years, the distribution of NSCLC 
has changed. In the United States, SQCLC, which was 
formally the predominant histologic type, decreased, 
while AdenoCA increased in both genders. In Europe, 
similar trends have occurred in men, while in women, 
both SCLC and AdenoCA are still increasing.2

Pathophysiology
Lung cancer cells have defects in the regulatory circuits 
that govern normal cell proliferation and homeostasis.4 
Uninhibited and disorganized growth disrupts local 
and/or distant lung anatomy as well as normal physi-
ologic processes. NSCLC consists of three distinct cell 
types: AdenoCA, SQCLC, and LCLC. Because they 
have overlapping clinical behaviors as well as similar 
responses to treatment and prognosis, these three lung 
cancer cell types are typically grouped together with 
some related though less-common variants. NSCLC 
represents most of all cases of lung cancer, with SCLC 
and tumors having more than one cell type in the same 

response relationship between the intensity of exposure 
and the relative risk of developing lung cancer.

Other carcinogens positively associated with lung 
cancer include occupational and other environmental 
exposures to asbestos, radon products, polycyclic hy-
drocarbons, cadmium, chloromethyl ethers, halogen 
ether, chromium, nickel, and inorganic arsenic. See 
Box 12-1. The relative risk of asbestos exposure com-
bined with tobacco use is multiplicative and estimated 
to be 100 times that of asbestos exposure alone. An un-
deniable relationship also has been identified between 
prolonged inhalation of atmospheric pollution and the 
development of lung cancer.11

Epidemiology
Primary lung cancer remains the most common malig-
nancy after non-melanocytic skin cancer, and deaths 

BOX 12-1 Etiology of NSCLC6,10

 � Tobacco smoking

 � Other types of smoking

 y Cigar

 y Pipe

 y Recreational drugs

 � Genetic factors

 � Environmental tobacco smoke

 � Biomass and wood-smoke exposure

 � Environmental air pollution

 � Occupational carcinogens

 y Asbestos (asbestos mining, brake lining work, 
cement production, insulation work)

 y Radon (mining)

 y Beryllium (ceramic manufacture, electronic 
and aerospace equipment manufacture, 
mining)

 y Chloromethyl ethers (chemical 
manufacturing)

 y Chromium (chromate production, chromium 
electroplating, leather tanning, pigment 
production)

 y Nickel (nickel mining, refining, electroplating, 
production of stainless and heat-resistant 
steel, polycyclic aromatics, aluminum pro-
duction, hydrocarbon compounds, Coke 
production, ferrochromium alloy production, 
nickel-containing ore smelting, roofing)

 y Silica (ceramics and glass industry, foundry 
industry, granite industry, metal ore smelting, 
mining and quarrying)
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microscopic features demonstrate stratified layering 
of polygonal epithelial cells, prominent intercellular 
bridges between cells, and keratotic debris identified as 
keratin pearls.6

SQCLC are usually located in large or proximal air-
ways, most commonly at the subsegmental, segmental, 
or lobar level. These airways can become obstructed 
when the cancer grows into the bronchial lumen, in-
creasing the chance for postobstruction pneumonia. 
SQCLC more commonly causes a cavity to develop 
within the tumor mass. Metastasis of SQCLC typically 
involves direct extension to the pulmonary parenchyma 
or other neighboring structures or invasion of lym-
phatic vessels, with spread to local lymph nodes in the 
hilum or mediastinum. SQCLC tends to remain within 
the thorax and cause problems by intrathoracic compli-
cations rather than by distant metastasis.14 Metastasis 
in advanced stages for the most part is local, involving 
regional lymph nodes and neighboring structures.

Adenocarcinoma
AdenoCA currently accounts for the highest incidence 
of all primary lung cancers (35–40%), especially in 
women.6 It is the subtype observed most commonly in 
persons who are never smokers. AdenoCA originating 
in the lungs most likely arises from glandular goblet 
cells within the major bronchi. The majority of Ad-
enoCA occurs in the lung periphery, and therefore, it is 
much more difficult to relate the origin to the bronchial 
wall. This tumor cell type typically presents radiographi-
cally as a solitary peripheral pulmonary nodule in an 
asymptomatic patient, though it may also present as a 
hilar or mediastinal mass. Malignant pleural effusion 
or chest wall involvement is less often seen with Ad-
enoCA. Bronchoalveolar carcinoma represents a subset 
or variant of AdenoCA that usually presents as an inter-
stitial lung disease on chest radiography. Pathologically, 
bronchoalveolar carcinoma typically displays a tuft-like 
proliferation along the alveolar lining.6

Large Cell Lung Carcinoma
LCLC accounts for a much smaller percentage of 
NSCLC, causing roughly 10% of all lung cancers. Histo-
logically, LCLC has sheets of highly atypical cells with 
focal necrosis, with no evidence of keratinization, as is 
typical of SQCLC, or gland formation, as typical of Ad-
enoCA. LCLC has a similar prognosis to AdenoCA and 
is combined with it in clinical trials.6

Risk Factors
There are two categories of risk factors for lung can-
cer: factors that are modifiable and those that are not 
(Table 12-3).15

Among lung cancer risk-reduction measures, smok-
ing cessation is the most important preventive action 
affecting lung cancer incidence. Associated conditions 
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FIGURE 12-1 Comparison of smokers to never smokers for 
AdenoCA and SQCLS. The ratio of never smokers to smokers for 
AdenoCA is 3.2:1, whereas the ratio of never smokers to smokers 
for SQCLS is 1:6.6.
Modified from Dela Cruz C, Tanoue L, Matthay R. Lung cancer: epidemiology, etiology,  
and prevention. Clin Chest Med. 2011;32(4):605–644 (Figure 12, p. 52). doi:10.1016 
/j.ccm.2011.09.001.

neoplasm (classified as mixed NSCLC) comprising the 
remainder. While SQCLC and SCLC are the cell types 
most commonly associated with tobacco use, AdenoCA 
has replaced SQCLC as the most common presenting 
cell type of lung cancer.

Lung cancer typically begins with exposure to car-
cinogens. The most significant contributor is cigarette 
smoke. Tobacco smoke contains more than 300 harmful 
substances with at least 40 known potent carcinogens. 
Polyaromatic hydrocarbons and nicotine-derived ni-
trosamine ketone are known to cause DNA mutations.6 
Refer to Box 12-1 for other carcinogens.

Squamous Cell Lung Carcinoma
SQCLC currently accounts for approximately one-third 
of lung cancers. SQCLC usually originates from re-
spiratory bronchial epithelium of the proximal airway, 
including the trachea, mainstem bronchi, and lobar 
and segmental bronchi. An abnormal change in the 
bronchial columnar epithelial cells occurs, allowing 
these cells to be replaced by squamous epithelial cells. 
These squamous cells become more and more atypi-
cal in appearance until there is development of a well-
localized cancer. Eventually the cancer extends beyond 
the bronchial mucosa and becomes invasive. This is 
about the time that the cancer becomes symptomatic or 
radiologic changes are seen in a (routine) chest radio-
graph.14 Sometimes malignant cells are present in a spu-
tum specimen obtained for other reasons. Pathologic 
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response to the cancer, and by the inappropriate release 
of hormones by the cancer cells. See Box 12-2.

Metastatic spread of NSCLC can lead to acute spinal 
cord compression, resulting in lower extremity weak-
ness or paraplegia, sensory deficits, paresthesia, bowel 
and urinary incontinence or retention, reflex asymme-
try, and vertebral pain. The severity of spinal cord com-
promise secondary to metastatic lung cancer may be 
limited to pain and minor sensory or motor disturbance 
or may result in pronounced neurologic abnormalities 
causing significant disability.

Pancoast syndrome is caused by a tumor in the 
superior pulmonary sulcus adjacent to the subclavian 
vessels. The actual pulmonary sulcus comprises the 
thoracic costovertebral gutter on either side of the ver-
tebral column and is limited by the arch of the first rib 
superiorly and the diaphragmatic insertion inferiorly17 
(Figure 12-2). This type of tumor is most commonly 
caused by NSCLC, typically squamous cell. Pancoast 
syndrome manifests in shoulder pain, Horner syn-
drome, upper extremity complications, and supracla-
vicular lymph node enlargement.

Horner syndrome is a classic neurologic syndrome 
whose signs include miosis, ptosis, and anhidrosis. A 
Horner syndrome can be produced by a lesion any-
where along the sympathetic pathway that supplies the 
head, eye, and neck18 (Figure 12-3).

Various therapeutic side effects and complications 
include those caused by individual chemotherapy 
agents. Common side effects with many chemothera-
peutic agents include generalized weakness; pain; 
gastrointestinal symptoms, including nausea and/or 
vomiting; diarrhea as well as constipation; poor ap-
petite and weight loss; urinary/kidney problems; low 

Modifiable Risk Factors Nonmodifiable Risk Factors

Tobacco smoke
• Cigarettes
• Pipe smoking
• Cigar smoking

Previous radiation therapy to the 
lungs 

Secondhand smoke Air pollution

Radon exposure Family history

Asbestos exposure

Radioactive ore exposure

Inhaled chemicals
• Arsenic
• Beryllium
• Cadmium
• Silica
• Vinyl chloride
• Nickel compounds
• Chromium compounds
• Coal products
• Mustard gas
• Chloromethyl ethers

Diesel exhaust exposure

Data from Non-Small Cell Lung Cancer Risk Factors. Cancerorg. 2018. 
https://www.cancer.org/cancer/non-small-cell-lung-cancer/causes-risks 
-prevention/risk-factors.html. Accessed June 24, 2018.

TABLE 12-3
Modifiable and Nonmodifiable Risk Factors 
for NSCLC

such as chronic bronchitis and chronic obstructive 
pulmonary disease on the other hand, show more rapid 
improvement or stabilization following termination of 
smoking. Other risk factors include exposure to other 
respiratory toxins in the home or workplace environ-
ment, such as benzene-related products (polycyclic 
aromatic hydrocarbons), chromates and chromium, 
chloromethyl ethers, vinyl chloride, asbestos, arsenic, 
nickel, and mustard gas. Air pollution from combus-
tion engines and indoor pollution from cooking fires 
increase risk, and radon and radon progeny and ion-
izing radioactive materials have been shown to cause 
lung cancer.

Complications
Distant metastases at the time of presentation of a 
patient with NSCLC are a frequent clinical problems. 
Approximately 30–40% of NSCLC patients present with 
metastatic disease at the time of diagnosis.16 The most 
frequent sites that lung cancer spreads to include the 
bones, brain, liver, and adrenal glands.6

Most individuals with lung cancer develop some com-
plications. These complications can all be explained by 
the growth of the cancerous mass, by the spread of the 
cancer cells throughout the body, by the body’s immune 

BOX 12-2 Complications from NSCLC

Regional lung 
cancer spread

Airway compression (dyspnea)
Esophageal compression (dysphagia)
Horner syndrome
Pancoast syndrome
Phrenic nerve palsy (elevated 
hemidiaphragm and worsening dyspnea)
Recurrent laryngeal nerve palsy 
(hoarseness)
Superior vena cava syndrome (superior 
vena cava obstruction)

Metastatic lung 
cancer spread

Brain metastases
Bone pain
Hepatomegaly
Liver metastases
Spinal cord compression

Data from Tan W. Non-small cell lung cancer: practice  essentials, 
background, pathophysiology. Emedicinemed scapecom. 2018. 
https://emedicine.medscape.com/article/279960-overview. 
 Accessed June 22, 2018.
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FIGURE 12-2 The tumor in Pancoast syndrome in this chest 
radiograph is in the apex of the right lung.
Source: https://radiopaedia.org/articles/pancoast-tumour. Case courtesy of Dr Bruno Di 
Muzio, Radiopaedia.org, rID: 29403.

FIGURE 12-3 Right Horner syndrome in a 65-year-old man. Note the 
right-sided upper lid ptosis, right miosis, and “upside-down” ptosis of 
the right lower lid.
Reproduced with permission from Kanagalingam S, Miller N. Horner syndrome: clinical 
perspectives. Eye Brain. 2015;7:35–46 (Figure 1). doi:10.2147/eb.s63633. 

white blood cells (neutropenia); mouth soreness; skin 
changes; neurologic changes, including headache; vi-
sion changes; sexual and fertility changes; and hair 
loss. Other less-frequent side effects include dyspnea, 
blood pressure variations, and dizziness. Radiation 
therapy can also cause a variety of complications and 
side effects, including radiation-induced cardiotoxicity, 
radiation-induced pulmonary fibrosis, pneumonitis, ra-
diation recall (a phenomenon largely related to the skin 
that can occur at the site of previous radiation when 
certain chemotherapy drugs are given), as well as hair 
and weight loss.

Diagnostic Testing
In a patient with a long history of cigarette smoking 
or other risk factors for lung cancer, the presence of 
persistent respiratory symptoms will prompt a chest ra-
diograph.6 If the chest radiograph is suspicious, further 
testing is needed (Figures 12-4 and 12-5).

Standard laboratory testing includes complete blood 
count, electrolytes, calcium, alkaline phosphatase, 
alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), total bilirubin, and creatinine. A detailed 
clinical exam together with laboratory testing can pre-
dict the likelihood of metastases in patients with lung 
cancer, especially those with NSCLC.8 Abnormal find-
ings in the routine laboratory tests prompt additional 
imaging that guides the clinicians in their diagnostic 
and staging workup. An abnormal liver function test 
could be due to liver metastasis and prompts the evalu-
ation of the liver with direct imaging. An elevation of 

FIGURE 12-4 Anteroposterior chest radiograph of a patient with 
NSCLC located in the left lung.
Case courtesy of Dr Jeremy Jones, Radiopaedia.org, rID: 6230.

FIGURE 12-5 Chest radiograph of a patient with AdenoCA with a left 
pleural effusion.
Reproduced with permission from Isozaki H, Yasugi M, Takigawa N, et al. A new human 
lung adenocarcinoma cell line harboring the EML4-ALK fusion gene. Jpn J Clin Oncol. 
2014;44(10):963–968 (Figure 1a). doi:10.1093/jjco/hyu110.
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calcium prompts additional imaging for bone metasta-
sis. Elevation of the alkaline phosphatase could be due 
to either liver or bone metastases and prompts addi-
tional testing to isolate the source of the elevation.8

Imaging
The clinical staging of patients with suspected lung 
NSCLC begins with radiographic imaging.

CT with contrast is usually the initial imaging mo-
dality used to define the anatomic extent of lung cancer. 
It provides not only staging information but also infor-
mation about anatomic relationships that are important 
for surgical or radiation therapy planning19. The findings 
of CT scans of the chest and the clinical presentation 
of the patient allow practitioners to make presumptive 
differentiation between NSCLC and SCLC. Massive 
lymphadenopathy and direct mediastinal invasion are 
commonly associated with SCLC.6

Magnetic resonance imaging (MRI) is most use-
ful when evaluating a patient with possible spinal cord 
compression. Also, MRI has a greater sensitivity than 
CT scan for the detection of central nervous system 
metastasis.6 The multiplanar capability of MRI enables 
a more accurate evaluation of hilar lymph nodes, aorto-
pulmonary window lymph nodes, and subcarinal region 
lymph nodes than does CT imaging.20 The clinical in-
dications for MRI of the lung are related to three major 
objectives: the staging of lung tumors, the assessment of 
pulmonary vascular disease, and the investigation of any 
pulmonary abnormalities in patients who should not be 
exposed to radiation.21

Positron emission tomography (PET) scanning using 
fluoro-18-2-deoxyglucose (FDG) is an excellent modal-
ity for evaluating solitary pulmonary nodules and is 
approved by the U.S. Food and Drug Administration 
(FDA) for this indication.20 This type of PET scan is 
used to differentiate benign from malignant pulmonary 
nodules. PET scans are also useful for detecting distant 
metastases when whole-body imaging is performed. 
PET imaging has higher sensitivity, specificity, and ac-
curacy than does CT scanning in staging mediastinal 
tumors. Some hospitals and radiology centers have 
PET/CT scanners that can perform a PET and a CT 
simultaneously. This gives a more detailed appearance 
of the area on the CT scan. A PET/CT is useful for de-
lineating the primary tumor volume of NSCLC if there 
is surrounding collapse or consolidation or possible 
invasion of the mediastinum; otherwise, CT alone with 
either soft tissue or lung windows is adequate.22 PET/
CT is less helpful when the histologic findings reveal 
bronchoalveolar AdenoCA22 (Figure 12-6).

Biopsy
Patients with suspected lung cancer require tis-
sue biopsy to confirm the diagnosis. Many patients 
will present with advanced disease, where muta-
tion testing for targeted treatment is considered 

FIGURE 12-6 A combination of CT and PET may be useful for 
the radiotherapy planning of NSCLC if consolidation or collapse 
surrounds the primary tumor.

the standard of care.23 Histologic confirmation 
can be achieved by sputum cytologic studies, 
bronchoscopy, endobronchial ultrasound with 
transbronchial needle aspiration (EBUS-TNA), CT-
guided transthoracic needle biopsy of the mass, 
mediastinoscopy, thoracoscopy, and video-assisted 
thoracoscopy. The choice of methods depends on the 
location of the tumor.

Sputum cytology analysis represents the least inva-
sive method of obtaining a diagnosis in an individual 
suspected of having lung cancer. Enough tissue must 
be obtained for histologic and molecular analyses.24 
Sputum cytology is principally useful in those individu-
als presenting with larger, centrally located tumors 
(SQCLC) and in those with hemoptysis. Sampling of 
sputum specimens is usually an appropriate first step 
in the individual presenting with a central lesion with 
or without radiographic evidence of metastatic disease, 
although positive sputum may also represent cells from 
a second primary site.

Bronchoscopy with its available technical procedures 
(including brush and forceps biopsy along with cyto-
logic washings) is a valuable diagnostic procedure in 
the workup of a patient who is suspected of having lung 
cancer, especially with central lesions that are visually 
apparent.6 Bronchoscopy is the technique of choice in 
patients with central tumors. Peripheral lesions not vis-
ible in the main or lobar airways have a lower sensitivity 
compared with that of central tumors. EBUS-TNA or 
endobronchial ultrasound guided fine-needle aspiration 
(EBUS-FNA) is used to obtain cytology or histology 
samples when there is a submucosal tumor spread or 
peribronchial tumor causing extrinsic compression.24 
Bronchoscopy with EBUS-directed biopsy has emerged 
as the most common modality used for diagnosis and 
staging of suspected NSCLC due to its high diagnostic 
accuracy for accessing central primary tumors and most 
mediastinal lymph nodes.8 Furthermore, EBUS-directed 
biopsy in patients with mediastinal adenopathy on CT 
scan may be performed quickly and may reduce the 
time for establishing a treatment decision.25

Transthoracic needle aspiration (TTNA) is both a 
diagnostic and a therapeutic procedure in patients 
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Histopathology
Pathologic diagnosis of all tissue sample types need to 
be made using the most up-to-date classification sys-
tem. Distinguishing between NSCLC and SCLC and 
among the different histologic subtypes of NSCLC is 
increasingly important to guide subsequent testing 
for specific mutations and to guide treatment selec-
tion, including the identification of patients who are 
more likely to respond to newer targeted therapies 
(Figure 12-8).

Select patterns of immunohistochemical staining are 
typically used to confirm the tissue of origin in NSCLC. 
Biomarkers are substances produced by tumor cells or 
by other cells of the body in response to cancer or cer-
tain benign conditions. Tumor-associated biomarkers 
are biologic molecules that can be detected and serve 
as indicators of pathogenic processes or pharmacologic 
response to treatment.27 Different biomarkers can be 
used to distinguish normal and pathogenic processes. 
These substances can be found in the blood, in the 
urine, in the tumor tissue, or in other tissues. Numerous 
biomarkers have emerged as predictive and prognostic 
markers for NSCLC. A predictive biomarker is indica-
tive of therapeutic efficacy, because there is an interac-
tion between the biomarker and the therapy on patient 
outcome. A prognostic biomarker is indicative of pa-
tient survival independent of the treatment received, 
because the biomarker is an indicator of the innate tu-
mor aggressiveness.5

Tumor biomarkers are divided into several types: 
genetic (mutations, changes in number of copies, ma-
trix RNA expression), proteomic (changes in the level 
and profile of protein expression), metabolic (changes 
in the level and spectrum of low-molecular-weight me-
tabolites), DNAs and RNAs circulating in blood plasma, 
exosomal microRNAs (miRNAs), synthesis profile and 
level of miRNAs, protein biomarkers, circulating tumor 
cells, and immune, stromal, and endothelial cells.27 
Overall, proteins are the most suitable biomarkers for 
lung cancer diagnosis because of their involvement in 
cellular processes27 (Table 12-4).

Staging
The extent or stage of cancer at the time of diagnosis is 
a key factor that defines prognosis and is a critical ele-
ment in determining appropriate treatment based on the 
experience and outcomes of groups of previous patients 
with similar state.28 Utilizing a standardized staging 
system permits comparison of information across treat-
ment centers and within and between cancer-specific 
registries, and to serve as a basis for cancer research.

Cancer treatment requires assessment of the extent 
and behavior of the tumor and patient-related factors. 
Several cancer staging systems are used worldwide. 
The most clinically useful staging system is the tumor, 
node, and metastasis (TNM) staging system developed 
by the American Joint Committee on Cancer (AJCC) in 

presenting in respiratory distress. Thoracentesis has a 
sensitivity of only 80% with a specificity greater than 
90%.6 When a patient has suspected lung cancer with an 
accessible pleural effusion and the pleural fluid is nega-
tive after two times, a thoracoscopy is needed as the 
next step to aid in diagnosis.

Mediastinoscopy and thoracoscopy are important sur-
gical diagnostic procedures for evaluating lymph nodes 
of the mediastinum, which are common sites of early 
metastases in NSCLC. Tissue obtained via mediastinos-
copy from the superior and inferior mediastinal, aortic, 
and hilar lymph nodes that are larger than 1 cm in their 
short axis have an 80% probability of being malignant. 
Mediastinoscopy normally allows for the direct visualiza-
tion of the superior mediastinum, including subcarinal, 
aortopulmonary window, and periaortic lymphadenopa-
thy, better than if assessed by an anterior mediastinotomy 
(also known as the Chamberlain procedure). Medias-
tinoscopy as both a diagnostic and a staging procedure 
provides the capability of detecting advanced lung cancer 
and consequently excluding patients from futile attempts 
at thoracotomy and lung resections.

Video-assisted thoracoscopy (VAT) is used as a 
minimally invasive surgical procedure that permits 
evaluation of the pleural space and ipsilateral lymph 
nodes. VAT can directly visualize tumors that are ra-
diographically noted as late stage. VAT also provides an 
alternative approach to anterior and extended cervical 
mediastinoscopy for the evaluation of certain lymph 
node stations26 (Figure 12-7).

VATS Open thoracotomy

FIGURE 12-7 The incisions for VAT versus the incision for an open 
thoracotomy.
Reproduced from Cao C, D’Amico T, Demmy T, et al. Less is more: a shift in the surgical 
approach to non-small-cell lung cancer. Lancet Respir Med. 2016;4(3):e11–e12. doi:10.1016 
/s2213-2600(16)00024-2.
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FIGURE 12-8 Differentiation of cells into the major types of lung cancers. CA, cell carcinoma; EC, epithelial cell; L, lymphocyte; M, 
macrophage; NC, neuroendocrine; SC, secretory cell; SM, smooth muscle.
Zamay T, Zamay G, Kolovskaya O, et al. Current and prospective protein biomarkers of lung cancer. Cancers (Basel). 2017;9(12):155 (Figure 2). doi:10.3390/cancers9110155. 

collaboration with the Union for International Cancer 
Control, otherwise known as the AJCC TNM system.

The AJCC TNM stage for each cancer type is built 
by defining the anatomic size of the original tumor (T), 

whether the cancer is present in the lymph nodes (N), 
and whether the cancer has spread to other parts of the 
body or metastases (M), supplemented in some cases 
with nonanatomic factors.28 A number (0–4) or the 

Lung Cancer Type Protein Biomarkers of Lung Cancer

NSCLC, SCLC AGER, C10orfl16, ADD2, PRX, LAMB3, SYNM, SPTA1, ANK1, HBE1, HBG1, CA1, TNXB, MMRN2, HBA1, CAV1, 
HBB, COL6A6, Clorfl98, CLIC2, SDPR, EHD2, APOA2, NDUFB7, PRKCDBP, LAMA3, LBN

ACT, 3 IGFBP3, L-PGDS

SAA

SAA, HAP, HGF

TTR

SAA, AAG1.2, CLU, SSA, AAG1, SAA, TTR

APOA4, FIBA, LBN, SAA, CP, HP, TTR, KRT2A, GLT1B, CK1, AKT, MBL2, AAG1-2, FGA

GSN, HP, FCN3, CNDP1

Lung AdenoCA CALCA, CPS1, CHGB, IVL, AGR2, NASP, PFKP, THBS2, TXNDC17, PCSK1, CRABP2, ACBD3, DSG2, LRBA, 
STRAP, VGF, NOP2, LCN2, CKMT1B, AKR1B10, PCNA, CPD, PSME3, VIL1

SQCLC SERPINB5, RPL5, RKP1, RPL10, AKR1B10, AKR1C1, PCNA, RPS2, AKR1C3, THBS2, ACBD3, VSNL1, AHCY, 
IMMP10, PAK2, IVL, IARS, PSMD2, GBP5, MCM6, NDRG1, NOP58, S100A2, NRGI-2, CNDP1

UCRP, CER, UPA, MT1-MMP, SFN, TF, ALB, S100A9, STMN, ENO, PLAU, IGFBP7, MMP14, THBS1, TTR

Data from Zamay T, Zamay G, Kolovskaya O, et al. Current and prospective protein biomarkers of lung cancer. Cancers (Basel). 2017;9(12):155 (Table 1). 
doi:10.3390/cancers9110155.

TABLE 12-4
Protein Biomarkers of Lung Cancer

302 CHAPTER 12 Lung Carcinoma



Category Subcategory Descriptors

T: Primary tumor

TX Primary tumor cannot be assessed, or tumor proven by the presence of malignant cells in sputum or 
bronchial washings but not visualized by imaging or bronchoscopy

T0 No evidence of primary tumor

Tis Carcinoma in situ:
• Tis (AIS): AdenoCA
• Tis (SCIS): squamous cell carcinoma

T1 Tumor 3 cm or less in greatest dimension, surrounded by lung or visceral pleura, without bronchoscopic 
evidence of invasion more proximal than the lobar bronchus (i.e., not in the main bronchus); the 
uncommon superficial spreading tumor of any size with its invasive component limited to the bronchial 
wall, which may extend proximal to the main bronchus, is also classified as T1a

T1mi Minimally invasive AdenoCA

T1a Tumor 1 cm or less in greatest dimension

T1b Tumor more than 1 cm but not more than 2 cm in greatest dimension

T1c Tumor more than 2 cm but not more than 3 cm in greatest dimension

T2 Tumor more than 3 cm but not more than 5 cm; or tumor with any of the following features (T2 tumors 
with these features are classified as T2a if 4 cm or less or if size cannot be determined and T2b if greater 
than 4 cm but not larger than 5 cm):
• Involves main bronchus regardless of distance to the carina, but without involving the carina
• Invades visceral pleura
• Associated with atelectasis or obstructive pneumonitis that extends to the hilar region, either involving 

part of the lung or the entire lung

T2a Tumor more than 3 cm but not more than 4 cm in greatest dimension

T2b Tumor more than 4 cm but not more than 5 cm in greatest dimension

T3 Tumor more than 5 cm but not more than 7 cm in greatest dimension or one that directly invades any of 
the following: parietal pleura (PL3), chest wall (including superior sulcus tumors), phrenic nerve, parietal 
pericardium; or associated separate tumor nodule(s) in the same lobe as the primary

T4 Tumors more than 7 cm or one that invades any of the following: diaphragm, mediastinum, heart, great 
vessels, trachea, recurrent laryngeal nerve, esophagus, vertebral body, carina; separate tumor nodule(s) 
in a different ipsilateral lobe to that of the primary

N: Regional lymph nodes

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes and intrapulmonary nodes, 
including involvement by direct extension

N2 Metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s)

N3 Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral, or contralateral scalene, or 
supraclavicular lymph node(s)

TABLE 12-5
Categories, Subcategories, and Descriptors of the Eighth Edition of the TNM Classification of Lung Cancer29

(Continues)

letter X is assigned to each factor. A higher number in-
dicates increasing severity. The letter X means the infor-
mation could not be assessed. For example, a T1 score 
indicates a smaller tumor than a T2 score (Table 12-5). 

The analysis of the “T” component is complex. It has 
many descriptors, including tumor size, endobronchial 
location, atelectasis/pneumonitis, and the invasion 
of the many anatomic structures around the lung.29 
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Category Subcategory Descriptors

M: Distant metastasis

M0 No distant metastasis

M1 Distant metastasis

M1a Separate tumor nodule(s) in a contralateral lobe; tumor with pleural nodules or malignant pleural or 
pericardial effusion; most pleural (pericardial) effusions with lung cancer are due to tumor; in a few 
patients, however, multiple microscopic examinations of pleural (pericardial) fluid are negative for tumor, 
and the fluid is nonbloody and is not an exudate; where these elements and clinical judgment dictate that 
the effusion is not related to the tumor, the effusion should be excluded as a staging descriptor

M1b Single extrathoracic metastasis in a single organ and involvement of a single distant (nonregional) node

M1c Multiple extrathoracic metastases in one or several organs

Reproduced with permission from Rami-Porta R, Asamura H, Travis W, Rusch V. Lung cancer–major changes in the American Joint Committee on Cancer  
eighth edition cancer staging manual. CA Cancer J Clin. 2017;67(2):138–155 (Table 3). doi:10.3322/caac.21390.

TABLE 12-5
Categories, Subcategories, and Descriptors of the Eighth Edition of the TNM Classification of Lung Cancer 
(Continued)

Superior Mediastinal Nodes
Upper zone
 2R Upper paratracheal (right)
 2L Upper paratracheal (left)
 3p Retrotracheal
 3a Prevascular
 4R Lower paratracheal (right)
 4L Lower paratracheal (left)

Inferior Mediastinal Nodes
Subcarinal zone
 7 Subcarinal
Lower zone
 8 Paraesophageal (below carina)
 9 Pulmonary ligament

N1 Nodes
Hilar/interlobar zone
 10 Hilar
 11 Interlobar
Peripheral zone
 12 Lobar
 13 Segmental
 14 Subsegmental

Aortic Nodes
AP zone
 5 Subaortic
 6 Para-aortic
  (ascending
  aorta or phrenic)

Supraclavicular zone
 1 Low cervical, supraclavicular,
  and sternal notch nodes

 

FIGURE 12-9 The IASLC lymph node map, including the groupings for node stations for prognostic analyses.
Reproduced with permission from Rice D. The staging of lung cancer. In: Weissferdt A, Moran C, eds. Diagnostic Pathology of Pleuropulmonary Neoplasia. 1st ed. New York, NY: Springer 
Science+Business Media; 2013:39–51. https://www.springer.com/cda/content/document/cda_downloaddocument/9781441907868-c1.pdf?SGWID=0-0-45-1355809-p174546164. 
Accessed June 24, 2018.

Analyses of the “N” descriptors at clinical and patho-
logic staging show that they clearly separate tumors of 
significantly different prognosis. The nodal zones group 
neighboring nodal stations (Figure 12-9). The nodal sta-
tions contain lymph nodes that are located within clearly 

defined anatomic landmarks in the lung, the hilum, the 
mediastinum, and the supraclavicular area. The more 
nodal stations are involved, the worse the prognosis.29

Once the T, N, and M scores are assigned, an overall 
stage is designated. Box 12-3 shows the stage groupings.
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BOX 12-3 Pathologic Stages of NSCLC
Stage I: The cancer is located only in the lungs and has 
not spread to any lymph nodes.
Stage II: The cancer is in the lung and nearby lymph 
nodes.
Stage III: The cancer is found in the lung and in the 
lymph nodes in the middle of the chest, also de-
scribed as locally advanced disease. Stage III has two 
subtypes:

 � If the cancer has spread only to lymph nodes on the 
same side of the chest where the cancer started, it 
is called stage IIIA.

 � If the cancer has spread to the lymph nodes on the 
opposite side of the chest, or above the collar bone, 
it is called stage IIIB.

Stage IV: This is the most advanced stage of lung 
cancer and is also described as advanced disease. This 
is when the cancer has spread to both lungs, to fluid 
in the area around the lungs, or to another part of the 
body, such as the liver or other organs.

Data from Lung Cancer 101 | Lungcancer.org. Lungcancerorg. 2018. 
https://www.lungcancer.org/find_information/publications/163 
-lung_cancer_101/268-types_and_staging.  Accessed June 25, 2018.

Treatment and Management
Treatment and management options for NSCLC 
include surgery, chemotherapy, and radiation. Com-
plete surgical resection is the preferred approach for 
patients who are surgical candidates. Radiation is the 
alternative if the patient is not a surgical candidate or 
if the patient refuses surgery. Adjuvant chemotherapy 
(chemotherapy after surgery) is indicated for those 
with pathologic Stage II disease and for those patients 
with Stage IB disease, especially those with high-risk 
features. Adjuvant chemotherapy is not indicated for 
patients with resected Stage IA tumors.31 The benefit of 
adding adjuvant chemotherapy increases as the disease 
stage increases.32 Postoperative radiation therapy (RT) 
is indicated only for patients with positive surgical mar-
gins; it is not indicated for other patients with Stage I 
or II disease. For those with pathologic Stage III disease 
after resection, adjuvant chemotherapy is indicated, and 
sequential postoperative RT is generally recommended 
for those with mediastinal lymph node involvement.31

A subset of treatment for NSCLC is listed in Box 12-4.  
A review of all treatment regimens for NSCLC is quite 
extensive and beyond the scope of this textbook.

Fatigue, cough, and breathlessness are distressing 
symptoms for patients with any type of lung cancer. 
Breathlessness represents one of the most common and 
distressing symptoms in lung cancer,33 occurring in up 
to 90% patients.34 Cough presents a significant burden 
for people with lung cancer and is present in 40–70% 
of patients with lung cancer at initial presentation and 
as the disease progresses.35 Cough typically exacerbates 
breathlessness and has a profound effect on the quality 
of life. Breathlessness and cough can be treated with a 
combination of pharmacologic and nonpharmacologic 
interventions.33 In lung cancer patients receiving pal-
liative care, these pharmacologic agents may include 
opioids, including morphine, given by mouth, by nebu-
lizer, or injected; codeine for cough suppression; anti-
tussive drugs; bronchodilators; benzodiazepines; and 
supplemental oxygen.33,36 Only low-quality evidence 

BOX 12-4 Sample Treatments for NSCLC

 � Surgery (Stages I and II)

 y Lobectomy

 y Pneumonectomy

 y Wedge resection/segmentectomy

 y Video-assisted thoracoscopic surgery

 y Mediastinal lymphadenectomy

 � RT (Stages I and II when surgical resection is not 
possible)

 � Systemic chemotherapy (adjuvant for Stages II 
and IIIA)

 y Cisplatin

 y Paclitaxel

 y Cisplatin-gemcitabine

 y Ramucirumab and Docetaxel (second line)

 � Molecular-targeted therapy

 y Erlotinib

 y Afatinib

 y Gefitinib

 y Osimertinib

 y Cetuximab

 y Necitumumab

 y Crizotinib

 y Ceritinib

 y Alectinib

 y Brigatinib

 y Bevacizumab

 y Ramucirumab

Data from Tan W. Non-small cell lung cancer: practice essentials, 
background, pathophysiology. Emedicinemedscapecom. 2018. 
https://emedicine.medscape.com/article/279960-overview. 
 Accessed June 22, 2018.
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United States and occurs almost exclusively in smokers, 
when compared with NSCLC.

Definition/Diagnosis
There is no screening test available to detect early-stage 
SCLC. This disease is typically diagnosed when a patient 
presents with symptoms indicative of advanced-stage 
disease. Only about one-third of these patients present 
with limited disease confined to the chest.40 Although 
SCLC is initially highly responsive to chemotherapy and 
radiotherapy, most patients relapse with highly resistant 
disease within a few months to a year from the initial 
therapy.

Clinical Signs and Symptoms
Most patients with SCLC are symptomatic at the 
time of presentation. Most of the presenting signs 
and symptoms of the disease occur in the advanced 
stage. See Box 12-5. Usually these symptoms are pres-
ent only within the past 8–12 weeks prior to patient 
presentation.

shows benefit for the use of oral or parenteral opioids 
to palliate breathlessness, with no evidence of the use 
of nebulized opioids.37 Breathlessness self-management 
techniques can include breathing retraining, relax-
ation techniques, and psychosocial support.33 Cancer-
related fatigue may be reduced using exercise and 
acupressure.34

Prognosis
The United States has the highest 5-year patient sur-
vival rates. From 2008 to 2014, the 5-year survival rate 
was 18.6%, up from 12.5% in 1975.6 The most important 
prognostic factor in patients with NSCLC is the stage of 
the disease at presentation. The 5-year survival rate for 
those with localized disease is 55.6%, for regional dis-
ease 28.9%, and for those with distant metastasis 4.5%.38 
The 5-year survival rates for different stages of NSCLC 
are listed in Table 12-6.39

The prognostic factors for NSCLC include the stage 
at presentation, performance score, and weight loss.6 
Patients with in situ tumors and Stage I NSCLC have a 
far better prognosis than more advanced disease. Non-
resectable NSCLC has a poor prognosis with a mean 
survival rate of 8–14 months.6

Small Cell Lung Carcinoma
SCLC is distinguished from NSCLC by its ability to 
rapidly double and cause widespread metastases early 
on in its development, making it an aggressive lung can-
cer. SCLC accounts for 10–15% of lung cancers in the 

Stage of NSCLC Five-Year Survival Rate (%)

IA1 92

IA2 83

IA3 77

IB 68

IIA 60

IIB 53

IIIA 36

IIIB 26

IIIC 13

IVA 10

IVB <1

Data from Non-Small Cell Lung Cancer Survival Rates, by Stage.  Cancerorg. 
2018. https://www.cancer.org/cancer/non-small-cell-lung-cancer/detection 
-diagnosis-staging/survival-rates.html. Accessed June 25, 2018.

TABLE 12-6
Five-Year Survival Rate for NSCLC by Stages

KNOWLEDGE CHECK QUESTIONS

1. True or False: Biomarkers help to predict tar-
geted therapy and estimate prognosis for 
NSCLC.

2. True or False: Hemoptysis is the most common 
sign of NSCLC.

3. True or False: Worldwide deaths from lung can-
cer is second to non-melanocytic skin cancer.

4. True or False: Most of all cases of lung cancer in 
the United States are SCLC.

5. True or False: Pancoast syndrome is due to a tu-
mor in the superior pulmonary sulcus.

6. True or False: SCLC manifests mostly as a cen-
trally located tumor.

BOX 12-5 Signs and Symptoms of SCLC

 � Bone pain

 � Cough

 � Fatigue

 � Neurologic dysfunction

 � Shortness of breath

 � Weight loss

Data from Tan W. Small cell lung cancer: practice essentials, 
pathophysiology, etiology. Emedicinemedscapecom. 2018. 
https://emedicine.medscape.com/article/280104-overview. 
 Accessed June 25, 2018.
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lymph nodes, liver, bones, adrenal glands, and brain. It 
is this propensity for early metastatic involvement that 
gives SCLC the worst prognosis among the major cat-
egories of lung cancer.14

SCLC is characterized by expression of neuroen-
docrine (NE) markers released from either neuro-
endocrine cells or their progenitors (neuroendocrine 
progenitors). Neuroendocrine cells receive informa-
tion from neurotransmitters, causing them to release 
hormones into the blood.47 Recent research has de-
termined that SCLC tumors and cell lines can exhibit 
distinct inter-tumor heterogeneity with respect to 
the expression of NE features. Loss of NE expression 
results in major alterations in morphology, growth 
characteristics, and molecular properties, which can 
have major clinical implications due to very different 
responses to targeted therapies.48

Risk Factors
Smoking is a strong relative risk factor for all forms of 
lung cancer. SCLC and SQCLC are the two predomi-
nant lung cancers closely associated with smoking. 
The greater the amount smoked, the greater the risk 
for SCLC and SQCLC. Smoking cessation reduced the 
relative risk in the short term and long term, but risks 
among heavy former smokers never fully return to base-
line risks of nonsmokers.42 Other risk factors include 
cigar smoking; secondhand smoke; exposure to radon, 
asbestos, and radioactive uranium; and inhaled chemi-
cals and diesel exhaust (Table 12-3).

Complications
The complications from SCLC stem from the metastasis 
of the cancer. See Box 12-6.

Tumor lysis syndrome can occur rapidly in patients 
with SCLC once chemotherapy begins, especially in 
cases of extensive disease. Tumor lysis causes hyperuri-
cemia, hyperphosphatemia, hypocalcemia, and hyper-
kalemia. Another abnormality includes hyponatremia. 
Hyponatremia is caused by inappropriate secretion of 
antidiuretic hormone, which results in the inability of 
the kidneys to excrete free water.41

Diagnostic Testing
The initial workup for SCLC includes a thorough his-
tory and physical examination, which provide the clues 
to the organ systems involved. See complications of 
SCLC in Box 12-6.

Chest radiography is a means by which lung cancer is 
often incidentally first discovered. It allows for a coarse 
assessment of the primary tumor size and may reveal 
mediastinal lymphadenopathy. Indirect, nonspecific 
findings associated with a primary mass include pleu-
ral effusion, atelectasis, obstructive pneumonitis, and 
mediastinal widening. Chest radiographs of patients 

Physical findings of patients presenting with SCLC 
depend on the extent of local and distant spread and the 
organ system involved.41 Obstruction of a bronchus can 
cause atelectasis and postobstructive pneumonia. Ma-
lignant pleural effusions also occur, as can pericardial 
effusion and pericardial tamponade. Neurologic dys-
function is a manifestation of metastases to the central 
nervous system. Lymph node involvement is common.

Etiology
The single most important cause of SCLC is tobacco 
use. At least 95% of patients with SCLC have a positive 
smoking history.42 Other environmental and occupa-
tional carcinogens have been related to SCLC, including 
exposure to chloromethyl ether, used in the chemical 
manufacturer industry, and high radon levels, to which 
uranium miners are exposed.43

Epidemiology
In the United States, lung cancer is the second most 
common malignancy in both genders, exceeded only by 
prostate cancer in men and breast cancer in women.41 
However, twice as many women in the United States 
die of lung cancer each year than from breast cancer.41 
According the American Cancer Society, the estimate 
for new cases of lung cancer in 2018 is 234,030 and 
the estimate for deaths from lung cancer is 154,050.13 
SCLC represents approximately 10–15% of the 234,030 
cases estimated for 2018. This new case rate for SCLC 
declined from 17% in 1986 to 13% in 2002.44 No data are 
available specifically for SCLC worldwide.

A decrease in the percentage of smokers and number 
of cigarettes smoked per person in the United States 
might explain the recent reduction in the SCLC inci-
dence rates. Despite the decreased incidence rate over 
the last three decades, the survival rate remains rela-
tively stable. Between 1983 and 2012, the 5-year survival 
rate increased from 4.9% to 5.9% to 6.4% each decade.45

Pathophysiology
The distinction between SCLC and NSCLC is critical, 
both clinically and in terms of tumor genetics and biol-
ogy.46 The WHO and the International Association for 
the Study of Lung Cancer (IASLC) developed standard-
ized morphologic classifications of lung cancer and 
SCLC subtypes. Although the subtypes of SCLC are not 
clinically useful in determining therapy, the recognition 
that mixed tumors contain two or more elements of 
SCLC, AdenoCA, or SQCLC has promoted the concept 
that the major forms of lung cancer are closely related, 
perhaps arising from a common stem cell46 (Figure 12-9).

SCLC is a poorly differentiated neuroendocrine 
tumor that arises in the peribronchial locations in the 
epithelium and infiltrates the bronchial submucosa. 
Distant metastasis occurs early during this disease. The 
most common areas of metastasis include mediastinal 

Small Cell Lung Carcinoma 307



with SCLC may demonstrate unilateral hilar enlarge-
ment, increased hilar opacity, a perihilar mass, medias-
tinal mass, or a combination of these. It is uncommon 
for SCLC to appear as a solitary pulmonary nodule 
(Figure 12-10). Small cell tumors are located centrally 
in 90% of the cases of SCLC.49 These tumors arise from 
the mainstem of lobar bronchi and appear as hilar or 
perihilar masses. They frequently have mediastinal 
lymph node involvement at presentation. On chest ra-
diography this appears as a mediastinal widening due to 
the lymph node enlargement. This is usually the most 
striking feature on the chest radiograph.49

In addition to the chest radiograph, numerous other 
diagnostic tests are used to complete a staging workup 
on patients with SCLC. The prognosis and management 
of SCLC depends on this staging workup. See Box 12-7.

CT scanning of the sites of possible metastasis needs 
to be performed to evaluate the disease for staging. 
This should involve CT scanning of the thorax (lungs 
and mediastinum) (Figure 12-11) and the abdomen, 
including the liver, adrenals, and other organs. Intra-
venous contrast agents can be used whenever possible. 
In the United States, CT scans of the chest and upper 
abdomen, including the liver and adrenal glands, are 
standard.41 If metastasis to the brain is suspected, MRI 
of the brain is in order, because MRI is more sensitive 

BOX 12-6 Complications of SCLC

Regional lung 
cancer spread

Left vocal cord paralysis (tumor 
invasion)
Hemidiaphragm elevation (phrenic 
nerve compression)
Dysphagia (esophageal 
compression)
Chest pain (pleural or chest wall 
involvement)
Superior vena cava syndrome
Pericardial effusion and tamponade
Cervical or supraclavicular lymph 
node enlargement 

Metastatic lung 
cancer spread

Brain metastases (neurologic 
problems)
Leptomeningeal carcinomatosis 
(carcinoma spread to the meninges)
Adrenal metastases (adrenal 
insufficiency)
Liver metastases (hepatomegaly, 
jaundice, tenderness)
Bone metastases (bone pain, spinal 
cord compression)
Anorexia/cachexia
Fatigue

Data from National Comprehensive Cancer Network. Small Cell 
Lung Cancer. Fort Washington, PA: National Comprehensive 
Cancer Network; 2018. https://www.nccn.org/professionals 
/physician_gls/default.aspx. Accessed June 25, 2018.

FIGURE 12-10 Left hilar mass in a patient with SCLC.
https://radiopaedia.org/articles/small-cell-lung-cancer-1. Case 8.

Case courtesy of Dr Henry Knipe, Radiopaedia.org, rID: 300.

BOX 12-7 Diagnostic Testing for SCLC

 � Complete history and physical examination

 � Complete blood count (CBC) with differential

 � Serum electrolytes levels, including calcium

 � Liver function tests (LFTs)

 � Renal function tests (RFTs)

 � Serum lactate dehydrogenase (LDH) level

 � Serum alkaline phosphatase (ALP) level

 � Chest radiography

 � CT scanning of the chest and abdomen with in-
travenous contrast (including liver and adrenal 
glands)

 � CT scanning/MRI of the brain with IV contrast

 � Bone scanning

 � Bone marrow aspiration and biopsy if abnormali-
ties are present in the CBC or peripheral smear

 � Pleural effusion thoracentesis and cytology 
testing

Data from Tan W. Small cell lung cancer: practice essentials, 
pathophysiology, etiology. Emedicinemedscapecom. 2018. 
https://emedicine.medscape.com/article/280104-overview.  
 Accessed June 25, 2018.

than CT scanning with contrast for detection of brain 
metastasis.41

Further investigations uncover the extent of the dis-
ease and assesses organ function prior to therapy. In 
general, depending on the tumor localization, biopsies 
from the primary tumor can be obtained via bronchos-
copy, mediastinoscopy, EBUS, TNA, or thoracoscopy. 
When a metastatic lesion is easily and safely accessible, 
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a biopsy specimen may be taken to provide pathologic 
staging.41 A pleural effusion needs to be tested for 
malignant cells, and liver or adrenal lesions may be 
sampled via FNA.

FIGURE 12-11 A 61-year-old female with SCLC (Type IIIc). (A–C) 
Axial CT mediastinal images show extensive bilateral mediastinal 
conglomerate mass, which are reliably distinguished from enlarged 
lymph nodes. This single mass is encasing and compressing the 
trachea to mainstem bronchi and invading the superior vena cava  
(B: white arrowhead) and the right main pulmonary artery.
Reproduced with permission from Lee D, Rho J, Kang S, Yoo K, Choi H. CT findings of  
small cell lung carcinoma. Medicine (Baltimore). 2016;95(47):e5426 (Figure 4). doi:10.1097 
/md.0000000000005426. 

Staging
The National Comprehensive Cancer Network Expert 
Panel Clinical Practice Guideline recommends a com-
bined approach for staging SCLC using both the AJCC 
TNM staging system and the older Veterans Adminis-
tration (VA) scheme for SCLC. Once a patient receives 
an initial assessment of the extent of the cancer using 
the VA scheme, either limited-stage SCLC or extensive-
stage SCLC, a decision can be made to continue further 
staging. See Box 12-8. Further staging is optional if the 
patient has extensive-stage SCLC, except for brain imag-
ing.40 If limited-stage SCLC is suspected, a PET/CT scan 
(skull to mid-thigh) is done to assess for distant metasta-
ses. PET scans increase staging accuracy in patients with 
SCLC, because SCLC is a highly metabolic disease.40

Since LS-SCLC is a curable disease, the most im-
portant issue in staging is to determine whether there 
are any distant metastases.50 Treatment for LS-SCLC is 
based on a combination of the two-stage scheme and 
the TNM staging system (Table 12-4). However, TNM 
staging does not alter clinical management frequently 
due to the predominance of advanced stage at presen-
tation, and it is less powerful in prognostication for 
SCLC than for NSCLC.44 TNM is most useful in the 
identification of patients for whom resection may be 
beneficial (e.g., for patients that are thoroughly evalu-
ated and have clinical stage I [T1-2N0] disease). In these 
cases, resection followed by adjuvant chemotherapy is 
recommended; however, this applies to fewer than 5% of 
patients.44

Treatment and Management
Once SCLC has been appropriately staged, primary 
and adjuvant therapeutic planning can commence. The 
treatment options for SCLC do not change as dramati-
cally as they do with NSCLC. The standard treatment 
in patients with LS-SCLC includes chemoradiation, 
combination chemotherapy, and/or surgical resection. 

BOX 12-8 The VA Two-Stage 
Classification Scheme40,50,51

Limited-Stage SCLC (LS-SCLC)

 � Cancer usually is only in one lung and possibly in 
lymph nodes on the same side of the chest.

 � Primary tumor and regional nodes can be ade-
quately encompassed within one radiation field.

Extensive-Stage SCLC (ES-SCLC)

 � Cancer has spread to the opposite lung, to the 
lymph nodes on the other side of the chest, or to 
distant organs.

 � Includes malignant pleural or pericardial effu-
sion or hematogenous metastases.
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Chapter Summary
Lung cancer is the most common cause of cancer mor-
tality worldwide for both men and women. The first 
step in the management of lung cancer is to confirm the 
diagnosis of a malignancy and to assess which type of 
cancer the patient has, the disease stage, and the overall 
status of the patient. With NSCLC, the initial manage-
ment is to determine the stage of the disease, because it 
is a slower progressing type of cancer. In those patients 
with an early stage of NSCLC, surgical resection is the 
treatment of choice and offers the best opportunity for 
a cure. Those patients who have more extensive intra-
thoracic disease, surgical resection and adjuvant che-
motherapy are preferred. Patients with advanced-stage 
NSCLC are managed palliatively. With SCLC, systemic 
chemotherapy is the most important treatment because 
this type of cancer metastasizes rapidly. For patients 
with limited-stage SCLC, management includes both 
chemotherapy and thoracic RT. Preventive brain ir-
radiation is used most often because brain metastasis 
is common, and preventive irradiation of the brain will 
reduce its incidence.

The survival of lung cancer is inversely propor-
tional to the stage of the cancer. The key to survival 
is early detection and diagnosis. Chest radiography is 
important in the identification of lung cancer but is 
not helpful in the staging of the disease. To assess for 
the extent of the lung cancer, imaging with CT or MRI 
with contrast is the least expensive, but PET is the 
most sensitive for the detection of both primary tumor 
and metastasis. Biopsies of the primary tumor and re-
gional metastasis can be achieved with endobronchial 
ultrasound and TNA. Other more invasive methods, 
used for more extensive disease or those that cannot be 
viewed endobronchially, include transthoracic needle 
aspiration under imaging guidance, mediastinoscopy, 
and thoracoscopy.

ES-SCLC is treated with a combination of chemo-
therapy and radiation (National Comprehensive Cancer 
Network).

For approximately 30% of patients with LS-SCLC at 
the time of diagnosis, management typically involves 
combination platinum-based chemotherapy and tho-
racic RT. Patients who achieve a complete or partial 
response are usually offered prophylactic cranial irra-
diation.41 Some of the therapies for SCLC are listed in 
Box 12-9.

Prognosis
Approximately 60–70% of patients with SCLC have 
clinically disseminated or extensive disease at presenta-
tion.41 ES-SCLC is incurable. Patients with advanced 
disease have on average disease-free survival of 5.5 
months and median survival of less than 10 months.43 
Patients with LS-SCLC treated with combination che-
motherapy plus thoracic RT have a complete response 
rate of 80%41 (Table 12-7).

Indicators of poor prognosis include a relapse of the 
disease, weight loss of more than 10% of baseline body 
weight, poor performance stats, and hyponatremia.41

BOX 12-9 Sample of Treatments Used  
for SCLC41,52

 � Chemotherapy

 y Cisplatin + etoposide (LS-SCLC and ES-SCLC)

 y Carboplatin + etoposide (LS-SCLC)

 y Cisplatin + irinotecan + (ES-SCLC)

 y Carboplatin + irinotecan (ES-SCLC Stage IV)

 y Cyclophosphamide + doxorubicin + vincris-
tine (ES-SCLC Stage IV)

 � Thoracic RT (combined with chemotherapy)

 � Prophylactic cranial irradiation (LS-SCLC)

 � Surgery (LS-SCLC only, Stage 1 [T1 to 2, N0])

Stage of SCLC Five-Year Survival Rate (%)

I 31

II 19

III 8

IV 2

Data from Baldini E, Kalemkerian G. Limited-stage small cell lung cancer: 
initial management. In: Lilenbaum R, Schild S, Vora S, eds. Uptodate. 
Waltham, MA: UpToDate; 2018. http://www.uptodate.com. Accessed 
June 25, 2018.

TABLE 12-7
Five-Year Survival Rate for SCLC by Stages53

KNOWLEDGE CHECK QUESTIONS

1. True or False: SCLC proliferates more rapidly 
than NSCLC.

2. True or False: SCLC can be detected by cancer 
screening tests.

3. True or False: Neuroendocrine markers are often 
present with SCLC.

4. True or False: The treatment protocols for the 
different stages of SCLC vary as much as those 
treatment protocols for NSCLC.

5. True or False: The prognosis for SCLC is the 
same as for NSCLC.
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Key Points
1. Lung neoplasms can be either benign or malignant. 

Benign neoplasms tend not to spread, but malig-
nant neoplasms are typically aggressive and metas-
tasize to other parts of the body.

2. The WHO classifies two major types of lung can-
cers based on biology, therapy, and prognosis. 
These two categories are NSCLC and SCLC.

3. NSCLC accounts for 80% of all lung cancers 
and consists of three main categories of cancers. 
These categories include AdenoCA, SQCLC, and 
LCLC. Some genetic mutations that cause cancer 
have been identified and are the basis for certain 
therapies.

4. The signs and symptoms of all lung cancers are 
similar, with the most common being cough, short-
ness of breath, fatigue, hemoptysis, cachexia, and 
chest pain.

5. The single major etiology for lung cancer is ciga-
rette smoking, with the association being highest 
with SCLC and SQCLC. Never smokers can de-
velop lung cancer as well. AdenoCA of the lung is 
more common with never smokers compared with 
smokers.

6. Smoking and exposure to carcinogens are the two 
modifiable risk factors for both NSCLC and SCLC. 
Nonmodifiable risk factors for these cancers in-
clude previous radiation to the lungs, air pollution, 
and family history.

7. Most patients presenting with symptoms of lung 
cancer for the first time have advanced disease. 
SCLC is the more aggressive type of cancer, due to 
these cancer cells’ ability to rapidly divide.

8. Complications from lung cancer are due to metas-
tasis to other organs and to cancer treatment.

9. Tumor biopsy and imaging are used to stage lung 
cancer. Staging plays a major role in determining 
treatment. These treatments include surgical resec-
tion, chemotherapy, and RT.

10. The stage of cancer at the time of diagnosis is a key 
factor in the prognosis. The more lymph node sta-
tions involved, the worse the patient’s prognosis.

Chapter Questions
1. Benign neoplasms ____________________________

____________________________.
a. are just as aggressive as malignant  

neoplasm
b. typically originate in the lung periphery
c. are usually non-metastasizing
d. are staged like malignant neoplasms

2. Lung cancers that originate in the peripheral 
bronchi tend to be ____________________.
a. adenocarcinomas (AdenoCA)
b. squamous cell carcinomas
c. large cell carcinomas
d. small cell carcinomas

3. The most common presenting physical 
manifestation of lung cancer is _______________.
a. dyspnea
b. cough
c. hemoptysis
d. chest pain

4. Never smokers most commonly develop 
__________________________.
a. small cell lung carcinoma (SCLC)
b. large cell lung carcinoma (LCLC)
c. squamous cell lung carcinoma (SQCLC)
d. AdenoCA

5. Cigarette smoking most commonly causes 
_______________________.
a. SCLC and SQCLC
b. AdenoCA and LCLC
c. SQCLC and adenocarcinoma
d. LCLC and SCLC

6. Keratin pearls can be found in biopsies of 
______________________.
a. AdenoCA
b. small cell lung carcinoma
c. SQCLC
d. LCLC

7. _________________________ tends to remain within 
the thorax and cause intrathoracic complications 
without metastasis to other parts of the body.
a. SQCLC
b. AdenoCA
c. LCLC
d. SCLC

8. ______________________________ is the most 
commonly used modality to locate centrally 
located tumors and mediastinal lymph nodes 
for≈biopsy.
a. Video-assisted thoracoscopy
b. Bronchoscopy with endobronchial  

ultrasound
c. Mediastinoscopy
d. Computed tomography

9. ____________________ biomarkers are most 
suitable for identifying lung cancer.
a. Genomic
b. Transcriptomic
c. Anatomic
d. Protein

10. ___________________ is characterized by 
neuroendocrine markers.
a. AdenoCA
b. SCLC
c. SQCLC
d. LCLC

11. Prophylactic cranial irradiation is a common 
practice when treating ______________.
a. AdenoCA
b. LCLC
c. SCLC
d. SQCLC
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12. ________________________ almost exclusively 
occurs in cigarette smokers.
a. SCLC
b. LCLC
c. AdenoCA
d. SQCLC

13. The pathologic stage for a non-small cell lung 
carcinoma (NSCLC) that has spread to both lungs 
and caused a malignant pleural effusion and liver 
metastasis is _____________________.
a. Stage I
b. Stage II
c. Stage III
d. Stage IV

14. The most appropriate treatment for 
NSCLC with staging T1N0M0 is 
____________________________.
a. chemotherapy
b. surgical resection
c. chemotherapy and radiation therapy
d. surgical resection followed by radiation therapy

15. A positive smoking history puts a patient at 
greatest risk for _____________________.
a. SQCLC
b. LCLC
c. SCLC
d. AdenoCA
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OBJECTIVES
1. Recognize common characteristics, manifestations, and 

anatomic features of pneumonia.
2. Identify common complications associated with the 

different types of pneumonias.
3. Discuss the mechanisms that permit the infectious 

organisms to enter the lower respiratory tract.
4. Compare the characteristics of the pneumonias classified 

by the origin of development.
5. Differentiate the risk factors associated with the 

development of antimicrobial resistance.

KEY TERMS
Aerobic
Anaerobic
Atypical pneumonia
Bacteremia
Bacteremic septicemia
Bronchoalveolar lavage (BAL)
Bronchopneumonia
Community-acquired 

pneumonia (CAP)
Consolidation
C-reactive protein (CRP)
CURB-65
Disseminated intravascular 

coagulation (DIC)
Empirical antimicrobial 

treatment
Endemic
Facultative anaerobes
Fungi
Gram negative
Gram-negative pneumonia
Gram positive
Gram staining
Granulomas
Hemoptysis
Hospital-acquired 

pneumonia (HAP)

Immunosenescence
Interstitial pneumonia
Left shift
Lobar pneumonia
Microaspiration
Microbiome
Microbiota
Multidrug-resistant 

organism (MDRO)
Necrosis
Nosocomial
Opportunistic
Pathogens
Pneumatocele
Pneumonia
Pneumonia severity 

index (PSI)
Polymicrobial infection
Procalcitonin (PCT 

or ProCT)
Round pneumonia
Ventilator-associated 

pneumonia (VAP)
Virulence
Virus

Pneumonia

“Pneumonia may well be called the friend of the aged. Taken off by it in an acute, short, not often painful illness,  
the old man escapes those ‘cold gradations of decay’ so distressing to himself and to his friends.”

—Osler W. The principles and practice of medicine. 7th ed, 1909. New York, NY: D. Appleton.
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Introduction
Pneumonia is an acute infection of the lung parenchyma 
by one or coinfecting pathogens.1 The absence or dys-
function of the normal protective defense mechanisms 
within the respiratory tract is the typical prerequisite for 
the development of pneumonia. Organisms can invade 
and colonize the respiratory tract when defenses are 
compromised. Less commonly, pneumonia can develop 
from the spread infection to the lung parenchyma from 
a different site. Mortality from influenza and pneumo-
nia together was the eighth cause of mortality in the 
United States in 2014.2 In 2015, pneumonia alone was 
the cause of death for 51,811 individuals in the United 
States.3 In fact, in the 21st century, community-acquired 
pneumonia (CAP) continues to be a leading cause of 
death in both developed and developing worlds.4

Although it was Hippocrates who first described 
pneumonia, it was Laennec who first described its clini-
cal and pathologic features in the 19th century.1 Since 
those early times, numerous terms have been used to 
describe pneumonia. Currently, the ICD-10 classifica-
tion of diseases has removed some of the historical 
descriptive terms, and “pneumonia” is listed as the 
primary term in seven codes (J12–J18).5 Pneumonia is 
classified in several different ways. These classifications 
include the causative organism, the place in which the 
pneumonia was acquired, and the location in the lungs. 
The availability and development of effective antibiotics 

Case Study
A 68-year-old semi-retired male self-employed as 
a custodian presents to the emergency room with 
complaints of persistent fever and a cough produc-
tive of a copious amount of sputum with a putrid 
odor. He described a history of fever, generalized 
weakness, and malaise as well as a 5-pound weight 
loss associated with some shortness of breath. He 
is unable to give a precise date of onset of his symp-
toms but suspects that they have persisted for at 
least 1 month. He lives alone and is a long-time ciga-
rette smoker (at least 60+ pack-year) with a history 
of chronic alcohol abuse, including beer and wine 
consumption when he is able to afford them. He also 
reports “sparsely” using intravenous drugs. Over the 
past year he has been admitted twice to the local 
emergency room following head trauma sustained in 
a fall and after being found unconscious due to alco-
hol intoxication.

On physical examination, his temperature was 102°F, 
pulse was 110, and the respiratory rate was 20 and 
somewhat labored. His weight is 117 pounds, height 
5 feet 3 inches, and blood pressure 110/65 mm Hg. 

On physical examination, the patient appeared severely 
malnourished. Examination of the head and scalp 
revealed two healed scars. Evaluation of his oral cav-
ity revealed very poor dentition with gingival disease, 
and a foul-smelling odor to his breath was detected. 
Auscultation of the heart revealed a mild tachycar-
dia of 110 beats/minute. Lung auscultation revealed 
 diminished breath sounds over the posterior region of 
his upper right lobe and superior segment of the right 
lower lobe. E to A changes (egophony) suggestive of 
consolidation were also present over the upper areas 
of the right lung. An examination of the abdomen was 
noncontributory as was examination of the lower ex-
tremities. A sputum Gram stain revealed several mixed 
flora and white blood cells (WBC), whereas sputum 
culture grew a mixed microbial population of aerobes 
and anaerobes. A posterioranterior and lateral chest x-
ray taken in the emergency room displayed a large area 
of patchy opacification involving the posterior portion 
of the right upper and superior segment portion of 
the right lower lobe. The cardiac size on chest x-ray is 
normal.

and valuable supportive measures such as the availabil-
ity of mechanical ventilation have modified the natural 
history of pneumonia and reduced the case-fatality rate. 
Unfortunately, the emergence of drug-resistant patho-
genic organisms is responsible for the increased mortal-
ity from pneumonia.6

The basis for this chapter is the causative  organisms 
that include the commonly encountered bacteria, 
viruses, and fungi. The remainder of the chapter 
 addresses pneumonia by location in the lung and the 
place the pneumonia was acquired.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Pneumonia can be caused only by 
one pathogen.

2. True or False: There are numerous ways to clas-
sify pneumonia.

Pneumonia Classification 
by Causative Microorganism
A key factor for managing and effectively guiding ap-
propriate antimicrobial therapy is an understanding of 
the role of the different causative microorganisms in 
the etiology of pneumonia, because it has been shown 
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that the adequacy of initial antimicrobial therapy is a 
key factor for prognosis in pneumonia.2 Numerous mi-
croorganisms can cause pneumonia, including bacteria, 
viruses, atypical bacteria, fungi, and parasites. However, 
bacterial pneumonias are the most common type of 
pneumonia in adults in the United States.7

Bacterial Pneumonia
In the second half of the 20th century, bacterial pneu-
monia decreased in prominence as a major public 
health issue because of the discovery and development 
of antibiotics and vaccines that improved its treatment 
and prevention.8 However, pneumonia (lower respira-
tory tract infections) remains a substantial source of 
global mortality and morbidity.9,10

Traditionally, bacterial pneumonia is divided into 
two main groups: “typical” and “atypical” causes. In the 
individual patient, there are no findings from history, 
physical examination, or routine laboratory studies that 
allow the clinician to distinguish pneumonia caused by 
either type of organism.11

Definition/Diagnosis
Bacteria are microscopic unicellular organisms that 
inhabit virtually all environments, including soil, water, 
organic matter, and the bodies of multicellular animals. 
There are more bacteria occurring as individual micro-
organisms than any other type of organism. Bacterial 
counts in different soils range from 4 × 106 to 2 × 109 

in dry soil.12 The bacteria that cause disease, such as 
pneumonia, are pathogens. Pathogenic bacteria have 

certain characteristics that give them the ability to cause 
disease. Nonpathogenic bacteria lack those character-
istics and exist within the human body primarily in the 
 gastrointestinal (GI) tract, but also in the lungs. In fact, 
the human body is an ecosystem of nonpathogenic bac-
teria known as the human microbiota or microbiome.13

Bacterial pathogens are distinguished from other 
disease-producing organisms in part by their morpho-
logical and genetic features, including their lack of a 
membrane-bound nucleus and membrane-bound or-
ganelles. Morphological diversity exists among bacteria. 
Bacteria have distinct cell body shapes, ranging from 
spheres (cocci) to rods (bacilli) of various curvatures 
and helicities and to more exotic shapes, such as stars. 
Bacteria can also produce a variety of appendages, such 
as pili or flagella, which show diversity in overall shape, 
length, and width as well as placement with respect to 
the cell body. Finally, bacteria can change morphology 
during their life cycle or in response to environmental 
conditions and cell shape may be related to virulence.14

Bacteria are characteristically grouped in several 
ways with most assuming one of three typical forms, 
including rod-shaped (bacillus; e.g., Klebsiella species), 
round (coccus; e.g., Streptococcus), and spiral (spiril-
lum). Bacteria may be characterized by their displayed 
patterns of growth, such as the chains formed by strep-
tococci, or by their ability to be inherently motile, such 
as with the bacillus and spirillum forms. Other bacteria 
have rigid rod-like protuberances called pili that func-
tion as tethers. See Figure 13-1.

Aerobic forms of bacteria can function metabolically 
only in the presence of atmospheric oxygen, whereas 

FIGURE 13-1 Basic morphological differences between bacteria.

Cocci Bacilli

Diplococci
(Streptococcus
pneumoniae)

Staphylococci
(Staphylococcus

aureus)

Sarcina
(Sarcina ventriculi)

Tetrad

Streptococci
(Streptococcus

pyogenes)

Chain of bacilli
(Bacillus anthracis)

Flagellate rods
(Salmonella typhi)

Spore-former
(Clostridium
botulinum)

Others

Vibrios
(Vibrio cholerae)

Spirilla
(Helicobacter pylori)

Spirochaetes
(Treponema pallidum)

Pneumonia Classification by Causative Microorganism 317



anaerobic bacteria cannot grow in the presence of 
oxygen. Facultative anaerobes bacteria can grow with 
or without free oxygen, while obligate anaerobes are 
poisoned by oxygen. Many bacterial cells are also com-
monly grouped into categories based on cell wall struc-
ture characteristics, which surround the cytoplasm and 
plasma membrane of most bacterial cells. The terms 
gram positive and gram negative reflect the laboratory 
Gram staining technique used to distinguish distinct dif-
ferences in cell wall structure of various bacteria. Gram-
positive cells retain crystal violet in an ethanol solution 
and subsequently appear purplish-blue when viewed un-
der light microscopy. Gram-negative bacteria (GNB), on 
the other hand, do not retain crystal violet but do retain 
a counterstain, safranin, causing the bacterium to appear 
pinkish-red under the microscope. These differences in 
staining coloration result from differences in the struc-
tures of the outer surfaces of bacteria. While gram-positive 
as well as gram-negative cells have a peptide-glycan layer 
as part of their cell wall structure, gram-negative cells 
have an intact outer membrane that provides a barrier to 
the uptake of the stain. See Figure 13-2.

Clinical Signs and Symptoms
The clinical presentation of bacterial pneumonia is vari-
able, but many features are particularly prominent and 
noteworthy. Normally, the sudden onset of symptoms 
and rapid illness progression are distinguishing features 
associated with bacterial pneumonias compared to pneu-
monia caused by vial or atypical infectious origin. Chest 
pain, fever, rigors of shaking chills, shortness of breath, 
hemoptysis, decreased exercise tolerance, malaise, and 
abdominal pain associated with pleuritis are also highly 
suggestive of a bacterial pulmonary process. While the 
presence of a productive cough is the most consistent 
presenting symptom in bacterial pneumonia, it is not 
diagnostic of a causative organism.15 The character of 
the sputum, however, may be somewhat suggestive of 
a likely pathogen. Bacterial pneumonia associated with 
 Pseudomonas, Haemophilus, and pneumococcal species 
often produce green sputum, whereas Klebsiella species 
is classically associated with a cough productive of red 
currant-jelly sputum. Anaerobic infections, on the other 
hand, typically produce foul-smelling and/or bad-tasting 

FIGURE 13-2 Gram staining is a method of differentiating bacterial species into two large groups. GNB have an intact outer membrane.
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sputum. Staphylococcus  pneumoniae is associated with 
rust-colored sputum.15

Physical examination findings often vary in bacterial 
pneumonia depending on the type of bacterial organism 
involved, the severity of the infection, the presence of 
host comorbidities, and whether additional complica-
tions develop. See Box 13-1.

Physical exam findings that are particularly as-
sociated with a specific etiology that warrant specific 
consideration include bradycardia, GI symptoms, and 
altered mental status, which may indicate a Legio-
nella etiology. Periodontal disease frequently accom-
panies an anaerobic and/or polymicrobial infection. 
While physical signs and symptoms may suggest the 
possibility of a specific bacterial pneumonia etiol-
ogy, a notable exception occurs in elderly patients 

BOX 13-1 Common Clinical Signs  
of Bacterial Pneumonia15 

 � Abnormal voice sounds over areas of 
consolidation

 y Egophony

 y Whispering pectoriloquy

 � Adventitious breath sounds

 y Audible crackles

 y Crackles

 y Rhonchi

 y Wheezes

 y Bronchial breath sounds

 y Pleural friction rub

 � Cardiac

 y Tachycardia

 y Bradycardia

 � Fever (typically >38°C) or hypothermia (<35°C)

 � Observation and inspection

 y Central cyanosis

 y Altered mental status

 � Palpation and percussion

 y Percussion note—dull over areas of 
consolidation

 y Tracheal deviation toward atelectasis

 y Lymphadenopathy

 � Respirations

 y Tachypnea

 y Accessory muscle use

 y Labored breathing

 y Productive cough

with cough because these patients are more often 
characterized by an absence of distinctive signs and 
symptoms.

Etiology
Dozens of types of bacteria can cause pneumonia. 
However, only a few are commonly responsible for 
most of pneumonia cases. The bacteria that cause 
community-acquired pneumonia (CAP) are different 
from the bacteria that cause hospitalized patients to 
develop hospital-acquired pneumonia (HAP). Table 13-1 
shows the features of the gram-positive organisms that 
cause typical bacterial pneumonia.

Gram-negative pneumonias predominately occur 
in individuals who are debilitated or immunocompro-
mised, or have been recently hospitalized.15 GNB are 
less likely to cause pneumonia outside the hospital 
 environment. However, when a GNB causes  pneumonia 
in the community, it commonly results in the need 
for hospitalization and intensive care.16  Predisposing 
risk factors appear to vary with the population at risk 
outside the hospital environment. These predisposing 
factors are chronic respiratory illnesses, such as chronic 
obstructive pulmonary disease (COPD) and bronchi-
ectasis, diabetes,  alcoholism, and human immunode-
ficiency virus (HIV).16  Patients who are intubated for 
prolonged  periods or have a tracheostomy are at risk of 
developing a GNB  pneumonia. Recent information from 
the U.S.  National Healthcare Safety Network (NHSN) 
indicate that GNB are responsible for more than 30% 
of hospital-acquired infections, and these bacteria pre-
dominate in cases of ventilator-associated pneumonia 
(VAP, 47%) and urinary tract infections (47%).17 
Table 13-2 shows the features of the gram-negative or-
ganisms that cause typical  bacterial pneumonia.

Atypical pneumonias, a group of diseases relatively 
unfamiliar to most clinicians, are caused by bacteria 
not normally associated with pneumonia and usually 
occur in patients with comorbidities. They can present 
as extrapulmonary infections, and prognosis can dif-
fer from that of typical pneumonias. Many clinicians 
are unfamiliar with the diagnosis of these diseases, and 
they are often incorrectly treated.21 These pathogens 
are not detectable on typical Gram staining, cannot be 
successfully cultured using standard bacterial media, 
and do not respond to the usual antibiotic treatment. In 
contrast to other typical forms of pneumonia, atypical 
microbes such as Mycoplasma and Chlamydophila are 
generally mild. Because atypical pathogens, in general, 
are associated with a milder form of pneumonia, they 
are commonly called “walking pneumonia.”15 Legionella 
pneumonia represents an exception to the bacteria 
considered as atypical because it can manifest as very 
severe infection. Atypical bacterial pneumonias are usu-
ally community-acquired infections. The key to making 
the clinical diagnosis of atypical pneumonia depends on 
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Organism Mode of Transmission Organism Features Pneumonia Features

Actinomyces 
israelii

• Aspiration • Beaded, filamentous anaerobe 
(rod)

• Nonspore forming
• Normal flora in GI tract
• Colonizes oral cavity in 

patients with periodontal 
disease

• Forms lung abscesses and cavitation
• May erode into pleura and spread
• Can cause chronic granulomatous infiltrates
• Higher incidence with COPD, bronchiectasis, alcohol 

abuse
• Cause of chronic pneumonia

Enterococcus 
faecalis, E. 
faecium

• Poor hand hygiene • Facultative anaerobe
• Survives temperatures of 60°C 

for short periods of time
• Grow in chains
• E. faecium is responsible for 

most vancomycin-resistant 
enterococci (VRE) infections

• Superinfections in patients receiving broad-spectrum 
antibiotics, including cephalosporin-aminoglycoside 
therapy and third-generation cephalosporin

• Common in lung transplant patients

Nocardia 
asteroides

• Inhalation
• Immunocompromised 

hosts

• Partially acid-fast bacillus
• Beaded, branching, thin 

filaments 

• Opportunistic
• Causes lung abscesses and cavitations
• Can involve pelura and chest wall
• Cause of chronic pneumonia

S. aureus • Inhalation of droplets
• Post influenza
• Intravenous drug 

abusers

• Facultative anaerobe
• Cluster-like staining pattern
• Resistant strain is methicillin-

resistant S. aureus (MRSA)
• Many strains contain toxins

• HAP
• VAP
• Pleural effusions are common
• Multiple bilateral nodular infiltrates with central 

cavitation, lung abscesses
• Common cause of pneumonia in cystic fibrosis 

patients

Streptococcus 
pneumoniae

• Inhalation of droplets • Diplococci or short chains
• Facultative anaerobe

• CAP
• Rusty sputum
• Shaking chills
• Most common in children <2, adults >65
• Most common cause of pneumonia

TABLE 13-1
Common Gram-Positive Bacteria That Cause Typical Pneumonia15

recognizing the systemic infections causing a character-
istic variety of extrapulmonary features accompanying 
each pathogen.22

The most commonly occurring organisms respon-
sible for causing atypical pneumonia are Chlamydophila 
pneumoniae, Chlamydia psittaci, Legionella pneumoph-
ila, and Mycoplasma pneumoniae. See Table 13-3.

Epidemiology
In the United States, acute lower respiratory tract infec-
tions including various classifications of pneumonia 
cause more disease and death than any other infection.15 
The prevalence of various pathogens and epidemiology 
of pneumonia probably varies widely between  countries 
and regions especially because a true incidence is not 
feasible because of non-mandatory reporting. This 
makes precise discussion of United States and interna-
tional disease burden difficult to determine.  Experts, 
however, estimate that more than 3 million cases of 
pneumonia caused by bacteria along with virus and 
lesser occurrences by fungi and parasites occur annually 

in the United States.15 Pneumonia does appear to be 
more prevalent during the winter months and in colder 
climates, which is most likely from viral upper and 
lower respiratory infections that increase during those 
circumstances, resulting in impaired host defenses to 
bacterial superinfection. In 2013, the age-adjusted rates 
for pneumonia were highest among American Indians 
or Alaska Natives and lowest among Hispanics. Com-
pared to whites, the rates were 8% higher among blacks, 
21% higher among American Indians or Alaska Natives, 
6% lower among Asians or Pacific Islanders, and 18% 
lower among Hispanics.25

It is estimated that the three major atypical 
 pathogens (M. pneumoniae, Chlamydia pneumoniae, 
and L. pneumophila ) are responsible for up to 40% of 
CAP.26 The precise incidence of atypical pneumonia 
is not known at least in part because the disorder is 
not always obvious or specifically identified in clini-
cal practice due to lack of readily available and reliable 
standardized tests to confirm the diagnosis. Atypical 
pathogens have also been found to commonly occur as 
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Organism Mode of Transmission Organism Features Pneumonia Features

Acinetobacter 
baumannii

• Inhalation
• Aspiration
• Person-to-person contact
• Contact with contaminated 

surfaces

• Short, rod shaped 
coccobacillus

• Opportunistic
• Can colonize without 

causing infection or 
symptoms

• Common pathogen of HAP and VAP
• Susceptible individuals include those with chronic lung 

disease, diabetes, alcoholism, and tobacco use
• Multidrug resistant
• Multilobar infiltrates with occasional evidence of 

necrosis or pleural effusion

Escherichia 
coli

• Microaspiration of upper 
airway secretions

• Hematogenous 
dissemination from urinary 
tract infection or GI infection

• Facultative anerobe
• Motile baccilli

• Susceptible individuals have COPD, diabetes, alcoholism
• Bronchopneumonia of lower lobes
• Empyema

Enterobacter 
species

• Poor hand hygiene • Motile bacilli
• Some are 

encapsulated
• Opportunistic

• Susceptible individuals are those being mechanically 
ventilated, having prior antibiotic exposure, COPD, and 
the elderly

Haemophilus 
influenzae

• Inhalation • Small pleomorphic 
encapsulated bacillus 
(Type B)

• Varying levels 
of pathogenicity 
depending on subtype 

• Encapsulated Type B is most virulent
• Most common in patients with COPD, post influenza, 

sickle cell anemia, alcoholism, and the elderly
• Pleural effusions are common
• Bacteremia

Klebsiella 
pneumoniae

• Aspiration
• Person-to-person contact

• Facultative anaerobe
• Large encapsulated 

bacillus

• Aggressive, necrotizing, lobar pneumonia
• Susceptible individuals include those with COPD, 

alcoholism, diabetes
• Currant-jelly sputum

Moraxella 
catarrhalis

• Person to person
• Inhalation

• Aerobic
• Diplococcus
• Produces endotoxin

• Susceptible individuals have COPD
• Causes exacerbations of COPD

Pseudomonas 
aeruginosa

• Aspiration
• Inhalation
• Direct contact with 

contaminated medical 
equipment

• Aerobic, motile 
bacillus

• Distinct (grapelike) 
odor

• Creates protective 
biofilm

• Responsible for HAP and VAP
• Susceptible individuals include those with pre-existing 

lung disease (cystic fibrosis), HIV, neutropenia, 
endotracheal intubation, and prior antibiotic use

• Predominant in lower lobes of the lung, causing patchy 
bronchopneumonia or extensive consolidation either 
unilaterally or bilaterally

• Green-colored sputum
• Abcess formation

TABLE 13-2
Common GNB That Cause Typical Pneumonia15,16,18–20

co-pathogens in CAP caused by mixed-infection with 
S. pneumoniae often isolated as the primary pathogen. 
Unlike most primary solo atypical infections, pneumo-
nia of mixed etiology is associated with significantly 
high mortality (up to 25%).26

Advanced age increases the incidence of and the 
mortality from pneumonia. Comorbidity and a dimin-
ished immune response and defense against aspiration 
increase the risk of bacterial pneumonia.15 For individu-
als aged 65 years and older, pneumonia and influenza 
were the seventh leading cause of death in 2013.25 About 
85% of all pneumonia and influenza deaths occur in this 

age group. Only about three percent of pneumonia and 
influenza dealths occurred in those under age 45.25

Pathology/Pathophysiology
Most bacteria that enter the respiratory tract do not 
normally cause pneumonia due to multple defense 
mechanisms, including sneezing, coughing, mucocili-
ary escalator, alveolar macrophages, immunoglobulin 
G (IgG), and immunoglobulin M (IgM). Pathogenic 
bacteria that reach the alveolar level and interstital tis-
sue initiate intense reactions leading to an outpour of 
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Organism 
Mode of 
Transmission Organism Features Pneumonia Features

C. pneumoniae • Inhalation of 
aerosols

• Direct contact

• Obligate intracellular gram 
negative

• Can survive in hostile environments
• Undergoes several life cycle 

transformations

• Two stages of symptoms, initial upper respiratory tract 
symptoms followed by pneumonia symptoms

• Rhonchi and crackles are often present
• Can cause systemic disease by hematogenous spread
• May cause asthma exacerbations

C. psittaci • Exposure to 
an infected 
bird

• Direct 
contact or 
aerosolization

• Obligate intracellular, gram 
negative

• Coccoid and non-motile
• Undergoes several life cycle 

transformations
• Most often infects birds (avian 

chlamydiosis)

• Causes high fever (103–105°F) without elevated pulse
• Chest pain is common, not pleuritic pain
• Few auscultatory findings
• Susceptible individuals are those that handle birds

L. pneumophila • Inhalation of 
contaminated 
aerosols

• Aerobic, nonencapsulated, 
nonspore forming, flagellated 
bacteria

• Gram-negative bacilli
• Facultative intracellular bacterium
• Can form biofilms
• Can live in both extracellular and 

intracellular environments

• High-grade fever (≥103°F), hyponatremia, and altered 
mental status are common

• Can cause systemic disease by hematogenous spread
• Susceptible individuals include elderly, those with 

chronic illnesses, solid organ transplant (SOT) recipients, 
smokers, and those that are immunocompromised 

M. pneumoniae • Inhalation of 
droplets

• Free-living organism
• Short bacillus, commonly
• Not visible on Gram stain due to 

lack of cell wall
• Grows in aerobic and anaerobic 

conditions

• Most frequently during fall and winter, but may develop 
year round

• Most common of the atypical pneumonia
• Usually community acquired
• Susceptible individuals are school-aged children, military 

recruits, and college students
• Often exhibits extrapulmonary symptoms such as 

anemia, rashes, and neurologic syndromes such as 
meningitis, myelitis, and encephalitis

• May cause asthma exacerbations

TABLE 13-3
Most Common Bacteria Causing Atypical Pneumonia21–24

inflammatory exudative fluid and migrating cells. Neu-
trophils migrate out of capillaries and into the alveolar 
spaces, forming a pool of neutrophils that is ready to 
respond when needed. These neutrophils phagocytize 
microbes and kill them with reactive oxygen species, 
antimicrobial proteins, and degradative enzymes. Resi-
dent alveolar macrophages are assisted by local pro-
teins (surfactant proteins A and D) that have intrinsic 
properties that make foreign invaders more susceptible 
to phagocytosis. Engulfed bacteria are eliminated by 
either the mucociliary escalator or the lymphatics. 
When the capacity of the alveolar macrophages to 
ingest or kill the bacteria is exceeded, clinical pneumo-
nia manifests. It is the host’s inflammatory response, 
rather than the proliferation of microorganisms that 
triggers the clinical syndrome of pneumonia.27 Pneu-
monia occurs when bacteria are exceedingly virulent, 
when the host is exposed to a large dose of bacteria, 
or when the host defense mechanism is impaired or 
overwhelmed.

When bacteria enter the lower respiratory tract, 
they adhere to the walls of the bronchi and bronchioles, 

triggering the release of chemical mediators that cause 
inflammation. See Figure 13-3.

As a significant portion of the lung alveoli, interstitial 
and alveolar spaces become filled with inflammatory 
cells and necrotic exudate. This alveolar exudate tends 
to solidify, a process known as consolidation, and ex-
pectoration of the infected mucus becomes difficult. 
Spread of the inflammation may occur, resulting in af-
fected pleura and resultant effusion and/or empyema. 
Bacterial organisms may also enter the bloodstream 
from a remote site, causing bacteremic septicemia, 
which can seed the lung as well as cause nonpulmonary 
infection from hematologic spread. Simultaneous infec-
tious involvement of the airways and the lung paren-
chyma is known as bronchopneumonia. Red blood cells 
may cross the alveolar–capillary membrane, causing 
hemoptysis. See Figure 13-4.

As this pathophysiologic process is eventually sta-
bilized with the appropriate antimicrobial treatment, 
the resolution of inflammation and infection should 
enable the healing process to proceed. Necrosis during 
active inflammation and infection can cause significant 
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FIGURE 13-3 Bacteria that overwhelm the natural defenses of the respiratory tract trigger inflammation and fluid buildup in the alveoli, causing 
the clinical presentation of pneumonia.
© Tefi/Shutterstock.

FIGURE 13-4 Pathophysiology of bacterial pneumonia.

Bacteria enter the respiratory tract

By surviving the defense mechanisms respiratory tract
the organisms penetrate airway mucosa and multiply in

the alveolar spaces

Inflammation occurs in the interstitial spaces, the alveoli
and bronchioles

Fibrin and edema from
inflammation reduce

pulmonary compliance

Alveolar collapse further
decreases oxygenation

causing hypoxemia

Capillary leak can spread infection
into the bloodstream causing

bacteremic septicemia

Neutrophils and other white blood cells migrate to the
infection causing capillary leak, edema and exudate

Fluid with inflammatory cells and necrotic exudate collect
in and around the alveoli reducing gas exchange
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destructive changes. Normal lung function may not be 
fully restored if there is scaring and lung tissue remod-
eling causing alterations in ventilatory functions and 
blood flow to the lungs.

Risk Factors
Those individuals who are at risk for developing bacte-
rial pneumonia are summarized in Box 13-2.

While infection due to atypical pneumonia such as 
M. pneumoniae typically affects younger people under 
the age of 40 years, it is less likely to occur in children 
younger than 5 years.29 Factors suspected of increasing 
the risk of atypical pneumonia in the very young include 
close contact with other children at home or in day care 
and exposure to passive smoking.

Complications
Potential complications of bacterial pneumonia usu-
ally depend on the type and virulence of the offending 
pathogen. In 2009, bacterial pneumonia complicated 
between 25% and 50% of severe influenza infections in 
both children and adults. S. aureus and S. pneumoniae 
were the most common complicating organisms, al-
though Streptococcus pyogenes, H. influenzae, and gram-
negative rods were also found in biologic specimens 
of critically ill patients.30 Regardless of the organism, 

bacterial superinfection was associated with higher 
morbidity and mortality during the 2009 influenza 
pandemic.30

Bacteremia (bacteria in the blood) is the most com-
mon complication of pneumococcus infection.31 How-
ever, gram-negative organisms such as H. influenzae 
can cause bacteremia.17 Bacteremia can lead to septic 
shock. Many of the more virulent microorganisms 
cause necrosis with resultant tissue destruction, slough-
ing, and hemoptysis or fibrosis/organization of lung 
parenchyma, eventually leading to parenchymal scar-
ring. Other potential harmful effects may include lung 
abscess and/or cavitation formation. Lung abscesses 
adjacent to the thoracic wall can erode into the pleural 
space, causing either pleural effusion or frank empy-
ema. The patients with empyema are more likely to be 
younger and to be illicit drug users.32 Other possible 
complications include bronchiectasis, pleural effusions, 
pleurisy, renal failure, respiratory failure, and acute res-
piratory distress syndrome (ARDS). See Box 13-3.

Atypical pneumonia (especially M. pneumoniae) may 
result in a variety of extrapulmonary complications.34 
Cutaneous manifestations associated with atypical in-
fections may include erythema multiforme, erythema 
nodosum, maculopapular or vesicular rash, urticaria, 
and Stevens–Johnson syndrome with severe cases.34 
Neurologic complications like aseptic meningitis, 

BOX 13-2 Predisposing Host Factors for Bacterial Pneumonia11,28

 � Adults >65 years old (due to impaired host 
 defenses and increased comorbidities)

 � Chronic lung diseases

 y Bronchial obstruction due to stenosis, tumor, or 
foreign body

 y Bronchiectasis

 y Chronic obstructive pulmonary disease

 y Cystic fibrosis

 y Immotile cilia syndrome

 y Kartagener syndrome (ciliary dysfunction, situs 
inversus, sinusitis, bronchiectasis)

 y Lung cancer

 y Previous episodes of pneumonia

 y Young syndrome (azoospermia, sinusitis, 
pneumonia)

 � Increased risk of microaspiration of stomach 
 contents or upper airway secretions

 y Decreased level of consciousness

 y Dysphagia

 y Wearing dentures while sleeping

 � Immunocompromising conditions

 y Diabetes mellitus

 y HIV infection

 y Hyperimmunoglobulin E syndrome

 y Immunosuppressive medication

 y Solid organ or hematopoietic stem cell trans-
plantation (HSCT)

 � Metabolic disorders

 y Acidosis

 y Hypoxemia

 y Malnutrition

 y Uremia

 � Lifestyle factors and environment exposures

 y Alcohol consumption

 y Homelessness

 y Overcrowding in jails and shelters

 y Smoking tobacco

 y Toxic inhalations

 � Instrumentation of the respiratory tract (intubation 
or bronchoscopy)

 � Viral respiratory tract infection, especially influenza
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encephalitis, cranial nerve palsies, cerebellar syndrome, 
and Guillain–Barré syndrome may rarely develop fol-
lowing the overt onset of infection with M. pneumoniae 
pneumonia.34

Diagnostic Testing
The etiology of pneumonia usually cannot be deter-
mined solely based on clinical presentation; instead, 
clinicians must rely on diagnostic testing for support. 
Chest radiography is considered the criterion for iden-
tifying suspected pneumonia but is not reliable in dif-
ferentiating pneumonia into typical or atypical forms 
or for establishing an etiologic diagnosis. Occasion-
ally, radiographic results are suggestive of the etiology. 
For example, pneumatoceles suggest infection with S. 
aureus.27 The presence of an infiltrate on plain chest 
radiograph is considered the gold standard for diagnos-
ing pneumonia when clinical features are supportive.34 
The inability to rely on radiographic findings to identify 
the causative organism necessitates the collaboration of 
radiographic findings along with clinical and laboratory 
data to narrow the diagnostic possibilities. The chest 
radiograph can identify the presence of complications 
such as pleural effusion, empyema, and lung abscess. 
See Figures 13-5 and 13-6.

Diagnostic testing in patients with suspected pneu-
monia is driven mostly by the possibility that the results 
would significantly alter empiric therapy and manage-
ment decisions.15 Standard laboratory testing may not 
be useful for diagnostic purposes in pneumonia but is 
useful for classifying illness severity and site-of-care/
admission decisions. Serum chemistry panel should 
include sodium, potassium, bicarbonate, blood urea 

nitrogen (BUN), creatinine, and glucose. Complete 
blood count (CBC) with differential with acute  bacterial 
infection typically reveals an elevated WBC count 
( leukocytosis usually >15,000/mL).

Hyponatremia (sodium level <130 mEq/L) and 
microhematuria may be associated with Legionella 
pneumonia.15 Coagulation studies may reveal an 
elevated international normalized ratio (INR) in 
more severe illness, suggesting the development of 
disseminated intravascular coagulation (DIC). CBC 
count with differential typically shows leukocytosis with 
a left shift. However, its absence, particularly in patients 
who are elderly, should not cause the clinician to dis-
count the possibility of a bacterial infection. Leukopenia 
(usually defined as a WBC count <5,000 cells/µL) may 
be an ominous clinical sign of impending sepsis.15

BOX 13-3 Serious Complications from 
Bacterial Pneumonia33

 � ARDS

 � Bacteremia

 � Bronchiectasis

 � Coagulopathy

 � Exacerbation of comorbid illnesses

 � Lung abscess

 � Metastatic infection (brain abscess, 
endocarditis)

 � Multiorgan failure

 � Pleural effusion

 � Pleurisy

 � Respiratory failures

 � Scarring of lung tissue

 � Septic shock

FIGURE 13-5 Anteroposterior (AP) chest radiograph of a patient 
with pneumonia and a left-sided pleural effusion.
© Tomatheart/Shutterstock.

FIGURE 13-6 AP chest radiograph of a patient with pneumonia, 
including a pneumatocele and pneumothorax. Chest radiographs 
can identify the presence of pneumonia, but usually not its 
etiology.
© Santibhavank P/Shutterstock.
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The 2007 Infectious Diseases Society of America 
(IDSA)/American Thoracic Society (ATS) consensus 
guidelines recommend diagnostic testing for a specific 
organism when, based on clinical or epidemiologic data, 
pathogens that would not respond to usual empiric 
antibiotic regimens are suspected.27 The guidelines sup-
port optional diagnostic tests for outpatients with CAP, 
except for those patients who are suspected of being 
exposed to certain pathogens, such as Legionella spe-
cies. Blood cultures and sputum Gram stain and culture 
are encouraged for pneumonia patients requiring inten-
sive care unit (ICU) admission. Blood cultures require 
24 hours (minimum) to incubate. Because blood cul-
tures have a high specificity, positive findings correlate 
well with the causative agent. Pleural fluid may show 
organisms on Gram staining and following culture. Spu-
tum specimens obtained need to be of good quality, be 
contaminant sparse, and contain <10 squamous epithe-
lial cells per low-power field. The WBC count present 
on sputum microscopic examination should be more 
than 25 per low-power microscopic field.15 Unless aspi-
ration of mixed flora observed with anaerobic infections 
is suspected, a single predominant microbe should be 
noted at Gram staining. However, often, patients cannot 
produce an adequate specimen. Cultures of the sputum 
have similar limitations, and therefore, only specimens 
that have been examined microscopically and have sat-
isfied the previously mentioned criteria must be submit-
ted for culturing.

In patients with underlying acute lung dis-
orders, such as COPD or asthma exacerbation, 
C-reactive protein (CRP) and procalcitonin (PCT or 
ProCT) values may be helpful in distinguishing infec-
tious from noninfectious pneumonia underlying disease 
exacerbations.

Lung tissue can be visually evaluated, and bronchial 
washing specimens can be obtained with the aid of 
a fiberoptic bronchoscope. Protected brushings and 
bronchoalveolar lavage (BAL) can be performed for 
fluid analysis and cultures. A diagnostic thoracentesis is 
almost always an essential procedure in patients with a 
pleural effusion. Obtaining fluid from the pleural space 
for laboratory analysis allows for the differentiation be-
tween benign and complicated effusions, allowing help-
ful guidance in further therapeutic intervention. Fluid 
obtained from pleural effusions and frank empyema 
should also be sent for Gram staining and culture.

The 2013 recommendations by the IDSA and the 
American Society for Microbiology (ASM)35 for labora-
tory tests to identify the etiology of pneumonia appear 
in Table 13-4.

Diagnostic testing helps to classify the 
severity-of-illness and site-of-care decisions ( outpatient 
vs. inpatient vs. ICU). The most obvious indication 
for extensive diagnostic testing is in the critically ill 
patient.27 Assessing the severity of the pneumonia is 
 essential to determine whether the patient, with a CAP, 

can be safely treated without being admitted to the 
hospital. Severity of illness is the most critical factor in 
making this determination, but other factors need to be 
considered. These factors include the ability to maintain 
oral intake, likelihood of medication adherence, history 
of active substance abuse, mental illness, cognitive or 
functional impairment, and living or social circum-
stances (e.g., homelessness, residence far enough from a 
healthcare facility that precludes timely return to care in 
the event of clinical worsening).36

There is evidence from well-conducted, random-
ized controlled trials that severity-of-illness scores 
(CURB-65) or prognostic models (PSI) can be used to 
identify patients with CAP who may be candidates for 
outpatient treatment.27 The Pneumonia Severity Index 
(PSI) prediction rule assigns points based on age, co-
morbidities, abnormal physical findings, and abnormal 
laboratory findings at the patient’s presentation.37 It 
estimates mortality for adult patients with CAP. See 
Box 13-4. Based on associated mortality rates, risk 
Class I and II patients should be treated as outpatients, 
risk Class III patients should be treated in an observa-
tion unit or with a short hospitalization, and risk Class 
IV and V patients should be treated as inpatients.37 A 
calculator for the PSI is located at https://www.mdcalc.
com/psi-port-score-pneumonia-severity-index-cap.

An alternative method of the severity of CAP 
on presentation is to evaluate the confusion, urea, 
 respiratory rate, blood pressure, and age ≥65 years 
(CURB-65). The CURB-65 is a one-step strategy for 
stratifying patients with CAP into risk groups accord-
ing to the risk of mortality.39 The CURB-65 can be  
used in the emergency department (ED) setting to risk 
stratify a  patient’s CAP. See Box 13-5. A calculator for 
the CURB-65 is located at https://www.mdcalc.com 
/curb-65-score-pneumonia-severity.

Treatment and Management 
of Bacterial Pneumonia
Antimicrobial treatment for bacterial pneumo-
nia differs depending on the causative agent. 
Empirical antimicrobial treatment may be initiated to 
avoid pneumonia progression. However, optimal treat-
ment needs modification when the results of reliable 
culture data become available. In cases of serious bacte-
rial pneumonia requiring hospitalization and the ICU, 
other supportive measures are frequently necessary to 
obtain successful outcomes. Individuals with acute in-
flammation and infection often develop bronchospasm 
that usually benefit from the use of inhaled broncho-
dilators. Patients with mild shortness of breath often 
obtain symptomatic relief with supplemental oxygen. 
Those patients who develop respiratory failure may 
require ventilatory support. Patients need appropriate 
positioning to minimize aspiration risk. Aerosolized 
bronchodilators and mucolytic agents along with airway 

326 CHAPTER 13 Pneumonia



TABLE 13-4
Laboratory Tests for the Diagnosis of Bacterial Pneumonia35

Suspect Organism Specimen Type Diagnostic Test

CAP

C. pneumoniae • Nasopharyngeal swab
• Sputum
• Bronchoscopic specimens

• Nucleic acid amplification test (NAAT)

• Serum • IgM antibody titer
• IgG on paired serum 2-3 weeks apart

Enterobacteriaceae
H. influenzae
P. aeruginosa
S. aureus

• Sputum
• Bronchoscopic specimens

• Gram stain
• Culture

Legionella species • Urine • Urinary antigen test

• Sputum from induction
• Bronchoscopic specimens

• Culture on buffered charcoal yeast extract agar 
(BCYE) media

• NAAT

Anaerobic bacteria (aspiration) • Bronchoscopic specimens • Gram stain

• Pleural fluid • Cultures

M. pneumoniae • Nasopharyngeal swab
• Sputum
• Bronchoalveolar lavage (BAL)

• NAAT

• Serum • IgM antibody titer
• IgG on paired serum 2-3 weeks apart

S. pneumoniae • Sputum
• Bronchoscopic specimens
• Urine

• Gram stain
• Culture
• Urinary antigen test

HCAP, HAP, VAP

Acinetobacter species
Enterobacter species
E. coli
H. influenzae
K. pneumoniae
P. aeruginosa
S. aureus and MRSA

• Sputum • Gram stain

• BAL
• Bronchoscopic specimens
• Lung tissue

• Culture

• Blood • Blood culture

Anaerobic bacteria (aspiration) • Bronchoscopic specimens • Gram stain

• Lung tissue • Culture

Legionella species • Sputum from induction or tracheobronchial 
suction

• BAL
• Bronchoscopic specimens
• Lung tissue 

• Culture on BCYE media
• NAAT

• Urine • Urine antigen test

S. pneumoniae • Urine • Urine antigen test

• Sputum • Gram stain
• Culture

Data from Baron E, Miller J, Weinstein M, et al. A guide to utilization of the microbiology laboratory for diagnosis of infectious diseases: 2013 recommendations by 
the Infectious Diseases Society of America (IDSA) and the American Society for Microbiology (ASM) (a). Clin Infect Dis. 2013;57(4):e22–e121 (Tables VI 2 and VI 3). 
doi:10.1093/cid/cit278.

Pneumonia Classification by Causative Microorganism 327



BOX 13-4 The Pneumonia Severity Index37,38 

Step 1:

• If the patient is >50 years of age, assign to risk Class II–V and proceed to Step 2.
• If the patient is <50 years of age, but has a history of neoplastic disease, congestive heart failure, cerebrovascular disease, renal 

disease, or liver disease, assign to risk Class II–V and proceed to Step 2.

If the patient has an altered mental status, pulse ≥125 per minute, respiratory rate ≥30 per minute, systolic blood pressure ≤90 mm 
Hg, or temperature <35°C or ≥40°C, assign to risk Class II–V and proceed to Step 2.
If none of the above apply, assign to risk Class I = low risk.

Step 2:
Assign points based on age, gender, nursing home residence, comorbid illness, physical examination findings, and laboratory and 
radiographic findings.
Point distribution:

Characteristic Points Assigned

• Demographic factors

Age for a man Age (in years)

Age for a woman Age (in years)–10

Nursing home resident +10

• Coexisting illnesses

Neoplastic disease +30

Chronic liver disease +20

Heart failure +10

Cerebrovascular disease +10

Chronic renal disease +10

• Physical examination findings

Altered mental status +20

Respiratory rate ≥30 per minute +20

Systolic blood pressure <90 mm Hg +20

Temperature <35°C or ≥40°C +15

Pulse ≥125 beats/minute +10

• Laboratory and radiologic findings

Arterial pH <7.35 +30

BUN ≥30 mg/dL (11 mmol/L) +20

Sodium <130 mmol/L +20

Glucose ≥250 mg/dL (14 mmol/L) +10

Hematocrit <30% +10

Partial pressure of arterial oxygen <60 mm Hg or <90% on pulse oximetry +10

Pleural effusion on chest radiograph +10

Total score

Score Risk Disposition

≤70 Low risk Outpatient care

71–90 Low risk Outpatient vs. observation admission

91–130 Moderate risk Inpatient admission

>130 High risk Inpatient admission
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BOX 13-5 The CURB-65 Score for 
Pneumonia Severity39,40

For each of the following, a Yes reply earns +1 and a No 
earns 0.

Criteria No Yes

Confusion 0 +1

BUN >19 mg/dL (>7 mmol/L) 0 +1

Respiratory rate ≥30 per 
minute

0 +1

Systolic BP <90 mm Hg or 
diastolic BP ≤ 60 mm Hg

0 +1

Age ≥65 years 0 +1

Total points

The CURB-65 score ranges from 0 to 5.

Score Risk Disposition

0 or 1 1.5% mortality Outpatient care

2 9.2% mortality Inpatient vs. observation 
admission

≥3 22% mortality Inpatient admission, 
consider ICU for 4 or 5

clearance therapy can enhance elimination of purulent 
sputum.

Many individuals with pneumonia who have vol-
ume depletion may benefit from judicious and proper 
rehydration or the administration of an intravenous 
crystalloid.15 While often beneficial in otherwise healthy 
adults, care must be exercised to avoid aggressive fluid 
administration in elderly patients with underlying 
cardiac disease to avoid volume overload. Early mo-
bilization may also benefit respiratory-stabilized ICU 
patients on mechanical ventilation from the detrimental 
effects of bed rest, including insulin resistance, throm-
boembolic disease, disuse atrophy of muscles, and joint 
contractures. Other initial treatments may include cor-
rection of abnormal electrolyte levels and chest physio-
therapy to assist secretion drainage when present.

Empiric antibiotic therapy for the hospitalized 
patient needs to begin early with a broad-spectrum 
antibiotic to cover the likely causative organism. 
The antibiotic may be later tailored based on the 
culture and sensitivity identification. The goals 
of pharmacotherapy for bacterial pneumonia are 
to eradicate the infection, reduce morbidity, and 
prevent complications. Antimicrobial treatment, 
therefore, should depend largely on the empiric use 

of antibiotic regimens directed against potential 
pathogens as determined by the setting in which 
the infection took place and the potential for expo-
sure to multidrug-resistant organisms (MDROs) and 
other more virulent pathogens (i.e., CAP, HAP, VAP). 
 Directed use of antibiotic agents in bacterial 
 pneumonia needs to be based on laboratory data as 
well as clinical response. Because the most  prevalent 
causative bacterial organism is S. pneumoniae, 
 regardless of the host or the clinical setting, empiric 
therapy must be selected with this consideration in 
mind. Specific antimicrobials used for the treatment 
of bacterial pneumonia can be found in the current 
IDSA/ATS guidelines for the management of CAP 
in adults.27 These guidelines provide evidence-based 
 support of improved health outcomes, decreased 
length of hospital stay, and overall decreased mortality 
in  patients hospitalized with CAP.

Prognosis
The prognosis of patients with bacterial  pneumonia is 
dependent upon several factors, including the  severity 
and virulence of the infecting organism and the 
 overall risk status of the individual affected. Prognosis 
 generally is good in the otherwise healthy patient with 
 uncomplicated pneumonia. With appropriate  treatment, 
most patients improve markedly within 2 weeks. How-
ever, it is important to keep in mind that untreated 
pneumonia is not a self-limiting disease because it is 
 capable of  considerable morbidity and mortality.

The mortality associated with CAP greatly de-
pends on the clinical setting where it is treated. 
This  mortality is only less than 3% in the outpatient 
setting, around 5–10% in inpatients not requir-
ing ICU care, as high as 25% in intubated patients, 
and nearly 50% in ICU patients requiring vasopres-
sors.41 Therefore, the in-hospital case-fatality rate 
for patients with severe disease remains unaccept-
ably high.41 The elderly, who typically have a higher 
incidence of  comorbidities and are often residents of 
nursing homes, are at higher risk of mortality from 
 pneumonia than younger people. Pneumonia poses 
a special hazard for women who are pregnant and 
those individuals with impaired immune systems 
(particularly AIDS patients). Patients with serious 
medical conditions, such as diabetes, cirrhosis, sickle 
cell disease, and cancer, and those who have had their 
spleens removed are at higher risk of acquiring and 
dying from pneumonia.

Specific organisms vary in their effects. Mild pneu-
monia is usually associated with the atypical bacterial 
organisms such as Mycoplasma and Chlamydia. Se-
vere pneumonia is most often associated with a wide 
range of organisms, with some bacterial pathogens 
being very virulent (potent) but particularly curable, 
while others such as those with multidrug resistance 
are difficult to treat. Streptococcal pneumoniae is an 
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example of a gram-positive pathogen that can produce 
severe pneumonia with mortality rates of 10%, yet it 
is very responsive to many antibiotics.42 CAP due to 
gram-negative bacilli is uncommon but associated with 
a poor outcome.43

The prognosis with an atypical pneumonia is char-
acteristically good with complete recovery in most 
cases, although the return to normal usual health 
may be gradual after a temporarily extended per-
iod of weakness and fatigue. Individuals who develop 
community-acquired atypical pneumonia can be reli-
ably predicted based on the initial severity of illness. 
In non-severe disease forms of atypical pneumonia, 
mortality rates in persons adequately managed as out-
patients are under 1%. Those affected by atypical pneu-
monia developing more serious disease (especially those 
not responding to initial therapy) may have significant 
mortality rates up to 50%.27

Viral Pneumonia
Viral pneumonia occurs most frequently in the ex-
treme ages of life, in young children and elderly adults. 
Children do not have previous immunity, and their 
smaller immature airways facilitate infection, while 
in the case of the elderly, immunosenescence and the 
presence of chronic medical conditions increase their 
vulnerability.44

Definition/Diagnosis
A virus is a group of infectious organisms distinguished 
by its submicroscopic size and lack of ability to repli-
cate outside of and without assistance of a living host 
cell. These minute infective microorganisms lack inde-
pendent metabolic activity and thus can replicate only 
within a cell of a living animal or plant host. A virus con-
sists of a core of DNA or RNA, which is surrounded by 
a coat of antigenic protein that is sometimes surrounded 
by an envelope of lipoprotein. The virus provides the 
genetic code for replication, while the host cell provides 
the necessary energy and raw materials. As a complete 
virus particle (viron) encounters a host cell, only the viral 
nucleic acids, and in some viruses, a few enzymes, are 
injected into the host cell. Replication of a virus subse-
quently occurs as biochemical mechanisms of a host cell 
are utilized to synthesize and assemble their separate 
components.

Viruses that cause pneumonia account for almost 
50% of the total cases of pneumonia.45 Several rapid 
tests have been recently developed to determine various 
viral etiologies that have become increasingly more use-
ful in the ED.46 Viral pneumonia severity varies from a 
mild illness to severe life-threatening hypoxemia.

Clinical Signs and Symptoms
The early symptoms associated with viral pneumonia 
typically mimic those of bacterial pneumonia. However, 

the course of the viral pneumonia is more insidious. 
Most cases of viral pneumonia are overall milder than 
bacterial pneumonia, which tends to occur abruptly 
and cause higher levels of fever than viral pneumonia. 
Bacterial pneumonia also typically exhibits a higher 
probability of presenting with chest pain and rigors 
compared to viral pneumonia, while chest x-ray find-
ings in contrast to viral chest x-ray manifestations usu-
ally display substantially larger patchy infiltrates with 
consolidation.47

The clinical presentation associated with viral pneu-
monia often varies primarily because they are caused 
by many diverse pathogens. Several viral pneumonias 
typically occur during specific times of the year, among 
clustered populations, or in specific groups of individu-
als with underlying cardiopulmonary or immunocom-
promising disease. Common constitutional symptoms 
associated with virtually all viral pneumonias include 
fever, chills, nonproductive cough, rhinitis, muscle sore-
ness, headaches, and increased fatigue. Other manifes-
tations may include slight sputum production, shortness 
of breath, throat soreness, and sweating. Clinical signs 
and symptoms of viral along with bacterial pneumonia 
are highly variable and often have common characteris-
tics such that they cannot be relied on to reliably differ-
entiate.45,48 See Box 13-6.

BOX 13-6 Clinical Signs of Viral 
Pneumonia Are Nonspecific45

 � Inspection/observation

 y Sternal or intercostal retractions

 y Cyanosis

 y Rash

 y Cough (with or without sputum production)

 y Acute respiratory distress

 � Vital signs

 y Fever and/or chills

 y Tachypnea

 y Tachycardia or bradycardia

 � Auscultation

 y Crackles

 y Decreased breath sounds

 y Rhonchi

 y Wheezing

 y Pleural friction rub

 � Percussion—dull

 � Symptoms

 y Pleural pain

 y Shortness of breath
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Virus
Mode of 
Transmission Organism Features Pneumonia Features

Adenovirus • Inhalation of virus-
laden aerosols

• Direct contact
• Contact with 

contaminated 
objects

• Double-stranded enveloped 
DNA virus

• Linear and non-segmented
• 52 serotypes
• Serotypes 3, 7, and 14 are 

most virulent

• Contagious any time of year
• Fever, cough, dyspnea
• Bilateral interstitial markings
• Can cause fatal necrotizing pneumonia
• Susceptible individuals include children, 

immunocompromised adults, and adults in military 
centers

Coronavirus • Inhalation of virus-
laden aerosols

• Direct contact
• Contact with 

contaminated 
objects

• Single-stranded RNA virus
• Covered with crownlike 

projections
• 6 human coronaviruses

• Causes SARS, a life-threatening pneumonia
• Fever, cough, dyspnea, progressive hypoxemia, and 

respiratory failure
• Early interstitial infiltrates, leading to widespread 

opacification
• Susceptible individuals include travelers to areas with 

SARS outbreaks, adults >60 years, individuals with 
diabetes or hepatitis B

Influenza • Inhalation of virus-
laden aerosols

• Direct contact
• Contact with 

contaminated 
objects

• Single-stranded RNA virus
• Serotypes A, B, and C
• Serotype A is the most virulent 

pathogen
• Incudes H1N1 and H5N1 

• Fever, cough, dyspnea
• Patchy lower lobe infiltrates or interstitial infiltrates
• Increased lactic dehydrogenase levels
• ARDS
• Susceptible individuals include children with cystic 

fibrosis or transplants, adults with cardiovascular or 
respiratory diseases, diabetes mellitus, renal disease, 
hemoglobinopathies or immunosuppression, residents 
of nursing homes, adults older than 65 years, and 
pregnant women.

Parainfluenza • Inhalation of virus-
laden aerosols

• Contact with 
contaminated 
objects

• Direct contact

• Single-stranded RNA virus
• Closely related to rubella, 

mumps, and RSV viruses
• 5 distinct antigenic subtypes  

(1, 2, 3, 4A, 4B)
• Human PIV-3 causes pneumonia 

and is most virulent
• Human PIV-1 and -2 cause croup

• Low-grade fever, coryza, barking cough
• Susceptible individuals include children, lung transplant 

recipients, and the immunocompromised 

RSV • Inhalation of virus-
laden aerosols

• Contact with 
contaminated 
objects

• Direct contact

• Single-stranded RNA virus
• Linear and medium sized
• Subtypes A and B
• Subtype A is more virulent

• Highly contagious
• Causes bronchiolitis in infants and children
• Nasal congestion, dyspnea, wheezing, cough
• Bilateral pulmonary infiltrates
• Susceptible individuals include infants, children, elderly, 

those with cardiopulmonary disease, and who are 
immunocompromised

Rhinovirus • Inhalation of virus-
laden aerosols

• Contact with 
contaminated 
objects

• Direct contact

Single-stranded RNA virus
• Serotypes A, B, and C

• Nasal symptoms, cough, scratchy throat
• Susceptible individuals include infants, children, elderly, 

those with cardiopulmonary disease, and who are 
immunocompromised

• Causes exacerbations of chronic pulmonary diseases, 
including asthma, COPD, and cystic fibrosis

TABLE 13-5
Most Common Viruses Causing Pneumonia44,45,49–51

Etiology
Respiratory viruses that are the etiological agents caus-
ing pneumonia include influenza viruses (A and B), 
respiratory syncytial virus (RSV), adenovirus, parainflu-
enza viruses (PIV) -1, -2, and -3, rhinovirus, and coro-
naviruses.2 Although immunocompromised patients 

are at higher risk for viral pneumonia from cytomegalo-
virus (CMV), varicella-zoster virus (VZV), herpes sim-
plex virus (HSV), measles, adenoviruses, and seasonal 
viruses (influenza, RSV, PIV) remain a major cause of 
pneumonia. See Table 13-5. HSCT and SOT recipients 
are particularly at risk for acquiring lower respiratory 
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tract infection due to CMV and RSV.45 Other viruses 
less frequently causing pneumonia may include vari-
cella virus (chickenpox), Paramyxovirus species (Mea-
sles), and human metapneumovirus. Viruses capable of 
producing severe pneumonia syndromes include a coro-
navirus producing severe acute respiratory syndrome 
(SARS), avian H5N1 influenza A viruses, and Hantavi-
rus. Influenza A H1N1 (swine flu) is a recent pandemic 
form of viral pneumonia infection.

Epidemiology
Globally, it is estimated that 100 million adult cases 
and 100 million childhood cases of viral pneumonia oc-
cur annually.52 This represents an increase most likely 
due to the improvement in molecular diagnostic tech-
niques.2,49 Viruses play a large role in CAP, as either the 
sole pathogen (up to 50%) or as part of mixed bacteria–
virus infections (up to 27%).47,53–55

Viral pneumonia occurs most frequently in the ex-
treme ages of life. Young children do not have previous 
immunity and their smaller immature airways facilitate 
infection, while in the case of elderly adults, immunose-
nescence and the presence of chronic medical condi-
tions increase their vulnerability.44 Infections caused by 
respiratory viruses typically follow seasonal patterns of 
activity and consequently are most likely to cause pneu-
monia during those periods.

Viruses are more commonly detected than bacteria 
in both adults and children hospitalized with CAP,56 
with more than 50% of the cases attributed to influenza 
virus types A and B.45 RSV is the most common etiology 
of viral pneumonia in infants and children,57 is the sec-
ond most commonly identified cause of pneumonia in 
the elderly,58 and causes severe RSV infection in adults 
who are severely immunodeficient.2

Pathology/Pathophysiology
Although a comprehensive understanding of the 
pathophysiology of viral pneumonia presently does 
not currently exist, many feel that it is likely that fol-
lowing initial infectivity, most respiratory viruses 
tend to multiply in the upper airway epithelium 
where they secondarily infect the lung via airway 
secretions or hematogenous spread.45 Extensive lung 
consolidation with varying degrees of hemorrhage 
usually results from severe viral pneumonias. The 
damage process to tissues is ultimately dependent 
on the virus involved, with some patients revealing 
bloody effusions and alveolar damage. Some viruses 
are primarily cytopathic and directly affect bronchial 
pneumocytes. Another viral mechanism may include 
an over-exuberant inflammatory response as the 
mainstay of the pathogenic process.45 Viral damage 
affecting the respiratory tract stimulates the host to 
release several humoral factors, including histamine, 
leukotriene C4, and virus-specific immunoglobulin 
E in RSV infection. RSV infections can also disrupt 

bacterial colonization patterns, increase bacterial 
adherence to respiratory epithelium, reduce mucocili-
ary clearance, and alter bacterial phagocytosis by host 
cells. Rhinovirus, on the other hand, primarily affects 
the release of bradykinin, interleukin 1, interleukin 6, 
and interleukin 8.45

A mixed viral-bacterial coinfection interaction in the 
pathogenesis of pneumonia has stimulated increased 
interest from supportive evidence obtained from cell 
culture, ecological, postmortem, and clinical studies. 
Up to 75% of those infected with influenza go on to 
acquire pneumonia and are confirmed to have a bacte-
rial coinfection.59 S. pneumoniae, H. influenzae, and 
S. aureus are the most commonly reported bacteria 
associated with co/secondary infections during influ-
enza pandemics since the late 19th century.59 Although 
influenza virus is considered the major pathogen in this 
coinfective context, other respiratory viruses, includ-
ing RSV, PIV, adenovirus, and rhinoviruses, are also 
likely to predispose individuals to secondary bacterial 
infection.60

Viruses are frequently identified in the respira-
tory tract of patients with pneumonia requiring ICU 
admission, with a strong predominance of influenza 
and rhinovirus.60 Secondary bacterial pneumonia is 
a major cause of influenza-related deaths.61 Viral-
bacterial coinfection during severe CAP in adults 
is associated with an impaired presentation60 and a 
complicated course,47,60 and has longer hospitaliza-
tions than that with a bacterial etiology alone.62 The 
interaction of viral–bacterial infections in part can 
be explained by the viral alteration of respiratory epi-
thelium predisposing the normal anatomic defense to 
bacterial infection. Evidence suggests that additional 
and much more complex interactions occur between 
viruses and bacteria, causing not only a disruption of 
the normal pulmonary physiology, but also a reduc-
tion in host immune defense, alterations in receptors 
to which bacteria adhere, and increased inflammatory 
response.59,60

Risk Factors
Men who are virally infected develop pneumonia at 
a slightly higher rate than women.45 Those pathogens 
considered seasonal viruses (including influenza, RSV, 
PIV) remain major causes of pneumonia. Pregnant 
women appear to be at increased risk for developing 
influenza pneumonia, VZV, and measles virus pneu-
monia. Pregnant women with viral pneumonia are at 
higher risk for severe disease than their nonpregnant 
counterparts. Pregnant women also displayed a dispro-
portionate risk of severe disease associated with the 
2009 H1N1 (swine flu) infection strain, and therefore, 
treatment should be initiated as soon as H1N1 infection 
is suspected.63 Patients who are immunocompromised 
are at higher risk for viral pneumonia from CMV, VZV, 
HSV, measles, as well as adenoviruses. HSCT and SOT 
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recipients are particularly at risk for acquiring lower 
respiratory tract infection due to CMV and RSV.64,65 El-
derly individuals (>75 years old) are at high risk for de-
veloping viral pneumonia due to impaired immunity.66 
See Box 13-7.

Diagnostic Testing
Viral cause of pneumonia is often suggested by inter-
stitial infiltrates on chest radiographs, while alveolar 
infiltrates are more likely to indicate a bacterial cause.67 
Bacterial and viral lung infections that are present ra-
diographically alone or in combination, however, can 
produce a diversity of chest radiographic alterations 
that are helpful only in specific cases to confirm an in-
fective cause of pneumonia.

Arterial blood gas analysis findings in viral pneumo-
nia are variable depending on etiology. In uncompli-
cated viral pneumonia, mild respiratory alkalosis with 
mild hypocapnia and increased pH secondary to tachy-
pnea would be expected with no other significant gas 
exchange abnormality.

Sinus tachycardia is a common ECG manifesta-
tion associated with pleuritic chest pain. In pleuritis 
secondary to acute coronary syndrome, ECG findings 
may show ST segment elevation with myocardial infarc-
tion, ST segment elevation of >1 mm in two or more 
anatomically contiguous leads, new left bundle branch 
block, as well as ST segment depression and/or T wave 
inversion.

The CBC in viral pneumonia may be normal or may 
demonstrate leukocytosis with lymphocytic predomi-
nance. This finding is in contrast with the CBC associ-
ated with bacterial pneumonia, which typically reveals 
elevation in the WBC count with a left shift (polymor-
phonuclear cell predominance or band forms). Sputum 
Gram stains are unfortunately often contaminated with 
oral pathogens and are difficult to obtain. They are usu-
ally not recommended with viral infections. Nasopha-
ryngeal cultures, on the other hand, taken from swabs 
and washings may be helpful because viral cultures 
remain the standard criterion for most viral pathogens. 
The major drawback of culture is that they take a long 

time to complete.45 Viral-antigen detection represents 
an alternative, although results are generally less sensi-
tive and less specific than those of conventional cell 
cultures.

Several of these rapid detection tests to determine 
viral etiologies are available for their use in the ED to 
allow bedside diagnosis of the etiology of viral pneumo-
nia. Precise etiologic diagnosis for viral pneumonia may 
be achieved with virologic tests. Rapid antigen detec-
tion kits can provide results within hours, making them 
useful in the ED.45 See Box 13-8.

Treatment and Management of Viral Pneumonia
The treatment of viral pneumonia is determined by the 
severity of illness and specific infectious viral agents. 
Supportive measures used depend on the patient signs 
and symptoms. These measures may include oxygen 
administration as necessary, hydration, as well as ven-
tilatory support. The goals of pharmacotherapy are to 
reduce morbidity and to prevent complications. An-
tiviral therapy may be necessary in severe cases and 
with immunocompromised patients. Current evidence 
supports that antibiotic treatment for viral infections 
with secondary concurrent bacterial infection should be 
instituted.

Antibiotics are ineffective against viral pathogens. 
There are antiviral medications for specific viruses. See 
Table 13-6. CMV pneumonia commonly occurs in peo-
ple with immune dysfunction and can be treated with 
ganciclovir or foscarnet.

Prognosis
The prognosis of an individual who develops viral pneu-
monia is at least partly dependent upon the virulence of 
the organism as well as the age and comorbidities of the 
patient. Therefore, the prognosis can vary from a mild 

BOX 13-7 Risk Factors for the 
Development of Viral Pneumonia 
Requiring Hospitalization45

Chronic pulmonary disease
Elderly
Immunocompromised
Men > women
Pregnancy
Very young

BOX 13-8 Diagnostic Tests Used for Viral 
Pneumonia45,68,69

 � Viral cultures

 y Hemagglutination assay (HA)—IV, PIV

 y Shell viral culture (SV)—IV, AV, RSV, PIV

 y Cytopathogenic effects (CE)—AV, RSV

 � Rapid antigen detection

 y Immunofluorescence foci assay (IF)—IV, AV, 
RSV, PIV, CoV

 y Enzyme-linked immunosorbent assay 
(ELISA)—IV, AV, RSV, PIV, SARS-CoV, RV

 � Gene amplification

 y Reverse transcriptase polymerase chain 
 reaction (RT-PCR)—IV, AV, RSV, PIV, SARS-CoV
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Medication Virus Targeted

Antiviral Agents (Treatment)

Cidofovir Adenovirus, including serotype 14

Ribavirin RSV

Peramivir Influenza

Oseltamivir Influenza A or B

Zanamivir Influenza A or B

Monoclonal Antibodies (Prevention)

Palivizumab RSV

TABLE 13-6
Medications Used to Treat or Prevent the Common 
Causes of Viral Pneumonia45

and self-limited illness to a life-threatening disease. 
The prognosis is normally considered good in most 
 individuals without associated risk factors and gener-
ally considered in good health. Most individuals with 
viral pneumonia develop a mild and self-limited illness. 
 Mortality is significantly increased, however, in affected  
individuals who are very young or those older than  
65 years and have neoplastic disease, comorbid cardio-
pulmonary disorders, cerebrovascular disease, liver or 
 renal disease, an altered mental state, or abnormal clini-
cal signs, including fever (of 104°F or <95°F, pulse  
>125 beats/minute, respiratory rate >30 breaths/ 
minute, or systolic blood pressure <90 mm Hg). 
Mortality is also substantially increased in immuno-
compromised patients.

Viral pneumonia due to adenovirus serotypes 2, 3, 7, 
and 21 may cause serious chronic pulmonary morbidity 
following acute respiratory illness. Viral pneumonia is 
especially prone to respiratory failure, severe hypox-
emia, and various pulmonary maladies in those patients 
who are immunocompromised. It can also infrequently 
result in residual disability from interstitial fibrosis in 
previously healthy patients.

Fungal Pneumonia
The term “fungus” is used to encompass a very broad 
range of organisms, and the number capable of causing 
respiratory infection is extensive, varying from yeasts 
to complex, highly resistant molds. Fungi are com-
monly found in our environment in soil and decaying 
vegetation. Exposure of the respiratory system to these 
organisms is common, and accordingly, many fungal 
infections present with pulmonary involvement. A few 
fungi are highly virulent and can cause disease even in 
hosts with intact immunity. However, the virulence of 
most fungal organisms is low, and exposure frequently 

results in transient colonization, which is cleared by the 
intact immune system. Highly immunosuppressed hosts 
states, such as with organ transplantation and cancer 
chemotherapy, have resulted in an increasing incidence 
of invasive fungal infections over the last several dec-
ades.70 In fact, many fungal organisms previously not 
thought to be pathogenic have been found to cause 
disease, most commonly as opportunistic infections in 
immunosuppressed populations.71

Definition/Diagnosis
Fungal infections can cause a spectrum of disorders 
in humans that range from superficial skin and mu-
cous membrane infections to systemic and potentially 
life-threatening involvement of the internal organ 
systems. Fungal pulmonary involvement presents 
characteristics that complicate the patient’s manage-
ment. Presence of fungi may represent a true infection, 
although frequently it only implies colonization of the 
respiratory tract, leading to a very different management 
and prognosis.72 Exposure to fungi may cause a hyper-
sensitivity response to fungal antigens, mycotoxicosis 
from ingestion of fungal toxins, and fungal pneumonia. 
Fungal pneumonia refers to an acute infectious mycosis 
involving the lung parenchyma caused by a single or a 
combination of endemic or opportunistic fungi.73

There are millions of different fungal species on 
Earth, but only about 300 of those are known to cause 
illness. Fungal diseases are often caused by fungi that 
are common to the environment.74 The common fungi 
that cause illness are endemic fungal pathogens and 
include Histoplasma capsulatum, Paracoccidioides 
brasiliensis, Blastomyces dermatitidis, and Coccidioides 
immitis. These endemic fungal pathogens can cause 
infection in healthy as well as immunocompromised 
individuals in the Americas and around the world.73 
Opportunistic fungal pathogens normally do not cause 
infections in otherwise healthy individuals. These fungi 
do take advantage of patients with hematologic malig-
nancies as well as those with congenital or acquired im-
mune system defense defects. These fungal pathogens 
include Aspergillus species, Mucor species, Cryptococ-
cus neoformans, and Candida species.

Clinical Signs and Symptoms
Clinical manifestations of primary fungal pneumonia 
in persons infected may be asymptomatic but can also 
cause flu-like illness consisting of fever, cough (which 
is usually not productive), shortness of breath, and 
chest as well as muscle discomfort, which may be dull 
or pleuritic in nature. The clinical signs and symptoms 
of fungal pneumonia are not specific and therefore can 
be confused with those of bacterial or viral pneumonia. 
Physical findings in patients with fungal pneumonia are 
like other more common pneumonia pathogens and 
include fever, tachycardia, respiratory distress, pleural 
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rub, and signs of pulmonary consolidation.73 In addition 
to physical findings consistent with pulmonary involve-
ment, other potential extrapulmonary findings that 
may accompany fungal pneumonia include meningitis 
(including neck stiffness, headaches, and mental status 
change), skin lesions, and rheumatologic and allergic 
findings. See Box 13-9.

Etiology
Fungal pneumonia is a mycosis infectious process of the 
lung caused by one or more endemic or opportunistic 
fungi. Fungal lung infection occurs because of several 
potential mechanisms, including the inhalation of spores, 
following inhalation of conidia, by the reactivation of a la-
tent infection, as well as via hematogenous dissemination 
(occurring predominately in an immunocompromised 
host). Endemic fungal pathogens cause lung infection 
in typically healthy hosts (as well as in immunocompro-
mised persons) in defined geographic locations around 
the world. In the United States, these organisms include 
H. capsulatum, C. immitis, and B. dermatitidis.75 Op-
portunistic fungal organisms, on the other hand, tend to 
cause pneumonia in individuals with acquired or con-
genital defects in their host defenses. These organisms 
may include Candida species, Aspergillus species, Mucor 
species, C. neoformans, and Pneumocystis jirovecii.76

Epidemiology
Endemic fungal pathogens affect men substantially 
more often than women, which may be in part due to 

estrogen-mediated inhibition of mycelium-to-yeast 
transformation resulting in male predominance. Es-
trogen also seems to have a protective effect against 
cryptococcal infection because studies have found a 
male-to-female ratio of approximately 3:1 in cryptococ-
cosis.73 Work-related exposure may also contribute to 
the skewed distribution. Endemic fungi causing infec-
tion in the United States are predominately found in 
the Mississippi River Valley and the Ohio River Valley 
(e.g., H. capsulatum, B. dermatitidis), the southwestern 
United States.73 International presence of fungal infec-
tion has caused several pneumonia outbreaks in Argen-
tina and other areas of Central and South America. In 
the Dominican Republic, there was an outbreak of his-
toplasmosis among tunnel workers in September 2015 
and an outbreak of invasive disease by Trichosporon 
asahii in Kingston, Jamaica, in 2010.77 Endemic fungal 
pneumonias are generally self-limited in presumably 
healthy hosts.

Invasive aspergillosis represents the leading cause 
of pulmonary lung infection and death among patients 
who are neutropenic, with a 50–85% mortality rate.78 
The second most common cause of fungal pneumonia 
is mucormycosis. Mucormycosis accounts for ap-
proximately 10% of all invasive pulmonary infections 
in immunosuppressed patients resulting in significant 
morbidity and mortality.73

Pathology/Pathophysiology
Most pulmonary fungal infections occur after inhala-
tion of fungi due to the disturbance of their natural 
habitat. Fungi typically enter the lung with inhalation 
of their spores, though they can reach the lung through 
the bloodstream if other parts of the body are infected. 
Also, fungal pneumonia can be caused by reactiva-
tion of a latent infection. Once in the lungs, the fungi 
are engulfed by the alveolar macrophages and other 
cells involved in the primary immune response. Mac-
rophages are usually able to neutralize and destroy 
pathogens; however, many fungi have developed ways 
to disable the macrophages and some have developed 
the ability to grow and multiply inside macrophages. 
Fungi also travel into the spaces between the cells and 
between adjacent alveoli through the pores of Kohn. 
This invasion triggers the immune system to respond 
by sending neutrophils responsible for attacking 
 microorganisms to the lungs. The neutrophils not only 
engulf and kill the fungi but also release cytokines that 
result in a general activation of the immune system. 
This results in fever, chills, and fatigue common with 
bacterial pneumonia. Fluids are leaked from neighbor-
ing blood vessels that fill the alveoli, leading to im-
paired oxygen transport.73

In healthy individuals, the infection is contained. 
However, the site of the initial infection can remain 
as granulomas, which can later degenerate to scars 

BOX 13-9 Factors Suggesting Possible 
Fungal Lung Infection

 � Patient has traditional immune suppression 
 (significant neutropenia, hematologic malig-
nancy, transplant, or chemotherapy)

 � Patient has emerging immunocompromising 
conditions (corticosteroid use, novel biologic im-
mune suppression, cirrhosis, renal insufficiency, 
COPD, diabetes)

 � Exposure or recent travel to endemic geographic 
regions

 � Nonrevolving lung infiltrates and fever despite 
antibacterial antibiotics

 � May or may not have associated adenopathy

 � May have associated skin, bone, central nervous 
system finding

Data from Limper A. The changing spectrum of fungal infec-
tions in pulmonary and critical care practice: clinical approach 
to diagnosis. Proc Am Thorac Soc. 2010;7(3):163–168 (Table 1). 
doi:10.1513/pats.200906-049al.
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and can calcify. The disposition of the fungal patho-
gen following its initial infection is dependent upon 
the host’s overall immune response and the type of 
involved fungus. When cellular immunity is impaired, 
as with immunocompromised individuals, infection 
with fungi cannot be controlled and the infection can 
spread throughout the body through the bloodstream. 
The presence of chronic pulmonary disease impairs the 
clearance of the infection.

Risk Factors
In general, outdoor workers such as farmers that be-
come significantly exposed to bird, bat, or rodent drop-
pings or other animal excreta in endemic areas where 
fungi are known to be present may acquire any of the 
endemic fungal pneumonias. It is also known that lab-
oratory personnel working with C. immitis in a pre-
sumed protected environment may become infected 
because of its intense virulence. Box 13-10 shows risk 
factors for opportunistic fungal pathogens.

Risk factors associated with non-albicans Candida 
infection include systemic antifungal therapy, central 
venous catheter placement, and prior GI surgery. Much 
of invasive candidiasis results from endogenous floral 
strains, although nosocomial Candida infection may be 
transmitted from healthcare workers’ hands or contam-
inated fluids.80 Increasing evidence currently exists that 
individuals with COPD are at increased risk for invasive 
aspergillosis, and COPD patients who receive high-dose 
or long-term corticosteroid therapy are at higher risk.

Complications with Fungal Pneumonia
Complications associated with fungal pneumonia 
 infections include (1) disease dissemination to other 
 extrapulmonary sites such as the brain, meninges,  
skin, liver, spleen, kidneys, adrenals, heart, and eyes;  
(2) fungal sepsis syndrome; and (3) blood vessel involve-
ment, which can lead to pulmonary hemoptysis, lung 
parenchymal infarction, myocardial infarction, cerebral 
emboli, cerebral infarction, or blindness.73 Other po-
tential complications that may occur because of fungal 
pneumonia include bronchopleural or tracheoesopha-
geal fistulas, chronic pulmonary disorders, mediastinal 
fibrosis, or broncholithiasis (primarily with histoplas-
mosis). Pericarditis as well as other rheumatologic-like 
symptoms may also be sometimes seen.

Diagnostic Testing
Radiographic findings in primary fungal pneumonias 
are generally nonspecific and mimic those seen in 
bacterial or viral lung infections. Patchy infiltrates, 
nodules, and radiographic evidence of consolidation, 
cavitation, as well as pleural effusion may be identified. 
In contrast to bacterial or viral pneumonias, medias-
tinal adenopathy may be present in patients with en-
demic fungal pneumonias occurring either unilaterally 
or bilaterally. Miliary infiltration of fungal infections 
frequently occurs in individuals with disseminated 
disease.73

Standard laboratory testing like other infectious pro-
cesses are usually nondiagnostic. On CBC with differen-
tial, elevation of the total WBC count may be present in 
normal hosts with endemic mycosis, while eosinophilia 
may be seen particularly in persons with coccidioido-
mycosis. The presence of neutropenia or leukopenia 
on CBC should raise the possibility of an opportunistic 
infection with Candida or Aspergillus organisms under 
appropriate conditions.

The laboratory tools used in the diagnosis of pulmo-
nary fungal infection appears in Table 13-7.

Treatment and Management
Spontaneous recovery often occurs without treatment 
in individuals with endemic mycosis, especially in those 
patients who are mildly affected and immunocompetent 
without evidence of dissemination.73 In fungal cases 
involving an immunocompromised host, aspergillosis, 
mucormycosis, and candidiasis infection recovery is 
primarily based upon the reversal of factors suspected 
of negatively affecting the patient’s immune status. See 
Box 13-11.

Aggressive treatment is mandatory with an invasive 
symptomatic opportunistic fungal pneumonia in the 
immunocompromised patient, including antifungal 
agents that typically require prolonged treatment and 
are often associated with significant toxicity. The spe-
cific type of antifungal agent to be used needs to be 

BOX 13-10 Risk Factors for Fungal 
Pneumonia Caused by Opportunistic 
Fungi73,79

 � Acute leukemia or lymphoma during myeloabla-
tive chemotherapy

 � Bone marrow or peripheral blood stem cell 
transplantation

 � Solid organ transplantation on immunosuppres-
sive treatment

 � Prolonged corticosteroid therapy

 � Acquired immunodeficiency syndrome

 � Prolonged neutropenia from various causes

 � Congenital immune deficiency syndromes

 � Post-splenectomy state

 � Genetic predisposition

 � Severe burns

 � Malnutrition

 � Prolonged stays in intensive care
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Technique Characteristics

Microbiologic Diagnostics

Direct microscopy Respiratory secretions, BAL, and tissue sampling, identification via macroscopic and microscopic 
morphologic characteristics

Culture A key method for diagnosis, more sensitive than direct microscopy, performed on all acceptable 
clinical specimens, if suspected

Susceptibility testing Identify antifungal medication susceptibility

Histopathologic Diagnostics

Microscopy Visualization of fungal elements within tissue samples, can be difficult with small sample size

Immunohistochemistry Using antibodies directed at fungal cell antigens to identify organism visualized in tissue samples

Immunologic and Biochemical Diagnostics

Complement fixing antibodies titer High titers typically mean severe or disseminated disease; decreased titer means recovery from infection

Direct fungal antigen detection Body fluids or blood, used for histoplasmosis, cryptococcosis, invasive aspergillosis, and other 
invasive fungal diseases

Serologic tests for endemic fungi High degree of test cross reactivity between different pathogens; performance of tests depends on 
the extent and site of infection

Cryptococcal antigen test Serum and cerebrospinal fluid

Aspergillus galactomannan  
antigen test

Serum and other body fluids

(1→3)-β-d-Glucan test Serum is needed for testing, detects cell wall components of Aspergillus and Candida, Pneumocystis, 
Fusarium, and Trichosporon

Molecular Diagnostics

PCR–based assays Can detect Candida, Aspergillus, and P. jirovecii

TABLE 13-7
Diagnostic Techniques to Identify Fungal Pneumonia70

BOX 13-11 Promoting Recovery from  
an Opportunistic Fungal Infection73

 � Reverse neutropenia in patients receiving che-
motherapy and bone marrow transplants with 
various growth factors

 � Withdraw or taper immunosuppressive agents 
and steroids, if possible

 � Remove contaminated or colonized catheters 
from patients with candidiasis

tailored to the fungal pathogen isolated or clinically 
suspected. Many classes of antifungal agents are cur-
rently available, including the classic antibiotics; first-, 
second-, and third-generation triazoles; and echino-
candins. Unfortunately, the use of these agents in those 

invasive infections that are most serious and more 
often deadly may not begin working rapidly enough in 
the patient who is immunocompromised. While am-
photericin B remains the mainstay of initial therapy in 
many patients who are acutely ill, newer formulations, 
including liposomal preparations of amphotericin B, 
offer equal efficacy with less toxicity. Voriconazole is 
currently considered the new standard of care for in-
dividuals who develop pulmonary aspergillosis based 
on its proven superiority over amphotericin B as the 
principal therapy.73

Empirically initiated treatment with conventional 
amphotericin B or liposomal amphotericin B is some-
times begun for presumed fungal infections in indi-
viduals who are febrile and neutropenic and whose 
fever continues after receiving broad-spectrum anti-
biotics for a few days. An alternative of combination 
agents that may be potentially used in this setting 
are itraconazole and echinocandin. All these choices 
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are continued until the neutropenia is corrected and 
the patient no longer demonstrates evidence of fun-
gal infection or radiographic infiltrate. Prophylactic 
therapy (suppressive therapy) with amphotericin B 
may be used to prevent recurrence or relapse of coc-
cidioidomycosis, cryptococcosis, or histoplasmosis 
fungal infections in those individuals infected with the 
HIV who have previously received presumed adequate 
treatment for the infection.

Surgery may be considered in patients with  
recognized invasive aspergillosis who have previ-
ously received treatment with antifungal agents yet 
continue to demonstrate residual lesions. Surgery 
may also be carried out to prevent disease relapse 
when additional immunosuppression is necessary. 
Consideration for surgery intervention may also be 
necessary to prevent or treat massive bleeding, espe-
cially when fungal involvement is contiguous with a 
large blood vessel.

Rapidly progressive respiratory failure can occur 
in patients who are neutropenic and require manage-
ment with mechanical ventilatory support. In persons 
severely neutropenic who develop abrupt progression 
of fungal pneumonia and dissemination of fungal 
infection, it is vital that rapid identification of the 
disorder along with early empiric antifungal therapy, 
and specific corrective measures (if possible) to re-
verse the presence of neutropenia or other causes of 
immunosuppression, is instituted. These measures 
may include the rapid reduction and/or withdrawal 
of immunosuppressive agents, if possible. Correction 
of neutropenia may necessitate the administration 
of growth factors (such as filgrastim [Neupogen]) or 
leukocyte transfusions. Other measures that should 
be addressed include the correction hyperglycemia as 
well as acidosis.

Continued maintenance therapy may be necessary 
to suppress fungal disease reactivation or recurrent dis-
ease in immunocompromised patients, including those 
fungi-infected individuals with HIV. If suppressive or 
preventative treatment is continued, it necessary to 
monitor for possible recurrence. Individuals who have 
ongoing immune deficiencies will probably require ex-
tended or lifelong maintenance therapy with antifungal 
agents to prevent recurrences.

Prognosis
The overall prognosis associated with fungal infection 
causing pneumonia is ultimately linked to the underly-
ing health of the individual exposed to the fungal or-
ganisms, the severity or virulence of the infection, the 
outcome of the underlying disease that may be present, 
and whether the reversal of factors affecting the pa-
tient’s immune status is possible. While endemic fungal 
infections may be asymptomatic and cause little, if any, 

residual complications, the most virulent forms of sys-
temic disease have an 80% mortality rate if the disease 
goes untreated.73

Pneumonia Classification 
by Anatomic Location
Pneumonia caused by infection of the lungs can be 
broadly classified by the chest radiographic anatomic 
distribution pattern into lobar pneumonia, broncho-
pneumonia, and pneumonia producing an interstitial 
pattern. Lobar pneumonia involving a distinct area of 
lung often as a single lobe is primarily associated with 
CAP. Bronchopneumonia in contrast to lobar pneumo-
nia is a multifocal process typically enveloping bronchi 
and involving multiple regions of one or both lungs 
typically seen with hospital-acquired infection. Patho-
logically, lobar pneumonia and bronchopneumonia 
are characterized by alveolar space flooding associ-
ated with acute inflammatory cells, fibrin, and edema. 
Interstitial pneumonia represents a third radiographic 

KNOWLEDGE CHECK QUESTIONS

1. True or False: The most common types of 
pneumonias in the United States are caused by 
bacteria.

2. True or False: Debilitated or immunocom-
promised individuals most often develop 
gram-positive pneumonias.

3. True or False: Atypical pneumonias cause ex-
trapulmonary issues.

4. True or False: Atypical bacterial pneumonias 
occur only in hospitalized patients.

5. True or False: The onset of viral pneumonia 
is more abrupt than the onset of bacterial 
pneumonia.

6. True or False: Viral pneumonia occurs most fre-
quently in young children and elderly adults.

7. True or False: ICU admission for viral 
 pneumonia is most often caused by influenza 
and rhinovirus.

8. True or False: Antibiotics also work for the 
treatment of viral pneumonia.

9. True or False: Immunosuppressed individ-
uals are at risk for the development of fungal 
pneumonia.

10. True or False: Individuals with mild cases of 
fungal pneumonia can spontaneously recover.
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infectious pneumonic pattern involving the lung that is 
commonly associated with viral infections involving the 
lung. M. pneumoniae is the most frequent bacterial-like 
cause of interstitial pneumonia. The distributive pattern 
affecting primarily alveolar walls rather than the alveo-
lar spaces can be caused by viruses or organisms such 
as M. pneumoniae. Interstitial pneumonia in contrast to 
both lobar pneumonia and bronchopneumonia causes 
thickening of the alveolar walls while demonstrating less 
inflammatory cells. See Figure 13-7.

Lobar Pneumonia
Lobar pneumonia (also called alveolar pneumo-
nia) commonly presents in one or more of the five  
major lobes of the lungs. Clinical manifestations of 
lobar types of pneumonia are characterized by cough 
producing rusty sputum, fever, chills, rapid and 
shallow breathing, cyanosis, nausea, vomiting, and 
sometimes pleurisy. While S. pneumoniae is the most 
common cause of lobar pneumonia, accounting for 
around 40% of cases, other organisms causing lobar 
pneumonia include K. pneumoniae, H. influenzae, 
anaerobes from aspiration pneumonia, and L. pneu-
mophila.81 The lobar pneumonia chest x-ray findings 
typically consist of focal or nonsegmental pneumo-
nia, which presents as homogeneous consolidation 
from the production of edema involving one or more 
lobes.82 See Figure 13-8.

Lung consolidation initially begins in the lung pe-
riphery and later spreads between acini through the 
pores of Kohn and canals of Lambert.81 Anatomically 
larger bronchi within areas of consolidation may remain 
patent, with air creating the characteristic air broncho-
gram. This is frequently seen with S. pneumoniae infec-
tions causing homogenous parenchymal lobar opacities 
with air bronchograms. S. pneumoniae can display itself 
as a rounded opacity mimicking a pulmonary mass, 

called round pneumonia.82 When acute pneumonia is 
lobar in distribution associated with consolidation and 
air bronchograms, a higher incidence of bacteremia is 
typically observed.

Bronchopneumonia
Bronchopneumonia (also known as multifocal or 
lobular pneumonia) is caused by aspiration of secre-
tions from a colonized trachea. This pneumonia is 
typically multifocal and centered in distal airways.81 
See Figure 13-9. This pattern is characterized by the 
predominance of parabronchial nodules, including 
centrilobular nodules with or without peribronchial 
consolidations.82 The degree of severity and location of 
involvement are dependent upon the etiology of the ob-
struction, individual health status, and virulence of the 
causative organism. Bronchopneumonia may be caused 
by a variety of bacterial and nonbacterial organisms. 

FIGURE 13-7 Radiologic patterns of pneumonia.
Source: Infection and Inflammatory Disorders. Radiology Key. 2016. https://radiologykey.com/infection-and-inflammatory-disorders/. Accessed June 4, 2018.

Lobar pneumonia:
Lobar and/or segmental

consolidation with air
bronchogram and

accompanying pleural
effusion

Bronchopneumonia:
coalescing areas of
consolidation in a

predominantly basal 
distribution

Interstitial pneumonia:
reticular pattern in a 
predominantly central

distribution

FIGURE 13-8 Right upper lobe consolidation in an adult with  
S. pneumoniae.
© stockdevil/iStock/Getty Images.
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With increasing illness severity, consolidation eventu-
ally occurs involving the terminal bronchioles and al-
veoli, which usually lead to the development of a lobular 
or lobar pattern of involvement.

Bronchopneumonia may be identified radiographi-
cally by its patchy, less distinctive appearance with 
peribranchial thickening and poorly defined air-space 
opacities. In contrast to lobar pneumonia, air bron-
chograms are usually not present. Because broncho-
pneumonia is characteristically caused by particularly 
destructive organisms, abscesses, pneumatoceles, and 
pulmonary gangrene may be seen, although organ-
isms are not normally life threatening in persons with 
normal defense mechanisms. Bronchopneumonia is 
associated with HAP due to organisms such as S. au-
reus and GNB.81 However, most pathogens can take 
this pattern of pneumonia.82 The signs and symptoms 
of bronchopneumonia are like those of lobar pneu-
monia, including chills, fever, rapid pulse and respira-
tory rates, bronchial breathing, cough with purulent 
bloody sputum, chest pain, and occasional abdominal 
distension.

Interstitial Pneumonia
Interstitial pneumonia is most commonly caused by 
mycoplasma, viruses, and (in immunocompromised 
patients) pneumocystis.82 This pattern appears as pre-
dominantly ground-glass opacities. Pathologically, 
these ground-glass opacities may correspond to incom-
plete alveolar filling by inflammatory cells or exudate; 

KNOWLEDGE CHECK QUESTIONS

1. True or False: Interstitial pneumonia is com-
monly associated with viral infections involving 
the lungs.

2. True or False: Lung consolidation seen on chest 
radiography begins in the alveoli and spreads to 
the lung periphery.

3. True or False: Lobular pneumonia is another 
name for lobar pneumonia.

4. True or False: Pneumocystis pneumonia is typ-
ically an interstitial pneumonia.

FIGURE 13-9 A chest radiograph of bronchopneumonia from 
aspiration showing nodular opacities, which represent multiple 
secondary lobules filled with inflammatory exudate.
Source: Infection and Inflammatory Disorders. Radiology Key. 2016 (Figure 3-7a). https://
radiologykey.com/infection-and-inflammatory-disorders/. Accessed June 4, 2018.

FIGURE 13-10 Interstitial pneumonia pattern of ground glass in a 
patient with P. jirovecii pneumonia.
Reproduced with permission from Nambu A. Imaging of community-acquired pneumonia: 
roles of imaging examinations, imaging diagnosis of specific pathogens and discrimination 
from noninfectious diseases. World J Radiol. 2014;6(10):779 (Figure 14A). doi:10.4329 
/wjr.v6.i10.779.

pulmonary edema  secondary to infection, leaving air 
in the alveoli; or interstitial infiltrates of inflamma-
tory cells.82 See Figure 13-10.  Development of inter-
stitial pneumonia proceeds as either (1) an insidious 
infectious course resulting in lymphatic infiltration of 
 alveolar septa without parenchymal abnormality or  
(2) acute or rapidly progressive disease resulting in 
 diffuse alveolar damage affecting the interstitial and air 
spaces. Radiographically, the disease process displays a 
reticular or reticulonodular pattern.

Although most interstitial pneumonias are infec-
tious in etiology, including viral, bacterial, fungal, and 
protozoal, they may be caused by acute processes such 
as chemical injury, acute pancreatitis, or a state of shock 
as in ARDS. Chest radiographic findings in noninfec-
tious interstitial lung disorders are more likely to display 
indistinct patchy shadows though later stages of the 
process may reveal bronchiectasis, bronchi dilation, and 
contraction of the lungs.
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Pneumonia Classification 
by Origin of Development
Clinically, it is prudent to classify pneumonia according 
to its site of origin because it helps the medical team 
to provide empirical antimicrobial therapy.57 Accord-
ingly, pneumonia may be classified as CAP, HAP, and 
VAP. Another category that is sometimes seen in the 
literature is healthcare-associated pneumonia (HCAP). 
This type of pneumonia is acquired in healthcare facili-
ties, such as nursing homes, hemodialysis centers, and 
outpatient clinics, or during a hospitalization within the 
past 3 months. The 2016 IDSA/ATS guidelines did not 
include HCAP.83

Community-Acquired Pneumonia
Constant exposure to the environment and frequent 
aspiration of nasopharyngeal flora expose the lungs to 
microorganisms that are virulent. Colonization of the 
upper respiratory tract by pathogenic organisms, fol-
lowed by microaspiration, is considered the primary 
pathogenesis of pneumonia.84 Key early decisions in 
CAP management are based on severity scores and 
presumed pathogens guided according to the clinical 
presentation, age, presence of comorbidities, and other 
significant antecedents and site of care.27

Definition/Diagnosis
CAP is an infectious pneumonia with symptoms onset in 
the community. Diagnosis can be made within 48 hours 
of hospital admission to meet criteria for CAP.85 CAP 
presents as an acute infectious process involving the 
lower respiratory tract typically associated with charac-
teristic manifestations, including the presence of a new 
chest radiograph infiltrate. CAP is a common and poten-
tially serious illness and is associated with considerable 
morbidity and mortality, particularly in older adult pa-
tients and those with significant comorbidities.34

Clinical Signs and Symptoms
No clinical symptom or physical finding is sufficiently 
sensitive or specific to either confirm or exclude the 
diagnosis of CAP. Manifestations typically associated 
with CAP unfortunately are difficult to distinguish from 
other causes of respiratory illness. The patient’s medi-
cal history, therefore, becomes significantly important 
in identifying the presence of key risk factors. See 
Box 13-12.

The PSI or the CURB-65, discussed earlier in this 
chapter, are used to stratify patients who can be treated 
at home or in the hospital. See Boxes 13-4 and 13-5.

Criteria for the admission of a patient to intensive 
care were established by the IDSA/ATS guidelines, 
using parts of the CURB-65 and ATS criteria. The 
threshold for ICU admission is the presence of at least 
three minor criteria or one of the major criteria.27 See 
Box 13-13.

BOX 13-12 Key Elements in Diagnosis  
of CAP48,86

 � Symptoms

 y Cough, dry (initially) or productive

 y Shortness of breath

 y Chest discomfort with deep breathing

 y Abdominal pain (with lower lobe involvement)

 y Chills

 y Night sweats

 y Reduced appetite

 � Signs

 y Tachypnea

 y Tachycardia

 y Auscultation
 { Crackles
 { Decreased breath sounds

 y Fever

 � Patient history

 y >65 years of age

 y Recent respiratory infection or antibiotic use

 y History of tobacco smoking

 y Comorbid medical disorders

BOX 13-13 Criteria for Severe CAP27

Minor criteria*

 � Respiratory rate ≥30 breaths/minute

 � Arterial oxygen pressure/fraction of inspired 
oxygen (Pao2/Fio2) ratio† ≤250

 � Multilobar infiltrates

 � Confusion/disorientation

 � Uremia (BUN level ≥20 mg/dL)

 � Leukopenia‡ (WBC count <4,000 cells/mm3)

 � Thrombocytopenia (platelet count <100,000 
cells/mm3)

 � Hypothermia (core temperature <36°C)

 � Hypotension requiring aggressive fluid resuscitation
Major criteria

 � Invasive mechanical ventilation

 � Septic shock with the need for vasopressors
*Other criteria to consider include hypoglycemia (in nondiabetic 
patients), acute alcoholism/alcoholic withdrawal, hyponatre-
mia, unexplained metabolic acidosis, or elevated lactate level, 
cirrhosis, and asplenia.
†A need for noninvasive ventilation can substitute for a respira-
tory rate >30 breaths/minute or a Pao2/Fio2 ratio <250.
‡As a result of infection alone.
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Etiology
Most often it is the virulent pathogens that can over-
whelm the body’s defensive mechanisms in the re-
spiratory tract. These pathogens are either inhaled or 
aspirated and are more likely to occur in patients with 
reduced host defenses. The pathogens responsible for 
CAP are varied and wide ranging in their capacity to 
cause severe disease and extrapulmonary features.85 
CAP may be caused by one or more of over 100 po-
tential pathogens that manifest in different degrees 
of severity. Severe CAP is the type of pneumonia that 
requires supportive therapy with a critical care environ-
ment and the type of CAP that causes patients to pres-
ent with multiple organ failure. See Table 13-8.

Epidemiology
The estimated U.S. burden of CAP is substantial, 
with more than 1.5 million unique adults being hos-
pitalized annually, 100,000 deaths occurring during 

Pathogen Risk Factors Other Features

S. pneumoniae Alcohol abuse, HIV, intravenous drug abuse, 
hyposplenism

Pleural effusion, empyema

S. aureus Structural lung disease, intravenous drug abuse, 
influenza

Pneumothoraces, lung cavitation

Community-acquired 
MRSA (CA-MRSA)

Influenza Necrotizing pneumonia, lung cavitation, neutropenia, skin 
pustules

Legionella species Smoking, foreign travel Neurologic symptoms, increased creatinine kinase, 
diarrhea, transaminitis, relative bradycardia

Gram-negative bacilli
• K. pneumoniae
• A. baumannii
• P. aeruginosa

Structural lung disease, recent antibiotics, 
immunosuppression
• Alcohol abuse, aspiration
• Alcohol abuse, aspiration
• Smoking, aspiration, HIV, structural lung 

disease

Leucopenia, cavitation, empyema

H. influenzae Aspiration, COPD, smoking, HIV, intravenous drug 
abuse

M. catarrhalis COPD, smoking

Respiratory viruses Viral pandemics Interstitial infiltrates or normal chest radiography

M. pneumoniae Cyclical pandemics Headache, erythema multiforme, positive cold agglutinin 
titers

Chlamydophila
• C. pneumoniae
• Chlamydophila psittaci

• COPD, smoking
• Exposure to birds

Interstitial infiltrates
Horder spots (facial rash), transaminitis (increase liver 
enzymes)

Anaerobes Alcohol abuse, aspiration, intravenous drug abuse Lung cavitation

Data from Morgan A, Glossop A. Severe community-acquired pneumonia. BJA Educ. 2016;16(5):167–172 (Table 1). doi:10.1093/bjaed/mkv052.

TABLE 13-8
Common Pathogens Implicated in Severe CAP

hospitalization, and approximately one of three patients 
hospitalized with CAP dying within 1 year.87 Almost 
1 million cases are among elderly persons annually.88 
Most cases of CAP are treated on an outpatient basis89 

with S. pneumoniae, H. influenzae, and M. catarrhalis 
accounting for 85% of the total U.S. incidence of CAP.90 
S. pneumoniae is the most commonly identified bacte-
rial cause of CAP worldwide.11 The overall rate of CAP 
in adults is approximately 5.16 to 7.06 cases per 1,000 
persons per year; the rate of CAP increases with in-
creasing age.91

Pathology/Pathophysiology
A lung infection normally occurs when at least one 
component of the defense mechanism is not function-
ing properly, or the virulence or quantity of the infect-
ing pathogen is substantial. When such a circumstance 
exists, microorganism colonization of the upper respi-
ratory tract is generally followed by microbe invasion 
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the breakdown of local defense mechanisms and the 
production of intra-alveolar exudate. While inflamma-
tion generated by these processes is necessary for innate 
immunity and host defenses for the disposal of microor-
ganisms, it can also harm host cells. There is a balance 
between pathogen-related factors (e.g., virulence and 
inoculum size) and host-related factors (e.g., age, gen-
der, and comorbidities) in the development and severity 
of pneumonia.92

Risk Factors
Several risk factors may predispose an individual to 
CAP. See Box 13-14.

Complications
Complications associated with CAP are dependent on 
the infecting pathogen and the affected individual’s 
health. Table 13-8 shows the organisms and some of 
their associated complications. These complications 
include pleural effusion, empyema, pneumothorax, lung 
cavitation, skin pustules, and lung tissue necrosis. A 
small proportion of patients with CAP develop progres-
sive pneumonia and ARDS. Although risk factors such 

Mechanism Examples

Aerosol inhalation M. pneumoniae, C. psittaci, 
C. pneumoniae, L. pneumophila

Oropharyngeal 
secretions 
microaspiration

S. pneumoniae, H. influenzae, 
anaerobes, gram-negative bacilli

Hematogenous spread S. aureus

Reactivation of latent 
microorganisms

Mycobacterium tuberculosis, 
P. jirovecii

TABLE 13-9
Mechanisms of Pathogenic Transmission57

BOX 13-14 Predisposing Host Conditions11

 � Older age (marked increase in CAP among adults 
>65 years)

 � Chronic lung diseases or other disorders that impair 
airway clearance

 y Chronic obstructive pulmonary disease

 y Cystic fibrosis

 y Bronchiectasis

 y Pulmonary edema

 y Bronchial obstruction due to stenosis, tumor, or 
foreign body

 y Lung cancer

 y Previous episode of pneumonia

 y Immotile cilia syndrome

 y Kartagener syndrome (ciliary dysfunction, situs 
inversus, sinusitis, bronchiectasis)

 y Young syndrome (azoospermia, sinusitis, 
pneumonia)

 � Conditions that increase the risk of microaspiration 
of stomach contents and/or microaspiration of up-
per airway secretions

 y Any alteration in the level of consciousness

 y Dysphagia due to esophageal lesions and motil-
ity problems

 y Wearing dentures while sleeping

 � Immunocompromising conditions

 y Diabetes mellitus

 y HIV infection

 y SOT or HSCT

 y Immunosuppressive medication use

 y Hyperimmunoglobulin E syndrome

 � Metabolic disorders

 y Malnutrition

 y Uremia

 y Hypoxemia

 y Acidosis

 � Lifestyle factors and environmental exposures

 y Smoking tobacco

 y Alcohol consumption

 y Toxic inhalations

 y Overcrowding in jails and shelters

 y Homelessness

 � Instrumentation of the respiratory tract (e.g., 
 intubation, bronchoscopy)

 � Viral respiratory tract infection, especially  
influenza

of the lower respiratory tract. Several mechanisms of 
pathogen transmission may result in the pathogen-
esis of pneumonia in immunocompetent adults. See 
Table 13-9

An inflammatory response is evoked when numer-
ous or more virulent microorganisms invade the lungs 
and reach the alveoli. This infectious process results in 
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as being an infant, being elderly, comorbidity with other 
diseases, and immunodeficient states are associated 
with the development of ARDS in various respiratory 
infections, including influenza virus infection, previ-
ously healthy patients can also develop ARDS.61

Diagnostic Testing
The most specific and sensitive test that may consider 
the gold standard for documenting the presence of 
pneumonia is the standard AP and lateral view chest 
radiographs. Unfortunately, the chest radiography is 
neither 100% sensitive nor specific for this pneumonia.82 
When compared with computed tomography (CT) im-
aging (not recommended as an initial diagnostic tool), 
many of the cases of pneumonia are missed by the stan-
dard chest radiograph.93 High-resolution CT imaging 
may be particularly helpful in better defining complex 
lung patterns, including various nodular patterns, linear 
patterns, reticular patterns, ground-glass opacities, as 
well as consolidation. However, CT imaging is not uti-
lized routinely as a diagnostic test for pneumonia.27 For 
patients who are hospitalized for suspected pneumonia 
but who have negative chest radiography finding, it may 
be reasonable to treat their condition presumptively 
(empirically) with antibiotics and repeat the imaging in 
24–48 hours.27 Lung ultrasonography may be helpful in 
recognizing clinically suspected adult CAP.94

Oximetry or arterial blood gas analysis is useful in 
defining severity of illness and potential need for oxygen 
therapy. Usually pulse oximetry is adequate to make this 
determination unless hypercarbia is suspected. If pend-
ing ventilatory failure is suspected, arterial blood gas 
measurements are required.

Standard laboratory chemistries, such as CBC, elec-
trolytes, BUN, and liver function tests, are nondiagnos-
tic for CAP but may be helpful in defining the severity 
of the overall illness and systemic complications. Eleva-
tion of the WBC and BUN level is generally indicative of 
more severe illness. The serum albumin level obtained 
within 24 hours of patients admitted to the hospital has 
been shown to be a good prognostic marker in CAP.

Patients with CAP should be investigated for spe-
cific pathogens that would significantly alter standard 
(empirical) management decisions, when the presence 
of such pathogens is suspected based on clinical and 
epidemiologic clues.27 The main downside of exten-
sive diagnostic testing of all patients with CAP is cost, 
which is driven by the poor quality of most sputum 
microbiologic samples, and the low yield of positive 
culture results in many groups of patients with CAP.27 
Urinary antigen tests are used for the detection of S. 
pneumoniae and L. pneumophila serogroup 1. This type 
of testing has a higher diagnostic yield in patients with 
more severe illness.27

Bronchoscopic samples of lower respiratory secre-
tions may be indicated in those selected cases of CAP 

who present with complications, persistent hypoxia, 
no response to therapy, or pulmonary abscess for 
culturing the selected areas of involvement or endo-
tracheal aspirate for drug-resistant and unusual patho-
gens. This can be usually accomplished by selective 
BAL analysis or protected brush biopsy. Thoracentesis 
with pleural fluid analysis, including Gram staining 
and pleural fluid culture, is indicated in patients with a 
pleural effusion.

Treatment and Management
Preventative measures are always warranted but unfor-
tunately are not always followed by those particularly at 
risk for developing pneumonia. It is without question 
that smoking cessation advice needs to be offered and 
its importance emphasized as a major avoidance of all 
current smokers with CAP. Modifications to the pres-
ence of specific risk factors, such as occupational or en-
vironmental exposures or social behavior (as in limiting 
direct exposure to bat or bird droppings or the excessive 
abuse of alcohol) known to be associated with certain 
CAP pathogens, should also be stressed.

Influenza vaccine is strongly recommended and 
should be provided for susceptible individuals >50 
years of age along with others particularly at risk for 
influenza complications. The vaccine is encouraged 
among individuals who are close household contacts 
of high-risk people as well as healthcare workers if not 
contraindicated. See Box 13-15.

The site where care is administered in the treatment 
of CAP whether performed as outpatient, hospitalized, 
or directly admitted to the ICU can be determined 

BOX 13-15 Recommendation from the 
Centers for Disease Control (CDC) for 
Administration of the Pneumococcal 
Vaccine95 
The CDC recommends the pneumococcal polysac-
charide vaccination for

 � Individuals aged 65 years or greater

 � Individuals age 2–64 years old with certain med-
ical conditions

 � Adults 19–64 years old who smoke cigarettes

The CDC recommends the pneumococcal conju-
gate vaccination for

 � All babies and children younger than 2 years

 � All adults 65 years or older

 � People 2–64 years old with certain medical 
conditions
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Patient Type
Likely Etiology (in Decreasing 
Order of Occurrence) Treatment

Outpatient S. pneumoniae
M. pneumoniae
H. influenzae
Respiratory viruses*

1. Previously healthy and no use of antimicrobials within the previous 3 months: 
a macrolide (azithromycin, clarithromycin, or erythromycin) or doxycycline (not 
strongly recommended)
2. Presence of comorbidities (chronic heart, lung, liver or renal disease; diabetes 
mellitus; alcohol abuse; malignancies; asplenia; immunosuppressing conditions or 
use of immunosuppressing drugs; or use of antimicrobials within the previous  
3 months, in which case an alternative from a different class should be selected):  
A respiratory fluoroquinolone (moxifloxacin, gemifloxacin, or levofloxacin) or 
β-lactam plus a macrolide
3. In regions with a high rate (>25%) of infection with high-level (MIC ≥16 µg/mL) 
macrolide-resistant S. pneumoniae, consider use of alternative agents listed above 
in (2) for patients without comorbidities.

Inpatient 
(non-ICU)

S. pneumoniae
M. pneumoniae
C. pneumoniae
H. influenzae
Legionella species
Aspiration
Respiratory viruses*

A respiratory fluoroquinolone or a β-lactam plus a macrolide

Inpatient (ICU) S. pneumoniae
S. aureus
Legionella species
Gram-negative bacilli
H. influenzae

A β-lactam (cefotaxime, ceftriaxone, or ampicillin–sulbactam) plus either 
azithromycin or a respiratory fluoroquinolone (for penicillin-allergic patients, a 
respiratory fluoroquinolone and aztreonam are recommended)

Special concern P. aeruginosa An antipneumococcal, antipseudomonal β-lactam (piperacillin–tazobactam, 
cefepime, imipenem, or meropenem) plus either ciprofloxacin or levofloxacin OR 
any of the above β-lactam plus an aminoglycoside and azithromycin OR any of the 
above β-lactam plus an aminoglycoside and an antipneumococcal fluoroquinolone 
(for penicillin-allergic patients, substitute aztreonam of the above β-lactam)

Special concern CA-MRSA If CA-MRSA is a consideration, add vancomycin or linezolid

Modified from Mandell L, Wunderink R, Anzueto A, et al. Infectious Diseases Society of America/American Thoracic Society consensus guidelines on the 
management of community-acquired pneumonia in adults. Clin Infect Dis. 2007;44(suppl_2):S27–S72 (Tables 6 and 7, pp. S44 and S45). doi:10.1086/511159.

TABLE 13-10
Empiric Antibiotic Recommendations for CAP

either by PSI or CURB-64 indexes (Boxes 13-4 and  
13-5). Then the interventions necessary, the optimal 
route of antimicrobial therapy, and the intensity of clini-
cal observation required to affect a positive outcome 
can be determined.

Antibiotic therapy is typically begun on an empiric 
basis, because the causative organism is not identified 
in an appreciable proportion of patients. Current em-
piric treatment recommendations for CAP are listed in 
Table 13-10.

As with any suspected pneumonic process, patients 
should be carefully assessed as to their hydration, ad-
equacy of gas exchange, nutritional status, and hemo-
dynamic stability. Supplemental oxygen and ventilatory 
support should be initiated immediately if necessary. 
Individuals with CAP who develop respiratory failure 
and hypoxemia unresponsive to conventional oxygen 

treatment at maximal concentrations may be managed 
with ventilatory support from noninvasive positive 
pressure ventilation. Patients with pneumonia who fail 
to respond to conventional and noninvasive therapies, 
especially those complicated by ARDS, require appro-
priate invasive mechanical ventilation and recruitment 
maneuvers.

Prognosis
Negative prognostic factors in CAP include preexist-
ing lung disease, underlying cardiac disease, poor 
splenic function, advanced age, multilobar involvement, 
and delayed initiation of appropriate antimicrobial 
therapy.41,88 The general well-being of patients with 
mild to moderate-severe CAP requiring hospitalization 
returned to prepneumonia status within 6 months of 

Pneumonia Classification by Origin of Development 345



discharge. Persistent respiratory symptoms beyond 28 
days are more likely to reflect age or comorbidity than 
the effect of pneumonia.88

Ventilator-Associated Pneumonia  
and Hospital-Acquired Pneumonia
In the United States, pneumonia is a common reason 
for hospital admission and a leading cause of death.96 
Patients who have frequent contact with the healthcare 
system have pneumonia outcomes that are worse than 
patients without such exposures, a finding thought to be 
associated with their increased risk for harboring resis-
tant organisms.97

Definition/Diagnosis
The IDSA and the ATS define HAP (nosocomial) as 
an episode of pneumonia not incubating at the time 
of hospital admission and occurring 48 hours or more 
after admission and not associated with mechanical 
ventilation within the hospital.83 Any pneumonia that 
arises more than 48–73 hours following endotracheal 
intubation is defined as VAP.83 Patients with severe nos-
ocomial pneumonia who require mechanical ventilation 
during their treatment after the onset of infection do 
not meet the definition of VAP. In contrast, ventilator-
associated tracheobronchitis (VAT) is characterized by 
signs of respiratory infection without new radiographic 
infiltrates, in a patient who has been ventilated for at 
least 48 hours.98

The IDSA/ATS recognizes that there is no gold 
standard for the diagnosis of HAP or VAP. Much of the 
literature on this subject is complicated by inconsistent 
usage of the term HAP, with some using the term to 
denote any pneumonia developing in the hospital, and 
others excluding VAP from the HAP designation. How-
ever, HAP and VAP belong to two mutually exclusive 
groups.83

Clinical Signs and Symptoms
Clinical features in non-intubated individuals who de-
velop HAP are like those features present with CAP. 
These clinical manifestations include cough, shortness 
of breath, recent appearance of purulent sputum, fever, 
development of a leukocytosis, and the appearance of 
a new or progressive infiltrate on chest x-ray. While 
clinical manifestations of HAP are often very similar 
to those observed with CAP, manifestations can be 
misleading or overshadowed in those patients con-
founded by other disease processes commonly present 
in hospitalized patients. Physical findings suggestive of 
superimposed pneumonia in these cases usually include 
fever or hypothermia, leukocytosis or leukopenia, the 
onset of purulent respiratory secretions, and a reduc-
tion in oxygenation consistent with deterioration in gas 
exchange.

The diagnosis of VAP is based on a combination of 
clinical, radiologic, and microbiologic criteria. There are 
a wide range of clinical conditions that mimic VAP in 
ventilated patients, including ARDS, pulmonary edema, 
pulmonary contusion, tracheobronchitis, and throm-
boembolic disease. Some of the clinical features used to 
define a VAP are subjective, such as changes in tracheal 
secretions, and are subject to inter- and intra-observer 
variation.99

The clinical presentation of HAP in the elderly 
presents added diagnostic challenges because it no-
tably develops insidiously often in the absence of 
cough, fever, and increased sputum. Elderly patients 
with HAP present with atypical symptoms such as 
mental change or failure to thrive. In these patients, 
it is important to maintain a high index of suspicion 
and obtain radiographic studies when considered 
a possibility. Apart from clinical criteria used to 
identify the presence of HAP or VAP, microbiologic 
assessment is important to help guide therapy. If 
VAP is suspected, an endotracheal sputum sample 
is recommended for microbiologic studies.83 If HAP 
is suspected, respiratory samples are also obtained 
for microbiologic studies.83 Sampling, in this case, is 
typically from spontaneous expectoration, sputum 
induction, or nasotracheal suctioning in a coopera-
tive patient.

Etiology
The development of HAP represents an imbalance 
between normal host defenses and the ability of 
 microorganisms to colonize and then invade the lower 
respiratory tract.22 It is GNB that are implicated in  
50–80% of HAP cases in the ICUs.2 Table 13-11 shows 
the most common causative pathogens of HAP and VAP. 

Common Organisms 
Associated with VAP*

Common Organisms 
Associated with HAP*

Acinetobacter species (gram 
negative)
Enterobacter species (gram 
negative)
Klebsiella species (gram 
negative)
P. aeruginosa (gram 
negative)
Serratia species(gram 
negative)
S. aureus (including MRSA) 
(gram positive)
Stenotrophomonas 
maltophilia (gram negative)

Acinetobacter species (gram 
negative)
Enterobacter species (gram 
negative)
E. coli (gram negative)
Klebsiella species (gram 
negative)
P. aeruginosa (gram negative)
Serratia species (gram negative)
S. aureus (including MRSA) 
(gram positive)

*Alphabetical.

TABLE 13-11
Most Common Organisms Associated with HAP 
and VAP22,100
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The causative pathogens for HAP and VAP generally 
have similar statistics worldwide.100

S. aureus is the most common cause of both HAP 
and VAP.100 Less common pathogens implicated in 
HAP include Legionella species, Influenza A  virus, RSV, 
 human PIV-3, and human  metapneumovirus.22 These 
usually occur in clusters or outbreaks. The viruses are 
typically spread from person to person.

Epidemiology
According to the NHSN, there was a steady decline in 
reported VAP rates in the United States between the 
years 2006 and 2012; in medical ICUs, the reported 
incidence of VAP per 1,000 ventilator days decreased 
from 3.1 to 0.9 and, in surgical ICUs, the reported in-
cidence decreased from 5.2 to 2.0.101 VAP is associated 
with increased ICU stay, patient ventilator days, and 
mortality, as well as significant costs.99 Both HAP and 
VAP constitute the most common cause of death among 
all hospital-acquired infections, with mortality of up to 
30% in the United States and worldwide.22 There is no 
racial or gender predilection for HAP and VAP. How-
ever, they are more common in the elderly, but any pa-
tient may be affected.22

Pathology/Pathophysiology
The pathogenesis of HAP is multifactorial and is pre-
dominately initiated by the introduction or invasion 
of bacteria or other pathogens into the lower respira-
tory tract by aspiration of oropharyngeal organisms, 
inhalation of aerosols containing bacteria, or, less 
frequently, hematogenous spread from a distant body 
site or infected intravenous catheter. Microaspiration 
of oropharyngeal pathogens or a leakage of secre-
tions containing bacteria around an endotracheal 
tube cuff into alveoli is considered the most frequent 
method of pathogen transmission in HAP or VAP. 
Other less common pathways include direct inocula-
tion (such as during thoracentesis), and translocation 
from the GI tract.

The concomitant illnesses of hospitalized patients 
are a risk for nosocomial infections. In hospitalized pa-
tients, alterations in immune function make them more 
susceptible to invasive infections that would not occur 
in healthy individuals. Many hospitalized patients are 
in poor nutritional status, increasing their risk of infec-
tion. Severe illness and hemodynamic compromise are 
associated with increased rates of HAP. In hospitalized 
patients, the combination of altered immune func-
tion, impaired mucociliary clearance of the respiratory 
tract, and oropharynx colonization by enteric gram-
negative pathogens make aspiration an important con-
tributor to pneumonia. Moreover, supine positioning 
contributes greatly to the aspiration risk. Hospitalized 
patients often become colonized with microorganisms 

acquired from the hospital environment, and as many 
as 75% of severely ill patients become colonized within 
48 hours.101 The inability of the pulmonary clearance 
mechanisms and immune system to contain the organ-
ism allows for an ensuing invasion of the pulmonary 
parenchyma.

Risk Factors
Individuals admitted to a hospital commonly have host 
risk factors, such as extremes of age or serious under-
lying conditions that reduce the individual’s natural 
immune defenses and predispose them to additional in-
fection. This is particularly true of hospitalized patients 
with preexisting lung disease. The risk of developing 
HAP is substantially greater for patients who undergo 
thoracic or abdominal procedures than for those under-
going procedures involving other body sites. Box 13-16 
shows the risk factors for HAP and VAP.

BOX 13-16 Risk Factors for HAP 
and VAP102

 � Increasing age (>55 years)

 � Chronic lung disease

 � Depressed consciousness

 � Aspiration

 � Chest or upper abdominal surgery

 � The presence of an intracranial pressure monitor

 � Agents that increase gastric pH (H2 blockers, 
antacids, proton pump inhibitors [PPIs])

 � Previous antibiotic exposure, especially broad 
spectrum

 � Reintubation or prolonged intubation

 � Mechanical ventilation for ARDS

 � Frequent ventilator circuit changes

 � Benzodiazepines, opioids, and paralytic 
 medication use

 � Multiple trauma

 � Paralysis

 � Number of central venous catheter placements 
and surgeries

 � Use of muscle relaxants or glucocorticoids

 � Malnutrition, chronic renal failure, anemia, Charl-
son Comorbidity Index,* previous hospitalization

 � Endotracheal tube cuff pressure <20 cm H2O
*Predicts 10-year survival in patients with multiple comorbidities. 
The higher the Charlson Comorbidity Index, the lower the esti-
mated 10-year survival. https://www.mdcalc.com/charlson 
-comorbidity-index-cci#creator-insights
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Patients in the hospital are at higher risk for develop-
ing a multidrug-resistant pneumonia. Prior exposure to 
intravenous antibiotics has been consistently identified 
as a predisposing factor to multidrug-resistant patho-
gens in VAP and HAP.83

Complications
The rise in complication rates of infections associated 
with HAP and VAP may at least in part be inversely 
attributed to continuing advances in medical tech-
nology. These advances include progress in the treat-
ment of critically ill patients; prolonged survival of 
the critically ill; extended periods of hospitalization; 
use of cytotoxic and immunosuppressive medications; 
extensive, extended, and sometimes unwarranted use 
of broad-spectrum antibiotics; and an increasing var-
iety of diagnostic and therapeutic devices. Although 
patients who receive mechanically assisted ventilation 
have higher mortality rates than hospitalized patients 
not receiving ventilatory support, other factors includ-
ing the patient’s underlying comorbidities and presence 
of organ failure are major predictors of death in patients 
who develop nosocomial pneumonia.

Complications such as bacteremia may arise from 
catheter-related infections, which may be prevented 
using sterile technique during placement, using an 
antibiotic disc at the insertion site, and replacing the 
catheter dressing weekly. Adverse effects resulting from 
pneumonia can include respiratory failure by triggering 
ARDS, which results from a combination of infection 
and the body’s innate inflammatory response. Sepsis 
and septic shock are also potential complications of 
pneumonia resulting from predominately bacterial 
microorganisms (notably S. aureus) entering the blood-
stream and causing the immune system to respond by 
secreting cytokines that can affect multiorgan systems 
and result in high mortality. Other complications in-
clude empyema, pleural effusions, abscess formation, 
and bronchopleural fistulas.103

Diagnostic Testing
The clinical diagnosis of HAP and VAP is difficult in 
part because the clinical findings are nonspecific. The 
2016 IDSA/ATS guidelines for the management of HAP 
and VAP continue to recommend a clinical diagnosis 
based upon a new lung infiltrate plus clinical evidence 
that the infiltrate is of infectious origin, which includes 
the new onset of fever, purulent sputum, leukocytosis, 
and decline in oxygenation.83 The standard AP and lat-
eral chest radiographs are ordered with any suspicion 
of a HAP despite their apparent limitations in differen-
tiating between opacity and fluid. Chest radiographic 
findings present in HAP are often like those seen in 
CAP but may be greatly confounded by other disease 
processes common in hospitalized patients, particularly 

those in intensive care. Radiographically, pneumonias 
can be difficult to differentiate from other causes of 
air-space shadowing, including atelectasis and early 
ARDS. Usually pneumonia initially appears as patchy 
consolidation or ill-defined nodules.103 Serial chest ra-
diograph is most useful in ruling out progression of the 
pneumonia and serves as an indicator of the efficacy 
of appropriate antimicrobial therapy. It is important to 
note that radiographic improvement lags far behind mi-
crobiologic cure, often by several months.22

The diagnosis of VAP in patients who have sustained 
trauma to the chest may also be particularly difficult be-
cause the trauma process itself can create a proinflam-
matory state that mimics infection, causing difficulty in 
correctly interpreting the chest x-ray with pneumonic 
infiltrate. CT scan imaging may be necessary to appro-
priately identify opacity and help to determine whether 
a procedure is indicated.

No definitive standard diagnostic laboratory test is 
available for the diagnosis of pneumonia. The WBC 
count may be normal or elevated with HAP or VAP. 
Neither leukocytosis nor a normal WBC count favors 
the diagnosis of HAP or VAP or diseases that mimic 
these nosocomial pneumonias.22

A respiratory sample for microbiologic studies is 
recommended to help diagnose VAP and HAP.83 The 
IDSA/ATS guidelines recommend noninvasive sam-
pling rather than invasive sampling (bronchoscopy, 
BAL) of respiratory secretions is recommended when-
ever possible.83 If culture identification of the infecting 
organism or organisms is successful, most microbiology 
laboratories report the susceptibility of the organism as 
susceptible (S), intermediate (I), or resistant (R). Positive 
cultures need to be clinically correlated because they 
may merely be evidence of colonization of the trachea 
and potentially mislead directed therapy. When micro-
biologic study results are obtained, empiric, antibiotic 
therapy needs to be adjusted to the organisms found.83 
Any pleural fluid removed by diagnostic thoracentesis 
needs to be tested to determine whether the pleural 
space needs to undergo placement of chest tube drain-
age. Analysis findings that are usually predictive of the 
need for closed tube drainage include a pH < 7.20, a 
glucose level <40 mg/dL, and an lactate dehydrogenase 
(LDH) level >1,000 U/L.

Blood cultures, unfortunately, are poorly sensitive 
and therefore are often negative in many cases. There is 
limited support for utilizing blood cultures for patients 
with VAP. However, approximately 15% of patients with 
VAP are bacteremic, and in these patients, the definitive 
identification of a pathogen, often multidrug resistant, 
may alter management.83

ABG studies are useful in assessing the degree of 
severity of lung dysfunction but not in determining 
the specific etiology. In general, bacterial nosocomial 
 pneumonia/VAP have low A-a gradients (<35).22
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Treatment and Management
Prevention is always preferred over treatment of a 
 hospital-acquired infection, especially in an individual 
who is already medically compromised from an exist-
ing disease disorder leading to hospital admission. Re-
ducing the potential for the transmission of relatively 
antimicrobial-resistant pathogens between patients 
and their caregivers clearly is a key priority. Fundamen-
tal measures utilized to accomplish this include hand 
washing before and after patient contact by all care-
givers, avoiding the sharing of bedside or respiratory 
therapy equipment between patients, and isolating pa-
tients known to be infected or colonized with multiple 
resistant bacterial pathogens. Several other modifiable 
factors may be initiated to avert added risk of acquir-
ing a nosocomial infection (including VAP) that often 
poses serious and life-threatening threats. These include 
preventative steps such as semi-recumbent head po-
sitioning at 30–45 degrees to help prevent aspiration 
(particularly for patients being enterally fed), proper 
handwashing prior to and following patient contact, 
and minimizing invasive oropharyngeal devices such 
as endotracheal tubes and nasogastric tubes. Studies 
also suggest some value in the use of agents to produce 
selective decontamination of the digestive tract or de-
contamination of the oropharyngeal tract. In patients 
with suspected HAP, culture specimens should be ob-
tained immediately followed by the empiric initiation of 
appropriate broad-spectrum antibiotics without delay. 
Although identifying specific preventative measures is 
important and considered necessary to reduce the risk 
and incidence of HAP and VAP, no current program 
eliminates these infections.

In those patients who are already critically ill and 
require ventilatory assistance in the ICU, there are mea-
sures to prevent the occurrence of VAP. See Box 13-17.

Antibiotics remain the cornerstone of treatment in 
HAP and VAP. Decisions regarding the appropriate 
choice of antibiotic use may be optimally guided by 
culture results from respiratory secretions. However, 
these require a variable waiting period for confirmatory 
culture identification. Although clinicians need to ob-
tain a suitable valid specimen for antimicrobial culture, 
an empiric antibiotic regimen needs to begin as soon 
as possible without waiting for the culture results.83 
The IDSA/ATS HAP/VAP guidelines recommend that 
all hospitals regularly generate and disseminate a local 
antibiogram (a periodic summary of antimicrobial sus-
ceptibilities of local bacterial isolates submitted to the 
hospital’s clinical microbiology laboratory,104 specific 
to their intensive care population, if possible).83 See 
Box 13-18.

There is a 10–20% threshold for deciding to target 
MRSA in the empiric treatment of VAP and HAP. See 
Table 13-12. There is a 10% threshold for deciding to 
prescribe one antipseudomonal agent or two. The goal 

BOX 13-17 VAP Prevention99

 � Avoid endotracheal intubation by using 
 noninvasive positive pressure ventilation (NIPPV) 
 assistance when feasible.

 � When mechanical ventilation is necessary, endo-
tracheal tube cuff pressure should be sufficient 
to prevent potential regurgitation of gastric 
contents.

 � Use of a silver-coated endotracheal tube may 
help in preventing VAP through its antimicrobial 
properties to reduce biofilm formation and bac-
terial adherence to the endotracheal tube.

 � Use subglottic secretion drainage systems.

 � Use a tapered tracheostomy tube cuff to avoid 
cuff folds that promote secretion drainage into 
the lungs.

 � Minimize the duration of mechanical ventilation 
and determine the appropriate timing for tra-
cheostomy placement when long-term mechan-
ical ventilation is necessary.

 � Provide timely nutritional support that includes 
appropriate blood glucose control in patients 
with diabetes and preferably an enteral feeding 
route with feeding tubes placed in the mid-
duodenum and beyond to reduce the risk of 
aspiration.

 � Use strict hand hygiene, closed circuit suction 
systems, and heat moisture exchangers and 
limit tubing changes to promote the reduction 
of biofilm formation.

is to try to assure that ≥95% of patients receive empiric 
therapy active against their likely pathogens. Individual 
ICUs may elect to modify the thresholds. If a patient 
has structural lung disease increasing the risk of gram-
negative infection (e.g., bronchiectasis or cystic fibro-
sis), two antipseudomonal agents are recommended.83

Patients with VAP due to gram-negative bacilli that 
are susceptible to only aminoglycosides or polymyxins 
are suggested to receive both inhaled and systemic anti-
biotics, rather than systemic antibiotics alone.83

A 7-day course of antimicrobial therapy is recom-
mended for both HAP and VAP. For patients with 
both HAP and VAP, antibiotic therapy should be de-
escalated from an empiric broad-spectrum antibiotic 
regimen to a narrower antibiotic regimen by switching 
the antimicrobial agent or reducing a combination 
therapy to a monotherapy.83 The 7-day course reduces 
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BOX 13-18 Recommended Empiric Treatment of Hospital-Acquired  
and Ventilator-Associated Pneumonia83

Empiric Treatment for Clinically Suspected HAP 
(non-VAP)

 � Antibiotic with activity against S. aureus

 y If MRSA is  suspected—vancomycin or linezolid

 y No risk factors for MRSA—piperacillin- 
tazobactam, cefepime, levofloxacin, imipenem, 
or meropenem

 y Proven methicillin-sensitive S. aureus (MSSA)—
oxacillin, nafcillin, or cefazolin

 � Antibiotic with activity against P. aeruginosa and 
other gram-negative bacilli

Empiric Treatment for Clinically Suspected VAP

 � Antibiotics with activity against S. aureus, P. aerugi-
nosa, and other gram-negative bacilli

 y Risk factor for antibiotic resistance (MRSA)—
vancomycin or linezolid and two antipseudo-
monal antibiotics from different classes

 y No risk for antibiotic-resistant MSSA is 
 suspected—piperacillin-tazobactam, cefepime, 
levofloxacin, imipenem, or meropenem and one 
antipseudomonal antibiotic

Risk Factors for Multidrug-Resistant VAP
• Prior intravenous antibiotic use within 90 days
• Septic shock at the time VAP is suspected
• ARDS preceding VAP
• Five or more days of hospitalization prior to the 

occurrence of VAP
• Acute renal replacement therapy prior to VAP onset

Risk Factors for Multidrug-Resistant HAP
• Prior intravenous antibiotic use within 90 days

Risk Factors for Methicillin-Resistant VAP/HAP
• Prior intravenous antibiotic use within 90 days

Risk Factors for Multidrug-Resistant Pseudomonas  
VAP/HAP
• Prior intravenous antibiotic use within 90 days

Adapted from Kalil A, Metersky M, Klompas M, et al. Management of adults 
with hospital-acquired and ventilator-associated pneumonia: 2016 clinical 
practice guidelines by the Infectious Diseases Society of America and the 
American Thoracic Society. Clin Infect Dis. 2016;63(5):e61–e111 (Table 2). 
doi:10.1093/cid/ciw353. 

TABLE 13-12
Risk Factors for Multidrug-Resistant Pathogens83

Prognosis
Despite high absolute mortality rates in hospital-
acquired (or nosocomial) pneumonia (HAP) patients, 
the mortality attributable to the infection is difficult 
to gauge. Many studies have found that HAP is associ-
ated with significant excess risk of death. However, 
many of these critically ill patients die from their 
underlying disease and not from pneumonia. While 
all-cause mortality associated with VAP has ranged 
from 20% to 50% in different studies,83 a meta-analysis 
of randomized trials of VAP prevention estimated the 
attributable mortality at 13%.105 Several variables are 
associated with increased mortality from HAP and 
VAP. See Box 13-19.

BOX 13-19 Risk Factors for Increased 
Mortality Due to Hospital-Acquired  
and Ventilator-Associated Pneumonia106

 � Serious illness at the time of VAP/HAP diagnosis 
(shock, coma, respiratory failure, ARDS)

 � Bacteremia

 � Severe underlying comorbid disease

 � Infection with multidrug-resistant organism

 � Multilobar, cavitating, or rapidly progressive in-
filtrates on lung imaging

 � Delay in the institution of effective antimicrobial 
therapy

antibiotic exposure, antibiotic-related side effects, and 
the potential for antibiotic resistance. Testing for PCT 
levels and clinical criteria are suggested as a guide 
for the discontinuation of antibiotic therapy. Clinical 
criteria include fever, cough, abnormal findings on ex-
amination, and infiltrates on chest radiography. Serum 
PCT levels decrease with successful treatment of bac-
terial infection.
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Key Points
1. The 21st century has seen the continuation of 

pneumonia as a leading cause of death in both de-
veloped and developing worlds, with an increas-
ing prevalence of antimicrobial resistance and 
subsequent treatment failure in key respiratory 
pathogens.

2. Pneumonia is classified in several different ways, 
including by the causative organism, the place in 
which the pneumonia was acquired, and the loca-
tion in the lungs.

3. No definitive standard diagnostic laboratory test is 
available for the diagnosis of pneumonia.

4. Bacterial pneumonias are the most common 
type of pneumonia in adults in the United States. 
Gram-negative pneumonias predominately occur 
in individuals who are debilitated or immunocom-
promised, or have been recently hospitalized.

5. The majority of patients with CAP are treated as 
outpatients.

6. The most commonly occurring organisms respon-
sible for causing atypical pneumonia are C. pneu-
moniae, Chlamydia psittaci, L. pneumophila, and 
M. pneumonia.

7. Empiric antibiotic treatment selection for CAP, 
HAP, and VAP is usually chosen and begin prior to 

KNOWLEDGE CHECK QUESTIONS

1. True or False: The development of pneumonia 
represents an imbalance between the pathogen 
and the host defense mechanisms.

2. True or False: CAP causes patients to have per-
sistent respiratory symptoms beyond 28 days.

3. True or False: Clinical manifestations of CAP 
and HAP are similar.

4. True or False: Elderly patients with HAP many 
times present with atypical symptoms.

5. True or False: The most common cause of 
HAP and VAP is S. pneumoniae.

6. True or False: HAP risk is greatest for patients 
who had thoracic or abdominal surgery.

7. True or False: The proinflammatory state caused 
by trauma mimics infection sometimes causing 
difficulty with VAP diagnosis.

8. True or False: A 14-day antibiotic course is stan-
dard treatment for both HAP and VAP.

specific pathogen identification based on known 
pathogens associated with the condition and their 
antibiotic susceptibility patterns in the community.

8. Prevention is always preferred over treatment of a 
hospital-acquired infection, especially in an individual 
who is already medically compromised from an exist-
ing disease disorder leading to hospital admission.

9. Hospitalized patients are at higher risk for develop-
ing a multidrug-resistant pneumonia.

10. The adequacy of initial antimicrobial therapy is a 
key factor for prognosis in pneumonia.

Chapter Questions
1. ___________________ is transmitted by poor hand 

hygiene.
a. Actinomyces israelii
b. Nocardia asteroides
c. Enterococcus faecalis
d. Streptococcus pneumoniae

2. Rust-colored sputum and shaking chills 
are indicative of pneumonia caused by 
______________________.
a. Escherichia coli
b. Acinetobacter baumannii
c. Staphylococcus aureus
d. S. pneumoniae

3. _____________________ creates a biofilm 
 protecting it from the host’s immune system 
defenses.
a. Pseudomonas aeruginosa
b. Moraxella catarrhalis
c. Haemophilus influenzae
d. A. baumannii

4. One of the bacteria that cause atypical pneumonia 
is ________________________.
a. N. asteroides
b. S. pneumoniae
c. Klebsiella pneumoniae
d. Mycoplasma pneumoniae

5. Bacterial pneumonia from 
__________________________ is caused by expos-
ure to an infected bird.
a. M. catarrhalis
b. Chlamydophila pneumoniae
c. Chlamydia psittaci
d. A. baumannii

6. Green-colored sputum is indicative of pneumonia 
caused by _________________________.
a. K. pneumoniae
b. P. aeruginosa
c. H. influenzae
d. E. coli
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7. Simultaneous infectious involvement of the airways 
and lung parenchyma is ____________________.
a. bronchopneumonia
b. lobar pneumonia
c. Klebsiella pneumonia
d. A. pneumonia

8. _____________________ typically causes 
 pneumonia in people between the ages of 5 and  
40 years.
a. M. catarrhalis
b. K. pneumoniae
c. M. pneumoniae
d. Legionella pneumophila

9. A patient arrives in the emergency department 
with all the typical signs and symptoms of acute 
pneumonia and receives a pneumonia severity 
index (PSI) of 170 points. This patient needs to be 
treated _____________________________________
__________.
a. in the emergency department and released
b. as an outpatient
c. in the hospital as an inpatient
d. in the intensive care unit

10. Individuals with pneumonia due to 
_____________________ are highly contagious.
a. M. catarrhalis
b. influenza
c. Enterobacter pneumoniae
d. L. pneumophila

11. Patients who are suspected of having fungal 
pneumonia can be treated empirically with 
__________________ before diagnostic test results 
are received.
a. levofloxacin
b. amoxicillin
c. amphotericin B
d. vancomycin

12. The Center for Disease Control (CDC) recom-
mends the pneumococcal polysaccharide vaccina-
tion for ______________________________.
a. all individuals no matter what age
b. adults between the ages of 19 and 64 years
c. all babies and children younger than  

2 years
d. all individuals aged 65 years and older

13. The most common cause of hospital-acquired 
pneumonia are _________________________.
a. gram-negative bacteria
b. gram-positive bacteria
c. viruses
d. fungi

14. Pleural fluid analysis results that indicate the pos-
sible need for closed chest tube drainage include 
_______________________.
a. pH >7.20
b. glucose level <40 mg/dL
c. LDH <400 U/L
d. pH >7.40

15. Empiric treatment for clinically suspected 
 methicillin-resistant Staphylococcus aureus 
(MRSA) ventilator-associated pneumonia includes 
________________________________.
a. vancomycin
b. levofloxacin
c. oxacillin
d. cefazolin
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OBJECTIVES
1. State the working clinical definition of arrhythmia.
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Case Study
A 65-year-old female patient arrived at the cardiac 
catheterization laboratory for diagnostic left and right 
heart catheterizations. The patient’s left coronary 
artery angiogram revealed no blockages. During can-
nulation of the right coronary artery (RCA) ostium 
(opening), a drop in the aortic (AO) pressure occurred. 
The physician removed the catheter, and the AO pres-
sure returned to baseline. A second attempt was 
successful, and contrast medium injection revealed a 
severe blockage in the ostium of the RCA.

As the physician was looking at the angiogram, the 
recording registered cardiovascular invasive specialist 
(RCIS) said, “The patient is in ventricular fibrillation.” 
See Figure 14-1.

The physician immediately removed the catheter 
from the ostium of the RCA and asked the patient 

to cough. The “scrubbed in” RCIS assisting the doc-
tor pulled the sterile drape from the patient’s chest 
and the circulator RCIS obtained the defibrilla-
tor. The patient received 200 joules of electricity. 
 After the defibrillation shock, the patient’s cardiac 
rhythm converted from ventricular fibrillation (VF) to 
sinus bradycardia (SB). See Figure 14-2.

At that time, the patient was hypotensive with a 
heart rate of 38 beats/minute. The physician immedi-
ately requested the nurse to give a 500-mL bolus of 
normal saline and 0.5 mg of atropine. Following ad-
ministration of the atropine, the heart rate increased 
to 82 beats/minute with a normal sinus rhythm 
(NSR). See Figure 14-3. The patient’s blood pressure 
normalized.

FIGURE 14-1 Ventricular fibrillation.

FIGURE 14-2 Sinus bradycardia.

FIGURE 14-3 Normal sinus rhythm.
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Introduction
For the heart muscle to contract, it must first have elec-
trical stimulation. The electrical flow in the heart can 
travel from cell to cell, which is slow and unorganized, 
or it can travel through the heart’s electrical conduc-
tion system, which is fast and organized.1 The primary 
pacemaker of the heart (sets the heart rate) is the 
sinoatrial (SA) node and has a fixed rate between 60 and 
100 beats/minute.1 The normal rhythm of the heart is 
known as NSR. See Figure 14-3. The criteria for NSR is 
in Box 14-1.

If a rhythm does not match the criteria for NSR, 
it is an arrhythmia. There are many causes of cardiac 
arrhythmias, including myocardial infarction (MI), 
 ischemic heart disease, heart failure, electrolyte imbal-
ance, electrical conduction problems, aging, or heal-
ing from heart surgery.2 Some arrhythmias are benign 
and easy to treat. However, some arrhythmias can be 
life threatening if not recognized and properly treated, 
while others are not life threatening, but may need im-
mediate treatment.3 The arrhythmias discussed in this 
chapter, see Table 14-1, are categorized into two groups: 
arrest and non-arrest arrhythmias. These arrhythmias 
are considered the core advanced cardiac life support 
(ACLS) arrhythmias.

Cardiac cells are capable of creating and conducting 
electrical impulses that cause the contraction and relax-
ation of the myocardial cells. It is the movement of elec-
trolytes, the electrically charged particles, that controls 
the generation and propagation of electrical stimulation 
in the body.1 The primary positively charged electrolytes 
(cations) in the heart are sodium (Na+), calcium (Ca++), 
and potassium (K+). The negatively charged electrolyte 
is chloride (Cl-) (anion).1 These electrolytes are both 
inside and outside of the myocardial cells but in varying 
concentrations. There are more potassium cations on 
the inside of the myocardial contractile cell than on the 
outside, and there are more sodium and calcium cations 
on the outside of the myocardial contractile cell than on 
the inside.1 As a result, the inside of the cell is negative 
as compared to the outside of the cell. This is the resting 
membrane electrical potential.1 At this time, the elec-
trolytes or ions are aligned, and the resting cell is polar-
ized with no electrical activity occurring. The voltage on 
the inside of the cell is negative when compared to the 
outside of the cell; the difference is normally –90 mV. 
During cell depolarization, the voltage in the interior of 
the cell will increase from –90 to +30 mV. During the 
repolarization phase, the voltage will return to approxi-
mately −90 mV.1 The cell will then rest for a brief pe-
riod. These electrical changes can be graphed to create a 
schematic representation of cardiac action potential.

There are two types of cardiac cells: (1) pace-
maker cells and (2) contractile cells.1 The pacemaker 
cells are specialized cells located in the SA node, 
atrioventricular (AV) node, and the Purkinje fibers. 
Figure 14-4 shows the conduction system of the heart. 
Four structures comprise the conduction system of the 
heart’s SA node, AV node, AV bundle, and Purkinje fi-
bers. See the five phases of the cardiac action potential 
in Figure 14-5.

The voltage in Phase 4 is −90 mV, the resting phase 
when the cells are considered polarized. During this 
phase in the contractile cells, the sodium/potassium 

BOX 14-1 Criteria for NSR

 � Heart rate: 60–100 beats/minute

 � P wave for each QRS complex

 � PR interval: 0.12–0.20 seconds

 � QRS complex: <0.11 seconds

 � Normal QT interval

 � No ST segment elevations or depressions

Arrest arrhythmias
1. VF
2. VTach
3. PEA
4. Asystole

Non-arrest arrhythmias
1. ST
2. AF
3. Paroxysmal SVTs

• AVNRT
• AVRT

4. First-degree heart block
5. Second-degree heart block Type I 

(Mobitz I or Wenckebach)
6. Second-degree heart block Type II 

(Mobitz II)
7. Third-degree heart block

Modified from ACLS Provider Manual Supplementary Material. 1st ed. 
American Heart Association; 2012.

TABLE 14-1
Core ACLS Arrhythmias

FIGURE 14-4 The electrical conduction system of the heart.
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pump will pump sodium and potassium in and out to 
maintain the voltage at −90 mV.1 In the pacemaker 
cells, there are slow calcium channels that allow the 
calcium to flow into the cell. Because calcium is a 
double positive (Ca++), the voltage increases. Once the 
voltage inside the cell reaches approximately −70 mV, 
the cell will depolarize on its own (this is known as 
 automaticity).4 An electrical impulse propagates from 
the SA node to the AV node. Within the AV node, 
there is an approximate 0.1-second delay. The  electrical 
 impulse then goes through the bundle of His, to the 
bundle branches, and finally to the Purkinje cells.4

The sharp upstroke in the action potential waveform 
is Phase 0, or the depolarization phase. The stimula-
tion of a contractile cell from an adjoining cell above it 
will open the fast sodium channels. These fast sodium 
channels are in myocardial cells other than the SA 
and AV nodes. Sodium will follow the concentration 
gradient and will rush in the cell. This causes the volt-
age to rise from −90 to +30 mV. This process is rapid 
depolarization.1

Once the voltage reaches about +30 mV, the chloride 
channels open and the fast sodium channels close. This 
is Phase 1. At this time the cells will start to repolarize, 
but will be interrupted by Phase 2.1

Soon after the chloride channels open and the influx 
of sodium slows down, the slow calcium channels open. 
This occurrence slows down repolarization and is Phase 
2 or the plateau phase. During Phase 2, calcium enters 
the cells and causes the muscles to contract.1

The slow calcium channels then close, stopping the 
influx of calcium. This is Phase 3, or rapid repolariza-
tion. During this time, potassium is pumped out of the 
cell, returning the voltage to −90 mV.1

Anything that can cause an electrolyte imbalance 
or electrical conduction problem usually leads to an 
arrhythmia.

Cardiac Arrest Arrhythmias
The cardiac arrest arrhythmias are those types of myo-
cardial electrical activity that put the patient at substan-
tial risk for sudden cardiac arrest and sudden cardiac 
death (SCD). During these cardiac arrest arrhythmias, 
the spontaneous cardiac output ceases or is minimal. 
Without intervention, with basic life support or ACLS, 
these individuals will die.

Ventricular Fibrillation
VF occurs as a result of numerous localized areas of 
micro-reentry with disorganized electrical activity. 
During this arrhythmia the ventricles quiver uselessly, 
reducing cardiac output to zero.

Definition
VF is a life-threatening cardiac arrhythmia (Figure 14-1) 
that, if not, treated immediately will result in death.5  Under 
normal conditions, the ventricles receive one electrical im-
pulse, which causes an organized ventricular contraction. 
However, in VF the ventricles receive  numerous electrical 
stimulations, which cause the ventricles to quiver. This 
is cardiac chaos. Consequently, cardiac output will drop 
to zero, resulting in the loss of consciousness and death 
within minutes.5

Etiology
Predisposition to VF is increased in the presence of cor-
onary artery disease (CAD) and is often its first expres-
sion. Autopsies show that the most common pathologic 
finding in VF death was CAD and that 40–86% had a 
75% or more blockage in a coronary artery.5 Approxi-
mately 50% of deaths from CAD can be attributed to 
VF, and often occurs within the first hour after the onset 
of an acute myocardial infarction (AMI) or acute coro-
nary syndrome.5 When treating an AMI, the reperfu-
sion of ischemic myocardium may trigger a reperfusion 
arrhythmia like VF. This is true when using fibrinolysis 
or angioplasty to treat CAD. Coronary artery spasm can 
cause VF due to the ischemia and reperfusion insults.5 
Spasms can be a result of autonomic nervous system 
factors, especially alpha-adrenergic activity, vagal ac-
tivity, and vessel susceptibility. Humoral factors, par-
ticularly those associated with platelet activation and 
aggregation, can cause VF.5 Etiologies of VF are listed in 
Box 14-2.

Most often rapid ventricular tachycardia (VTach) 
precedes VF, especially in the presence of chronic 
ischemic heart disease or monomorphic VTach (elec-
trical impulse originates from one particular place in 
the ventricles, and the QRS complexes look the same). 
Other factors associated with increased risk of VF 
include frequent premature ventricular contractions 
(PVCs), particularly complex forms (such as multifocal 
PVCs), and ones with short coupling intervals (R-on-T 

FIGURE 14-5 Action potential waveform of a myocardial cell.  
See text for the explanation.
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phenomenon).5 Other causes of VF are idiopathic, 
previous episodes (out-of-hospital resuscitation), and 
dilated and hypertrophic cardiomyopathies.5

The number of cases of VF is hard to assess because 
most episodes are unwitnessed. Each year there are ap-
proximately 300,000 cases of SCD, and up to one-third 
are attributed to VF.5 The incidence of VF in the adult 
population is 0.08–0.16% per year.5 There are more 
deaths from VF than from lung cancer, breast cancer, or 
acquired immunodeficiency syndrome. The incidence in 
the pediatric and adolescent age groups is 1.3–8.5 cases 
per 100,000 persons annually and accounts for approxi-
mately 5% of all deaths in this group.5

There has been a decline in incidences of 
out-of-hospital cardiac arrests in the United States; 
however, the proportion of sudden deaths from VF in 
patients with CAD has not changed.5 There is a 3:1 ratio 
in the incidence of VF in men than in women. Occur-
rences of VF are directly proportional to the prevalence 
of CAD. This number peaks in people 45–75 years old.5

Pathophysiology
There are many clinical situations where VF occurs; 
however, it is most often associated with CAD and can 
be a result of an AMI, ischemia, or myocardial scarring 
from an old infarct.5 In some cases, VTach will degener-
ate into VF. The heart depolarizes and repolarizes in a 
synchronized manner. However, at times some of the 
myocardial cells initiate an ectopic beat resulting in a 
PVC. The occurrence of PVCs can lead to a re-entry ar-
rhythmia. If a PVC occurs during a T wave (known as R 
on T), VF can occur. The R-on-T PVC propagates an er-
ratic electrical signal through the refractory  myocardial 
cells, establishing re-entry patterns. This re-entry results 

in chaotic ventricular depolarization, and consequently, 
normal myocardial contraction becomes disrupted.5 
This disruption causes cardiac output to drop quickly.5

Clinical Manifestations
In many cases, there are no symptoms, and when there 
are, they may be related to VTach, which precedes 
VF. Symptoms from VTach include chest pain, rapid 
heartbeat, dizziness, nausea, cyanosis, and shortness 
of breath.6 Also, the blood pressure, pulse, and heart 
sounds may be absent.7

Diagnostic Testing
Using a 12-lead electrocardiography (ECG) is the only 
way to confirm VF.5 On the ECG, VF manifests as a cha-
otically irregular pattern. This pattern is coarse initially 
but becomes finer as ventricular disorganization in-
creases. As the ECG waveform flattens, the likelihood of 
successful defibrillation decreases.5 ECG can also iden-
tify other conditions that may increase the risk for VF.5 
See Box 14-3. After an episode of VF, further diagnostic 
testing is needed to help determine the cause and risks 
for another episode. See Box 14-4.8

BOX 14-2 Causes of VF
AF
Congenital heart disease
CAD
Hypertension
Hyperlipidemia
Hypoxia
Ischemia
Left ventricular hypertrophy
Nonischemic cardiomyopathies
Obesity
Smoking

Modified from Goyal S. Ventricular fibrillation: background, 
pathophysiology, etiology. E-Medicine Medscape.com. 2014. 
http://emedicine.medscape.com/article/158712-overview. 
 Accessed September 3, 2015.

BOX 14-3 ECG Findings That Increase  
the Risk for VF

Digitalis toxicity
MI
Prolonged or short QT interval
Short PR interval
WPW pattern

Modified from Goyal S. Ventricular fibrillation: background, 
pathophysiology, etiology. E-Medicine Medscape.com. 2014. 
http://emedicine.medscape.com/article/158712-overview. 
 Accessed September 3, 2015.

BOX 14-4 Risk Factors for VF
Cardiomyopathy
Congenital heart defect (CHD)
Electrolyte abnormalities
Hear muscle injury (electrocution)
Illicit drug use (cocaine or methamphetamine)
Previous episode of VF
Previous heart attack

Data from Mayo Clinic Staff. Ventricular Fibrillation Risk 
 Factors—Mayo Clinic. Mayo Clinic Org. 2014. http://www 
.mayoclinic.org/diseases-conditions/ventricular-fibrillation 
/basics/risk-factors/con-20034473. Accessed September 4, 2015. 

Cardiac Arrest Arrhythmias 359



Using two-dimensional (2D) echocardiography with 
Doppler in patients who have had an MI is vital. It will 
evaluate the wall motion of the left ventricle (LV) and help 
to predict the outcomes and risks for major cardiac events, 
including sudden death. A decrease in the ejection fraction 
(EF) and worsening wall-motion abnormalities with exer-
cise may confer increased risk for the development of VF.5

Using nuclear imaging for obtaining resting images of 
the heart is helpful in assessing myocardial damage after 
an MI, and is helpful in the presence of low functional 
capacity.5 A large myocardial defect, shown on resting 
images, increases the risk for future cardiac events. The 
resting EF has been demonstrated, by the Multicenter 
Post-Infarction Research Group, to be the most impor-
tant noninvasive predictor of SCDs, most commonly 
from VF, and other cardiac events in patients with MIs.5 
Patients with a previous MI and a low EF (<30%) may 
need an implantable cardioverter defibrillator (ICD). 
Nuclear stress tests are very sensitive for detecting the 
presence, extent, and location of myocardial ischemia, 
which can lead to an MI.5

Electrophysiologic studies (EPS) may be used to 
distinguish whether the VTach/VF is inducible or not. 
There is a higher risk for SCD if the VTach/VF is induc-
ible, especially if antiarrhythmic medications are in use. 
Significantly lower ventricular function has also been 
observed in patients with inducible sustained VTach or 
VF. The cardiac EF can also be obtained  during EPS.5

Cardiac catheterization and coronary angiography 
help to determine the presence of CAD and/or a low EF. 
Both of these are predictors of VF. If CAD is present, 
revascularization may help to prevent VF.5

Blood tests, such as serum electrolytes and cardiac 
enzymes, can determine the presence of abnormalities 
that can cause VF.5 See Table 14-2.

Treatment and Management
VF requires immediate treatment with defibrillation to 
be successful. Defibrillation delivers an electric shock to 
the heart, and will uniformly and simultaneously depo-
larize the excitable myocardium. This electrical shock 
interrupts the re-entry signals, allowing the primary 
pacemaker to resume control.5 If a defibrillator is not 
available, cardiopulmonary resuscitation (CPR) must 
begin immediately and must be continued until a defi-
brillator is available. If three defibrillation attempts do 
not resolve the VF, vasopressin, epinephrine, or amioda-
rone is necessary.

Automatic external defibrillators are portable devices 
that check the heart rhythm and can administer the 
electric shock and restore a normal heart rhythm. This 
enables a layperson to defibrillate someone with VF in a 
public place.5

Once a person has been successfully resuscitated, 
the next step is to prevent reoccurrence. If EPS iden-
tifies the area of the myocardium causing the VF, 
radio frequency catheter ablation (RFCA) can burn 
the particular area to eliminate reoccurrence. RFCA is 
an ablation catheter that is heated up using radio fre-
quency; this will burn the myocardium that is causing 
the VF. After the ablation, scar tissue forms. This scar 
tissue becomes an electrically neutral area of myocar-
dium thereby eliminating VF from being generated by 
these cells.5

An ICD is an implantable device that performs the 
same function as an external defibrillator but from 
the inside of the heart. An ICD detects VF and delivers 
an appropriate electrical shock to stop the VF. An ICD 
also has a pacemaker function associated with it. The 
pacemaker portion can treat bradycardia arrhythmias, 
which can cause or complicate VTach/VF.5 Patients who 

Blood Test Reason

Serum electrolyte levels Electrolyte imbalances can change the action potential, especially potassium.

Cardiac enzymes or biomarkers Cardiac enzymes, especially troponin I, troponin T, and CK-MB, become elevated after a MI.

Complete blood count (CBC) Detects anemia, which can contribute to myocyte hypoxia.

Arterial blood gas (ABG) Assesses the degree of blood acidosis and hypoxemia.

Quantitative drug levels Identifies medications that have arrhythmia side effects, certain antibiotics, antidepressants, and 
antiarrhythmics.

Toxicologic screens and levels as 
clinically indicated

Identifies illicit drugs that are known to cause cardiac arrhythmias.

Thyroid-stimulating hormone level Hyperthyroidism can lead to tachycardia and tachyarrhythmias; over time, it can also lead to heart failure.

B-type natriuretic peptide (BNP) Identifies heart failure as a cause of VF.

Goyal S. Ventricular fibrillation: background, pathophysiology, etiology. E-Medicine Medscape.com. 2014. http://emedicine.medscape.com/article/158712 
-overview. Accessed March 24, 2018.

TABLE 14-2
Blood Tests for VF Etiology
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refuse ICD or who are not candidates for ICD use can 
take amiodarone on a long-term basis.

Risk Factors
The risk factors for VF are summed up in Box 14-4.

Complications
The complications of VF are listed in Box 14-5.

Prognosis
Prognosis for survivors of VF will depend on the time 
between onset and medical intervention. There is a poor 
prognosis for those not treated within 4–6 minutes of 
onset.9 If defibrillation is immediate, the survival rates 
are 75% and cardiac functionality is intact. Delayed 
treatment can lead to long-term disabilities. Death 
and disability from VF are directly proportional to the 
amount of damage to the central nervous system. There 
is a higher rate of VF recurrence if the VF occurs more 
than 48 hours following an acute MI.9

Ventricular Tachycardia
VTach is an arrhythmia that causes the heart to beat 
very rapidly. This reduces the ability of the ventricles to 
fill with blood, which happens during diastole. The ex-
tremely rapid ventricular rate seriously reduces cardiac 
output, causes the person to faint, and can lead to SCD.

Definition
VTach is an arrhythmia that originates from an ectopic 
pacemaker below the bundle of His. The heart rate is usu-
ally between 100 and 200 beats/minute and has a series of  
three or more premature ventricular beats. Figures 14-6  
and 14-7 show two different VTach ECGs. When the 
morphology of the QRS complexes is the same, it is mono-
morphic VTach, and when the morphologies of the QRS 
complexes are different, then it is polymorphic VTach.10

BOX 14-5 Complications from VF
Aspiration pneumonia
Central nervous system ischemic injury
Death
Defibrillation injury to self or others
Injuries from CPR and resuscitation
Myocardial injury
Post-defibrillation arrhythmias
Skin burns

Reproduced with permission from Ventricular Fibrillation. 
 Information about VF | Patient. Patient. 2014. Available at: 
http://patient.info/doctor/ventricular- fibrillation. Accessed 
September 4, 2015.

FIGURE 14-6 Ventricular tachycardia.

FIGURE 14-7 Ventricular flutter. Ventricular flutter is very fast ventricular tachycardia. When a QRS complex, a T wave, or an ST segment is no 
longer visible, it is ventricular flutter. The heartbeats occur so quickly that they fuse into an almost straight sinusoidal pattern with no discernible 
components.
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Etiology
The most common cause of VTach is ischemic heart 
disease from CAD. Other triggers include  electrolyte 
imbalances (i.e., hypokalemia, hyperkalemia, and 
 hypomagnesemia), AF, sleep apnea, and a  prolonged 
QT interval (long QT syndrome).10 Long QT  syndrome 
is either acquired by the use of potassium channel– 
blocking medications (i.e., Class Ia and Class III 
 antiarrhythmic agents) or is hereditary. In people 
younger than 35 years, VTach may be attributable 
to  hypertrophic cardiomyopathy, right ventricular 
 cardiomyopathy, myocarditis, long QT syndrome, or 
congenital coronary artery abnormalities.10

Epidemiology
In developed countries, CAD is common, and, there-
fore, so is VTach. However, in developing countries 
where CAD is less common, VTach is also less com-
mon.10 It is difficult to quantify VTach because of the 
overlap with VF. Most SCDs are due to VTach or VF 
and result in approximately 300,000 deaths per year in 
the United States. This accounts for about half of the 
estimated cardiac mortality and is a product of a hemo-
dynamic collapse.10 After successful resuscitation, prob-
lems that may appear include acute renal insufficiency, 
aspiration pneumonitis, ischemic encephalopathy, 
transient ventricular dysfunction, and trauma related to 
resuscitative efforts.10 It is rare to see VTach in young 
children; however, the incidences do increase with age. 
Males are more susceptible than women due to more 
men having ischemic heart disease than women.10

Pathophysiology
The cause of VTach is electrical re-entry or abnormal 
automaticity. Any scarring of the myocardium may 
increase the likelihood of re-entrant electrical circuits. 
Scarring from a previous MI will cause the electrical 
signal to slow down and is the most common cause of 
sustained monomorphic VTach.10 In a healthy heart, 
VTach results from mechanisms such as triggered ac-
tivity or enhanced automaticity. One example of trig-
gered activity (early afterdepolarizations) and re-entry 

is torsades de pointes, which can be acquired due to 
drugs. See Figure 14-8.

As the heart rate in VTach increases, the cardiac 
output decreases due to the reduced filling time. Other 
factors (i.e., mitral insufficiency and LV dysfunction) 
may also contribute to decreased cardiac output and 
subsequent hemodynamic collapse.10 As the cardiac 
output drops, so will myocardial perfusion, which can 
lead to VF and death.

Monomorphic and polymorphic VTach in com-
bination with structural heart disease (i.e., ischemic 
cardiomyopathy, dilated cardiomyopathy, hypertrophic 
cardiomyopathy) causes increased mortality due to the 
degeneration of VTach into VF and SCD.10 Even when 
VTach does not lead to VF, morbidity and mortality 
can increase due to congestive heart failure (CHF) and 
hemodynamic compromise. In some cases, the VTach is 
hemodynamically tolerated but may cause a dilated car-
diomyopathy. The dilated cardiomyopathy may develop 
over a period of weeks to years and may resolve with 
successful suppression of the VTach.10

Clinical Manifestations
Symptoms typically seen with VTach include palpita-
tion, lightheadedness, and syncope; the latter two are 
a result of reduced blood to the brain. If the VTach 
occurs with structural heart disease, then syncope is 
more common. Chest pain may also be present due to 
ischemia or from the rhythm itself. Other symptoms 
include a sensation of neck fullness (may be from an 
increase in central venous pressure) or dyspnea (may be 
related to increased pulmonary venous pressures).10 The 
symptoms of VTach vary depending on the rate of the 
tachycardia, its duration, and the underlying condition 
of the heart.11

The degree of hemodynamic instability will deter-
mine signs and symptoms. These signs and symptoms 
include hypotension, tachypnea, diminished level of 
consciousness, pallor, and diaphoresis. Also, VTach and 
AV dyssynchrony can cause elevated jugular venous 
pressure and jugular vein distension. AV dyssynchrony 
occurs as a result of the atria trying to contract against 
closed valves.10

FIGURE 14-8 Torsade de pointe occurs with an underlying prolonged QRT interval. It has an undulating sinusoidal appearance in which the axis 
of the QRS complexes changes from positive to negative and back in a haphazard fashion. It can convert into either NSR or VF.
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Diagnostic Testing
An ECG is a standard for the diagnosis of VTach. If 
the VTach is unstable, the diagnosis comes from the 
physical findings and ECG rhythm strip only. After the 
VTach resolves, diagnostic tests are done to determine 
its cause.10

Laboratory studies check the blood levels of 
 potassium, magnesium, calcium, and phosphate. If 
indicated by the physical exam, levels of therapeutic 
and/or illicit drugs are obtained. These drugs include 
digoxin, tricyclic antidepressants, methamphetamine, 
and cocaine. Cardiac markers can identify infarc-
tion or myocarditis.10 Echocardiography can detect 
dilated, hypertrophic, or right ventricular cardiomy-
opathy, MI, and inherited disorders associated with 
SCD.10 As with VF, an EPS can be done to find the 
cause of the VTach.

If diagnostic tests do not identify the cause of 
the VTach, continuous cardiac monitoring may be 
indicated using two devices that can either be worn 
or implanted. The Holter monitor is an external de-
vice that uses ECG leads and is typically worn by the 
 patient for 24–48 hours. During that time, the Holter 
will digitally record and store every heartbeat. The 
user keeps a diary of activity to be compared with 
the ECG results when completed. Identification of 
the causative abnormalities leads to the develop-
ment of a treatment plan. One disadvantage of the 
Holter monitor is that it has little diagnostic value.10 
A  device that has a higher yield is the implantable 
loop recorder.10 The loop recorder is implanted under 
the skin on the left side of the chest and continuously 
monitors the heart rhythm. If it detects an arrhyth-
mia, the information remains in the device.12 This 
information can either be transmitted wirelessly to 
the physician or retrieved during a practitioner office 
visit. The implantable loop recorder is designed to 
last up to 4 years.10

Treatment and Management
An unstable patient (e.g., low blood pres-
sure, low oxygen saturations, and uncon-
scious) with monomorphic VTach requires 
synchronized direct-current (DC) cardioversion 
immediately. Unlike defibrillation, cardioversion 
delivers the electrical shock on the “R” wave of the 
ECG. The starting electrical dose in a cardiover-
sion is 100 joules. In contrast with monomorphic 
VTach, polymorphic VTach does not usually have 
a detectable R wave due to the changing morphol-
ogy of the QRS complexes. Therefore, an unstable 
patient with polymorphic VTach requires immediate 
defibrillation.10,11

Stable VTach does not cause a loss of organ perfu-
sion or hemodynamic compromise. Treatment, there-
fore, depends on whether the VTach is monomorphic 

or polymorphic and whether left ventricular function 
is normal or impaired. Medications are the first line of 
therapy in stable monomorphic VTach with normal 
left ventricular function. Appropriate drugs for phar-
macologic conversion include procainamide, sotalol, 
or lidocaine.10,11 Preferred treatment for monomorphic 
VTach with left ventricular dysfunction is amiodarone 
or lidocaine as opposed to procainamide for pharmaco-
logic conversion. Procainamide is contraindicated due 
to its potential for exacerbating heart failure. If medica-
tions do not convert the VTach to NSR, cardioversion is 
necessary.10

Usually stable polymorphic VTach will terminate on 
its own; however, recurrence is likely. Following the re-
turn to NSR, an ECG needs to be obtained to determine 
if long QT syndrome is present. If the QT interval is 
normal, treatment is the same as for stable monomor-
phic VTach. Stable polymorphic VTach with long QT 
syndrome requires treatment with magnesium sulfate, 
isoproterenol, pacing, or a combination of them. Other 
medications for long QT syndrome include phenytoin 
and lidocaine. These medications may shorten the 
QT interval. Procainamide and amiodarone are con-
traindicated due to their QT-prolonging effects.10 See 
Table 14-3.

If there is an electrolyte imbalance, cardioversion 
may not be successful until the imbalance is corrected. 
The use of antidigitalis antibody may be necessary if se-
vere digitalis toxicity is present.10

Type of VTach Immediate Treatment

Unstable monomorphic 
VTach

Cardioversion

Stable monomorphic 
VTach with normal left 
ventricular function

First line: procainamide, sotalol, 
lidocaine
Second line: cardioversion

Stable monomorphic 
VTach with left 
ventricular dysfunction

First line: amiodarone, lidocaine
Second line: cardioversion

Unstable polymorphic 
VTach

Defibrillation

Stable polymorphic 
VTach without long QT 
syndrome

Self-terminating
Prevention of recurrence: same 
treatment as stable monomorphic 
VTach

Stable polymorphic 
VTach with long QT 
syndrome

First line: magnesium sulfate, 
isoproterenol, cardiac pacing, or 
combination
Second line: phenytoin, lidocaine 

Data from Compton S. Ventricular Tachycardia: Practice Essentials, 
Background, Pathophysiology. EMedicineMedscape.com. 2014. http://
emedicine.medscape.com/article/159075-overview.

TABLE 14-3
Immediate Treatment for Varying Types of VTach10
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After the restoration of NSR, it is possible to iden-
tify underlying structural heart disease. These struc-
tural defects may include displacement of the point of 
maximal impulse, murmurs related to valvular heart 
disease, hypertrophic cardiomyopathy, an S3 gallop, 
or pulmonary crackles if uncompensated heart failure 
is present. Changes in mental status are also possible, 
including anxiety, agitation, lethargy, or coma.10 Upon 
the return of NSR, the cause of the VTach needs to be 
determined and treated. The underlying cause deter-
mines this treatment and may include antiarrhythmic 
medications, ICD, RFCA, or a combination.11 While 
the use of antiarrhythmic drugs has been the first line 
of therapy in stable VTach, there may be many side 
effects or frequent recurrences of VTach with drug 
therapy. This has led to the use of devices and proced-
ures designed to abort VTach or to ablate the foci in 
the heart.10

Idiopathic VTach from a focal source that is resis-
tant to drug therapy is treated with RFCA.12 RFCA 
is also used if drug therapy is not well tolerated or 
long-term drug therapy is undesirable. This is done 
to treat symptoms, not to reduce the risk of SCD. In 
the presence of cardiomyopathy, RFCA may be used 
to minimize the recurrence of the arrhythmia, there-
fore lessening the number of ICD electrical shocks.10 
Polymorphic ventricular tachycardia may have mul-
tiple re-entrant bypass circuits. At that point, RFCA 
becomes an adjunct to ICD therapy. VTach is caused 
by an automatic focus; that focus is targeted for 
ablation.10

An ICD can be implanted to terminate VTach be-
fore it causes hemodynamic collapse or left ventricular 
failure. An ICD is recommended in conjunction with 
medical therapy for unstable VTach (before MI), stable 
sustained VTach, and cardiomyopathy with unexplained 
syncope. An ICD is contraindicated for VTach occur-
ring during an acute ST segment elevation MI (STEMI); 
for reversible, drug-induced VTach; and for poor sur-
vival because of comorbid conditions.10

Risk Factors
A summary of the risk factors for VTach is provided in 
Box 14-6.

Complications
The type and severity of the VTach dictate the severity 
of the complications. These complications may include 
blood clots, heart failure, frequent fainting spells, VF, or 
sudden death.13

Prognosis
The prognosis of VTach varies with the particular car-
diac process involved but is predicted best by left ven-
tricular function. VTach may result in heart failure, and 

its morbidity and mortality is a result of hemodynamic 
compromise. Ischemic cardiomyopathy and nonsus-
tained VTach have a sudden-death mortality of almost 
30% in 2 years. While the prognosis for idiopathic 
VTach is excellent, the risk of injury from fainting is 
high. Proper treatment with medications and ICD im-
plantation can improve the prognosis. The prognosis for 
those with VTach in the presence of long QT syndrome, 
right ventricular dysplasia, or hypertrophic cardiomy-
opathy is not as good due to the risk of SCD.10

Pulseless Electrical Activity
Pulseless electrical activity (PEA) is a cardiac arrhyth-
mia that reflects a serious underlying medical event. It 
is a clinical condition that is characterized by a lack of 
a palpable pulse in the presence of organized electrical 
activity.

Definition
PEA is the absence of a detectable pulse or blood 
 pressure due to weak cardiac contractions in the 
 presence of an electrical signal (Figure 14-9). 
 Consequently, little or no cardiac output exists, and if 
not treated immediately, it will result in death.14

Etiology
Some of the causes of PEA include severe prolonged 
hypoxia, acidosis, extreme hypovolemia, blood 
flow–restricting pulmonary embolus, or tension 

BOX 14-6 Risk Factors for VTach
Cardiomyopathy
Cocaine use
Congenital heart disease
Heart failure
Ischemia
Medication: quinidine, phenothiazines, and  

tricyclic antidepressants
MI
Pericardial inflammation
Primary and metastatic malignancies involving 

the heart muscle
QT prolongation and Marfan syndrome in 

neonates
Surgical repair of CHDs
Trauma

Data from Compton S. Ventricular Tachycardia: Practice Essen-
tials,  Background, Pathophysiology. EMedicineMedscape.com. 
2014. http://emedicine.medscape.com/article/159075-overview.
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pneumothorax. As a consequence, the cardiac muscle 
is not able to produce a sufficient contraction following 
the depolarization of the muscle.14 See Table 14-4.

Approximately 40–50% of PEA occurs due to hypoxia 
secondary to respiratory failure. Also, sudden changes in 
preload, afterload, or contractility often result in PEA.14

Epidemiology
The frequency of PEA will differ depending on the de-
mographics. Approximately 20% of cardiac arrests that 
occur outside the hospital are caused by PEA. In hospi-
tals, PEA accounts for about 68% of monitored deaths 
and 10% of all deaths.14 These numbers are attributed 
to the greater chance of pulmonary emboli when in a 
hospital. PEA is more likely to develop in females than 
in males, and the average age is 70 years.14

Pathophysiology
Contractility of the heart is dependent on the stretch-
ing of the sarcomeres. Forceful cardiac contractions 
occur only when there is sufficient preload to stretch 
the sarcomeres. If the preload is too low, the contrac-
tion will not generate enough pressure to overcome 
afterload. Other causes of decreased contractility are 
hypocalcemia (myocardium needs calcium to contract) 
and the availability of epinephrine and norepinephrine. 

 Reduced preload can occur due to low blood volume 
(hypovolemia) or decreased blood return to the heart 
due to pulmonary thrombosis.15 If the afterload is too 
high, even a strong contraction will not be able to pro-
duce cardiac output. However, elevated afterload is 
rarely responsible for PEA alone.14

Clinical Manifestations
The clinical manifestation of PEA includes collapse, un-
responsiveness, agonal gasp, apnea, no pulse detected 
by palpitation, and no heart sounds on auscultation. The 
rhythm seen on the ECG may help to determine the un-
derlying cause of the PEA.3

Diagnostic Testing
Identification of PEA utilizes ECG, pulse, and blood pres-
sure. Because PEA requires immediate CPR,  identification 
of the etiology of the PEA can be difficult in cases other 
than trauma.15 A simplified evaluation of PEA was de-
veloped to simplify the diagnostic aspects of PEA.15 
See Figure 14-10. Here PEA is divided into two broad 

FIGURE 14-9 PEA: There is electrical activity on the ECG. However, no pulse or blood pressure is detectable.

FIGURE 14-10 New classification of PEA based on its initial 
ECG manifestation. PTX, pneumothorax; US, ultrasound; RV, right 
ventricular.
Reproduced with permission from Littmann L, Bustin D, Haley M. A Simplified and structured 
teaching tool for the evaluation and management of pulseless electrical activity. Med Princ 
Pract. 2014;23(1):1–6. doi:10.1159/000354195.

PEA—Evaluation

QRS Narrow
Mechanical (RV) problem

QRS Wide
Metabolic (LV) problem

Acute MI
Myocardial rupture

Acute MI
Pump failure

Bedside US: LV hyperdynamic
Pseudo-PEA

LV hypokinetic or akinetic
True-PEA

Agonal rhythm

• Cardiac tamponade
• Tension PTX
• Mechanical hyperinflation
• Pulmonary embolism

• Severe hyperkalemia
• Sodium-channel
 blocker toxicity

H’s T’s

Hypovolemia Toxins

Hypoxia Tamponade

Hydrogen ion (acidosis) Tension pneumothorax

Hyperkalemia Thrombosis (coronary)

Hypothermia

Reproduced with permission from Swiss Medical Publishers Ltd. Beun L, 
Yersin B, Osterwalder J, & Carron PN. (2015). Pulseless electrical activity 
cardiac arrest: time to amend the mnemonic “4H&4T”? Swiss Med Wkly, 145, 
w14178. http://www.smw.ch

TABLE 14-4
Frequent Causes of PEA (H’s and T’s)
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classifications: narrow and wide QRS complexes. The gen-
eral assumption is that narrow-complex PEA is due to a 
mechanical problem frequently caused by right ventricu-
lar inflow or outflow obstruction, whereas wide-complex 
PEA is typically due to a metabolic problem or ischemia 
and left ventricular failure.15

Treatment and Management
When PEA is detected, it is important to start CPR im-
mediately. If the patient does not already have an intra-
venous (IV) or intraosseous (IO) line, then one needs to 
be started. Because hypoxia is a common cause of PEA, 
100% supplemental oxygen is necessary, and the patient 
requires intubation.14 According to the American Heart 
Association ACLS 2015 guidelines,16 epinephrine is the 
only medication given during resuscitation for PEA. 
 Epinephrine should be administered in 1 mg doses IV/IO 
every 3–5 minutes; higher doses of epinephrine have 
been shown not to help.16 Using sodium bicarbonate is 
recommended only when systemic acidosis, hyperka-
lemia, or a tricyclic antidepressant overdose is present; 
dosage is 1 mEq/kg. Use sodium bicarbonate with caution 
as it may worsen intracellular and intracerebral acidosis 
and does not appear to alter the mortality rate.14 In cer-
tain cases of PEA, when there is a profound low-output 
state, a circulatory assist device (intra-AO balloon pump, 
extracorporeal membrane oxygenation, cardiopulmonary 
bypass, or ventricular assist device) may be beneficial.14

The simplified classification of PEA, seen in  Figure 
14-10, is used to guide initial treatment, as shown in 
Figures 14-11 and 14-12. For patients with narrow-
complex PEA from a suspected mechanical etiology, 
an aggressive intravenous fluid administration needs 
initiation because these issues are potentially fluid 
responsive. After that, the treatment depends on the 
patient’s clinical manifestations, pericardiocentesis for 
cardiac tamponade, needle decompression for tension 
pneumothorax, ventilator settings changes for mechani-
cal hyperinflation, and thrombolysis for  pulmonary 
embolism.15

Wide-complex PEA is most often caused by severe 
hyperkalemia or sodium-channel blocker toxicity and 
treatment includes intravenous calcium chloride for 

the hyperkalemia or intravenous sodium bicarbonate 
 boluses for the sodium-channel blocker toxicity.15

Risk Factors
Risk factors for PEA include causes for the development 
of anything that could lead to one of the etiologies seen 
in Table 14-4.

Prognosis
The sooner the cause of the PEA is found and reversed, 
the better the prognosis. The prognosis is worse if the 
ECG is abnormal. The prognosis is even worse once 
the QRS complex is greater than 0.20  second. The 
prognosis of out-of-hospital PEA is  better than when it 
occurs in the hospital. This is because out-of-hospital 
cases are more likely to have reversible etiologies (i.e., 
hypothermia). When PEA is the first rhythm follow-
ing cardiac arrest, the prognosis is poor. According to a 
study in 2006 by Nadkarni et al., when PEA was present, 
only 11.2% of patients survived to hospital discharge.17 
 Another study in 2010 by Meaney et al. showed that 
fewer patients survived to discharge when PEA was 
present versus when VF or VTach was present.18

Asystole
Asystole or “flat line” occurs when the heart is not 
 functioning. It is a complete and sustained absence of 
electrical activity typically due to the deterioration of 
VF, VTach, and PEA.

Definition
Asystole results from no electrical or mechanical activ-
ity in the heart (Figure 14-13). This is also known as 
cardiac standstill, and there is no cardiac output. Some 
causes of asystole are chronic hypertension, renal fail-
ure, CAD, CHF, or cardiac dysrhythmias.19

Etiology
The most common causes of asystole include drug over-
doses, electrical shocks, hyperkalemia, hypokalemia, 
hypothermia, and hypoxemia.

FIGURE 14-11 Treatment recommendations for narrow-complex PEA.
Reproduced with permission from Littmann L, Bustin D, Haley M. A simplified and structured 
teaching tool for the evaluation and management of pulseless electrical activity. Med Princ 
Pract. 2014;23(1):1–6. doi:10.1159/000354195.

PEA—Management

QRS Narrow
Mechanical (RV) problem

• Cardiac tamponade
• Tension PTX
• Mechanical hyperinflation
• Pulmonary embolism

Wide open
fluids, plus:

Pericardiocentesis
Needle decompression
Ventilator management
Thrombolysis

FIGURE 14-12 Treatment recommendations for wide-complex PEA.
Reproduced with permission from Littmann L, Bustin D, Haley M. A simplified and structured 
teaching tool for the evaluation and management of pulseless electrical activity. Med Princ 
Pract. 2014;23(1):1–6. doi:10.1159/000354195.

PEA—Management

Pharmacologic
management

IV calcium chloride

QRS Wide
Metabolic (LV) problem

• Severe hyperkalemia
• Sodium-channel
 blocker toxicity

IV sodium bicarbonate boluses
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Asystole can be primary or secondary depending on 
the cause. Primary asystole occurs when the metabolic 
functions of the cells are not working properly and can-
not generate an electrical impulse. This is seen in isch-
emic events, and the pacemaker cells cannot transport 
the ions to create an action potential (i.e., pacemaker 
cells lose their automaticity). If a patient is dependent 
on an implanted pacemaker to live, and if there is a fail-
ure of the pacemaker, this will cause primary asystole. 
The majority of the time the RCA feeds the SA and AV 
nodes. If there is a blockage of the RCA, this can result 
in damage or death of the SA and/or AV nodes. There 
may also be damage to the bundle branches that travel 
through the intraventricular septum (IVS), which will 
cause intranodal heart blocks, including a complete 
heart block. Asystole may also occur from congenital 
heart block, local tumor, cardiac trauma, or DC (i.e., in-
direct lighting strike). A shock from alternating current 
will also cause VF.19

Secondary asystole may be due to suffocation, near 
drowning, stroke, massive pulmonary embolus, hyper-
kalemia, hypothermia, post-defibrillation, and sedative-
hypnotic or narcotic overdoses leading to respiratory 
failure. An MI that is complicated by VF or VTach and 
deteriorates to asystole is also considered secondary 
asystole. Asystole secondary to hypothermia is tolerated 
better than the other causes.19

Epidemiology
The epidemiology of asystole varies and is not always 
accurate. This is because the population being stud-
ied and/or the reporting method of the initial rhythm 
was not accurate. A study out of Gothenburg, Sweden, 
showed that 35% of the patients had out-of-hospital car-
diac arrest, an initial rhythm of asystole.20

Race does not play a direct role in the occurrence of 
asystole, but will affect the underlying conditions that 
may lead to asystole. Children will have a higher preva-
lence of asystole as the presenting cardiac rhythm than 
in adults. The prevalence in adults is 25–56%, and in 
children, it is 90–95%. Asystole in children is most likely 
found in cardiopulmonary arrests. This is usually sec-
ondary to respiratory arrest due to sudden infant death 
syndrome, infection, choking, drowning, or poisoning. 

Also, babies are more likely to suffer a cardiac arrest 
than older children or adolescents. The frequency of 
asystole is higher in women than in men.19

Pathophysiology
Primary asystole occurs when the pacemaker cells of the 
heart fail to generate a ventricular depolarization. This 
can happen as a result of CAD, which leads to ischemia. 
Consequently, the pacemaker cells will not be able to 
function properly, and they will lose their automatic-
ity. Also, the SA node and/or AV node may degenerate, 
which leads to conduction disorders and arrhythmias. 
Bradyarrhythmia followed by primary asystole is usu-
ally due to sinus node block, sinus arrest, complete 
heart block, or all of these. Reflex bradycardia or asys-
tole can result from ocular surgery, retrobulbar block, 
eye trauma, direct pressure on the globe, maxillofacial 
surgery, hypersensitive carotid sinus syndrome, or glos-
sopharyngeal neuralgia.19

Secondary asystole occurs when the heart’s electrical 
conduction system is unable to generate an electrical 
depolarization. This is a consequence of severe tissue 
hypoxia with metabolic acidosis. If not treated quickly, 
VF will lead to asystole and is common following unsuc-
cessful attempts at defibrillation.19

Clinical Manifestation
If bradycardia precedes asystole, the patient may have 
lightheadedness or syncope. Asystole causes the patient 
to be unresponsive and pulseless. However, proper di-
agnosis of asystole requires recognition of a full cardiac 
arrest and a confirmed flat-line rhythm in two different 
leads (i.e., Lead II and Lead AVL).19,21 Asystole is the 
most common dysrhythmia seen in patients sustaining 
cardiac arrest of longer than 10 minutes.21

Diagnostic Testing
Before initiating resuscitation efforts, the ECG leads 
need proper placement. During the resuscitation ef-
forts, continuous cardiac monitoring via ECG and serial 
pulse checks is essential. Using pulse oximetry to moni-
tor the effectiveness of the chest compressions during 
CPR can be helpful; however, if the forward blood flow 

FIGURE 14-13 Asystole on an ECG.

II
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is not strong enough, the sensors will not be able to de-
tect it. Obtaining a potassium level and an ABG can be 
helpful if they are drawn quickly; in some laboratories, 
an ABG result will also provide potassium levels. An 
ABG can be used to analyze ventilation, acid–base sta-
tus, and hemoglobin level. Use these results with cau-
tion in a full arrest situation, as a blood gas level does 
not accurately reflect the overall pH status of the tis-
sues. An echocardiogram can be used to verify cardiac 
standstill. Using two perpendicular leads will help to 
differentiate asystole from fine VF.19

Treatment and Management
Whether asystole occurs in or out of the hospital dur-
ing resuscitation, there should be continuous cardiac 
monitoring, endotracheal intubation, and either an IV 
or an IO access for administering fluids and medication. 
In the emergency department, treatment will include 
providing oxygenation and ventilation through the en-
dotracheal intubation, circulation through CPR, and 
administration of pharmacologic agents. In primary 
asystole that has just occurred, transcutaneous pacing 
(TCP) may help. If asystole is present, defibrillation is 
contraindicated. Using defibrillation on an asystole is 
detrimental and usually eliminates any chance of recov-
ering a rhythm. The outcomes of defibrillation use are 
worse than the usual treatment.19

Following the return of a rhythm, finding and treating 
the underlying cause is necessary. Induced hypothermia 
to body temperatures between 32°C and 34°C in patients 
who are electrically and hemodynamically stable, but 
comatose, has been shown to be beneficial. The cooling 
of the patient occurs in the intensive care unit. A study 
by Testori et al. shows improved neurologic outcomes 
when using induced hypothermia treatment for patients 
following cardiac arrest with non-shockable rhythms.19

The most widely used drug for adults in asystole is epi-
nephrine. Epinephrine is considered the single most use-
ful drug in cardiac arrest and is used to increase coronary 
and cerebral blood flow during CPR.13 See Box 14-7. TCP 
has not been shown to increase the outcomes. However, 
TCP may be lifesaving when no metabolic deficit exists.19

Risk Factors
The risk factors for asystole depend on its etiology.

Complications
Despite administrating the full allowable dosage of at-
ropine in conjunction with epinephrine, few patients 
survive to leave the hospital neurologically intact. 
Complications from asystole include not only the direct 
consequences of permanent neurologic impairment and 
death, but also the secondary complications from CPR, 
such as liver laceration, fractured ribs, pneumothorax, 
hemothorax, air embolus, aspiration, and gastric or 
esophageal rupture.19

The prognosis in asystole will depend on its etiology, 
timing of the interventions, and success or failure of 
ACLS. In secondary asystole, if the cause is identified 
and treated quickly (i.e., cardiac arrest due to chok-
ing on food), and an airway established, resuscitation 
will likely be successful. If primary asystole arises from 
pacemaker failure and resolves quickly, resuscitation 
will probably be successful. Regardless of the cause, the 
prognosis of asystole is poor.19 In a study by Engdahl 
et al., 10% of the 1,635 patients were studied; however, 
only 2% of them survived to hospital discharge.22

The prognosis for the patient improves with shorter 
times between asystole onset and resolution. Prevention of 
primary asystole includes the implantation of a permanent 
pacemaker. This is particularly the case in the presence of 
a high-grade second- or third-degree heart block or sinus 
arrest. Preventing and treating the underlying cause of 
secondary asystole helps to prevent reoccurrence.19

KNOWLEDGE CHECK QUESTIONS

1. True or False: Unorganized atrial contractions 
cause VF.

2. True or False: In the presence of chronic isch-
emic heart disease, VTach does not precede VF.

3. True or False: The most common cause of VTach 
is ischemia from CAD.

4. True or False: Torsades de pointes is a type of 
VTach.

5. True or False: Unstable monomorphic VTach 
 requires immediate treatment with procainamide.

6. True or False: PEA needs immediate CPR.

Non-arrest Arrhythmias
Non-arrest arrhythmias may be benign or serious de-
pending on their hemodynamic consequences and the 
chances of evolving into a cardiac arrest arrhythmia. 
Some of these arrhythmias can predispose a person to 
stroke and are, therefore, important to identify.

BOX 14-7 Treatment of Asystole
Perform CPR
Identify and treat potentially correctable causes
Give epinephrine 1.0 mg intravenous (may repeat 

every 3–5 minutes if asystole persists)
Consider termination of resuscitative measures

Data from Pozner CN, Link MS. Supportive data for advanced 
cardiac life support in adults with sudden cardiac arrest. In: 
Walls RM, Page RL, Downey BC, eds. UpToDate. Waltham, MA: 
UpToDate; 2018.
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Supraventricular Tachycardia
Supraventricular tachycardias (SVTs) are also called 
paroxysmal SVTs and are defined as an abnormally 
rapid heartbeat. The origin of the SVTs is in areas of 
the heart above the ventricles, in either the atria or the 
AV node.

Definition
SVTs are a group of arrhythmias that result from either 
an ectopic focus above the bundle of His or a re-entry 
circuit.21 The heart rate with these types of arrhyth-
mias is greater than 100 beats/minute.1 SVTs include 
those with constant P–P intervals or regular rhythms 
and those with an irregular rhythm with either three or 
more P wave shapes or no distinct P waves. The SVTs 
with normal rhythms include sinus tachycardia (ST), 
re-entrant SVTs, focal atrial tachycardia, and atrial flut-
ter. The SVTs with irregular rhythms include multifocal 
atrial tachycardia and AF. See Table 14-5.

Etiology
The causes of SVT include abnormal electrical path-
ways and ectopic beats. The triggers for these include 
beta-agonist medications, ingesting large amounts 
of caffeine or alcohol, stress, tiredness, and cigarette 
smoking. Each type of SVT has its etiologies.

Epidemiology
The prevalence of SVT covers a wide demographic 
range and can affect the younger population as 
much as the older population. In the United States, 
the incidence of SVT is about one to three cases 
per 1,000 persons with a prevalence of 0.2%.23 
Atrioventricular nodal re-entrant tachycardia (AVNRT) is 
more common in patients who are middle aged or older, 
and atrioventricular re-entrant tachycardia (AVRT) is 
more common in younger people.23

The prevalence of AVRT is higher in the younger 
population (<20 years old) and is the most common 
type of SVT in the pediatric population. In the more 
elderly population, AVNRT is more prevalent. The rela-
tive frequency of tachycardia mediated by an accessory 
pathway decreases with age.23 The risk of developing 
paroxysmal SVT is higher in women than in men.23 

Atrial flutter is usually not typically seen in the younger 
population but becomes more prevalent in the older 
population. Most atrial flutter cases occur among popu-
lations 65 years old and older.23

The pathophysiology, clinical manifestations, 
 diagnostic testing, treatment and management, risk fac-
tors, complications, and prognosis appear under each 
type of SVT.

Sinus Tachycardia
ST originates in the SA node, and the rate is above 
100 beats/minute in adults (typically 100–180 beats/
minute) with regular P waves and QRS complexes.11 In 
infants, the rate must be greater than 200 beats/minute 
before it is considered ST, and greater than 140 beats/
minute for a child.6 Figure 14-14 shows the ECG of a 
patient with ST.

ST is the most frequently encountered arrhythmia in 
clinical practice. The causes of ST are listed in  
Table 14-10.15 This rhythm most often results from 
increased sympathetic or decreased vagal tone and is 
a normal response to exercise.11 ST due to pathology 
is caused by fever, hypoxemia, hyperthyroidism, hypo-
volemia, and anemia (Figure 14-14). In disease states, 
ST is most often a sign of the severity of the primary 

Regular Rhythm  
(Constant P–P Intervals) Irregular Rhythm

ST Multifocal atrial tachycardia 
(≥3 P wave shapes)

Re-entrant SVTs
AVNRT
AVRT

AF (no distinct P waves)

Focal atrial tachycardia

Atrial flutter

TABLE 14-5
Types of Common SVTs

FIGURE 14-14 Sinus tachycardia.
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pathophysiologic process and treatment should be dir-
ected at the underlying cause.11 See Box 14-8. When the 
resting heart rate is greater than 100, even in the supine 
position, with no root cause, it is inappropriate sinus 
tachycardia (IST). This type of ST accounts for approxi-
mately 5% of the cases. In IST, symptoms can become 
apparent even with minimal exertion.24

The pathology of IST is still under investigation, and 
it is not completely understood. However, some studies 
have shown that there may be multiple pathologies. One 
pathology is the balance between the PNS and the SNS, 
with the SNS being in control and enhancing the intrin-
sic sinus node automaticity.25 Other pathologies causing 
ST include hypersensitive beta1-receptors in the cardiac 
cells and a dysfunctional autonomic nervous system.25

Because tachycardia in healthy individuals is usually 
a benign dysrhythmia, it does not require treatment. 
Most of the time, ST is asymptomatic; however, pal-
pitations are the most common complaint. Additional 
symptoms may include dizziness, lightheadedness, syn-
cope, chest pain, anxiety, fatigue, and exercise intoler-
ance. It is hard to diagnose IST; it is usually diagnosed 
after the etiologies for secondary ST are ruled out.24

The primary issues to be concerned with when ad-
dressing any tachycardia are twofold. First, how does the 
tachycardia affect the heart’s demand for oxygen? A heart 
with a significant underlying cardiovascular disease does 
not tolerate the increase in oxygen demand that tachycar-
dia causes.26 See Table 14-6. This may lead to ischemia, 
infarction, and potentially lethal dysrhythmias. The sec-
ond, more common, issue is the decrease in cardiac out-
put stemming from the reduction in the time for diastole. 
Incomplete cardiac filling can lead to syncope and shock.26

Obtaining a 12-lead ECG is the best way to deter-
mine ST. See Table 14-7. However, in IST the standard 
diagnostic tools include the 12-lead ECG, and also 
echocardiography, 24-hour Holter monitoring, and a 
treadmill exercise test. An echocardiogram facilitates 

the evaluation for structural heart disease. The EPS may 
be able to identify the etiology of the tachycardia if it is 
unclear. Electrophysiology testing provides diagnostic 
clues for IST and is useful to evaluate and appropriately 
diagnose IST. IST can often be induced via EPS and 
therefore makes it useful in its diagnosis.25

The treatment for secondary ST depends on its 
cause. Treatment includes smoking cessation, reduc-
tion in or elimination of alcohol consumption, infection 
treatment, anxiety reduction, and certain medications.6

Managing IST remains a challenge. At times, symp-
toms persist despite the lowering of the heart rate. 
Treatment is predominantly symptom driven. See 
Box 14-9. Medications and/or RFCA may slow the 
heart rate. Also, treatment of any associated behav-
ioral and psychologic disorders, physical condition-
ing, and lifestyle modification is also necessary.25 The 
medications used to treat IST include beta-blockers 
and calcium channel blockers, and are not always 
found to be effective on IST. The use of RFCA remains 
controversial. There are only a few small studies sup-
porting the use of RFCA in patients with medically 
refractory IST.25

BOX 14-8 Causes of ST
Alcohol ingestion
Anemia
Anxiety
Caffeine ingestion
CHF
Drug (cocaine, 
amphetamines, 
epinephrine)
Fever
Hypoglycemia
Hypothyroidism

Hypoxemia
Hypovolemia
Infection
MI
Persistent pain
Pneumothorax
Pulmonary 
embolism
Shock
Tobacco use

Reproduced with permission from Homoud MK. Sinus tachycar-
dia: evaluation and management. In: Piccini J, Downey BC, eds. 
 UpToDate. Waltham, MA:  UpToDate; 2018.

Underlying Disease Hazard from ST

1. Mitral stenosis Pulmonary edema

2.  Hypertrophic 
cardiomyopathy 

Left ventricular outflow obstruction

3. Myocardial ischemia Decreased myocardial perfusion
Increase ischemia

Modified from Lilly L, ed. Pathophysiology of Heart Disease. 6th ed. 
Philadelphia: Lippincott Wiliams & Wilkins; 2016

TABLE 14-6
Underlying Diseases That Increase the Hazards 
from ST

Criteria Findings

Origin of arrhythmia SA node

Heart rate >100 beats/minute

Rhythm Regular

P waves Normal, rounded, and upright 

PR interval Shortened to normal

P-to-P and R-to-R intervals Equal and regular

QRS complexes Normal, wide if conduction delays exist

Modified from Wesley K. Huszar’s Basic Dysrhythmias and Acute Coronary 
Syndromes: Interpretation and Management. St. Louis, MO: Elsevier; 2011.

TABLE 14-7
Diagnostic Criteria for ST
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The risk factors for ST are related to its etiology. As 
heart rate increases, cardiac output initially increases; 
however, as the rate continues to climb, cardiac output 
will eventually decrease. This can result in myocardial 
ischemia due to an increase in oxygen demand and re-
duction in oxygen supply. Other complications include 
dizziness and syncope.1

Its etiology determines the prognosis for secondary 
ST. The prognosis of IST is unclear. There is a low risk 
of developing a tachycardia-induced cardiomyopathy 
or hypertension. Current studies have not shown an in-
crease in mortality associated with IST.25

Atrioventricular Nodal Re-entry Tachycardia
AVNRT is a re-entry arrhythmia caused by an alternate 
pathway in the AV node and is considered a paroxys-
mal (abrupt onset and termination) SVT (PSVT).1 See 
Figure 14-13. In the normal heart, the AV node is a 
lobulated structure that consists of a compact portion 
and several atrial extensions. The latter constitute two 
(or more) potential pathways for conduction through 
the AV node. See Figure 14-15. In some people, these 
extensions have different conduction times, providing 
both slow- and fast-conducting pathways.11 The fast 
conduction pathway has a fast conduction velocity but 
has a slow refractory time. The other pathway has a slow 

conduction velocity, but a quick refractory time.1 See 
Figure 14-16.

In the absence of a premature atrial contraction 
(PAC), the two separate channels do not cause a prob-
lem. When the signal reaches the beginning of the two 
channels, it will split and travel down both. The signal 
in the fast path will reach the AV node first and travel 
down to the ventricle and initiate a ventricular contrac-
tion. At the same time, part of the signal from the fast 
pathway will move in a retrograde fashion back up the 
slow pathway. When the two signals meet, they are 
canceled out.1 The problem arises when a PAC occurs. 
Because the fast channel has not had time to repolarize, 
the signal cannot travel down the fast pathway. How-
ever, because the slow pathway has a short refractory 
time, the signal can go down the slow pathway.11 Upon 
reaching the AV node, the signal will travel down to the 
ventricles and initiate a contraction. Also, part of the 
signal will travel up the fast pathway. By this time, the 
fast channel has recovered, and the signal can travel 
retrograde back to the RA. When the signal reaches 
the proximal portion, the slow pathway has recovered, 
and the signal goes back down the slow pathway and 
will initiate another ventricle contraction. This will con-
tinue and will result in the ventricles becoming tachy-
cardic.1,11 This is the most common form of PSVT in 
adults.11 However, in about 5–10% of the population, 
the signal will enter the fast track and travel retrograde 
up the slow track and initiate AVNRT; this is known as 
atypical AVNRT.1 In both typical and atypical AVNRT, 
there will be atrial activation. In typical AVNRT, the 
P wave is buried in the QRS complex, and with atypi-
cal AVNRT, the P wave will follow the ST segment.1 
Diet may play a role in the initiation of an episode of 
AVNRT. Triggers for AVNRT to be avoided include 
 caffeine, theophylline, theobromine in selected foods 
(coffee, tea, or chocolate), and alcohol.27

Women are more likely to have AVNRT than men. 
Worldwide AVNRT accounts for 60% of all PSVT. The 
prevalence of SVT in the general population is approxi-
mately two cases per 1,000 persons. SVT may occur 
at any age, but most often presents in the seventh or 
eighth decade of life.27

BOX 14-9 Treatment of IST

 � Search for underlying cause (e.g., pulmonary 
embolism, drug effects, fever) and institute ap-
propriate treatment

 � Beta-blockers: propranolol 1–3 mg IV, atenolol 
5 mg IV (may be repeated up to a total of 15 mg), 
long-acting metoprolol 25–50 mg daily

 � Ivabradine: for patients with persistently symp-
tomatic IST, 5–7.5 mg twice daily

Reproduced with permission from Homoud MK. Sinus tachy-
cardia: Evaluation and management. Post TW, ed. UpToDate. 
Waltham, MA: UpToDate; 2018. 

FIGURE 14-15 Atrioventricular nodal re-entry tachycardia.
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Episodes of AVRNT can last from seconds to min-
utes to days. In the absence of structural heart disease, 
it is usually well tolerated. During AVNRT, the SA node 
is depressed, and when the arrhythmia breaks, there 
may be transient asystole and may result in syncope. 
Syncope may also occur if there is a rapid ventricular 
rate or prolonged tachycardia due to poor ventricular 
filling, decreased cardiac output, hypotension, and re-
duced cerebral perfusion.27

The heart rate is usually rapid, ranging from 150 to 
250 beats/minute. Hypotension may occur initially or 
with rapid ventricular rates and prolonged episodes. 
Sometimes, initial hypotension evokes a sympathetic 
response that increases blood pressure and may termi-
nate the tachycardia by an increase in vagal tone. See 
Box 14-10.

Upon evaluation of an ECG, the rhythm is regular 
and has QRS complexes that originate from above the 
ventricular (supraventricular). The heart rate will be 
150–250 beats/minute, and the QRS complex is usually 
narrow, unless a conduction abnormality is present. An 
echocardiogram can be used to evaluate for the pres-
ence of structural heart disease. In an electrophysiology 
study (EPS), the typical findings are dual-node physiol-
ogy and/or atrial-to-ventricular conduction intervals  
or gaps.28

The initial treatment for AVNRT may be rest, reas-
surance, sedation, and/or vagal maneuvers. These things 
have been shown to terminate an attack of AVNRT. 
However, the presence of underlying heart disease and 
the history of previous episodes need to be considered 

and will help to manage an attack successfully. If the 
ECG shows a wide-complex tachycardia, before start-
ing therapy, review any prior cardiac history, LV func-
tion, and previous ECGs. This will help to determine 
the origin of the arrhythmia (i.e., supraventricular vs. 
ventricular).27

For immediate treatment, vagal maneuvers (i.e., 
 carotid sinus massage, ice water on the face, or Val-
salva maneuver) may be successful and should be 

BOX 14-10 Symptoms of AVNRT
Angina or MI in patients with CAD
Anxiety
Dyspnea
Palpitations
Nervousness
Light headedness
Neck pounding
Neck and chest discomfort
Polyuria
Worsened heart failure in patients with poor LV 

function.

Reproduced with permission from Homoud MK. Sinus tachy-
cardia: Evaluation and management. Post TW, ed. UpToDate. 
Waltham, MA: UpToDate; 2018.

FIGURE 14-16 Dual pathways entering AV node can create arrhythmias.
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attempted before medication use. In the presence of 
hypotension, vagal maneuvers are usually not suc-
cessful.27 DC cardioversion is employed only in rare 
conditions, such as hemodynamic compromise, or if 
medication is not effective and symptoms are pres-
ent.27 See Table 14-8.

Medication can be used to terminate an attack. 
Adenosine is the first drug used and is administered 
through a large IV. Close observation is necessary after 
adenosine administration to assess for AF or asystole 
for short periods. Adenosine may not work in the pres-
ence of theophylline, and it may increase the effects 
of dipyridamole (Persantine).27 Other medications 
include nondihydropyridine calcium channel blockers 
(i.e.,  diltiazem, verapamil), beta-blockers, and digitalis. 
 Calcium channel blockers are contraindicated if the 
origin of the tachycardia is the ventricles because it may 
cause hemodynamic compromise and death.27

If the reoccurrence of AVNRT is frequent or has 
severe symptoms and medication cannot be used (pa-
tient refuses, do not work, or is not tolerated well), 
then radio frequency ablation (RFA) of the re-entrant 
circuit should be considered. The cure rate for RFA is 
95% and has a low risk of causing an AV block (AVB, 
<1%). This is an invasive procedure that requires an 
ablation catheter placed at the location of the slow 
pathway and burned. This creates a scar that will 
prevent the transmission of the problem electrical 
signal.27

Complications of AVNRT include hemodynamic 
compromise, CHF, syncope, tachycardia-induced an-
gina, cardiomyopathy, myocardial ischemia, and MI. 
As long as no structural heart disease is present, the 
prognosis of AVNRT is good. In most cases, AVNRT re-
sponds to vagal maneuvers, adenosine, or RFA.27,29

Atrioventricular Re-entry Tachycardia
 AVRT occurs because of an accessory pathway that 
 develops in the left or right AV septum or the lateral 
walls of the right or left atrium. This channel allows 
the signal to bypass the delay in the AV node, which 
results in the ventricles depolarizing early and is call 
 pre-excitation. The AVRT accessory pathways have 
 individual rates of conduction and refractory periods.1,11

In AVRT, the signal from the SA node reaches the 
AV node and the accessory pathway approximately at 
the same time. The signal through the AV node is de-
layed due to the normal physiologic block in the AV 
node. However, the signal that travels through the ac-
cessory will not be delayed, and the ventricles will start 
to depolarize; this is evident by the upward deflection of 
the PR interval on ECG; this is called a delta wave.1 The 
signal that travels through the accessory pathway will 
travel by cell-to-cell transmission, which is slower than 
the regular channel. After the delay in the AV the signal 
travels rapidly through the electrical conduction system 
and will meet the other signal, and they will cancel each 
other out.1

Under normal conditions, this accessory path-
way does not cause a problem. However, if there is 
a PAC or PVC, then a re-entry tachycardia can de-
velop. There are two types of AVRT: orthodromic and 
antidromic.1 Orthodromic is caused when the electri-
cal impulse travels from the AV node and returns in 
a retrograde fashion through the accessory pathway 
into the atria ( Figure 14-16).1,11 PACs usually cause 
orthodromic AVRT; however, a PVC can also cause 
it. When a PVC occurs, it can cause a transient block 
in the HIS-AV node area, which would prevent the 
electrical impulse from spreading back into the atria. 
However, the PVC will result in ventricular depolar-
ization, which will then continue through the acces-
sory pathway and cause atrial depolarization. The 
electrical impulse from the atria depolarization will 
then travel back to the AV node, and after the natural 
delay in the AV node, the ventricles will depolarize 
again. The electrical impulse will then travel through 
the accessory pathway and cause a re-entry circuit. 
In this type of AVRT, the signal passes through the 
normal electrical pathways so the QRS complexes are 
narrow, and the rate will be 140–250 beats/minute. In 
orthodromic AVRT the AV node is in control and is 
tolerated better and easier to treat.1

In antidromic AVRT, the signal caused by the ectopic 
beat will travel through the accessory pathway and back 
to the AV node in a retrograde fashion (Figure 14-17). 
The signal then travels through the AV node, and atrial 
depolarization will occur. The signal will then go back 
through the accessory pathway, setting up a re-entry cir-
cuit. In antidromic AVRT, the AV node does not control 
the electrical impulse. Therefore, the QRS complex will 
widen; this type is the most dangerous. The heart rate will 
be between 140 and 250 beats/minute; however, because 

Immediate 
treatment

Vagal maneuvers
• Carotid sinus massage
• Ice water on the face
• Valsalva maneuver
Cardioversion
Adenosine intravenous

Pharmacologic 
treatment

Nondihydropyridine calcium channel blockers
Beta-blockers
Digitalis

Treatment 
for recurrent, 
nonresponse to 
pharmacologic 
therapy 

RFA of re-entrant circuit
Cryoablation of re-entrant circuit

Olshansky B. Atrioventricular Nodal Reentry Tachycardia: Back-
ground, Etiology, Epidemiology. Emedicinemedscapecom. 2017; 
Helton M. Diagnosis and management of common types of supra-
ventricular tachycardia. Am Fam Physician. 2015;92(9):793–800.

TABLE 14-8
Treatment for AVNRT
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the AV node is not in control, the heart can reach up to 
360 beats/minute or more.1 Antidromic AVRT does not 
respond to medications that affect the AV node.1 The 
most common type of AVRT is Wolff–Parkinson–White 
(WPW). The accessory pathway causing WPW is the 
Bundle of Kent and can be within the right or left AV 
septum or the lateral wall of the right or left atrium.11 The 
most likely cause of WPW is hereditary as a familial trait, 
with or without associated CHDs.11 Approximately 3.4% 
of those with WPW syndrome have first-degree relatives 
with pre-excitation.30 See Figure 14-18.

The prevalence of ventricular pre-excitation is about 
1–3 per 1,000 people in the general population.30 This 
is true not only in the United States but also globally. 
About 80% of patients with WPW syndrome will de-
velop a re-entry tachycardia, 15–30% will develop AF, 
and 5% will have A-flutter. Age is not a factor for devel-
oping WPW syndrome, and it is most present during 
infancy. However, a secondary rise in its presentation 
occurs in school-aged children and adolescents. Males 
and females are equally affected by WPW syndrome.30

The symptoms for WPW can be anything from mild 
chest discomfort or palpitations with or without syn-
cope to severe cardiopulmonary compromise or cardiac 
arrest. An infant may frequently be irritable, not toler-
ate feedings, or demonstrate evidence of CHF. A  verbal 
child will express they have feelings of chest pain, palpi-
tations, or breathing difficulty. Adults will describe the 

sudden onset of a pounding heartbeat and a change in 
their tolerance for activity.30

An ECG and a history and physical exam are the meth-
ods of diagnosis for WPW. The ECG shows evidence of 
pre-excitation in symptomatic tachycardia displaying 
SVT or wide-complex tachycardia. The ECG shows a 
shortened PR interval, a slurring, and slow rise of the ini-
tial upstroke of the QRS complex (the characteristic delta 
wave). See Figure 14-19. An electrophysiologist consulta-
tion is necessary to check for very short refractory periods 
and possible ablation of the area causing the problem.30

Blood tests to rule out noncardiac conditions that 
may cause tachycardia include a CBC, BUN, creatinine, 
liver function test, and thyroid panel. Blood levels of 
intravenous lidocaine and procainamide are measured. 
If the patient is taking digoxin due to its slowing effect 
on the AV node conduction and its increase in the re-
fractory period, blood levels of the drug are necessary. 
An echocardiogram can check for cardiac function and 
dimensions, cardiomyopathy, CHD, hypertrophic cardio-
myopathy, or Ebstein anomaly.30

Verapamil and metoprolol do not affect conduction 
in the AV bypass tract. Verapamil is not recommended 
as a sole agent in patients with WPW syndrome. 
 Digitalis will cause the refractory period in the myocar-
dium and the bypass tract to be shorter. Consequently, 
it may accelerate the ventricular response in the set-
ting of AF in a patient with WPW syndrome and needs 

FIGURE 14-17 Orthodromic AVRT. In this form of AVRT, the impulse proceeds down the ventricles via the AV node and the normal electrical 
conduction system. The net result is that the tachycardia is “controlled” by the AV node and the QRS complexes are narrow.
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FIGURE 14-18 Antidromic AVRT. The original impulse travels down the accessory pathway, and a re-entry circuit is formed when the ventricular 
depolarization wave, being spread by direct cell-to-cell contact, reaches the AV node. It then moves retrograde up through the AV node to re-
stimulate the atria. The circuit is completed when the retrograde-conducted atrial impulse reaches the accessory pathway once again restarting 
the circuit. The resulting complexes are wide and bizarre due to the slow ventricular conduction. Also note the absence of AV nodal control over 
the rate.
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FIGURE 14-19 Impulse propagation through an accessory pathway and formation of the delta wave.
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avoiding. The medications that work on the accessory 
pathway are Class IA drugs and Class IC drugs. These 
medicines will slow conduction velocity in the accessory 
pathway and prolong the accessory pathway refractory 
period in the bypass tract.30 See Table 14-9.

An EP study can be done to locate the accessory 
pathway. Once this channel is found, it can be elimi-
nated through the use of RFA. Once WPW is identified 
and appropriately treated, the prognosis is excellent. In 
asymptomatic AVRT, the prognosis is good.

The prognosis worsens if there is a family history 
of SCD, significant symptoms of tachyarrhythmia, or 
cardiac arrest. However, with early detection and treat-
ment, the prognosis will improve. The risk of SCD 
increases in the presence of WPW, multiple bypass 
tracts, short accessory pathway refractory periods, AF, 
A-flutter, or a family history.30

Atrial Fibrillation
Atrial fibrillation (AF) is the result of disorganized elec-
trical activity in the atria.6 This chaotic activity results 
in rapid depolarization of the atria, causing the loss 
of coordinated atrial contractions.6,15 As a result, the 
heartbeat will be irregular, hemodynamics becomes 
compromised, and there is an increased risk of blood 
clots.6 While the rate of atrial electrical discharges typ-
ically ranges from 400 to 700 per minute, decreased 

conduction by the AV node results in an average ven-
tricular response of 160–180 beats/minute.11,21 See 
Figure 14-20. There are no regular P waves in AF. In-
stead, the chaotic rapid firing of the multiple ectopic 
atrial sites results in the characteristic AF “f” wave. AF is 
attributed to one or more rapidly firing ectopic foci and 
chaotic re-entry within the atria. Because no site paces 
the ventricles, the intervals are completely random.6,21

The most common conditions associated with AF are 
ischemic heart disease, hypertension, thyrotoxicosis, 
and rheumatic heart disease in developing countries.21 
The common causes of AF are listed in Box 14-11.

AF has several different classifications based on 
its onset, persistence, and ability to be converted to a 
NSR.31 See Table 14-10.

The number of AF cases in the United States is 
roughly between 2.7 and 6.1 million. Age is a risk  factor 
for AF. Approximately 2% of the population under  
65 years old have AF, but 9% of the population over 
65 years old have it.32 Based on the growing number 

Pharmacologic 
therapy

Agents acting on the AV node
• Calcium channel blockers (e.g., 

verapamil, diltiazem)
• Beta-blockers (e.g., metoprolol, atenolol)
Agents acting on the accessory pathway
• Class Ia (e.g., quinidine)
• Class Ic (e.g., flecainide, propafenone)

Nonpharmacologic 
therapy (first-line 
treatment for 
symptomatic WPW)

EPSs with RFA

Data from Ellis C. Wolff-Parkinson-White Syndrome: Practice Essentials, 
Background, Pathophysiology. Emedicinemedscapecom. 2017.

TABLE 14-9
Treatment for WPW Syndrome

BOX 14-11 Most Common Causes of AF
Acute alcohol intoxication (holiday heart)
Atrial septal and other CHDs
CAD
Chronic obstructive pulmonary disease
Hypertension
Hyperthyroidism
Cardiomyopathy
Mitral or tricuspid valvular disorders
Myocarditis
Pericarditis
Pulmonary embolism

Data from Mitchell LB. Atrial Fibrillation. Merck Manuals 
 Professional Edition. 2018. https://www.merckmanuals.com 
/professional/cardiovascular-disorders/arrhythmiasand 
-conduction-disorders/atrial-fibrillation-af.

FIGURE 14-20 Atrial fibrillation.
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of baby boomers, the number of people in the United 
States with AF is expected to grow. Americans of Euro-
pean descent are more likely to develop AF than African 
Americans. The incidence of AF in women is increas-
ing due to women’s longevity.32 The hospitalization rate 
for AF is approximately 750,000 per year with about 
130,000 deaths per year due to AF.32

The initiation and perpetuation of tachyarrhythmias 
require both triggers for its onset and a substrate for its 
maintenance. The mechanism of AF likely involves multi-
ple wandering re-entrant circuits within the atria. A re-en-
trant circuit occurs when an electrical impulse repeatedly 
circulates a re-entry path, recurrently depolarizing a 
region of cardiac tissue. Re-entry requires a susceptible 
substrate and a trigger. The trigger for AF is thought to 
be rapidly firing foci that come from the sleeves of atrial 
muscle that extend into the pulmonary veins.11 Also, this 
area may fire repetitively through some re-entrant circuits 
which may contribute to the persistence of AF.11,19

The cardiac diseases predisposing atria to fibrillation 
cause fibrotic, degenerative, and inflammatory changes 
in atria. These changes occur either by involving atria 
directly in the disease process, such as in cardiomy-
opathy, ischemic heart disease, pericarditis, rheumatic 
heart disease, and sick sinus syndrome, or indirectly 
secondary to hemodynamic changes in ventricles, such 
as cor pulmonale and hypertensive heart disease.

The signs and symptoms of AF are variable. The 
loss of atrial contraction (atrial kick) can result in the 
incomplete filling of the ventricles before systole, caus-
ing a reduction in cardiac output by as much as 25%.26 
In patients with compromised cardiac output, the loss 
of effective atrial contractions may precipitate CHF. 
Angina, respiratory distress, and hypotension are also 
common presentations with acute AF, particularly with 
rapid ventricular response.21

In many cases, AF is asymptomatic. However, the 
most typical clinical findings include palpitations, vague 
chest discomfort, weakness, light headedness, dyspnea 

(symptoms of heart failure), and tachyarrhythmia.31 
There may be a pulse deficit due to a difference between 
the apical ventricular rate and the radial pulse caused 
by low EF.31

The diagnosis of AF requires an ECG. The  diagnostic 
criteria for AF are listed in Table 14-11. In an ECG, 
there is an absence of P waves that typically occur 
 between the T waves and the QRS complexes. Instead, 
there will be a quivering line representing the fibrillat-
ing of the atria. The rhythm of the atria will be irregular 
in timing and morphology. The atrial rate is usually 
above 350 beats/minute. Not all of the signals that reach 
the AV node transmit through to the ventricle. Con-
sequently, the ventricle rhythm will be irregular, and the 
rate will fluctuate.31

Echocardiography is also able to diagnose AF and 
can evaluate and identify structural abnormalities 
of the heart. These abnormalities include left atrial 

Name Onset Persistence Conversion to NSR

Acute AF New onset <48 hours Spontaneous

Paroxysmal AF Recurrent <1 week Spontaneous or with intervention; episodes may reoccur

Persistent AF Continuous >1 week Spontaneous or with treatment

Longstanding persistent AF Continuous >1 year Possible to restore with treatment; the longer AF persists, the more difficult the 
conversion

Permanent AF Continuous Longstanding Cannot be converted due to atrial remodeling

Data from Mitchell LB. Atrial Fibrillation. Merck Manuals Professional Edition. 2018. https://www.merckmanuals.com/professional/cardiovascular-disorders 
/arrhythmias-and-conduction-disorders/atrial-fibrillation-af.

TABLE 14-10
Classification of AF

Criteria Findings

Origin of 
arrhythmia

Ectopic atrial sites usually within the atrial 
muscle sleeve of the pulmonary vein

Heart rate Atrial 350–600 beats/minute
Ventricular >100 beats/minute (uncontrolled)
Ventricular <100 beats/minute (controlled)

Rhythm Irregularly irregular

P waves Absent
“f” waves present

PR interval Absent

P-to-P and 
R-to-R intervals

P–P absent
R–R unequal

QRS complexes Normal; wide if conduction delay exists

Data from Wesley K. Huszar’s Basic Dysrhythmias and Acute Coronary 
Syndromes: Interpretation and Management. St. Louis, MO: Elsevier; 2011.

TABLE 14-11
Diagnostic Criteria for AF
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enlargement, left ventricular wall-motion abnormalities, 
valvular disorders, or cardiomyopathy.

Treatment plans for AF focus on three aspects of the 
arrhythmia: ventricular rate control (only if hemody-
namically stable), prevention of thromboembolism, and 
restoration of sinus rhythm. These plans are designed 
to address ventricle rate control and prevention of 
blood clot formation.11 Some of the treatment possibili-
ties11,21,33 are listed in Table 14-12.

Converting AF to NSR prevents the need for 
long-term rate control and anticoagulants. Hemody-
namics and exercise are improved when AF converts to 
NSR. With the return of NSR, cardiac output increases, 
diminishing the risk of CHF development and improv-
ing the patient’s quality of life.34

The conversion of AF to NSR occurs with phar-
macologic, electrical cardioversion, ablation via RFA, 
or cryogenically. The RFA will burn the atrial tissue 
around the pulmonary vein; the cryoablation freezes 
that same tissue.35,36 With either device, the goal is to 
create a scar, because scar tissue is not able to con-
duct electricity, eliminating the ectopic signals causing 
the AF.33

Surgical ablation using the MAZE III procedure in-
corporates the creation of four lesion sets, including the 
encirclement of the pulmonary veins, a lesion joining 
the circumferential pulmonary vein lesion to the mitral 
annulus with amputation of the LAA, a circumferential 
lesion in the coronary sinus, and the ablation of the 
right atria.33 This is a complicated procedure that carries 
all the possible risks of surgery, including mortality.

Pharmacologic cardioversion has the advantage of 
not requiring sedation or anesthesia, but the major dis-
advantage of VTach or other serious arrhythmia devel-
opment. Electrical cardioversion is performed electively 
or emergently to restore sinus rhythm in patients with 
new-onset AF. The need for cardioversion may be acute 
when AF is responsible for hypotension, heart failure, 
or angina.

One of the most important considerations in the 
acute management of AF is the need for anticoagula-
tion. Both pharmacologic and electric cardioversion 
increase the risk of thromboembolic development. The 
longer the AF persists, the greater the risk of throm-
boembolic events. Transesophageal echocardiography 
(TEE) can evaluate for the presence of blood clots in the 
LAA caused by blood stasis within the left atria.11

Because AF contributes to pathologic atrial and 
ventricular remodeling, restoration of sinus rhythm 
can slow or, in some cases, reverse atrial dilatation and 
left ventricular dysfunction.34 Therefore, the primary 
focus is initially on restoration and maintenance of 
sinus rhythm in patients with new-onset AF and on 
opting for a rate-control strategy only if rhythm control 
fails.34 Because AF is associated with other cardiovas-
cular risk factors, managing these helps to reduce the 
chances of AF returning. Optimal long-term strategies 
for AF feature a patient-by-patient approach. Typically, 
younger patients with more severe symptoms and fewer 
comorbidities will benefit from rhythm control. Trying 
to manage the rhythm in older patients with structural 
heart disease is more difficult as they are less likely to 
remain in sinus rhythm. Also, there is an increased 
chance of severe side effects from antiarrhythmic drugs. 
For this population, the focus is on long-term rate 
control.34

The risk factors for AF include advancing age, cardio-
myopathy, chronic kidney disease, diabetes, European 
ancestry, heart failure, hypertension, hyperthyroidism, 
heavy alcohol use, and obesity.32

Complications from AF are a direct result of throm-
bus formation. The annual risk of embolic cerebro-
vascular events for the patient with AF is about 7%. 
Patients with rheumatic valvular disorder, hyperthy-
roidism, hypertension, diabetes, left ventricular systolic 
dysfunction, or previous thromboembolic events have 
an even higher risk of stroke.34

AF is associated with increased morbidity and 
mortality, in part due to the potential for thrombo-
embolic disease, particularly stroke, and part due to 

Treatment 
Focus Specific Treatments

Ventricular 
rate control

• Metoprolol
• Diltiazem
• Verapamil
• Digoxin (less effective)

Emboli 
prevention

• Warfarin (for high-risk patients)
• Unfractionated heparin
• Dabigatran
• Rivaroxaban
• Apixaban
• Edoxaban
• Left atrial appendage (LAA) ligation or 

occlusion

Restoration 
of NSR

Pharmacologic cardioversion:
• Class IC—flecainide, propafenone
• Class IA—quinidine, procainamide, 

disopyramide
• Class III—amiodarone, dronedarone, sotalol, 

dofetilide, ibutilide
Synchronized cardioversion:
• Anticoagulation for at least 3 weeks prior to 

cardioversion
RFA
• Burn atrial tissue surrounding pulmonary veins
Cryoballoon ablation (CBA)
• Cryogenically freeze atrial tissue surrounding 

pulmonary veins
MAZE surgical procedure
• Surgical ablation using cut-and-sew technique 

TABLE 14-12
Treatment for AF11,21,33
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its associated risk factors. Studies have shown that 
individuals in sinus rhythm live longer than people 
with AF. Disruption of normal atrial electromechani-
cal function in AF leads to blood stasis. This, in turn, 
can result in the development of thrombus, most 
commonly in the LAA. Dislodgement or fragmenta-
tion of a clot can then lead to embolic phenomena, 
including stroke.34

Atrial Flutter
Atrial flutter (A-flutter) is a cardiac arrhythmia arising 
in an ectopic pacemaker or the site of rapid re-entry 
circuit in the atria, characterized by rapid, regular atrial 
activity at a rate of 250–350 beats/minute.1 The atrial 
contraction rate is greater than the ventricular rate, as 
evidenced by the existence of multiple P waves for every 
QRS complex. These fast impulses reach the AV node 
during its refractory period and do not conduct to the 
ventricles, resulting in a slower ventricular rate, often 
an even fraction of the atrial rate.11 The ventricular 
response depends on the degree of the block at the AV 
node. The block may be constant or variable and acts as 
a protective mechanism to prevent excessive ventricular 
rates.11 The AV conduction ratio in most instances of 
atrial flutter is 2:1. A 2:1 AV conduction rate indicates 
that a QRS complex follows every other F wave. See 
Figure 14-21. The AVB may be greater (e.g., 3:1, 4:1) or 
even variable due to the disease of the AV node, vagal 
tone, and certain drugs (e.g., digitalis, beta-blockers, or 
calcium channel blockers).26

There are two types of A-flutter. The most common 
A-flutter involves a single re-entrant circuit along the 
tricuspid valve annulus.11,37 See Figure 14-22. This sig-
nal travels in a counterclockwise around the annulus of 
the tricuspid valve and is self-perpetuating.37 The other 
type of A-flutter is atypical. This type follows a differ-
ent circuit, and it may involve the right or left atrium. 
Either way, the electrophysiologic mechanism respon-
sible for atrial flutter is either enhanced automaticity or 
re-entry.26

Atrial flutter occurs in patients with preexisting car-
diovascular diseases, such as coronary or hypertensive 
heart disease.11,26 Open-heart surgeries may also cause 

atrial flutter due to atrial incision and scaring. Other 
etiologies include ischemic heart disease, acute MI, 
hypoxia, hypokalemia, pulmonary embolism, thyrotoxi-
cosis, myocarditis, congestive cardiomyopathy, valvular 
disease, and drug toxicity (digoxin).21

Atrial flutter is less common than AF. Only 10% of the 
patients admitted to the hospital for an SVT between 
1985 and 1990 had A-flutter; 77% had AF. There are 
approximately 200,000 new cases per year, chances of 
developing A-flutter increase with age, and men are two 
and half times more likely to have A-flutter than women. 
37 The prevalence of AF increases with age from two to 
three cases per 1,000 population in 25- to 35-year-olds to 
50–90 cases per 1,000 population in 65- to 90-year-olds.37

The clinical manifestations of atrial flutter are de-
pendent on its etiology, the patient’s existing medical 
condition, and the ventricular response.21 If the rate is 
<100 beats/minute, the patient may be asymptomatic. 
Conversely, faster rates often cause palpitations, dys-
pnea, or weakness. See Box 14-12.

The use of an ECG is essential in making the diag-
nosis. See Table 14-13. In atrial flutter, there is no iso-
electric line between each P wave, and therefore, these 
waves are called flutter (F) waves. Flutter waves are 
often visualized best in leads II, III, aVF, or V1. If there  

FIGURE 14-21 Atrial flutter with 3:1, 4:1, and 5:1 conduction rates. Each upward deflection in the flutter is an F wave. The pattern of atrial F 
waves is “saw-tooth.”

Atrial Flutter at 
3:1, 4:1 and 5:1
Conduction

3:1 3:14:1 5:1

1 23 4 5
22 1112 3 3 3 4

FIGURE 14-22 The tricuspid valve annulus is the location of a single 
re-entrant circuit that causes atrial flutter.

Tricuspid annulus
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AVRT) is at greater risk of developing a 1:1 conduc-
tion ratio.37

The onset and end of the atrial flutter F waves can-
not be determined with certainty but consists of an 
abnormal atrial depolarization wave that corresponds to 
an ectopic P wave followed by an atrial T wave or atrial 
repolarization. The atrial F waves consist of negative 
(inverted) V-shaped atrial wave immediately followed 
by an upright, peaked atrial T wave in Lead II.26 See 
Figure 14-23.

An echocardiogram can evaluate the right and left 
atrial size, and the size and function of the right and 
LVs. This helps determine the presence of valvular heart 
disease, left ventricular hypertrophy, or pericardial 
disease. To assess for the presence of a thrombus in the 
atria, the TEE is the preferred technique.37

Atrial flutter by itself is not life threatening. How-
ever, if not treated properly, the side effects can be life 
threatening. In patients with limited cardiac reserve, 
atrial flutter with a rapid ventricular rate may result in a 
profound reduction in cardiac output and hypotension. 
This could lead to atrial thrombus formation and the 
increased likelihood of MI, stroke, or other vital organ 
problems. An uncontrolled ventricular rate can result 
in hemodynamic collapse and cardiomyopathy.11 Atrial 
flutter can degenerate to AF or spontaneously convert 
to NSR.21

The treatment for A-flutter is very similar to that for 
AF. As with AF, atrial flutter also predisposes to atrial 
thrombus formation, and anticoagulation therapy is 
often appropriate.11 Therefore, the goal for atrial flutter 
treatment is to prevent thrombosis, rate control, and 
conversion to NSR. Table 14-14 reviews the treatments 
for atrial flutter.

The risk factors for the development of atrial flut-
ter include the presence of cardiac diseases, such as 
congenital abnormalities, heart failure, valvular disease, 
hypertension, and previous MI. Other factors that put 
a patient at risk for atrial flutter include recent surgery, 
thyroid dysfunction, chronic alcoholism, diabetes, and 
chronic lung disease.

The prognosis for atrial flutter is different for each 
patient and is influenced by the patient’s underlying 

BOX 14-12 Symptoms of Atrial Flutter
Angina
Fatigue or reduced exercise tolerance
Light headedness
Mild dyspnea
Palpitations
Profound dyspnea
Symptoms of underlying cardiovascular disease
Syncope
Thromboembolic events

Data from Mitchell LB. Atrial Fibrillation. Merck  Manuals 
 Professional Edition. 2018. https://www. merckmanuals 
.com/professional/cardiovascular-disorders/arrhythmiasand 
-conduction-disorders/atrial-fibrillation-af.

Criteria Findings

Origin of arrhythmia Single re-entrant circuit along the tricuspid 
valve annulus

Heart rate Atrial rate: 250–350 beats/minute
Ventricular rate: 125–176 beats/minute

Regularity Usually regular, but can vary

P waves Saw-toothed appearance, F waves

PR interval Variable

P to QRS ratio Most commonly 2:1 ratio

QRS width Normal

Data from Wesley K. Huszar’s Basic Dysrhythmias and Acute Coronary 
Syndromes: Interpretation and Management. St. Louis, MO: Elsevier; 2011.

TABLE 14-13
Diagnostic Criteria for Atrial Flutter

FIGURE 14-23 Atrial flutter (with atrial F waves).

F waves

is a 2:1 conduction ratio, the ST segment time can be 
affected, and the ECG can resemble ischemic injury. 
If there was a 1:1 to ratio, hemodynamic collapse 
might occur. A patient WPW syndrome (a type of 
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medical condition. The morbidity and mortality for 
atrial flutter result from complications of rate (e.g., syn-
cope and CHF). In patients with atrial flutter, the risk 
of embolic occurrences approaches that seen in AF.37 

The ventricle rate in A-flutter will be higher than in 
AF and harder to control. If WPW is present, life-
threatening ventricular responses may develop. In these 
cases, RFCA of the accessory bypass tract is appropri-
ate. Following an ablation, these patients have a good 
prognosis.37

First-Degree AVB
First-degree AVB (1° AVB) is a prolongation of the nor-
mal delay of the electrical signal in the AV node, causing 
the length of the PR interval to be greater than 0.20 sec-
onds (>5 small boxes on the ECG). See Figure 14-24. 
Even though there is a delay, the electrical signal is 
relayed to the ventricles and results in the depolariza-
tion and contraction of the ventricles. There is one QRS 
complex for every PR interval.1

Reversible causes of 1° AVB include heightened 
vagal tone, transient AV nodal ischemia, and drugs 
that depress conduction through the AV node, includ-
ing beta-blockers, certain calcium channel blockers, 
digitalis, and other antiarrhythmic medications.11,26 
Structural causes of 1° AVB include MI and chronic 

degenerative diseases of the conducting system, which 
commonly occur with aging.11,26

The prevalence of 1° AVB among young adults ranges 
from 0.65% to 1.6%, and is 8.7% in studied trained 
 athletes. Approximately 5% of men over the age of  
60 years have 1° AVB, which increases with  advancing 
age. The overall prevalence is 1.13 cases per 1,000 
 people. African Americans are more likely to have 1° 
AVB than Caucasians.38

The AV node is the only normal electrical connection 
between the atria and the ventricles.38 The AV node is 
oval or elliptical in shape, measures 7–8 mm long, and 
is in the wall of the interatrial septum next to the open-
ing of the coronary sinus and the septal leaflet of the 
tricuspid valve.1,38 The blood supply for the AV node is 
provided by the AV nodal artery. In the majority of peo-
ple the AV nodal artery branches off the RCA; however, 
it can branch off the circumflex artery.38

The PR interval represents the time needed for 
an electrical impulse from the SA node to conduct 
through the atria, the AV node, the bundle of His, the 
bundle branches, and the Purkinje fibers. The most 
common place for a delay in the electrical signal is in 
the AV node. However, a delay can occur within the 
right atrium, the AV node, the His-Purkinje system, or 
a combination of these.38 If the QRS complex appears 
normal on the ECG, the conduction delay is almost 

Unstable Hemodynamics 
or Chronic Atrial Flutter Stable Hemodynamics

After Rate Control 
Is Achieved Antithrombic Therapy

• Electrical cardioversion
• Burst pacing with a 

pacemaker
• RFCA (chronic A-flutter)

• Diltiazem
• Verapamil
• Digoxin (if already receiving, could 

be the cause)
• Beta-blockers: esmolol
Unclear diagnosis
• Vagal maneuvers
• Adenosine
Impaired EF
• Amiodarone

• Procainamide
• Quinidine

• Patients with mechanical heart 
valves—warfarin

• Patients with nonvalvular AF and a 
history of previous stroke/transient 
ischemic attack—warfarin, dabigatran, 
rivaroxaban, apixaban

• Patients with nonvalvular AF—assess 
stroke risk and treat accordingly

Data from Borke J. Emergent Management of Atrial Flutter: Overview, Emergency Department Care, Cardioversion for Unstable Patients. Emedicinemedscapecom. 
2017. https://emedicine.medscape.com/article/757549-overview. Accessed March 24, 2018.

TABLE 14-14
Treatments for Atrial Flutter

FIGURE 14-24 First-degree AVB.
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always at the level of the AV node. However, if the QRS 
seems to have a bundle branch morphology, then the 
level of the conduction delay is often localized to the 
His-Purkinje system.38

There are no symptoms associated with 1° AVB.26 
The one exception is in the presence of LV systolic dys-
function, which may cause reduced exercise tolerance. 
A physical examination is unremarkable with nothing 
specifically associated with 1° AVB. Most often this 
block is discovered during an ECG performed for an-
other reason. See Table 14-15. The first heart sound (S1) 
may be decreased, with a short, soft, blowing, diastolic 
murmur heard at the apex. The diastolic murmur may 
arise from blood flow through the mitral valves leaflets 
that are stiffer than normal.38

If a metabolic dysfunction or drug toxicity is suspected, 
a blood test for electrolyte imbalance is performed. If 
symptoms are present, a His bundle ECG is necessary and 
is used to locate the site of the block. If AV nodal medica-
tions are administered, a follow-up ECG is indicated.38

If there is LV systolic dysfunction, a Doppler ultra-
sound is performed to see if the cardiac output will 
improve during dual-chamber pacing using a short AV 
nodal delay. This helps to determine if a permanent 
pacemaker is needed for hemodynamic support. Biven-
tricular pacemakers are used when 1° AVB occurs with 
cardiomyopathy, CHF, or intraventricular conduction 
delay (IVCD).38

For asymptomatic 1° AVB, no treatment is needed; 
however, if the PR interval is greater than 0.30 seconds, 
some studies suggest putting a dual-chamber pace-
maker.39 If 1° AVB occurs with any other condition (i.e., 
MI, digitalis intoxication, electrolyte imbalance), these 
should be treated appropriately. Significant electrolyte 
abnormalities should be corrected. If there are symp-
toms, a review of the patient’s current medications is 
done to assess for a cause of the block. Also, an electro-
physiology (EP) consult may be indicated, especially in 

the presence of syncope and heart failure. Hospitaliza-
tion is not required. A 1° AVB can progress to a higher-
grade AVB. As such, long-term monitoring is done 
using serial ECGs.38

If a 1° AVB advances to higher-grade AVB, it is 
usually to Mobitz I second-degree heart block (the 
“ Second-Degree AVB” section). However, in the pres-
ence of acute MI, myocarditis, or acute drug overdoses, 
it could progress to a higher-grade block. Certain medi-
cations slow conduction through the AV node, which 
increases the risk of progression to higher-grade heart 
blocks. Other potential complications include the reduc-
tion in left ventricular stroke volume and cardiac output 
and pacemaker syndrome.38

The prognosis for isolated 1° AVB usually is good, 
because it rarely progresses to a high-degree block and 
is considered a benign condition.38 However, informa-
tion from the Framingham Heart Study have shown 
that 1° AVB is associated with increased risk of all-cause 
mortality in the general population. A study by Cheng 
et al. found that 1° AVB is associated with increased 
risk of AF, pacemaker implantation, and all-cause mor-
tality. When compared with normal PR intervals, those 
with 1° AVB had a 2-fold adjusted risk of AF, a 3-fold 
adjusted risk of pacemaker implantation, and a 1.4-fold 
adjusted risk of all-cause mortality.40

Second-Degree AVBs
Second-degree AVBs (2° AVB) are arrhythmias char-
acterized by a delay or interruption of atrial impulse 
conduction to the ventricles through the AV node.41 
The ECG shows that some P waves are not conducted 
through to the ventricles, which results in a dropped 
QRS complex. The AVB can be permanent or transient, 
depending on the etiology.

Cardioactive medications are considered an impor-
tant cause of 2° AVBs. These drugs may directly exert 
an adverse effect on the AV node, indirectly through 
the autonomic nervous system, or both.41 Cardioactive 
medications that have been shown to cause 2° AVBs are 
digoxin, beta-blockers, calcium channel blockers, and 
certain antiarrhythmic. The Class I antiarrhythmics 
(sodium-channel blockers) may cause a distal block in 
the His-Purkinje system. Also, there are reports of 2° 
AVBs following adenosine infusion for nuclear stress 
testing.41 See Box 14-13 for other causes of 2° AVB.

Highly trained athletes in the United States have a 
higher risk of developing a 2° AVB than a young adult. 
For young adults, the prevalence has been reported 
to be 0.003%. In the presence of structural heart dis-
ease, nearly 3% will develop some form of a 2° AVB. 
There is no statistical difference between the preva-
lence for males and females.41 The two distinct types of 
2° AVB are Type I AVB (Mobitz I or Wenckebach) and 
Type II AVB (Mobitz II).

Criteria Findings

Origin of arrhythmia AV node

Heart rate Underlying rhythm

Regularity Regular

P waves Upright (Lead II)

PR interval >0.20 seconds

Conduction ratio 1:1

QRS width Normal unless conduction delay is present

Data from Wesley K. Huszar's Basic Dysrhythmias and Acute Coronary 
Syndromes: Interpretation and Management. St. Louis, MO: Elsevier; 2011. 

TABLE 14-15
Diagnostic Criteria for First-Degree AVB
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Second-degree AVBs may be asymptomatic or 
symptomatic, or may progress to complete heart 
block, which has an increased risk of mortality.41 See 
Table 14-16. Patients who are symptomatic with either 
type of 2° AVB may have signs of hypoperfusion, includ-
ing hypotension.41

An EP study can be done to determine the exact 
location of the block and whether a permanent pace-
maker is needed. An EP study is indicated if one of the 
following is present: Mobitz I associated with a wide 
QRS complex in the absence of symptoms, 2:1 2° AVB 
with a wide QRS complex in the absence of symptoms, 
or Mobitz I second-degree block with a history of unex-
plained syncope.41

A Mobitz I block caused by the AV node has a 
favorable prognosis, with little risk of developing a 
third-degree heart block. Also, if Mobitz I is in the AV 
node then morbidity or death rates are not increased; 

however, if the cause is a result of an MI, mortality is 
increased. Mobitz I from an intranodal block may prog-
ress to a third-degree heart block, and if it does, the 
prognosis is worse. Mobitz II blocks have an increased 
risk of progressing to a third-degree heart block and 
an increased risk of mortality. Also, they are associated 
with MI and all its attendant risks.41

Second-Degree Heart Block Type I  
(Mobitz I or Wenckebach)
Second-degree AVB Type I (Mobitz I or Wenckebach) 
is a dysrhythmia in which there is a progressive delay 
following each P wave in the conduction of electrical 
impulses through the AV node until conduction does 
not occur. This dysrhythmia is characterized by progres-
sive lengthening of the PR intervals until a QRS com-
plex fails to appear after a P wave (dropped beat). The 
sequence of increasing PR intervals and an absent QRS 
complex is repetitive.26 Following the dropped QRS 
complex the PR interval will return to normal, and the 
cycle repeats.15 The QRS complexes are usually typical 
in width.1 See Figure 14-25.

Mobitz I is the most common type of 2° AVB and is 
diagnosed with an ECG. See Table 14-17. On an ECG, 
there will be a gradual prolongation of the PR interval 
until one of the impulses from the SA node is blocked. 
Following the non-conducted impulse, there will be a 
pause, and on the next conducted beat, the PR interval 
will return to normal. The number of P waves before the 
dropped beat will vary. In some cases, there may be six 
P waves before a dropped beat and can cause a misdi-
agnosis of Mobitz II. The main diagnostic characteristic 
is the return of the PR interval to normal following the 
dropped beat.41

BOX 14-13 Etiologies for 2° AVB
Acute ethanol poisoning

Acute MI

Cardiac tumors

Collagen vascular diseases—rheumatoid 
arthritis

Corrective congenital heart surgery

Ethanol septal reduction

Following some RFCA procedures

Infiltrative diseases—amyloidosis, hemochroma-
tosis, sarcoidosis

Infiltrative malignancies—Hodgkin lymphoma

Inflammatory diseases—endocarditis, myocardi-
tis, rheumatic fever

Metabolic and endocrine disorders—hyperkalemia

Muscular dystrophies

Myocardial bridging

Obstructive sleep apnea

Progressive (age-related) idiopathic fibrosis of 
the cardiac skeleton

Transcatheter closure of atrial and ventricular 
septal defects

Trauma following transcatheter valve 
replacement

Valvular heart disease complications

Modified from Sovari A. Second-Degree Atrioventricular Block: 
Practice Essentials, Background, Pathophysiology. Emedicine-
medscapecom. 2017.

Mobitz I 2° AVB Mobitz II 2° AVB

Majority asymptomatic (no 
heart disease)

Majority of regularly irregular 
heartbeats

Recurrent syncope (heart 
disease)

Light headedness

Presyncope (heart disease) Dizziness

Bradycardia (heart disease) Syncope

Asymptomatic 

Chest pain (related to 
myocarditis or ischemia)

Bradycardia

Modified from Sovari A. Second-Degree Atrioventricular Block: Practice 
Essentials, Background, Pathophysiology. Emedicinemedscapecom. 2017.

TABLE 14-16
Signs and Symptoms of 2° AVBs
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No treatment is needed in Mobitz I if there are no 
symptoms. If symptoms are present, they need to be 
identified and treated. If symptoms are due to brady-
cardia, atropine and TCP are indicated. Use atropine 
with caution when cardiac ischemia is present. Atropine 
helps improve conduction through the AV node by re-
ducing vagal tone. If the block is outside the AV node, 
atropine may not be effective.41

If the cause is from ischemia, then the primary goal 
should be to restore perfusion. This occurs with medi-
cations or a percutaneous coronary intervention. If a 
cardioactive drug is a cause, then blood tests should be 
done to determine which medication is the cause and 
treat appropriately. Regardless of symptoms, a cardiol-
ogy consult is recommended. The use of drugs that act 
on the AV node is not indicated.41

Second-Degree AVB Type II (Mobitz II)
Second-degree AVB Type II (Mobitz II) is a dysrhythmia 
in which a complete block of conduction of the electrical 
impulses occurs in one bundle branch and an intermit-
tent block in the other. This produces an AVB character-
ized by regularly or irregularly absent QRS complexes, 

commonly creating an AV conduction ratio of 4:3 or 3:2, 
and a bundle branch block.26

Mobitz II can be diagnosed using an ECG. On 
an ECG, the PR interval will be the same length 
for each conducted beat, both before and after the 
non-conducted beat. Mobitz II AVBs occur infranod-
ally. This usually occurs at the bundle branches and, less 
commonly, at the bundle of His.26 ECG characteristics 
include normal P waves with more P waves than QRS 
complexes, a PR interval that may be prolonged from 
normal but remains constant, and an irregular ventricu-
lar rate associated with a regular atrial rate. Mobitz II 
AVBs usually occur in association with bundle branch 
blocks; therefore, QRS complexes are usually wide.21,41 

See Figure 14-26.
In contrast to Mobitz I, Mobitz II is a more dan-

gerous condition. It is characterized by the sudden 
intermittent loss of AV conduction, without preceding 
gradual lengthening of the PR interval. The block may 
persist for two or more beats (i.e., two sequential P 
waves not followed by QRS complexes), in which case it 
is a high-grade AVB.11

Mobitz II AVBs are more likely than  Mobitz I AVBs 
to progress to a complete heart block. The use of AV 
nodal pharmacologic agents needs to be avoided. If 
the cause of the Mobitz II AVB is ischemia, perfusion 
needs restoration. Due to the risk of developing a third-
degree heart block, permanent pacing is now used in-
stead of atropine for symptomatic Mobitz II. Atropine 
is not useful in Mobitz II. It is recommended to use 
TCP pads for asymptomatic Mobitz II. When using a 
temporary pacemaker, it should be tested to ensure it 
will initiate a heartbeat (capture). If capture does not 
occur, insertion of a temporary pacemaker needs con-
sideration. A cardiologist needs consultation as quickly 
as possible. Mobitz II caused by drug toxicity, Lyme 
disease, or hypoxia in sleep apnea will usually resolve 
with treatment.41

Third-Degree AVB
Third-degree AVB (3° AVB or complete heart block or 
3° HB) is a result of a total failure of conduction be-
tween the atria and the ventricles.11 Third-degree AVB 

FIGURE 14-25 Second-degree AVB Type I (Mobitz I).

Dropped beat

Criteria Findings

Origin of arrhythmia AV node

Heart rate Underlying rhythm

Regularity Patterned irregularity

P waves Upright (Lead II)

PR interval Progressively longer until a dropped, QRS 
complex occurs

Conduction ratio Variable (commonly 5:4, 4:3, or 3:2)

QRS width Average duration and shape

Data from Wesley K. Huszar’s Basic Dysrhythmias and Acute Coronary 
Syndromes: Interpretation and Management. St. Louis, MO: Elsevier; 2011. 

TABLE 14-17
Diagnostic Criteria for 2° AVB Type I (Mobitz I or 
Wenckebach)
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ablation of the slow or fast pathway of the AV node.42 
See Table 14-18.

In the United States, the prevalence of 3° AVB is 
0.02% and worldwide it is 0.04%. Advancing age in-
creases the risk for 3° AVB. These increases are similar 
to that of ischemic heart disease. An early peak in the 
incidence of 3° AVB occurs in infancy and early child-
hood from congenital 3° AVB.42

A 3° AVB has more P waves than QRS complexes 
with no relationship between them. Approximately 20% 
of 3°AVB occurs at the level of the AV node, another 
20% at the bundle of His, and around 60% at the bundle 
branch. The width of the QRS complex depends on the 
site of the block and the site that initiates the heartbeat. 
If the initiating focus is above the bundle of His, the 
QRS complex will be narrow. If it is below the bundle of 
His, the QRS complex will be wide.42

If the heartbeat originates from the AV nodal area 
(junctional pacemaker), the heart rate is approximately 
45–60 beats/minute, the hemodynamics are stable, and 
the heart rate increases in response to exercise and at-
ropine. If the heartbeat originates from the junctional 
pacemaker, atropine may improve conduction through 
the AV node by reducing vagal tone via receptor 
blockade.42

If the pacemaker is below the AV node (His bundle) 
the heart rate is <45 beats/minute, the hemodynamics 
are not stable, and the heart will not increase with exer-
cise or atropine. Using atropine when the block is below 
the AVN may lead to an increased atrial rate. This in-
crease in atrial rate may lead to a greater degree of block 

has no electrical conduction through the AV node, 
leading to the full dissociation of atrial and ventricular 
activity.42 The term AV dissociation is a general de-
scription that refers to any situation in which the atria 
and ventricles beat independently, without any direct 
relationship between P waves and QRS complexes.11 
Because no atrial impulses reach the ventricles, the ven-
tricular response is controlled by an ectopic ventricular 
focus. ECG findings include a ventricular response that 
is slower than the atrial rate and usually regular, and an 
atrial rate that is typically normal with normal P waves; 
because the atria and ventricles are depolarized at dif-
ferent speeds from different foci, the PR interval is vari-
able.21 See Figure 14-27.

A 3° AVB can be either congenital or acquired. If 
congenital, the block is usually at the level of the AV 
node with no symptoms at rest. However, symptoms 
develop later on due to the inability to adjust for exer-
tion. Acquired 3° AVB causes include medications, isch-
emia, and infections.42

An isolated single-agent drug overdose can cause 
3° AVB. However, in most cases, it is due to a com-
bination of AV nodal, beta-adrenergic, and calcium 
 channel–blocking agents.42 A 3° HB can develop from 
an anterior wall MI, which can result in an infranodal 
3° HB; this is an unfavorable finding. An inferior wall 
MI can also cause a 3° HB and is much less dangerous, 
and will usually resolve within hours to a few days.42 
Other treatments can lead to a 3° HB, such as AO valve 
surgery, alcohol septal ablation, percutaneous coronary 
intervention to the left anterior descending artery, or 

FIGURE 14-26 Second-degree AVB Type II (Mobitz II).

Dropped beat Dropped beat

FIGURE 14-27 Third-degree AVB.

P wave is
in here!

Ventricular Rate

Atrial Rate

P wave is
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and a slower ventricular rate. Atropine is unlikely to be 
successfully used with wide-complex bradyarrhythmias, 
where the level of the block is below the level of the 
AV node.42

The signs and symptoms of 3° AVB are the same as 
those in symptomatic SB, except that 3° AVB can be 
more ominous, especially when associated with broad 
and bizarre QRS complexes. If an AV junctional or ven-
tricular escape rhythm does not take over following a 
sudden onset of 3° AVB, asystole will occur. This results 
in faintness, followed within seconds by a loss of con-
sciousness and death if an escape pacemaker does not 
respond.26 If the block is above the bundle of His, symp-
toms are minimal and are related to hypoperfusion. 
These symptoms include fatigue, dizziness, impaired 
exercise tolerance, and chest pain.42 If the block is below 
the bundle of His, which is more common, the symp-
toms are more profound, and include syncope, confu-
sion, dyspnea, severe chest pain, and sudden death.42

Some of the symptoms may be related to the cause 
of the 3° HB, and not the block itself. Some AMI symp-
toms include chest pain, dyspnea, nausea or vomiting, 
and diaphoresis. CHF usually causes a decrease in 
cardiac output, and the associated symptoms include 
tachypnea, respiratory distress, crackles, jugular venous 
distension, altered mental status, hypotension, lethargy, 
anxiety, diaphoresis, and a pale or pasty complexion.42

Blood work cannot detect 3° AVB, but can detect 
other etiologies (i.e., digoxin toxicity, AMI, and electro-
lyte imbalance). A chest x-ray can show evidence of car-
diomyopathy or valvular disease. An echocardiogram to 
determine LV function can help identify if a pacemaker 
or defibrillator needs implantation.42

The best diagnostic tool to diagnose 3° AVB is an 
ECG. The ECG demonstrates that no P waves are caus-
ing QRS complexes. The P–P and R–R intervals are 
regular, and the atrial rate is faster than the ventricular 
rate. See Table 14-19. Analyzing the morphology of 
the QRS complex is helpful to determine whether the 
block is within the AV node (narrow QRS complexes), 
the bundle of His (wide QRS complexes), or bundle 
branches (wide QRS complexes). If the patient has a his-
tory of CAD or if the ECG shows signs of ischemia or 
MI, cardiac enzyme levels need checking, a stress test 
performed, and a cardiac catheterization considered. 
Diagnostic EP studies assess AV conduction and dis-
cern the level of block (AV nodal or infranodal) when 
necessary.42

A new-onset 3° AVB is considered a medical emer-
gency, and treatment depends on the level of the block. 
One mistake commonly made is to treat the arrhythmia 
by evaluation of the heart rate and blood pressure rather 
than the symptoms and level of the block.42

If the cause of the 3° HB is from an inferior wall MI, 
and there are no symptoms, there is very little imme-
diate risk, even with a heart rate of 35 beats/minute. 
However, if the cause is an acute anterior wall MI, there 

General Etiology Specific Causes

Degenerative diseases Lenegre disease
Lev disease
Noncompaction cardiomyopathy
Nail-patella syndrome
Mitochondrial myopathy

Drugs Class Ia antiarrhythmic agents
• Quinidine
• Procainamide
• Disopyramide
Class Ic antiarrhythmia agents
• Flecainide
• Encainide
• Propafenone
Class II antiarrhythmia agents
• Beta-blockers
Class III antiarrhythmia agents
• Amiodarone
• Sotalol
• Dofetilide
• Ibutilide
Class IV antiarrhythmia agents
• Calcium channel blockers
Digoxin or other cardiac glycosides

Iatrogenic AO valve surgery
Septal alcohol ablation
Percutaneous coronary intervention of 
left anterior descending artery

Infectious diseases Rheumatic fever
Aspergillus myocarditis
Varicella-zoster virus infection
Valve ring abscess
Lyme borreliosis
Trypanosoma cruzi infection

Infiltrative processes Amyloidosis
Sarcoidosis
Tumors
Hodgkin disease
Multiple myeloma

Metabolic disorders Hypoxia
Hyperkalemia
Hypothyroidism

Neuromuscular 
disorders

Becker muscular dystrophy
Myotonic muscular dystrophy

Phase 4 block Also known as bradycardia-related 
block

Rheumatic diseases Ankylosing spondylitis
Reiter syndrome
Relapsing polychondritis
Rheumatoid arthritis
Scleroderma

Toxins “Mad” honey (grayanotoxin)
Cardiac glycosides

Data from Budzikowski A. Third-Degree Atrioventricular Block: Background, 
Pathophysiology, Etiology. Emedicinemedscapecom. 2015.

TABLE 14-18
Etiologies for Third-Degree AV Block
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is an immediate danger of asystole, and preparation for 
pacing the heart is needed.42

The medications taken by the patient need reviewing 
as they may be the cause of the block. If the cause of the 
3° AVB is calcium channel blocker toxicity, a tempor-
ary pacemaker may be necessary. Also, the administra-
tion of IV fluids, calcium, glucagons, vasopressors, and 
high-dose insulin (hyperinsulinemic euglycemia [HIE] 
therapy) may also be necessary. Overdoses of beta-
blockers are managed similarly to overdoses of calcium 
channel blockers, although HIE therapy for beta-blocker 
overdoses is less established.42

If the 3° AVB is symptomatic or associated with re-
peated pauses, inadequate escape rhythm, or block below 
the AV node, TCP is the best initial treatment. If TCP is 
not successful, a transvenous pacemaker is necessary.42 
Implantation of a permanent pacemaker or defibrillator 
is a possibility, and the guidelines for device-based ther-
apy of cardiac rhythm abnormalities is useful in making 
that determination.43

In a 3° AVB with hemodynamic instability, atropine 
is used cautiously. In these cases, atropine reduces the 
vagal tone via receptor blockade, and the heart rate in-
creases in 2–4 minutes. If the block is in the bundle of 
His, atropine may lead to an increase in atrial rate, and 
may cause a greater degree of block without increasing 
the heart rate. Atropine is usually unsuccessful when 
the level of the block is below the AV node. If an AMI is 
the cause of the 3° HB, atropine could lead to more ser-
ious problems.42

The main risk factors for a complete heart block are 
preexisting heart disease and advancing age. Other 
risk factors include heart failure, coronary heart dis-
ease, cardiomyopathy, sarcoidosis, degenerative muscle 

disorders, Lev and Lenegre disease, exposure to toxic 
substances, and certain medications (digitalis).44 Com-
plications of 3° AVB include reduced cardiac output, 
circulatory impairment, heart failure, SCD, excessive 
urea in the blood (uremia), and low blood hemoglobin 
(anemia). If a pacemaker is inserted, the complica-
tions from this include infection, medication reaction, 
malposition of the pacemaker leads, and failure of the 
pacemaker. When 3° AVB is treated with a pacemaker, 
prognosis is good. There is usually an improvement of 
symptoms within a month of implantation.42

KNOWLEDGE CHECK QUESTIONS

1. True or False: A re-entry tachycardia usually has 
a heart rate of >100 beats/minute.

2. True or False: Decreased sympathetic tone and 
increased vagal tone lead to ST.

3. True or False: The fast-conducting pathway in 
AVNRT has a rapid conduction rate but a slow 
refractory time.

4. True or False: All accessory pathways in AVRT 
have the same rates of conduction and refrac-
tory periods.

5. True or False: AF has an atrial depolarization 
rate of 160–180 beats/minute.

6. True or False: The most common conduction 
ratio in atrial flutter is 2:1.

7. True or False: Mobitz I or Wenckebach has a 
progressive delay after each P wave until there 
is a dropped beat.

8. True or False: Mobitz II blocks are more likely to 
progress to a complete heart block.

Chapter Summary
The heart has electrical and mechanical activity. Be-
fore the mechanical action can happen, there must be 
electrical activity. This electrical activity is known as an 
action potential and is caused by potassium, sodium, 
calcium, and chloride. The action potential has five 
phases. Phase 1 is depolarization, Phase 4 is resting, and 
the other three phases are repolarization. The two types 
of cardiac cells are the pacemaker cells and the contrac-
tile cells. The native primary pacemaker of the heart is 
the SA node, and it will pace the heart at 60–100 beats/
minute.

When the heart depolarizes and repolarizes, 
the heart is in NSR; when it does not, there will 
be an arrhythmia. Some of the arrhythmias can be 
life threatening and require immediate treatment. 

Criteria Findings

Origin of 
arrhythmia

Complete failure of conduction between the 
atria and ventricles

Heart rate Underlying rhythm

Regularity Regular

P waves Upright (Lead II), f or F waves

PR interval Variable

Conduction ratio Atrial rate and the ventricular rate are 
independent of each other; therefore, there 
is no conduction ratio

QRS width Usually >0.12 seconds

Data from Wesley K. Huszar’s Basic Dysrhythmias and Acute Coronary 
Syndromes: Interpretation and Management. St. Louis, MO: Elsevier; 2011.

TABLE 14-19
Diagnostic Criteria for Third-Degree AV Block 
(Complete AVB)
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The life-threatening arrhythmias are VF, VTach, 
PEA, and asystole. Others arrhythmias are not im-
mediately life threatening but need to be treated to 
prevent them from causing a problem or becoming life 
threatening. These arrhythmias are ST, AF, AV nodal 
re-entry tachycardia, AV re-entry tachycardia, first-
degree heart block, second-degree heart block Type I, 
second-degree heart block Type II, and third-degree 
heart block.

Etiologies/risk factors for arrhythmias are age, CAD, 
inflammation, infections, heart surgery, valve problems, 
valve replacement, smoking, hypoxia, hyperlipidemia, 
cardiomyopathies, hypertension, obesity, medication, il-
licit drug use, and/or MI. The prevalence and incidence 
of these arrhythmias range from 100,000 per year for VF 
to 2.7–6.1 million for AF.

The symptoms for these arrhythmias can be as-
ymptomatic, light headedness, syncope, palpitations, 
chest pain, dyspnea, and/or tachyarrhythmia. These 
arrhythmias and their etiologies are diagnosed with a 
12-lead ECG, echocardiogram, blood tests, EPSs, stress 
tests, nuclear studies, ambulatory cardiac monitoring, 
and/or heart catheterizations. The treatment of these 
arrhythmias can be medications, pacemaker or defibril-
lator implantation, RFA, monitoring, and/or coronary 
angioplasty. The complications from these arrhythmias 
can be death, developing a more serious arrhythmia, 
MI, blood clots, stroke, hemodynamic compromise, 
and/or CHF.

Key Points
1. The heart has to have an action potential to have a 

contraction.
2. Ions are responsible for the action potential.
3. Anything that can cause an electrolyte imbalance 

or electrical conduction problem may lead to an 
arrhythmia.

4. Some arrhythmias can be life threatening if not 
treated immediately.

5. Some arrhythmias may become life threatening if 
not treated appropriately and promptly.

6. The prevalence of some arrhythmias is 2.7–6.1  
million per year.

7. Causes of arrhythmias can range from age to MIs.
8. Noninvasive and invasive tests are used to diagnose 

arrhythmias.
9. Treatment can be from monitoring the patient to 

coronary angioplasty.
10. Symptoms can be from none to chest pain to death.
11. Complications can range from death to 

blood clots.
12. Prognosis will depend on each of the risk factors of 

the individuals.

Chapter Questions
1. The electrolytes used by the heart muscle include 

_______.
a. sodium
b. chloride
c. calcium
d. all of the above

2. The resting voltage of a contractile myocardial cell 
is ________________.
a. −90 mV
b. −70 mV
c. +30 mV
d. −25 mV

3. The primary pacemaker of the heart is the 
________________.
a. bundle branch
b. bundle of Kent
c. SA node
d. Atrioventricular (AV) node

4. How many phases are there to the action potential?
a. 2
b. 3
c. 4
d. 5

5. Pacemaker cells have automaticity. In which phase 
does the calcium slowly move into the cells?
a. 5
b. 4
c. 2
d. 0

6. Of the problems listed below, which one is a cause 
for ventricular fibrillation (VF)?
a. Hypertension
b. Low cholesterol
c. Hypotension
d. Sinus tachycardia (ST)

7. Which of the following has an increased risk 
for VF?
a. Short QRS duration
b. Myocardial infarction
c. Wide R-to-R interval
d. Prolonged PR interval

8. Which risk factors listed below will cause ventricu-
lar tachycardia (VTach)?
a. Cardiomyopathy
b. Heart failure
c. Cocaine use
d. All of the above

9. Which of the arrhythmias listed below is consid-
ered a supraventricular tachycardia?
a. Normal sinus rhythm
b. VTach
c. Atrial fibrillation (AF)
d. Junctional escape
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10. Which of the conditions listed below is a cause of ST?
a. Hypervolemia
b. Hyperthyroidism
c. Hyperglycemia
d. Tobacco use

11. What is the major concern in patients with AF?
a. Thrombus formation
b. Reduced cardiac output
c. Decreased preload
d. Decreased afterload

12. The classifications of AF include which of the 
following?
a. Acute AF
b. Paroxysmal AF
c. Persistent AF
d. All of the above

13. AV re-entry tachycardia (AVRT) is a result of an 
accessory pathway, which develops in what part of 
the cardiac anatomy?
a. Intraventricular septum
b. Intra-atrial septum
c. Atrioventricular septum
d. AV node and ventricles

14. How many accessory pathways are there that lead 
from the right atrium to the AV node in AV nodal 
re-entry tachycardia?
a. 3
b. 2
c. 5
d. 4

15. The most common site for a first-degree heart 
block is in which part of the heart?
a. Bundle branches
b. Bundle of His
c. Purkinje fibers
d. AV node

16. What is the contributing factor that will initiate 
AVRT?
a. Premature ventricular contraction
b. Premature atrial contraction
c. ST
d. VF

17. What device can be implanted to treat VF?
a. Implantable cardioverter defibrillator
b. Dual-chamber pacemaker
c. Biventricular pacemaker
d. None of the above

18. Which patient population has a higher risk of de-
veloping second-degree AV blocks?
a. Young adults
b. Women
c. Highly trained athletes
d. Children

19. Treatment for AF includes which of the following?
a. Biventricular pacemaker
b. Pulmonary vein isolation
c. Defibrillation
d. Implantable cardioverter defibrillator

20. The first-line diagnostic tool used to identify a 
third-degree AV block is ______________________.
a. blood work
b. heart catheterization
c. electrocardiography
d. electrophysiology studies
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Heart Failure

Definition and Diagnosis
Etiology
Epidemiology of HF
Pathophysiology of HF
Clinical Manifestations
Diagnostic Testing
Treatment and Management
Risk Factors
Complications
Prognosis

The Cardiomyopathies
Dilated Cardiomyopathy
Hypertrophic Cardiomyopathy
Restrictive Cardiomyopathy
Summary of the Cardiomyopathies

Valvular Heart Diseases
Aortic Insufficiency (Aortic Regurgitation)
Aortic Stenosis
Mitral Regurgitation (Insufficiency)
Mitral Stenosis
Pulmonic Regurgitation
Pulmonary Stenosis
Tricuspid Regurgitation
Tricuspid Stenosis

Congenital Heart Disease
Ventricular Septal Defects
Atrial Septal Defect

Pericardial Diseases
Pericarditis
Pericardial Effusion
Cardiac Tamponade

Left Ventricular Hypertrophy

OBJECTIVES
1. State the working definition of heart failure (HF).
2. Outline the incidence, prevalence, and risk factors for HF.
3. Discuss the etiologies of HF.
4. Compare and contrast left-side and right-side HF.
5. Define and discuss secondary problems associate with HF.
6. Predict the clinical manifestations of a patient with HF.
7. Explain diagnostic testing used to identify HF.
8. Summarize the recommended management strategies for 

patients with HF.
9. Identify common complications associated with HF.

10. Discuss the prognosis of the different types of HF.

KEY TERMS
Acute pericarditis
Afterload
AHA/ACC classification 

system
Alcohol septal 

ablation (ASA)
Alcoholic dilated 

cardiomyopathy (ACM)
Aortic insufficiency (AI)
Aortic stenosis (AS)
Atrial septal defects (ASD)
Cardiac tamponade
Concentric hypertrophy
Constrictive pericarditis
Contractility
Dilated cardiomyopathy 

(DCM)
Eccentric hypertrophy
Heart failure (HF)

Holosystolic murmur
Hypertrophic 

cardiomyopathy
Hypertrophic obstructive 

cardiomyopathy (HOCM)
Idiopathic dilated 

cardiomyopathy (IDCM)
Ischemic dilated 

cardiomyopathy (ICM)
Ischemic heart disease
Kussmaul sign
Left heart failure
Left-sided heart failure
Left ventricular ejection 

fraction (LVEF)
Left ventricular 

hypertrophy (LVH)
Left ventricular outflow 

tract (LVOT)

Heart Failure

“A rude unhinging of the machinery of life.”

—Thomas Edison, The Gross Clinic, 1875
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Mitral regurgitation 
(insufficiency) (MR)

Mitral stenosis (MS)
Nonrestrictive VSDs
New York Heart Association 

(NYHA) functional 
classification

Ostium primum defect

Ostium secundum  
defect

Pericardial effusion
Pericarditis
Preload
Pulmonary stenosis (PS)
Pulmonic regurgitation 

(insufficiency) (PI)

Renin-angiotensin-
aldosterone 
system (RAAS)

Restrictive cardiomyopathy 
(RCM)

Restrictive VSDs
Right heart failure
Septal myomectomy

Sinus venosus defect
Subacute pericarditis
Tricuspid regurgitation  

(TR)
Tricuspid stenosis (TS)
Ventricular septal 

defect (VSD)

Heart Failure
Heart failure (HF) is present when a weakened heart 
muscle is unable to pump enough oxygenated blood to 
meet the metabolic demands of the body. As a result, 
the body does not receive a sufficient amount of oxy-
genated blood.1 HF is a clinical syndrome rather than 
a specific disease entity. HF can affect either the left or 
the right ventricle (RV) or both. Left ventricular (LV) 

 failure, or left HF, is the most common type of HF. The 
most common cause of right-side HF is left-side HF.2

According to statistics from 2007 to 2010, approxi-
mately 5.1 million people in the United States have HF. 
In 2009, 1 in 9 deaths was from HF. HF costs $32 billion 
a year in the United States.3 Numerous conditions or 
disease processes can cause HF.4 These cardiac diseases 
may include cardiomyopathy, valvular heart disease, 
congenital malformations, ischemic heart disease, 

Case Study
A 45-year-old-male office worker presents to the emer-
gency department complaining of shortness of breath. 
Physical examination reveals the patient is slightly short 
of breath. The patient’s vital signs are blood pressure (BP) 
110/65, respirations 23 breaths/minute, heart rate 106 
beats/minute, temperature 98.4°F. The patient’s height 
is 73 inches, weight 295 pounds, and body mass index 39. 
Auscultation reveals S3 heart murmurs, fine crackles over 
the posterior lung bases, and no carotid bruit. The elec-
trocardiogram (ECG) shows a left bundle branch block 
(LBBB) and left atrial enlargement (LAE; Figure 15-1).

The patient’s history reveals that he is a nonsmoker, 
does not use illicit drugs, but has been drinking about 
a 12 pack of beer a day for the last 8–10 years. The pa-
tient admitted to no exercise with a favorite pass time 
of television sports.

His shortness of breath began a few months ago. 
At that time, he noticed that walking around at work 
caused him shortness of breath. Also, he noticed a bit 
of weight gain. His shoes became tight, and he had to 
sleep with three pillows to avoid shortness of breath 
(three-pillow orthopnea).

FIGURE 15-1 An ECG showing LAE and LBBB.
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myocardial infarction (MI), and hypertension.5 This 
chapter reviews HF in general, and cardiomyopathy, val-
vular heart disease, congenital heart disease, pericardial 
disease, and hypertension as causes of HF. Chapter 16 
addresses ischemic heart disease and MI.

pumps represent the atria, and the larger pumps repre-
sent the ventricles. The ventricles differ in size and in the 
pressure they can generate to pump the blood forward.

HF is a progressive disorder that results from a weak-
ened heart muscle. This weakening is a consequence of 
an underlying cardiac issue.6 Identification of the under-
lying cardiac problem and its cause is crucial for proper 
treatment. Causes of these cardiac problems involve 
circulation, the pulmonary and neuroendocrine systems, 
and other organs.6 HF can occur acutely, as with endo-
carditis or MI. HF can also be a result of insults the heart 
has received over the course of an individual’s life.6

The main terminology used to  identify left HF relies 
on the measurement of left ventricular ejection fraction  
(LVEF). The ejection fraction (EF) is the percentage of 
blood pumped out with each LV contraction. It is equal 
to the volume in the LV at the end of diastole minus  
the volume in the LV at the end of systole divided by  
the volume in the LV at the end of diastole. The EF cat-
egorizes two types of HF. One type has a reduced EF,  
HF-REF. The second type has preserved EF (PEF), 
which is more difficult to diagnose than HF-REF.6 
Table 15-1 describes the conditions needed to diagnose 
HF-REF and HF-PEF.

The diagnostic tests to identify HF include chest 
x-ray (CXR), blood work, heart catheterization, echo-
cardiogram, electrocardiogram (ECG), treadmill exer-
cise stress test, and a tracer study.

Two methods are used to classify HF. The term  
HF describes the symptomatic syndrome, graded  
according to the New York Heart Association  
(NYHA) functional classification. The AHA/ACC  
classification system utilizes the progressiveness of HF 
and its risk factors. The AHA/ACCF scale allows an in-
dividual to move in both directions as their symptoms 
improve.7 Both classification methods appear side by 
side for comparison in Box 15-1.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Hypertension does not lead  
to HF.

2. True or False: HF may be isolated to one side of 
the heart.

Definition and Diagnosis
HF is a syndrome characterized by an inability of the 
heart to pump enough blood to meet the metabolic 
needs of the body.1 Figure 15-2 shows that the heart 
has four chambers: two atria and two ventricles. The 
LV pumps blood into the peripheral circulatory sys-
tem, and the RV pumps blood into the pulmonary sys-
tem. Veins bring blood back to the heart and arteries 
take blood away from the heart. This is a closed sys-
tem, meaning the blood circulates inside this closed 
system repeatedly, picking up oxygen in the lungs and 
bringing it to the organs and peripheral tissues.

HF results from the heart’s inability to fill with 
blood (diastolic dysfunction) or the inability of the 
heart to pump blood to the body (systolic dysfunc-
tion). This problem can affect the left side of the 
heart (left heart failure), the right side of the heart 
(right heart failure), or both sides of the heart.1 
Figure 15-3 breaks down the heart into a series of in-
terconnected pumps and tubing. This figure shows the 
four chambers of the heart in sequence. The two smaller 

Aorta

Pulmonary artery

Right
ventricle

Left
ventricle

Right
atrium

Left
atrium

Vena cava
system

Pulmonary
veins

Pulmonary circulationPeripheral circulation

FIGURE 15-2 The heart as a pump.
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RA
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FIGURE 15-3 Simplified pump function of the normal heart. LA, left atrium; RA, right atrium. (Blue represents deoxygenated blood; red 
represents oxygenated blood.)

BOX 15-1 Comparison of HF Classifications7

American Heart Association/American College  
of Cardiology (AHA/ACC)

Stage A—High risk for HF but without structural heart disease or 
symptoms of HF

Stage B—Structural heart disease but without symptoms or 
signs of HF

Stage C—Structural heart disease with prior or current  
symptoms of HF

Stage D—Refractory HF requiring special interventions

NYHA Functional Class System

Class I—No limitations of physical activity
Class II—Slight limitations of physical activity and comfortable at rest
Class III—Marked limitations of physical activity and comfortable 

at rest
Class IIIa—No dyspnea at rest
Class IIIb—Recent dyspnea at rest

Class IV—Inability to carry on any physical activity without 
discomfort and symptoms present even at rest

Type of HF HFrEF HFmrEF

CR
IT

ER
IA

1 Symptoms ± Signsa Symptoms ± Signsa Symptoms ± Signsa

2 LVEF <40% LVEF 40 - 49% LVEF ≥50%

3 - 1. Elevated levels of natriuretic peptidesb;
2. At least one additional criterion:

a. relevant structural heart disease (LVH and/or 
LAE),

b. diastolic dysfunction (for details see Section 
4.3.2).

1. Elevated levels of natriuretic peptidesb;
2. At least one additional criterion:

relevant structural heart disease (LVH  
and/or LAE),

diastolic dysfunction (for details see 
Section 4.3.2).

BNP = B-type natriuretic peptide; HF = heart failure; HFmrEF = heart failure with mid-range ejection fraction; HFpEF = heart failure with preserved ejection 
fraction; HFrEF = heart failure with reduced ejection fraction; LAE = left atrial enlargement; LVEF = left ventricular ejection fraction; LVH = left ventricular 
hypertrophy; NT-proBNP = N-terminal pro-B type natriuretic peptide.

aSigns may not be present in the early stages of HF (especially in HFpEF) and in patients treated with diuretics.

bBNP > 35 pg/ml and/or NT-proBNP > 125 pg/mL.

Developed with the special contribution of the Heart Failure Association (HFA) of the ESC, Eur Heart J. 2016:37(27): 2129–2200. doi:10.1093/eurheartj/ehw128

TABLE 15-1
Diagnostic Criteria for Heart Failure
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Etiology
In HF, the myocardium weakens and the muscle is no 
longer capable of pumping blood out to the body and 
the lungs. This diminished capacity of the heart to eject 
blood causes a backup of blood. Left HF causes a backup 
of blood in the lungs, leading to pulmonary edema. 
Right HF causes a backup of blood in the periphery or 
venous system, leading to edema in the extremities. In 
some cases, the blood can back up into both the lungs 
and the periphery.5 The weakening of the heart muscle 
is a consequence of other diseases or conditions.1 HF is 
the most severe consequence of all cardiac diseases. The 
causes of HF are reviewed in Box 15-2.

KNOWLEDGE CHECK QUESTIONS

1. True or False: HF occurs only when the EF is 
reduced.

2. True or False: The AHA/ACC use risk factors to 
classify HF.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Left HF causes pulmonary edema.
2. True or False: Right HF causes peripheral edema.

BOX 15-2 Causes of HF

 � Cardiomyopathy

 y Dilated cardiomyopathy (DCM)

 y Hypertrophic cardiomyopathy (HCM)

 y Restrictive cardiomyopathy (RCM)

 � Valvular heart disease

 y Aortic valve regurgitation and stenosis

 y Mitral valve regurgitation and stenosis

 y Pulmonic valve regurgitation and stenosis

 y Tricuspid valve regurgitation and stenosis

 � Congenital heart disease

 y Ventricular septal defects (VSDs)

 y ASDs

 � Pericardial disease

 y Constrictive pericarditis

 y Cardiac tamponade

 � Hypertension

 � Left ventricular hypertrophy (LVH)

 � Ischemia

Epidemiology of HF
HF has become a major public health problem in the 
United States and worldwide. In 1997, HF was an 
emerging epidemic.8 Currently, more than 5.8 million 
people in America and more than 23 million worldwide 
are diagnosed with HF. There are more than 550,000 
new cases each year.8 In 2009, 1 in 9 deaths included 
HF as a contributing cause. Within 5 years of diagnosis 
with HF, approximately 50% die.9 The AHA projected 
that by the year 2030, the prevalence of HF is expected 
to increase 25% from the 2013 estimates.9 The total dir-
ect medical cost for HF in 2012 was $20.9 billion. This is 
expected to increase to $53.1 billion by 2030.9 The total 
indirect cost in 2012 was $9.8 billion and is expected to 
be $16.6 billion by 2030.10 HF among the different racial 
and ethnic groups is expected to increase substantially 
by 2030. The largest increase is projected to be in the 
black population (29%) followed by the white non-
Hispanic population. The lowest increases are expected 
in the white Hispanic population. The rate of HF among 
men and women is expected to grow similarly; however, 
men have a higher prevalence than women.10

KNOWLEDGE CHECK QUESTIONS

1. True or False: By the year 2030, the total direct 
medical cost for HF is expected to be less than 
$10 billion.

2. True or False: Men have a higher prevalence for 
HF than women.

BOX 15-3 Determinants of Ventricular 
Function or Stroke Volume

 � Preload

 � Afterload

 � Contractility

Pathophysiology of HF
Numerous diseases/conditions can cause HF. The 
pathophysiology, clinical manifestations, diagnostic 
testing, complications, risk factors, and prognosis for 
each cause of HF are unique. Whatever the etiology, the 
consequence is either left-sided HF, or right-sided HF, 
or both.

The three determinants of ventricular function in-
clude preload, afterload, and contractility (Box 15-3). 
Preload is the amount of ventricular stretch at the end 
of diastole, just before the initiation of contraction. The 
measurement of preload is left ventricular end-diastolic 
pressure (LVEDP). Afterload is the amount of resistance 
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the heart needs to overcome to open the aortic valve 
and pump out blood volume into the systemic circula-
tion. It is the forces that oppose ejection of blood out 
of the ventricle and is the systemic vascular resistance 
(SVR). Contractility refers to the internal strength of the 
ventricle to squeeze the blood out of its chamber.

Left-sided heart failure is a result of impaired LV 
function. Figure 15-4 shows normal diastole and sys-
tole. Impaired cardiac muscle contractility will cause 
systolic dysfunction and impaired diastolic filling re-
sults in diastolic dysfunction.10 In either case, the blood 
volume that remains in the LV after contraction ends 
increases, resulting in an increase in the LVEDP or pre-
load. However, in hypertrophic obstructive cardiomy-
opathy, RCM, or mitral stenosis (MS), the LV pressure 
decreases, reducing preload.11

A systolic problem results from LV myocardium 
weakness or overstretch. This causes a contractile im-
pairment. In either case, the blood volume in the LV 
increases, ultimately causing the LV to dilate. The blood 
backs up into the LA, pulmonary veins, and lungs, even-
tually causing pulmonary edema. Figure 15-5 shows 
pulmonary edema caused by left-sided HF. Typically, 
this occurs in males between 50 and 70 years who have 
had a MI.12

A diastolic problem results from the muscle of 
the LV becoming stiff and noncompliant, restricting 
ventricular filling. In restricted ventricular filling, the 

FIGURE 15-4 Normal diastole and systole.
© udaix/Shutterstock.

myocardium cannot relax to accept the optimal amount 
of blood. The results lead to a backup of blood in the 
lungs and pulmonary edema. Women, overweight in-
dividuals, and elderly, with high BP and diabetes, most 
often have diastolic HF. MS is another cause of re-
stricted filling and diastolic HF.12

Right-sided HF in most cases results from left-sided 
HF. When the right side fails, blood backs up into the 
systemic venous system, causing venous congestion.12 
Consequently, the patient has swollen legs, liver en-
largement, and jugular vein distention (JVD).12 Pul-
monary hypertension (PH) and chronic obstructive 
pulmonary disease (COPD) are other common causes 
of right-sided HF.12 Figure 15-6 shows systemic edema 
caused by right HF. Table 15-2 demonstrates the patho-
physiology of HF with clinical examples.

Although pump failure is a key component of HF,  
the progression of the disease and  exacerbations 
of acute HF are manifestations of maladaptive 
neurohormonal responses that occur during HF. 
These neurohormonal responses include acti-
vation of the sympathetic nervous system, the 
renin–angiotensin–aldosterone system (RAAS), and 
antidiuretic hormone. One of the first responses to 
decreasing cardiac output is the activation of the sym-
pathetic nervous system to release norepinephrine, 
in an attempt to improve cardiac output. Norepi-
nephrine is also a potent vasoconstrictor that keeps 
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FIGURE 15-5 Pulmonary edema caused by left-sided HF, resulting in fluid buildup in the alveolar spaces.
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FIGURE 15-6 Systemic edema due to right HF.

organ perfusion stable. Activation of the RAAS also 
promotes vasoconstriction, and increasing levels of 
antidiuretic hormone promote water reabsorption. 
Also, the atrial natriuretic peptide (NP) is increased. 

These neurohormonal responses are beneficial in the 
short term but are deleterious in the long term. These 
effects can aggravate HF by increasing ventricular af-
terload, which depresses stroke volume and increases 
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Pathophysiology Explanation Clinical Examples

Contractility 
impairment

The myocardium 
is unable to 
increase the 
strength of 
contraction 
independent of 
the preload and 
afterload.

• DCM
• Ischemia
• Myocarditis

Restricted filling There is decrease 
in the compliance 
of the ventricle, 
causing an 
inability to fill.

• RCM
• HCM
• MS
• Tricuspid stenosis 

(TS)
• Constrictive 

pericarditis
• Cardiac tamponade

Pressure 
overload

A sustained 
increase in 
afterload ≥160 
mm Hg causes 
a decrease in 
cardiac output.

• Aortic stenosis (AS)
• Pulmonary stenosis 

(PS)
• Systemic 

hypertension
• Pulmonary embolism
• PH

Volume overload Progressive 
regurgitation of 
blood back into the 
atria or ventricle 
(or between atria 
or ventricles) 
causes decreased 
cardiac output.

• Mitral regurgitation 
(MR)

• Aortic regurgitation
• Pulmonary 

regurgitation
• Tricuspid 

regurgitation (TR)
• Septal defects

Arrhythmia Rates too fast or 
too slow decrease 
cardiac output.

• Tachycardia
• Bradycardia

TABLE 15-2
Pathophysiology of HF with Clinical Examples

KNOWLEDGE CHECK QUESTIONS

1. True or False: Afterload is the amount of ven-
tricular stretch at the end of diastole.

2. True or False: Preload is measured using LVEDP.
3. True or False: A sustained increase in afterload 

of more than 160 mm Hg causes a decrease in 
cardiac output.

preload to the point of pulmonary and/or systemic 
congestion and edema.13

HF is typically a chronic disease with several natural 
compensatory mechanisms. Acute HF is life threatening. 
It may develop in a previously asymptomatic patient with 
acute coronary syndrome or acute valvular regurgitation. 
Additionally, it can complicate chronic HF. In either case, 
it requires hospitalization and prompt interventions.

Symptoms Signs

Typical More Specific

Breathlessness
Orthopnoea
Paroxysmal nocturnal dyspnea
Reduced exercise tolerance
Fatigue, tiredness, increased 
time to recover after exercise
Ankle swelling

Elevated jugular venous 
pressure
Hepatojugular reflux
Third heart sound (gallop 
rhythm)
Laterally displaced apical 
impulse

Less Typical Less Specific

Nocturnal cough
Wheezing
Bloated feeling
Loss of appetite
Confusion (especially in the 
elderly)
Depression
Palpitations
Dizziness
Syncope
Bendopnea

Weight gain (>2 kg/week)
Weight loss (in advanced HF)
Tissue wasting (cachexia)
Cardiac murmur
Peripheral oedema (ankle, 
sacral, scrotal)
Pulmonary crepitations
Reduced air entry and dullness 
to percussion at lung bases 
(pleural effusion)
Tachycardia
Irregular pulse
Tachypnoea
Cheyne Stokes respiration
Hepatomegaly
Ascites
Cold extremities
Oliguria
Narrow pulse pressure

HF = heart failure.

Developed with the special contribution of the Heart Failure Association (HFA) 
of the ESC. Eur Heart J. 2016:37(27): 2129–2200. doi:10.1093/eurheartj 
/ehw128

TABLE 15-3
Signs and Symptoms Typical of Heart Failure

Clinical Manifestations
Regardless of the cause of HF, some of the clinical mani-
festations are the same. See Table 15-3. Each disease/
conditions that can cause HF have additional manifesta-
tions that are unique. The heart’s ability to compensate 
for changing conditions hides clinical symptoms at 
first. When they do occur, the majority of the signs and 
symptoms of HF are secondary compensatory mecha-
nisms responding to a fall in cardiac output.

The progression of HF causes fluid buildup in the 
pulmonary and systemic venous system. The dominant 
symptoms in HF are shortness of breath (dyspnea) and 
fatigue. Other complaints may include swelling of the 
extremities, weight gain, frequent urination, and a par-
oxysmal nocturnal cough.1

The physical findings of HF depend on the severity 
and chronicity of the condition. The lack of appetite and 
the increased metabolic demands of breathing can lead 
to the patient appearing frail or cachectic. Fluid reten-
tion leading to peripheral edema may be present in the 
legs or back and is most often due to right HF. Elevated 
filling pressures and TR may cause an enlarged liver. 
Right HF causes JVD via the hepatojugular reflux.
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Auscultation of the lungs can reveal crackles heard 
over the bases or dependent regions of the lungs. This is 
indicative of pulmonary edema. The presence of pulmo-
nary edema is a sign of acute left HF caused by elevated 
capillary hydrostatic pressure pushing fluid into the inter-
stitial spaces and alveoli. Compression of the conducting 
airways by pulmonary congestion may produce coarse 
rhonchi and wheezing. Cardiac auscultation can reveal an 
early diastolic sound (S3) indicative of systolic HF. A late 
diastolic sound (S4) results from a diastolic dysfunction.

A thorough history and physical examination assist 
in the identification of HF, but most of the symptoms 
are nonspecific and frequently present in a host of 
other conditions. The most notable of those is COPD, 
which is a frequent confounder in the diagnosis of HF.13 
Figure 15-7 shows the manifestations of left and right HF.

Chest Radiography
A CXR is routine in the evaluation of the patient with 
shortness of breath. The CXR is useful in the identi-
fication of pulmonary venous congestion, interstitial 
edema, alveolar edema (pulmonary edema), cardio-
megaly, and pleural effusions. The presence of these 
increases the likelihood of HF, but it does not rule out 
other possibilities. Kerley B lines on a CXR indicate 
pulmonary venous congestion or interstitial edema due 
to interlobular edema. Pulmonary edema shows up as 
opacification of the air spaces. See Figure 15-8.

Weight loss
Anorexia

GI distress

Liver
impairment

Hypoxia
Cyanosis

Cough with frothy sputum
Orthopnea

Paroxysmal nocturnal dyspnea

GI
congestion

Peripheral edema
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congestion
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gas exchange

Pulmonary congestion
Pulmonary edema

Decreased
tissue perfusion

Fatigue

Venous
congestion

Pulmonary
congestion

Right heart
failure

Left heart
failure

Decreased
cardiac output

FIGURE 15-7 Clinical manifestations of both right and left HF. GI, gastrointestinal.

KNOWLEDGE CHECK QUESTIONS

1. True or False: The presence of the third heart 
sound (S3) is normal.

2. True or False: A diastolic dysfunction causes the 
fourth heart sound (S4).

3. True or False: Left HF causes liver congestion.

Diagnostic Testing
Diagnostic testing for HF includes the measurement 
and monitoring of cardiac function. These tests include 
CXR, electrocardiography, routine laboratory evalua-
tion, and NP assays.

FIGURE 15-8 Anteroposterior CXR of a patient with HF.
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Abnormality Causes Clinical Implications

Sinus tachycardia Decompensated HF, anemia, hyperthyroidism Clinical assessment
Laboratory investigation

Sinus bradycardia Beta-blockade, digoxin, ivabradine, verapamil, diltiazem
Antiarrhythmics
Sick sinus syndrome

Review drug therapy
Laboratory investigation

Atrial tachycardia/
flutter/fibrillation

Hyperthyroidism, infection, mitral valve disease
Decompensated HF, infarction

Slow AV conduction, anticoagulation, pharmacologic 
cardioversion, electrical cardioversion, catheter ablation

Ventricular 
arrhythmias

Ischemia, infarction, cardiomyopathy, myocarditis, 
hypokalemia, hypomagnesemia
Digitalis overdose

Laboratory investigation
Exercise test, perfusion studies, coronary angiography, 
electrophysiology testing, internal cardiac defibrillator

Myocardial ischemia/
infarction

Coronary artery disease (CAD) Echocardiogram, troponins, perfusion study, coronary 
angiography, revascularization

Q waves Infarction, HCM, LBBB, pre-excitation Echocardiogram, perfusion studies, coronary 
angiography

LVH Hypertension, aortic valve disease, HCM Echocardiogram, cardiac magnetic resonance (CMR)

AV block Infarction, drug toxicity, myocarditis, sarcoidosis, 
genetic cardiomyopathy, Lyme disease

Review drug therapy, evaluate for systemic disease, 
family history/genetic testing indicated, pacemaker or 
Implantable cardioverter defibrillator (ICD) indicated

Low QRS voltage Obesity, emphysema, pericardial effusion, amyloidosis Echocardiogram/CMR, CXR; for amyloidosis, consider 
further imaging and endomyocardial biopsy

QRS duration  
≥ 120 ms and LBBB 
morphology

Electrical and mechanical dyssynchrony Echocardiogram
Pacemaker
Pacemaker/defibrillator

Reproduced from ESC guidelines for the diagnosis and treatment of acute and chronic heart failure 2012. Eur Heart J. 2012;33:1787–1847. doi:10.1093 
/eurheart/ehs104. 

TABLE 15-4
Most Common Abnormalities on the ECG in HF

common lab tests and causes of abnormalities and their 
clinical implications.

Many times the signs and symptoms of patients with 
suspected HF are nonspecific, and the echocardiogram 
shows no important cardiac abnormalities. In this 
case, cardiac markers are vital to the diagnosis. There 
is a family of hormones secreted in increased amounts 
when the heart is diseased or the load on any chamber 
in increased. The NPs increase in response to LV stretch 
due to high filling pressures.13 The two markers are 
B-type natriuretic peptide and N-terminal proB-type 
NP (NT-BNP). See Figure 15-9.

The use of NP tests in conjunction with a standard 
clinical evaluation can help to identify a majority of 
patients with HF. BNP is most useful in distinguishing 
acute HF from other causes of dyspnea.13

When HF is suspected, NP tests, or echocardio-
gram, or both are necessary depending on test results. 
Figure 15-10 is an example of an algorithm for the diag-
nosis of HF using both echocardiogram and NP tests.

Electrocardiography
All suspected HF patients have an ECG done. Although 
the ECG is not a good predictor of HF, it is useful in 
determining the etiology of the HF together with other 
diagnostic tests. See Table 15-4 for the common abnor-
malities found on the ECG with HF.13

Echocardiography
The echocardiogram provides immediate information 
on chamber volumes, ventricular systolic and diastolic 
function, ventricular wall thickness, and valve function.5 
Together with the ECG, it is the most useful test for pa-
tients with suspected HF. The echocardiogram is critical 
to the determination of appropriate therapy.

Laboratory Tests
Patients suspected of HF have blood tests that include 
serum electrolytes, renal function, complete blood 
count, and cardiac markers. Table 15-5 summarizes the 
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Abnormality Causes Clinical Implications

Renal impairment
(creatinine > 150 µmol/L 
1.7 mg/dL, eGFR < 60 mL/
min/1.73 m2)

Renal disease
Renal congestion
Angiotensin-converting enzyme (ACE) 
inhibitor/angiotensin-receptor blocker (ARB), 
Mineralocorticoid receptor antagonist (MRA)
Dehydration
NSAIDs and other nephrotoxic drugs

Calculate eGRF
Consider reducing ACE inhibitor/ARB or MRA dosage 
(or postpone dose up-titration)
Check potassium and BUN
Consider reducing diuretic dose if dehydrated, but if 
there is renal congestion, more diuresis may help
Review drug therapy

Anemia (<13 g/dL in men, 
<12 g/dL in women)

Chronic HF, hemodilution, iron loss or poor 
utilization, renal failure, chronic disease, 
malignancy

Diagnostic workup
Consider treatment

Hyponatremia (<135 mmol/L) Chronic HF, hemodilution, AVP release, 
diuretics (especially thiazides) and other drugs

Consider water restriction, adjusting diuretic dosage
Ultrafiltration, vasopressin antagonist
Review drug therapy

Hypernatremia (>150 mmol/L) Water loss, inadequate water intake Assess water intake
Diagnostic workup

Hypokalemia (<3.4 mmol/L) Diuretics, secondary hyperaldosteronism Risk of arrhythmia
Consider ACE inhibitor/ARB, MRA, potassium 
supplements

Hyperkalemia (>5.5 mmol/L) Renal failure, potassium supplement, RAAS 
blockers

Stop potassium supplements/potassium-sparing 
diuretic
Reduce dose of/stop ACE inhibitor/ARB, MRA
Assess renal function and urine pH
Risk of bradycardia and serious arrhythmias

Hyperglycemia (>117 mg/dL) Diabetes, insulin resistance Evaluate hydration, treat glucose intolerance

Hyperuricemia (>8.4 mg/dL) Diuretic treatment, gout, malignancy Allopurinol
Reduce diuretic dose

Albumin high (>45 g/L) Dehydration Rehydrate

Albumin low (<30 g/L) Poor nutrition, renal loss Diagnostic workup

Transaminase increase Liver dysfunction
Liver congestion
Drug toxicity

Diagnostic workup
Liver congestion
Review drug therapy

Elevated troponins Myocyte necrosis
Prolonged ischemia, severe HF, myocarditis, 
sepsis, renal failure

Evaluate pattern of increase (mild increases common  
in severe HF)
Perfusion studies
Coronary angiography
Evaluation of revascularization

Elevated creatine kinase Inherited and acquired myopathies Consider genetic cardiomyopathy, muscular dystrophies
Statin use

Abnormal thyroid tests Hyper-/hypothyroidism
Amiodarone

Treat thyroid abnormality
Reconsider amiodarone use

Urine analysis Proteinuria, glycosuria, bacteria Diagnostic workup
Rule out infection, diabetes

International normalized ratio 
> 3.5

Anticoagulant overdose
Liver congestion/disease
Drug interactions

Review anticoagulant dose
Assess liver function
Review drug therapy

CRP > 10 mg/L, neutrophilic 
leukocytosis

Infection, inflammation Diagnostic workup

Reproduced from ESC guidelines for the diagnosis and treatment of acute and chronic heart failure 2012. Eur Heart J. 2012;33:1787–1847. doi:10.1093 
/eurheart/ehs104. 

TABLE 15-5
Common Laboratory Test Abnormalities in HF
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Uncertain
diagnosis

Acute HF
unlikely

Acute HF
likely

BNP 100–400 pg/mL
NT-BNP 400–2000 pg/mL

BNP <100 pg/mL
NT-BNP <400 pg/mL

BNP >400 pg/mL
NT-BNP >2000 pg/mL

Natriuretic
peptides

Clinical examination,
ECG, CXR

FIGURE 15-9 Flowchart for the diagnosis of acute HF with NP in patients with suggestive symptoms.
Kirk J, Diercks D, Dhingr K. Acute heart failure. In: Aghababian R, ed. Essentials of Emergency Medicine. 2nd ed. Sudbury, CA: Jones & Bartlett Learning; 2011:122–129.

PATIENT WITH SUSPECTED HFa

(non-acute onset)

ASSESSMENT OF HF PROBABILITY

1. Clinical history:
    History of CAD (MI, revascularization)
    History of arterial hypertension
    Exposition to cardiotoxic drug/radiation
    Use of diuretics
    Orthopnoea/paroxysmal nocturnal dyspnoea

2. Physical examination:
    Rales
    Bilateral ankle oedema
    Heart murmur
    Jugular venous dilatation
    Laterally displaced/broadened apical beat

3. ECG:
    Any abnormality

Assessment
of natriuretic

peptides not routinely
done in clinical

practice

All absent

No

Normalb,c

≥I present

Yes

HF unlikely:
consider other

diagnosis

If HF confirmed (based on all available data):
determine aetiology and start appropriate treatment

Echocardiography

NATRIURETIC PEPTIDES

• NT-proBNP ≥125 pg/mL
• BNP ≥35 pg/mL

FIGURE 15-10 An example of a diagnostic flowchart for patients with suspected non-acute heart failure.
Developed with the special contribution of the Heart Failure Association (HFA) of the ESC, Eur Heart J. 2016;37(27):2129–2200. doi:10.1093/eurheartj/ehw128.
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Risk Factors
Early identification of risk factors for the develop-
ment of HF is important for preventive interventions. 
Preventive measures need to be in place before the 
appearance of ventricular dysfunction to reduce the 
risk of HF. The AHA/ACC system uses risk factors to 
classify HF, shown in Figure 15-11. The important risk 
factors for the development of HF include hyperten-
sion, atherosclerotic disease, diabetes mellitus, obesity, 
metabolic syndrome, patients who use cardiotoxic 
drugs, and those with a family history of cardiomyopa-
thy. Metabolic syndrome is the name for a group of risk 
factors that include obesity, high triglyceride level, low 
high-density lipid level, hypertension, and high fast-
ing blood sugar level. Cardiotoxic drugs are substances 
that may trigger the development of cardiac injury even 
when properly used.

These drugs include amphetamine, anabolic- 
androgenic steroids, catecholamines, cocaine, ephed-
rine, pentamidine, and tricyclic antidepressants.

KNOWLEDGE CHECK QUESTIONS

1. True or False: HF can cause a pleural effusion 
that is seen on CXR.

2. True or False: Ventricular function, ventricular 
wall thickness, and valve function can be deter-
mined using echocardiography.

3. True or False: Echocardiography is most useful 
in distinguishing acute HF from other causes of 
dyspnea.

Treatment and Management
The overall goals of treatment in patients with HF are to 
relieve the signs and symptoms, prevent hospital admis-
sion, and improve survival.5 Box 15-4 shows the goals 
for treatment in acute HF.

Regardless of the cause of HF, some of the treatments 
are similar. Other treatment strategies for HF are unique 
to the specific etiology. The treatment of all forms of HF 
requires lifestyle changes. The general pharmacologic 
treatments indicated for HF appear in Table 15-6.

Medication Reason

ACE inhibitors To reduce the risk of HF hospitalization and 
the risk of premature death. Use with beta-
blocker for all patients with an EF ≤ 40%.

Beta-blockers Use with ACE inhibitor
Use with ARB if ACE inhibitor is not tolerated, 
for all patients with EF ≤ 40%, to reduce 
the risk of HF hospitalization and the risk of 
premature death.

MRA Use for patients with persisting symptoms and 
an EF ≤ 35%, despite treatment with an ACE 
inhibitor (or an ARB) and a beta-blocker, to 
reduce the risk of HF hospitalization and the 
risk of premature death.

Diuretics Use as first-line, short-term therapy in the 
emergency management of patients with acute 
HF to remove excess fluid in patients with 
signs of congestion from volume overload.

Supplemental 
oxygen

Use for a patient with documented or 
suspected hypoxemia.

TABLE 15-6
Medications Used for HF

BOX 15-4 Goals of Treatment in Acute HF

Immediate (ED/ICU/CCU)
Improve haemodynamics and organ perfusion.
Restore oxygenation.
Alleviate symptoms.
Limit cardiac and renal damage.
Prevent thrombo-embolism.
Minimize ICU length of stay.

Intermediate (in hospital)
Identify aetiology and relevant co-morbidities.
Titrate therapy to control symptoms and con-

gestion and optimize blood pressure.
Initiate and up-titrate disease-modifying phar-

macological therapy.
Consider device therapy in appropriate patients.

Pre-discharge and long-term management
Develop a careplan that provides:

 � A schedule for up-titration and monitoring  
of pharmacological therapy.

 � Need and timing for review for device therapy.

 � Who will see the patient for follow-up and when.
Enrol in disease management programme, educate, 

and initiate appropriate lifestyle adjustments.
Prevent early readmission.
Improve symptoms, quality of life, and survival.

CCU, coronary care unit; ED, emergency department; ICU, in-
tensive care unit. Developed with the special contribution of the 
Heart Failure Association (HFA) of the ESC, European Heart  
Journal 2016; 37 (27): 2129–2200, doi:10.1093/eurheartj/ehw128

KNOWLEDGE CHECK QUESTIONS

1. True or False: All HF patients with EFs less than 
40% should initially be treated with an ACE in-
hibitor and a beta-blocker.

2. True or False: HF patients with pulmonary 
edema are treated with diuretics.

Other pharmacologic agents or surgical intervention 
may be appropriate depending on the etiology of the HF.
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Complications
The complications from HF depend on the cause of the 
HF and its severity. Renal damage or failure can occur 
from kidney hypoperfusion during times of low cardiac 
output. Erythropoietin (which stimulates RBC pro-
duction) secreted by the kidneys is reduced by kidney 

KNOWLEDGE CHECK QUESTIONS

1. True or False: Hyperperfusion of the kidneys oc-
curs during HF and causes renal failure.

2. True or False: Congestive hepatopathy is caused 
by left HF.

KNOWLEDGE CHECK QUESTIONS

1. True or False: The presence of comorbidities is a 
major factor in a patient’s prognosis for HF.

2. True or False: The prognosis for HF can change 
with treatment.

damage, causing anemia. Right HF causes fluid buildup 
in the liver, causing cardiac cirrhosis or congestive 
hepatopathy. The heart valves can be affected by HF due 
to the increased cardiac workload. The most common 
valve problem caused by HF is MR. Arrhythmias, such 
as atrial fibrillation (AF) or ventricular fibrillation, can 
occur due to damage to the heart’s electrical system. 
Unintentional weight loss, cardiac cachexia, is yet an-
other complication from HF.7

KNOWLEDGE CHECK QUESTIONS

1. True or False: Patients with diabetes mellitus 
have a high risk for the development of HF.

2. True or False: A patient with a known structural 
heart disease and symptoms is classified as 
Stage B according to the AHA/ACC.

Prognosis
Numerous variables provide prognostic information 
about HF. The most common of these variables include 
age, etiology, NYHA classification, EF, and the presence 
of key comorbidities, such as diabetes, renal dysfunc-
tion, and anemia. These variables do change with time 
and require frequent assessment. This assessment is 
particularly important to the patient’s prognosis and the 
course of treatment, for example, the need for device 
implantation; surgery, including transplantation; and 
planning end-of-life care.

FIGURE 15-11 AHA and ACC HF classification.
Reproduced with permission from Georgiopoulou V, Kalogeropoulow A, Butler J. Heart failure 
in hypertension: prevention and treatment. Drugs. 2012;72(10):1373–1398.
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Atherosclerotic disease
Diabetes mellitus
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Metabolic syndrome
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With family history of cardiomyopathy

At high risk for HF but without structural
heart disease or symptoms of HF
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Patients with:
Previous myocardial infarction
Left ventricular remodeling
 (left ventricular hypertrophy/low
 ejection fraction)
Asymptomatic valvular disease
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Known structural heart disease
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 tolerance

Structural heart disease with prior
or current symptoms of HF

Refractory HF symptoms at rest
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Patients with:
Marked symptoms at rest despite
 maximal medical therapy

Refractory HF requiring
special interventions

Stage D

AND

The Cardiomyopathies
The cardiomyopathies are a group of heart disorders 
that cause changes in the structure and function of the 
myocardium that is either idiopathic in nature (pri-
mary) or caused by another disorder of the heart or 
other organs (secondary).14 The World Health Organ-
ization has identified three types of cardiomyopathies: 
dilate cardiomyopathy, HCM, and RCM. Anatomic ap-
pearance and abnormal physiology of the LV is the basis 
for this classification. These disorders often result in the 
symptoms of HF reviewed previously.

Dilated Cardiomyopathy
Dilated cardiomyopathy (DCM), once known as conges-
tive cardiomyopathy, is the most common type of cardio-
myopathy.15 Myocyte damage and cardiac enlargement 
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BOX 15-5 Examples of Dilated 
Cardiomyopathies

 � Idiopathic

 � Ischemic heart disease

 � Genetic

 � Inflammatory

 y Infectious (especially viral)

 y Noninfectious
 { Connective tissue diseases
 { Peripartum cardiomyopathy
 { Sarcoidosis

 � Toxic

 y Chronic alcohol ingestion

 y Chemotherapeutic agents

 � Metabolic

 y Hypothyroidism

 y Chronic hypocalcemia or hypophosphatemia

 � Neuromuscular

 y Muscular or myotonic dystrophy

Reproduced from Lee C, Dec G, Lilly L. The Cardiomyopathies.  
In: Lilly L, ed. Pathophysiology of Heart Disease. 6th ed.  
Philadelphia: Lippincott Williams & Wilkins; 2015.

in DCM result from a wide spectrum of genetic, inflam-
matory, toxic, and metabolic causes.14 See Box 15-5.

Although the etiology of each type is different, they 
cause the same structural abnormality. The hallmark of 
DCM is ventricular dilatation with decreased contrac-
tile function. This results in excessive blood accumulat-
ing in the affected ventricle, causing volume overload.

At first, the extra blood increases the stretch of 
the myocardium, causing LVEF and cardiac output to 
increase as a compensatory mechanism. However, as 
the volume within the LV increases, its walls become 
stretched and thin (Figure 15-12). Ultimately both the EF 

and the cardiac output decrease. This can cause cardio-
genic pulmonary edema. Without prompt treatment, con-
gestive heart failure (CHF) and possible death occur.14,15

Acute viral myocarditis afflicts young, previously 
healthy people, with some of these individuals pro-
gressing to DCM. Alcoholic DCM develops in a small 
number of people who consume alcoholic beverages 
excessively and chronically. Postpartum DCM causes 
the presentation of HF symptoms between the last 
month of pregnancy and up to 6 months postpartum. 
Risk factors for postpartum DCM include being Afri-
can American, older maternal age, and having multiple 
pregnancies. Genetic DCM is responsible for approxi-
mately 20–30% of idiopathic DCM (IDCM).14

In the early stages of DCM, the heart is usually able 
to compensate for the increased volume and the patient 
is asymptomatic. However, as heart function declines, 
signs and symptoms appear.15 The clinical manifesta-
tions of DCM are those of CHF. See Table 15-3. Com-
mon signs and symptoms include fatigue, shortness 
of breath on exertion, decreased tissue perfusion, and 
swelling of the lower extremities. Other signs and 
symptoms include weight gain, orthopnea, fainting, 
palpitations, dizziness or light headedness, chest pain 
or pressure, loss of appetite, decreased concentration, 
cough, paroxysmal nocturnal dyspnea, ascites, and ar-
rhythmias (tachycardia, fibrillation).15,16 Another con-
sequence of reduced cardiac output is blood pooling in 
both the ventricles and the atria, leading to clot forma-
tion. The presence of clots increases the risk of acute MI, 
leg ischemia, stroke, or pulmonary embolus.15 With a 
persistent reduction in cardiac output, the decline in re-
nal blood flow prompts the kidneys to secrete increased 
amounts of renin. This activation of the RAAS increases 
peripheral vascular resistance and intravascular volume. 
These effects are also initially helpful in buffering the fall 
in cardiac output. However, the compensatory effects of 
the RAAS prove detrimental and contribute to patho-
logic myocardial remodeling and fibrosis.14

The diagnosis of DCM begins with the patient’s hist-
ory and a physical examination. This helps to eliminate 
other causes of ventricular failure.17 If the diagnosis is 
inconclusive after the history and physical exam, the 
tests seen in Table 15-7 are used to make the diagnosis 
of DCM.

When the medications described earlier in the HF 
section of this chapter are unable to control the patient’s 
symptoms, an implantable medical device may be ne-
cessary. All of these devices are designed to pace the 
heart but have additional functions as well.14 Table 15-8 
shows common medical devices used to treat electrical 
conduction abnormalities associated with DCM and 
other forms of HF. See Figure 15-13. If medical and 
device therapy is insufficient to manage end-stage HF, 
heart transplantation may be indicated.14

The presence of AF, a previous thromboembolic 
event, or an intracardiac thrombus, is an indication for 
the use of anticoagulation therapy.

Weakened
heart
muscle

Enlarged
ventricle

FIGURE 15-12 Dilated cardiomyopathy.
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Diagnostic Test Identifiers

Blood tests • Elevated troponin
• Elevated BNP

Cardiac magnetic 
resonance 
imaging (CMRI)

• Identifies myocardial structure and function
• May show abnormal myocardial tissue 

texture or scarring

CXR • Cardiomegaly
• Pleural effusion from elevated pulmonary 

venous pressure (most common on the 
right side)

Coronary 
angiography

• Used if other diagnostic tests are 
inconclusive

• For patients with high risk for CAD, chest 
pain, elderly, and those with several 
cardiovascular risk factors

ECG • Reveals arrhythmias: nonspecific ST-
segment depression, inverted T waves, 
and LBBB

• Reveals signs of previous MI: pathologic 
Q waves in precordial leads

Echocardiogram • Reveals dilated and hypokinetic heart 
chambers

• Rules out valvular disorders
• Shows wall motion abnormalities
• Shows stationary thrombus against 

chamber wall (mural thrombus)

Positron-emission 
tomography

• Diagnoses cardiac sarcoidosis
• Diagnoses RCM

TABLE 15-7
Diagnostic Tests for DCM

Device Name Device Function

ICD The ICD can sense life-threatening 
arrhythmias (V-fib or V-tach) and automatically 
deliver the appropriate electrical shock to 
correct them. ICD reduces arrhythmic deaths 
in patients with DCM.

Cardiac 
resynchronization 
therapy (CRT)

The CRT is a pacemaker that paces both the 
RV and the LV, and may also include an ICD.

Right ventricular 
assist device 
(RVAD)

The RVAD is a surgically implanted medical 
device that helps the RV pump blood to the 
lungs.

Left ventricular 
assist device 
(LVAD)

The LVAD is a surgically implanted medical 
device that helps the LV pump blood to the 
body.

TABLE 15-8
Medical Devices for DCM and Their Function

FIGURE 15-13 A cardiologist implants a heart defibrillator in a 
patient. The ICD also includes a pacemaker.
© Carolina K. Smith MD/Shutterstock.

Complications from all forms of DCM include HF, 
heart valve regurgitation, enlargement of the left or RV, 
pulmonary or systemic edema, cardiac arrhythmias, 
SCA, and system or pulmonary emboli.19

If left untreated, DCM leads to HF. Identification of 
the cause (viral, bacterial, CAD, ischemic, or alcohol) 
and its correction (antivirals, antibiotics, angioplasty, 
or abstinence from alcohol) may lead to some improve-
ment. The etiology of the DCM is the number one factor 
in its prognosis. Other factors affecting the prognosis 
include increased age, male gender, and severe CHF. If 
CHF develops, approximately 50% of the patients die 
within 5 years. There is a 50% mortality rate each year 
after a diagnosis of severe HF. If the HF is mild and opti-
mal medical therapy is given, the prognosis improves.20

Ischemic Dilated Cardiomyopathy
The cause of ischemic dilated cardiomyopathy (ICM) is 
CAD. This is the only DCM that is caused by ischemia. 
All other types of DCM are considered non-ischemic. 
CAD is the narrowing of the lumen of the coronary 
arteries caused by plaque buildup. One of the conse-
quences of CAD is a MI. This causes the myocardium 
to become weak and unable to pump efficiently. The 
inefficient pump leads to a decrease in the EF, causing 
volume overload. This results in DCM.14 The treatment 
for ICM is repair of the coronary artery by angioplasty 
and stenting. See Chapter 16.

Alcoholic Dilated Cardiomyopathy
Alcoholic dilated cardiomyopathy (ACM) is caused by  
dilation of the LV due to alcohol abuse.14 Although there 
is extensive research on ACM, the exact pathogenesis 
of ACM is not fully understood.21 In long-term alcohol 
consumption, there are changes at the cellular level, in-
cluding intracellular organelle dysfunction, contractile 
proteins dysfunction, and calcium homeostasis.21 These 
changes cause myocyte dysfunction. The incidence of 
ACM is lower in women as compared to men, and oc-
curs most often in alcoholics in their late 40s. It is not 

Risk factors for DCM include family history of car-
diomyopathy, HF, or sudden cardiac arrest (SCA), coro-
nary heart disease (CHD), MI, viral infection, diabetes, 
severe obesity, RCM, long-term alcoholism, or long-
term high BP.18
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Case Study
The case study patient has revealed the symptoms 
of HF: shortness of breath, orthopnea, and swollen 
lower extremities. He has fine crackles in the pos-
terior lung bases consistent with pulmonary edema 
from left-sided HF and has peripheral edema 
consistent with right-sided HF. The S3 murmur is 
consistent with left-sided HF. His ECG shows a 
LBBB and LA enlargement. All findings point to HF, 
the etiology of which is not smoking. However, his 
excessive alcohol intake makes him a candidate for 
the diagnosis of alcoholic cardiomyopathy. Further 
tests are needed to make that diagnosis, including 
Doppler echocardiogram and blood tests.

clear how much alcohol consumption is necessary, but 
individuals who drink more than eight drinks per day 
for at least 5 years are at risk. The best treatment is to 
abstain from alcohol consumption.21

Classification of IDCM Causative Agents/Factors

Toxic cardiomyopathy Cocaine, lithium, cobalt, lead, 
arsenic, radiation, catecholamines, 
phenothiazines, and chemotherapy

Metabolic 
cardiomyopathy

Diabetes mellitus, hyperthyroidism, 
hypothyroidism, hyperparathyroidism, 
pheochromocytoma

Tachycardia-induced 
cardiomyopathy

Sustained rapid ventricular rates from 
supraventricular tachyarrhythmia, 
ventricular tachycardia, frequent 
premature ventricular complexes

Inherited Autosomal dominant transmission of 
mutated genes encoding cytoskeletal 
and sarcomeric proteins

Virus infection Adenovirus, enteroviruses, parvovirus 
B19 (B19V), human herpes virus-6

Other Amyloidosis, Gaucher disease, Hurler 
disease, Hunter disease

TABLE 15-9
Possible Triggers of IDCM

immunoglobulin (2 g/kg) has demonstrated favorable 
effects on both cardiac function and virus elimination. 
This treatment has been shown to eliminate the B19V; 
this is a parvovirus and is the most frequently found 
virus in cardiac biopsies.22 Using an immunosuppressive 
therapy in a virus-negative infection has shown benefi-
cial effects on myocardial function.22

Hypertrophic Cardiomyopathy
Hypertrophic cardiomyopathy (HCM) is hypertrophy of 
mainly the LV myocardium by more than 1.5 cm.23 See 
Figure 15-6. HCM is genetic. Its cause is the inheritance 
of mutated genes. The proteins encoded by the respon-
sible genes are all part of the sarcomere complex and 
impair the contractile function of the ventricles.

HCM is common with an incidence of about 1 in 
500 people. It can occur at any age, and affects men 
more than women and African Americans more than 
Caucasians.23 This cardiomyopathy is the cause of sud-
den death in young athletes during vigorous physical 
exertion (Figure 15-14).

In HCM, the cells of the heart muscle become en-
larged, causing ventricular hypertrophy (ventricle wall 
thickening). The hypertrophy reduces the compliance 
and relaxation ability of the ventricles, impairing their 
ability to fill. This thickening can be either obstructive 
or nonobstructive. Nonobstructive HCM is less com-
mon than its obstructive counterpart. The nonobstruc-
tive type is due to symmetrical hypertrophy of the 
ventricular walls. This hypertrophy can also occur only 
in the apex or mid-region of the LV.

Hypertrophic Obstructive Cardiomyopathy
If there is an asymmetric hypertrophy of the upper 
interventricular septum, a transient obstruction of the 
LV outflow tract (LVOT) may occur during systole. 
This is called hypertrophic obstructive cardiomyopathy 
(HOCM).24 With time, the LVH and small LV cham-
ber size regress and lead to DCM, which can lead to 
left-sided HF.23

Thickened
heart
muscle

FIGURE 15-14 Hypertrophic cardiomyopathy.

Idiopathic Dilated Cardiomyopathy
A diagnosis of idiopathic dilated cardiomyopathy (IDCM) 
occurs when the cause of cardiomyopathy is unknown. 
IDCM accounts for approximately 50% of all cases of 
cardiomyopathy.22 The possible triggers for IDCM ap-
pear in Table 15-9.

When a virus causes IDCM, it can be from 
virus-positive or virus-negative infection. For a virus-
positive infection, using high doses of intravenous 
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In HOCM, usually only the septal wall has asym-
metrical hypertrophy, as shown in Figure 15-15, and 
it obstructs the left ventricular outflow tract (LVOT). 
Hypertrophy of the apical wall alone is rare and called 
Yamaguchi disease.25 The LVOT reduces the amount 
of blood leaving the LV and increases the workload of 
the LV.23,25 MR occurs in HOCM when the leaflets of 
the mitral valve are pulled anteriorly during systolic 
ejection, systolic anterior motion (SAM) of the mitral 
valve.23,25 The pressure gradient falls below the valve 
(subvalvular) and changes (dynamic) as the flow in-
creases through the narrowed LVOT. As the LVOT 
obstruction increases, the velocity of the blood passing 
through it increases (the Venturi effect). The increased 
velocity of the blood decreases the fluid pressure and 
causes an increase in the SAM of the mitral valve. 
This worsens the MR.23 The gradient increases if the 
preload of the LV is low, or there is an increase in 
contractility. Obstruction can exist at rest or can be 
brought on by provocative maneuvers (i.e., Valsalva, 
exercise, sudden upright position, amyl nitrite).23 In 
hypertrophic nonobstructive cardiomyopathy, the hy-
pertrophied muscle is not large enough to cause any 
obstructions.26

Symptoms are not always present. The symptoms 
of HOCM correlate with the severity of the MR and 
LV diastolic dysfunction, not the magnitude of the 
LVOT obstruction.23 Box 15-6 includes the signs and 
symptoms of HOCM. As the disease progresses, the LV 
dilates, and it may progress to DCM and HF. HOCM is 
sometimes the cause of sudden cardiac death (SCD) at 

an early age because the heart is unable to increase car-
diac output during strenuous exertion.23 This leads to 
syncope or sudden death.

The carotid pulse in HOCM has a brisk upstroke 
during early systole and decreases due to the obstruc-
tion.23 Lack of HF reveals clear lungs on auscultation 
and normal jugular venous pressure. Cardiac assess-
ment reveals a forceful, sustained, and laterally placed 
point of maximal impulse. An atrial gallop, S4 heart 
sound, is present. Auscultation along the upper left 
sternal border reveals a harsh, crescendo-decrescendo 
systolic murmur. A Valsalva maneuver reduces venous 
return, resulting in decreased preload. This increases 
the systolic murmur heard in HOCM.23

Following a history and physical exam, the tests 
listed in Table 15-10 confirm the HOCM diagnosis.

The lifestyle modifications used in the treatment 
of HCM include the avoidance of the triggers that 
cause symptoms such as strenuous activity, Valsalva 

Sigmoidal
HCM

40–50%

Reverse curve
HCM

30–40%

Blood leaks back
through the mitral
valve = mitral
regurgitation

Mitral valve presses against the septum
causing an obstruction to blood flow

FIGURE 15-15 Common septal morphologies in HOCM.
Redrawn from Bos J, Towbin J, Ackerman M. Diagnostic, prognostic, and therapeutic implications of genetic testing for hypertrophic cardiomyopathy. J Am Coll Cardiol. 2009;54(3):204.

BOX 15-6 Signs and Symptoms of HOCM

AF
Chest discomfort
Chest pain
Dyspnea (most common)
Fatigue
Leg edema
Orthopnea

Palpitations
Paroxysmal nocturnal dyspnea
Pre-syncope or syncope
Stroke
SCD
Ventricular tachycardia
Ventricular fibrillation
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Test Uses

Blood work Increased BNP indicates HF

CXR Identify LVH

ECG LVH
• R wave > 12 mm in Lead I
• R wave > 11 mm in Lead aVL
• R wave > 20 mm in Lead aVF
• Height of S wave in V1 or V2 + 

Height of R wave V2 or V6  
>35 mm

LAE
• M-shaped P waves in Lead II
• Biphasic P waves in Lead V1

Echocardiogram Identifies the location of hypertrophy 
(Figure 15-16)
Measures wall thickness
Identifies the degree of LVOT
Identifies the presence of SAM

Transesophageal 
echocardiogram (TEE)

Used if echocardiogram is 
inconclusive

CMRI Determines location, pattern, and 
extent of myocardial fibrosis

Cardiac catheterization Reserved for uncertain diagnosis 
using other tests
Identifies and verifies dynamic 
pressure gradient across the LVOT

Genetic testing Establishes or excludes HOCM
Identifies specific mutation

TABLE 15-10
Diagnostic Tests for HOCM

I

II

III

II

aVR

aVL

aVF

V1

V2

V3

V4

V5

V6

FIGURE 15-16 ECG of HOCM with LVH.

maneuvers, and competitive athletics. To avoid under-
filling of the LV and reduce LVOT obstruction, patients 
need to be kept well hydrated.23

The medications used in the treatment of both 
HOCM and HCM without outflow obstruction appear 
in Table 15-11.

Several medications worsen the LVOT obstruction. 
They include those drugs that decrease afterload, includ-
ing ACE inhibitors, ARB, and nitrates. Drugs that have 
positive inotropic effects increase the force of myocardial 
contraction and the LVOT gradient. These drugs include 
digoxin, dopamine, dobutamine, and norepinephrine.23

The indication for surgical intervention occurs when 
the symptoms do not respond to pharmacologic treat-
ment, and there is a resting pressure gradient ≥ 50 mm 
Hg between the LV apex and the LVOT. This surgical 
intervention is a septal myomectomy that cuts away the 
septal wall to open the LVOT.23

A less-invasive and alternative intervention is percu-
taneous alcohol septal ablation (ASA). This procedure 
involves injecting a small amount (1–3 mL) of desic-
cated ethanol into the artery feeding the hypertrophied 
septum. The alcohol causes a MI localized to the septal 
wall, which results in localized muscle death. As the 
muscle becomes necrotic, it shrinks (this may take 
weeks) and the LVOT gradient decreases.23

Risk factors that may worsen HCM include strenu-
ous exercise that increases afterload (i.e., heavy weight 
lifting/training), a family history of HCM, increased 
ventricular wall thickness, along with the presence of 
certain genetic mutations in certain individuals.23 Com-
plications from HCM are arrhythmias, obstructed blood 
flow, DCM, mitral valve problems (MR), HF, and SCD.27
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Medications Use in HCM

Beta-blockers • Reduces myocardial oxygen demand by 
slowing the heart rate and contraction force

• Decreases contraction force—reduced LVOT 
gradient during exercise

Calcium-
channel 
blockers

• Second-line therapy for those in whom beta-
blockers failed

• A negative chronotropic effect, which leads 
to increased diastolic relaxation time (thus 
increasing preload)

Type IA 
antiarrhythmic 
drug

• AF in HCM
• Negative inotropic effects improve diastolic 

function

TABLE 15-11
Medications for HCM

Endomyocardial diseases

• Endomyocardial fibrosis
• Loeffler’s disease
• Metastatic tumors
• Radiation therapy

Storage diseases

• Fabry disease
• Glycogen storage
   disorder - type 3
• Hemochromatosis

Noninfiltrative diseases

• Idiopathic
• Scleroderma

Infiltrative diseases

• Amyloidosis
• Fatty infiltration
• Gaucher disease
• Hurler syndrome
• Sarcoidosis

Cardiomyopathy

Restrictive

FIGURE 15-17 Causes of restrictive cardiomyopathy.
Modified from Lee C, Dec G, Lilly L. The Cardiomyopathies. In: Lilly L, ed. Pathophysiology of Heart Disease. 5th ed. Philadelphia: Lippincott Williams & Wilkins; 2011:257.

Mortality is affected by the age at which the symp-
toms appear and is higher in children than in adults 
(1–3%). Mortality is higher when there are frequent 
non-sustained ventricular tachycardia, syncope, or re-
suscitation following SCA. HF does not always occur. 
The prognosis is worse for young people who have a 
family history of sudden death and people older than 45 
years with chest pain or exertional dyspnea.28

Restrictive Cardiomyopathy
Restrictive cardiomyopathy (RCM) is the least common 
cardiomyopathy in the United States. RCM is due to ab-
normally rigid (but not necessarily thickened) ventricles 
with impaired diastolic filling but usually normal, or 

near-normal, systolic function.29 This condition results 
from either fibrosis or scarring of the endo-myocardium 
or infiltration of the myocardium by an abnormal sub-
stance.14 Causes of RCM appear in Figure 15-17. Gen-
etic diseases can also cause RCM, notably Fabry disease, 
Gaucher disease, or hemochromatosis.30

RCM causes endocardial thickening or myocar-
dial infiltration in one, typically the left, or both 
ventricles. This thickening may result in mitral valve 
regurgitation or tricuspid valve (TV) regurgitation. If 
the sinoatrial (SA) node or atrioventricular (AV) node 
is affected, various grades of AV blocks may occur.29 
The main hemodynamic consequence of RCM is a 
result of the noncompliant ventricles. The ventricles 
become rigid, impairing diastolic filling. This causes 
high filling pressure that leads to pulmonary and 
systemic hypertension.30 If the myocardium cannot 
compensate through hypertrophy, systolic dysfunc-
tion occurs.30

Symptoms result from the inability of the myocar-
dium to relax and distend. They include exertional 
dyspnea, orthopnea, and fatigue. If the RV is affected, 
peripheral edema will occur.30 Atrial and ventricular 
arrhythmias and AV blocks may occur. Angina and 
syncope are uncommon. Signs and symptoms closely 
mimic those of constrictive pericarditis (see the “Con-
strictive Pericarditis” section below).30

Palpitation and auscultation reveals a low-volume 
and rapid carotid pulse, pulmonary crackles, and pro-
nounced neck vein distention. S3 and S4 heart sounds 
are present.30 The fibrous changes to the heart may af-
fect the chordae tendineae or the shape of the ventricle, 
and this causes mitral or TR.30
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Oral anticoagulants are used to control intraventricular 
thrombus formation in some individuals.14

Performing septal myomectomy/ablation may 
 improve some symptoms. Pacemakers may be helpful 
in older patients, and ICDs may help younger patients 
at higher risk of SCD. Transplantation is not recom-
mended because the disorder may recur in the trans-
planted heart.30

Risk factors for RCM include a family history of car-
diomyopathy and of other types of heart disease, CHD, 
obesity, diabetes, high BP, and alcoholism.31 Compli-
cations from RCM are HF, mitral valve regurgitation, 
arrhythmias, pulmonary edema, and heart attacks.31 
Because most of the treatments available are for treating 
the symptoms, the prognosis of RCM is poor.30

Summary of the Cardiomyopathies
A summary of all the cardiomyopathies is in Table 15-12.

DCM HCM RCM

Ventricular 
morphology

Dilated LV usually without 
hypertrophy

Marked hypertrophy, often asymmetric Fibrotic or infiltrated myocardium

Etiologies Genetic, infectious, alcoholic, 
peripartum

Genetic Amyloidosis, hemochromatosis, 
scleroderma, radiation therapy

Symptoms Fatigue, weakness, dyspnea, 
orthopnea, paroxysmal nocturnal 
dyspnea

Dyspnea, angina, syncope Dyspnea, fatigue

Physical exam Pulmonary crackles, S3; 
if RV failure present: JVD, 
hepatomegaly, peripheral edema

S4, if outflow obstruction present: 
systolic murmur loudest at left sternal 
border, accompanied by MR

Predominantly signs of RV failure: 
JVD hepatomegaly, peripheral 
edema

Pathophysiology Impaired systolic contraction Impaired diastolic relaxation; LV systolic 
function vigorous, often with dynamic 
obstruction

“Stiff” LV with impaired diastolic 
relaxation but usually normal 
systolic function

Cardiac size on 
CXR

Enlarged Normal or enlarged Usually normal

Echocardiogram Dilated, poorly contractile LV LVH, often more pronounced at septum, 
systolic anterior movement of MV with MR

Usually normal systolic contraction, 
speckled appearance in infiltrative 
disorders

Medications to 
control symptoms

Diuretic
ACE inhibitor
Angiotensin II receptor blocker
Beta-blocker
Amiodarone

Beta-blocker
Calcium-channel blocker
Type IA antiarrhythmic agent

Diuretic
Oral anticoagulant

Devices/surgery ICD
CRT
RVAD
LVAD

ICD
Septal myomectomy
Percutaneous septal ablation

Septal myomectomy
ICD

Reproduced with permission from Lilly LS & Harvard Medical School. (2016). Pathophysiology of heart disease: A collaborative project of medical students  
and faculty.

TABLE 15-12
Summary of the Cardiomyopathies

The tests used to diagnose RCM include ECG, CXR, 
and echocardiogram. An ECG may show low voltage 
with ST-segment and T-wave abnormalities, pathologic 
Q waves (not from a previous MI), and HOCM. In 
many cases, a CXR shows a normal-sized heart; how-
ever, it may reveal a small heart, or in the late stages, it 
may be enlarged. Appropriate tests should be done to 
check for amyloidosis, iron, or hemochromatosis, which 
are common causes of RCM.30

The medications used in RCM are to treat the 
symptoms, not the disease. Diuretics can be given to 
reduce pulmonary congestion. Caution is needed not 
to compromise preload. If preload becomes too low, the 
noncompliant ventricles cannot maintain cardiac out-
put.30 In cases with elevated heart rates, beta-blockers 
or rate-limiting calcium-channel blockers may be used 
cautiously in low doses. Medications that lower af-
terload may cause hypotension and are not helpful.30 
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Valvular Heart Diseases
The four valves in the heart are the mitral, tricuspid, 
pulmonary, and aortic. The mitral valve sits between  
the LA and the LV, the TV is located between the  
RA and the RV, the aortic valve is located between  
the LV and the aorta, and the pulmonary valve is  
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FIGURE 15-18 Circulation of blood through the heart.

located between the RV and the pulmonary artery (PA). 
Figure 15-18 shows the circulation of blood through 
the chambers and valves of the heart. These valves pre-
vent blood from flowing backward and causing systemic 
venous congestion or pulmonary congestion. Also, they 
help direct the blood forward. A stenotic valve does not 
open all the way and will restrict forward blood flow. 
If the valve is incompetent, this will allow the blood to 
flow backward, and this is regurgitation.4

Aortic Insufficiency (Aortic Regurgitation)
Aortic insufficiency (AI) is the inability of the aortic 
valve to close properly, allowing the blood to regurgitate 
back into the LV during diastole. This regurgitation in-
creases the preload and leads to volume overload.29 The 
results are LV dilatation and HF. Causes of AI include 
rheumatic fever, infective endocarditis, collagen vascu-
lar diseases, degenerative aortic valve disease, trauma, 
postsurgical (including post-transcatheter) aortic valve 

KNOWLEDGE CHECK QUESTIONS

1. True or False: The anatomic appearance and 
abnormal physiology of the RV is the basis for 
cardiomyopathy classification.

2. True or False: The hallmark of DCM is ventricu-
lar dilation.

3. True or False: The etiology of HCM is genetic.
4. True or False: Ischemia can cause HCM.
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replacement, or dilatation of the aorta.29 An angiogram 
of the ascending aorta quantifies the regurgitant flow. 
An echocardiogram quantifies the regurgitant flow us-
ing the scale shown in Table 15-13.

AI causes the aortic diastolic pressure to decrease 
and the systolic pressure to increase. This widens the 
pulse pressure, the difference between aortic systolic 
and diastolic pressure.29 The severity of the AI is quanti-
fied by determining the diastolic pressure gradient be-
tween the aorta and the LV and measuring the diastolic 
valve area.29 The effect AI has on an individual depends 
on whether it is acute or chronic.

In acute AI, there is a high mortality rate because the 
LV does not have time to adapt to the volume overload. 
If not treated promptly it will quickly progress from 
pulmonary edema to refractory HF and cardiogenic 
shock.29 In chronic AI, the LV has time to adapt and will 
dilate to handle the volume overload. Consequently, this 
will cause a dilated LV with contractility.29

The symptoms of acute AI are the same symptoms 
listed in the DCM section. These symptoms include 
tachycardia, cool extremities, lung crackles, low BP, 
and cardiogenic shock. Because acute AI has a rapid 
onset, the heart is unable to compensate and will result 
in an emergency. Upon auscultation, the first heart 
sound (S1) is usually absent or diminished due to equal 
diastolic pressure in the LV and AO. There is usually a 
third heart sound (S3 or ventricle gallop). There will be 
a mid-to-late diastolic rumble heard at the apex (Austin 
Flint murmur).32

Symptoms of chronic AI may not become appar-
ent for a long time. By the time symptoms do become 
apparent, the heart is usually severely affected.32 The 
symptoms can be inconspicuous and are the same as 
DCM. An abnormal aortic valve is more susceptible 
to endocarditis. The presence of endocarditis causes 
additional signs and symptoms, such as fever, anemia, 
weight loss, and embolic phenomena.32 As the disease 

progresses, the PMI becomes enlarged, sustained, in-
creased in amplitude, and displaced downward and 
laterally.32 The cardiac sounds include a loud sharp or 
slapping second heart sound (S2), caused by increased 
elastic aortic recoil, and a high-pitched decrescendo 
diastolic murmur is heard at the third or fourth left 
parasternal intercostal space.32

If infectious endocarditis causes the AI blood tests, 
identify the causative organism. Also, renal and liver 
function tests are necessary to check for medication 
clearance.33 When AI is a result of infectious endocardi-
tis, early surgical intervention is appropriate. With aor-
tic dissection, emergent intervention is warranted.33

Suspected AI requires an echocardiogram to confirm 
it and establish a baseline of the regurgitant flow.33 If 
previous echocardiograms have documented AI, then 
regular echocardiograms quantify any changes in the 
regurgitant flow. Using echocardiogram will help to de-
termine the information listed in Box 15-7.

A CXR may show structural abnormalities like aortic 
dilation, prosthetic valve dislodgement, aortic valvular 
calcification, or cardiomegaly.33 Radionuclide imaging 
determines the regurgitant fraction and the  
LV/RV stroke volume ratio.33

Cardiac catheterization is optional in AI. But it can 
provide valuable clinical information when surgery is 
being contemplated. The catheterization will allow  
for coronary artery anatomy evaluation and the regur-
gitant flow through the aortic valve.33 An aortic angiog-
raphy quantifies the regurgitant flow using the scale in 
Table 15-13.33

Scale Explanation

Mild (1+) A small amount of blood/contrast 
enters the LV during diastole and 
clears with each systole.

Moderate (2+) Blood/contrast enters the LV with 
each diastole, but the LV chamber is 
less dense than the aorta.

Moderately severe (3+) The LV chamber is equal in density 
to the ascending aorta.

Severe (4+) Complete, dense opacification of 
the LV chamber occurs on the first 
beat, and the LV is more densely 
opacified than the ascending aorta.

TABLE 15-13
Scale Used to Quantify Valvular Insufficiency

BOX 15-7 Information Obtained from  
an Echocardiogram for AI

1. Proper time to replace the valve
2. Structure and morphology of the leaflets 

 (bi-leaflet vs. tri-leaflet, flail, thickening)
3. Presence of vegetation or nodules
4. Severity of AI
5. Regurgitant volume
6. Orifice area
7. Premature closure of the mitral valve
8. Opening of the aortic valve
9. Aortic dilation

10. Aneurysm
11. Dissection
12. LV structure and function
13. LVH and dilation
14. EF
15. End-systolic dimension
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Cardiac CT scanning and magnetic resonance imag-
ing (MRI) are not widely recognized as a diagnostic tool 
for AI. However, there is growing support in the litera-
ture for the potential clinical use of these imaging tech-
niques. Electrocardiographic findings are nonspecific 
but may include LVH (see the “Hypertrophic Cardio-
myopathy” section), left-axis deviation, LAE, LV volume 
overload pattern, and LV conduction defects.33

When the AI is from aortic root dilatation, an ARB 
medication may be used. This class of medication slows 
the progression, especially if it is accompanied (con-
comitant) by hypertension.33

Surgery is appropriate when the AI is severe and 
symptoms or evidence of LV dysfunction is present. 
Identification of LV dysfunction includes EF < 50%, 
LV end-systolic dimension > 50–55 mm, or LV end-
diastolic dimension > 65–75 mm. When the ascending 
aorta is dilated > 55 mm, surgery is considered sooner.33

Currently, only surgical options for aortic valve re-
placement exist. AI replacement involves open-heart 
surgery similar to coronary artery bypass surgery. If sur-
gery is not an option, the patient needs the same treat-
ment as HF from DCM. AI is a contraindication for the 
use of an intra-aortic balloon pump because the pump 
worsens the AI.33

Risk factors for AI include congenital heart defects 
(having one or two leaflets instead of three), old age, be-
ing male, Marfan syndrome (an inherited disorder that 
affects connective tissue), high BP, and autoimmune dis-
eases.34 The complications from AI are abnormal heart 
rhythms, HF, and infection in the heart.35 Early valve re-
placement produces the best long-term results. Replac-
ing the valve when AI is mild or moderate will result in 
a 10-year survival rate of 80–95%. If AI is severe and HF 
is not present, long-term prognosis is good. However, 
if the AI is severe, and HF symptoms are present, the 
long-term prognosis is poor.36 A summary of AI can be 
found in Table 15-14.

Aortic Stenosis
In aortic stenosis (AS), the opening between the LV 
and the AO becomes stenotic. Left ventricular empty-
ing becomes impaired because of the increased outflow 
resistance.37 AS leads to an increase in LV systolic pres-
sure and causes a mean pressure gradient of at least 10 
mm Hg. AS is the most common of the valvular heart 
diseases. Calcified AS and congenital bicuspid AS ac-
count for the majority of AS cases.37 Approximately 25% 
of the population over 65 years old with a normal valve 
at birth will develop mild thickening, or calcification, 
or both without restricted leaflet movement (i.e., aortic 
sclerosis). AS can lead to AI (see the “Aortic Insuffi-
ciency (Aortic Regurgitation)” section).37

In AS, the LV must generate a higher pressure to 
eject the blood through a narrowed opening, which 
causes a pressure overload problem.31 If the mitral 

Description The inability of the aortic valve to close 
properly, allowing blood to regurgitate back 
into the LV during diastole

Etiology Rheumatic fever
Infective endocarditis
Collagen vascular diseases
Degenerative aortic valve disease
Trauma
Postsurgery (including post-transcatheter 
aortic valve replacement)
Dilatation of the aorta

Clinical 
manifestations

Same as DCM
Tachycardia
Cool extremities
Pulmonary crackles
Hypotension
Cardiogenic shock

Diagnostic tests CXR
Cardiac catheterization
Aortic angiography
ECG

Medical treatment AI from aortic root dilatation using ARB 
medication

Surgical treatment Aortic valve replacement via open-heart 
surgery

Data from Novara GM. Aortic Valve Disease.: Cleveland Clinic Center for 
Continuing Education. http://www.clevelandclinicmeded.com/medicalpubs 
/diseasemanagement/cardiology/aortic-valve-disease/

TABLE 15-14
Summary of AI

valve is intact, the lungs will not be affected. However, 
if there is MR, there will be an increase in pulmonary 
pressures.37 As the LV works harder to eject the blood, 
the cells of the LV increase in size (LVH). The LVH is 
a compensatory mechanism and increases the systolic 
pressure to maintain the stroke volume and cardiac 
output. Years may pass without any symptoms. The 
LVH will eventually lead to diastolic dysfunction and LV 
dilatation.37 As the LV becomes larger, it requires more 
oxygen. Eventually the cardiac output will not be able to 
meet the needs of the heart, and myocardial ischemia 
will occur (see Ischemic Heart Disease in Chapter 22).37

Symptoms of AS include angina, syncope, or HF.37 
Cardiac auscultation reveals a harsh systolic murmur, 
which will be loudest at the base of the heart and radiate 
to the carotids. Obesity, low cardiac output, and chronic 
lung disease mask the sound of this murmur.38 Other 
findings from an examination are a single (pulmonic) 
component of the second heart sound, left ventricular 
apical impulse with an S4 heart sound, and a low-volume 
carotid pulse in younger patients; changes in arterial 
compliance often mask these findings in older adults.38

An echocardiogram is the gold standard for the diag-
nosis of AS. An echocardiogram will identify a stenotic 
aortic valve and its possible causes. It will also quantify 
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LVH and the degree of systolic dysfunction, and detect 
coexisting valvular heart disorders (AI, mitral valve) and 
complications (e.g., endocarditis).39 Adding Doppler to 
the echocardiogram helps to quantify the jet velocity, 
systolic pressure gradient, and valve area.37 The severity 
of the stenosis appears in Table 15-15.

If the echocardiogram reveals that the valve is critical 
and needs replacement, the patient has a heart cath-
eterization. During the catheterization, the coronary 
arteries are assessed and right heart pressures evalu-
ated. Additionally, the cardiac output and valve area are 
calculated. The finding from the heart catheterization 
should match the echocardiogram findings.39

An ECG will show the same changes seen in HCM 
(see the “Hypertrophic Cardiomyopathy” section). A 
CXR may show calcification of the aortic cusps and evi-
dence of HF. Heart size may be normal or only mildly 
enlarged.39

AS that is asymptomatic requires regular examinations. 
In mild AS, an echocardiogram is done every 3 years. For 
moderate AS, an echocardiogram is done every 1–2 years, 
and for severe AS, an echocardiogram should be done 
every 6–12 months. For moderate-to-severe AS, strenuous 
activity needs to be avoided.37

When AS becomes moderate to severe and symp-
toms are present, the valve will need replacement. Aor-
tic valve replacement done by open-heart surgery is a 
surgical aortic valve replacement (SAVR). Two types of 
valves are used for replacements: mechanical and bio-
prosthetic.37 See Figure 15-17. Younger patients receive 
mechanical valves because they last longer than a bio-
prosthetic. The disadvantage is that mechanical valves 
require long-term oral anticoagulation (i.e., warfarin) 
to prevent clots. Bioprosthetic valves do not require the 
use of long-term oral anticoagulation, but their durabil-
ity is only 15–20 years. Older patients receive biopros-
thetic valves.37

In some cases, the patient is not a candidate for 
SAVR. These patients are candidates for transcatheter 
aortic valve replacement (TAVR). This procedure is 
performed in a hybrid operating room/catheterization 

Scale Valve Area (cm2)
Mean Pressure  
Gradient (mm Hg)

Mild 1.5–2.0 <20

Moderate 1.0–1.5 20–39

Severe 0.6–1.0 60–59

Very severe <0.6 >60

Data from Novara GM. Aortic Valve Disease. Cleveland Clinic Center for 
Continuing Education. http://www.clevelandclinicmeded.com/medicalpubs 
/diseasemanagement/cardiology/aortic-valve-disease/

TABLE 15-15
AS Classifications37

lab while the patient is awake.40 In this procedure, 
a bioprosthetic valve is supported by a stent and is 
mounted on a balloon catheter.40 See Figure 15-19. This 
catheter is advanced to the heart and is placed inside 
of the stenotic valve. After confirmation of placement, 
the balloon is inflated and the new valve deployed over 
the stenotic valve. The catheter can be inserted into the 
femoral artery (transfemoral approach) or the apex of 
the heart (transapical approach) (Figure 15-20).40

Risk factors for AS are deformed aortic valve, family 
history of congenital problems, age, rheumatic fever, 
chronic kidney disease, high BP, high cholesterol, Type 
2 diabetes, and smoking.41 If AS is left untreated, the LV 
will hypertrophy and cause chest pain (angina), fainting 
(syncope), HF, arrhythmias, and cardiac arrest.41

Once symptoms manifest, the survival rate is only 
2–3 years. The valve needs replacement quickly. This 
will help to improve symptoms and survival rates. Sur-
gery risks will increase if the patient has coronary artery 
bypass grafting and if there is a reduction in LV systolic 
function. Once the AS becomes severe, there is a 50% 
mortality rate from sudden death (Table 15-16).39

FIGURE 15-19 SAVR with a mechanical valve.
© miralex/iStock/Getty Images.

FIGURE 15-20 Preparation of a transcatheter aortic valve in cold 
saline.
© ChaNaWiT/Shutterstock.
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Description Opening between the LV and the AO 
is stenotic, mainly from calcification

Etiology Rheumatic fever

Clinical manifestations Angina
Syncope
Heart failure

Diagnostic tests CXR
Cardiac catheterization
Doppler echocardiogram
ECG

Medical treatment Supportive

Surgical treatment SAVR
TAVR

TABLE 15-16
Summary of AS

Mitral Regurgitation (Insufficiency)
Mitral regurgitation (insufficiency) (MR) is the result of 
backward movement of blood between the LV and the 
LA during LV systole.42 The mitral valve handles the 
highest pressures in the heart. It has only an anterior 
and a posterior leaflet; the other three valves have three 
leaflets.42 The leaflets of the mitral valve attach to the 
chordae tendineae, which attach to the papillary mus-
cles. This configuration prevents the mitral valve leaflets 
from flipping into the LA during LV systole. The papil-
lary muscles are along the inferior and anterior walls 
of the LV, and one end of the chordae tendineae is at-
tached to them while the other end attaches to the free 
edges of the mitral valve leaflets. See Figure 15-21.

During LV systole, the papillary muscles will contract 
pulling the chordae tendineae tight and preventing the 
leaflets from prolapsing into the LA.42 A normally func-
tioning valve allows blood to flow unimpeded from the 
LA to the LV during diastole and prevents regurgitation 
during systole. The causes of MR can be from a problem 
with the valve itself (primary) or the LV (secondary).42

The primary causes of MR are rheumatic fever, in-
fectious endocarditis, or myxomatous degeneration.42 
Rheumatic fever is an infection triggered by Group A 
streptococcus and, if not treated with antibiotics, will 
cause scarring on the heart valves, which can lead to 
regurgitation or stenosis.43 The endocardium lines the 
inner walls of the LV and heart valves, and infectious 
endocarditis is a result of bacteria or other microbes. 
If the infection remains untreated, the bacteria can de-
stroy the leaflets, which can lead to MR and HF.44 Myx-
omatous degeneration causes the fibrous collagen layer 
of the valve to thin and a layer of mucoid (myxomatous) 
material will accumulate. Because of this, the chordae 
tendineae will become longer and thinner, which results 
in the leaflets becoming enlarged and rubbery.45

Anteromedial
commissure

Posterior
leaflet
(3 lobes)

Chordae
tendineae

Medial
papillary
muscle

Anterior leafletAnterior
annulus

Posterolateral
commissure
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Lateral
papillary

muscle

FIGURE 15-21 In mitral valve regurgitation, as the LV pumps blood 
into the aorta, some blood leaks back into the LA, increasing blood 
volume and pressure there. The increased BP in the LA increases BP 
in the veins leading from the lungs to the heart (pulmonary veins) and 
causes the LA to enlarge to accommodate the extra blood leaking 
back from the ventricle.

Secondary causes of MR can be from CAD or LV 
dilatation.42 If the LV becomes dilated as described in 
the “Dilated Cardiomyopathy” section, the valve an-
nulus will also dilate, resulting in MR. A MI that af-
fects the anterolateral and posteroinferior LV walls can 
cause the papillary muscle to die. Without the papillary 
muscle to pull the chordae tendineae tight, the mitral 
valve leaflets will prolapse, and blood will regurgitate 
into the LV.46 Table 15-17 lists the causes of mitral valve 
regurgitation.

In significant MR, the LA is receiving blood from the 
lungs and the LV, and this will cause the LA to dilate 
from volume overload. If the MR is acute, the pres-
sure in the LA and pulmonary veins (PV) will increase 
quickly, leading to pulmonary congestion and pulmo-
nary edema; this can result in an emergency.39 If the 
MR is chronic, the LA can dilate, which is a compensa-
tory mechanism and will keep the LA and PV pressure 
lower until late in the course of the disease.42 With the 
progression of the regurgitation, the LV will dilate and 
will lead to an increase in afterload, contractile dysfunc-
tion, and HF.42 As the LA enlarges to compensate, it 
may cause AF, which can lead to blood clots. If MR is al-
lowed to continue, it will lead to PH and right-side HF.42

The signs and symptoms of acute MR are similar to 
those for HF (Table 15-3). In chronic MR, the heart has 
time to compensate. There are no signs or symptoms 
at onset.39,47 Once the LV and LA have reached their 
limits, the PA and venous pressure increases. At that 
time, the symptoms will be dyspnea, fatigue, orthopnea, 
palpitations, and AF.47 Upon palpation, a brisk apical 
impulse may be detected, and if the LV is hypertrophied 
and dilated, then the LV impulse will be sustained, en-
larged, and displaced downward and to the left.47 As the 
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Primary Etiology Anatomy Affected

Myxomatous degeneration Mitral valve leaflets

Rheumatic fever Mitral valve leaflets, chordae 
tendineae

Endocarditis Mitral valve leaflets, chordae 
tendineae

HCM Mitral valve leaflets

Annular calcification Mitral annulus

DCM Ventricular cavity dilation

MI anterolateral/posteroinferior Papillary muscles

TABLE 15-17
Common Etiologies of MR and Their Structural 
Abnormalities

LA becomes enlarged, a diffuse precordial lift occurs, 
causing anterior cardiac displacement. On ausculta-
tion, the S1 sound may be soft, but could occasionally be 
loud.47 The S3 heart sound is heard at the apex, reflect-
ing LV dilation. The S3 sound indicates the MR is severe 
and is progressing to HF.47 In MR a holosystolic, or pan-
systolic, murmur will be heard at the apex of the heart 
when the patient is laying on their left side. In mild MR, 
the systolic murmur may be abbreviated or occur late in 
systole.47

As the disease progresses, an ECG will show LAE 
(see the “Hypertrophic Cardiomyopathy” section) and 
AF. If PH is present, then the ECG will also reveal right 
ventricular hypertrophy (RVH). The tall R wave in Leads 
V1 or V2 is an indication of RVH.48 A CXR may dem-
onstrate LAE and/or cardiomegaly.42 See Figure 15-22. 
The major pathophysiologic differences between acute 
and chronic MR depend greatly on the size of the LA 
and its compliance. In chronic MR, the LV gradu-
ally compensates for the volume overload through 
hypertrophy.

If MR is suspected, an echocardiogram will be done 
to confirm its presence, assess etiology, and determine 
its severity.42 See Table 15-13. If the echocardiogram is 
inconclusive, a presurgical TEE is indicated to assess the 
feasibility of repair.42

CMRI is used in patients with chronic primary MR. 
This test will evaluate the LV and RV volumes, function, 
or MR severity. If this test is inconclusive, then a TEE 
will be performed.42

Having the patient perform an exercise treadmill 
testing can help to establish symptom status and exer-
cise tolerance. Hemodynamic measurements are 
obtained during a treadmill test by using Doppler 
echocardiogram.42

FIGURE 15-22 CXR of a 56-year-old woman with huge cardiomegaly 
and no pulmonary infiltration.
© Santibhavank P/Shutterstock.

Cardiac catheterization can be performed to obtain 
hemodynamics, regurgitant fraction, and coronary an-
giograms and assess myocardial function; noninvasive 
imaging may be an option. These tests will help to de-
cide the best way to manage the MR.42

When MR is acute, using intravenous nitroprusside 
and nitroglycerin will help to reduce the regurgitant 
fraction and pulmonary pressures. An intra-aortic bal-
loon pump also helps stabilize these patients. Both of 
these treatments will help only for a short time, and mi-
tral valve repair or replacement is required.42

No medications are used if the MR is chronic and 
asymptomatic, and there is normal LV function. The 
primary goal in these cases is to time the repair or 
replacement of the valve appropriately. Waiting too 
long will lead to the development of irreversible LV 
dysfunction.42

In chronic primary MR that is symptomatic and the 
LV has become dysfunctional, intervention is needed. 
An indication of LV dysfunction is the EF being less 
than 60%, or LV end-systolic diameter greater than 40 
mm.33 The risk of surgery will increase once the EF falls 
below 30%.33

A device that is currently being tested in the United 
States is the mitral clip. This device uses a clip to pull 
the mitral leaflets together, thus reducing the regurgi-
tation. The clip is mounted on a catheter that is intro-
duced through the venous system and is advanced to 
the LA via an atrial septal wall puncture.42
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Risk factors for MR are mitral valve prolapse, mi-
tral valve stenosis, family history of valve disease, 
heart attack, heart disease, DCM, certain medica-
tions (diet pills), endocarditis, rheumatic fever, con-
genital heart disease, MI, and age.49 Mild MR may not 
cause any problems; however, severe MR will cause 
HF, right-sided HF, A-fib, and PH.49 Prognosis will 
be affected by duration, severity, and cause of MR 
(Table 15-18).33

Mitral Stenosis
Mitral stenosis (MS) is a result of the opening between 
the LA and the LV becoming thick and immobile or 
stenotic. Consequently, less blood will flow into the 
LV from the LA.42 Causes of MR are rheumatic heart 
disease (most common), severe calcification of the mi-
tral annulus, infectious endocarditis, systemic lupus 
erythematosus, rheumatoid arthritis, and carcinoid 
heart disease.42 Although rheumatic heart disease has 
declined greatly in the past 40 years, it is still prevalent 
in developing countries. Approximately 15.6 million 
people suffer from rheumatic heart disease worldwide, 
and there are approximately 282,000 new cases each 
year and 233,000 related deaths.42

Typically, it is more than 20 years after an episode 
of rheumatic fever that symptoms from MS appear. 
Rheumatic fever can cause inflammation of the heart, 

which leads to the leaflets and chordae tendineae 
becoming thickened, scarred, and calcified (Figure 
15-21).42 The scarring and calcification creates an 
obstruction to blood flow. The LA will become hyper-
trophied to create more pressure to move the blood 
through the stenotic opening. This will increase the 
pressure in the LA and PV, and there will be a pres-
sure gradient across the mitral valve during diastole.42 
Consequently, the pressure increase will lead to LAE, 
which may cause atrial fib and arterial thromboembo-
lism. As the pressure in the PV increases, it will induce 
pulmonary congestion and pulmonary edema. If MS 
goes untreated, PH and right-sided HF will develop 
(Figure 15-23).42

The signs and symptoms of MS include exertional 
dyspnea, fatigue, atrial arrhythmias, embolic events, 
angina-like chest pain, and hemoptysis.42 There may 
be no symptoms or symptoms appear acutely during 
exercise, emotional stress, pregnancy, infection, or 
with uncontrolled AF.42 Upon auscultation there will 
be an opening snap, a mid-diastolic rumble, and an ac-
centuated S1 heart sound. In heavily calcified valves, 
the first heart sound may be diminished. During atrial 
contraction, there may be a presystolic accentuation 
of the murmur.42 If the valve narrowing is caused by a 
noncancerous tumor (left atrial myxoma), there will be 
a “tumor plop” versus an opening snap murmur in early 
diastole.42

An ECG may reveal LAE (see the “Hypertrophic 
Cardiomyopathy” section). As the disease advances, AF 
and/or RVH can develop (see the “Mitral Regurgitation 
(Insufficiency)” section). The RVH is a result of the in-
crease in pulmonary pressure.42

A CXR will reveal LAE, cardiomegaly (this is not 
always present), enlargement of the main pulmonary ar-
teries, and pulmonary congestion.42 An echocardiogram 
is done to assess MS. The information obtained from 
this echocardiogram appears in Box 15-8.

The valve morphology will determine whether the 
valve can be repaired surgically by making an incision 

Description The backward movement of blood 
between the LV and the LA during LV 
systole

Etiology Myxomatous degeneration
Rheumatic fever
Endocarditis
HCM
Annular calcification
DCM
MI anterolateral/posteroinferior

Clinical 
manifestations

Acute: pulmonary edema
Chronic: similar to left-sided HF

Diagnostic tests Echocardiogram
CMRI
TEE
Exercise testing
Cardiac catheterization

Medical treatment Acute MR—intravenous nitroprusside, 
nitroglycerin

Surgical treatment Acute MR before surgery—intra-aortic 
balloon pump
Mitral valve repair
Mitral valve replacement

TABLE 15-18
Summary of MR

FIGURE 15-23 Rheumatic mitral valve specimen.
© ChaNaWiT/iStock/Getty Images.
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FIGURE 15-24 Commissurotomy in rheumatic mitral valve stenosis.
© ChaNaWiT/iStock/Getty Images.

BOX 15-8 Information Obtained from  
an Echocardiogram for MS
1. Confirm the diagnosis
2. Quantify hemodynamic severity (mean pressure 

gradient)
3. Mitral valve area (MVA)
4. PA pressure
5. Assess valvular lesions and valve morphology
6. Detection of other valve diseases
7. Visualization of left atrial thrombus
8. Identify if a left atrial myxoma is present

in the valve leaflets called a mitral commissurotomy.42 
See Figure 15-24. The findings from an echocardiogram 
include valve thickening, restricted valve opening, ante-
rior leaflet doming, and fusion of the leaflets where they 
join (commissures).42 Doppler can be used to quan-
tify the pressure gradient and MVA. There is, at least, 
a 5-mm Hg pressure gradient across the mitral valve 
between the LV and the LA in MS and is severe if the 
gradient is greater than 10 mm Hg. Once the MVA falls 
below 1.0 cm2, it is considered critical.42

Medications for MS are designed to ease the symp-
toms. Using beta-blockers, calcium-channel block-
ers, digoxin, and ivabradine (works on the electrical 
activity of the SA node) to control the heart in MS 
has been proven beneficial. When A-fib is pres-
ent, an oral anticoagulation may be used to prevent 
thromboembolism.42

Two invasive procedures are used to repair the mi-
tral valve in MS. The first is percutaneous mitral bal-
loon commissurotomy (valvuloplasty) (PMBC) and is a 
catheter-based technique.19 In this procedure, a balloon 

is inflated across the stenotic valve to split the fused 
commissures and increase the valve area; before 1984, 
this was done surgically. See Figure 15-25. Normally, 
improvements in the hemodynamics are is seen im-
mediately as well as clinical improvements.42

This procedure is usually the first option for treating 
MS, and should be considered when the symptoms have 
become severe, and the valve morphology is favorable. 
This procedure is considered palliative, and in the ma-
jority of cases, further treatment will be needed.42

The other type of invasive procedure is mitral valve 
replacement. As with SAVR, two types of valves are 
used (mechanical and bioprosthetic). The selection of 
the valve will be the same as in AS (see “Aortic Stenosis” 
section). Mitral valve replacement is indicated when the 
MS is severe and symptoms are severe, and the NYHA 
HF class is III/IV, is not high risk for surgery, is not a 
candidate for PMBC, or had a failed PMBC.42

Risk factors for MS are rheumatic fever and un-
treated strep infections.42 Mitral valve stenosis can 
cause a strain on the heart and decrease blood flow. 
When MS goes untreated, complications such as 
PH, right HF, heart enlargement, A-fib, blood clots, 
and pulmonary edema may occur.50 Severe disabil-
ities will occur approximately 7–9 years following 
the manifestation of symptoms. The outcome is af-
fected by pre-procedural age, functional status, PH, 
and the degree of MR (if present). The time between 
valve repair and restenosis varies, and once function 
declines, valve replacement may become necessary 
(Table 15-19).51

FIGURE 15-25 Percutaneous transluminal mitral commissurotomy 
balloon inflation in a 5-year-old with severe MS.
Reproduced with permission from Ullah M, Sutan M, Akbar H, Sadiq N. Percutaneous 
transluminal mitral commissurotomy for rheumatic mitral stenosis in a 5-year-old child. Pediat 
Cardiol. 2012;33:815.
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Pulmonic Regurgitation
Pulmonic regurgitation (insufficiency) (PI) occurs as a 
result of an incompetent leaky pulmonic valve.52 PI is 
most often a result of severe PH. The three pathologic 
processes that cause PI are dilatation of the pulmonic 
valve ring, alteration of the pulmonic valve leaflet, or 
congenital absence or malformation of the valve.52 In 
the majority of cases, PI is seldom clinically significant; 
however, symptoms of right-sided HF can occur, and 
the RV can become dilated when the severity and dur-
ation of the regurgitation is chronic.52 Dyspnea on exer-
tion is the most common complaint. However, other 
symptoms include fatigue, light headedness, peripheral 
edema, chest pain, palpitations, and syncope. These 
symptoms usually occur in right-sided HF.52

In severe and long-term PI, there will be RV enlarge-
ment, decompensation, and, eventually, right-sided 
HF.53 Symptoms include dyspnea on exertion, fatigue, 
lightheadedness, peripheral edema, chest pain, palpita-
tions, and frank syncope. Many of these symptoms are 
attributed to poor physical fitness or anxiety, which will 
cause a delay in seeing a physician.53 Once it advances to 
right-sided HF, there may be abdominal distension sec-
ondary to ascites, increased jugular venous pressure, en-
larged and pulsatile liver, and right upper quadrant pain 

secondary to hepatic distension.53,54 Upon auscultation, a 
decrescendo murmur will be heard in early diastole, and 
an S3 or S4 sound will be heard at the left mid-to-lower 
sternal border.54 In the presence of PH, there will be a 
Graham Steell murmur. This is a high-pitched, early dia-
stolic decrescendo murmur noted over the left upper to 
left mid-sternal area.54

A CXR will show little change unless TR also occurs. 
If there is TR, then cardiomegaly and enlargement of 
the right heart are observed.36

Cardiac catheterization is usually not necessary for 
diagnosing PI, but it can help in determining the cause 
and diagnosis of CAD that are risk factors in patients. 
All of this information will influence the treatment 
and/or repair decisions.36 Performing a PA angiography 
may reveal evidence of pulmonary emboli as a cause of 
PH, and the degree of regurgitant flow; this is measured 
using the same scale as discussed in the “Aortic Insuf-
ficiency (Aortic Regurgitation)” section.36

An echocardiogram can reveal RVH and dilatation. 
RV volume overload can cause abnormal septal wall mo-
tion during diastole, and RV pressure overload can cause 
abnormal septal wall motion during systole.47 An echo-
cardiogram can reveal a lack of a pulmonic valve or valve 
deformities; however, the pulmonic valve apparatus typ-
ically appears unremarkable. In some cases, pulmonic 
ring dilatation with poor valve leaflets can be seen.36

A Doppler echocardiogram shows the regurgitant 
flow and regurgitant jets, measures the flow velocities of 
the regurgitant jets, and accurately estimates pulmonary 
pressures.36 If the regurgitation occurs throughout dias-
tole, this suggests the presence of PH; however, if the re-
gurgitation diminishes in early diastole, then pulmonary 
arterial pressures may be normal.36

CMRI has excellent temporal and spatial resolution, 
and can provide an accurate estimation of the severity 
of regurgitation, mechanism of regurgitation, and RV 
size and function.36 An ECG may demonstrate findings 
of RV dilatation, incomplete right bundle branch block, 
right-axis deviation, and RVH (see the “Mitral Regurgi-
tation (Insufficiency)” section).36

If the pressure in the RV becomes too high, it may 
cause right-sided HF, and the pulmonary valve will need 
replacement. When it becomes impossible to treat the 
symptoms with medications, the valve will need to be 
repaired or replaced. When replacing the valve, a bio-
prosthetic one is preferred. Recent studies have shown a 
percutaneous bioprosthetic valve is a reasonable option. 
A study of percutaneous bioprosthetic valve replace-
ment, the Melody Valve Trial, reported that freedom 
from valve dysfunction or reintervention following per-
cutaneous bioprosthetic valve placement was 93.5% in 
1 year.52

The risk factors for PI are PH, surgical repair of Te-
tralogy of Fallot, PS, pulmonary atresia, endocarditis, 
left-sided heart disease, or previous Ross procedure 
(with prosthetic pulmonary valve, homograph valve 

Description The opening between the LA and the LV is 
thick and immobile or stenotic.

Etiology Rheumatic heart disease (most common)
Severe calcification of the mitral annulus
Infectious endocarditis
Systemic lupus erythematosus
Rheumatoid arthritis
Carcinoid heart disease

Clinical 
manifestations

Exertional dyspnea
Fatigue
Atrial arrhythmias
Embolic events
Angina
Hemoptysis
Accentuated S1 heart sound (in early MS)

Diagnostic tests ECG
CXR
Echocardiogram

Medical treatment Beta-blocker
Calcium-channel blocker
Digoxin
Ivabradine
Oral anticoagulant to prevent 
thromboembolism with AF

Surgical treatment PMBC
Mitral valve replacement

TABLE 15-19
Summary for MS
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replacement).55 Complications from PI are abnormal 
heart rhythms, HF, and infection in the heart.35

The key to an improved prognosis with PI is early 
detection and treatment. The RV can compensate for 
many years if the PI is mild or moderate. However, if 
the PI becomes severe and the RV volume increases, the 
RV will start to dilate, which will lead to right-sided HF. 
The conditions that affect the prognosis of PI where PH 
has developed are the severity and duration of PH at the 
time of diagnosis and the RV response to the state of 
volume overload (Table 15-20).56

Pulmonary Stenosis
Pulmonary stenosis (PS) is due to stenosis of the open-
ing between the RV and the PA57 Most often it is con-
genital and affects children. The stenosis can be at the 
valve or in the outflow track immediately below the 
valve (infundibular). It commonly is a component of Te-
tralogy of Fallot.57

There will be a systolic pressure gradient between the 
RV and the PA. This gradient is necessary to maintain 
the cardiac output, and will cause RVH.58 When the RV 
is not able to maintain the cardiac output, right-sided 
HF will occur. Right-sided HF occurs in neonates with 
critical PS and if there is a severe obstruction.58

Symptoms from PS may not appear until adulthood 
even if it is congenital. When symptoms do appear, they 
resemble those of AS. However, the effects will be right 
HF instead of left HF and systemic venous congestion 
instead of pulmonary congestion. Signs and symptoms 

Description A result of an incompetent leaky pulmonic 
valve

Etiology Severe PH

Clinical 
manifestations

Symptoms of right-sided HF
Dyspnea on exertion
Fatigue
Light headedness
Peripheral edema
Angina
Palpitations
Syncope
S3 or S4 sound heard at the left mid-to-
lower sternal border

Diagnostic tests Doppler echocardiogram
CMRI
ECG

Medical treatment Supportive

Surgical treatment Pulmonary valve repair
Pulmonary valve replacement
Percutaneous bioprosthetic valve 
replacement

TABLE 15-20
Summary for Pulmonary Regurgitation

of RVH and RV failure are a prominent jugular venous, 
a wave, an RV precordial lift or heave, systemic venous 
congestion, and a left parasternal systolic thrill at the 
second intercostal space.57

Upon auscultation, the S1 sound is normal, and the 
normal splitting of S2 is widened because of prolonged 
pulmonic ejection. In RV failure and hypertrophy, the 
S3 and S4 heart sounds are rarely audible.57 The murmur 
is systolic and occurs at the left parasternal second in-
tercostal for valvular and the fourth intercostal space 
for infundibular stenosis. The murmur will be a harsh 
crescendo-decrescendo ejection murmur.57

A Doppler echocardiogram will confirm PS. The 
classifications of the severity of the stenosis are mild: 
peak systolic gradient less than 36 mm Hg, moderate: 
peak systolic gradient 36–64 mm Hg, and severe: peak 
systolic gradient greater than 64 mm Hg.57

The ECG may be normal and may show RVH (see the 
“Hypertrophic Cardiomyopathy” section) or right bun-
dle branch block. If valvular and infundibular stenosis is 
present, then a heart catheterization is indicated.57

Treatment will include balloon valvuloplasty if peak 
systolic gradient is greater than 40–50 mm Hg, or valve 
replacement. If the valve is replaced, a bioprosthetic 
valve (Melody valve by Medtronic) is used because of 
the high rates of thrombosis of right-sided mechanical 
heart valves.57

Risk factors for PS are carcinoid syndrome, rheu-
matic fever, and Noonan syndrome.59 Complications 
are bacterial infection, endocarditis, RVH, HF, and ar-
rhythmias.60 Even without treatment, the prognosis is 
good; however, appropriate treatment will improve the 
prognosis (Table 15-21).57

Tricuspid Regurgitation
Tricuspid regurgitation (TR) results from the leaf-
lets of the TV not closing properly, allowing blood 

Description Stenosis of the opening between the 
RV and the PA 

Etiology Congenital
Tetralogy of Fallot

Clinical manifestations Not apparent
Widened splitting of S2 heart sound
Systolic heart murmur
Resemble AS, except with right HF

Diagnostic tests Doppler echocardiogram
ECG

Medical treatment Supportive

Surgical treatment Balloon valvuloplasty
Pulmonary valve replacement

TABLE 15-21
Summary of PS
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An ECG in TR is usually normal. However, if the 
TR is severe, there may be right atrial enlargement (tall 
peaked P waves in Lead II), RVH (see the “Hypertrophic 
Cardiomyopathy” section), or AF. Early on in TR, the 
CXR is normal. As TR advances the CXR may show 

to flow from the RV to the RA during systole. 
See Figure 15-26.

The most common cause of TR is RV dilation.61 
Moderate or severe TR is most frequently functional in 
nature and caused by TV leaflet pathology. Also, mod-
erate TR will increase the volume in the RV and cause 
RV dilatation. As the RV dilates, the TV annulus will 
stretch, which will exacerbate TR.62 The causes of TR 
appear in Table 15-22.

There can be a prolonged latent period for TR, even 
if it is severe. As the RA dilates, atrial arrhythmias will 
become common. There is a significant reduction in 
exercise capacity with severe TR, which is caused by im-
paired cardiac output response.62

Normally TR will not have symptoms; however, some 
patients experience neck pulsations due to elevated 
jugular pressures. If TR becomes severe, then the symp-
toms are fatigue, abdominal bloating, and anorexia; 
in some cases, symptoms of AF or atrial flutter can be 
seen.61

Signs of moderate-to-severe TR include JVD, pos-
sible liver enlargement, and peripheral edema. In most 
cases, the murmur from TR is not heard; however, if it 
is present, then it is best heard at left middle or lower 
sternal border when the patient is sitting upright or 
standing.61 The murmur is heard through systole (ho-
losystolic) and will be high pitched if it is trivial and 
from PH; if from other causes, then it will be medium 
pitched.34 The sound of the murmur will increase with 
inspiration (Carvallo sign).61

An echocardiogram is the best way to confirm TR. 
Echocardiograms identify most cases of mild TR when 
used to diagnose other problems. Conditions that need 
to be present to confirm severe TR appear in Box 15-9.

Normal path of blood flow

1. Right
atrium

Tricuspid
valve

2. Right
ventricle

3. Pulmonary
artery

Malfunctioning tricuspid
valve allows backflow of

blood into the right atrium

FIGURE 15-26 A malfunctioning TV that allows blood to backflow into the RA during systole causes TR.
Courtesy of U.S. National Library of Medicine.

Type Cause

Congenital • Ebstein anomaly
• TV dysplasia
• TV hypoplasia
• TV cleft
• Double-orifice TV
• Unguarded TV orifice

Acquired • Endocarditis
• Trauma
• Carcinoid heart disease
• Rheumatic heart disease
• TV prolapse
• Iatrogenic

• Radiation
• Drugs
• Biopsy

Functional (normal 
leaflets)

• Annular dilatation
• RV dysplasia
• Endomyocardial fibrosis
• Primary PH
• Secondary PH
• ASD
• Anomalous pulmonary venous drainage

Data from Bruce C, Connolly H. Right-sided valve disease deserves a  
little more respect. Circulation. 2009;119(20):2726–2734. doi:10.1161 
/circulationaha.108.776021.

TABLE 15-22
Causes of TR

422 CHAPTER  15 Heart Failure



RVH, RV dysfunction, HF, enlarged superior vena cava, 
and an enlarged right atrial or RV silhouette.61

If surgery is planned, a cardiac catheterization is 
performed. This will allow for accurate pressure meas-
urements and evaluation of the coronary anatomy. 
On the right atrial pressure waveform, a large V wave 
is seen.61

Very mild TR is not usually medically treated unless 
endocarditis causes it. However, severe TR necessitates 
repair as soon as symptoms are present or when it is 
moderate with progressive RV enlargement or dys-
function.61 As the TR becomes severe, it will cause RV 
volume overload. Eventually, the RV will not be able to 
function properly. When this occurs, the problem is ir-
reversible. The prognosis at this point is poor.61 TR has 
a negative impact on long-term survival.62

Repair options include annuloplasty (the valve an-
nulus is sutured to a prosthetic ring), valve repair, and 
valve replacement. If annuloplasty is not feasible or the 
valve is abnormal, then valve repair or replacement is 
necessary. The indication for valve replacement includes 
damage by the chemical released from a carcinoid tu-
mor (carcinoid syndrome) or Ebstein anomaly (the infe-
riorly displaced valve located in the RV). The pressures 
on the right side of the heart are low and reduce the 
chances of thrombus by using a bioprosthetic.61

The main complication with TR is endocarditis. 
Good dental care reduces the risk of this complication. 
Before any invasive medical procedure, including dental 
work, anyone with TR needs to take antibiotics to pre-
vent infection (Table 15-23).63

Tricuspid Stenosis
Tricuspid stenosis (TS) obstructs blood flow from the 
RA to the RV during diastole.64 Rheumatic heart disease 
accounts for approximately 90% of TS cases. TS is rare 
in developed countries.62 Mitral valve disease invariably 
accompanies rheumatic TS, and it is difficult to separ-
ate symptoms specific to TS. The causes of TS appear in 
Box 15-10.

The signs and symptoms of severe TS appear in 
Box 15-11.

BOX 15-9 Conditions Indicating  
Severe TR
1. Failure of the leaflets to join (coaptation)
2. Flail leaflet (chordae tendineae not holding leaf-

let in place)
3. Large regurgitant jet on color Doppler
4. Large flow convergence zone proximal to the 

valve
5. Systolic flow reversal in the hepatic veins

Description TV leaflets do not close properly, allowing 
blood to flow from the RV to the RA during 
systole.

Etiology Congenital
Acquired
Functional

Clinical 
manifestations

Prolonged latent period (mild)
JVD (moderate to severe)
Liver enlargement (moderate to severe)
Peripheral edema (moderate to severe)
Carvallo sign

Diagnostic tests Doppler echocardiogram
ECG
Cardiac catheterization

Medical treatment

Surgical treatment Annuloplasty repair
Surgical valve repair
Surgical bioprosthetic valve replacement

TABLE 15-23
Summary of TR

BOX 15-10 Causes of TS

 � Rheumatic heart disease

 � Congenital TS

 � RA tumors

 � Carcinoid heart disease

 � Endomyocardial fibrosis

 � Valvular vegetation

 � Extracardiac tumors

Data from Bruce C, Connolly H. Right-sided valve disease de-
serves a little more respect. Circulation. 2009;119(20):2726–2734. 
doi:10.1161/circulationaha.108.776021.

BOX 15-11 Signs and Symptoms of 
Severe TS

 � Fluttering discomfort in the neck

 � Fatigue

 � Cold skin (due to low cardiac output)

 � Right upper quadrant abdominal discomfort 
(due to an enlarged liver)

 � JVD increasing with  inspiration (Kussmaul sign)

 � Face dusky in color

 � Scalp veins may dilate when the patient is lying 
down (recumbent)

 � Hepatic congestion

 � Peripheral edema
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Upon physical examination and auscultation, TS is 
often inaudible but may produce a soft opening snap. 
Upon inspiration, the murmur becomes louder and 
longer and will be softer and shorter with the Valsalva 
maneuver.64 Findings of TS often coexist with those of 
MS and are less prominent. The murmurs are clinically 
distinguishable.64

A suspected TS from an examination requires an 
echocardiogram to confirm its presence. An echocar-
diogram shows a diastolic pressure gradient across 
the TV (>5 mm Hg if severe), thickened leaflets with 
reduced movement, and RA enlargement.64 An ECG 
may show RA enlargement with tall peaked P waves in 
inferior leads and V1. The superior vena cava and RA 
will appear enlarged on a CXR. Blood work will reveal 
elevated liver enzymes due to hepatic congestion.64

A cardiac catheterization is usually not performed; 
however, if performed, it will show elevated RA pres-
sure with a slow fall in early diastole and a diastolic 
pressure gradient across the TV.64

Because there is not much evidence to show that 
valve replacement is beneficial, the valve is rarely re-
placed; medical treatment will include a low-salt diet, 
diuretics, and aldosterone antagonists. If the symptoms 
worsen, then the valve needs replacement.64

Risk factors for TS include Group A streptococcal 
pharyngitis, metastatic carcinoid tumors, artificial TV, 
intravenous drug use, pacemaker/defibrillator leads 
crossing TV orifice, and genetic predisposition and en-
vironmental factors.65 Complications from TS are right 
atrial enlargement, right-sided HF, stroke, arrhythmias, 
or blood clots.66 The prognosis of TS is usually good, 
but it is dependent on the progression of the underlying 
causes, other related heart abnormalities, and associ-
ated arrhythmias (Table 15-24).67

Congenital Heart Disease
A congenital heart disease is due to a structural and 
functional problem within the heart that has been pres-
ent since birth. VSDs and ASDs are the most common 
types of congenital heart defects that can go undetected 
for years if small enough.

Ventricular Septal Defects
A ventricular septal defect (VSD) is the abnormal open-
ing in the intraventricular septal wall6 (Figure 15-25). 
The incidence of VSDs is 1.5–3.5 per 1,000 live births.68 
The size, and not the location, of the VSD dictates some 
hemodynamic changes and symptoms. A VSD allows 
communication between systemic and pulmonary cir-
culations. The blood flow through the VSD typically 
moves from the LV (high pressure) to the RV (low pres-
sure), causing a left-to-right shunt (Figure 15-27).

Description Obstruction of blood flow from the 
RA to the RV during diastole due to 
stenosis

Etiology Rheumatic heart disease (90% of 
cases)

Clinical manifestations JVD
Abdominal distension
Hepatomegaly

Diagnostic tests Echocardiogram
ECG
CXR
Liver enzymes

Medical treatment Low-sodium diet
Diuretic
Aldosterone antagonist

Surgical treatment Surgical valve replacement

TABLE 15-24
Summary of TS

KNOWLEDGE CHECK QUESTIONS

1. True or False: AI leads to LV volume overload.
2. True or False: The most common valvular heart 

disease is MS.
3. True or False: DCM can cause MR.
4. True or False: The S1 heat sound is accentuated 

with MS.
5. True or False: Chronic severe pulmonary insuf-

ficiency causes left-sided HF.
6. True or False: PS is a component of Tetralogy of 

Fallot.

FIGURE 15-27 Ventricle septal defect.
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The smaller the VSD, the more resistance flows 
through it, resulting in less shunted blood. Small VSDs 
are restrictive VSDs because the defect itself offers 
more resistance to flow than the pulmonary or systemic 
vasculature.68 Large VSDs allow significant shunting 
to occur. A fetus with a large VSD has little shunting 
because both pulmonary and SVR are equivalent. After 
birth, however, the normal fall in pulmonary vascular 
resistance (PVR) causes increasing left-to-right shunt-
ing through a large VSD. Because no physical resist-
ance to blood flow exists with a large VSD, they are 
nonrestrictive VSDs.68

A small VSD may not produce symptoms and may 
have an excellent long-term prognosis, even without 
treatment. A large VSD requires a trial of a medical 
therapy to manage symptomatic CHF.32 Many VSDs 
may become smaller over time. However, uncontrolled 
CHF accompanied by a failure to thrive and recurrent 
respiratory infections are indications of surgical repair. 
Neither the age nor the size of the patient is prohibitive 
when considering surgery.68

The pathophysiologic effects of a VSD result from 
a large left-to-right shunt. The hemodynamic conse-
quences of a left-to-right shunt are volume overload 
of the RV, pulmonary circulation, LA, and LV. Initially, 
the increased blood return to the LV augments stroke 
volume (via the Frank–Starling mechanism), but over 
time, the increased volume load can result in chamber 
dilatation, systolic dysfunction, and symptoms of HF.68 
The volume overload in the RV increases pressure and 
may lead to pulmonary vascular disease.69 The presence 
of pulmonary vascular disease may change the shunt 
to a right-to-left shunt (Eisenmenger syndrome).69 A 
right-to-left shunt will send deoxygenated blood dir-
ectly to the systemic arterial circulation, causing sys-
temic hypoxemia and cyanosis.68

The size of the VSD and left-to-right shunt influences 
the patient signs and symptoms.70 The large VSDs are 
typically found early and repaired. If an adult has a VSD, 
it is usually small in size.70 Small VSDs are typically 
asymptomatic or mild, with no murmur heard during 
auscultation.

Newborns with moderate VSD may sweat excessively 
during feedings due to increased sympathetic tone. The 
increased cardiac output needed for feeding fatigues 
the infant, resulting in failure to thrive and frequent res-
piratory infections. Symptoms become more apparent 
as the PVR decreases.70 The symptoms of a large VSD 
will be similar to those of a moderate VSD, but with 
increased severity. A delayed decrease in PVR will delay 
the symptoms.

Cardiac auscultation detects a VSD over the lower 
left sternal border. The sound heard is related to the 
oxygenated blood “swishing” through the hole or VSD 
into the RV (holosystolic murmur).71 The smaller the 
defect, the louder the holosystolic murmur. This oc-
curs because smaller holes create more turbulent flow. 

When suspected, a VSD is confirmed by Doppler echo-
cardiogram. The echocardiogram quantifies the amount 
of blood shunted and the pulmonary pressure. A CXR 
may show an enlarged heart, pulmonary congestion, or 
alveolar edema.71 An ECG may show LVH or RVH (see 
“Hypertrophic Cardiomyopathy” section). With RVH, 
there is a concern with PH and immediate intervention 
is necessary. A right and left heart catheterization may 
be necessary to obtain right heart, left heart, and pul-
monary pressures.71

By age 2, at least 50% of small and moderate-sized 
VSDs undergo sufficient partial or complete spon-
taneous closure to make intervention unnecessary.68 
Even after this type of closure, long-term follow-up is 
required.72

An untreated VSD can lead to pulmonary vascular 
disease and HF. If HF develops, it is treated with the 
same drugs used for DCM. Ultimately, a large VSD will 
need to be repaired surgically. Two types of surgeries 
are available to correct a VSD: the intracardiac tech-
nique and the transcatheter technique.72 The surgical 
procedure is open-heart surgery, using the heart–lung 
bypass machine. The surgery to repair a VSD usually in-
volves placing a patch to close the hole.73 The patch is a 
strong woven fabric made of Gore-Tex or Dacron. Dur-
ing the healing process, the heart’s cells will grow over 
the patch, making it part of the body.73

The transcatheter approach, currently in clinical 
trials, involves surgical instruments passed through 
catheters inserted into the body. To close the hole, a 
disk is deployed through the catheter.72

Risk factors for VSD include Asian heritage (Asians 
are more likely to be born with VSD), family history of 
congenital heart disease, and other genetic disorders, 
such as Down syndrome.74

Complications from VSD include aortic regur-
gitation, Eisenmenger syndrome, RV outflow tract 
obstruction, discrete fibrous sub-AS (a fibrous lesion 
obstructing the LVOT), and infective endocarditis.75

Children with small VSDs, who are asymptomatic, 
have a good prognosis. However, the outcome of med-
ical therapy for children with moderate or large VSDs 
varies. Many infants show improvement between the 
ages of 6 and 24 months. Surgical intervention car-
ries less than a 2% mortality rate for isolated VSDs 
(Table 15-25).68

Atrial Septal Defect
Atrial septal defects (ASD) are persistent openings 
in the heart between the left and the right atria, as 
seen in Figure 15-28. The opening can occur any-
where along the atrial septum, but most commonly 
occurs in the area of the foramen ovale. This is an 
ostium secundum defect. Its development is due to in-
adequate formation of the septum secundum, excessive 
resorption of the septum primum, or a combination. 
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Less common ASDs include the ostium primum defect 
located in the lower right portion of the interatrial sep-
tum (a defect of the endocardial cushion tissue) and the 
sinus venosus defect located in the high RA (is an error 
in the incorporation of the sinus venosus chamber into 
the RA).69

The pathophysiology in all three ASDs is the same. 
The flow through the defect will occur during both 
systole and diastole, and is mostly a left-to-right shunt. 
The majority of the shunted blood occurs during dias-
tole. It is at this time that the blood can flow through 
the AV valve to the ventricles, or through the defect.69 
The direction of flow across the ASD during diastole 
is determined by the compliance and the capacity of 
the two ventricles. The LV has thicker walls than the 
RV and, therefore, is less complaint, which will favor 
a left-to-right shunt.69 If the RV develops an increase 
in afterload due to increasing PVR, it will become hy-
pertrophied and less compliant. Consequently, there 
will be a decrease in the left-to-right shunt. The more 

hypertrophied the RV becomes, the less the left-to-right 
shunt will be. A continued RV compliance reduction 
will shift the shunt to a right-to-left shunt (Eisenmenger 
syndrome).69

The size of the ASD will determine the volume of 
blood shunted. In a large ASD, there is little or no resist-
ance to flow. Blood flow across the defect in diastole 
is determined entirely by the relative properties of the 
ventricles. A small ASD is considered a restrictive de-
fect. Blood flow is limited by the resistance of the ASD 
itself, no matter how large the difference in ventricular 
compliance.69

Children with an ASD are not always symptomatic 
because the myocardium is compliant and of normal 
size. As people with an ASD age, the myocardium hy-
pertrophies and becomes less compliant. Symptoms 
usually appear between the ages of 40 and 50.69

Because the shunt is between the left and the right 
atria, the LV receives less blood. This reduces preload, 
leading to a reduction in contractility and systemic 
cardiac output. There is an increase in pulmonary car-
diac output, causing pulmonary volume overload. Less 
oxygenated blood going into the systemic circulation 
causes shortness of breath on exertion, the most com-
mon symptom.69

The increased volume in the RA and RV causes the 
myocardium to stretch, resulting in atrial arrhythmias, 
usually the first sign of an ASD. A young adult present-
ing with atrial arrhythmia needs evaluation for dilata-
tion of the RA and RV and evidence of an atrial-level 
shunt.69

If dilation of the RA and RV exist, a CXR will show 
cardiomegaly with a prominent PA and pulmonary 
vascular markings in the lung fields.76 An ECG will vary 
depending on the location of the septal defect. A secun-
dum ASD may show normal sinus rhythm, right-axis 
deviation, an interventricular conduction delay, or right 
bundle branch block.76 An ostium primum ASD will 
show left-axis deviation, an interventricular conduction 
delay, or right bundle branch block.76

An echocardiogram will confirm the diagnosis of 
ASD. Doppler studies can demonstrate flow across  
the atrial septum. They typically show a biphasic 
pattern with a small right-to-left shunt at the be-
ginning of systole. Using a contrast agent during 
the echocardiography provides confirmation of the 
shunt direction (right to left or left to right).76 If an 
echocardiogram is inconclusive, a TEE can provide 
confirmation.76

MRIs can identify the size and position of an ASD. 
The MRI, however, does not detect small ASDs. Advan-
tages of MRI use are visualization and quantification of 
the RV size, volume, and function and evaluation of the 
systemic and pulmonary venous return.76

Asymptomatic ASDs do not require medical thera-
pies. Symptomatic ASDs require medical treatment 

Description Abnormal opening in the intraventricular 
septal wall

Etiology Congenital defect

Clinical 
manifestations

Small VSD—holosystolic murmur
Large VSD—signs and symptoms of CHF 
and pulmonary vascular disease

Diagnostic tests Doppler echocardiogram
Right and left heart catheterization

Medical treatment Same drugs used for DCM

Surgical treatment Open-heart surgical repair with a Gore-Tex 
or Dacron patch

TABLE 15-25
Summary of VSDs

Sinus
venosus

defect

Ostium
primum

defect

Ostium
secundum

defect RA

RV

LA

LV

FIGURE 15-28 ASD locations.
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that include anticoagulant agents, antiarrhythmic 
agents, and diuretic agents (for CHF symptoms). ASD 
repair either surgically or percutaneously is the most 
effective treatment.67 The surgical procedure is con-
sidered open-heart surgery and uses autologous peri-
cardium, synthetic patches made of polyester polymer 
(Dacron), or polytetrafluoroethylene (PTFE) to close 
the ASD.67

An ostium primum ASD is the most complicated and 
difficult to repair. Placing the patch is difficult and must 
be attached to the septum at the juncture of the mitral 
and TVs. The mitral valve may also need to be repaired, 
including closure of the cleft mitral leaflet and, possibly, 
annuloplasty.67

A sinus venosus ASD may cause one or more of the 
PV to drain into the RA (anomalous pulmonary venous 
return). During the repair of the sinus venosus ASD, the 
patch must be placed so as to close the ASD and ensure 
the anomalous pulmonary venous drainage is diverted 
into the LA. If not done correctly, the pulmonary ve-
nous return will be compromised and may lead to pul-
monary venous hypertension.67

Transcatheter ASD closure is associated with 
fewer complications, shortened hospitalization, and 
reduced need for blood products. Catheters with the 
ASD patch are placed through a femoral vein and de-
ployed like an umbrella to seal the septal defect. The 
transcatheter devices work best for centrally located 
ostium secundum ASDs and for a patent foramen 
ovale. Prior to the procedure, a TEE determines the 
static diameter of the ASD. During the procedure, the 
diameter is measured using a sizing balloon; a balloon 
is inflated until no flow is visible through the defect 
using TEE.67

As with VSDs, ASDs are birth defects. They can oc-
cur alone or with other genetic problems, such as Down 
syndrome.77 The risk of congenital ASDs is increased 
by the presence of certain conditions before or during 
pregnancy. These conditions include rubella, drug, to-
bacco or alcohol use, diabetes, lupus, obesity, and phe-
nylketonuria (PKU).77

If an ASD is not repaired, the extra blood being 
shunted through the hole can lead to complications 
such as right HF, arrhythmias, stroke, and PH.78 The 
mortality rate for ASD is less than 1%. The morbid-
ity for ASD is low if it is repaired before age 45, if HF 
has not developed, and the pulmonary pressure is less 
than 60 mm Hg. When a sinus venosus ASD is surgi-
cally repaired, the mortality and morbidity are low, 
and clinical improvement occurs regardless of the 
patient’s age at surgery. Whether the ASD is repaired 
surgically or percutaneously, the long-term results are 
similar. More arrhythmias are seen following surgical 
repair than percutaneous repair. However, there are 
more embolic events with the percutaneous repairs 
(Table 15-26).67

Description Persistent opening in the heart between 
the left and the RA

Etiology Congenital
Maternal exposure to rubella, smoke, 
drugs, alcohol
Maternal diabetes, lupus, obesity, or PKU

Clinical 
manifestations

Small ASD—asymptomatic
Large ASD—CHF symptoms, myocardial 
hypertrophy

Diagnostic tests CXR
ECG
Doppler echocardiogram
TEE
MRI

Medical treatment Anticoagulant agents
Antiarrhythmic agents
Diuretic agents

Surgical treatment Open-heart surgical repair with polyester 
polymer (Dacron) patch or PTFE patch
Transcatheter closure with patch

TABLE 15-26
Summary of ASDs

Pericardial Diseases
The pericardium is a double-layer fibroelastic sac that 
contains the heart and the roots of the great vessels. 
This sac contains a thin layer of pericardial fluid, which 
provides lubrication for movement of the heart and 
protection against infection. Pericardial diseases may 
occur as a component of other systemic disorders or as 
an isolated disease.

Pericarditis
Pericarditis is caused by inflammation of the peri-
cardium, often with fluid accumulation (pericardial 
effusion). Acute pericarditis is a rapidly developing 
inflammation of the pericardium. The pericardium is a 
two-layered sac that surrounds the heart. The visceral 

KNOWLEDGE CHECK QUESTIONS

1. True or False: The location of the VSD deter-
mines the hemodynamic changes.

2. True or False: A holosystolic murmur is caused 
by a VSD.

3. True or False: There are three types of ASDs.
4. True or False: Small ASDs are usually 

asymptomatic.
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Diagnostic studies to identify acute pericarditis in-
clude the ECG, echocardiography, and blood studies. 
Serial ECGs may be necessary to observe any abnor-
malities. ECG changes in pericarditis can occur in four 
stages although not all stages are present in all cases79 
(Table 15-27). Stage I ECG is shown in Figure 15-27.

Lab tests usually show an elevated white blood cell 
count and elevated erythrocyte sedimentation rate. 
Additional tests, blood work for serum cardiac marker 
(troponin), and a lung scan may be required if the ECG 
is atypical for pericarditis.79 Troponin is often elevated 
in acute pericarditis due to epicardial inflammation, 
and therefore, it cannot be used to distinguish between 
pericarditis, acute infarction, and pulmonary embo-
lism.79 An echocardiogram can identify the presence 
and hemodynamic consequences of pericardial effusion 
(Figure 15-29).

Idiopathic or viral pericarditis is a self-limiting dis-
ease that usually runs its course in 1–3 weeks. Manage-
ment involves rest, analgesics, and anti-inflammatory 
drugs. If a large pericardial effusion is present, it may 
require removal (pericardiocentesis).80 Subacute  
pericarditis is a prolongation of acute pericarditis and 
has the same causes.79

Constrictive pericarditis results from a rigid peri-
cardium that does not allow the heart to stretch and 
fill appropriately during diastole. Its etiology includes 
any disorder that causes acute pericarditis. Constrictive 
pericarditis occurs when the visceral and parietal lay-
ers adhere to each other or to the myocardium due to 
marked inflammatory, fibrotic (may contain calcium) 
thickening of the pericardium. The stiff, thickened peri-
cardium inhibits the normal filling of the cardiac cham-
bers.80 The RV will quickly reach its limit, and venous 
return to the right heart ceases. This causes the systemic 
venous pressure to rise and signs of right HF to ensue.80 
Impairment of LV filling decreases cardiac output.

Clinically, constrictive pericarditis causes jugular 
veins to become more distended during inspiration 

pericardium contains a single layer of mesothelial cells, 
which adhere to the outer wall of the heart. The visceral 
pericardium reflects back on itself over the origin of the 
great vessels and joins with a tough, fibrous outer layer, 
the parietal pericardium. The sac created by these two 
layers normally contains a thin film of pericardial fluid 
that decreases the friction between the layers during 
movement.79

There are three main causes of acute pericarditis: id-
iopathic, infectious and noninfectious. See Box 15-12.

The most frequent symptoms of acute pericarditis 
are chest pain and fever. The chest pain resembles an 
acute MI or pulmonary infarction. Auscultation reveals 
a pericardial friction rub created by the movement of the 
inflamed pericardial layers against each other. The rub be-
comes louder when the patient leans forward and exhales.

BOX 15-12 Causes of Acute Pericarditis

 � Idiopathic

 � Noninfectious

 y Drug induced
 { Hydralazine
 { Procainamide

 y Connective tissue diseases
 { Rheumatoid arthritis
 { Systemic lupus erythematosus
 { Systemic sclerosis

 y Cancer
 { Breast cancer
 { Leukemia
 { Lung cancer

 y Post-MI

 y Radiation therapy

 � Infectious

 y Bacteria
 { Pneumococci
 { Staphylococci
 { Tuberculosis

 y Viral
 { Coxsackie B
 { Echovirus
 { Influenza

 y Fungal
 { Blastomycosis
 { Candidiasis
 { Coccidioidomycosis
 { Histoplasmosis

Stages Description

I • ST segments show upward concave elevation
• The PR segments may be depressed

II • ST segments return to baseline
• T waves flatten

III • T waves are inverted throughout the ECG
• T-wave inversion occurs after the ST segments 

return to baseline (different pattern than acute 
ischemia or MI)

IV • T-wave changes resolve

TABLE 15-27
ECG Stages in Acute Pericarditis
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FIGURE 15-29 Twelve-lead ECG of acute pericarditis showing a Stage I ECG. The ST segments in all but Leads aVR and V1 show upward 
concave elevation. The T waves are depressed in Leads aVR and V1.

(Kussmaul sign) due to the inability of the right heart 
to accommodate the increased venous return created 
from the negative intrathoracic pressure generated by 
inspiration.80

Diagnostic testing includes ECG, lateral CXR, Dop-
pler echocardiogram, cardiac catheterization, CT, or 
MRI. The ECG and echocardiography have nonspecific 
findings. A lateral CXR may show pericardial calcifica-
tion. The Doppler echocardiography can distinguish 
constrictive pericarditis from RCM. Right and left car-
diac catheterizations can quantify the hemodynamic 
changes. A CT or MRI can identify pericardial thicken-
ing greater than 5 mm.80

Treatment for severe constrictive pericarditis is a 
pericardial resection. Newly diagnosed patients who are 
hemodynamically stable and without evidence of chronic 
constriction may be given a 2- to 3-month trial of anti-
inflammatory drugs, rather than pericardial resection.79

Pericardial Effusion
A pericardial effusion is an accumulation of fluid in 
the pericardium. Normally the pericardial sac contains 
between 15 and 50 mL of pericardial fluid. A larger vol-
ume of fluid may accumulate in association with acute 
pericarditis.80

Because the pericardium is a relatively stiff structure, 
the relationship between its internal volume and pres-
sure is not linear.80 A small increase in volume in the 
pericardium will result in a small rise in pressure. How-
ever, when the intrapericardial volume expands beyond 

a critical level, a dramatic increase in pressure is caused 
by the nondistensible sac.80

Three factors determine whether a pericardial effu-
sion remains clinically silent or whether symptoms of 
cardiac compression are created: (1) the volume of fluid, 
(2) the rate at which the fluid accumulates, and (3) the 
compliance characteristics of the pericardium.80

A pericardial effusion can be seen on a CXR, if there 
is more than approximately 250 mL in the pericardium, 
as an enlarged cardiac silhouette. See Figure 15-30. The 
ECG in Figure 15-31 shows the decreased waveform 
voltage (small QRS complexes, P waves, and T waves). 
If a large effusion exists, then the QRS complexes on 
the ECG will alternate between large and small, known 
as electrical alternans. Electrical alternans occurs with 
variation in the cardiac position (swinging heart). An 
echocardiography is used to estimate the volume of 
pericardial fluid, identifies cardiac tamponade, acute 
myocarditis, and/or HF.79

Treatment for pericardial effusion includes finding 
and treating the cause. In effusions where the etiology is 
unknown, and there are no symptoms, only observation 
is required.79 Symptomatic and persistent pericardial 
effusions may require a window to be placed in the peri-
cardium so the fluid can drain continuously. This can be 
done either surgically or percutaneously using a balloon 
pericardiotomy. A balloon pericardiotomy requires in-
sertion of a catheter with a camera between the ribs.  
A puncture in the pericardial sac allows for the inflation 
of the balloon to create the window.79
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FIGURE 15-30 An anteroposterior view of a 40-year-old man with a 
hemopericardium (blood in the pericardium) and pleural effusion after 
pericardial tapping of 550 mL. The radiograph demonstrates the 
air-fluid level between the heart and the pericardium.
© Santibhavank P/Shutterstock.
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FIGURE 15-31 Twelve lead ECG of pericardial effusion.
Garcia GB, Holtz EH. 12-Lead ECG: The Art of Interpretation. Burlington, MA: Jones & Bartlett Learning; 2013.

Cardiac Tamponade
Cardiac tamponade is a life-threatening condition 
caused by the accumulation of pericardial fluid under 
high pressure, compressing the heart and severely limit-
ing the filling of its chambers. There is a reduction in 

both stroke volume and cardiac output that may lead to 
hypotensive shock and death.80

Cardiac tamponade may develop from acute pericar-
ditis, neoplasm, post-viral infection, acute hemorrhage 
into the pericardium from blunt or penetrating chest 
trauma, rupture of the LV wall post-MI, and as a com-
plication of a dissecting aortic aneurysm.

Cardiac tamponade is suspected in any patient 
with known pericarditis, pericardial effusion, or chest 
trauma who develop signs of cardiogenic shock. These 
signs include a low cardiac output, low systemic arterial 
pressure, tachycardia, and dyspnea. Pulsus paradoxus 
characterized by greater than 10 mm Hg inspiratory 
fall in systolic BP is a useful sign of tamponade.81 This 
sign is also present in severe asthma exacerbations and 
pulmonary embolism. A CXR showing cardiomegaly is 
common81 (Figure 15-32). The clinical manifestations 
of cardiac tamponade appear in Box 15-13.

Cardiac tamponade is suggested by low voltage and 
electrical alternans on the ECG. However, these find-
ings lack sensitivity and specificity. Echocardiography 
is the most useful noninvasive technique to evaluate 
whether pericardial effusion has led to cardiac tam-
ponade physiology.80,81 When tamponade is suspected, 
echocardiography is done unless even a brief delay 
might be life threatening. Then pericardiocentesis is 
done immediately for diagnosis and treatment. On an 
echocardiogram, respiratory variation of transvalvu-
lar and venous flows and compression or collapse of 
right cardiac chambers in the presence of a pericardial 
effusion support the diagnosis.79 The definitive diag-
nostic procedure for cardiac tamponade is cardiac 

430 CHAPTER  15 Heart Failure



If cardiac tamponade recurs after pericardiocentesis, 
the procedure can be repeated. In some cases, removal 
of part or all of the pericardium is required to prevent 
re-accumulation of the effusion.80

FIGURE 15-32 A 21-year-old man with an enlarged cardiac 
silhouette due to cardiac tamponade manifested by a systemic 
inflammatory disease.
Reproduced with permission from Carrilho-Ferreira P, Silva D, de Jesus Silva M, André R, 
Varela M, Diogo A. Adult-onset Still’s disease and cardiac tamponade: a rare association. 
Texas Heart Inst J. 2015;42(3):277–280. doi:10.14503/thij-14-4101.

BOX 15-13 Clinical Manifestations  
of Cardiac Tamponade

 � Dyspnea

 � Hypoxemia

 � Hypotension with pulsus paradoxus (fall of  
>10 mm Hg in systolic BP during inspiration)

 � JVD

 � Muffled heart sounds

 � Sinus tachycardia

catheterization with measurement of intracardiac and 
intrapericardial pressures, usually combined with thera-
peutic pericardiocentesis.80

To perform a pericardiocentesis, the patient needs 
to be in the supine position with the head elevated 30° 
from supine. Echocardiography is used to perform a de-
tailed evaluation before pericardiocentesis to determine 
the ideal entry site to obtain the maximal amount of 
fluid.82 After using lidocaine to numb the area, a needle 
is inserted into the pericardium. Once in place, the fluid 
is aspirated into a syringe. ECG monitoring is essential 
for detecting arrhythmias produced when the myocar-
dium is touched or punctured. The fluid is removed 
until the intrapericardial pressure falls below the right 
atrial pressure. If the effusion is large, a catheter will be 
inserted and attached to a plastic bag so the fluid can 
continue draining.79

KNOWLEDGE CHECK QUESTIONS

1. True or False: Chest pain and fever occur com-
monly with acute pericarditis.

2. True or False: Troponin levels are normal with 
acute pericarditis.

3. True or False: Severe constrictive pericarditis 
can be controlled with medications.

4. True or False: Cardiac tamponade is a 
life-threatening condition requiring immediate 
attention.

Left Ventricular Hypertrophy
Left ventricular hypertrophy (LVH) results from the 
thickening of the LV walls due to chronic overload 
(Figure 15-33). The two most important factors con-
tributing to the development of LVH are chronic pres-
sure overload and chronic volume overload.38 Chronic 
pressure overload can be due to hypertension or AS.38 
Hypertension and AS increase ventricular afterload and 
cause LVH as a compensatory mechanism. This results 
from the thickening of myocytes, causing increased 
ventricular wall thickness, or concentric hypertrophy.

Volume overloading is an even more potent stimulus 
to the development of atrial dilation and LVH. MR or 
aortic regurgitation cause chronic volume overload. 
This leads to the elongation of the myocytes, enlarg-
ing the ventricle chamber and thickening the ventricle 
walls, or eccentric hypertrophy.83

The chronic volume or pressure overload causes the 
myocytes to remodel by either elongating or thickening. 
At first, this helps to reduce the stress on the ventricular 
wall and maintain the contractile force. Eventually, ven-
tricular function declines, leading to chamber dilation 
out of proportion to wall thickness. As LVH continues 
and complications develop, symptoms appear. These 
symptoms include shortness of breath, exertional chest 
pain, palpitations, dizziness, and fainting.83

Patients with LVH due to continuous pressure or 
volume overload may remain in a compensatory phase 
with no symptoms and normal or near-normal exercise 
reserve for years. Others have a transition to HF that 
may be due to diastolic dysfunction, or systolic dysfunc-
tion, or both.38

The ECG remains a clinical tool, quickly and eas-
ily available to most practitioners, at a relatively small 
cost.84 ECG criteria have a high specificity (ability to 
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FIGURE 15-33 LVH is a thickening of the myocardium of the LV.

Cause Nonpharmacologic Treatment Pharmacologic Treatment

Aortic regurgitation Surgical correction Calcium-channel blockers
ACE inhibitors

AS SAVR
TAVR

Supportive therapy

Congenital heart disease Surgical correction Supportive therapy

Hypertension Weight reduction
Exercise
Sodium restriction
Alcohol reduction
Smoking cessation

Diuretics
Beta-blockers
Alpha2 adrenergic agonists
Alpha1 antagonists
Calcium-channel blockers
Angiotensin II receptor blockers
Direct renin inhibitor

HCM Genetic counseling
Myomectomy
Percutaneous septal ablation

Beta-blockers
Calcium-channel blockers
Type IA antiarrhythmic agents

MR Acute MR before surgery intra-aortic balloon pump
Mitral valve repair
Mitral valve replacement

Acute MR—intravenous nitroprusside, nitroglycerin

Obesity Weight reduction Supportive therapy

TABLE 15-28
Causes of LVH and Its Treatment

rule in LVH) but low sensitivity (unable to always rule 
out LVH).85 TEE has poor reproducibility and is costly. 
CMRI is currently the gold standard for assessing LV 
mass. It is highly specific and highly sensitive, and has 
excellent reproducibility.85 However, it is costly and not 

readily available. So, the 12-lead ECG remains the simple 
and cost-effective screening test for LVH.

The treatment, risk factors, and prognosis for LVH 
depend on its cause. See Table 15-28 for causes of LVH 
and a summary of its treatments.
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Chapter Summary
HF is the heart’s inability to supply the blood needed 
by the body to survive. It can be caused due to a filling 
problem, or pumping problem, or both, and becomes 
progressively worse unless treated. HF is not a disease 
itself, but a complication of other diseases. As a result, 
HF and its underlying cause must be treated. Two scales 
quantify HF (NYHA functional class and the American 
Heart Association and American College of Cardiology 
Foundation [AHA/ACCF]). HF can result from one or 
more of the following:

1. CHD
2. MI
3. Hypertension
4. Heart valve failure
5. Heart damage (due to alcohol, drug abuse, or 

chemotherapy)
6. Cardiomyopathy (dilated, hypertrophic, or 

restrictive)
7. Congenital heart disease
8. Pulmonary emboli
9. Myocarditis (bacterial or viral)

10. HIV
11. VSD
12. ASD
13. Diabetes
14. Pericardial disease

Currently, more than 5.8 million people in America 
and more than 23 million worldwide are diagnosed 
with HF. Each year more than 550,000 new cases are 
diagnosed, and in 2009, 1 in 9 deaths included HF as 
the contributing cause. By the year 2030, the prevalence 
of HF will increase 25% from the 2013 estimates. The 
total medical cost for HF in 2012 was $20.9 billion, and 
is expected to increase to $53.1 billion by 2030; this is 
a 2.5-fold increase. HF among the different racial and 
ethnic groups is expected to increase substantially. The 
African American population will have the largest in-
crease followed by white non-Hispanic; white Hispanics 
will have the lowest increase.

HF can be either left or right sided. It can be acute 
or chronic. It can occur during diastole or systole. 
Left-sided HF or pulmonary disease causes right-
sided HF. The problem can be a forward, backward, 
or congestive failure. The diseases that can cause HF 

KNOWLEDGE CHECK QUESTIONS

1. True or False: Hypertension causes chronic pres-
sure overload in the LV.

2. True or False: Aortic regurgitation causes 
chronic volume overload in the LV.

are the cardiomyopathies (dilated, hypertrophic, ob-
structive, or restrictive), ventricle hypertrophy, heart 
valve problems, defects in the ventricle or atrial septal 
wall, or pericarditis. The causes of the diseases can be 
congenital, CAD, infections, trauma, cancer, or gene 
mutations. The tests that can be performed to diagnose 
HF are CXR, blood test, echocardiogram, Doppler 
echocardiogram, ECG, heart catheterization, treadmill 
exercise stress test, and/or tracer study. The treatment 
for HF includes medication, valve repair or replace-
ment, surgery to repair a defect in the septal wall, put-
ting a pericardial window, removing the pericardium, 
or heart transplant. Risk factors can be family history, 
gender, age, diet, smoking, or alcohol. Complications 
can be death, stroke, heart attack, valve problem, or 
infections. Prognosis can be good with early interven-
tion to poor.

Key Points
1. HF occurs when cardiac output cannot meet the 

body’s metabolic demands.
2. There are two types of chronic HF: (1) HF with REF 

due to impaired LV systolic function and (2) HF 
with PEF due to diastolic dysfunction.

3. HF can occur on the right side, or the left side, or 
both sides.

4. Symptoms of HF may be brought on by increased 
metabolic demand, increase circulating volume, in-
creased afterload, or decreased contractility.

5. HF treatment requires the identification, elimina-
tion, or treatment of the underlying condition caus-
ing the HF.

6. Medications for HF with REF include ACE inhibi-
tors, beta-blockers, and, if necessary, diuretics, and 
inotropic drugs or ARB for those who do not toler-
ate ACE inhibitors. Medications for HF with PEF 
include diuretics and vasodilators.

7. The cardiomyopathies are heart muscle diseases 
that are classified by their pathophysiology as di-
lated, hypertrophic, or RCMs.

8. LV dilation with impaired systolic function is the 
hallmark of dilated cardiomyopathies. Thickening 
of the LV with impaired diastolic relaxation is the 
pathology behind hypertrophic cardiomyopathies. 
Ventricular arrhythmias associated with HCM 
cause sudden death. The rarest of the cardiomy-
opathies is RCM, characterized by an impairment 
of diastolic ventricular relaxation. All cardiomy-
opathies cause HF symptoms.

9. Rheumatic fever and congenital issues are the 
causes of a number of valvular heart diseases. 
Treatment of these valve diseases depends on the 
severity of the valve lesions and symptoms. Treat-
ment ranges from no treatment to open-heart sur-
gery for valve replacement.

433Key Points



10. Ventricular and ASDs are congenital heart defects 
that are present at birth. Mild defects may remain 
asymptomatic until adulthood. The larger the de-
fect, the more likely it will be detected in infancy. 
Septal defects allow blood to be shunted between 
atria or ventricles, bypassing the blood’s normal 
course. Symptomatic septal defects are treated with 
surgical or percutaneous repair.

11. Acute pericarditis usually has an idiopathic or viral 
etiology. Common findings include chest pain and 
fever. Complications of acute pericarditis include 
pericardial effusions, constrictive pericarditis, and 
cardiac tamponade. Excessive fluid in the pericar-
dial sac is drained by pericardiocentesis.

12. LVH is a consequence of LV compensation for 
chronic pressure or chronic volume overload due 
to a variety of etiologies. ECG remains the quickest, 
easiest, and least expensive method of detection for 
LVH. Treatment depends on the etiology.

Chapter Questions
 1. Heart failure (HF) occurs when ________________.
 a. the heart is unable to meet the body’s metabolic 

needs
 b. the heart stops working
 c. the heart has a congenital problem
 d. the left ventricle (LV) becomes hypertrophied
 2. In 2009, what was the mortality rate for HF?
 a. 1 in 15
 b. 1 in 20
 c. 1 in 9
 d. 1 in 5
 3. HF can affect ________________________.
 a. only the left side of the heart
 b. only the right side of the heart
 c. both sides of the heart
 d. the cardiac valves only
 4. Tests used to diagnose HF include which of the 

following?
 a. Heart catheterization
 b. Electrocardiogram
 c. Blood test
 d. All of the above
 5. Besides the initial cause of the HF, what else must 

be treated?
 a. Peripheral vascular problem
 b. Neuroendocrine system
 c. Muscular system
 d. Central nervous system
 6. When the right heart is affected, which other 

 system become congested?
 a. Pulmonary system
 b. Arterial system
 c. Venous system
 d. All of the above

 7. The total direct medical cost for HF in 2012 was 
_____________.

 a. $8 billion
 b. $20.9 million
 c. $579 million
 d. $20.9 billion
 8. Left HF is when the systolic and/or the dia-

stolic function is compromised, resulting in 
____________________.

 a. increased LV end-systolic pressure
 b. increased LV end-diastolic pressure
 c. decreased LV end-systolic pressure
 d. decreased LV end-systolic pressure
 9. What is the most common cause of right-sided HF?
 a. Cardiac arrhythmias
 b. Renal failure
 c. Left-sided HF
 d. Venous insufficiency
 10. Right-sided HF will cause which of the following?
 a. Chest pain
 b. Liver enlargement
 c. Stroke
 d. Pulmonary edema
 11. What medication below can be a treatment for HF?
 a. ACE inhibitors
 b. Vasodilators
 c. Beta-blockers
 d. All of the above
 12. Of the etiologies listed below, which one does NOT 

cause idiopathic dilated cardiomyopathy?
 a. Toxins
 b. Alcohol
 c. Virus
 d. Inherited
 13. What are the estimated drinks per day needed to 

develop alcoholic DCM?
 a. 2
 b. 4
 c. 10
 d. 8
 14. What is the usual cause of hypertrophic cardiomy-

opathy (HCM)?
 a. Hypertension
 b. Aortic stenosis
 c. Inherited
 d. None of the above
 15. The obstruction in HCM occurs in which area?
 a. Supravalvular
 b. Subvalvular
 c. At the valve
 d. Within the ventricle
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 16. Symptoms that are seen in acute aortic insuffi-
ciency are the same as ___________.

 a. HCM
 b. restrictive cardiomyopathy (RCM)
 c. constrictive pericarditis
 d. DCM
 17. The heart sound heard with aortic stenosis is a 

________________.
 a. loud systolic murmur
 b. diastolic murmur
 c. loud S2 sound
 d. low S1 sound
 18. Mitral regurgitation is caused by which of the 

following?
 a. Syphilis
 b. Infectious endocarditis
 c. Renal failure
 d. Hypertension
 19. Which arrhythmia is common with mitral stenosis?
 a. Sinus tachycardia
 b. Sinus bradycardia
 c. Atrial fibrillation
 d. Atrial tachycardia
 20. Acute pericarditis can lead to 

_____________________.
 a. cardiac tamponade
 b. HCM
 c. RCM
 d. DCM
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OBJECTIVES
1. State the working definition of ischemic heart 

disease (IHD).
2. Outline the incidence, prevalence, and risk factors  

for IHD.
3. Define and discuss secondary problems associated 

with IHD.
4. Predict the clinical manifestations of a patient with IHD.
5. Explain diagnostic testing used in identifying IHD.
6. Summarize the recommended management of patients 

with IHD.
7. Identify common complications associated with IHD.
8. Discuss the prognosis of IHD.

KEY TERMS
Aerobic metabolism
Anaerobic metabolism
Angina pectoris
Atherosclerosis
Bare-metal stent (BMS)
Bruce protocol
Carotid bruit
Coronary artery bypass 

grafting (CABG)
Coronary artery 

disease (CAD)
Coronary heart disease
Drug-eluting stent (DES)

Dual antiplatelet 
therapy (DAPT)

Fatty streak
Fractional flow 

reserve (FFR)
Heart disease
Heart failure
High-density 

lipoprotein (HDL)
Hyperacute phase
Hyperemia
Indeflator
Intima

Ischemic Heart Disease

“When the heart speaks, the mind finds it indecent to object.”

—Milan Kundera, 1984
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Ischemia
Ischemic heart 

disease (IHD)
Intravascular 

ultrasound (IVUS)
Left heart catheterization
Low-density lipoprotein 

(LDL)

Optical coherence 
tomography (OCT)

Pathologic Q wave
Percutaneous coronary 

angioplasty
Prinzmetal angina
Restenosis
Resting scan

Rotational atherectomy
Silent heart attack
Spontaneous coronary 

artery dissection (SCAD)
Stable angina

Stent
Stress scan
Translesional pressure
Unstable angina
Variant angina

Case Study
A 58-year-old female attorney has her first appoint-
ment with a new family physician. She has been 
experiencing some unusual symptoms lately. Her 
symptoms are discomfort in both arms, breaking out 
in a cold sweat, pain in her jaw, nausea, and shortness 
of breath without chest discomfort. Originally, these 
symptoms appeared only when she was having an 
extremely stressful day at work; however, lately the 
symptoms have been appearing even when she is rest-
ing. Before going to see her family physician, she tried 
using antacids to help with nausea and acetamino-
phen to help with the pain, but this did not help. When 
she told her current family physician about them, he 
just told her it was anxiety and stress and gave her an 
anti-anxiety medication. The medication did not seem 
to help, so she decided to see a new physician and 
hopes the new physician can diagnose her problem.

In addition to her job, she has a husband that 
travels a lot for his job, and she cares for two young 
children at home. She does not smoke, but she is 

around secondhand smoke all day. She denies illicit 
drug use or alcohol abuse. She admits to not exer-
cising on a regular basis, citing her work and home 
schedule is too busy to find the time. Her mother and 
father are still alive, and both receive treatment for 
heart disease.

On physical examination, the patient was not expe-
riencing any pain, discomfort, nausea, or shortness of 
breath. The exam reveals hypertension with a blood 
pressure of 154/102 mm Hg. The patient’s temperature 
is 97.9°F, respiratory rate is 16 breaths/minute, and 
pulse is 102 beats/minute. She is 65 inches tall, weighs 
162 pounds, and has a body mass index (BMI) of 27. 
She has no heart murmurs, no carotid bruit (a sound 
caused by turbulent blood flow in the carotid artery 
resulting from stenosis of the artery). The patient’s 
lungs are clear to auscultation. An electrocardiogram 
(ECG) performed in the office revealed sinus tachycar-
dia with ST-segment changes in leads V1 through V4, 
indicating anteroseptal ischemia.

Introduction
Ischemic heart disease (IHD) is coronary heart disease 
(CHD) or coronary artery disease (CAD).1 IHD can lead 
to a heart attack and ischemic cardiomyopathy.1,2 Statis-
tics from the Centers for Disease Control and Preven-
tion (CDC) shows that IHD is the number one killer 
of men and women in the United States, and approxi-
mately 611,000 died in 2009 from heart disease.3 While 
genetics has a large influence on CAD, there are other 
risk factors that are independent of genetics. Table 16-1 
lists the uncontrollable and controllable risk factors 
for IHD.

The American Heart Association (AHA) reports that 
the annual cost of treating IHD is over $108 billion.3 
As the population in America ages, the cost of heart 
disease increase. One study puts the cost at $818 bil-
lion by the year 2030.5 In an effort to reduce risk and 
cost, the AHA and the American College of Cardiology 

Uncontrollable IHD Risk 
Factors

Controllable IHD Risk 
Factors

Age
Gender
Family history
History of preeclampsia 

during pregnancy

Hypertension
Hyperlipidemia
Diabetes and prediabetes
Tobacco smoking
Overweight or obese
Physically inactivity
Unhealthy diet4

TABLE 16-1
Uncontrollable and Controllable IHD Risk Factors

Foundation (ACCF) released their updated 2011 guide-
line for prevention and risk reduction therapy for CHD.6 
This guideline lists several strategies and goals that need 
to be implemented (Table 16-2).
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Definition and Diagnosis
Diet and exercise can prevent, delay, or reverse CHD. 
The cause of CHD is plaque buildup in the coronary 
arteries, known as atherosclerosis (Figure 16-1).7 As 
the plaque builds in the coronary arteries, the lumen of 
the vessels become narrowed, reducing the amount of 
blood the heart receives. When this happens, the heart 
does not receive the oxygen supply it needs to func-
tion properly; this is ischemia.8 Ischemia can manifest 
itself in different ways. The most obvious one is severe 
chest pain; however, shortness of breath and sweat-
ing (diaphoretic) are common. Other signs, which may 
not always be visible, are chest pressure or discomfort, 
indigestion, weakness, nausea, dizziness, and rapid 
heartbeat. These symptoms may appear only while the 
person is under exertion, known as stable angina, or 
they can appear at rest, known as unstable angina.9 
Both men and women may experience these symp-
toms. Also, women may experience neck, jaw, shoul-
der, upper back or abdominal discomfort, right arm 
pain, unusual fatigue, or no pain at all (known as a 
silent heart attack).10

Etiology
The main cause of IHD is atherosclerosis.11 The ath-
erosclerosis process starts when the intima layer (in-
ner layer) of the artery becomes damaged. Figure 16-2 
shows the proper anatomy of an artery. Damage to the 
intima layer occurs from high blood pressure, smoking, 
high levels of certain fats and cholesterol, and diabe-
tes.12 Other causes of IHD are coronary artery spasms 
and dissections.13

KNOWLEDGE CHECK QUESTIONS

1. True or false: A history of preeclampsia  
during pregnancy is a controllable risk factor 
for IHD.

2. True or false: Another name for IHD is CAD.
KNOWLEDGE CHECK QUESTIONS

1. True or false: The buildup of plaque in the coro-
nary arteries is called atherosclerosis.

2. True or false: Chest pain that subsides with rest 
following exertion is unstable angina.

Risks Goals/Strategies

Smoking Complete cessation

Hypertension Below 140/90 mm Hg; if diabetic, 
kidney failure, or CAD then below 
130/80 mm Hg

Hyperlipidemia LDL-C below 100 mg/dL

Physical inactivity A least 30 minutes of physical activity 
every day (5 days minimum)

Obesity BMI: 18.5–24.9 kg/m

Diabetes Control blood sugar and A1c

Blood clots 75–162 mg aspirin daily (unless 
contraindicated)

TABLE 16-2
AHA/ACCF Goals for Prevention and Risk Reduction 
for CHD

FIGURE 16-1 Normal artery and artery with atherosclerosis.

Normal
artery

Atherosclerosis
and blood clot

KNOWLEDGE CHECK QUESTIONS

1. True or false: Damage to the intima layer of the 
artery begins the atherosclerosis process.

2. True or false: Smoking does not damage the  
intima layer of the coronary arteries.
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Epidemiology
The diseases/conditions that included in the term  
cardiovascular disease (CVD) are IHD, stroke, arrhyth-
mias, heart valve disorders, and peripheral vascular 
disease (PVD).14 Of the 611,000 people that died in 2010 
of CVD, approximately 370,000 died from IHD.3 The 
breakdown of the demographics for 2010 appears in 
Table 16-3.

Every year approximately 735,000 people have a 
heart attack. The majority, 525,000, represent people 
who are having their first heart attack. The remaining 
210,000 represents people who have had previous heart 
attacks.15

The prevalence of CVD in the United States shows 
that over 82 million people have one form of CVD, ap-
proximately 16 million with IHD. Almost 8 million peo-
ple have heart attacks each year, 9 million with angina 
pectoris.16 The death rate from CVD is higher than that 
from any other disease in the world. According to the 
World Health Organization, of the 17.5 million deaths 

Group Rate

Males 210,000

Females 176,000

White, non-Hispanic 315,000

Black, non-Hispanic 39,000

Hispanic 20,000

Asian/Pacific Islander 7,600

American Indian/Alaska Native 1,700

Heart Disease Fact Sheet: Centers for Disease Control and Prevention. 
http://www.cdc.gov/dhdsp/data_statistics/fact_sheets/fs_heart 
_disease.htm. Published February 19, 2015. Accessed June 26, 2015.

TABLE 16-3
2010 CVD Mortality Demographics

in 2012, 6.7 million died from IHD. Heart disease repre-
sented 31% of all global deaths.17

The total cost for CVD in 2012 was over $300 billion. 
The direct costs (hospital, home health, and prescrip-
tions) for CVD in 2012 were over $195 billion, and the 
indirect costs (lost productivity/mortality) were over 
$124 billion.18 The AHA 2030 projection for CVD in the 
United States is over 43%.18

FIGURE 16-2 Anatomy of an artery.
© Tefi/Shutterstock.

KNOWLEDGE CHECK QUESTIONS

1. True or false: CVD is the number one killer in 
the world.

2. True or false: CVD does not include PVD.

Pathology/Pathophysiology
CAD is the result of plaque building up in the coronary 
arteries, a process known as atherosclerosis. When this 
occurs, the blood supply to the heart is diminished, and 
the heart muscle becomes ischemic, which may cause 
a heart attack.11 The atherosclerotic process does not 
happen all at once but is a chronic condition.19 Dam-
age to the intimal layer of the coronary artery is the 
first step in the process.12 Figure 16-3 demonstrates 
the development of atherosclerosis. The human body 
needs cholesterol to function, and there are two types 
of cholesterol. One is the low-density lipoprotein (LDL), 
which is the bad cholesterol, and the other is the 
high-density lipoprotein (HDL), which is the good cho-
lesterol.11 Damage to the intima causes LDL to migrate 
from the blood into the subendothelial space between 
the intima and media. Upon reaching the subendothe-
lial space, the LDL oxidizes. As a result, the modified 
LDLs become potent chemotactic molecules that pro-
mote monocyte adhesion and migration to the suben-
dothelial space.19 Monocytes become macrophages in 
the subendothelial space and phagocytize (ingest) the 
modified LDL, and become foam cells. These cells have 
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proinflammatory functions and release cytokines, such 
as interleukins and tumor necrosis factor. This process 
forms a fatty streak in the subendothelial space.19

After the formation of the fatty streak, lymphocytes 
and mast cells accumulate in the subendothelial space. 
The migration of these cells results in cellular and 
humoral immune responses, which causes a chronic 
inflammatory state in the artery producing several 
proinflammatory molecules.19 The next step in the ath-
erosclerotic process is the migration of smooth muscle 
cells (SMC) from the medial layer of the artery into the 
intima. This transforms the fatty streak to a more com-
plex lesion.19 The migration of the SMCs into the suben-
dothelial space produces extracellular matrix molecules. 
These extracellular matrix molecules create the fibrous 
cap that covers the fatty streak.19 After the fibrous cap 
is formed, the foam cells inside start to die, resulting 
in the release of lipids. These lipids accumulate in the 

extracellular space, forming a lipid-rich pool known as 
the necrotic core.19

At this point in the atherosclerotic process, the 
plaque becomes either stable or unstable (unstable 
plaque is also called vulnerable plaque).19 The key in-
gredient that determines this is the thickness of the 
fibrous cap. The cap on a stable plaque is intact, thick, 
and composed of SMCs in a matrix rich in Type I and 
III collagen. As this kind of plaque grows and protrudes 
into the lumen of the artery, it reduces the quantity of 
blood reaching the heart muscle. This lesion will usu-
ally produce angina only upon exertion, which is called 
stable angina.19 The cap on the unstable plaque is thin 
and consists mainly of Type I collagen, and has few or 
no SMCs. However, there are abundant macrophage, 
proinflammatory, and prothrombotic molecules.19 
Unstable plaques are more vulnerable to erosion or 
rupture. If the plaque ruptures, the core is exposed to 

FIGURE 16-3 The development of atherosclerosis.
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circulating coagulation proteins, which can cause a clot 
to form (thrombosis). When the clot forms, it results 
in the coronary artery occlusion, which leads to acute 
coronary syndrome (ACS), also known as an acute myo-
cardial infarction (AMI).19

Prinzmetal angina or variant angina is another type 
of CAD that is caused by coronary spasms.20 This rare 
condition accounts for only 2 out of every 100 angina 
cases. The stimuli for this type of angina are thought 
to be exertion or stress. It occurs while the person is at 
rest, and between the hours of midnight and morning.20 
Some of the factors that can cause coronary spasms are 
cold weather, cocaine, stress, medications, or smoking.20

Spontaneous coronary artery dissection (SCAD) is a 
rare type of CAD that causes myocardial infarction (MI) 
or sudden death. The mean age for SCAD is 42 years. 
Most cases are women (70% of all reported cases), and 
30% of those women are in their third trimester of preg-
nancy or early postpartum period.21 The left anterior 
artery is the most common coronary artery affected by 
SCAD. The causes of SCAD are not clear. Conditions 
commonly associated with SCAD are CAD and the pe-
ripartum period. Some other risk factors include hyper-
tension, connective tissue disorders (Marfan syndrome, 
Ehlers–Danlos syndrome), or vasculitis.21

angina: stable angina, Prinzmetal angina, and unstable 
angina. The last one is the most dangerous and can 
lead to an AMI.22

Stable or typical angina is the most common form 
and results from the reduction of coronary perfusion to 
a critical level by plaque buildup. Because of the plaque 
buildup, the heart is vulnerable to further ischemia 
whenever there is an increase in the demand. Demand 
increases with physical activity or emotional excite-
ment.22 This type of angina is relieved either by rest 
(reducing the demand) or by medications to dilate the 
coronary arteries (increase supply).22

Coronary spasms cause Prinzmetal or variant an-
gina, as described in the “Pathology/Pathophysiology” 
section. Usually, there is an elevated ST segment on 
the ECG, indicative of ischemia. There may be plaque 
buildup with Prinzmetal angina, but attacks are unre-
lated to physical activity, heart rate, or blood pressure. 
Prinzmetal angina responds to vasodilators, such as ni-
troglycerin and calcium channel blockers.22

Unstable or crescendo angina is the same type of 
pain that occurs with stable angina, but with increasing 
frequency. This pain is present with little or no exer-
tion, and may come on at rest and have a longer dura-
tion. The same factors that create stable angina cause 
unstable angina. However, unstable angina is usually an 
indication of an AMI.22

All three of these can lead to ACS. In ACS, there 
may be a rupture of the plaque (total occlusion), 
which results in an AMI. This type of AMI is ST eleva-
tion myocardial infarct (STEMI) and is transmural 
(Figure 16-4). Transmural MIs cause cellular death 
that involves the full or nearly full thickness of the 
ventricular wall in the area supplied by the occluded 
artery. In contrast, if there is a reduction in the blood 
flow, unstable angina occurs. This does not result in 
heart damage but is a warning sign. The subendocardial 
(nontransmural) infarct affects part of the ventricular 
wall in the areas supplied by the occluded artery and 
causes a non-STEMI.22

KNOWLEDGE CHECK QUESTIONS

1. True or false: The thickness of the fibrous cap on 
a lesion determines its vulnerability to rupture.

2. True or false: The right anterior artery is most 
commonly affected by SCAD.

KNOWLEDGE CHECK QUESTIONS

1. True or false: Ischemia results in a depressed ST 
segment on an ECG.

2. True or false: Transmural MIs cause 
full-thickness cell death of the ventricular wall 
supplied by the occluded coronary artery.

Clinical Manifestations
Symptoms of IHD appear because the heart muscle is 
not receiving enough oxygenated blood. In 90% of the 
cases, it is a result of plaque buildup in the coronary 
arteries.22 However, not all patients can feel angina; as-
ymptomatic ischemia is called silent ischemia.22

Angina pectoris (chest pain) is most often the first 
sign a person has when something is wrong. As the 
artery starts to narrow, the heart muscle does not 
receive the proper amount of oxygen; however, it is 
usually not diminished enough to cause the death of 
the cardiac muscle (infarct).22 Angina pectoris is a 
symptom that lasts up to 15 minutes. The pain is lo-
cated under the sternum or in the precordial chest and 
is a discomfort that feels like constricting, squeezing, 
choking, or knifelike. The combination of increased 
myocardial demand and decreased myocardial perfu-
sion is responsible for angina. The decline in perfusion 
is due to artery narrowing because of plaque, dis-
rupted plaque, vasospasm, thrombosis, platelet aggre-
gation, and embolization. There are three variants of 

Noninvasive Diagnostic Testing
Several noninvasive tests can be performed to diagnose 
IHD. Some are more definitive than others. Usually, 
more than one test is needed. Listed below are the non-
invasive tests that can be ordered by a physician.
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FIGURE 16-4 Twelve-lead ECG showing an STEMI.
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FIGURE 16-5 Hyperacute phase of AMI.
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Twelve Lead Electrocardiogram
One test that can be performed to detect heart muscle 
ischemia, injury, or an AMI is a 12-lead ECG.23 An ECG 
shows the electrical activity of the heart and produces a 
series of waves and complexes that look like spikes and 
dips. Approximately half of people who suffer from an-
gina or silent ischemia have normal ECG readings.11 As 
the blood flow to the heart muscle diminishes, the mus-
cle becomes ischemic and switches from using oxygen to 
produce energy, called aerobic metabolism, to producing 

energy without oxygen, called anaerobic metabolism.23 
This results in the muscle becoming acidotic. This acido-
sis can, if not reversed, cause cell injury and eventually 
death.23 Consequently, changes in the ECG occur.

The early stage of an AMI may not be visible on 
an ECG. If visible, it shows as broadened, asym-
metric, and peaked T waves.23 This is called the 
hyperacute phase, see Figure 16-5. Ischemia occurs 
next and results in electrical changes in the ischemic 
areas. Because of the electrical changes, there are ST 

Noninvasive Diagnostic Testing 445



depressions and the T wave becomes inverted.23 If 
normal blood flow does not return, the heart muscle 
starts to suffer injury. The damage prevents the cells 
from repolarizing correctly. These cells remain more 
positively charged than normal. The abnormal repo-
larization usually causes ST elevations greater than 2 
mm with a flipped T wave.23 This process is reversible 
with improved blood flow.

If blood flow to the area does not improve, the mus-
cle infarcts, or dies, an irreversible process. When heart 
muscle dies, there is no electrical activity. As a result, 
the ECG looks through the dead tissue to the tissue be-
hind it. This results in the development of a permanent 
Q wave or a deeper-than-normal Q wave. This Q wave 
is called a pathologic Q wave, see Figure 16-6.23 The 
tissue surrounding the infarcted area still suffers from 
ischemia or injury. This keeps the ST segment elevated, 
and the T waves flipped.23

Analyzing ECG waves and complexes can detect 
other cardiac abnormalities. These abnormalities include 
enlarged heart chambers or inflammation of the pericar-
dium. Review of an ECG can also check the medication ef-
fectiveness, monitor the location of implanted mechanical 
devices (i.e., pacemakers), and check device function.24

Exercise Stress Testing
Patients who have some angina and a normal ECG at 
rest could still have IHD. Others with obvious symptoms 

FIGURE 16-6 Pathologic Q waves.
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and suspicious ECG may not have IHD. In either case, 
these patients require an exercise stress test to diagnose 
the presence of IHD.25 An exercise stress test uses a 
treadmill or stationary bicycle to put stress the heart. 
The most common type of an exercise stress test has a 
patient walk on a treadmill using the Bruce protocol.25 
In the Bruce protocol, the treadmill starts with a warm-
up phase; this is a slow speed. Every 3 minutes the 
treadmill speed and its incline increase. Each 3-minute 
interval is a stage (Figure 16-7).25

The test is over when the heart rate reaches 85% 
of its maximum heart rate that is determined by the 
patient’s age. Testing ends early when any of the fol-
lowing occur: ST-segment depressions, chest pain, 
certain heart arrhythmias (ventricular tachycardia or 
ventricular fibrillation), fatigue, or the patient wants to 
stop.11 During stress testing, certain vital patient assess-
ments are made. These particular assessments appear 
in Table 16-4.

Exercise stress tests are not 100% accurate and 
are incorrect approximately 10% of the time. A 
false-positive test indicates there is heart disease when 
there is no heart disease.11 A false-negative test indi-
cates there is no disease when there is heart disease. 
When the heart has to work harder, it requires more 
oxygenated blood. The coronary arteries dilate. If IHD 
exists in the coronary arteries, they are not able to dilate 
as much, resulting in diminished blood flow and oxygen 
delivery to the heart, causing ischemia.25
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FIGURE 16-7 Treadmill stress test.
© ComStock/Stockbyte/Getty Images.

Assessment Explanation

Exercise capacity Maximum amount of physical exertion 
a patient can sustain

ECG Monitor for ST-segment depressions 
or arrhythmias

Heart rate Heart rates increase due to 
decreased vagal tone and increased 
sympathetic outflow
Monitor heart rate recovery following 
exercise

Blood pressure Systolic blood pressure usually rises 
with increasing work rates
Monitor for changes

Oxygen saturation Assessing for abnormal exercise-
induced hypoxemia

Chest discomfort Can be used as a criterion for 
diagnosis and prognosis

TABLE 16-4
Exercise Stress Test Patient Assessments

Pharmacologic (Chemical) Stress Test
Exercise stress tests, using a treadmill, are the diag-
nostic test of choice for IHD. However, there are times 
when a patient is unable to walk on a treadmill.26 Phys-
ical limitations, such as back problems, joint disease, 
marked fatigue, unsteady gait, prior stroke, dizziness, or 

shortness of breath, prevent the use of an exercise stress 
test.26 The primary medications for chemical stress test-
ing include adenosine, dipyridamole, dobutamine, and 
regadenoson. These medications should mimic the ef-
fects of exercise on the heart and coronary arteries, and 
may reveal any underlying CAD.

Adenosine dilates the coronary arteries and mimics 
what occurs during exercise. This drug dilates normal 
arteries more than stenotic arteries. The administra-
tion of adenosine is via an intravenous (IV) pump. This 
medication has a half-life of approximately 6 seconds. 
Adenosine increases the blood velocity and flow rate 
in normal vessels. However, the diseased artery is lim-
ited as to how much they can dilate, and this shows up 
as ischemia.26,27 Dipyridamole, brand name Persantine, 
has the same effect on the coronary arteries as adenos-
ine. This medication is given over a 4-minute period 
through an IV as an IV push.26,27 Dobutamine is a posi-
tive cardiac inotrope and chronotrope, and it causes the 
heart rate to increase. The administration is through an 
IV with a pump. The amount administered is increased 
every 3 minutes until the heart rate reaches 85% of its 
maximum.26,27 Regadenoson is an adenosine analog and 
has the same effect on the coronary arteries as adenos-
ine, but has a longer half-life. Administration is through 
the IV as an IV push.26,27

Echocardiogram
An echocardiogram uses high-frequency sound waves, 
called ultrasound, to look at the heart.28 The sound 
waves originate in a probe placed on the chest wall 
over the heart. When the sound waves reach the heart, 
they bounce back or echo to the probe. The probe 
sends these echoes to a computer, which converts the 
echoes into real-time moving images of the heart.28 An 
echocardiogram can evaluate the heart’s wall size, wall 
function, valve function, blood flow, chamber size, and 
pumping function (Figure 16-8).28

A physician may also order a stress echocardiogram. 
This is used to look at the wall motion of the heart.29 
When the heart muscle is ischemic, it cannot pump 
as well. In a stress echocardiogram, the patient has an 
echocardiogram or resting scan first.29 Then a chemi-
cal or treadmill stress test is performed. Following 
the stress test, the patient is re-scanned. The pre- and 
post-stress test scans undergo comparison. If the wall 
motion of the heart and ejection fraction (fraction of 
blood pumped from the heart with each beat) are less 
on the second exam, there is a possibility that the pa-
tient has CAD.29

Radiological Imaging
Radiological imaging, also known as nuclear imag-
ing, uses a radioactive isotope to evaluate blood flow 
in the heart.29 When the work of the heart increases, 
it requires more blood. The coronary arteries dilate 
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FIGURE 16-8 Echocardiogram with and without Doppler.
© kalewa/Shutterstock.

to increase the blood flow. Coronary arteries that 
have plaque in them are not able to dilate as much as 
normal arteries. This results in reduced blood flow to 
the heart.25 When the less-expensive diagnostic ap-
proaches are unreliable, radiological imaging is used.11 
The radioactive isotopes used in radiological imaging 
are thallium, Cardiolite, or Myoview.29 An IV is used 
to inject the isotopes, and as they circulate in the body, 
they are taken up by the viable heart tissue. Because 
more blood circulates to the areas of the heart without 
diseased arteries, more isotopes appear in these areas 
during the scan.27

Radiological imaging is a three-step process. In the 
first step, the isotope is injected, and pictures are taken 
using a scanning camera; this is a resting scan. The cam-
era rotates around the patient’s chest, stopping at spe-
cific intervals to take pictures. The camera is designed 
to detect the gamma radiation emitted by the isotope.29 
After the scan, the pictures are sent to a computer for 
the physician to view and interpret. These images dem-
onstrate coronary artery perfusion at rest. Next, the pa-
tient receives a stress test. The stress test is administered 
chemically or performed with a treadmill. One minute 
before the end of the stress test, the isotope is injected, 
again through the IV. The isotope needs to circulate for 
1 minute before the stress test ends; therefore, it is im-
portant that patients inform the physician when they 
can endure only another minute.29 The third step is a 
repeat scan called the stress scan. A scan comparison 

looks for any differences. If an area of the heart does 
not have any color present, there is no blood flow to the 
muscle in this field. Reversible ischemia shows when the 
resting scan has more color than the stress scan. If the 
resting scan and stress scan do not have any color, this 
indicates irreversible ischemia (Figure 16-9).30

Computed Tomography
Another type of testing for IHD is computed tomogra-
phy (CT) scanning. These are used to evaluate IHD.11 
Two types of CT scans can be used to assess for IHD: 
calcium-scoring CT scan and the coronary CT angiog-
raphy (CCTA).

The calcium-scoring CT scan looks at the coronary 
arteries and detects any calcium. The presence of cal-
cium correlates well with the presence of IHD. The 
calcium score indicates IHD. If the score is low, it is un-
likely the patient has IHD. A high score does not mean 
the patient has IHD, but it is an indication for additional 
testing.11 This type of diagnostic test is used primarily 
for risk stratification of asymptomatic patients.

CCTA scans are also used to visualize the coronary 
arteries for patients with acute or chronic chest pain. 
However, CCTA scans are not as accurate as the inva-
sive coronary angiograms and are only for diagnosing, 
not treatment, discussed in the invasive section of this 
chapter. Other types of newer CT techniques include 
electron beam CT and multidetector CT.11
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KNOWLEDGE CHECK QUESTIONS

1. True or false: Electrical changes due to ischemia 
can invert the T wave on an ECG.

2. True or false: The ventricular wall movement is 
assessed using nuclear imaging.

FIGURE 16-9 Coronary angiograms and nuclear scan images.
Reproduced with permission from Pijls N. (2004). Non-invasive testing is not specific enough: why and how to obtain objective signs of ischemia in the cath lab. Cath Lab Digest, 12(10), 12–20. 
https://www.cathlabdigest.com/articles/Non-invasive-Testing-Not-Specific-Enough-Why-and-How-Obtain-Objective-Signs-Ischemia-Cath-L.

Diagnostic Testing—Invasive
Based on the information collected in the noninvasive 
testing, an individual may need to have a more inva-
sive test called a left heart catheterization. This type of 
catheterization shows coronary angiograms. This test is 
invasive and, therefore, has more risks of complications.

Coronary Angiograms
Although invasive, the cardiac catheterization is the 
gold standard for diagnosing and treating coronary ves-
sel occlusions. Indications for a coronary angiogram 
include a positive result from one or more of the nonin-
vasive tests, inconclusive noninvasive tests, or during an 

AMI.11 With this procedure, the physician can directly 
visualize the coronary arteries and assess the pumping 
function of the left ventricle.11

For this procedure, the physician accesses the artery 
in the groin via the femoral artery or in the wrist via the 
radial artery. Usually, the right leg or right wrist is used. 
Figure 16-8 shows the sites for catheter entry. Once the 
artery is accessed, the physician uses a small wire and a 
small hollow tube called a catheter to advance through 
the artery to the opening of the coronary artery, the 
coronary artery ostium. This is called cannulating the 
coronary artery ostium. The next step is to inject the 
contrast medium (dye) into the coronary artery. This in-
jection is the coronary angiogram (Figure 16-10).11

Coronary angiogram observation occurs under X-ray; 
the physician watches the contrast as it flows through 
the coronary arteries. Narrowing of an artery on X-ray 
represents stenosis and is a lesion. The basis for treat-
ment is the severity of the lesion, the number of arter-
ies with lesions, and location of lesions.11 Treatments 
can range from medications to percutaneous coronary 
intervention (PCI) to open-heart surgery. Figure 16-11 
shows a coronary angiogram before and after a PCI.
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FIGURE 16-11 Coronary angiograms before and after PCI of a 
coronary lesion.
© KellyNelson/Shutterstock.

FIGURE 16-10 Sites used for arterial entry to perform a cardiac catheterization.
© Alila Medical Media/Shutterstock.

Coronary angiograms will not always be definitive. 
There are times when angiograms do not provide the in-
formation needed to make a decision about the proper 
treatment of a lesion. When this occurs, other tools are 
available during a heart catheterization that assists the 
physician in making a decision. Three tools help in the 
decision-making process in the catheterization lab.31 
They are the fractional flow reserve (FFR) wire, Intra-
Vascular UltraSound (IVUS), and optical coherence 
tomography (OCT).

Fractional Flow Reserve
Fractional flow reserve (FFR) calculates blood flow 
across a stenosis. The basis for this test rests on the 
three principles of coronary pressure and flow. The first 
principle is that aortic pressure is transmitted through 

normal coronary arteries without any loss; even to the 
distal regions of the vessels.31 The second principle is 
narrowing of the artery lumen results in resistance to 
blood flow. This resistance causes a drop in pressure 
in the artery distal to the lesion. This drop is used to 
calculate the resistance. The velocity of the blood flow 
through the lumen of an artery increases as the lumen 
size decreases. As a result, the pressure across the lesion 
decreases.31 The third principle involves the morphology 
of the stenosis. A standard coronary angiogram cannot 
quantify the resistance created by the lesion morphol-
ogy.31 The FFR wire measures the pressure across the 
lesion or translesional pressure using a 0.014-inch pres-
sure sensor guide wire. Measuring the pressure before 
and after the lesion quantifies the effect of the stenosis 
on blood flow.31 Adenosine (IV or intracardiac [IC]) is 
administered to increase the blood in the artery, called 
hyperemia.31 The FFR wire uses a ratio of the pressure 
distal to the lesion compared to the pressure in the 
aorta; normally, this is a 1:1 ratio. Figure 16-12 shows 
a schematic of this principle. If the ratio is below 1, this 
represents the percentage reduction of normal flow 
(i.e., if the ratio is 0.80, the artery transmits 80% of the 
expected normal flow).31 The FFR versus angiography in 
multivessel evaluation (FAME) trial demonstrated that a 
lesion with a ratio below 0.80 needs repair. With a lesion 
having a ratio greater than 0.80, medical treatment is the 
best option.32 The FAME study also demonstrated that 
use of FFR to guide treatment reduced cost and was su-
perior to coronary angiogram guided treatment.32
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FIGURE 16-12 The flow of blood increases distal to the lesion in the vessel, decreasing the pressure across the lesion.
© Fouad A. Saad/Shutterstock.

FIGURE 16-13 IVUS image.
Cath Lab Digest. 2013;21(4):28–30.

IntraVascular UltraSound/Optical  
Coherence Tomography
While FFR is perfect for physiologic lesion assessment, 
it cannot give vessel size, stent expansion, stent apposi-
tion, lesion length, or plaque morphology. To assess 
these characteristics, intravascular ultrasound (IVUS) or 
optical coherence tomography (OCT) is the proper 
tool.31 An IVUS or OCT catheter can provide images 
from within the coronary artery. With IVUS or OCT, 
the physician can accurately quantify the dimensions 
of the vessel, the length of the lesion, the composition 
of coronary arteries, and plaque morphology. The 
images returned from the IVUS or OCT catheter can 
give precise details with good resolution.31 The stan-
dard coronary angiogram cannot provide all this in-
formation that is helpful in the selection of the correct 
stent size. After stent implantation, information from 
the IVUS or OCT is used for the assessment of the 
stent’s appropriate placement, proper size, full expan-
sion, and the complete apposition of the struts to the 
vessel wall.31

IVUS catheters have an ultrasound probe on the tip. 
This probe uses the same technology as the ultrasound 
probe described in the “Echocardiogram” section. The 
IVUS catheter fits over an angioplasty guide wire that 
is already in the artery distal to the lesion. The IVUS 
probe is advanced distal to the lesion. A recording of 
the images occurs as the probe is pulled back through 
the lesion.31 The physician can view the pictures on the 
IVUS computer (Figure 16-13). The recorded images 
allow the physician to measure the minimal lumen 

diameter, reference vessel diameter, and vessel area.31 
The selection of the stent size is based on the refer-
ence vessel size. Using IVUS after a stent is in place has 
resulted in superior stent outcomes, reduced abrupt 
closure, and lower restenosis; all of these are a major ad-
vance in interventional cardiology.31

The OCT catheter contains a single optical fiber that 
emits infrared light with a wavelength between 1,250 
and 1,350 nm.33 Resolution is better with OCT than 
with IVUS; however, tissue penetration is better with 
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FIGURE 16-14 OCT image.
© BSIP/UIG/Universal Images Group/Getty Images.

KNOWLEDGE CHECK QUESTIONS

1. True or false: Access for a left heart catheteriza-
tion is through the femoral vein.

2. True or false: The most appropriate treatment 
for a FFR of 50% is angioplasty.

IVUS than with OCT.33 Figure 16-14 shows an image 
from an OCT catheter. Red blood cells can interfere 
with the light from the OCT catheter. Therefore, the 
vessel fills with contrast when obtaining images. The 
tip of the OCT catheter is in a place distal to the lesion 
and scans the lesion as the physician pulls it back.33 The 
catheter measures the echo time delay and the signal 
intensity after it is reflected from the coronary wall 
structures.33 Physicians can obtain the same informa-
tion from an OCT catheter as an IVUS catheter. See the 
“IVUS” section for this information.

lifestyle changes help to prevent the progression of the 
disease (see the section on “Prevention”).34 When life-
style changes are not enough, the physician prescribes 
certain medication to help (Table 16-5). These medica-
tions help to reduce the risk of heart attack, stroke, and 
heart failure, which helps lessen the likelihood of death. 
The medications prescribed are antianginal medica-
tions, anticoagulation medications, antihypertensives, 
and cholesterol-lowering medications.

Antianginal medications help with angina (chest 
pain). One way to reduce angina is to reduce the myo-
cardial oxygen demand by using drugs that block the 
beta-1 receptors in the heart. These beta blockers slow 
the heart rate. Another method to reduce angina is to 
reduce the resistance the heart has to work against to 
open the heart valves. This is afterload, and the medica-
tions that reduce afterload are calcium channel block-
ers. A third way of alleviating angina is to use nitrates. 
Nitrates dilate the coronary arteries and thus increase 
the amount of blood flow to the heart.34

Anticoagulant medications help thin the blood and 
reduce the risk of clot formation (thrombus). Aspirin is 
an anticoagulant that is available without a prescription 
and is available in low dose (50 mg) for this purpose. 
Physicians use aspirin for patients with stable CAD. 
For unstable CAD, platelet P2Y12 inhibitor is used (clop-
idogrel, brand name Plavix).34

Antihypertension medications help reduce high blood 
pressure. Some people have high blood pressure due to 
water retention. This may be due to intake of too much 
sodium. For these individuals, a diuretic helps remove 
the excess sodium and water from their body, thereby 
reducing the blood pressure.35 Angiotensin II is a po-
tent vasoconstrictor. Angiotensin-converting enzyme 
(ACE) inhibitors prevent an enzyme in the kidney from 
converting angiotensin I to angiotensin II.35 All muscles 
need calcium to contract. Calcium channel blockers pre-
vent calcium from entering the muscles in the heart and 
blood vessels. This leads to a drop in the heart rate and 
vasodilatation, thus lowering the blood pressure.35

The largest class of cholesterol-lowering medications 
is the statins. Statins work in the liver by preventing the 
formation of cholesterol, which lowers the cholesterol 
in the body. They work mainly on the bad cholesterol 
(LDL), but may also raise the good cholesterol (HDL) 
and lower triglycerides. People taking these medicines 
may have muscle pain and need to have their liver func-
tions regularly tested.36

Angioplasty
If determined during a heart catheterization that 
the patient has severe IHD or is having an AMI, 
percutaneous coronary angioplasty (PCI) of the ar-
tery or arteries is necessary. Initiation of a PCI occurs 
following the coronary angiogram. There are certain 
situations where the physician may wait to perform 

Treatment and Management
The best treatment for a patient with IHD is a decision 
made by the physician and the patient. The physician 
takes into consideration the patient history, current med-
ical condition, and the results from the heart catheteriza-
tion. Some of these factors are diabetes, heart failure, the 
number of arteries affected, location and severity of the 
lesion(s), and other comorbidities.34 Studies have shown 
that if a patient is diabetic and has lesions in three or 
more vessels, coronary artery bypass grafting (CABG) 
is the best option. Also, if the lesion is in the left main 
coronary artery, then CABG is the best choice.34 The 
treatment options for IHD include medical management, 
invasive management, or surgery.

Pharmacologic Management
If the physician determines the patient has mild IHD, 
medical management is best. Medical management in-
cludes certain medications and lifestyle changes. These 
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the PCI or stage the PCI. The basis for this deci-
sion is the patient’s condition. The contrast used in a 
heart catheterization can harm the kidneys by causing 
contrast-induced nephropathy (CIN). This compro-
mises kidney function, causing elevated blood urea 
nitrogen (BUN) and creatinine levels. Accordingly, the 
PCI can be delayed for a few days, allowing time for the 
kidneys to recuperate. The contrast needs to be flushed 
out with IV fluids following heart catheterization. Giv-
ing fluids to patients with renal dysfunction before a 
heart catheterization will help to reduce the chance of 
CIN.37 If there are multiple lesions, the procedure is 
staged, and this helps to reduce the likelihood of CIN.

In some patients, the treated artery closes back 
down. This is restenosis and has been a major problem 
with PCIs since its inception. After an artery undergoes 
repair, the vessel grows new tissue in the repaired area. 
This new tissue consists of healthy cells from the lining 
of the arterial wall (endothelium) and is desirable. This 
new tissue allows the blood to flow smoothly and re-
duces the risk of thrombus development. In some cases, 
scar tissue may form underneath the new healthy lin-
ing. If the scar tissue becomes too thick, it obstructs the 
blood flow and causes restenosis.38

All invasive procedures require the use of anticoagu-
lants to prevent the formation of clots on the equipment 
while in the body. In the early days of angioplasty, the 
anticoagulant used was unfractionated heparin (hepa-
rin). Heparin is an antithrombin agent that inactivates 
thrombin.39 Heparin and drugs derived from hepa-
rin are considered indirect thrombin inhibitors. One 

complication of using heparin over long periods is the 
development of heparin-induced thrombocytopenia 
with or without thrombosis syndrome (HIT[TS]). This 
syndrome causes thrombi to form even when receiving 
heparin; it rarely occurs during PCIs.39 Today, direct 
thrombin inhibitors are used during PCIs. The most 
commonly used is bivalirudin.39 This drug does not carry 
the threat of HIT(TS) but does not have a reversal agent 
like heparin. The half-life of bivalirudin is 25 minutes.39

There are several types of angioplasty. Each one fol-
lows the same catheter introduction as described for the 
coronary angiogram.

Plain Old Balloon Angioplasty
This procedure is useful on the soft plaque. The plaque 
morphology is determined by using IVUS or OCT, as 
described earlier. During this procedure, a small (0.014 
inches in diameter) coronary guide wire is advanced 
into the coronary artery with the lesion. The guide wire 
continues to be advanced until it is at a distal point in 
that coronary artery. The physician uses a coronary 
balloon catheter that matches the size of the reference 
diameter and the length of the lesion (Figure 16-15). 
The balloon catheter loads onto the coronary guide 
wire and advances to the lesion. The balloon has two 
radiopaque markers. One is on the proximal end, and 
the other is on the distal end of the balloon. The physi-
cian uses these markers to place the balloon to cover the 
lesion before inflating. If the balloon inflation occurs 
in the wrong place, it causes damage to healthy tissue. 

Medication Class Medication Type Examples of Medication Mechanism of Action

Antianginal drugs Beta blockers Carvedilol (Coreg)
Atenolol (Tenormin)

Decreases heart rate and heart’s demand  
for oxygen.

Calcium channel 
blockers

Verapamil (Calan)
Amlodipine (Norvasc)

Decreases afterload and prevents coronary  
artery spasm.

Nitrates Nitroglycerin Dilates coronary arteries.

Anticoagulant drugs PGHS-1 inhibitor Aspirin Prevents thrombosis.

P2Y12 inhibitor Clopidogrel (Plavix) Interferes with platelet aggregation.

Antihypertensive drugs Diuretics Furosemide (Lasix)
Spironolactone (Aldactone)

Reduces the amount of water in the body.

ACE inhibitors Benazepril (Lotensin)
Lisinopril (Prinivil)

Relaxes blood vessels and reduces the workload  
on the heart.

Calcium channel 
blockers

Verapamil (Calan)
Amlodipine (Norvasc)

Decreases heart rate and causes vasodilation.

Cholesterol-lowering 
drugs

Statins Simvastatin (Zocor)
Atorvastatin (Lipitor)

Prevents the formation of cholesterol in the liver.

TABLE 16-5
Medical Treatment for IHD
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FIGURE 16-16 Rotablator burr.
Image courtesy of Boston Scientific. © 2019 Boston Scientific Corporation or its affiliates. 
All rights reserved.

The balloon must cross the lesion before inflation. If the 
balloon is unable to cross the lesion, a smaller balloon is 
tried. The appropriate balloon is the one that crosses the 
lesion. When smaller balloons are used, several balloons 
are needed to repair the artery.40

Once the balloon is in place, it is inflated using a 
device called an indeflator. The indeflator pushes a 
contrast/saline mixture into the balloon, causing the 
balloon to inflate. The balloon puts pressure on the 
plaque in the lesion, compressing and fracturing the 
inside vessel walls. The pressure exerted on the vessel 
wall is measured in atmospheres (1 atm equals 15 psi). 
The amount of pressure required depends on the lesion 
and the physician.40 Balloon angioplasty carries a 40% 
chance of restenosis.38

Rotational Atherectomy
Rotational atherectomy uses a catheter with an 
oval-shaped burr resembling a football. Attached to the 
front portion are crushed diamonds (Figure 16-16). The 
burr rotates at high speeds (150,000 rpm) to grind hard 
plaque away. The plaque morphology is determined us-
ing the IVUS or OCT. Rotational atherectomy requires 
a 0.009-inch diameter coronary guide wire advanced 
down the coronary artery with the lesion. The guide wire 
advances to a distal point in the coronary artery. The 
burr catheter attaches to a console, which displays the 

FIGURE 16-15 Balloon angioplasty.
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speed of the burr and allows manipulation of the cath-
eter. The drive unit attaches to a flush solution through 
an irrigation port. The flush mixture usually contains 
1,000 units heparin, 2 mg nitroglycerin, and 5 mg vera-
pamil in 500 mL of normal saline.40 Using a pressure bag 
on the saline mixture provides a continuous flow to the 
catheter. The mixture lubricates the catheter, reduces the 
chance of spasms, and reduces clot formation. The rota-
tional atherectomy device is pneumatic and uses pres-
surized nitrogen gas.40 The burr sizes range from 1.25 to 
2.38 mm. The larger the burr, the larger the guide cath-
eter has to be. Rotational atherectomy removes calcified 
plaque by grinding it away. After grinding the plaque 
away, a stent is placed. The largest burr used should be 
smaller than the reference lumen diameter. Several burr 
sizes are often required to grind away the plaque. This 
is done in increments of 0.5 mm to reduce the risks of 
complications.40 The manufacturer recommends a tem-
porary pacemaker for the patient before using the rota-
tional atherectomy device.40

Stents
In most cases after a plain old balloon angioplasty 
(POBA) or rotational atherectomy, the artery is stented 
(Figure 16-17). A stent is a wire mesh tube that acts as 
scaffolding for the artery to help keep it open. Stents are 
pre-mounted on a balloon catheter.34 The stent catheter 
has the same characteristics as the balloon catheter, and 
inflation is the same. Stent selection requires matching 
the size of the reference vessel and length of the lesion. 
After the balloon deflation of the stent catheter, the 
catheter is removed, leaving the stent behind.41 Stents 
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increase the structural integrity of the coronary arter-
ies and become incorporated into the coronary arteries 
through endothelialization.

Bare-Metal Stent
As the name implies, these stents consist of metal with-
out any coating. These were the first stents made. The 
invention of stent reduced the restenosis rate to 25%. 
Using a bare-metal stent (BMS) increases the risk of clot 
formation on the stent. To prevent this, the patient has 
to take dual antiplatelet therapy (DAPT). DAPT consists 
of taking two blood thinners for 1 month. These are 
aspirin and a platelet P2Y12 inhibitor (such as clopido-
grel).34 After 1 month, the endothelial cells cover the 
stent, reducing the risk for clots.34 If the patient goes 
12 months without an event, it is rare for restenosis to 
develop.34

Drug-Eluting Stents
Drug-eluting stent (DES) material is the same as the 
BMS. However, they have a drug on them to reduce the 
restenosis rate. The restenosis rate associated with the 
use of DESs is 5%.42 DESs have three basic parts: a stent 
platform, a polymer, and an anti-restenotic drug.43 The 
polymer must be non-thrombotic, non-inflammatory, 
and nontoxic to cells, and should encourage arterial 
healing by re-endothelialization.43 Different types of 
medicines are used with the stents. Paclitaxel is a cancer 
drug made from the Pacific Yew trees. This medication 
prevents restenosis by stopping the cells from dividing. 
The other type of drug prevents restenosis by slowing 

the cell division. These drugs all have names ending in 
“olimus.”43 As with BMS stents, there is a risk of stent 
thrombosis, and because of this, DAPT is required. 
Because the drugs do not differentiate between healthy 
tissue and scar tissue, it takes a long time for the healthy 
endothelial cells to cover the DES. For this reason, 
the patient uses DAPT longer. According to the 2011 
ACCF/AHA/SCAI Guideline for PCI, after a DES has 
been implanted, DAPT must continue for 12 months.44

Coronary Artery Bypass Grafting
Some patients with IHD need to have surgical man-
agement with CABG. Patients considered for CABG 
have one or more of the following: diabetes, severe le-
sions, lesion in the left main coronary artery, or disease 
involving two or three coronary arteries.34 A CABG 
entails the creation of a bypass (detour) around the 
blockage. To create the bypass, either the saphenous 
vein from a leg (SVG) or the left internal mammary 
artery (LIMA) from the patient’s chest becomes the by-
pass graft.34 The LIMA grafts have been proven to last 
the longest. The radial artery in the arm may also serve 
as a graft. The number of bypasses varies depending on 
the number of blockages.34 CABG operations require 
general anesthesia and a heart–lung machine to main-
tain circulation. The typical hospital stay post CABG is 
4–7 days. Full recovery from the surgery can take up to 
3 months.34

Recently, a new method of performing CABG has 
been developed. It is the minimally invasive direct coro-
nary artery bypass (MIDCAB). This technique does not 
require stoppage of the heart. Therefore, the heart–lung 
machine is not used. The MIDCAB is less invasive than 
the CABG and does not require the surgeon to cut 
through the breastbone (sternum).34 MIDCAB requires 
only a small incision between the ribs to operate on 
the blocked artery. The entire procedure occurs while 
the heart is beating, and requires only a 3-day hospital 
stay.34 This approach is less invasive and has a lower 
length of stay. If the patient has more than two blocked 
arteries, this technique is not utilized.

Cardiac Rehabilitation
After a PCI or CABG, the patient is referred to cardiac 
rehabilitation.45 Cardiac rehab is a supervised program 
that helps improve the lives of people diagnosed with 
heart problems. Almost every person with IHD can 
benefit from cardiac rehab. The cardiac rehab team may 
include doctors, nurses, exercise specialists, physical 
and occupational therapists, dietitians or nutritionists, 
and psychologists or other mental health specialists.45

Cardiac rehab teaches the patient the proper way 
to exercise. Through education, counseling, and train-
ing, the patient can understand the heart condition, 
cope with stress, and deal with fears about the future. 
The cardiac rehab team works together to develop 

FIGURE 16-17 A stent catheter placed in the coronary artery with 
the lesion. The balloon is inflated and then deflated, leaving the stent 
in the artery.
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Risk Factor Control Strategies

Hypertension Reduce stress
Reduce sodium intake
Weight loss
Smoking cessation
Exercise
Diet
Medications

Hyperlipidemia Diet
Exercise
Medications

Diabetes/prediabetes Diet
Exercise
Weight loss
Decrease sugar intake
Medications

Smoking Smoking cessation program
Medications
Reduce stress
Behavior modification

Overweight/obese Diet
Exercise
Stress reduction
Reduce sugar intake
Weight loss program

Sedentary lifestyle Exercise program

Unhealthy diet Dietician consultation
Healthy diet

TABLE 16-6
Controllable Risk Factors and Strategies

KNOWLEDGE CHECK QUESTIONS

1. True or false: The best treatment option for a 
patient with diabetes and lesions in three or 
more vessels is CABG.

2. True or false: An inflated angioplasty balloon 
contains air.

3. True or false: The bypass vessel used in a CABG 
is either the saphenous vein from a leg or the 
left internal mammary artery from the patient’s 
chest.

4. True or false: The MIDCAB procedure for per-
forming a CABG requires a heart–lung machine 
to maintain circulation.

5. True or false: Cardiac rehabilitation is a man-
agement strategy used only for post-CABG 
patients.

6. True or false: Patients who have completed a 
cardiac rehabilitation program will have im-
proved stamina.

KNOWLEDGE CHECK QUESTIONS

1. True or false: A sedentary lifestyle increases the 
risk for the development of IHD.

2. True or false: Diabetes is an uncontrollable risk 
factor for IHD.

Risk Factors
The risk factors for IHD include those that are control-
lable and those that are uncontrollable.

Table 16-6 lists controllable risk factors with strat-
egies to control them.

Prevention
The best treatment for IHD is prevention. The first  
step in prevention is for the patient to identify the risk  
factors and take appropriate action to eliminate the  
controllable factors, and minimize the effects of the  
uncontrollable risk factors (see risk factors in the  
“Introduction” section).46 The more risk factors a  
patient has, the higher the risk for IHD.46

The effects of the controllable risk factors for IHD 
are reduced by adopting a healthy diet consisting of 
vegetables, fruits, whole grains, fat-free or low-fat 
dairy products, and protein foods.46 Protein food 
includes lean meats, poultry without skin, seafood, 
processed soy products, nuts, seeds, beans, and peas.46 
Avoid or reduce sodium (salt), added sugars, solid 
fats (saturated fat and trans fatty acids), and refined 
grains. Eating whole grains increases nutrient and  fiber 
intake.46

Adopting a healthy diet also helps to reduce obe-
sity and hypertension. However, sometimes diet is 
not enough to control IHD and medication is neces-
sary. Exercise in conjunction with a healthy diet helps 
to reduce weight and blood pressure and control 
diabetes.46

Smoking cessation reduces the risk of IHD. Smok-
ing damages and constricts blood vessels, increasing 
the risk of IHD. Also, secondhand smoke needs to be 
avoided.47 There are numerous smoking cessation pro-
grams and medications to aid in the smoking cessation 
process.

a program designed to meet the individual patient’s 
needs. The program shows the patient how to exer-
cise safely and strengthen their muscles, and improve 
their stamina.45
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Injury Explanation

Vessel injury Injury to the catheterized artery or vein 
(both arm and leg) occurs in 0.5–1.5% of 
patients.

Site bruising Bruising with skin discoloration at the site 
occurs in 1–5% of patients.

Reaction to contrast 
medium

Contrast may cause transient nausea and 
vomiting in 3–15% of patients, itching 
or hives in 1–3%, and a life-threatening 
allergic reaction in approximately 0.2%. 
Many physicians will give Benadryl as a 
precaution.

CIN The kidney function is compromised by 
excessive amounts of contrast, causing 
elevated BUN and creatinine levels. Extra 
IV fluids will flush out the contrast.

Infection Rarely occurs.

Heart attack, stroke Within 24 hours of catheterization, this 
occurs in only 0.2–0.3% of patients.

Death Perforation of the heart or surrounding 
vessels, cardiac arrhythmia, or 
anaphylactic shock due to contrast 
medium can cause death.50

TABLE 16-7
Complications from Diagnostic Catheterization

Complication Cause

Discomfort and bleeding at the 
catheter insertion site

Insertion of catheter

Blood vessel damage Catheter

Cardiac arrhythmia (irregular 
heartbeat)

Irritation by catheter

The need for emergency CABG 
(<3% of people)

Occlusion of blood vessel

Kidney damage Contrast used in procedure

Heart attack (3–5% of people) Blockage of coronary artery

Stroke (<1% of people) Blood clot

Temporary chest pain Balloon inflation

Death Heart attack, Stroke

TABLE 16-8
PCI Complications

KNOWLEDGE CHECK QUESTIONS

1. True or false: Diet and exercise can reduce the 
risk of IHD.

2. True or false: Stress, alone, cannot cause a heart 
attack.

A reduction in stress can reduce the risk of IHD. 
Research shows that stress from anger or an emotional 
event can induce a heart attack.45 Stress causes a per-
son to overeat and increases alcohol consumption and 
tobacco use. Eating right, getting exercise and relaxation 
therapy, or taking stress management classes helps re-
duce stress.45

Complications
Diagnostic testing for IHD has a risk of complications. 
Exercise and chemical stress testing have very few 
complications. There is a 1-in-5,000 chance of a per-
son having a heart attack or dying during the exercise 
test.48 Patients commonly develop arrhythmias, which 
normally subside with rest. If arrhythmias persist, the 
patient is monitored and receives prescribed medica-
tion. Hypotension may occur during testing, causing the 
patient to feel lightheaded or dizzy. This usually goes 
away when the patient stops exercising.48

The chemical stress test may lead to jitteriness, 
wheezing, shortness of breath, and other asthma-like 
symptoms. These symptoms may last several hours, can 
be severe, and require treatment.48 The use of radio-
active contrast may cause an allergic reaction requiring 
medical treatment.49

Diagnostic cardiac catheterization is an invasive 
procedure and as a result carries an increased risk of 
complications. The possible complications appear in 
Table 16-7.

The PCI carries all the same complications discussed 
in the “Diagnostic Cardiac Catheterization” section. 
Also, PCI complications are listed in Table 16-8.

Individuals who are over the age of 65, have chronic 
kidney disease, have extensive heart disease with signifi-
cant coronary artery blockages, or are in shock have a 
higher risk of complications from PCI.

The more invasive the procedure, the more compli-
cations there can be. Following CABG surgery, there 
is usually some inflammation involving the lung and 
pericardium; this is from the incision in the pericar-
dium. It is usually mild, but may require some treat-
ment. The presence of comorbidities, such as diabetes 
kidney disease, lung disease, or peripheral arterial 
disease, increases the risk for complications following 
CABG surgery.51 Complications involving memory loss 
and problems with concentration may occur with older 
patients. The risk for complications increases when the 

CABG is an emergency (such as with an active MI). 
Other complications involve reactions to anesthesia, 
wound infection, bleeding, fever, pain stroke, heart at-
tack, and death.
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Chapter Summary
Heart disease is the number one killer in America and 
the world. In 2009, over 600,000 people died from CVD 
and about 370,000 from IHD. The AHA projects that 
by the year 2030, 43% of the population will have some 
form of CVD. The cost in America from CVD in 2012 
was $320 billion and is projected to be $818 billion by 
the year 2030.

There are several risk factors for IHD. Some of them 
are uncontrollable (e.g., genetics) and some controllable 
(e.g., smoking). The AHA/ACCF have issued guidelines 
that encourage people to lose weight, lower their cho-
lesterol, stop smoking, and get more exercise.

Atherosclerosis is the process of plaque building 
up in the coronary arteries and is responsible for IHD. 
The atherosclerotic process begins with damage to 
the intima layer of the coronary artery, which results 
in the development of fatty streak. Inflammation fol-
lows SMC migration, resulting in the formulation of a 
complex lesion. This lesion can be an unstable plaque, 
with a thin cap and a large lipid core, or a stable 
plaque, with a thick fibrous cap and a small lipid core. 
Another type of IHD is Prinzmetal angina, caused by 
spasm or SCAD. These spasms can lead to coronary 
artery dissecting for no apparent reason. When the 
artery becomes totally occluded or small enough, a 
person starts to have symptoms. The most obvious 
symptom is crushing chest pain. Other symptoms 
include chest pressure or jaw pain. The symptoms 
may appear only on exertion, but can be present at 
rest. Through diet and exercise, IHD can be slowed, 
stopped, or reversed.

Most people have symptoms before they have an 
MI (chest pain or indigestion). However, there are 
times when no symptoms present. This is a silent heart 
 attack. People may not know they have had a heart 
 attack until symptoms from other problems arise (i.e., 
shortness of breath from ischemic cardiomyopathy). 
Angina is located in the center of the left side of the 
chest. Some people have angina on exertion (stable 
angina), and other experience angina at rest (unstable 
angina).

Prognosis
CAD is believed to begin at an early age as a fatty streak 
(see discussion in the “Pathology/Pathophysiology” 
section), and it progresses over time in response to a 
person’s risk factors (see the “Risk Factors” section).52 
Studies show that in some individuals with IHD, the 
progression is slow, if at all.52 Several studies have 
shown that if a middle-aged adult lacks risk factors  
and/or there is an absence of subclinical IHD, the prog-
nosis for developing cardiovascular problems is low.52 
Furthermore, the Framingham Heart Study has shown 
that there is a substantial risk reduction in developing 
IHD in individuals who are 50 years old and are free 
of CVD and major risk factors. Also, these individuals 
have a longer median survival time than participants 
who had two or more major risk factors.52

To determine the progression of IHD, a study was 
conducted in North Carolina between January 1, 1990, 
and March 31, 2011, and included 4,068 patients. 
The coronary angiograms demonstrated that 
167 patients (5.8%) had no CAD (normal group), and 
251 patients (6.4%) had mild atherosclerotic disease 
(stenosis < 30%) (mild-atherosclerosis group).52 The 
demographics of the patients in the normal-angiogram 
group were younger, more often female, and less likely 
to use tobacco than the patients in the other group. 
The rates of diabetes and hypertension were the same 
between both groups.52 The coronary angiograms 
at the end of the follow-up period (approximately 
75 months) reveal that in the normal group, 26% had 
evidence of CAD and 4.8% had evidence of obstruc-
tive CAD.7 However, the coronary angiograms in 
the mild-atherosclerosis group showed a 78% pro-
gression of CAD and 31% developed obstructive 
CAD.52 The revascularization rates were higher in the 
mild-atherosclerosis group as compared to the normal-
angiogram group (24% vs. 3.5%), and MIs were higher 
in the mild-atherosclerosis group as compared to the 
normal-angiogram group (12% vs. 4.8%).52 The progres-
sion of CAD increased 10-fold and the rate of revas-
cularization by eightfold in individuals who had mild 
atherosclerosis on the initial angiogram.52

KNOWLEDGE CHECK QUESTIONS

1. True or false: Temporary chest pain during an 
angioplasty is due to the inflation of the bal-
loon in a coronary artery temporarily blocking 
coronary circulation.

2. True or false: More than 15% of patients having 
PCI require emergency coronary artery bypass 
graft surgery.

KNOWLEDGE CHECK QUESTIONS

1. True or false: The Framingham Heart Study 
shows a substantial risk reduction for individu-
als who are 50 years old with no CVD and major 
risk factors.

2. True or false: Mild atherosclerosis has a very low 
rate of progression.
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Several tests can diagnose IHD. The noninvasive 
tests are 12-lead ECG, echocardiogram, exercise 
stress test (with or with a nuclear scan), chemical 
stress test with a nuclear scan, CT angiograms, or 
an MRA. The invasive test is a heart catheteriza-
tion. In this test, catheters are inserted into the body 
and are used to take pictures of the coronary arter-
ies. If these are not conclusive, then there is the FFR, 
IVUS, or OCT as an additional tool to help make a 
diagnosis.

There are several ways to treat IHD. Preventing the 
disease from starting or progressing and medical man-
agement are the only ones that are noninvasive. There 
are several ways to repair an artery during a heart cath-
eterization. These procedures are invasive and range 
from just using a balloon (POBA) to using a diamond 
tip burr to a stent. The most invasive treatment is 
open-heart surgery.

Complications vary depending on the procedure. 
They can range from feeling dizzy during a stress test to 
having bruises from the heart catheterization to death. 
The prognosis of IHD varies for each person. The more 
risk factors an individual has, the greater the chance of 
developing IHD. If a person has very few risk factors 
and does not have IHD by age 50, the chances of not 
getting IHD is good.

Key Points
1. Heart disease is the number one killer in America 

and the world.
2. More than 43% of the people in America will have 

one or more forms of heart disease by 2030.
3. The projected cost for heart disease is $818 billion 

by the year 2030.
4. There are many risk factors for CVD. Some are 

controllable, and others are not. As the num-
ber of risk factors increases, so does the risk 
for CVD.

5. CHD starts when the intima of the coronary artery 
becomes damaged and results in plaque building 
up in the coronary artery.

6. As the plaque grows, the artery becomes narrow, 
and the heart muscle becomes ischemic and can 
lead to MI if left untreated.

7. The most recognized sign of a heart attack is chest 
pain. However, women do not usually have this 
chest pain.

8. Noninvasive and invasive tests are used to diagnose 
IHD.

9. The best way to treat IHD is to prevent it from 
happening.

10. The severity of the disease determines the 
treatment.

11. Treatment ranges from medications to open-heart 
surgery.

12. Prognosis depends on the patient’s risk factors.

Chapter Questions
1. The leading cause of death in America is 

____________.
a. cancer
b. chronic obstructive pulmonary disease
c. heart disease
d. chronic kidney disease

2. Which of the risk factors below are uncontrollable?
a. Smoking
b. Gender
c. Diet
d. Cholesterol

3. What is the most common symptom of an AMI in 
a woman?
a. Chest pain
b. Back pain
c. Indigestion
d. Jaw pain

4. The best way to diagnosis IHD is .
a. left heart catheterization
b. chemical stress test
c. stress echocardiogram
d. nuclear scan

5. The best way to treat IHD is .
a. CABG
b. prevention
c. PCI
d. stents

6. What ECG change is indicative of an AMI?
a. Tall peaked P waves
b. ST depression of less than 0.5 mm
c. ST elevation greater than 2 mm
d. PR depressions

7. What group of the population has a higher risk of 
complications?
a. Over 65 years old
b. Single-vessel disease
c. High cholesterol
d. Slightly obese

8. What is one of the goals of the AHA/ACCF Sec-
ondary Prevention and Risk Reduction Therapy for 
Patients with Coronary and Other Atherosclerotic 
Vascular Disease: 2011 Update: A Guideline from 
the American Heart Association and the American 
College of Cardiology Foundation?
a. At least 30 minutes of everyday physical  

activity
b. Blood pressure below 110/65
c. Reduction in smoking
d. Reduction in sugar intake

9. Symptoms of ischemia include which of the 
following?
a. Severe chest pain
b. Shortness of breath
c. Indigestion
d. All of the above
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10. Which of the factors listed below can damage the 
intima layer of the artery?
a. Hypotension
b. Low sugar
c. Smoking
d. Exercise

11. The total cost for CVD in 2012 was .
a. $300 billion
b. $195 billion
c. $124 billion
d. $500 billion

12. The fat that causes CAD is .
a. high-density lipoproteins (HDL)
b. triglycerides
c. vegetable fats
d. low-density lipoprotein (LDL)

13. Angina that is relieved with rest is called 
.

a. unstable angina
b. variant angina
c. stable angina
d. ischemia

14. An exercise stress test is stopped prematurely when 
which of the following conditions occur?
a. The heart rate reaches 25% of its maximum 

heart rate.
b. ST depressions occur on ECG.
c. Systolic blood pressure increases by 15 mm Hg.
d. Sinus tachycardia

15. A chemical stress test uses which medication?
a. Nitroglycerin
b. Adenosine
c. Atropine
d. Heparin

16. An echocardiogram uses  
to view the heart.
a. x-rays
b. infrared light
c. ultrasound waves
d. ultraviolet light

17. A nuclear stress test uses an isotope is used that 
emits .
a. x-rays
b. beta radiation
c. alpha radiation
d. gamma radiation

18. A heart catheterization uses  
to see inside the body.
a. x-rays
b. beta radiation
c. alpha radiation
d. gamma radiation

19. Which of the following requires long-term DAPT?
a. Bare-metal stent
b. Drug-eluting stent
c. Rotational atherectomy
d. Balloon angioplasty

20. What diagnostic tool emits infrared light?
a. Optical coherence tomography
b. Intravascular ultrasound
c. Echocardiogram
d. C-arm
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OBJECTIVES
1. State the working definitions for each type of pulmonary 

vascular disease.
2. Outline the incidence, prevalence, and risk factors for each 

type of pulmonary vascular disease.
3. Define and discuss the clinical manifestations associated 

with each type of pulmonary vascular disease.

4. Explain diagnostic testing used in diagnosing each type of 
pulmonary vascular disease.

5. Summarize the recommended management of patients 
with each type of pulmonary vascular disease.

6. Identify common complications associated with each type 
of pulmonary vascular disease.

7. Define the prognosis of each type of pulmonary vascular 
disease.

KEY TERMS
Cardiopulmonary exercise 

testing (CPET)
Computed tomographic 

pulmonary angiography  
(CTPA)

D-dimer
Deep vein thrombosis (DVT)
Embolus
Endothelin receptor 

antagonists (ERAs)
Endothelium-derived 

relaxing factors  
(EDRFs)

Fibrinolysis
Graduated compression 

stockings (GCS)
Guanylate cyclase 

stimulators
Hampton hump
Massive pulmonary 

embolism
Nitric oxide (NO)
Phosphodiesterase Type 5 

inhibitors (PDE-5i)
Plexiform lesions (PL)

Pneumatic compression 
devices (PCD)

Postthrombotic syndrome
Prostacyclin analogues
Prostacyclin receptor 

agonists
Pulmonary arterial 

hypertension (PAH)
Pulmonary embolism 

(PE) or pulmonary 
thromboembolism

Pulmonary hypertension 
(PH)

Pulmonary vascular 
resistance (PVR)

Saddle pulmonary 
embolism

Six-minute walking 
test (6MWT)

Thrombus
Venous thromboembolism 

(VTE)
Ventilation–perfusion 

(V/Q) scanning
Virchow triad

Pulmonary Vascular Diseases

“The art of medicine consists of amusing the patient while nature cures the disease.”

—François-Marie Arouet Voltaire
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Case Study
A 53-year-old man presents to his family physician 
complaining of new-onset shortness of breath on ex-
ertion over the preceding 2 months. The man denies 
any significant personal past medical history other 
than high blood pressure (BP) and childhood asthma. 
He is a nonsmoker with a family history of heart dis-
ease. He exercised regularly on a home treadmill at 
a moderate incline usually for 30 minutes without 
difficulty; however, now he can walk for only 15 min-
utes despite less of an incline. He denies exertional 
chest pain.

Physical examination reveals an oral temperature 
of 98.4°F, pulse of 86 beats/minute, and a respiratory 
rate of 14. He is 205 pounds, 5 feet 11 inches tall, with 
a body mass index of 28.5 kg/m2 and BP of 172/95 mm 
Hg. There is no cervical or supraclavicular adenopathy. 
Examination of the chest, abdomen, and extremities is 
normal. The blood work studies show a normal chem-
istry panel, normal complete blood count, and normal 
thyroid function studies. A chest x-ray (CXR) shows no 
obvious pulmonary parenchymal abnormalities. Due 
to the patient’s history of childhood asthma, empiric 
treatment for asthma begins with an inhaled cortico-
steroid and long-acting beta-agonist. After 5 months, 
both medications fail to improve the patient’s short-
ness of breath symptoms.

Worsening shortness of breath and moderate exer-
tional limitations, despite compliance with the inhaled 
asthma medications, leads to a reevaluation approxi-
mately 5 months later. The patient reports noticing 
the development of some chest tightness and dis-
comfort on minimal exertion that caused him to stop 
regularly exercising. He denies having symptoms of 
orthopnea or paroxysmal nocturnal dyspnea though 
he did experience some shortness of breath while at 
rest. Due to the patient’s age, weight, history of hyper-
tension, exertional chest discomfort, and progressive 
breathlessness, he is given a referral to a cardiologist 
for further evaluation and possible treatment of sus-
pected coronary artery disease.

The cardiologist physical examination reveals a BP 
of 165/95 mm Hg. Lung auscultation reveals normal 
breath sounds without wheezing, crackles, or rhonchi. 
Cardiac examination reveals a normal rhythm with 
an accentuated second heart sound (P2) and a high-
pitched holosystolic murmur best heard at the left 
sternal border. The remainder of the patient’s cardio-
vascular examination is normal. An electrocardiogram 
(ECG) showed a normal sinus rhythm with an incom-
plete right bundle branch block pattern. An echocar-
diogram showed normal left ventricular (LV) ejection 
fraction. The right ventricular (RV) chamber is mildly 
enlarged with no valvular abnormalities identified. The 
estimated mean pulmonary artery pressure (PAP) on 
echocardiogram studies is 42 mm Hg (normal mean 
values ranging from 9 to 18 mm Hg). A nuclear myo-
cardial perfusion test shows a mild reversible inferior 
wall perfusion defect suggestive of ischemic changes. 
A subsequent coronary angiogram demonstrates mild 
luminal irregularities with no significant stenosis. He-
modynamic studies, using a Swan-Ganz pulmonary 
artery catheter, appear in Table 17-1.

Name Measurement Normal Value

Right atrial pressure, 
mm Hg

7 25

RV pressure, mm Hg 89/7 20–30/0–5

PAP, mm Hg 89/33 20–30/8–12

Mean PAP, mm Hg 55 25

Pulmonary capillary wedge 
pressure (PCWP), mm Hg

21 4–12

Cardiac output (CO),  
L/minute

5.45 4–8

Cardiac index (CI),  
L/minute/m2

2.6 2.5–4

TABLE 17-1
Hemodynamic Studies for the 53-Year-Old Man

Introduction
The primary function of the pulmonary circulation is 
to carry mixed venous blood to the alveoli, where gas 
exchange occurs, then back to the left side of the heart 
for delivery of oxygenated blood to the rest of the tis-
sues in the body. Circulatory disorders commonly affect 
the lung, with the most important and common of these 
being pulmonary embolic disease causing occlusion or 

blockage of the pulmonary artery (PA) or more of its 
vascular branches by a substance or material carried 
within the bloodstream. Other pulmonary vascular dis-
eases include pulmonary arterial hypertension (PAH), 
pulmonary vasculitis, and diffuse alveolar hemorrhage 
syndrome.

The lungs have a unique dual vascular circulation 
different from other organs. The normal pulmonary 

464 CHAPTER 17 Pulmonary Vascular Diseases



circulation can accommodate the entire CO at perfu-
sion pressures that are one-fifth of those in the systemic 
circulation, even when CO increases significantly dur-
ing exercise. See Figure 17-1. The pulmonary circula-
tory bed is thin walled, has a larger internal diameter, 
is less affected by neural regulation of vasomotor tone, 
and contains far less vascular smooth muscle than its 
corresponding systemic and bronchial circulations. 
Maintenance of homeostasis in the pulmonary vascu-
lature occurs by the actions of vasoactive compounds 
known as endothelium-derived relaxing factors (EDRFs). 
The EDRF are endogenous substances that include 
acetylcholine, bradykinin, histamine, thrombin, se-
rotonin, adenosine triphosphate (ATP), and some 
prostaglandins, including nitric oxide (NO).1 NO is the 
predominant EDRF and is critical for normal develop-
ment of the pulmonary vasculature. NO continues to 
mediate normal vasoregulation in adulthood. Loss of 
NO bioavailability is one component of the endothelial 
dysfunction and vascular pathology found in pulmonary 
hypertension (PH).2 Several unique characteristics assist 
the pulmonary vasculature in the accommodation of 
a significant amount of blood volume. The pulmonary 
vessels can dilate, and the unused vasculature (e.g., 
arterioles and capillaries) can be recruited to accommo-
date blood volume beyond the normal right ventricular 
CO. While the pulmonary capillaries cannot constrict, 
their diameter can decrease in response to increases in 
intra-alveolar or intrapleural pressure. The pulmonary 
capillaries also dilate when there is perivascular inflam-
mation or movement of intravascular fluid into the tis-
sue interstitium.

The pulmonary circulation minimizes increases in 
perfusion pressure and maximizes gas exchange as it 
carries blood over the pulmonary capillary–alveolar 
membrane. Approximately 280 billion pulmonary capil-
laries supply an estimated 300 million alveoli over a  
70 m2 surface area. The newly oxygenated blood 
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FIGURE 17-1 Schematic drawing of pulmonary circulation. IVC, inferior vena cava; SVC, superior vena cava.

ultimately returns to the left atrium via pulmonary 
venules and veins. This low-pressure, low-resistance 
vascular system is very compliant, allowing increased 
blood flow to occur with exercise without a related in-
crease in pressure, being controlled by the autonomic 
nervous system.1 These vessels are also under the influ-
ence of alveolar oxygen tension, changes in acid–base 
balance, and various vasoactive substances. Regional 
pulmonary circulation blood flow variations are also af-
fected by gravitation and ventilatory alteration.1

The bronchial circulation is, in contrast to the pul-
monary circulation, a low-compliance, high-resistance 
vascular system originating from branches of the tho-
racic aorta. See Figure 17-2. It supplies a small quantity 
of LV oxygenated blood to the walls of the tracheo-
bronchial tree, including the terminal bronchioles. The 
bronchial vascular system also delivers arterial blood to 
pulmonary arteries and veins, hilar lymph nodes, vis-
ceral pleura, vagus nerve, and esophagus. This second 
vascular system that supplies the lung tissue delivers 
a blood flow of approximately 70 mL/minute/m2 at a 
blood flow pressure equal to that of the aorta. The bron-
chial circulation venous drainage follows arterial deliv-
ery, then contributes to a normal anatomic right-to-left 
shunt by draining deoxygenated blood into pulmonary 
veins, which carry oxygenated blood following alveolar 
gas exchange.1

Pulmonary circulation disorders originate from a 
range of individual and interrelated abnormalities in the 
lungs, its vasculature, or the heart. These disorders may 
result from direct injury, a disease process, or indirectly 
from hypoxemia or acid–base imbalance (acidemia). 
These pulmonary circulation disorders, also, adversely 
affect the myocardium and heart chambers, resulting 
in either right heart failure, or left heart failure (LHF), 
or both. Disorders affecting the bronchial circulation 
include chronic inflammatory or necrotizing diseases, 
such as tuberculosis or bronchiectasis. These diseases 
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FIGURE 17-2 The circulation of the lung. Vascular connections are present between the bronchial artery and the PA and between the pulmonary 
vein and the bronchial vein. Also, there are direct arteriovenous shunts. The bronchial veins anastomose with mediastinal veins and the 
mediastinal veins connect with the veins of the esophagus.
Reproduced with permission from de Leval M. The Fontan circulation: a challenge to William Harvey? Nat Clin Pract Cardiovasc Med. 2005;2(4):202–208 (Figure 4). doi:10.1038 
/ncpcardio0157.

cause intense neovascularization, which may collat-
eralize with intercostals arteries. Life-threatening he-
moptysis primarily originates from the high-pressure 
bronchial circulation.

KNOWLEDGE CHECK QUESTIONS

1. True or False: The normal pulmonary circulation 
can accommodate all of the CO at perfusion 
pressures significantly less than the systemic 
circulation.

2. True or False: The pulmonary circulation is a 
high-pressure, high-resistance vascular system.

3. True or False: The bronchial circulation is a 
high-resistance vascular system.

Pulmonary Embolism
Pulmonary embolism (PE) or pulmonary thrombo-
embolism is an occlusion of one or more branches of 
the PA by a substance, mostly blood clots, carried in the 
bloodstream. PE primarily originates from a blood clot-
ting condition, venous thromboembolism (VTE), that has 

two major manifestations: deep vein thrombosis (DVT)  
and PE. About 90% of pulmonary emboli come from 
the legs, with most involving the proximal (popliteal) 
or more central leg veins.3 A blood clot attached to its 
site of origin in a blood vessel or a heart chamber is a 
thrombus. Once the clot detaches from its site of origin 
(embolization) and travels, it is an embolus. PE oc-
curs when the embolus travels to the lungs and blocks 
the arterial blood supply in a single area or multiple 
areas of the lungs. While typically caused by blood 
clot embolization, several other substances such as fat 
globules, amniotic fluid, tissue or tumor fragments, 
or foreign bodies can also result in PA occlusion. PE, 
however, is reserved to indicate VTE unless specifically 
identified.

Definition/Diagnosis
PE is one of the most important disorders that affect 
the pulmonary vasculature. Not only is it found in more 
than 60% of autopsies, but it is widely “overdiagnosed” 
when not present and “underdiagnosed” when pres-
ent.4 The incidence of unrecognized or “silent pulmo-
nary embolism” is higher with proximal DVT than 
with distal DVT.5 Even when signs and symptoms are 
recognized, and the potential diagnosis is considered, 
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appropriate diagnostic and therapeutic management is 
unfortunately not initiated. Approximately one-third of 
untreated patients that somehow survive their initial PE 
subsequently die of a future embolic episode.6

VTE mimics other illnesses, and PE is known as “the 
Great Masquerader,” making diagnosis difficult. PE is es-
pecially difficult to detect when it occurs concomitantly 
with overt heart failure or pneumonia.7

The 2014 European Society of Cardiology Guide-
lines on the diagnosis and management of acute PE 
states that the clinical diagnosis of PE, “confirmed PE,” 
rests on the probability of PE high enough to indicate 
the need for PE-specific treatment, and “exclude PE” 
is the probability of PE low enough to justify with-
holding PE-specific treatment with an acceptably low 
risk.8 Diagnosis of PE is made based on the assess-
ment of clinical probability using validated clinical 
prediction rules.8

Clinical Signs and Symptoms
PE may escape prompt diagnosis because the clinical 
signs and symptoms are nonspecific.8 Not all throm-
bosis is symptomatic and much is of uncertain clinical 
importance. Tibia fractures have a VTE rate of 45%, but 
only one-third are symptomatic. Up to 80% of hemiple-
gic patients have venous thrombosis in the affected 
limbs without embolic events. Similarly, more than 45% 
of trauma patients have been found to have DVT, with 
12% being proximal. Consideration of both symptoms 
and epidemiologic risk is required to establish the need 
for treatment.9

The most frequent signs of acute PE are tachy-
pnea, tachycardia, and leg swelling suggestive of DVT. 
The most frequent symptoms of PE include dyspnea, 
pleuritic chest pain, cough, palpitations, anxiety, and 
hemoptysis. See Table 17-2. These signs and symp-
toms are nonspecific for PE and may also be present in 
many other acute cardiopulmonary conditions.10 See 
Box 17-1 for differential diagnosis of PE. The differen-
tial diagnosis is critical because not all leg pain is due to 
DVT and not all dyspnea is due to PE. Finally, PE may 
be completely asymptomatic and be discovered inci-
dentally during diagnostic workup for another disease 
or at autopsy.8

Signs Symptoms

Leg swelling suggestive of DVT
Tachycardia
Tachypnea

Anxiety
Cough
Dyspnea
Hemoptysis
Palpitations
Pleuritic chest pain

TABLE 17-2
Common Signs and Symptoms of PE

After the history and physical exam have raised the 
question of PE as a possibility, the relative risk is im-
portant to consider. Investigations and decisions are 
made on the determination of the risk for PE. Table 17-3 
shows the Well’s clinical criteria for categorizing pa-
tients’ probability of PE. Using the simplified two-level 
prediction rule reduces the proportion of underdiag-
nosed patients with PE to around 12%.8

Patients with massive PE present with systemic arte-
rial hypotension and usually have anatomically wide-
spread thromboembolism. Patients with moderate to 
large PE have RV hypokinesis on echocardiography but 
normal systemic arterial pressure. Those with small to 
moderate PE have both normal right heart function and 
normal systemic arterial pressure.7

BOX 17-1 Differential Diagnosis of PE
Acute coronary syndrome
Anxiety
Asthma
Chronic obstructive pulmonary disease (COPD)
Congestive heart failure
Costochondritis
Musculoskeletal discomfort
Pericarditis
Pleurisy
Pneumonia
Pneumothorax
Rib fracture

Parameter Score

Clinical signs of DVT +1

Alternative diagnosis is less likely than PE +1

Previous PE or DVT +1

Heart rate >100 beats/minute +1

Recent surgery or immobilization (within the last 
20 days)

+1

Hemoptysis +1

Cancer treated within the last 6 months +1

Clinical Probability of PE Score

PE unlikely 0–1

PE likely ≥2

TABLE 17-3
Simplified Well’s Prediction Rule for Diagnosing PE
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Pleuritic chest pain is common with small, peripheral 
emboli. These small pulmonary emboli lodge, peripher-
ally, near the innervation of pleural nerves and often 
cause pulmonary infarction.7,8 In central PE, chest pain 
may have a typical angina character, possibly reflecting 
RV ischemia and requiring differential diagnosis with 
acute coronary syndrome or aortic dissection. Arterial 
hypotension and shock are rare but important clinical 
presentations because they indicate central PE and a se-
verely reduced hemodynamic reserve.8

Etiology
PE and DVT are thought to represent a continu-
ous spectrum of a single disease entity. PE is usually 
a consequence of DVT. See Figure 17-3. About 40% 
of patients with proximal DVT are found to have an 

associated PE via lung scan, and about 70% of patients 
presenting with PE are found to have DVT in the legs.5 
Other sites of thrombosis formation and subsequent 
source of PE can potentially involve any systemic vein 
or right heart chamber, though are far less common 
than the more proximal deep veins. Thrombi may infre-
quently arise from superficial veins as well as prostatic, 
uterine, renal, and other venous origins. Upper extrem-
ity DVT (UEDVT) are rare and occur as the result of 
primary UEDVT in young or otherwise healthy athletes 
or as secondary UEDVT in patients with cancer or in-
dividuals who have complications associated with intra-
vascular devices.

Three primary influences predispose a patient to 
thrombus formation. These three influences are endo-
thelial injury, stasis or turbulence of blood flow, and 
blood hypercoagulability. Thrombosis usually originates 

Blood clot

A

B

C

PA
obstructed by
the embolus

Embolus
Infarcted area

FIGURE 17-3 Most likely places for thrombus formation. (A) Hip: external iliac vein, uterine vein, pelvic venous plexus, gonadal veins, lateral 
circumflex femoral vein; (B) Thigh: femoral vein, deep femoral vein, great saphenous vein; (C) Leg (calf): popliteal vein, small saphenous vein, 
posterior tibial veins, soleal plexus of veins.
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when platelets gather on valves in the veins of the lower 
extremities. Further growth occurs by the gradual ac-
cumulation of platelets and fibrin and progression to 
red fibrin thrombus, which may either break off and 
embolize or result in total occlusion of the vein. Once 
embolized, the thrombus travels to the lungs. The large 
thrombi can lodge at the bifurcation of the main PA 
(saddle pulmonary embolism) or the lobar branches 
and cause hemodynamic compromise. Smaller thrombi 
typically travel more distally, occluding smaller vessels 
in the lung periphery.11 The underlying causes for PE  
are multifactorial and are not clear in many cases.  
See Box 17-2.

Epidemiology
In the United States, the estimated incidence of PE is 
1 case per 1,000 persons per year.12 The incidence of 
VTE in the United States is also 1 person per 1,000 
population, with an annual incidence of 250,000.13 PE is 
present in 60–80% of patients with DVT, even though 
more than half of these patients are asymptomatic.11 
The incidence of DVT and PE worldwide is high in all 
racial groups, yet varies substantially from country to 
country.11 Pulmonary thromboembolism is a worldwide 
problem, particularly in people with known common 
risk factors. Observed variance in frequency of occur-
rence from region to region may be due to diagnostic 
methodology differences rather than differences in 
actual disease frequency. Whether true differences are 
eventually proven to exist and whether they are due to 
either genetic variation or nonhereditary differences in 
diet and activity requires further investigation.

The incidence of DVT is three times higher than 
that of PE during pregnancy. PE is less common during 
pregnancy than in the postpartum period (10.6 vs. 159.7 
incidents, respectively, per 100,000 women).13 There 
is conflicting data on whether men or women are at 
higher risk for PE. An analysis of national mortality data 
shows that death rates for PE are 20–30% higher among 
men than among women.12 In the pediatric population, 
both DVT and PE are rare. However, among pediatric 
patients in whom DVT or PE do occur, these conditions 
are associated with significant morbidity and mortal-
ity.11 Mortality rates for PE in the black population is 
50% higher than in the white population. Mortality rates 
for whites are 50% higher than those for people of other 
races, such as Asian or Native American.12

PE is the third most common cause of death from 
cardiovascular disease, following heart attacks and 
strokes, in the United States, with at least 650,000 cases 
occurring annually.11,14 PE represents a major cause of 
unexpected death in most age groups. The highest inci-
dence of recognized PE occurs in hospitalized patients. 
Without proper anticoagulant prophylaxis, acute DVT 
occurs in 10–13% of general medical patients placed 
on bed rest for a week.11 While it is easy to see why 
hospitalized patients represent a particularly high-risk, 
pulmonary thromboembolism, unfortunately, does not 
often manifest until after discharge.

Pathology/Pathophysiology
PE is not a distinct disorder but a serious and often fatal 
complication of underlying venous thrombosis. Under 
normal stable conditions, microthrombi (an aggregate 
of red cells, platelets, and fibrin) form in the venous cir-
culatory system, which are promptly lysed by the body’s 
intrinsic fibrinolytic system providing local hemostasis 
in response to injury without permitting uncontrolled 
propagation of clot. One or more features that compose 
Virchow triad (Figure 17-4) occur in all known risk fac-
tors, causing microthrombi to grow and propagate. PE 
occurs when a formed blood clot breaks loose and trav-
els (embolizes) to occlude pulmonary blood vessels.

BOX 17-2 Underlying Causes for PE
AIDS (lupus anticoagulant)
Behcet disease
Congestive heart failure
Hereditary factors
Hypercoagulable states
Immobilization
Malignancy
Myocardial infarction
Oral contraceptives and estrogen replacement
Polycythemia
Pregnancy
Surgery
Systemic lupus erythematosus
Trauma
Ulcerative colitis
Venous stasis

Endothelial
wall damage

Virchow
triad

HypercoagulabilityCirculatory
stasis

FIGURE 17-4 Virchow triad consists of blood vessel endothelial wall 
damage, abnormal blood flow in the form of stasis, and a state of 
increased coagulability.
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After the thrombus becomes detached from its for-
mation site, it travels to the right heart, then on to the 
PA system. In the lungs, the thrombus usually lodges 
in the more dependent areas (lower bases). When the 
thrombus lodges within a pulmonary vessel, a variety 
of consequences ensue. These consequences include 
mechanical obstruction of one or more vessels and 
chemical mediator release from the thrombus and the 
ischemic tissue.4

Pathophysiologically, occlusion of blood supply to 
an involved artery results in nonperfusion of involved 
areas of the lung that continue to be ventilated, increas-
ing the overall dead-space ventilation. Alveolar dead 
space increases because the inhaled gas does not diffuse 
through the alveolar capillary membrane because there 
is no perfusion. Therefore, the physiologic dead space 
increases because ventilation to gas exchange areas 
exceeds blood flow through the pulmonary capillaries.7 
Assuming minute ventilation remains constant, the 
increased dead space automatically decreases alveolar 
ventilation and hence CO2 excretion. However, despite 
the potential for CO2 retention due to PE, patients 
increase their minute ventilation after an embolism 
occurs and more than compensate for the increase in 
dead space.4 The most common gas exchange abnor-
malities due to PE are hypoxemia and an increase in the 
alveolar–arterial O2 gradient. See Table 17-4.

An occlusion of 30–50% of the total cross-sectional 
area of the pulmonary arterial bed can increase PAP.8 
Pulmonary vasoconstriction occurs due to the release 
of chemical mediators when approximately 50–75% of 
the pulmonary vascular bed is occluded. The pulmonary 

vasoconstriction causes pulmonary vascular resistance 
(PVR) to increase. Both the anatomical obstruction and 
the vasoconstriction contribute to the increase in PVR.4 
The PAP and PVR may rise so high that the RV is un-
able to accommodate the acute increase in afterload. 
Thus, the forward output of the RV diminishes, BP falls, 
CO decreases, and the patient develops hemodynamic 
instability. Clinically, this may be evident as syncope or 
cardiogenic shock. See Figure 17-5.

The hemodynamic consequences of acute PE de-
pend mostly on the presence of preexisting emboli and 
whether underlying pulmonary vascular disease or car-
diac disease is present. Even if there are no risk factors 
and the emboli is small and distal, it may create areas of 
alveolar hemorrhage, causing hemoptysis, pleuritis, and 
pleural effusion. The clinical presentation is “pulmonary 
infarction.” Its effect on gas exchange is normally mild, 
except in a patient with preexisting cardiopulmonary 
disease.8

Respiratory failure in PE is a consequence of hemo-
dynamic disturbances. Vascular compromise to one or 
more regions of the lungs causes a reduction in the syn-
thesis of pulmonary surfactant. Reduction in pulmonary 
surfactant leads to atelectasis, ventilation–perfusion 
mismatch, and shunt, causing worsening hypoxemia. 
Chemical mediator release and hyperventilation cause 
bronchoconstriction of the small airways.

In massive, acute PE, low CO due to right heart 
failure results in a reduction of mixed venous oxygen 

Pathophysiologic 
Abnormality Cause of Abnormality 

Hypoxemia Increased alveolar dead space
Increase in alveolar-to-arterial O2 

gradient

Alveolar 
hyperventilation

Reflex stimulation of irritant receptors
Compensation for hypoxemia

PH Occlusion of 30–50% of total cross-
sectional area of pulmonary arterial 
capillaries

PVR increase Occlusion of 50–75% of pulmonary 
vascular bed

Airway resistance 
increase

Chemical mediator release causing 
bronchoconstriction

Pulmonary 
compliance decrease

Decrease in surfactant synthesis in 
affected alveoli

TABLE 17-4
PE Pathophysiologic Abnormalities  
and Their Causes

Systemic
arterial

hypotension

RV pressure
overload

Pulmonary
embolism

↓ Coronary perfusion

↑ RV wall tensionRV hypokinesis
and dilatation

↓ LV preload

↑ PVR

Interventricular
septal deviation
toward the LV

RV ischemia ±
infarction

↓ RV myocardial
O2 supply

↑ RV myocardial
O2 demand

↓ RV
cardiac
output

↓ LV
cardiac
output

FIGURE 17-5 The pathophysiology of submassive PE.
Reproduced with permission from Piazza G, Goldhaber S. Management of submassive 
pulmonary embolism. Circulation. 2010;122(11):1124–1129 (Figure 1, p. 1126).  
http://dx.doi.org/10.1161/circulationaha.110.961136.
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content. Other significant pathophysiologic effects that 
may subsequently occur include an increase in PVR, 
PH, systemic hypotension, and circulatory failure lead-
ing to death. See Figure 17-6.

Risk Factors
Several risk factors, including hereditary as well as ac-
quired circumstances, are identified as associated with 
the likely development of DVT and subsequent PE. 
Virchow triad involving components of prolonged sta-
sis, vessel injury, and hypercoagulability, first described 
in the mid-1800s, supports the effects and influences 
of genetic and environmental thromboembolic risk 
factors. See Figure 17-7. Several leading acquired risk 

factors include acute medical illness, total hip and knee 
replacement, underlying malignancy and surgery for 
cancer, pregnancy and the postpartum period, along 
with prolonged immobilization. See Box 17-3.

Clinical risk factors account for approximately 75% of 
VTE cases in the community, while about 25% remain 
idiopathic. Appropriate prophylaxis therapy is necessary 
for all patients at risk and where possible exposure to 
risk factors needs avoidance.15

Complications
PE, in and of itself, is a complication of VTE. The sec-
ond complication of VTE is postthrombotic syndrome 
or chronic venous insufficiency. Postthrombotic syn-
drome is a delayed complication that causes the venous 
valves of the leg to become incompetent and exude in-
terstitial fluid. This syndrome includes chronic leg pain, 
swelling, heaviness, and other signs, including venous 
ulcers in the thrombosis-affected limb, and is respon-
sible for greater morbidity. More than half of individuals 
surviving an episode of VTE develop postthrombotic 
syndrome, resulting in lifelong pain and disability.7

Findings associated with increased in-hospital mortal-
ity as the result of PE occur in those patients who present 
with clinical or echocardiographic evidence of instability 
due to acute right heart failure, usually associated with 
massive pulmonary embolism. The term massive pulmo-
nary embolism refers to a PE that is  accompanied by hy-
potension or shock, severe hypoxemic respiratory failure, 
acute right-sided heart dysfunction, or anatomically as 
the obstruction of the pulmonary vasculature that ex-
ceeds 50%. The primary physiologic consequence of mas-
sive PE is RV failure. RV failure ultimately progresses to 
decreased LV preload with diminished CO, hypotension, 
and end-organ hypoperfusion.16

↑ RV wall tension

↑ RV O2 demand

RV dilation

Neurohormonal
activation

Cardiogenic
shock

Increased RV afterload

Low CO

Death

RV ischemia

Myocardial
inflammation

TV insufficiency

↓ RV contractility ↓ RV output

↓ LV preload

↓ Systemic BP

↓ RV coronary
perfusion

↓ RV O2 delivery

FIGURE 17-6 Key factors contributing to hemodynamic collapse in 
acute PE.
Reproduced with permission from 2014 ESC Guidelines on the diagnosis and management 
of acute pulmonary embolism. Eur Heart J. 2014;35(43):3033–3073 (Figure 1, p. 7). 
doi:10.1093/eurheartj/ehu283. 

Endothelial wall damage

Microtrauma to vessel wall
Physical trauma, strain or injury
Thrombophlebitis
Venipuncture

Atherosclerosis
Cellulitis
Heart valve replacement
Indwelling catheter

Circulatory stasis

LV dysfunction
Varicose veins
Venous obstruction

Atrial fibrillation
Bradycardia and hypotension
Congenital abnormalities
Immobility

Hypercoagulability

Inflammatory bowel disease
Inherited thrombophilia
Major surgery/trauma
Malignancy
Pregnancy (post partum)

Autoimmune condition
Dehydration
Estrogen therapy
Infection and sepsis
Inflammation

Virchow
triad

FIGURE 17-7 Risk factors for VTE and PE.
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A major complication of PE is due to the therapy 
that treats the embolism. Anticoagulation therapy and 
thrombolytic therapy both increase the risk of bleeding, 
including intracranial hemorrhage.

Diagnostic Testing
Diagnosis of PE begins with an assessment of clinical 
pretest probability (CPTP) based on the combina-
tion of individual symptoms, signs, and common tests 
evaluated using prediction rules (Table 17-3) or clinical 
judgment. The primary goal of diagnostic testing for 
PE is to identify patients who would benefit from treat-
ment.3 Every patient for whom PE is initially considered 
does not need testing for PE, a convincing alternative 
diagnosis may subsequently be found.3 Diagnostic man-
agement algorithms are used to exclude PE without the 
need for imaging tests in a proportion of patients. These 
algorithms begin with the CPTP, followed by a D-dimer 
blood test or a computed tomography pulmonary angi-
ography (CTPA).10 See Figure 17-8.

D-Dimer
D-dimer is a degradation product of cross-linked fi-
brin, and therefore, levels are increased in the setting 
of thrombosis of any type. Plasma levels of D-dimer 
increase not only in the setting of venous thrombosis 
but also in many other conditions, including myocardial 

BOX 17-3 Additional Factors Found to Influence the Risk of Acquired PE

 � Acute medical illness 

 � Advanced age (>40 years)

 � Anticoagulant deficiencies (antithrombin, protein 
C, protein S, plasminogen, heparin cofactor II) and 
combination anticoagulation deficiencies

 � Antiphospholipid antibody syndrome 

 � Behcet disease (systemic vasculitis)

 � Blood type A

 � Burns

 � Central venous catheterization

 � Chemotherapy

 � Congestive heart failure 

 � COPD

 � Diabetes

 � Dysfibrinogenemia and high fibrinogen

 � Factor V Leiden mutation from activated protein C 
resistance

 � Family history

 � Fractures and presence of orthopedic casts

 � Hemolytic anemias

 � High-dose hormone replacement and tamoxifen

 � Hospitalized patients with chronic liver disease

 � Increased travel time

 � Intravenous drug abuse

 � Lupus anticoagulant (SLE, AIDS)

 � Major surgery 

 � Microalbuminuria (>30 mg/24 hours) 

 � Myocardial infarction

 � Obesity 

 � Oral contraceptive use 

 � Phenothiazines

 � Polycythemia, thrombocytosis, sickle cell disease, 
and multiple myeloma 

 � Pregnancy

 � Previous history of DVT or PE

 � Prothrombin gene mutation (prothrombin G20210A 
mutation)

 � Sedentary lifestyle, reduced mobility

 � Spinal cord injury

 � Venography

PE confirmed

D-dimer test

PE unlikely

Clinical pretest probability/Prediction rule

Suspected PE

PE likely

CTPAPE excluded
Negative

Positive

Positive test results
(>500 mcg/L or age-
adjusted threshold)

Normal test results

FIGURE 17-8 Diagnostic testing algorithm for PE.

infarction, pneumonia, sepsis, trauma, surgery, cancer, 
and inflammation. Thus, D-dimer testing for VTE or 
PE is very sensitive, but the test is nonspecific.4 The 
test is inappropriate to “screen out” PE in patients who 
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have not been evaluated clinically because the high fre-
quency of false positive results will increase, rather than 
decrease, the need for additional testing.3 A negative 
D-dimer in a low clinical probability patient does re-
duce the risk of PE to approximately 1% (when followed 
for 3 months), allowing such patients to be discharged 
without further investigation.

Computed Tomographic Pulmonary Angiography
Since the introduction of multidetector computed to-
mographic (MDCT) angiography with high spatial and 
temporal resolution and quality of arterial opacifica-
tion, computed tomographic (CT) angiography has 
become the method of choice for imaging the pulmo-
nary vasculature in patients with suspected PE.8 The 
computed tomographic pulmonary angiography (CTPA) 
outlines the thrombi in the pulmonary arteries with 
intravenous contrast medium (Figure 17-9). The newest 
generation of CT scanners can image small peripheral 
emboli. Six-order branches can be seen with resolution 
superior to that of conventional invasive contrast pul-
monary angiography.7

CT venography is a simple method for diagnosing 
DVT in patients with suspected PE, as it can be com-
bined with CTPA in a single procedure, using only one 
intravenous injection of contrast medium. However, 
because CT adds a significant amount of irradiation, ul-
trasonography is appropriate instead of CT venography, 
if indicated.8

CTPA can lead to contrast-induced nephropathy 
and substantial radiation exposure. Allergic reactions to 
contrast medium are also possible.

Pulmonary Angiography Imaging
Pulmonary angiography has for decades remained the 
‘gold standard’ for the diagnosis or exclusion of PE but is 
rarely performed now as less-invasive CTPA offers simi-
lar diagnostic accuracy.8 When performed carefully and 

completely, a positive pulmonary angiogram provides 
virtually a 100% certainty of pulmonary arterial blood 
flow obstruction. A negative pulmonary angiogram sim-
ilarly provides greater than 90% certainty that PE does 
not exist. Pulmonary angiography is more often used 
to guide percutaneous catheter-directed treatment of 
acute PE. Digital subtraction angiography requires less 
contrast medium than conventional cineangiography 
and has excellent imaging quality for peripheral pulmo-
nary vessels in patients who can hold their breath; it is 
less useful for imaging of the main pulmonary arteries, 
due to cardiac motion artifacts.8

Pulmonary angiography is useful as a second-
line imaging technique if previous studies have been 
nondiagnostic and clinical suspicion remains high. It is 
useful if a patient is unable to tolerate a CT scan. Pul-
monary angiography carries a low morbidity/mortality 
rate, related more to the severity of the clinical presen-
tation than the test itself. Its limitations include moder-
ate to poor interobserver reliability, a risk of renal injury 
from contrast load, and missing subsegmental emboli. 
Despite it being a highly accurate investigation, it is 
rarely performed.9

Ventilation–Perfusion Scan Imaging
Ventilation–perfusion (V/Q) scanning is an established 
diagnostic test for suspected PE. The V/Q scan, also 
known as V/Q scintigraphy, does not cause allergic 
reactions, as does diagnostic tests that require intrave-
nous contrast.8 This imaging test is a second-line diag-
nostic test for patients who cannot tolerate intravenous 
contrast.7 The perfusion scan utilizes the intravenous 
injection of radiolabeled macroaggregated albumin 
particles into a peripheral vein. In areas of normal 
blood flow in the lungs, the albumin particles lodge in 
a fraction of the perfused small vessels. When a clot 
obstructs blood flow within the pulmonary arterial 
system, the perfusion scan shows decreased blood flow. 
See Figure 17-10. The perfusion scan is combined with 
a ventilation study that utilizes a radiolabeled inhaled 
gas such as xenon-133- or Tc-99m-labeled aerosols, 
or Tc-99-labeled carbon microparticles. The V/Q scan 
exploits the unique pulmonary arterial segmental anat-
omy. Each bronchopulmonary segment receives blood 
from a single end artery. Occlusive thrombi affecting 
individual pulmonary arteries, therefore, produce char-
acteristic lobar, segmental, or subsegmental peripheral 
wedge-shaped defects with the base projecting to the 
lung periphery.17 The combination of ventilation and 
perfusion studies increases the specificity of the test. 
With acute PE, ventilation is expected to be normal in 
hypoperfusion segments.8 Therefore, the diagnosis of 
PE depends on identifying the V/Q mismatch.

A normal V/Q study excludes PE with the same de-
gree of certainty as a negative pulmonary angiogram. A 
“high-probability” V/Q study establishes the diagnosis. 
A nondiagnostic V/Q study, on the other hand, is not 

FIGURE 17-9 CTPA showing normal pulmonary vessels.
© windcatcher/iStock/Getty Images.
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FIGURE 17-10 Perfusion scan of lungs with PE. The embolism 
shows in the left upper lobe.
© ISM/Centre Jean PERRIN/Medical Images.

an acceptable end point in the workup for pulmonary 
thromboembolism and must be further followed up 
with another definitive test when the diagnosis remains 
unclear.5 For patients with contraindications to CTPA, 
including contrast allergy, renal disease, and pregnancy, 
V/Q scanning may be the preferred imaging modality 
for the evaluation of possible PE.18

Magnetic Resonance Pulmonary Angiography
Magnetic resonance pulmonary angiography (MRPA) 
may provide an important safer alternative to CTPA 
because it is free of long-term cancer risks from ion-
izing radiation and has an overall decreased risk of 
complication from contrast material adverse reaction.19 
The conclusion of a large-scale clinical trial studying 
the use of MRPA to diagnose PE is that it should be 
considered only by centers that routinely perform it 
well and only for patients for whom standard tests are 
contraindicated.20

Venous Doppler
Doppler ultrasonography is the most widely used 
modality for evaluating patients with suspected DVT 
and PE, because of its accuracy in detecting proximal 
thrombi, noninvasiveness, and wide availability. When 
used in combination with a CPTP, ultrasound examina-
tion is accurate in predicting the need for anticoagula-
tion. A normal ultrasound study in a high-probability 
patient requires additional investigations before the 
possibility of DVT and PE can be ruled out. There are 
certain limitations on the use of Doppler ultrasonogra-
phy. These limitations include operator accuracy, inabil-
ity to differentiate between old and new thrombus, and 
specific site limitations, such as the detection of a DVT 
in the pelvic veins or small vessels of the calf. Another 
obstacle limiting the use of Doppler ultrasonography is 
the presence of significant obesity or edema. A positive 
Doppler allows diagnosis of thromboembolism, while a 
negative study mandates further investigation.9

Radiologic Imaging
Initial CXR findings of patients with PE are most often 
normal. Later, an initially normal CXR may deteriorate 
to atelectasis, or develop a pleural effusion or elevation 
of the hemidiaphragm. Also, some cases may demon-
strate focal infiltrates that simulate infection (especially 
in the face of low-grade fever).

The CXR is important for ruling out other diag-
noses because most CXR findings are nonspecific or 
rare. The rare CXR findings that occur with PE include 
the Westermark sign, Hampton hump, and Fleischner 
sign. The Westermark sign is an area of decreased pul-
monary vascularity (oligemia) that causes a unilateral 
hyperlucency corresponding to the embolized arterial 
branch. Hampton hump is a wedge-shaped or rounded 
pleural-based infiltrate with the apex pointed toward 
the hilum and is frequently located adjacent to the dia-
phragm. Hampton hump is typically a late CXR find-
ing associated with pulmonary infarction distal to the 
thrombus. Fleischner sign refers to a localized widening 
of an artery due to impaction of an embolus.

Electrocardiogram
The ECG is abnormal in approximately 85% of individu-
als with PE. PE frequently causes sinus tachycardia and 
T-wave inversion in Leads V1 to V4. An S1-Q3-T3 electro-
cardiographic pattern is another common finding. This 
pattern includes an S wave in Lead I, a Q wave in Lead III, 
and an inverted T wave in Lead III. This finding is rela-
tively specific, but insensitive.7 While ECG abnormalities 
may be suggestive of PE, the absence of such abnormali-
ties has no significant predictive value.

Echocardiography
Echocardiography can detect RV pressure overload and 
dysfunction caused by an acute PE. However, a negative 
result cannot exclude PE and signs of RV overload, or 
dysfunction may also be found in the absence of acute 
PE and due to concomitant cardiac or respiratory dis-
ease.8 The echocardiography is helpful when estimating 
the extent of PE in clinically severe cases.

Suspected high-risk PE is an immediately life- 
threatening situation, and patients presenting with 
shock or hypotension have a distinct clinical problem. 
In this situation, the probability of PE is high, and the 
differential diagnosis includes cardiac tamponade, acute 
coronary syndrome, acute valvular dysfunction, and 
aortic dissection. These patients may be so critical that 
only bedside diagnostic tests are possible. The most 
useful  initial test, in this situation, is bedside transtho-
racic echocardiography (TTE). If PE is the cause of the 
patient’s hemodynamic decompensation, the TTE will 
demonstrate acute PH and RV dysfunction. A trans-
esophageal echocardiogram may allow the direct visual-
ization of thrombi in the PA, and its main branches and a 
bedside venous Doppler can detect a DVT.8
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Arterial Blood Gas Findings
Patients with acute PE usually present with tachypnea 
and hyperventilation, causing arterial blood gases (ABGs) 
to commonly exhibit a low Paco2, with an elevated pH 
consistent with an acute respiratory alkalemia. The size 
of the vascular impairment determines the extent of the 
patient’s hypoxemia. In patients with suspected PE, a 
normal Pao2 does not rule out PE. ABG findings are not 
diagnostic of PE. However, profound hypoxemia without 
clear explanation is suspicious for possible PE.

Cardiac Biomarkers
Elevated plasma troponin I or troponin T levels can oc-
cur in patients with PE secondary to RV dilation and 
collateral myocardial injury. Elevated troponin levels 
have a high risk of short-term mortality.10 PE needs to 
be considered in individuals presenting with chest pain 
or dyspnea and elevated plasma troponin levels.

High concentrations of brain-type natriuretic pep-
tides (BNPs) or the N-terminal of the prohormone of 
BNP (NT-proBNP) may be elevated during a PE that is 

sPESI Criteria No Yes Hestia Criteria No Yes

Is the patient age >80 years? Is the patient hemodynamically unstable?*

Does the patient have cardiopulmonary comorbidity? Is thrombolysis or embolectomy necessary?

Does the patient have a history of cancer? Does the patient have a high risk for bleeding?†

Is the Sao2 <90%? Has supplemental oxygen been necessary to maintain 
an Sao2 >90% for more than 24 hours?

Is the systolic BP <100 mm Hg? Was PE diagnosed during anticoagulant treatment?

Is the heart rate ≥110 beats/minute? Has intravenous pain medication been needed for 
more than 24 hours?

Is there a medical or social reason for treatment in 
hospital for more than 24 hours?

Is the patient’s creatinine clearance <30 mL/minute?‡

Does the patient have a severe liver impairment?§

Is the patient pregnant?

Does the patient have a documented history of 
heparin-induced thrombocytopenia?

If the answer to any of the questions is yes, the patient is regarded 
as high risk.

If the answer to any of the questions is yes, the patient cannot be 
treated at home.

*Systolic BP <100 mm Hg with heart rate >100 beats/minute (physician discretion may be used), a condition requiring admission to an intensive care unit.
†Gastrointestinal bleeding in the preceding 14 days, stroke less than 2 weeks ago, operation within past 2 weeks, bleeding disorder or thrombocytopenia (platelet 
count <75 × 109/L), uncontrolled hypertension (systolic BP >180 mm Hg or diastolic BP >110 mm Hg).
‡Creatinine clearance calculated per the Cockcroft-Gault formula.
§Left to the discretion of the physician.

TABLE 17-5
The sPESI and the Hestia Criteria

associated with RV overload. Elevated levels of BNPs 
are strongly associated with mortality in acute PE. Nor-
mal BNP levels are associated with a low mortality rate 
in PE.10

Treatment and Management
The degree of hemodynamic compromise is the single 
most important predictor of in-hospital death in pa-
tients with massive PE. The PE-related mortality risk of 
these patients is >15%.8 Hemodynamic instability is a 
systolic BP <100 mm Hg with a heart rate >100 beats/
minute.21 Patients with low-risk PE may be candidates 
for early discharge or outpatient treatment. These pa-
tients are identified using the Hestia Decision Rule or 
the Simplified Pulmonary Embolism Severity Index 
(sPESI).22 The Hestia Decision Rule consists of 11 bed-
side criteria that all need to be negative for a patient to 
be considered for early discharge or outpatient treat-
ment. The sPESI includes six criteria that must all be 
negative for the patient to be considered for early dis-
charge or outpatient treatment. Table 17-5 shows both 
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decision rules side-by-side. Both decision criteria can 
identify low-risk PE patients and serve as risk stratifica-
tion methods.23

Acute RV failure with resulting low systemic output 
is the leading cause of death in patients with high-risk 
PE. Therefore, supportive treatment is important in 
patients with PE and RV failure. A fluid challenge, with 
500 mL fluid, may increase CI in patients with PE, low 
CI, and normal BP.8 Hypotension due to PE is initially 
managed with an intravenous normal saline bolus of 
500–1000 mL. This intravenous normal saline bolus 
therapy is successful in patients with a lower RV end-di-
astolic volume. Care need to be taken not to cause wall 
stress by using an excess of fluid in the presence of RV 
dysfunction because this exacerbates RV ischemia and 
leads to a further interventricular septal shift toward 
the LV.23 The left septal shift reduces LV compliance and 
filling, leading to decreased CO. Norepinephrine can 
increase CO and systemic vascular resistance, making it 
beneficial for patients with PE and shock.8,23 However, 
the first-line inotropes for the treatment of PE-related 
shock are dobutamine and dopamine. If these agents 
fail, epinephrine, milrinone, and phenylephrine can also 
be added. Hypoxemia and hypocapnia are frequent in 
patients with PE, but they are of moderate severity in 
most cases.8 Oxygen usually reverses the hypoxemia. 
If mechanical ventilation is required, care needs to be 

taken to limit its adverse hemodynamic effects. Patients 
with RV failure from massive PE are at great risk for 
reduced venous return with the positive intrathoracic 
pressure induced by mechanical ventilation. Therefore, 
PEEP is to be applied cautiously, tidal volume set at 
approximately 6 mL/kg lean body weight, and plateau 
pressure kept <30 cm H2O.8

Pharmacologic Treatment
Anticoagulation is the foundation for successful 
treatment of PE and DVT. Immediate anticoagula-
tion with a parenteral drug, unfractionated heparin 
(UFH), low-molecular-weight heparin (LMWH), or 
fondaparinux,7,8,10 is delivered over the first 5–10 days. 
Parenteral heparin administration overlaps the initia-
tion of a vitamin K antagonist or is followed by the ini-
tiation of the newer oral anticoagulants: dabigatran or 
edoxaban. Oral treatment with rivaroxaban or apixaban 
can begin directly or after a 1- to 2-day administration 
of UFH, LMWH, or fondaparinux. See Figure 17-11.

Thrombolytic agents, fibrinolysis, activate plas-
minogen and convert it to plasmin that degrades fi-
brin. Systemic administration of thrombolytic agents 
is appropriate for hemodynamically unstable patients 
with massive PE or patients with submassive PE who 
develop acute right heart strain that exhibits exhausted 

Surgical or catheter
embolectomy

Heparin
anticoagulation

Risk stratification
(sPESI or Hestia)

Heparin
anticoagulation

Heparin
anticoagulation

High risk PE
(RV hypokinesis)

High risk PE
(systolic BP <90

mm Hg for >15 min)

Low risk PE
(normotensive,

normal RV)

Fibrinolysis

Continued instability

No contraindication

Contraindication
for fibrinolysis

Contraindication
for fibrinolysis

Absolute contraindication for
anticoagulation therapy

Absolute contraindication for
anticoagulation therapy

Recurrent
PE

No contraindications

IVC filter placement

Right heart strain with
reduced cardiopulmonary

reserves

FIGURE 17-11 Suggested management algorithm for the management of PE.
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cardiopulmonary reserves.23 Patients with imminent or 
actual cardiac arrest should receive a bolus infusion of 
thrombolytic therapy. Fibrinolysis is not recommended 
in patients with acute PE who do not have hypotension.23

Successful fibrinolysis can rapidly reverse right heart 
failure and may result in a lower rate of death and re-
current PE. This is possible by dissolving the anatomic 
obstruction, preventing continued release of neurohu-
moral factors that exacerbate PH, and by breaking up 
the DVT, decreasing the likelihood of recurrent PE.7 
See Figure 17-11.

Nonpharmacologic Prevention
Reduction of the risk factors is crucial in the  
prevention of DVT or PE. The risk of VTE is  
substantial in hospitalized patients but can be  
reduced when patients receive suitable prophylaxis 
based on appropriate situations. The burden of pul-
monary thromboembolism is measured in terms 
of the risk of fatal PE, the morbidity and costs as-
sociated with the onset of symptomatic disease, the 
risk of long-term post-embolism complications, 
and risks of recurrence in those untreated. Non-
pharmacologic mechanical prophylaxis modalities 
have proven effective in certain clinical settings. 
Graduated compression stockings (GCS) may be ad-
equate when tailored to provide an effective gradient 
of pressures in young and healthy individuals with less 
severe medical problems who are likely to have limited 
immobilization. The use of mechanical intermittent 
pneumatic compression devices (PCD) or of a prophy-
lactic low-dose anticoagulant, such as subcutaneous 
heparin or a coumarin compound, should provide ad-
equate protection for those at low or moderate risk.

Nonpharmacologic Treatment
IVC filters are placed, angiographically, in the infrarenal 
portion as a means of trapping thromboemboli from 
a lower extremity and thus reducing the incidence of 
recurrent PE. Venous filters are indicated in patients 
with acute PE who have absolute contraindications to 
anticoagulant medications, and in patients with objec-
tively confirmed recurrent PE despite adequate anti-
coagulation treatment.7,8 IVC filters are useful for the 
prevention of recurrent PE in patients with right heart 
failure who are not candidates for fibrinolysis. IVC 
filters are useful for the prophylaxis of extremely high-
risk patients.7 Complications of the IVC filter include 
the passage of small- to medium-size clots through the 
filter, large thrombi embolization through collateral 
veins, and cava thrombosis with bilateral leg swelling.7 
Nonpermanent IVC filters are retrievable devices that 
are removed within a few days or when it is safe to use 
anticoagulants, up to several months after insertion.7,8 
See Figure 17-11.

Surgical Treatment
Current treatment of individuals with massive PE in-
volves intravenous anticoagulant heparinization along 
with systemic fibrinolysis to rapidly reverse RV failure 
and cardiogenic shock. Either catheter embolectomy 
or surgical embolectomy is reasonable for patients with 
massive PE who have contraindications to fibrinolysis 
or who remain unstable after receiving fibrinolysis.24 
The role of surgery in the treatment of PE is limited and 
has been all but replaced by fibrinolytic therapy and 
catheter embolectomy because they are less invasive 
and have fewer complications. If either surgical or cath-
eter embolectomy is not available locally, the patient 
requires transfer to an institution with experience in 
one of these procedures. Catheter embolectomy and 
surgical thrombectomy are inappropriate for patients 
with low-risk PE or submassive acute PE with minor RV 
dysfunction, minor myocardial necrosis, and no clinical 
worsening.24 See Figure 17-11.

Prognosis
The prognosis of patients with PE is dependent upon 
two factors: appropriate diagnosis and treatment 
of the PE and the patient’s underlying disease state. 
Approximately 10% of patients who develop PE die 
within the first hour and 30% die subsequently from 
a recurrent embolism.11,25 Mortality for acute PE is 
broken down into two categories: massive PE and 
non-massive PE.11

Anticoagulation therapy reduces mortality to below 
5%. Thirty-six percent of lung scan defects resolve at 
5 days of anticoagulant therapy, 52% resolve within 
2 weeks, and 73% resolve by 3 months. Most patients 
treated with anticoagulant therapy do not develop 
long-term sequelae upon follow-up evaluation. The 
mortality in patients with undiagnosed PE is 30%.11,25

During the first 3 months after the diagnosis of PE, 
death and morbidity are most commonly due to shock 
and recurrent PE. This highest risk of death is within 
the first 2 hours of presentation. The risk of recur-
rence (DVT and PE) is greatest in the first 2 weeks 
and declines after that. The cumulative proportion of 
patients with early recurrence while taking anticoagu-
lant therapy is 2% at 2 weeks and 6% at 3 months. The 
major predictors of increased risk of recurrence during 
this period include cancer and failure to rapidly achieve 
therapeutic levels of anticoagulation.25

At 3 months or later following the diagnosis of 
PE, recurrent events have a 9–32% occurrence rate.25 
These late mortality rates are mostly due to predispos-
ing comorbidities and less commonly due to recur-
rent thromboembolism. Patients diagnosed with PE 
who have poor prognostic factors include those with 
shock and RV dysfunction, RV thrombus, DVT, and 
hyponatremia.25
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Pulmonary Artery Hypertension
The pulmonary circulation is a low-pressure, 
low-resistance, high-capacitance circuit that can 
accommodate large increases in blood flow during 
exercise without significant increases in pressure. 
The high capacitance of the pulmonary circulation is 
a result of recruitment of under-perfused microves-
sels and the distension of open vessels in response 
to increases in blood flow. The tone of the smooth 

muscles in the pulmonary arterioles is lower, and the 
smooth coat of pulmonary resistance vessels is thin-
ner than that of most systemic vascular beds.26 PH is 
a pathophysiologic disorder of the pulmonary circu-
lation that involves multiple clinical conditions and 
can complicate many cardiovascular and respiratory 
diseases.27

Definition/Diagnosis
Pulmonary hypertension (PH) is an increase in 
mean PAP (PAPm) ≥25 mm Hg at rest as as-
sessed by right heart catheterization (RHC).28 
Pulmonary arterial hypertension (PAH), which is some-
times erroneously confused as synonymous with PH, 
is a subset of PH requiring the presence of elevated 
PAPm, a pulmonary artery wedge pressure (PAWP) 
≤15 mm Hg, and a pulmonary vascular resistance 
(PVR) >3 Wood units (WU) (or 240 dyne/second/
cm5). The different hemodynamic definitions of PH 
arise from various combinations of PAP, PAWP, CO, 
diastolic pressure gradient (DPG), and PVR assessed 
in stable clinical conditions. Table 17-6 shows the 
different hemodynamic definitions of PH and their 
clinical classifications. See Table 17-7 for the clinical 
classifications.

The current classification groupings of PH used 
by the World Health Organization (WHO) is the 
result of the Fifth World Symposium on Pulmonary 
 Hypertension in 2013. The current guidelines repre-
sent the present understanding of pathophysiology 
and clinical-based differences or similarities within 
the five PH diagnostic categories. The five groups 

KNOWLEDGE CHECK QUESTIONS

1. True or False: About 50% of pulmonary emboli 
are due to DVT.

2. True or False: The clinical signs and symptoms 
of PE are mostly nonspecific.

3. True or False: PE is the third most common 
cause of death from cardiovascular disease.

4. True or False: PAP increases when there is an 
occlusion of more than 30–50% of the total 
cross-sectional area of the PA bed.

5. True or False: The diagnostic technique of choice 
for imaging the pulmonary vasculature, to diag-
nose PE, is a ventilation/perfusion scan.

6. True or False: Anticoagulation is the first-
line treatment for patients with pulmonary 
emboli.

Definition
Characteristics Based on At-Rest 
Measurements Clinical Classification

PH PAPm ≥25 mm Hg All 

Precapillary PH PAPm ≥25 mm Hg
PAWP ≤15 mm Hg

PAH (Group 1)
PH due to lung diseases (Group 3)
CTEPH (Group 4)
PH with unclear and/or multifactorial 
mechanisms (Group 5)

Postcapillary PH PAPm ≥25 mm Hg
PAWP >15 mm Hg

PH due to left heart disease (Group 2)
PH with unclear and/or multifactorial 
mechanisms (Group 5)

Isolated postcapillary PH (Ipc-PH) DPG <7 mm Hg and/or PVR ≤3 WU PH due to left heart disease (Group 2)
PH with unclear and/or multifactorial 
mechanisms (Group 5)

Combined postcapillary and precapillary 
PH (Cpc-PH)

DPG ≥7 mm Hg and/or PVR >3 WU PH due to left heart disease (Group 2)
PH with unclear and/or multifactorial 
mechanisms (Group 5)

TABLE 17-6
Hemodynamic Definitions of PH
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Group Name Subgroup Etiology

1. PAH 1.1 Idiopathic PAH (IPAH)

1.2
1.2.1
1.2.2
1.2.3

Heritable PAH (HPAH)
Bone morphogenetic protein receptor Type 2 (BMPR2)
Other mutations
Unknown

1.3 Drug and toxin induced

1.4
1.4.1
1.4.2
1.4.3
1.4.4
1.4.5

Associated with:
Connective tissue disease
Human immunodeficiency virus (HIV) infection
Portal hypertension
Congenital heart diseases
Schistosomiasis

1’. Pulmonary veno-occlusive 
disease and/or pulmonary capillary 
hemangiomatosis

1’.1 Idiopathic

1’.2 Heritable

1’.3 Drug, toxin, and radiation induced

1’.4
1’.4.1
1’.4.2

Associated with:
Connective tissue disease
HIV infection

1”. Persistent pulmonary 
hypertension of the newborn 
(PPHN)

2. PH due to left heart disease 2.1 LV systolic dysfunction

2.2 LV diastolic dysfunction

2.3 Valvular disease

2.4 Congenital/acquired left heart inflow/outflow tract obstruction and 
congenital cardiomyopathies

2.5 Congenital/acquired pulmonary veins stenosis

3. PH due to lung diseases and/or 
hypoxia

3.1 COPD

3.2 Interstitial lung disease

3.3 Other pulmonary diseases with mixed restrictive and obstructive pattern

3.4 Sleep-disordered breathing

3.5 Alveolar hypoventilation disorders

3.6 Chronic exposure to high altitude

3.7 Developmental lung diseases

4. CTEPH and other PA 
obstructions

4.1 CTEPH

4.2
4.2.1
4.2.2
4.2.3
4.2.4
4.2.5

Other PA obstructions
Angiosarcoma
Other intravascular tumors
Arteritis
Congenital pulmonary arteries stenosis
Parasites (hydatidosis)

TABLE 17-7
Classification of PH

(Continues)
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specified by the World Symposium on PH are PAH 
(Group 1); PH due to left heart disease (Group 2); PH 
due to chronic lung disease and/or hypoxia (Group 3); 
chronic thromboembolic PH (CTEPH; Group 4); and 
PH due to unclear multifactorial mechanisms (Group 
5).29 See Table 17-7. Each of the five categories or clas-
sification groupings of PH has a distinct mechanism 
responsible for the elevated PAP, a different natural 
history, and a different approach to treatment. Di-
agnosis, understanding, and the correct clinical ap-
plication of the specific classifications of PH compels 
a sequence of investigative stages intended to estab-
lish a specific diagnosis, clarify clinical category and 
type of PH, and assess functional and hemodynamic 
impairment.

A systematic approach typically begins with a clini-
cal suspicion of PH followed by the employment of 
methods to detect PH, which ordinarily leads to the 
identification of an appropriate clinical classification. 
Proceeding with appropriate testing can potentially es-
tablish the specific type, functional capacity (FC), and 
hemodynamic status of persons with PH.

Clinical Signs and Symptoms
The overall group of symptoms in patients with PH 
depends on the underlying disease; there are certain 
characteristic complaints attributed to PH. These char-
acteristic complaints, however, are nonspecific and can 
lead to a delay in diagnosis. Initially, patients present 
with exertional dyspnea, lethargy, and fatigue. Because 
PH is progressive, the presentation evolves over time. 
Patients may eventually develop the signs and symp-
toms of severe PH with overt RV failure (e.g., exertional 
chest pain or syncope and congestion, including periph-
eral edema, ascites, and pleural effusion).30 Exertional 
chest pain may be difficult to distinguish from classical 
angina pectoris. In most circumstances, the chest pain 
is presumed to be related to the increased workload 
of the RV and RV ischemia, although in some cases an 

enlarged PA can compress the left main coronary artery 
and produce true LV ischemia. When PH is severe, and 
the RV is failing, patients are unable to increase CO 
with exertion and may experience exertional light head-
edness or frank syncope. These are very poor prognostic 
signs.4

Uncommon symptoms include cough, hemoptysis, 
hoarseness, and wheezing. The hemoptysis is related 
to rupture of hypertrophied bronchial arteries.27 The 
hoarseness is due to Ortner syndrome, a compression 
of the left recurrent laryngeal nerve by a dilated main 
PA.30 Large airway compression can cause wheezing.27 
Significant dilation of the PA may result in its rupture 
or dissection, leading to signs and symptoms of cardiac 
tamponade.27

Physical examination of the patient may reveal signs 
more related to the cardiac consequences of PH than 
to the actual disease of pulmonary vessels. PH does not 
cause any changes that can be noted on examination 
of the lungs, although patients with underlying lung 
disease often have findings related to their primary 
disease.4 There may be a left parasternal heave, due 
to RV enlargement. Patients frequently exhibit an ac-
centuation of the pulmonic component of the second 
heart sound (P2) because of earlier and more forceful 
valve closure attributable to high pressure in the PA.4 
Elevated jugular venous pressure, hepatomegaly, ascites, 
peripheral edema, and cool extremities characterize pa-
tients with advanced disease.27

Clinical examination may suggest an underlying 
cause of PH, such as COPD, interstitial lung disease, 
connective tissue disease, liver disease, and heart 
failure.

Etiology
Several factors, occurring either individually or in combi-
nation, can affect the pulmonary circulation, resulting in 
an abnormal rise in PAP. The most common mechanism 
contributing to increased PAP (Table 17-6) is precapillary 

Group Name Subgroup Etiology

5. PH with unclear and/or 
multifactorial mechanisms

5.1 Hematologic disorders: chronic hemolytic anemia, myeloproliferative 
disorders, splenectomy

5.2 Systemic disorders: sarcoidosis, pulmonary histiocytosis, 
lymphangioleiomyomatosis

5.3 Metabolic disorders: glycogen storage disease, Gaucher disease, thyroid 
disorders

5.4 Others: tumoral obstruction, fibrosing mediastinitis, chronic renal failure, 
segmental PH

TABLE 17-7
Classification of PH (Continued)
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PH. Precapillary PH develops through processes involv-
ing arterial destruction, obstruction, and constriction. 
Etiologies for this type of PH include PA hypertension, 
lung diseases, chronic thromboembolic disease, and mul-
tifactorial mechanisms.

Postcapillary PH results in an increased pressure in 
the pulmonary vascular circuit distal to the capillaries 
and causes PAP elevation from left heart disease and 
multifactorial mechanisms. See Figure 17-12.

Epidemiology
The true prevalence of PH in the general population 
is unknown, likely because of the broad classifica-
tion and multiple etiologies. PH affects all age groups 
and racial populations as well as both genders.31 The 
age-standardized death rate in the United States ranges 
between 4.5 and 12.3 per 100,000 population.27 The 
mortality rates associated with PH for women are 
higher than those for men. One reason may be that 
women have a higher rate of connective tissue disease 
than men.32

The epidemiology of PH varies among the different 
etiologies of the five groups and even within each group. 
The group best studied is Group 1 PAH; idiopathic and 
heritable PAH is rare in the general population and es-
timated to be 5–15 cases per 1 million adults.33,34 PAH 
may occur in different settings depending on associated 
clinical conditions.29 The mean age at the time of diag-
nosis of PAH has increased from 36 years, in 1981, to 
between 50 and 65 years.27

In Group 2, PH due to left heart disease (PH-LHD), 
the prevalence of PH increases with the severity of the 
defect and the symptoms. PH occurs in virtually all 
patient with severe symptomatic mitral valve disease 
and in up to 65% of those with symptomatic aortic 
stenosis.35

The incidence of PH in Group 3 depends on the type 
and severity of the lung disease. Mild PH is common in 
both severe interstitial lung disease and severe COPD.36 
Several studies suggest that 90% of those with severe 
COPD have mild-to-moderate PH and 3–5% have se-
vere PH.37 The prevalence of PH due to interstitial lung 
disease is estimated to be between 8% and 32%, and the 
estimated prevalence of PH due to obstructive sleep ap-
nea is 15–20%.31

The incidence of PH in Group 4, CTEPH, is un-
known but estimated to be between 1% and 5% among 
survivors of acute PE.38

Within Group 5 (PH with unclear and/or multifacto-
rial mechanisms), PH due to sickle cell has an incidence 
between 6% and 10%.39 PH is common in advanced 
sarcoidosis. Among sarcoidosis patients awaiting lung 
transplant, over 70% have significant PH.40

Pathology/Pathophysiology
A normal PAPm at rest is ≤20 mm Hg; the definition 
of PH includes a PAPm of ≥25 mm Hg at rest. The 
hemodynamic variables that contribute to PAP can be 
explained using a variation of Ohm’s law, which is a 
fundamental law of physics. It states that the electric 
current flowing through a fixed linear resistance is 
directly proportional to the voltage applied across it 
and inversely proportional to the resistance.41 Hemo-
dynamics are the physical factors that govern blood 
flow. In relating Ohm’s law to fluid flow, the voltage 
difference is the pressure difference (ΔP; sometimes 
called driving pressure, perfusion pressure, or pres-
sure gradient), the resistance is the resistance to flow 
(R) caused by the blood vessels and their interactions 
with the moving blood, and the current is the blood 
flow (F). See Box 17-4.

From the equation in Box 17-4, it is apparent that the 
PAPm is determined by the right-sided CO, PVR, and 

Left
lung

Right
lung

Capillary Capillary

SVC Precapillary

IVC
Postcapillary

RV

FIGURE 17-12 Pulmonary circulation showing areas affected by PH. See text for description.
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mean pulmonary venous pressure.42 Increases in blood 
flow alone do not usually cause significant PH because 
the pulmonary vascular bed vasodilates and increases 
the number of vessels in response to increased flow. 
Increases in pulmonary venous pressure alone do not 
usually cause significant PH. However, a chronically in-
creased flow and increased pulmonary venous pressure 
can increase PVR.42 Various medical conditions cause 
changes in PVR, blood flow, and pulmonary venous 
pressure. See Table 17-8.

Regardless of the cause of the PH, a predictable se-
quence of events occurs. The RV hypertrophies and 
then dilates, causing the CO to fall. By the time the CO 
falls, the patient may have severe symptoms, including 
symptoms at rest.42

The five PH classifications have different pathophysi-
ologic mechanisms, although each clinical presentation 
may be similar.

Group 1: Pulmonary Arterial Hypertension
PAH was once regarded mainly as a disease of excess 
vasoconstriction, but this view was incomplete.43 PAH 
is a proliferative vasculopathy, characterized not just by 
vasoconstriction, but also by cell proliferation, fibrosis, 
and thrombosis. Hyperplasia and hypertrophy occur 
in the intima, media, and adventitia of the pulmonary 
arteries that are <50 µm.42 Characteristic histologic 
findings of PAH include remodeling of small pulmonary 
arteries and arterioles with varying degrees of endothe-
lial cell proliferation, muscular hypertrophy, and intimal 
fibrosis, ultimately leading to an obliteration of pre-
capillary vessels. See Figure 17-13. Morphologic hall-
marks of severe PAH are plexiform lesions (PLs). PLs, 

in some ways, resemble neoplastic disorders, and are 
glomeruloid-like vascular structures originating from 
the pulmonary arteries.44

PAH has a genetic component. A genetic predisposi-
tion to pulmonary vascular disease includes mutations 
of a variety of genes. See Table 17-9. In the context of 
a possible genetic predisposition to PAH, patients with 
PAH may be exposed to a “second hit” or additional 
factors that may augment the risk for the development 
of full-blown PAH. Modifying factors may include a 
specific type of genetic mutation, a second genetic mu-
tation, drug exposure, increased flow secondary to a 
congenital left-to-right shunt, an infectious organism 
such as HIV, altered structure or function of a mem-
brane ion channel, inflammatory mediators, or cyto-
kines.42 See Box 17-5.

Group 2: PH Due to Left Heart Disease
LHF leads to increased pressures in the pulmonary 
veins and capillaries, causing increased stress on the 
alveolar capillary walls. With persistent, significant 

BOX 17-4 Hemodynamic Variables of PH

ΔP = F × R

ΔP = PAPm − PVPm 

F = Q 

R = PVR 

Therefore,

PAPm − PVPm = Q × PVR

Then:

PAPm = (Q × PVR) ÷ PVPm

Key: ΔP = pressure gradient; F = blood flow; R = resistance; 
PAPm = mean pulmonary arterial pressure; PVPm = mean  
pulmonary venous pressure; Q = right-sided CO; and  
PVR = pulmonary vascular resistance.

Hemodynamic 
Variable Mechanism Medical Conditions 

Increased PVR Occlusive 
vasculopathy of 
small pulmonary 
arteries and 
arterioles

• IPAH
• Connective tissue 

disease
• HIV infection
• Congenital heart 

disease

Decreased area 
of pulmonary 
vascular bed

• Pulmonary emboli
• Interstitial lung disease

Hypoxic 
vasoconstriction

• Hypoventilation 
syndromes

• Parenchymal lung 
disease

Increased 
pulmonary 
vascular 
blood flow

Left-to-right shunt • Atrial septal defects
• Ventricular septal 

defects
• Patent ductus 

arteriosus
• Liver cirrhosis

Increased 
pulmonary 
venous 
pressure

Decreased 
forward blood 
movement

• Mitral valve disease
• LV systolic or diastolic 

dysfunction
• Constrictive pericarditis
• Restrictive 

cardiomyopathy
• Pulmonary venous 

obstruction

TABLE 17-8
Pulmonary Vascular Hemodynamic Abnormalities, 
Their Mechanisms, and Causative Medical 
Conditions
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elevation in the left atrial and pulmonary venous 
pressure, pulmonary capillary endothelial cells de-
velop basal laminar thickening. Initially, the damage 
is reversible, but if it persists, irreversible, structural 
changes and remodeling occur, causing the walls of the 
alveolar capillary membrane to thicken, resulting in 
reduced diffusion capacity in the lungs.42,45 The vascu-
lar remodeling is characterized by medial hypertrophy, 
intimal hyperplasia, and fibrosis in both pulmonary 
arterioles and venules.42 Two compensatory mecha-
nisms alleviate pulmonary capillary congestion: first, 
distension of the pulmonary lymphatics, which clears 
the increased transudation of fluid induced by the el-
evated pulmonary venous pressure; second, increased 
PVR, which decreases blood flow to the pulmonary 
capillaries.42

Other causes of left atrial hypertension also lead to 
PH. These include mitral and aortic valve disease, left 
atrial myxoma, pulmonary venous obstruction, restric-
tive cardiomyopathy, and constrictive pericarditis.42 
There is no specific genetic linkage identifiable with PH 
due to LHD.27

Genetic Component Pathophysiologic Mechanism

BMPR2 • Induces apoptosis
• Permits excessive endothelial growth and proliferation due to injury

Activin-like kinase Type 1 receptor (ALK1 or ACVRL1) • Member of transforming growth factor-beta
• Mutations identified in some patients with PAH

5-Hydroxytryptamine (serotonin) transporter (5HTT) • Activity related to PA smooth muscle hypertrophy

Endoglin (ENG) • Protein involved in differentiation of angioblasts into endothelial cells 
(vasculogenesis)

Caveolin 1 (CAV1) • Scaffolding plasma membrane–associated protein involved in cell cycle 
progression

Mothers against decapentaplegic homologue 9 (SMAD9) • Intracellular signaling molecule downstream of the TGF-beta receptor
• Mutations identified in patients with IPAH

Potassium channel subfamily K member 3 (KCNK3) • Encodes a potassium channel
• Mutations identified in patients with familial and IPAH

TABLE 17-9
Genetic Components of PAH

FIGURE 17-13 Normal healthy artery (left) compared to a diseased artery (right) due to PAH with hyperplasia and hypertrophy of the PA wall.
© vetpathologist/Shutterstock.

BOX 17-5 Modifiers of PAH
Congenital heart disease
Decreased NO–mediating signaling
Drug exposure

 � Amphetamines

 � Aminorex

 � Benfluorex

 � Dasatinib

 � Dexfenfluramine

 � Fenfluramine

 � L-tryptophan

 � Methamphetamines

 � Selective serotonin reuptake inhibitors (SSRIs)*

HIV
Potassium channel dysfunction

*Increased risk of persistent PH in the newborns of mothers with 
intake of SSRIs.
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Group 3: PH due to Lung Diseases and/or 
Hypoxemia
PH is associated with a worse prognosis for patients 
with advanced lung disease. Acute hypoxemic pulmo-
nary vasoconstriction can be reversed with the admin-
istration of supplemental oxygen. Chronic hypoxemia is 
implicated as the most important stimulus for vascular 
remodeling in patients with PH and lung disease.46 
Chronic hypoxemia causes hypoxia-induced pulmonary 
vasoconstriction via a variety of mechanisms and is only 
partially reversible. See Table 17-10.

Pathologic changes are consistent with the clinical 
observation that hypoxic vasoconstriction is initially 
reversible but eventually becomes irreversible due to 
vascular remodeling.42 The severe intimal proliferation 
and PL formation are not associated with PH due to 
lung diseases. Endothelial cell dysfunction is the pre-
dominant factor in this type of PH.46

Group 4: CTEPH or Other Pulmonary Arterial 
Obstructions
The pathophysiology of this PH classification is related 
to the increased resistance to flow through the pulmo-
nary arteries, which results initially from obstruction of 
pulmonary arterial vessels (from main to subsegmental 
levels) by organized thromboembolic material.47 See 
Figure 17-14. CTEPH is mainly associated with promi-
nent obstructions in larger vessels. The pathophysiology 
of CTEPH remains unclear. The commonly accepted 
explanation (the embolic hypothesis) is that CTEPH is 

the result of a single or recurrent PE arising from sites 
of venous thrombosis.48 Another theory for the patho-
physiology of CTEPH describes in situ thrombosis in 
the lung due to primary arteriopathy and endothelial 
dysfunction similar to that seen in PAH.48

Group 5: PH with Unclear and/or Multifactorial 
Mechanisms
This classification includes several disorders with multi-
ple pathoetiologies. A common feature of these diseases 
is that the mechanisms of PH are poorly understood 
and may include pulmonary vasoconstriction, prolif-
erative vasculopathy, extrinsic compression, intrinsic 
occlusion, high-output cardiac failure, vascular oblitera-
tion, and LHF as causes.27

Risk Factors
Individuals who are at an increased risk for develop-
ing PH include those patients with systemic sclerosis,49 
chronic liver disease,29 congenital heart disease,29 and 
obstructive sleep apnea. Any factor or condition that is 
suspected to play a predisposing or facilitating role in 
PH development is a risk factor.

Individuals appearing to be at a higher risk for the 
development of PH include those who have a family 
history of the condition. Others at high risk include 
persons who have certain diseases or conditions, such 
as heart and lung diseases, HIV infection, or pulmonary 
emboli.31 Individuals who use street drugs (such as co-
caine) or certain diet medicines, as well as those taking 
certain medications, appear to be at greater risk.27

Vasoconstriction 
Component

Pathophysiologic  
Mechanism

NO (endogenous 
vasodilator)

• Decreased production of NO by 
endothelial nitric oxide synthase 
(eNOS)

• Increased hemoglobin-mediated 
inactivation of NO

Voltage-gated 
potassium channel’s 
alpha subunit

• Production and activity decreased
• Changes in resting membrane 

potential
• Increases intracellular free calcium
• Contracts PA smooth muscle

Cytosolic 
phospholipase A2 
(cPLA2)

• Increased activity releases arachidonic 
acid from phospholipid membranes

• Arachidonic acid is metabolized by 
cyclooxygenases and lipoxygenases 
into vasoactive eicosanoids:
• Prostaglandins
• Thromboxanes
• Leukotrienes 

Endothelin Increases cause vasoconstriction

TABLE 17-10
Pathophysiology of PH from Chronic Hypoxic 
Vasoconstriction

VTE

Acute PE

Incomplete resolution and
organization of thrombus

High pressure/shear
stress in open areas

Progressive increase in
pulmonary vascular resistance

Chronic thromboembolic
PH

FIGURE 17-14 The pathophysiology of CTEPH.
Modified from Humbert M. Pulmonary arterial hypertension and chronic thromboembolic 
pulmonary hypertension: pathophysiology. Eur Respir Rev. 2010;19(115):59–63 (Figure 2, 
p. 61). doi:10.1183/09059180.00007309.
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Complications
The most relevant long-term complication from PH is 
RV dysfunction leading to right heart failure. PH caused 
by left heart disease can lead to a reduction of the dif-
fusion capacity of the lungs, causing a reduction in 
oxygenation leading to respiratory failure. Other com-
plications and sequelae of PH include tricuspid valve 
(TV) incompetence, pulmonary valve incompetence, 
hemoptysis, and right bundle branch block.50

Diagnostic Testing
The diagnosis of PH requires a clinical suspicion 
based on symptoms and physical examination and 

review of a comprehensive set of investigations to 
confirm that hemodynamic criteria are met and to 
describe the etiology and functional and hemody-
namic severity of the condition. The interpretation of 
these investigations requires a multidisciplinary team, 
including cardiology, pulmonology, radiology, and 
others. This is particularly important for identifying 
patients who may have more than one cause of PH.27 
See Figure 17-15.

Echocardiography
Echocardiography is usually the first test to suggest a 
diagnosis of PH.4 TTE will show the effects of PH on the 
heart and estimate PAP from continuous wave Doppler 

Confirm with right
heart catheterization

Has the underlying cause
of PH been identified?

Look for alternative
causes for symptoms

Presence of significant left
heart failure to explain PH

Is there low clinical
suspicion for PH?

Signs, symptoms, history
suggestive of PH

Consider right heart
catheterization

PH: pulmonary hypertension
PAH: pulmonary arterial hypertension

Yes No

Yes No Yes

Yes

Echocardiography suggests PH

No

No

• Group 1 PAH
• Group 3 PH
• Group 4 PH
• Group 5 PH

Test for underlying cause:
• ANAs
• HIV serology
• Liver function tests
• Overnight oximetry
• Polysomnography
• PFTs
• Ventilation perfusion scan

Group 2 PH

Idiopathic PAH

FIGURE 17-15 Diagnostic testing algorithm for PH.
Adapted with permission from Rubin LJ, Hopkins W. Clinical features and diagnosis of pulmonary hypertension in adults. In: UpToDate, Post TW, ed. UpToDate, Waltham, MA. Copyright © 2018 
UpToDate, Inc. For more information visit www.uptodate.com.
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measurements.27 This technique takes advantage of the 
tricuspid regurgitation that usually exists.30 The tricus-
pid regurgitation is not due to an intrinsic abnormality 
of the TV but a secondary manifestation of dilation of 
the tricuspid annulus and RV. Other valvular issues due 
to PH include pulmonic insufficiency and mid-systolic 
closure of the pulmonic valve. Findings indicative of 
PH include RV hypertrophy and an elevated RV systolic 
pressure.30

Electrocardiogram
An ECG may provide supportive evidence of PH, but 
a normal ECG does not exclude the diagnosis of PH.27 
The ECG may demonstrate specific signs of RV hyper-
trophy or strain, including right axis deviation, an  
R wave/S wave ratio greater than 1 in Lead V1, 
 incomplete or complete right bundle branch block, or 
 increased P-wave amplitude in Lead II (P pulmonale) 
due to right atrial enlargement. Most ECG signs are 
specific to but not sensitive for the detection of RV 
disease.30 These ECG changes differ from typical ECG 
findings seen in COPD, which largely reflect the hyper-
inflation of the lungs, such as low voltage.

Supraventricular arrhythmias may occur in advanced 
disease; atrial flutter and atrial fibrillation have a cumu-
lative incidence in 25% of patients after 5 years.51 Atrial 
arrhythmias typically compromise CO and almost al-
ways lead to clinical deterioration. Ventricular arrhyth-
mias are not common.27

Pulmonary Function Assessments
Pulmonary function testing (PFT) using spirometry can 
be very useful in evaluating patients with PH. The de-
tection of severe obstructive (COPD) or severe restric-
tive (interstitial lung disease, neuromuscular weakness, 
or chest wall disease) impairment suggests that all or 
at least a large portion of the PH is due to an inher-
ent lung disorder. In most circumstances, PH should 
not be attributed to lung disease if the PFT results are 
only mildly abnormal because PH itself can cause PFT 
abnormalities. The diffusing capacity for carbon mon-
oxide (DLCO) is usually decreased with PH. A DLCO 
<45% of the predicted value is associated with a poor 
outcome.52

Arterial Blood Gas/Overnight Oximetry
ABG measurements and pulse oximetry findings at rest 
and with exercise can uncover complicating resting or 
exercise hypoxemia requiring supplemental oxygen. Hy-
percapnia is synonymous with disorders such as severe 
chronic airflow obstruction, sleep apnea, or restrictive 
chest wall disease.

Overnight oximetry can identify nocturnal oxyhemo-
globin desaturation and indicate if supplemental oxygen 
is needed. Nocturnal hypoxemia is common in patients 
with PAH.53

Radiographic Imaging
The standard CXR can provide characteristic clues to 
the diagnosis and etiology of PH. Symmetric enlarge-
ment of the central pulmonary arteries with attenuation 
of the distal vessels (pruning) resulting in dark (olige-
mic) lung fields may usually be seen in later stages of the 
disorder. Enlargement of the right atrium and ventricle 
(characterized by a prominent right heart border and 
diminished retrosternal space) is usually found in later 
stages of the disorder.30 Asymmetrical enlargement of 
the central pulmonary arteries can occur in patients 
with PH due to chronic thromboembolic disease. Ra-
diographic findings that suggest the underlying cause 
of PH include pulmonary venous congestion (e.g., LV 
failure or pulmonary veno-occlusive disease), hyperin-
flation (COPD), and interstitial lung disease (e.g., inter-
stitial pulmonary fibrosis).

Polysomnography
Polysomnography is the gold standard for the diagno-
sis of sleep-disordered breathing. Polysomnography is 
appropriate to test for sleep-disordered breathing as a 
cause of PH. PH in the setting of sleep apnea is typically 
mild and frequently due to concomitant left-sided heart 
disease. Approximately 20% of patients with obstructive 
sleep apnea have PH.

Ventilation/Perfusion Lung Scan
When CTEPH is suspected, a V/Q lung scan is ap-
propriate. It is the preferred imaging study to evaluate 
patients with CTEPH.54 A normal V/Q lung scan essen-
tially rules out the presence of CTEPH, while a normal 
CTPA does not exclude the presence of CTEPH. Newer 
techniques, such as the three-dimensional magnetic 
resonance (MR) perfusion mapping, are as sensitive as 
the V/Q scan in screening for CTEPH.55

Laboratory Findings
There is no definitive laboratory test capable of identi-
fying the presence of a specific pulmonary circulatory 
disorder. However, laboratory tests provide evaluative 
evidence for the etiology of some forms of PH. Blood 
tests also aid in the assessment of end-organ damage. 
Routine chemistry, hematology, and thyroid function 
tests are typically required for all patients. Liver func-
tion test may show abnormal results due to elevated he-
patic venous pressure. Thyroid disease is common with 
PAH and may develop during the disease.

The diagnostic evaluation of PH may include testing 
for antinuclear antibodies (ANAs) to determine if PH 
is due to underlying connective tissue disease. Patients 
with systemic lupus erythematosus may have anticar-
diolipin antibodies. HIV serological testing can identify 
HIV-associated PH. In the appropriate clinical set-
ting, laboratory studies looking for evidence of chronic 
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hemolytic anemia (e.g., sickle cell disease) or schistoso-
miasis are appropriate.30

NT-proBNP is the precursor of BNP. Both peptides 
are released from the myocardial tissue of the right and 
left ventricles when stretched. NT-proBNP and BNP are 
helpful in diagnosing heart failure. NT-proBNP may be 
elevated in patients with PH and is an independent risk 
predictor in these patients.27

ABG analysis is highly useful for determining 
whether hypoxemia or acidosis is playing a role in the 
pathogenesis of the patient’s PH. Pulmonary vascular 
disease can cause mild decreases in arterial PO2 due 
to the nonuniform distribution of the disease and a 
 ventilation–perfusion mismatch.4

Right Heart Catheterization
Although estimates of PAP are made with echocar-
diography, the definitive diagnosis of all forms of PH 
requires a RHC.27,28,30,31 Not only does the RHC confirm 
the PH diagnosis, but it also determines the severity of 
the hemodynamic derangements and can rule in or rule 
out congenital heart disease, left-sided heart disease, 
and other etiologies when noninvasive techniques are 
insufficient. RHC can determine potential vasoreactiv-
ity to trial vasodilator therapy in patients with IPAH, 
HPAH, and PAH associated with drugs.27

Treatment and Management
As with many disease states, the earlier the identifica-
tion, the earlier the treatment can begin. This is espe-
cially true of PH because advanced PH (worsening FC) 
is less responsive to therapy.27 The goals of treatment 
are listed in Box 17-6.

Treatment for PH, in general, focuses on the under-
lying cause. However, Group 1 PH, PAH, tends to be 
idiopathic and is incurable. The FC of the patient is an 
important tool in the management of patients with PH. 
A baseline FC is an important correlate and predictor 
of survival, as well. The WHO functional classification 
(WHO-FC) system is based on the New York Heart 
Association functional classification system. The WHO-
FC is a simple, reproducible, and clinically important 
assessment tool and prognostic measure in PAH 

patients, both at the time of diagnosis and at follow-up 
during PAH treatment.56 See Table 17-11.

The functional classification before the initiation of 
treatment permits therapy response to be more easily 
evaluated. Another functional assessment that is easy to 
perform, inexpensive, reproducible, and well tolerated 
by patients is the six-minute walking test (6MWT).56 The 
6MWT provides exercise capacity. Its results must al-
ways be interpreted in the clinical context and are influ-
enced by several factors, including gender, age, height, 
weight, comorbidities, need for supplemental oxygen, 
learning curve, and motivation. The Borg scale can be 
used at the end of the 6MWT to determine the level of 
effort.27 Cardiopulmonary exercise testing (CPET) also 
provides exercise capacity but is more involved and 
costly. Several variables resulting from CPET provide 
prognostic information. However, it is the peak oxy-
gen consumption results that are used for therapeutic 
decisions.27,56

The treatment priority for patients with PH due to 
left heart disease, lung disease, CTEPH, or multifacto-
rial mechanisms is focused on their underlying disease 
(primary therapy). See Table 17-12. The focus for the 
Group 1 PH (PAH) patients is to lower their risk status. 
Specifically, this means bringing and keeping the patient 
in the WHO-FC II whenever possible.27 In most pa-
tients, this is accompanied by a near-normal or normal 
6MWT.27

The first step in the treatment strategy for patients 
in the Group 1 PH (PAH) clinical classification includes 
the general measures and supportive therapy. This 

Class Description

I Patients with PH but without resulting limitation of 
physical activity. Ordinary physical activity does not 
cause undue dyspnea or fatigue, chest pain, or near 
syncope.

II Patients with PH resulting in slight limitation of 
physical activity. They are comfortable at rest. 
Ordinary physical activity causes undue dyspnea or 
fatigue, chest pain, or near syncope.

III Patients with PH resulting in marked limitation of 
physical activity. They are comfortable at rest. 
Less-than-ordinary activity causes undue dyspnea or 
fatigue, chest pain, or near syncope.

IV Patients with PH with inability to carry out any physical 
activity without symptoms. These patients manifest 
signs of right heart failure. Dyspnea and/or fatigue 
may even be present at rest. Discomfort is increased 
by any physical activity.

Reproduced from The Criteria Committee of the New York Heart Association. 
(1994). Nomenclature and Criteria for Diagnosis of Diseases of the Heart and 
Great Vessels (9th ed.). Boston: Little, Brown & Co. pp. 253–256

TABLE 17-11
WHO Functional Classification of PH

BOX 17-6 Treatment Goals for PH

 � Treat the underlying etiology

 � Reduce symptoms and improve quality of life

 � Slow the growth of pulmonary smooth muscle 
cells (or thrombus)

 � Decrease myocardial work

 � Improve myocardial oxygenation
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remains within Class I or II, the CCB therapy should 
continue.27,58 The choice of CCB is based on the pa-
tient’s heart rate at baseline, with a relative bradycardia 
favoring nifedipine and amlodipine and a relative tachy-
cardia favoring diltiazem.27

If the acute vasoreactivity test demonstrates 
non-vasoreactivity or the patient fails CCB therapy, the 
next step is to initiate therapy with an approved PAH 
drug or combination therapy. Current drug therapy for 
PAH includes endothelin receptor antagonists (ERAs), 
guanylate cyclase stimulators, phosphodiesterase 
Type 5 inhibitors (PDE-5i), prostacyclin analogues, and 
prostacyclin receptor agonists. See Table 17-14.

For those patients who have an inadequate clini-
cal response to monotherapy, sequential combination 
therapy is appropriate.57,58 Combination therapy—using 
two or more classes of drugs simultaneously—has 
been used successfully in the treatment of heart failure 
and systemic hypertension. The three separate signal-
ing pathways known to be involved in PH include the 

Drug Type Mechanism of Action
FDA-Approved 
Drugs

ERAs Endothelin receptors 
mediate vasoconstriction, 
fibrosis, proliferation, 
hypertrophy, and 
inflammation. ERAs 
prevent binding of 
endothelin to the 
endothelin receptor sites 
promoting vasodilation.

Ambrisentan
Bosentan
Macitentan

Soluble 
guanylate 
cyclase 
stimulators 
(sGCS)

Stimulate soluble 
guanylate cyclase, 
an enzyme in the 
cardiopulmonary system 
and the receptor for NO.

Riociguat

PDE-5i Prevent the breakdown 
of cGMP, which has 
vasodilatory and 
antiproliferative effects 
on the pulmonary 
vasculature.

Sildenafil
Tadalafil
Vardenafil

Prostacyclin 
analogues
(Prostanoids)

Promote direct arterial 
vasodilation and inhibit 
platelet aggregation.

Epoprostenol
Treprostinil
Iloprost

Prostacyclin 
(IP) receptor 
agonists

Relax vascular smooth 
muscle, inhibit platelet 
aggregation, and have an 
antiproliferative effect on 
vascular smooth muscle.

Selexipag

TABLE 17-14
Monotherapy Drugs for the Treatment of Group 1 
PH (PAH) (Specific Therapy)

Clinical Classification Treatment Strategy

PAH • Specific therapy for PAH
• Supportive therapy

• Oral anticoagulants
• Oxygen
• Diuretics
• Digoxin

• Surgical intervention
• Lung transplant
• Atrial septostomy

PH due to left heart disease • Primary therapy for underlying 
heart disease

• Supportive therapy
• Diuretics
• Oxygen

PH due to lung diseases 
and/or hypoxia

• Primary therapy for underlying 
lung disease

• Supportive therapy
• Diuretics
• Oxygen

CTEPH and other PA 
obstructions

• Primary therapy for recurrent PE
• Oral anticoagulants

• Specific therapy for PAH 
for selected patients (WHO 
functional Class III or IV)

• Surgical intervention 
(thromboendarterectomy)

PH with unclear and/or 
multifactorial mechanisms

• Primary therapy for underlying 
cause

• Supportive therapy
• Oxygen

TABLE 17-12
Therapy for Each Clinical Classification of PH

General Measures Supportive Therapy

Avoidance of strenuous 
physical activity 

Digoxin

Avoidance of pregnancy Diuretics

Cardiopulmonary rehabilitation Oral anticoagulants

Infection prevention 
(influenza and pneumococcal 
immunization)

Oxygen

Post-menopausal hormonal 
therapy

Referral to an expert center for 
acute vasoreactivity testing for 
the indication of CCB therapy

Psychosocial support

TABLE 17-13
General Measures and Supportive Therapy  
for Group 1 PH (PAH)

initial approach is provided in Table 17-13. An acute 
vasoreactivity test determines whether calcium channel 
blocker (CCB) therapy is appropriate for the patient.57 
If the patient response is favorable and the WHO-FC 
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Endothelin
pathway

++

+

• ERAs

Prostacyclin
pathway

• Prostanoids
• IP receptor agonists

Nitric oxide
pathway

• PDE-5i
• sGCS

FIGURE 17-16 Sequential combination therapy used with Group 
1 PH (PAH). Begin with monotherapy, then add a second drug 
from another pathway. If there is inadequate clinical results or 
deterioration, add a third drug from the remaining pathway.

prostacyclin pathway (prostacyclin analogues and 
prostacyclin receptor agonists), the endothelin pathway 
(ERAs), and the NO pathway (PDE-5i and guanylate cy-
clase stimulators).27 Sequential combination therapy is 
the most widely used strategy. From monotherapy, there 
is the addition of a second and then the third drug in 
cases of inadequate clinical results or cases of deteriora-
tion.58 See Figure 17-16.

After inadequate clinical response to the initial 
monotherapy and inadequate clinical response to maxi-
mal combination therapy, the next step is to consider 
eligibility for lung transplantation. Both heart-lung and 
double-lung transplantation have been performed for 
PAH. Veno-arterial extracorporeal membrane oxygen-
ation (ECMO) can be utilized in an awake end-stage PH 
patient awaiting lung transplantation.

Prognosis
The clinical course of PH is one of progressive dete-
rioration interspersed with episodes of acute decom-
pensation. It is difficult to predict when patients will 
die because death may come either suddenly or slowly 
because of progressive heart failure.27 The prognosis 
of PH is highly variable and depends on the type and 
severity of PH. The prognosis of Group 1 PH (PAH) is 
better studied than that of Groups 2 through 5. With-
out therapy, patients with Group 1 PH (PAH) have a 
worse survival rate than that of Groups 2 through 5. The 
exceptions are those in Group 4 (CTEPH), who have a 
pulmonary thromboendarterectomy.31

The mean survival rate for symptomatic IPAH pa-
tients who do not receive treatment is 3 years. With 
treatment, the survival rates vary due to the variable 
responses to therapy. Patients with severe Group 1 PH 
(PAH) or right heart failure die sooner without treat-
ment (usually within 1 year) than patients with mild 
PAH or no right heart failure. Increased age and male 
gender may be associated with a worse survival rate.31 

KNOWLEDGE CHECK QUESTIONS

1. True or False: A diagnosis of Group 1 PH (PAH) 
requires a PVR measurement of less than 
3 WU.

2. True or False: The clinical classification for post-
capillary PH includes Group 2 (PH due to left 
heart disease) and Group 5 (PH with unclear 
and/or multifactorial mechanism).

3. True or False: Arachidonic acid is metabolized 
into vasoactive eicosanoids that cause PH. 

4. True or False: Supportive therapy for Group 1 PH 
(PAH) includes the use of digoxin. 

5. True or False: PDE-5i promote arterial vasodila-
tion and inhibit platelet aggregation.

6. True or False: Treatment for PH is always combi-
nation therapy.

Chapter Summary
PE is not a distinct disorder but a serious and often 
fatal complication of underlying venous thrombosis. 
Thromboembolic disease is a highly preventable as 
well as treatable disorder causing significant morbid-
ity as well as mortality in the United States. Pulmonary 
thromboembolism represents a composite of disorders 
that is most commonly dependent on the risk of calf 
vein  venous thrombosis. Diagnosis of PE begins with an 
assessment of CPTP based on the combination of indi-
vidual symptoms, signs, and common tests evaluated 
using prediction rules or clinical judgment. The primary 
goal of diagnostic testing for PE is to identify patients 
who would benefit from treatment.

Without proper treatment, calf vein thrombi extend 
into deep popliteal and femoral veins, causing proxi-
mal DVT. Without treatment of venous thrombosis, 
more than half of patients with proximal DVT develop 
most of the total cases of pulmonary thromboembo-
lism. An untreated PE is associated with significant 
reoccurrence as well as high mortality, whereas most 
patients who receive adequate anticoagulant therapy 
survive. Any suspected cases of PE require immedi-
ate diagnostic testing and risk assessment of clinical 
 probability. Hospitals need to have a strategy in place 
for antithrombotic and thrombolytic therapy to  
prevent VTE.

The prognosis of Groups 2 through 5 PH varies with the 
prognosis of the underlying disease, the severity of the 
PH, and response to therapy.31
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PH is a pathophysiologic disorder of the pulmonary 
circulation that involves multiple clinical conditions and 
can complicate many cardiovascular and respiratory 
diseases. The different hemodynamic definitions of PH 
arise from various combinations of PAP, PAWP, CO, 
DPG, and PVR assessed in stable clinical conditions. A 
systematic approach to diagnosis begins with a clinical 
suspicion of PH followed by the employment of meth-
ods to detect PH, which leads to the identification of an 
appropriate clinical classification. The true prevalence 
of PH in the general population is unknown, because 
of the broad classification and multiple etiologies. The 
epidemiology of PH varies among the different etiolo-
gies of the five groups and even within each clinical 
classification.

The five PH classifications have different pathophys-
iologic mechanisms, although each clinical  
presentation may be similar. The diagnosis of PH re-
quires a clinical suspicion based on symptoms and 
physical examination and review of a comprehensive 
set of investigations to confirm that hemodynamic 
criteria are met and to describe the etiology and the 
functional and hemodynamic severity of the condi-
tion. Treatment for PH, in general, focuses on the 
underlying cause. However, Group 1 PH, PAH, tends 
to be idiopathic and is incurable. The FC of the patient 
is an important tool in the management of patients 
with PH.

Key Points
1. PE is an occlusion of one or more branches of the 

PA by a substance, mostly blood clots, carried in 
the bloodstream. These clots primarily originate 
from venous thromboemboli, 90% of which origi-
nate in the legs.

2. Pulmonary emboli occur when formed blood clots 
embolize (break loose and travel) to occlude pul-
monary blood vessels. The presence of one or more 
elements of Virchow triad, blood vessel endothelial 
wall damage, blood flow stasis, or increase coagula-
bility, increases the risk of PE.

3. Diagnosis of PE may not occur promptly due to 
nonspecific clinical signs and symptoms. Leg  
swelling is suggestive of DVT, the leading cause 
of PE.

4. Individual symptoms, signs, and diagnostic testing 
are used to exclude PE from a patient’s diagno-
sis. This limits the use of imaging tests that emit 
radiation.

5. Anticoagulation therapy is the foundation for suc-
cessful treatment of both PE and DVT. Reduction 
of the risk factors is crucial in the prevention of 
DVT or PE.

6. PH is an increase in mPAP ≥25 mm Hg at rest 
as assessed by RHC. Various hemodynamic 

definitions of PH are based on the location of the 
pulmonary vasoconstriction.

7. PH has five classification groups based on patho-
physiology and clinical-based similarities or 
 differences. Each group has a distinct mechanism 
responsible for the elevation of PAP, a differ-
ent natural history, and a different approach to 
treatment.

8. The clinical signs and symptoms of PH depend on 
its etiology. Common symptoms include exertional 
dyspnea, lethargy, and fatigue.

9. Clinical suspicion based on symptoms and physical 
examination and a review of a comprehensive set 
of investigations confirming hemodynamic criteria 
is needed to diagnose and determine the severity 
of PH.

10. Treatment for PH focuses on the underlying 
cause and the FC of the patient. Treatment for 
Group 1 PH (PAH) focuses on vasoreactivity and 
response to therapy. Several different classes of 
vasodilators are currently approved for use  
with PAH.

Chapter Questions
1. The primary endogenous endothelium-derived 

relaxing factor (EDRF) responsible for 
pulmonary vasculature homeostasis is 
__________________________.
a. acetylcholine
b. adenosine triphosphate
c. nitric oxide
d. serotonin

2. The pulmonary capillaries _____________________
________________________.
a. vasoconstrict in response to nitric oxide
b. decrease in diameter in response to increased 

intrapleural pressure
c. vasoconstrict in response to perivascular 

inflammation
d. anastomose with mediastinal veins

3. Most pulmonary emboli originate in the 
____________________.
a. ankles
b. right atrium
c. upper extremities
d. legs

4. The simplified Well’s Prediction Rule is used to 
____________________________.
a. identify the clinical probability of pulmonary 

embolism (PE) in a patient
b. confirm the diagnosis of pulmonary arterial hy-

pertension (PAH)
c. limit the overdiagnosis of PE
d. identify the clinical probability of pulmonary 

hypertension (PH)
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5. PE is the ___________ most common cause of 
death from cardiovascular disease in the United 
States.
a. first
b. second
c. third
d. fourth

6. Risk factors that cause microthrombi to grow and 
propagate include all except __________.
a. blood vessel endothelial wall damage
b. abnormal blood flow
c. loss of nitric oxide bioavailability
d. increase in coagulability

7. PE directly affects the function  
of the _______________ by causing pressure 
overload.
a. right atrium
b. right ventricle
c. left atrium
d. left ventricle

8. The D-dimer test _____________________________.
a. is very sensitive, but not specific, for venous 

thromboembolism or PE
b. is both sensitive and specific for venous throm-

boembolism or PE
c. is used specifically to “rule out” PE
d. is positive when the result is greater than 

1500 µg/L
9. The method of choice for imaging the pulmonary 

vasculature in patients suspected of having a PE is 
_____________.
a. pulmonary angiography
b. ventilation–perfusion scanning
c. magnetic resonance pulmonary angiography
d. computed tomographic pulmonary 

angiography
10. Fibrinolysis therapy is ________________________.

a. used for all patients with PE
b. appropriate for hemodynamically unstable pa-

tients with massive PE
c. not recommended for patients who develop 

acute right heart strain
d. similar in action to anticoagulation  

medications
11. The pulmonary circulation is a 

___________________ blood flow circuit.
a. high-pressure
b. low-capacitance
c. high-resistance
d. high-capacitance

12. The following hemodynamics is associated with 
PAH:
a. Pulmonary vascular resistance 1–2 Woods 

units
b. Pulmonary vascular resistance greater than 

3 Woods units

c. Pulmonary artery wedge pressure greater than 
15 mm Hg

d. Mean PAP 15–20 mm Hg
13. Postcapillary PH is associated with the clinical clas-

sification of Group __________ PH.
a. 1 (PAH)
b. 2 (PH due to left heart disease)
c. 3 (PH due to lung disease and/or hypoxia)
d. 4 (PH due to chronic thromboembolic PE)

14. Plexiform lesions are the morphologic hallmarks 
found in ________________________.
a. Group 1 PH
b. Group 2 PH
c. Group 3 PH
d. Group 4 PH

15. The protein involved in the differentiation of 
angioblasts into endothelial cells in PAH is 
________________________.
a. caveolin 1 (CAV1)
b. activin-like kinase (ALK)
c. endoglin (ENG)
d. mothers against decapentaplegic homologue 

9 (SMAD9)
16. A reduced diffusion capacity in the lungs is found 

with Group 2 PH due to ______________________.
a. decreased alveolar surface area
b. vascular remodeling with pulmonary arteriole 

fibrosis
c. thickening of the interstitium
d. decreased ventilation of perfused areas

17. Chronic hypoxic pulmonary vasoconstriction is 
mediated by _________________________________.
a. increased production of nitric oxide
b. increased activity of voltage-gated potassium 

channel’s alpha subunit
c. increased activity of cytosolic phospholipase A2 

(cPLA2)
d. decreased levels of endothelin

18. The first test that suggests a diagnosis of PH is 
_____________________________.
a. echocardiography
b. electrocardiogram
c. pulmonary function test
d. ventilation–perfusion lung scan

19. The definitive diagnosis of all forms of PH is made 
with ___________________________.
a. echocardiography
b. left heart catheterization
c. right heart catheterization
d. ventilation–perfusion lung scan

20. Which class of medication is used to identify acute 
vasoreactivity?
a. Phosphodiesterase Type 5 inhibitor
b. Endothelin receptor antagonist
c. Prostacyclin analogue
d. Calcium channel blocker

491Chapter Questions



acute pulmonary embolism. Thromb Haemost. 2012;109(1):47–52. 
doi:10.1160/th12-07-0466.

23. Harikrishnan P, Palaniswamy C, Aronow W. Update on pharma-
cologic therapy for pulmonary embolism. J Cardiovasc Pharmacol 
Ther. 2014;19(2):159–169. doi:10.1177/1074248413506612.

24. Jaff M, McMurtry M, Archer S, et al. Management of massive and 
submassive pulmonary embolism, iliofemoral deep vein thrombosis, 
and chronic thromboembolic pulmonary hypertension: a scientific 
statement from the American Heart Association. Circulation. 
2011;123(16):1788–1830. doi:10.1161/cir.0b013e318214914f.

25. Tapson V. Treatment, prognosis, and follow-up of acute pulmonary 
embolism in adults. In: Mandel J, Hockberger R, eds. Uptodate. 
Waltham, MA: Wolters Kluwer; 2017. http://www.uptodate.com. 
Accessed February 26, 2017.

26. Rounds S, Klinger J. Pulmonary hypertension: pathophysiology and 
clinical disorders. In: Crapo J, Glassroth J, Karlinsky J, King T Jr, 
eds. Baum’s Textbook of Pulmonary Diseases. 7th ed. Philadelphia, 
PA: Lippincott, Williams & Wilkins; 2004:697–729.

27. Galiè N, Humbert M, Vachiery J, et al. 2015 ESC/ERS guidelines for 
the diagnosis and treatment of pulmonary hypertension. Eur Heart 
J. 2015;37(1):67–119. doi:10.1093/eurheartj/ehv317.

28. Hoeper M, Bogaard H, Condliffe R, et al. Definitions and diagno-
sis of pulmonary hypertension. J Am Coll Cardiol. 2013;62(25): 
D42–D50. doi:10.1016/j.jacc.2013.10.032.

29. Simonneau G, Gatzoulis M, Adatia I, et al. Updated clinical 
classification of pulmonary hypertension. J Am Coll Cardiol. 
2013;62(25):D34–D41. doi:10.1016/j.jacc.2013.10.029.

30. Rubin LJ, Hopkins W. Clinical features and diagnosis of pulmonary 
hypertension in adults. In: Mandel J, ed. UpToDate. Waltham, 
MA: Wolters Kluwer; 2017. https://www.uptodate.com. Accessed 
March 10, 2017.

31. Rubin LJ, Hopkins W. Overview of pulmonary hypertension in adults. 
In: Mandel J, ed. UpToDate. Waltham, MA: Wolters Kluwer; 2017. 
https://www.uptodate.com. Accessed March 10, 2017.

32. George M, Schieb L, Ayala C, Talwalkar A, Levant S. Pulmonary 
hypertension surveillance. Chest. 2014;146(2):476–495. doi:10.1378 
/chest.14-0527.

33. Humbert M, Sitbon O, Chaouat A, et al. Pulmonary arterial 
hypertension in France. Am J Respir Crit Care Med. 2006;173(9): 
1023–1030. doi:10.1164/rccm.200510-1668oc.

34. Ling Y, Johnson M, Kiely D, et al. Changing demographics, epide-
miology, and survival of incident pulmonary arterial hypertension. 
Am J Respir Crit Care Med. 2012;186(8):790–796. doi:10.1164 
/rccm.201203-0383oc.

35. Oudiz R. Pulmonary hypertension associated with left-sided 
heart disease. Clin Chest Med. 2007;28(1):233–241. doi:10.1016/j 
.ccm.2006.12.001.

36. Seeger W, Adir Y, Barberà J, et al. Pulmonary hypertension in 
chronic lung diseases. J Am Coll Cardiol. 2013;62(25):D109–D116. 
doi:10.1016/j.jacc.2013.10.036.

37. Andersen K, Iversen M, Kjaergaard J, et al. Prevalence, predic-
tors, and survival in pulmonary hypertension related to end-stage 
chronic obstructive pulmonary disease. J Heart Lung Transplant. 
2012;31(4):373–380. doi:10.1016/j.healun.2011.11.020.

38. Guérin L, Couturaud F, Parent F, et al. Prevalence of chronic 
thromboembolic pulmonary hypertension after acute pulmonary 
embolism. Thromb Haemost. 2014;112(3):598–605. doi:10.1160 
/th13-07-0538.

39. Parent F, Bachir D, Inamo J, et al. A hemodynamic study of pulmonary 
hypertension in sickle cell disease. N Engl J Med. 2011;365(1):44–53. 
doi:10.1056/nejmoa1005565.

40. Baughman R, Engel P, Meyer C, Barrett A, Lower E. Pulmonary 
hypertension in sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis. 
2006;23:108–116.

41. Ohms Law Tutorial and Power in Electrical Circuits. Basic Electron-
ics Tutorials. 2017. http://www.electronics-tutorials.ws/dccircuits 
/dcp_2.html. Accessed March 16, 2017.

References
1. Levitzky M. Pulmonary Physiology. 6th ed. New York, NY:  

McGraw-Hill; 2002.
2. Coggins M, Bloch K. Nitric oxide in the pulmonary vasculature. 

Arterioscler Thromb Vasc Biol. 2007;27(9):1877–1885. doi:10.1161 
/atvbaha.107.142943.

3. Lapner S, Kearon C. Diagnosis and management of pulmonary 
embolism. BMJ. 2013;346:f757. doi:10.1136/bmj.f757.

4. Weinberger S, Cockrill B, Mandel J. Principles of Pulmonary Medi-
cine. 6th ed. Philadelphia, PA: Elsevier Saunders; 2014:179–200.

5. Wilbur J, Shian B. Diagnosis of deep venous thrombosis and 
pulmonary embolism. Am Fam Physician. 2012;86(10):913–919.

6. Deng X, Li Y, Zhou L, et al. Gender differences in the symptoms, 
signs, disease history, lesion position and pathophysiology in pa-
tients with pulmonary embolism. PLos One. 2015;10(7):e0133993. 
 doi:10.1371/journal.pone.0133993.

7. Goldhaber S. Deep venous thrombosis and pulmonary thrombo-
embolism. In: Loscalzo J, ed. Harrison’s Pulmonary and Critical 
Care Medicine. 2nd ed. New York, NY: McGraw-Hill; 2013:211–220.

8. Konstantinides SV, Torbicki A, Agnelli G, et al. 2014 ESC guidelines 
on the diagnosis and management of acute pulmonary embolism. 
Eur Heart J. 2014;35(43):3033–3073. doi:10.1093/eurheartj/ehu283.

9. Ducharme J, Brenner J. Pulmonary embolism. In: Aghababian R, ed. 
Essentials of Emergency Medicine. 2nd ed. Sudbury, MA: Jones & 
Bartlett Learning; 2011:716–723.

10. van der Hulle T, Dronkers C, Klok F, Huisman M. Recent devel-
opments in the diagnosis and treatment of pulmonary embolism. 
J Intern Med. 2015;279(1):16–29. doi:10.1111/joim.12404.

11. Ouellette D. Pulmonary embolism: practice essentials, background, 
anatomy. Medscape. June 22, 2016. https://emedicine.medscape 
.com/article/300901-overview. Accessed January 25, 2017.

12. Horlander K, Mannino D, Leeper K. Pulmonary embolism mortality 
in the United States, 1979-1998. Arch Intern Med. 2003;163(14):1711. 
doi:10.1001/archinte.163.14.1711.

13. Heit J. The epidemiology of venous thromboembolism in the 
community. Arterioscler Thromb Vasc Biol. 2008;28(3):370–372. 
doi:10.1161/atvbaha.108.162545.

14. Goldhaber S, Bounameaux H. Pulmonary embolism and deep vein 
thrombosis. Lancet. 2012;379(9828):1835–1846.

15. Heit J, O’Fallon W, Petterson T, et al. Relative impact of risk factors 
for deep vein thrombosis and pulmonary embolism. Arch Intern 
Med. 2002;162(11):1245. doi:10.1001/archinte.162.11.1245.

16. Abunasser J, Tejada J, Foley R. The diagnosis and management of 
pulmonary embolism. Conn Med. 2012;76(1):5–14.

17. Bajc M, Neilly J, Miniati M, Schuemichen C, Meignan M, Jonson 
B. EANM guidelines for ventilation/perfusion scintigraphy: Part 1. 
Pulmonary imaging with ventilation/perfusion single photon emission 
tomography. Eur J Nucl Med Mol Imaging. 2009;36(8):1356–1370. 
doi:10.1007/s00259-009-1170-5.

18. Anderson D, Barnes D. Computerized tomographic pulmonary 
angiography versus ventilation perfusion lung scanning for the  
diagnosis of pulmonary embolism. Curr Opin Pulm Med. 2009; 
15(5):425–429. doi:10.1097/mcp.0b013e32832d6b98.

19. Kalb B, Sharma P, Tigges S, et al. MR imaging of pulmonary 
embolism: diagnostic accuracy of contrast-enhanced 3D MR 
pulmonary angiography, contrast-enhanced low–flip angle 3D 
GRE, and nonenhanced free-induction FISP sequences. Radiology. 
2012;263(1):271–278. doi:10.1148/radiol.12110224.

20. Stein P, Chenevert T, Fowler S, et al. Gadolinium-enhanced magnetic 
resonance angiography for pulmonary embolism. Ann Inter Med. 
2010;152(7):434–443. doi:10.7326/0003-4819-152-7-201004060-00008.

21. Zondag W, Mos I, Creemers-Schild D, et al. Outpatient treatment in 
patients with acute pulmonary embolism: the Hestia Study. J Thromb 
Haemost. 2011;9(8):1500–1507. doi:10.1111/j.1538-7836.2011.04388.x.

22. Zondag W, den Exter P, Crobach M, et al. Comparison of two 
methods for selection of out of hospital treatment in patients with 

492 CHAPTER 17 Pulmonary Vascular Diseases



51. Olsson K, Nickel N, Tongers J, Hoeper M. Atrial flutter and fibril-
lation in patients with pulmonary hypertension. Int J Cardiol. 
2013;167(5):2300–2305. doi:10.1016/j.ijcard.2012.06.024.

52. Sun X, Hansen J, Oudiz R, Wasserman K. Pulmonary function in 
primary pulmonary hypertension. J Am Coll Cardiol. 2003;41(6): 
1028–1035. doi:10.1016/s0735-1097(02)02964-9.

53. Rafanan A, Golish J, Dinner D, Hague L, Arroliga A. Nocturnal 
hypoxemia is common in primary pulmonary hypertension. Chest. 
2001;120(3):894–899. doi:10.1378/chest.120.3.894.

54. Tunariu N, Gibbs S, Win Z, et al. Ventilation-perfusion scintigraphy 
is more sensitive than multidetector CTPA in detecting chronic 
thromboembolic pulmonary disease as a treatable cause of pulmo-
nary hypertension. J Nucl Med. 2007;48(5):680–684. doi:10.2967/
jnumed.106.039438.

55. Rajaram S, Swift A, Telfer A, et al. 3D contrast-enhanced lung 
perfusion MRI is an effective screening tool for chronic thrombo-
embolic pulmonary hypertension: results from the ASPIRE Registry. 
Thorax. 2013;68(7):677–678. doi:10.1136/thoraxjnl-2012-203020.

56. McLaughlin V, Gaine S, Howard L, et al. Treatment goals of pul-
monary hypertension. J Am Coll Cardiol. 2013;62(25):D73–D81. 
doi:10.1016/j.jacc.2013.10.034.

57. Taichman D, Ornelas J, Chung L, et al. Pharmacologic therapy for 
pulmonary arterial hypertension in adults: CHEST guideline and 
expert panel report. Chest. 2014;146(2):449–475.

58. Galiè N, Corris P, Frost A, et al. Updated treatment algorithm of 
pulmonary arterial hypertension. J Am Coll Cardiol. 2013;62(25): 
D60–D72. doi:10.1016/j.jacc.2013.10.031.

42. Rubin LJ, Hopkins W. Pathogenesis of pulmonary hypertension. 
In: Mandel J, ed. UpToDate. Waltham, MA: Wolters Kluwer; 2017. 
https://www.uptodate.com Accessed March 10, 2017.

43. Chopra S, Badyal D, Baby PC, Cherian D. Pulmonary arterial hy-
pertension: advances in pathophysiology and management. Indian 
J Pharmacol. 2012;44(1):4–11.

44. Jonigk D, Golpon H, Bockmeyer C, et al. Plexiform lesions in pul-
monary arterial hypertension. Am J Pathol. 2011;179(1):167–179. 
doi:10.1016/j.ajpath.2011.03.040.

45. Lundgren J, Rådegran G. Pathophysiology and potential treatments 
of pulmonary hypertension due to systolic left heart failure. Acta 
Physiol. 2014;211(2):314–333. doi:10.1111/apha.12295.

46. Presberg K, Dincer H. Pathophysiology of pulmonary hyperten-
sion due to lung disease. Curr Opin Pulm Med. 2003;9(2):131–138. 
doi:10.1097/00063198-200303000-00007.

47. McNeil K, Dunning J. Chronic thromboembolic pulmonary hy-
pertension (CTEPH). Heart. 2007;93(9):1152–1158. doi:10.1136 
/hrt.2004.053603.

48. Humbert M. Pulmonary arterial hypertension and chronic throm-
boembolic pulmonary hypertension: pathophysiology. Eur Respir 
Rev. 2010;19(115):59–63. doi:10.1183/09059180.00007309.

49. MacGregor A, Canavan R, Knight C, et al. Pulmonary hypertension 
in systemic sclerosis: risk factors for progression and consequences 
for survival. Rheumatology. 2001;40(4):453–459. doi:10.1093/
rheumatology/40.4.453.

50. Diseases Database. 2017. http://www.diseasesdatabase.com/content 
.asp. Accessed March 21, 2017.

493References





©
 Ta

irA
/S

hu
tte

rst
oc

k

Shock

OUTLINE
Introduction
Cardiogenic Shock

Definition/Diagnosis
Clinical Signs and Symptoms
Etiology
Epidemiology
Pathology/Pathophysiology
Risk Factors
Complications
Diagnostic Testing
Treatment and Management
Prognosis

Hypovolemic Shock
Definition/Diagnosis
Clinical Signs and Symptoms
Etiology
Epidemiology
Pathology/Pathophysiology
Risk Factors
Complications
Diagnostic Testing
Treatment and Management
Prognosis

Anaphylactic Shock
Definition/Diagnosis
Clinical Signs and Symptoms
Etiology

Epidemiology
Pathology/Pathophysiology
Risk Factors
Complications
Diagnostic Testing
Treatment and Management
Prognosis

Septic Shock
Definition/Diagnosis
Clinical Signs and Symptoms
Etiology
Epidemiology
Pathology/Pathophysiology
Risk Factors
Complications
Diagnostic Testing
Treatment and Management
Prognosis

Neurogenic Shock
Definition/Diagnosis
Clinical Signs and Symptoms
Etiology
Epidemiology
Pathology/Pathophysiology
Risk Factors
Complications
Diagnostic Testing
Treatment and Management
Prognosis

“Welcome to the world of the emergency department. Where time and pressure are monumentally against the considered  
diagnosis of shock, a diagnosis that requires thoughtful contemplation and the review of the patient over time.”

—Michelle Johnston
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OBJECTIVES
1. State the working definitions for each type of shock.
2. Outline the incidence, prevalence, and risk factors of each 

type of shock.
3. Define and discuss the clinical manifestations associated 

with each type of shock.
4. Explain diagnostic testing used in diagnosing each type 

of shock.
5. Summarize the recommended management of patients 

with each type of shock.
6. Identify common complications associated with each type 

of shock.
7. Define the prognosis of each type of shock.

KEY TERMS
Anaphylactoid reaction
Anaphylaxis
Cardiogenic shock (CS)
Crystalloid solution
Distributive shock
Hemorrhagic shock
Hypovolemia
Hypovolemic shock
Neurogenic shock
Nonhemorrhagic shock
Nonimmune anaphylaxis
Nontraumatic 

hemorrhagic shock
Persistent hypotension
Quick Sequential 

(Sepsis-Related) Organ 

Failure Assessment 
Score (qSOFA)

Sepsis
Septic shock
Sequential (Sepsis-Related) 

Organ Failure 
Assessment 
(SOFA) Score

Serum lactate
Shock
Systemic inflammatory 

response syndrome 
(SIRS)

Traumatic hemorrhagic 
shock

Case Study
A 62-year-old female is working at the yard, plant-
ing some new trees. She just finished filling the dirt 
around the last tree and notices some chest discom-
fort. She thinks she strained a muscle planting the last 
tree. She stands up to massage the muscle to help 
relieve the discomfort. As she stands, the discomfort 
intensifies, she becomes dizzy, and she feels like she is 
going to faint (Figure 18-1). She looks around to see if 
there is something to grab hold of to prevent herself 
from falling. Before she can grab something, she loses 
consciousness and falls. Her neck strikes the edge of a 
planter.

Her neighbor witnessed the entire episode. The 
neighbor immediately called emergency services and 

ran over to check on her. He was speaking with the 
emergency services operator explaining the situation 
when the lady started to move. He immediately told 
her not to move, and that help was on the way. When 
the ambulance arrived, the neighbor explained what 
he saw happen. The rescuers put a cervical collar on 
the lady and placed her on a backboard. Due to the 
nature of the fall, the paramedics immediately put on 
electrocardiogram (ECG) patches. The ECG showed 
ST segment elevations in the inferior leads with a 
heart rate of 42 beats/minute and a blood pressure 
of 70/50 (Figure 18-2). The paramedics notified the 
hospital, started an intravenous (IV) line with normal 
saline, and quickly transported the patient to the hos-
pital. One liter of normal saline was infused during 
the transport.

In the emergency department (ED), the ED physician 
ordered a computer tomographic (CT) of the head and 
neck. The cardiac catheterization lab was alerted for 
a possible heart attack patient. The patient’s vitals in 
the ED were heart rate 44 beats/minute, regular and 
weak, blood pressure 75/48 mm Hg. She appeared 
dyspneic at rest, fully conscious and oriented. She 
is pale, clammy, and cold to the touch, especially in 
her extremities. Her oxygen saturation with a 4 L/
minute nasal cannula was 88%. At that time, the sup-
plemental oxygen was changed to a high-flow nasal 
cannula at 15 L/minute. She received a vasopressor to 
increase her blood  pressure, and she was transported 
to the cardiac  catheter lab for a heart catheterization 
and possible  pacemaker insertion.

FIGURE 18-1 Lady fainting.
© Image Point Fr/Shutterstock.
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FIGURE 18-2 Twelve-lead ECG of inferior wall myocardial infarction.
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Introduction
Shock is a state of organ hypoperfusion, which can lead 
to cellular dysfunction and death. Shock includes sev-
eral mechanisms. Cardiogenic shock (CS) from heart 
failure decreases cardiac output. Hypovolemic shock 
is due to internal or external blood or volume loss. 
Distributive shock occurs due to profound vasodilation, 
causing a reduction of blood returning to the heart, 
and includes anaphylactic shock, septic shock, and 
neurogenic shock.1 Box 18-1 shows a summary of the 
different types of shock.

Shock is a life-threatening condition of circulatory 
failure that most commonly presents with hypoten-
sion.2 Any shock decreases the amount of blood 
reaching the capillary exchange beds. The basis for a 
diagnosis of shock includes clinical, hemodynamic, 
and biochemical signs. There are three categories 
of assessments. First, hypotension is present, but 
chronic hypertension can hide the magnitude of the 
hypotension. Tachycardia is usually present when 
the systolic arterial blood pressure is <90 mm Hg 
or the mean arterial pressure is <70 mm Hg. Sec-
ond, clinical signs of hypoperfusion include cold 
and clammy skin, cyanosis (in low-flow states), de-
creased urine output (<0.5 mL/kg of body weight 

per hour), and altered mental state. Third, increased 
serum lactate is typically present, indicating abnor-
mal cellular oxygen metabolism (> 1.5 mmol/L).3 
Typically, the effects of shock are initially reversible 
but can rapidly become irreversible, resulting in mul-
tiorgan system failure and death.4

Cardiogenic Shock
Cardiogenic shock (CS) occurs when the heart muscle 
is damaged enough that it is unable to pump enough 
sufficient blood to the vital organs. The decrease in cardiac 
output results in drop in blood pressure, hypoperfusion of 
organs, and death if not treated promptly.

Definition/Diagnosis
CS results from intracardiac causes of cardiac pump 
failure that result in reduced cardiac output.4 These 
cardiac problems are a result of acute or chronic disor-
ders. The most frequent cause of CS is acute myocardial 
infarction (AMI). Cardiac pump failure will cause a 
decrease in cardiac output, even with an adequate blood 
volume. Consequently, if cardiac output becomes too 
low, there will be evidence of organ and tissue hypoxia 
from hypoperfusion.
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BOX 18-1 Types of Shock
Anaphylactic shock: A form of distributive shock 

resulting in low blood pressure (<90/60 mm 
Hg) due to an allergic reaction to a drug or other 
substance (e.g., insect stings, certain foods 
such as peanuts, shellfish, tree nuts, eggs, dairy 
 products, or latex).

Cardiogenic shock: Low blood pressure (<90/60 
mm Hg) due to lox cardiac output. Common 
causes include myocardial infraction, pericardial 
tamponade, cardiac arrhythmia (ventricular 
tachycardia, supraventricular tachycardia, 
ventricular fibrillation, bradycardia), and tear or 
rupture (myocardium, septum, valve tendons).

Hypovolemic shock: Low blood pressure (<90/60 
mm Hg) due to decreased intravascular vol-
ume. Common causes include blood loss due 
to trauma or internal bleeding or loss of fluids 
due to vomiting, diarrhea, burns, or excessive 
sweating.

Neurogenic shock: A form of distributive shock 
resulting in low blood pressure (<90/60 mm 
Hg) and occasionally bradycardia. Causes 

include head trauma, brain injury, cervical or 
thoracic spinal cord injury (SCI) resulting in a 
loss of sympathetic stimulation, vasodilation, 
and a decrease in peripheral vascular 
resistance.

Obstructive shock: A form of shock sometimes 
grouped with CS resulting in low blood pressure 
(<90/60 mm Hg) due to obstruction of blood 
flow from the heart or major vessels. Causes 
include pulmonary embolus, cardiac tamponade, 
and narrowing of the aortic artery.

Septic shock: A form of distributive shock resulting 
in low blood pressure (<90/60 mm Hg) due 
to decreased systemic vascular resistance as a 
result of an overwhelming infection. Common 
causes include gram-negative sepsis, although 
other bacteria or fungi may cause septic shock. 
The resulting hypotension is due to inappropriate 
peripheral vasodilation caused by toxins released 
by the offending microorganism. With early 
septic shock, cardiac output may be elevated; it 
may be depressed with late septic shock.

Hemodynamic parameters help to define CS. 
Persistent hypotension (systolic blood pressure 
<80–90 mm Hg or mean arterial pressure 30 mm Hg 
lower than baseline) is one parameter. Second, there is a 
severe reduction in the cardiac index with adequate or 
elevated filling pressures (left ventricular end-diastolic 
pressure >18 mm Hg or right ventricular end-diastolic 
pressure >10–15 mm Hg).5 Without aggressive care, CS 
due to AMI has a high mortality rate.3

Clinical Signs and Symptoms
Clinical findings vary depending on the etiology and 
the stage of presentation. CS in the presence of an 
AMI will have all the signs and symptoms associated 
with an AMI. AMI patients will present with an abrupt 
onset of chest pain, which may radiate to the left arm 
or neck. The chest pain may be atypical, especially 
for women, the location being epigastric or only in 
the neck or arm. The patient will appear pale, appre-
hensive, and diaphoretic. Mentation may be altered, 
with somnolence, confusion, and agitation. Other 
symptoms include nausea, vomiting, diaphoresis, exer-
tional dyspnea, dyspnea at rest, pre-syncope, syncope, 
palpitations, generalized anxiety, and depression.6 
Table 18-1 and Figure 18-3 show the characteristics of 
patients with CS.

Characteristic Description

Appearance Ashen or cyanotic in color, jugular vein 
distension

Skin Cool and clammy

Extremities Mottled, peripheral edema

Peripheral pulses Rapid, faint, irregular (with arrhythmias)

Pulse pressure Low

Pulse Tachycardia (weak and rapid) or severe 
bradycardia

Heart sounds Distant, third and fourth heart sounds may 
be present

Breath sounds Crackles

Mentation Altered mental status

Urinary output Low (<30 mL/hour)

TABLE 18-1
Characteristics of Patients with CS

Etiology
Table 18-2 shows the etiologies of CS. The myocardial 
infarction (MI) with left ventricular failure remains 
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FIGURE 18-3 Organs affected by CS include the heart, brain, lungs, kidneys, and skin.
© Blamb/Shutterstock.

Types of Dysfunction Examples

Systolic dysfunction AMI
Acute severe left ventricular 
dysfunction
Acute severe right ventricular 
dysfunction
Acute myopericarditis
Takotsubo cardiomyopathy

Diastolic dysfunction Hypertrophic cardiomyopathy
Restrictive cardiomyopathy
Hemorrhage
Pericardial tamponade

Valvular dysfunction Acute valvular regurgitation  
(from endocarditis or chordal rupture)
Valve or ventricular septal rupture
Aortic stenosis with acute stress
Mitral stenosis with acute stress

Cardiac arrhythmias Atrial arrhythmias
Ventricular arrhythmias

Coronary artery disease 
(CAD)

Acute coronary syndrome

Other causes Aortic dissection
Massive pulmonary embolism

TABLE 18-2
Etiologies of CS 

the most common cause of CS.5 However, any cause of 
acute, severe left ventricular or right ventricular dys-
function may lead to CS.5

Epidemiology
In the United States, the incidence rate of CS from 
an AMI ranges from 5% to 10%. In Europe, the rate 
is approximately 7%.7 Patients arriving in the ED 
with ST-segment elevation MI (STEMI) have a 7.9% 
chance of developing CS.7 Up to 3% of patients with 
non-ST-segment elevation acute coronary syndrome 
develop CS.7 The literature has little data on CS in pa-
tients without ischemia.6 Early treatment for shock, 
increased monitoring efforts, use of increasingly effec-
tive cardiac medications, and careful attention to the 
maintenance of desirable hemodynamic parameters in 
patients with AMI have decreased the prevalence of CS 
over the last 40 years.8

Pathology/Pathophysiology
CS results from reduced cardiac output. The decreased 
cardiac output can be a result of extensive left ventricu-
lar MI, development of a mechanical defect (such as a 
ventricular septal defect or papillary muscle rupture), 
or right ventricular infarction.5 CS from a myocardial 
pathology is characterized by a systolic or a diastolic 
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dysfunction, most often a result of an AMI. Figure 18-4 
summarizes the pathophysiology of CS.

A systolic myocardial dysfunction causes a decrease 
in stroke volume because the myocardium is unable to 
contract as vigorously as necessary. In this case, cardiac 
output will also decrease, causing hypotension and a 
decrease in systemic perfusion. As the stroke volume 
decreases, additional blood remains in the left ventricle, 
increasing the left heart intracardiac pressure. This in-
crease in pressure is transmitted back to the lung and 
causes pulmonary edema and congestive heart failure. 
Consequently, the myocardial filling pressures increase 
with a coronary perfusion reduction. The body com-
pensates by increasing the heart rate and increasing 
myocardial oxygen demand with no increase in myo-
cardial perfusion. The result is myocardial ischemia. 
The systemic vasculature constricts, to compensate 
for the decrease in systemic perfusion. The compensa-
tory mechanisms become maladaptive and produce a 
worsening in hemodynamics.9 Diastolic myocardial dys-
function leads to elevated left ventricular end-diastolic 
pressure and pulmonary capillary wedge pressure, as 
well as pulmonary congestion and hypoxemia. The re-
sult is also myocardial ischemia.

If an AMI causes the CS, it is usually due to mul-
tivessel CAD with limited coronary blood flow 
reserve. The limited coronary blood flow reserve 

affects both the systolic and the diastolic function. A 
systemic inflammatory response syndrome (SIRS) may 
accompany large infarctions and shock. Inflammatory 
mediators contribute to the genesis of CS as they do 
to that of other forms of shock. Lactic acidosis from 
anaerobic metabolism and strained cellular metabo-
lism due to poor tissue perfusion and hypoxemia from 
pulmonary edema may result from pump failure and 
then contribute to the vicious cycle by worsening myo-
cardial ischemia and hypotension.9 If ischemia is severe 
and prolonged, myocardial cellular injury becomes ir-
reversible and leads to myocardial tissue necrosis.6 In 
some cases, the myocardial dysfunction is reversible. 
This potentially reversible dysfunction is myocardial 
stunning or hibernating myocardium. Both types can 
be present at the same time. Hibernating myocardium 
improves following revascularization (reperfusion). 
Myocardial stunning retains inotropic reserve and 
can respond to inotropic stimulation.6 CS is a medical 
emergency, and it is important to assess the situation, 
find the cause, and correct it as quickly as possible. Ap-
proximately three-fourths of patients with CS compli-
cating MI develop shock after hospital presentation.6,10 
The vicious cycle of deterioration that leads to death 
in patients with CS must be broken quickly. The thera-
peutic goal of interrupting the vicious cycle is based on 
the concept that myocardial function can be stabilized 

Death

Ischemia

Myocardial dysfunction

MI

Progressive
myocardial
dysfunction

Compensatory
vasoconstriction*

↓ Coronary perfusion
pressure

↓ Cardiac output
↓ Stroke volume

Hypoxemia

Hypotension

Systolic Diastolic

Increased LVEDP
Pulmonary congestion

↓ Systemic
perfusion

FIGURE 18-4 Pathophysiology of CS.
Modified from Hollenberg SM, Kavinsky CJ, Parrillo JE. Cardiogenic shock. Ann Internal Med. 1999;131(1):47–59.
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and eventually improved.11 Some of the medications 
used to treat MI may contribute to the development 
of CS. These medications include beta-blockers, 
angiotensin-converting enzyme inhibitors, morphine, 
and diuretics.5

Risk Factors
Risk factors for the development of CS in the context 
of MI include older age, anterior MI, hypertension, 
 diabetes mellitus, multivessel CAD, prior MI or angina, 
prior diagnosis of heart failure, STEMI, and left bundle-
branch block.5 The risk of CS increases if more than 
40% of the left ventricle myocardium is lost.6

Because of the potentially serious consequences of 
CS, identification of subgroups of patients with acute 
coronary syndromes who are at high risk for developing 
shock is important. It may be equally important to 
identify the low-risk group of patients who may be 
spared any costly or invasive intervention aimed at 
preventing CS.12

Complications
Complications from CS appear in Box 18-2.

Diagnostic Testing
Due to the unstable condition of patients with CS, sup-
portive therapy must be initiated simultaneously with 
diagnostic evaluation.9 Diagnosing the cause of CS 
requires laboratory studies, ECG, chest radiography, 
echocardiography, angiography, and invasive hemody-
namic monitoring.

A complete blood count typically shows an elevated 
white blood cell count with a left shift. Hypoperfusion 
may cause liver enzymes to be elevated. Poor tissue 
perfusion may result in a high anion gap metabolic aci-
dosis and the presence of elevated serum lactate levels. 
Also, there is a marked increase in the cardiac enzymes 
(e.g., creatine kinase and its subclasses, troponin T, 
troponin I, myoglobin, and LDH). Before delivery of 
supplemental oxygen, arterial blood gasses demonstrate 
hypoxemia.

Using a 12-lead ECG immediately helps to diagnose 
an AMI and myocardial ischemia. In CS, due to AMI 
with left ventricular failure, Q waves with >2-mm ST 
elevation in multiple leads or left bundle-branch block 
are usually present. More than one-half of all infarcts 
associated with shock are anterior.9 If evidence of an 
AMI and myocardial ischemia exists, then an emer-
gency heart catheterization with revascularization is 
necessary.

A chest x-ray can be used to assess for aortic dissec-
tion, tension pneumothorax, or pneumomediastinum. 
The chest x-ray may show pulmonary vascular conges-
tion or pulmonary edema.

A two-dimensional echocardiogram with color-flow 
Doppler helps identify the etiology of the CS. It can 
check the wall motion of the ventricles and determine 
the ejection fraction. An echo can identify structural 
problems, such as a ventricular septal defect, free 
myocardial wall rupture, pericardial tamponade, and 
atrioventricular valve regurgitation because of papillary 
muscle rupture.6 If the echo demonstrates a hyperdy-
namic left ventricle, then other causes of the shock can 
be investigated (e.g., sepsis or anemia).

Treatment and Management
In addition to the usual treatment for AMI, initial 
therapy focuses on maintaining adequate systemic and 
coronary perfusion by raising systemic blood pressure 
and coronary perfusion.9 IV access is needed immedi-
ately, preferably via a central line, for fluid and medica-
tion infusions to correct hypotension and hypovolemia. 
If pulmonary edema is present, careful monitoring is 
needed when giving fluids. An arterial line may also 
be necessary. Having venous and arterial access helps 
to monitor both pressures and blood gasses.6 Oxy-
genation and airway protection are critical and ap-
plied when necessary. Caution is recommended with 
intubation; while positive-pressure ventilation may 
improve oxygenation, it may also compromise preload 
of the heart.

Various IV drugs may be used to augment blood 
pressure and cardiac output in patients with CS. All 
of them have important disadvantages, and none 
has been shown to change the outcome in patients 
with established shock.9 Vasopressors are used to 
augment the coronary and cerebral blood flow. 
Sympathomimetic amines with both alpha- and 
beta-adrenergic effects may be used. Dopamine 
and dobutamine are the drugs of choice to improve 
cardiac contractility, with dopamine preferred for 
hypotension.6 Diuretics decrease peripheral and 
 pulmonary edema.

Reducing the workload of the heart can help cor-
rect and prevent CS. Two devices that make this 
possible are the intra-aortic balloon pump (IABP) 
(Figure 18-5) and the left ventricular assist device 

BOX 18-2 Complications of CS
Cardiopulmonary arrest
Death
Dysrhythmia
Multisystem organ failure
Renal failure
Stroke
Thromboembolic sequelae
Ventricular aneurysm
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SystoleDiastole

The IABP rapidly shuttles helium gas in and out of the balloon, which is
located in the descending aorta. The balloon is in�ated at the onset of cardiac
diastole and de�ated at the onset of systole.

FIGURE 18-5 Intra-aortic balloon pump.
Weil K. On guard for intra-aortic balloon pump problems. Nursing. 2007;37(7):28. doi:10.1097/01.nurse.0000279412.31117.3a.

FIGURE 18-6 LVAD attached to the left ventricle of the heart and the aorta.
© Blamb/Shutterstock.

(LVAD) (Figure 18-6). A heart catheterization can 
place either of these devices. The use of an IABP helps 
increase coronary perfusion by increasing coronary 
perfusion pressure and reducing afterload leading to 
a reduction in the work of the left ventricle. The IABP 
is a temporary measure that gives clinicians additional 

time to find and treat the cause of the CS or to transfer 
the patient to a tertiary care center. The LVAD assists 
the left ventricle to increase cardiac output, send-
ing oxygenated blood to the body and vital organs, 
increasing perfusion. A ventricle assist device (VAD) 
can be used for the left or right ventricle. If a heart 
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transplant is needed, the VADs can act as a bridge to 
surgery.13

Early revascularization is the most essential treat-
ment of CS. As in AMI without shock, the earlier, the 
better. Revascularization with percutaneous cardiac 
intervention (PCI) or coronary artery bypass graft 
(CABG) is a Class I recommendation for patients age 
<75 with ST elevation or left bundle-branch block 
MI who develop CS within 36 hours of MI and who 
can be revascularized within 18 hours of the develop-
ment of CS.9 Presentation 0–6 hours after symptom 
onset is associated with the lowest mortality among 
CS patients.5 Glycoprotein IIb/IIIa inhibitors (abcix-
imab, eptifibatide, or tirofiban) post stent placement is 
used to prevent platelet adhesion. When mechanical 
revascularization is not possible, IABP and fibrinolytic 
therapy are recommended.9 Figure 18-7 shows the re-
vascularization strategy for CS.

Prognosis
CS has a wide range of expected death rates based on 
age, severity of hemodynamic abnormalities, severity 
of the clinical manifestations of hypoperfusion, and the 
performance of early revascularization.9

The mortality rates for different races are pro-
vided in Table 18-3. These differences disappear with 

Staged CABG

IABP

CS

PCI Cannot be performed Immediate CABG

Moderate 3-vessel CAD

Cardiac catheterization 
and coronary angioplasty

Fibrinolytic therapy if all of
the following are present:
1. >90 minutes to PCI
2. <3 hours post STEMI onset
3. No contraindications

Arrange for prompt transfer
to tertiary care hospital for
revascularization.

Arrange for rapid transfer
to tertiary care hospital for
revascularization.

Early CS diagnosed on
hospital presentation

Delayed onset CS,
echocardiogram to rule
out mechanical defects

1–2 vessel CAD

PCI

Severe 3-vessel CAD Left main CAD

Staged multivessel PCI

FIGURE 18-7 Algorithm for revascularization strategy in CS.
Reproduced with permission from Reynolds H. Hochman J. Cardiogenic shock: current concepts and improving outcomes. Circulation. 2008;117(5):686–697. http://dx.doi.org/10.1161 
/circulationaha.106.613596.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Persistent hypotension is a mean 
arterial pressure 15 mm Hg lower than the pa-
tient’s baseline.

2. True or False: Multivessel CAD can cause CS.
3. True or False: Cardiac contractility is improved 

and hypotension relieved by dopamine.

Race CS Mortality Rate (%)

African American 74

Asian/other 41

Caucasian 56

Hispanic 74

TABLE 18-3
Mortality from CS by Race

revascularization.6 Men have a higher risk of developing 
CS than women; about 42% of all CS happen in women.6 
The mortality rate for CS by race appears in Table 18-3.
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Hypovolemic Shock
A significant reduction in the amount of circulating vol-
ume in the bloodstream results in hypovolemic shock. 
When this occurs, vital organs are deprived of oxygen, 
causing cellular hypoxia and organ failure.

Definition/Diagnosis
Hypovolemic shock is a potentially fatal medical 
emergency due to inadequate tissue perfusion caused 
by decreased intravascular circulating volume.14 
The intravascular volume drop leads to a disrup-
tion of homeostatic mechanisms, hypotension, 
cardiovascular collapse, and impaired end-organ 
perfusion. There are two categories for hypovolemic 
shock: hemorrhagic and nonhemorrhagic shock. 
Hemorrhagic shock has a further classification based 
on the amount of blood lost and whether the hemor-
rhage is traumatic or nontraumatic. Hemorrhagic 
shock occurs in the EDs, operating rooms, and inten-
sive care units.

Shock due to hypovolemia may be confused with 
or confounded by shock from other causes. In some 
instances, there may be more than one type of shock in 
play.15 Diagnosis is, therefore, very challenging.

Clinical Signs and Symptoms
The signs and symptoms of both types of hypovole-
mic shock are very similar. The main difference is that 
nonhemorrhagic shock may have a more insidious on-
set. The normal physiologic response to hypovolemia 
is to maintain perfusion of the brain and heart while 
attempting to restore an effective circulating blood 
volume. To maintain perfusion, the body increases 
sympathetic activity and ventilation, collapses venous 
capacitance vessels, releases stress hormones, and re-
duces urinary output.16 The physiologic manifestations 

are directly related to the amount of blood volume loss. 
See Table 18-4.

Perfusion of the central nervous system is normal 
until shock becomes severe. Therefore, mental obtun-
dation is an ominous clinical sign. The transition from 
mild to severe hypovolemic shock can be insidious or 
extremely rapid. If severe shock is not reversed quickly, 
death is imminent. There is a very narrow time frame 
that separates the reversibility with aggressive resuscita-
tion from progressive decompensation and irreversible 
cell injury.16

Etiology
Nonhemorrhagic hypovolemic shock is due to reduced 
intravascular volume from fluid loss other than blood. 
This volume depletion from loss of sodium and water 
can occur from several anatomic sites.4 Gastroenteritis 
and extensive burns result in a fluid loss that can lead to 
nonhemorrhagic hypovolemic shock. See Table 18-5.

Hemorrhagic hypovolemic shock can be a 
nontraumatic or traumatic shock. The most com-
mon causes of nontraumatic hemorrhagic shock 
include severe gastrointestinal (GI) bleeding or 
an abdominal aortic aneurysm. The etiology of 
traumatic hemorrhagic shock includes blunt or pen-
etrating trauma. See Table 18-5.

Hemorrhagic hypovolemic shock is further broken 
down into a classification that depends on the quan-
tity of blood loss. Table 18-6 shows the four classes 
of hemorrhagic hypovolemic shock and the signs and 
symptoms of each. Class I is a nonshock state, such as 
occurs when donating a unit of blood, whereas Class IV 
is a preterminal event requiring immediate therapy. 
Massive hemorrhage is the loss of total estimated blood 
volume (EBV) (for a 70-kg person, it is approximately 
5 L) within a 24-hour period or loss of half of the EBV 
in a 3-hour period.16

Systems
Mild Hypovolemia
(≤20% Loss of Blood Volume)

Moderate Hypovolemia
(~20–40% Loss of Blood Volume)

Severe Hypovolemia
(>40% Loss of Blood Volume)

Cardiac Mild tachycardia Tachycardia Marked tachycardia

Respiratory Within normal limits Tachypnea Hemodynamic instability

Extremities Cool extremities 
Increased capillary refill time

Cool extremities 
Increased capillary refill time

Cool extremities 
Increased capillary refill time

Fluid Diaphoresis Diaphoresis
Oliguria

Oliguria

Cardiovascular Collapsed veins Postural hypotension Hypotension

Mental Anxiety Anxiety Agitation, confusion, coma

TABLE 18-4
Signs and Symptoms of Hypovolemic Shock
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Nonhemorrhagic Hypovolemic Shock

Hemorrhagic Hypovolemic Shock

Traumatic Hemorrhagic Shock Nontraumatic Hemorrhagic Shock

GI losses
• Diarrhea
• External drainage
• Vomiting

Arterial lacerations Aneurysm rupture

Renal losses
• Excessive drug-induced diuresis
• Hypoaldosteronism
• Osmotic diuresis

Major vessel rupture Arteriovenous malformations

Skin losses
• Burns
• Heat stroke
• Stevens–Johnson syndrome

Pelvic and femoral fractures Esophageal varices

Third space losses
• Cirrhosis
• Intestinal obstruction
• Pancreatitis

Solid abdominal organ injury Mallory–Weiss syndrome
Peptic ulcers

TABLE 18-5
Causes of Hypovolemic Shock

Signs/Symptoms Class I Class II Class III Class IV

Blood loss (mL) <750 750–1,500 1,500–2,000 >2,000

Blood loss (%) <15 15–30 30–40 >40

Pulse (beats/minute) <100 >100 >120 >140

Blood pressure Normal Decreased Decreased Decreased

Respiratory rate (breaths/minute) 12–20 20–30 30–40 >35

Urine output (mL/hour) >30 20–30 5–15 Negligible

Central nervous system symptoms Normal Anxious Confused Lethargic

Reproduced from Gutierrez G, Reines H, Wulf-Gutierrez M. Clinical review: hemorrhagic shock. Crit Care. 2004;8(5):373–381. doi:10.1186/cc2851.

TABLE 18-6
Classification of Hemorrhagic Hypovolemic Shock

Epidemiology
Hypovolemic shock is the most common form of shock. 
More than 1 million patients present with hypovolemic 
shock or develop hypovolemic shock in U.S. hospitals 
each year. There is no know gender prevalence. Hypovo-
lemic shock may occur at any age, depending upon the 
underlying etiology.17

Pathology/Pathophysiology
Hypovolemic shock causes a decrease in circulat-
ing volume (Figure 18-8). This volume loss reduces 
both preload and stroke volume and causes reduced 

cardiac output.15 Regardless of the etiology, the body 
will compensate for fluid or blood loss by activating 
the hematologic, cardiovascular, renal, and neuroendo-
crine systems.18 The hematologic system responds to 
hypovolemic shock by activating the clotting cascade 
and causing vasoconstriction in the blood vessel at the 
site of the injury. An immature clot forms quickly but 
takes approximately 24 hours to be considered mature. 
Both mechanisms help to decrease or stop the fluid or 
blood loss.18

When the body becomes hypovolemic, cardiac out-
put decreases, resulting in organ and tissue hypoperfu-
sion. The body attempts to compensate for the drop in 
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sensitivity to catecholamines and stress hormones, re-
sulting in decreased myocardial contractility, increasing 
the occurrence of cardiac arrhythmias.15

Risk Factors
Risk factors for hypovolemic shock resulting from blood 
loss include intra- and postpartum complications (e.g., 
ectopic pregnancy, placental abruption, placenta previa), 
trauma, pelvic and femoral fracture, liver injury, ruptured 
abdominal or thoracic aortic aneurysm, GI tract bleed-
ing, and surgery. Fluid loss through vomiting, diarrhea, 
diuresis, and diabetes insipidus increases the risk of 
hypovolemic shock. Internal fluid shifts leading to hy-
povolemic shock can result from severe burns, ascites, 
peritonitis, and dehydration. Older adults are at risk for 
more severe hypovolemic shock and for developing com-
plications, such as MI and stroke.21

Complications
If untreated, hypovolemic shock will lead to death. 
Otherwise, the complications associated with hypovole-
mic shock include acute respiratory distress syndrome 
(ARDS), multisystem organ failure, gangrene of the ex-
tremities, and MI.

Diagnostic Testing
The physical examination should always begin with 
an assessment of the airway, breathing, and circula-
tion. Once these have been evaluated and stabilized, 
the circulatory system needs evaluation for signs and 
symptoms of shock. The body’s compensatory mecha-
nisms may prevent the systolic blood pressure from 
dropping until there is a 30% loss of blood volume. 

cardiac output by increasing heart rate and myocardial 
contractility, constricting the peripheral blood ves-
sels, and shunting the blood to a vital organ (e.g., brain, 
heart, and kidneys). These actions are designed to in-
crease cardiac output and maintain the blood pressure 
to maintain organ and tissue perfusion.19

The renal system compensates for hypovolemia with 
an increase in renin secretion, resulting in an increase 
in angiotensin II. The angiotensin II causes vasocon-
striction and the release of aldosterone by the adrenal 
cortex. Aldosterone induces increases in sodium reab-
sorption and water retention.15,16 The neuroendocrine 
system responds to hypovolemia by increasing levels of 
antidiuretic hormone (ADH), which also increases reab-
sorption of water and sodium.15,16

Endothelial function is significantly altered following 
hypovolemic shock due to ischemia of the endothelial 
cells and by reperfusion due to resuscitation with fluids. 
Activation of endothelial cells leads to the release of 
vasoactive substances (nitric oxide [NO], endothelin, 
platelet-activating factor, prostacyclin, mitochondrial 
N-formyl peptide), inflammatory mediators (tumor 
necrosis factor-alpha [TNF-α], interleukins [IL], inter-
ferons), and thrombosis.20 The hypoxemia from hypo-
volemic shock causes the death of endothelial cells. The 
compromise of the endothelial cells leads to increased 
permeability and leakage of fluids into the tissue, caus-
ing edema.20

The acid–base balance reflects the stages of shock. 
In compensated or mild-to-moderate shock, the most 
frequently observed acid–base abnormality is respira-
tory alkalosis. As the shock state progresses, anaerobic 
metabolism predominates, stimulating lactate produc-
tion and subsequent metabolic acidosis. This metabolic 
acidosis further exacerbates the shock by decreasing 

Dysregulated sympathetic/
neuroendocrine activation

Endothelial cell activation/damage

Microvascular stasis/
thrombosis

Fibrinolysis/
reperfusion

Innate immune
activation

Proinflammatory phenotype/
inflammatory mediators

Multiple organ
dysfunction syndrome

(MODS)

Hemorrhage or
capillary leak Hypovolemia

Interstitial
edema

Interstitial edema
↓ Cardiac compliance

↓ Cardiac output
Hypoperfusion

Hypoxia Cell death
Organ injury

Cell damage

FIGURE 18-8 The vicious cycle of hypovolemic shock.
Reproduced with permission from Loscalzo J, ed. Harrison's Pulmonary and Critical Care Medicine. 2nd ed. New York: McGraw-Hill Education; 2013.
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Therefore, relying on the systolic blood pressure as an 
indication may result in a delayed diagnosis. The pulse 
rate, respiratory rate, and skin perfusion will be more 
beneficial.18

With female patients, hypovolemic shock may be 
secondary to an ectopic pregnancy. In these cases, a 
pregnancy test is done immediately and, if positive, a 
surgical consult and pelvic ultrasound are necessary.18

A high clinical suspicion for the presence of hy-
povolemic shock is critical for diagnosis. The easiest 
diagnosis for hypovolemic shock comes from obvious 
trauma. The priority, in this case, is to stop the bleeding 
and stabilize the patient. With nontraumatic hemor-
rhagic shock and nonhemorrhagic shock, the diagnosis 
is not as apparent. A targeted history from prehospital 
or hospital providers, the patient, their relatives, or the 
medical record can provide ample information on a 
patient’s risk of shock, as well as the potential etiology.2 
It is important to distinguish between hypovolemic and 
CS because while both may respond to volume initially, 
definitive therapy differs significantly. The major differ-
ence in CS ongoing volume expansion is undesirable 
and may cause further organ dysfunction.16

Laboratory tests that assist in diagnosing hypovole-
mic shock appear in Box 18-3.

If no visible signs of trauma exist, point-of-care ultra-
sonography is necessary to check for an abdominal aortic 
aneurysm. Shock due to a suspected long-bone fracture is 
identified with radiography. In the case of a suspected GI 
bleed, a nasogastric tube placement and gastric lavage are 
necessary. An upright chest x-ray is useful to diagnose a 
perforated ulcer. When the upright chest x-ray indicates a 
thoracic dissection, one or more of the following tests are 
necessary: transesophageal echocardiography, aortogra-
phy, or CT scan of the chest. When additional bleeding is 
suspected, an endoscopy is appropriate.18

A suspected traumatic thoracic or abdominal injury 
requires a point-of-care ultrasound whether the patient 
is stable or not. Stable patients with suspected traumatic 
abdominal injury will typically have a CT scan.18

Treatment and Management
Throughout every phase of trauma care, the priorities 
of circulation, airway, and breathing are paramount. 
Problems encountered in these areas must be addressed 
rapidly and sequentially. Sources of bleeding require 
continual assessment. Hemodynamic monitoring is also 
continuous.15

The three primary focuses of resuscitation for a 
patient with hypovolemic shock include controlling 
further blood loss, reexpansion of the circulating intra-
vascular blood volume, and maximizing oxygen deliv-
ery. See Table 18-7.

Active bleeding and all sources of fluid loss must 
be identified and controlled. External bleeding is con-
trolled by applying direct pressure or pressure dress-
ings, Pneumatic antishock garments are also useful. The 
patient’s legs can also be elevated about 12 inches to 
promote venous return. Pregnant patients need to be 
placed on the left side to decrease pressure, by the fetus, 
on the vena cava, increasing circulation. If the bleeding 
is internal, surgical intervention may be necessary. In 
the cases of long-bone fractures, traction can help to 
decrease blood loss.18

Reexpansion of the circulating volume is achieved 
with fluid infusions regardless of the etiology of the 
hypovolemic shock. This volume resuscitation begins 
with the rapid infusion of either isotonic saline or Ring-
er’s lactate, crystalloid solutions, through large-bore 
IV lines.16 Ringer’s lactate solution may theoretically 
be preferable because of its ability to buffer metabolic 

BOX 18-3 Laboratory Tests for 
Hypovolemic Shock

 � Activated partial thromboplastin time

 � Arterial blood gasses

 � Blood urea nitrogen

 � Complete blood count

 � Electrolyte panel (sodium, potassium, chloride, 
and bicarbonate)

 � Glucose

 � Prothrombin time

 � Serum lactate

 � Type and cross-matched for blood transfusion 
urinalysis (in patients with trauma)

 � Urine pregnancy test

Control Further 
Blood Loss

Reexpand 
Volume

Maximize 
Oxygen Delivery

Direct pressure Large-bore 
IV access, 
intraosseous (IO)
access

Blood transfusion 
with rewarming 
techniques when 
necessary

Pneumatic 
antishock garment 
or elevate legs 
12 inches

Rapid crystalloid 
infusion (isotonic 
saline or Ringer’s 
lactate)

Supplemental high-
flow oxygen

Surgical 
intervention

Maintain ventricular 
performance 
(norepinephrine, 
vasopressin, 
dopamine)

Intubation with 
mechanical 
ventilation

TABLE 18-7
Resuscitation of Hypovolemic Shock
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acidosis and prevent hyperchloremic acidosis associated 
with normal saline infusions.14 The initial fluid bolus for 
an adult should be 1–2 L.18 This infusion should restore 
normal hemodynamic parameters. Continued hemo-
dynamic instability implies that shock has not been 
reversed or there are significant ongoing blood or other 
volume losses.16

The infusion of isotonic saline or Ringer’s lac-
tate resuscitate volume does little to increase the 
oxygen-carrying capacity of the blood. Continuing  
acute blood loss, with hemoglobin concentrations  
declining to <10 g/dL, indicates that a blood transfu-
sion, with preferably fully crossed-matched recently 
banked blood (<14 days old), is necessary.16 Blood 
products are the most readily available fluids to  
increase oxygen-carrying capacity and cardiac preload. 
The decision to transfuse is based on the assessment  
of ongoing blood loss, the patient’s ability to com-
pensate, and the availability of cross-matched blood 
products.15

If there is no type and cross-match for the patient, 
Type O blood is appropriate. If the patient is a female 
of childbearing age, Type O Rh-negative blood is 
appropriate to help to prevent sensitization and future 
complications.18 In the case of a patient nearing 
death, Class IV shock, both crystalloids and Type O 
blood are appropriate to start initially. The condition 
of the patient is always considered when providing 
fluids therapy.18 Other factors considered include 
hypothermia from massive blood product transfusion, 
coagulopathy or hypocoagulability due to major trauma 
or deficient clotting factors in crystalloids, and banked 
packed red blood cells.

Following severe or prolonged hypovolemia, 
inotropic support with norepinephrine, vasopressin, 
or dopamine may be required to maintain adequate 
ventricular performance, but only after blood volume 
is restored. Increases in peripheral vasoconstriction 
with inadequate resuscitation lead to tissue loss and 
organ failure. Following hemorrhage control and 
patient stabilization, blood is not transfused unless the 
hemoglobin is <7 g/dL.16

Resuscitation for a GI bleed may be accomplished 
using vasopressin and H2 blockers. However, caution is 
necessary, as vasopressin may cause adverse reactions 
(e.g., hypertension, arrhythmias, gangrene, and myo-
cardial or splanchnic ischemia). The use of H2 blockers 
is safe but has not been proven to have benefits. When 
hypovolemic shock results from acute gynecologic 
bleeding, surgical intervention is required to stop the 
bleeding. Causes of acute gynecologic bleeding include 
ectopic pregnancy, placenta previa, abruptio placenta, 
ruptured cyst, or miscarriage.18

Even if IV or IO access is established in the prehos-
pital setting, two large-bore IV lines are necessary so 
fluids can be given quickly. If severe hemorrhage is oc-
curring, an intra-arterial (IA) line is appropriate. Having 

an IA line in place can also measure pressures and 
makes drawing arterial blood gasses easier.18

Successful resuscitation also requires the sup-
port of the respiratory function. Supplemental oxy-
gen must always be provided usually via a high-flow, 
high-concentration device. Endotracheal intubation 
may be necessary to protect the airway and maintain 
ventilation and arterial oxygenation. Caution is neces-
sary with positive-pressure ventilation, due to the pos-
sibility of reduced venous return, which could worsen 
cardiac output.

Prognosis
The prognosis of hypovolemic shock will depend on 
the amount of blood or fluid loss, the type of injury that 
caused the shock, and how quick the diagnoses is done 
and treatment begins.18 Organ system failures com-
monly seen with hypovolemic shock include pulmonary, 
hepatic, and renal failure.15 The more organ failures 
there are, the worse the prognosis is.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Nonhemorrhagic hypovolemic 
shock may be due to extensive cutaneous burns.

2. True or False: The most common acid–base 
abnormality in mild-to-moderate hypovolemic 
shock is metabolic acidosis.

3. True or False: The treatment of hypovolemic 
shock is the infusion of crystalloid solutions.

Anaphylactic Shock
Individuals with severe, immunoglobulin E 
(IgE)-mediated allergic reactions to food, drugs, latex, 
and insect bites are at risk for developing anaphylac-
tic shock from an anaphylactic reaction. Anaphylactic 
shock is the result of the anaphylactic reaction causing a 
decrease in blood supply to vital organs.

Definition/Diagnosis
Anaphylaxis is a serious allergic reaction that is rapid 
on onset and may cause death.22 Anaphylactic shock 
results from anaphylaxis depressing cardiac output due 
to coronary hypoperfusion from systemic vasodilation, 
leakage of plasma and volume loss due to increased vas-
cular permeability, and reduced venous return.23

Anaphylaxis is a systemic, Type I hypersensitivity 
reaction that occurs in sensitized individuals, result-
ing in mucocutaneous, cardiovascular, respiratory, 
and GI manifestations.24 Most cases of anaphylaxis 
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are IgE mediated. Antibodies exposed to a specific al-
lergen attach to mast cells and basophils, resulting in 
their activation and degranulation.25 The activation and 
degranulation of the mast cells and basophils release 
a variety of chemical mediators, including histamine, 
heparin, tryptase, kallikrein, platelet-activating factor, 
bradykinin, TNF, nitrous oxide, and several types  
of ILs.26 An anaphylactoid reaction, nonimmune  
anaphylaxis, is an anaphylactic-like reaction triggered 
by direct activation of the mast cells and not by an  
IgE-mediated response. Radiocontrast media cause  
this type of reaction.

A rapid diagnosis of anaphylaxis is imperative for 
treatment to begin as soon as possible. Therefore, only 
a brief, direct history of present illness is obtained. This 
history should include questions regarding a past medi-
cal history of allergies, asthma, hypersensitivity, or prior 
anaphylaxis to anything. Also, inquire about exposure 
to new foods, medications, and insect bites or stings.

Clinical Signs and Symptoms
The clinical picture of anaphylaxis almost always in-
volves the skin. One or more manifestations of pruritus, 
erythema, urticaria, or angioedema occur in more than 
90% of patients. Mucosal edema and erythema of the 
nose, eyes, or mouth may also be seen with resultant 
tearing, itching, nasal congestion, and sneezing. The 
GI tract is also affected. Symptoms of abdominal pain, 
nausea, vomiting, and diarrhea are common.27 See 
Table 18-8.

Anaphylaxis often produces signs and symptoms 
within minutes of exposure to an allergen, but some 
reactions might develop more than 30 minutes after 
exposure. The more rapidly anaphylaxis occurs after 
exposure to an offending stimulus, the more likely the 
reaction will be severe and potentially life threatening. 
It is imperative that the signs and symptoms of anaphy-
laxis be recognized promptly.22

Etiology
There are numerous causes for anaphylaxis. See 
Table 18-9. The most common include medications, 
foods, insect stings, and physical factors. Sometimes the 
etiology is not known or idiopathic.

Epidemiology
In the general population, the estimated prevalence of 
anaphylaxis is at least 1.6% and probably higher.28 Mor-
tality rates vary greatly among different age groups, with 
people 65 years or older having the highest rates and 
children 17 years or younger having the lowest rates.29 
The number of anaphylaxis episodes occurs more 
frequently from July through September, due to the 
increase in insect stings during the summer months.30 
Food-related reactions are most common in children up 
to age 4, and medication reactions are most common in 
patients older than 55 years.31

Although anaphylactic reactions are potentially life 
threatening, the probability of dying is very low for 
those cases that require ED or hospital attention. The 
likelihood of dying is low when all anaphylactic reac-
tions are considered.29

Pathology/Pathophysiology
Anaphylaxis is a clinical syndrome resulting from sev-
eral pathogenetic mechanisms with the presentation 
of identical clinical manifestations. These manifesta-
tions occur due to the degranulation of mast cells and 
basophils with subsequent release of chemical media-
tors inducing the anaphylactic symptomatology. See 
Figure 18-9. Other chemical mediators are derived 
from the metabolism of arachidonic acid and include 
leukotrienes and prostaglandins.

Anaphylaxis occurs when a person has reexposure  
to an antigen to which the person has produced a spe-
cific IgE antibody.24 Reexposure to the antigen causes 

Mucocutaneous Respiratory Cardiovascular GI

Angioedema Cough Chest pain Abdominal cramps 

Flushing Dyspnea Hypotension Diarrhea

Pruritus Hoarseness Syncope Nausea

Swelling of lips Rhinorrhea Tachycardia Vomiting

Urticaria Stridor

Throat tightness (swelling of 
tongue)

Wheezing

TABLE 18-8
Signs and Symptoms of Anaphylactic Shock
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Antigen

B-cell

Plasma cell

Histamine

IgE

Mast cell

FIGURE 18-9 Anaphylactic reaction.

Medications Foods Venoms and Saliva Miscellaneous

Aspirin
Antibiotics
Analgesics
Blood products
Biologic agents
General anesthetics
Radiocontrast media
Immunotherapy
Nonsteroidal anti-inflammatory agents

Bananas
Beets
Buckwheat
Chamomile tea
Citrus fruits
Cottonseeds
Cow milk
Egg whites
Fish
Peanuts
Sesame seeds
Shellfish
Sunflower seeds
Tree nuts

Bees
Deer flies
Fire ants
Hornets
Jellyfish
Rattlesnakes
Sawflies
Wasps
Yellowjackets

Blood products
Cold temperatures
Dialysis membranes
Exercise
Gelatin
Latex
Radiologic contrast media
Seminal fluid

TABLE 18-9
Some Etiologies of Anaphylaxis and Anaphylactoid Reactions

the degranulation of mast cells and basophils. Hista-
mine is thought to be the primary mediator of ana-
phylactic shock, and most of the signs and symptoms 
of anaphylaxis are attributable to binding of histamine 
to its receptors (H1 and H2).24 Numerous chemical 
mediators, from chymase to TNF-α, are responsible 
for the variety of clinical manifestations common to 
anaphylaxis.

Anaphylaxis has three grades: immune (IgE medi-
ated), nonimmune (non-IgE mediated), and idiopathic 
(undetermined cause). Because the clinical manifesta-
tions and emergency treatment do not differ, the ne-
cessity to identify immunologically driven anaphylaxis 
from nonimmune and idiopathic reactions is not neces-
sary for the initial management of the reaction.32

During anaphylactic shock, depression of cardiac 
output is due to coronary hypoperfusion from systemic 
vasodilation, leakage of plasma, and volume loss due to 
increased vascular permeability and reduced venous re-
turn. The shifting of intravascular fluid to extravascular 
spaces may decrease the circulating blood volume by as 
much as 35% within 10 minutes.23

Risk Factors
The risk factors for an anaphylaxis include having atopy 
(hay fever, eczema, and asthma), food allergies (pea-
nut allergy, shellfish allergy), or latex allergy. Certain 
medications also make patients more susceptible to 
anaphylaxis and inhibit their response to treatment, 
an example being beta-blockers used to treat hyper-
tension and, in certain cases, anxiety. Patients taking 
beta-blockers for whatever reason are more likely to 
experience anaphylaxis.32

Complications
Complications from anaphylaxis are rare, and most 
patients completely recover. When hypotension and 
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hypoxia occur in anaphylactic shock, there could be 
some myocardial ischemia, more so if there is underly-
ing CAD. Myocardial ischemia and arrhythmias may 
occur if vasopressors are administered.30 Airway ob-
struction, bronchospasm, cardiovascular effects, cuta-
neous reactions, or GI symptoms may occur singly or 
in any combination. Severe bronchospasm or laryngeal 
edema can occur with anaphylaxis, leading to hyper-
capnic respiratory failure and hypoxemic respiratory 
failure. Brain anoxia from hypoxia can cause irreversible 
brain injury. Syncope during anaphylactic shock can re-
sult in a fall injury.30

Diagnostic Testing
The diagnosis of anaphylaxis is clinical and based on the 
observation of the typical features. When these are asso-
ciated with a history of exposure to a foreign substance, 
the diagnosis is virtually certain.27 Diagnostic confusion 
may occur when cutaneous manifestations are not pres-
ent. Anaphylaxis is possible when a patient presents in 
shock or syncope without any obvious cause.27

Because anaphylaxis is a clinical diagnosis, the value 
of blood testing is limited.33 However, there are two 
tests that may be helpful in confirming anaphylaxis in 
the acute setting. These two blood tests are serum his-
tamine and tryptase levels. Histamine levels must be 
obtained within 1 hour of symptom onset. Moreover, 
samples require special handling because histamine 
breaks down with any movement. Tryptase levels do 
not increase until 30 minutes after the onset of symp-
toms and peak at 1–2 hours. Therefore, serial levels of 
tryptase are drawn on presentation, 1–2 hours after 
presentation, and 24 hours after presentation to assess 
for a return to baseline.33

Treatment and Management
Immediate intervention for anaphylaxis includes fo-
cused examination and maintenance of circulation, 
airway, breathing, and level of consciousness, followed 
by epinephrine administration. A large-bore IV line 
with isotonic crystalloid solution is advisable, and hy-
potensive patients require vigorous fluid resuscitation 
with an initial bolus of 1 L.27 Timely administration of 
epinephrine, at initial diagnosis and ideally before respi-
ratory failure or cardiovascular compromise, is the most 
important treatment for anaphylaxis.22,25,27,32,34 How-
ever, a delay in epinephrine administration is associated 
with poor outcomes.34 Subcutaneous administration is 
recommended, except for patients in profound shock, 
in which case epinephrine is given intravenously. Sub-
lingual injection is an alternative for patients in severe 
distress who lack IV access.27 See Table 18-10.

About 20% of patients with anaphylactic shock 
experience a delayed second phase of the symptoms 
(biphasic reaction) after the initial episode. There-
fore, these patients require a minimum of 4 hours of 

Indication Treatment

Airway compromise • Bag-valve mask ventilation
• Intubation

Apnea • Bag-valve mask ventilation
• Mechanical ventilation

Circulation compromise • Cardiac compressions

Anaphylactic shock, 
angioedema, airway 
obstruction, bronchospasm, 
urticaria

• Epinephrine (up to 
0.5 mg every 15 minutes 
subcutaneous, 0.1 mg 
slow IV)

• Large-bore IV
• Isotonic crystalloid solution

Hypotension, urticaria • H1-blocker antihistamine 
(diphenhydramine, cetirizine)

• H2-blocker antihistamine 
(cimetidine, ranitidine)

• Dopamine (hypotension only)

Bronchospasm • Albuterol (2.5 mg via small-
volume nebulizer every 
15 minutes)

• Hydrocortisone or 
methylprednisolone

Shock, for patients with 
beta-blockade

• Glucagon

TABLE 18-10
Treatment of Anaphylactic Shock

observation following the relief of the initial symp-
toms.27,30 Approximately 90% of biphasic reactions will 
occur during this time.30

An important aspect of anaphylaxis treatment is the 
prevention of further events. The patient and family 
need education to avoid all known and potential anaphy-
laxis triggers. All individuals with a history of anaphy-
lactic reactions need to wear a medical alert bracelet and 
carry an epinephrine auto-injector. Proper training on 
the administration of the auto-injector is extremely im-
portant. An anaphylaxis action plan is essential for each 
person at risk for anaphylaxis. This action plan includes 
a list of common signs and symptoms of anaphylaxis 
and emphasizes the importance of using the epinephrine 
auto-injector promptly and of calling 911 or emergency 
medical services promptly. If a reaction occurs, the 
patient should be instructed to seek medical attention, 
even after the self-administration of epinephrine.22

Prognosis
The more rapidly anaphylaxis occurs after exposure to 
an offending stimulus, the more likely the reaction will 
be severe and potentially life threatening.22 Dying from 
anaphylactic shock is infrequent, but not rare. Cardio-
vascular collapse and respiratory compromise cause 
death due to anaphylaxis.30
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FIGURE 18-10 Septic shock.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Anaphylaxis can depress cardiac 
output due to coronary hypoperfusion.

2. True or False: Nonimmune anaphylaxis is 
triggered by direct activation of mast cells.

3. True or False: There are no blood tests to 
confirm anaphylactic shock.

Septic Shock
Sepsis is a systemic inflammatory response to infection, 
which when complicated by a persistent drop in blood 
pressure becomes septic shock. As with other forms of 
shock, septic shock can result in organ failure due to 
decreased oxygen delivery to the tissues.

Definition/Diagnosis
When microbes traverse the epithelial barriers and 
enter underlying tissues, they cause both local and 
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patient’s underlying illness and primary infection. The 
rate at which sepsis and septic shock develop may differ 
from patient to patient.37 The hallmarks of septic shock 
are changes that occur at the microvascular and cellular 
level with diffuse activation of inflammatory and coagu-
lation cascades, vasodilation and vascular maldistribu-
tion, capillary endothelial leakage, and dysfunctional 
utilization of oxygen and nutrients at the cellular level. 
The challenge for clinicians is to recognize that this 
process is under way when it may not be clearly mani-
fested in the vital signs or clinical examination.36 See 
Table 18-12.

For patients in septic shock, it is important to assess 
the patient’s skin color and temperature. The skin can 
become pale, grayish, or mottled, and these are signs of 
poor tissue perfusion. Initially, in sepsis, the cardiac out-
put stays the same, and there may even be an increase. 
Because of the vasodilation from the release of NO, the 
skin and extremities will be warm, and there will be 
normal capillary refill; this is the warm phase of septic 
shock. If the cause of the septic shock is not found and 
treated, stroke volume and cardiac output fall. As this 
happens, signs of poor perfusion occur, including cool 
skin, cool extremities, and delayed capillary refill; this is 
known as the cold phase of septic shock.36

If the sepsis patient has a fever, a determination of 
its onset (abrupt or gradual), duration, and maximal 

systemic responses. Sepsis is a life-threatening organ 
dysfunction due to dysregulated host response to in-
fection. Septic shock is the presence of sepsis with 
persistent hypotension requiring vasopressors to main-
tain a mean arterial pressure of 65 mm Hg or higher 
and a serum lactate level >18 mg/dL despite adequate 
volume resuscitation.35

The basis of sepsis is the presence of infection as-
sociated with a systemic inflammatory response that 
results in physiologic alterations at the capillary endo-
thelial level. The term systemic inflammatory response 
syndrome (SIRS) describes the clinical manifestations 
that result from the systemic response to infection. 
However, a patient can have a severe infection without 
having SIRS, and SIRS can have noninfectious disease 
processes such as trauma or pancreatitis. Septic shock 
occurs in a subset of patients with sepsis and comprises 
an underlying circulatory and cellular/metabolic abnor-
mality that increases mortality.36 See Figure 18-10.

Clinical Signs and Symptoms
In septic shock, it is important to identify the potential 
source of infection. Physical signs can help to localize 
the source of an infection. See Table 18-11.

The clinical manifestations of the septic response 
are superimposed on the signs and symptoms of the 

Site of Infection Physical Signs

Head and neck infections Inflamed tympanic membranes, 
sinus tenderness, nasal 
congestion, pharyngeal erythema, 
pharyngeal exudates, inspiratory 
stridor, cervical lymphadenopathy, 
severe headache 

Chest and pulmonary 
infections

Dullness on percussion, bronchial 
breath sounds, localized crackles, 
evidence of consolidation

Cardiac infections Any new murmur, especially in 
patients with a history of injection 
or IV drug use

Abdominal and GI infections Abdominal distention, localized 
tenderness, diarrhea, vomiting

Pelvic and genitourinary 
infections

Pelvic or flank pain, adnexal 
tenderness or masses, vaginal or 
urethral discharge

Bone and soft-tissue 
infections

Localized limb pain or tenderness, 
focal erythema, edema, swollen 
joint

Skin infections Petechiae, purpura, erythema, 
ulceration, bullous formation, 
fluctuance

TABLE 18-11
Physical Signs to Localize the Site of Infection

Sign Cause

Cool skin
Cool extremities
Delayed capillary refill

Poor perfusion from decreased 
cardiac output

Pallor
Grayish-colored skin
Mottled skin

Poor tissue perfusion is common with 
septic shock

Petechia
Purpura

Disseminated intravascular 
coagulation (ominous sign)

Tachycardia Compensation for decreased cardiac 
output
Response to stress
Hypothermia
Along with narrow pulse pressure, the 
earliest signs of shock

Narrow pulse pressure Along with tachycardia, the earliest 
signs of shock

Tachypnea Pulmonary dysfunction due to 
pneumonia, ARDS
Compensation for metabolic  
acidosis

Altered mental status Cerebral hypoperfusion
Altered amino acid metabolism

TABLE 18-12
Signs of Septic Shock and Their Causes
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temperature needs investigation. Having this informa-
tion helps determine the burden and severity of the in-
fection. Fever, alone, is an insensitive indicator of sepsis. 
Hypothermia, however, is a better predictor of sepsis 
severity and the likelihood of death.36

A rapid assessment tool that provides simple bed-
side criteria to identify adult patients with suspected 
infection who are likely to have poor outcomes is the 
Quick Sequential (Sepsis-Related) Organ Failure Assessment Score 
(qSOFA).35 This assessment tool does not require labo-
ratory tests, is quick, and can be repeated. The qSOFA 
can be used to prompt clinicians to investigate further 
for organ dysfunction, to initiate or escalate therapy as 
appropriate, and to consider referral to critical care or 
increase the frequency of monitoring.35 See Box 18-4.

Etiology
Serious bacterial infections at any site in the body, with 
or without bacteremia, are usually associated with im-
portant changes in the function of every organ system 
in the body. These changes are mediated mostly by 
elements of the host immune system against infection. 
Shock is present when volume replacement fails to 
increase blood pressure to acceptable levels. Shock is 
also present when associated clinical evidence indicates 
inadequate perfusion of major organ systems, and with 
progressive organ function failure.36 Table 18-11 identi-
fies the sites of infections that may lead to septic shock. 
It is respiratory infections, however, that are the most 
common cause of septic shock.38,39

Epidemiology
The incidence of sepsis in the United States has grown 
recently. Cases of severe sepsis increased threefold 
between 1979 and 2000, from 83 cases per 100,000 
population per year to 240 per 100,000. These increases 
are attributed to an increase in the elderly population, 
increased recognition of the disease, increases in sur-
geries, increased use of certain medications (e.g., im-
munosuppressive agents and chemotherapy), increased 
use of immunosuppressive agents and chemotherapy, 
increased use of indwelling lines and devices, and an 
increase in HIV.36

BOX 18-4 The Quick Sequential Organ 
Failure Assessment Score (qSOFA)

Respiratory rate ≥22 breaths/minute
Altered mental status
Systolic blood pressure ≤100 mm Hg

Reproduced with permission from Singer M, Deutschman C, 
Seymour C, et al. The Third International Consensus Definitions 
for Sepsis and Septic Shock (Sepsis-3). JAMA. 2016;315(8):801. 
doi:10.1001/jama.2016.0287.

As recently as 30 years ago, death from septic shock 
was more than 80%. However, with advances in train-
ing, better surveillance and monitoring, and prompt 
initiation of therapy to treat the underlying infection 
and support failing organs, mortality is now closer to 
20–30%.39

Pathology/Pathophysiology
Septic shock causes three major pathophysiologic ef-
fects within the cardiovascular system: vasodilation, 
maldistribution of blood flow, and myocardial depres-
sion. In septic shock, the absolute intravascular volume 
may be normal; however, because of acute vasodilation, 
relative hypovolemia occurs.40

Localized infections cause the activation of neutro-
phils and monocytes, release of inflammatory media-
tors, local vasodilation, endothelial permeability, and 
activation of coagulation pathways. Septic shock causes 
these responses to occur systemically, leading to diffuse 
endothelial disruption, vascular permeability, vasodila-
tion, and thrombosis or end-organ capillaries. Endo-
thelial damage can further activate inflammatory and 
coagulation cascades, creating a positive feedback loop 
leading to further endothelial and end-organ damage.36

In septic shock, proinflammatory  cytokines 
and other metabolites cause an increase in 
endothelial-derived NO.40 Excessive NO has a detri-
mental effect on the vasculature and blood pressure, 
causing NO-mediated hypotension and vasorelaxation. 
The NO-mediated hypotension leads to severe hypoxia 
in peripheral vital organs, resulting in progressive organ 
failure.41

Some of the mediators released during septic shock 
cause various blood vessels to remain vasoconstricted, 
leading to maldistribution of blood flow. Vascular occlu-
sion also leads to inadequate tissue perfusion. In septic 
shock, endothelial cells are stimulated by the proinflam-
matory mediators, TNF-α and IL-1β, and endotoxin, 
causing activation of the coagulation cascade, creation 
of microvascular plugs, and, subsequently, maldistribu-
tion of blood flow. The maldistribution contributes to 
tissue hypoxia.40

Proinflammatory mediators, along with cytokines 
and activated leukocytes, increase vascular perme-
ability, allowing fluid and protein to leak out of the 
intravascular space into the interstitium, causing third 
spacing. This leakage further decreases the circulating 
blood volume and decreases diffusion of oxygen into the 
tissues.40 In the lungs, the interaction between humoral 
and cellular mediators, inflammatory cytokines, and 
chemokines leads to the development of ARDS due to 
increased alveolar–capillary membrane permeability. 
The alveolar–capillary permeability leads to the inac-
tivation of the type II pneumocytes causing decreases 
in pulmonary surfactant production. Plasma proteins 
in the alveolar fluid inactivate the surfactant previously 
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produced, causing atelectasis and increased surface 
tension.36 ARDS develops in about 50% of patients with 
septic shock.37

Depression of myocardial function, manifested as 
increased end-diastolic and systolic ventricular volumes 
with a decreased ejection fraction, develops within 
24 hours in most patients with sepsis.37 Overt myocar-
dial depression in septic shock occurs in a few patients 
and is characterized by reversible biventricular dilata-
tion, decreased ejection fraction, altered myocardial 
compliance, and decreased contractile response to fluid 
resuscitation and catecholamines.40 The myocardial 
depression is not caused by altered coronary perfusion 
or global ischemia, but by myocardial depressant mo-
lecular factors.42 These myocardial depressant factors 
include endothelin-1, TNF-α, IL-1, and IL-6. Other fac-
tors that play a role in myocardial depression include 
calcium channels (reduce contractility and shorten 
repolarization time), NO (causes oxidative stress), reac-
tive oxygen species (causes necrosis), and Toll-like re-
ceptors (mediators in the pathway of septic myocardial 
dysfunction).42

In the circulatory system, septic shock results in 
pathologic vasodilation, shunting blood from the vital 
organ to nonvital areas (e.g., skin or fat). Consequently, 
the vital organs are hypoperfused, causing global tissue 
hypoxia. Vasodilation drops blood pressure. The body’s 
compensatory mechanism is to increase the heart rate. 
This increase may cause problems in people who have 
underlying CAD.36

Risk Factors
Risk factors for septic shock are related both to a pa-
tient’s predisposition to infection and to the likelihood 
of acute organ dysfunction if infection develops. There 
are many well-known risk factors for the infections that 
most commonly precipitate septic shock.39 These fac-
tors appear in Table 18-13.

Complications
The complications from septic shock appear in 
Box 18-5.

Diagnostic Testing
For patients in septic shock, early recognition and man-
agement are the two most important factors. Patients 
with septic shock require close monitoring of their car-
diac function, blood pressure, and oxygen saturation. 
Stabilization of the patient is a priority; diagnosis is 
secondary. qSOFA can be rapidly scored at the bedside 
without the need for blood tests and should identify 
an infection that poses a greater threat to life. If ap-
propriate laboratory tests have not been done, this may 
prompt testing to identify biochemical organ dysfunc-
tion.35 A positive qSOFA criteria, see Box 13-4, should 
prompt further investigation.

Category Risk Factors

Demographics • Extremes of age (<10 years and 
>70 years)

• Males > females
• Blacks > whites

Comorbidities • Alcoholism
• IV drug abuse
• Diabetes mellitus
• Cardiopulmonary diseases
• Cancer

Immunosuppression • Immunosuppressive agents
• Neutropenia

Invasive procedures • Catheter placement
• Intravascular devices
• Indwelling prosthetic devices

Medications • Previous antibiotic treatment

Other factors • Prolonged hospitalization
• Underlying genetic susceptibility
• Childbirth
• Abortion
• Malnutrition

TABLE 18-13
Risk Factors for Septic Shock

BOX 18-5 Complications from 
Septic Shock

ARDS
Acute kidney injury
Chronic renal dysfunction
Disseminated intravascular coagulation (occurs 

in 40% of patients with septic shock)
Gangrene
Liver failure
Mesenteric ischemia
Myocardial ischemia and dysfunction

Further investigation to identify septic shock in-
cludes the full Sequential (Sepsis-Related) Organ 
Failure Assessment (SOFA) Score. The diagnostic tests 
necessary to complete the SOFA score include an arte-
rial blood gas, platelet count, bilirubin, arterial blood 
pressure, Glasgow Coma Score, creatinine, and urinary 
output. See Table 18-14. The SOFA score is not in-
tended for use as a tool for patient management but for 
clinical characterization of a septic patient.35

The baseline SOFA score is assumed to be zero un-
less the patient is known to have preexisting (acute or 
chronic) organ dysfunction before the onset of infec-
tion. Patients with a SOFA score of 2 or more have a 
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System 

Score

0 1 2 3 4

Respiration Pao2/Fio2 ≥400 <400 <300 <200 with 
respiratory 
support

<100 with 
respiratory 
support

Coagulation platelets, ×103/µL ≥150 <150 <100 <50 <20

Liver
bilirubin, mg/dL

<1.2 1.2–1.9 2.0–5.9 6.0–11.9 >12.0

Cardiovascular MAP ≥70 mm Hg MAP <70 mm Hg Dopamine <5 or 
dobutamine (any 
dose)

Dopamine 
5.1–15 or 
epinephrine ≤0.1 
or norepinephrine 
≤0.1

Dopamine >15 or 
epinephrine >0.1 
or norepinephrine 
>0.1*

Central nervous system
Glasgow Coma Score†

15 13–14 10–12 6–9 <6

Renal
creatinine, mg/dL

<1.2 1.2–1.9 2.0–3.4 3.5–4.9 >5.0

Urinary output, mL/day <500 <200

*Catecholamine doses are given as µg/kg/minute for at least 1 hour.
†Glasgow Coma Scores range from 3 to 15; a higher score indicates better neurologic function.

Reproduced with permission from Singer M, Deutschman C, Seymour C, et al. The Third International Consensus Definitions for Sepsis and Septic Shock 
(Sepsis-3). JAMA. 2016;315(8):801. doi:10.1001/jama.2016.0287.

TABLE 18-14
The Sequential (Sepsis-Related) Organ Failure Assessment Score

2- to 25-fold increased risk of dying compared with pa-
tients with a SOFA score <2.35 See Figure 18-11.

A complete blood count with differential identifies 
white blood cell count and neutrophil band count, im-
portant to the identification of a bacterial infection. It 
also assesses hemoglobin concentration. It is important 
to maintain the hemoglobin concentration above 7 g/dL 
to assure organ and tissue perfusion and oxygenation. 
A urine culture can identify a urinary tract infection, 
which is a common cause of septic shock. A blood cul-
ture can help to diagnose intravascular infections, such 
as endocarditis, and infections of indwelling intravas-
cular devices.36 Cultures of other sites, such as urine, 
cerebrospinal fluid, wounds, respiratory secretions, and 
other body fluids, need assessment before antimicrobial 
therapy begins. A Gram stain can be useful, for respira-
tory tract specimens, to determine if inflammatory cells 
are present and if culture results will be informative of 
lower respiratory pathogens.43

A chest x-ray can detect pneumonia and ARDS. If 
the suspect infection is in the abdomen, a supine, and 
upright or lateral decubitus (lying down), an abdominal 
x-ray is appropriate. If the physical exam reveals the 
possibility of a bowel obstruction or perforation, ab-
dominal plain films are needed. Abdominal ultrasonog-
raphy is helpful to identify cholecystitis.36

Using echocardiography provides a comprehen-
sive cardiac assessment and should be considered for 

patients with hemodynamic instability. An echocar-
diogram can also evaluate sepsis-induced myocardial 
dysfunction, right heart failure, dynamic left ventricular 
obstruction, and cardiac tamponade. A CT scan assists 
with diagnosing an intra-abdominal abscess or a retro-
peritoneal source of infection.36

Treatment and Management
Establishing vascular access and initiating aggressive 
fluid resuscitation are the first priorities when man-
aging patients with septic shock. Prompt infusion of 
antimicrobial agents should also be a priority and may 
require additional vascular access. In the presence of 
septic shock, each hour delay in achieving the admin-
istration of effective antibiotics causes a measurable 
increase in mortality. The initial empiric anti-infective 
therapy needs to include one or more drug that has ac-
tivity against all likely pathogens and that penetrates in 
adequate concentrations into the tissues presumed to be 
the source of sepsis.43 The overall goals of treatment for 
septic shock are provided in Box 18-6.

Crystalloid infusion is the fluid of choice for the re-
suscitation of patients with septic shock. When patients 
require substantial amounts of crystalloids for fluid re-
suscitation, albumin is an additional option.43

The target for vasopressor therapy initially is a mean 
arterial pressure of 65 mm Hg. The vasopressor drug 
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Septic shock

qSOFA ≥ 2?
Monitor clinical condition;

reevaluate for possible
sepsis if clinically indicated

Sepsis

Patient with suspected infection

Assess for evidence
of organ dysfunction

Yes

Yes

qSOFA ≥ 2?
Monitor clinical condition;

reevaluate for possible
sepsis if clinically indicated

Sepsis still
suspected?

Yes Yes

No

No

No

No

Despite adequate fluid resuscitation,
1. Vasopressor required to maintain
 MAP ≥ 65 mm Hg

2. Serum lactate level >18 mg/dL?
AND

FIGURE 18-11 Identifying patients with sepsis and septic shock. The baseline SOFA score should be assumed to be 0 unless the patient is 
known to have preexisting (acute or chronic) organ dysfunction before the onset of infection.
Reproduced with permission from Singer M, Deutschman C, Seymour C, et al. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. 2016;315(8):801. 
doi:10.1001/jama.2016.0287.

BOX 18-6 The Goals and Principles 
of Septic Shock Treatment

 � Early infection source recognition and control

 � Early hemodynamic resuscitation and continued 
support to correct hypotension, hypoperfusion, 
and hypoxia

 � Early intervention with antimicrobial therapy 
(appropriate spectrum and dosage), or surgery, 
or both

 � Maintenance of adequate organ system function 
to prevent progression to MODS

 � Appropriate ventilator management using lung 
protective strategies

of choice is norepinephrine. Epinephrine can be added 
to and potentially substituted for norepinephrine when 
an additional agent is needed to maintain adequate 
blood pressure. Vasopressin can be added to norepi-
nephrine to raise the MAP or lower the norepinephrine 
dose. Dopamine is an alternative vasopressor agent 

to norepinephrine only in patients with low risk of 
tachyarrhythmias and absolute or relative bradycardia. 
A trial of dobutamine infusion may be added to vaso-
pressor in the presence of myocardial dysfunction or 
with ongoing signs of hypoperfusion, despite achieving 
adequate intravascular volume and adequate MAP.

Supplemental oxygen and mechanical ventilatory 
support may be necessary to support respiratory func-
tion because respiratory distress is common with sep-
tic shock. Lung protective strategies are necessary to 
prevent barotrauma or volutrauma. Urine output mea-
surements will help to quantify the cardiac output and 
kidney perfusion. Other treatments that may be needed 
include removal or drainage of the infected foci, treat-
ment for complications, and interventions to prevent 
and treat effects of harmful host responses. Source con-
trol is an essential component of sepsis management.36

Prognosis
Approximately 40–60% of patients with septic shock die 
within 30 days. Others die within the ensuing 6 months. 
Late deaths often result from poorly controlled infec-
tion, immunosuppression, complications of intensive 
care, failure of multiple organs, or the patient’s un-
derlying disease. See Box 18-7. The most commonly 
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identified etiologic agents in patients who die are Staph-
ylococcus aureus, Streptococcus pyrogens, Streptococcus 
pneumoniae, and Neisseria meningitides. Individuals 
with preexisting comorbidities are at greater risk of 
dying of septic shock at any age. The etiologic agents 
in these cases are likely to be S. aureus, Pseudomonas 
aeruginosa, various Enterobacteriaceae, enterococci, 
or fungi.37

patients at an increased risk for secondary spinal cord 
ischemia due to impairment of autoregulation.45 The 
precise circulatory mechanisms involved have not been 
well characterized, and clinically neurogenic shock is 
simply defined as hypotension and bradycardia with the 
exclusion of other causes of shock.46

Clinical Signs and Symptoms
Patients with neurogenic shock typically exhibit hy-
potension and relative bradycardia. Tracheobronchial 
suctioning, defecation, turning, and hypoxia exacerbate 
the bradycardia. The patient’s skin is often warm and 
flushed initially in contrast to the usual sympathetic 
vasoconstriction-induced coolness found with hypovo-
lemic or CS. Hypothermia may develop later because 
of profound vasodilation and heat loss. A decrease in 
systemic vascular resistance causes a low central venous 
pressure.45

Etiology
Neurogenic shock is typically considered a clinical 
diagnosis of exclusion in patients with SCI.46 It most 
commonly occurs when the level of the SCI is above the 
sixth thoracic vertebrae (T6).45 Neurogenic shock may 
occur any time after the onset of injury or illness, rang-
ing from the time of presentation to several weeks after 
presentation.45 Neurogenic shock differs from spinal 
shock in that spinal shock is characterized by a marked 
reduction or complete loss of motor and reflex function 
below the level of the injury. Blood pressure changes 
and autonomic nervous system control following a SCI 
characterize neurogenic shock.

Epidemiology
In the United States, neurogenic shock in children with 
SCI occurs in 1.99 per 100,000 children. New cases ac-
count for approximately 1,500 annual hospital admis-
sions. It is estimated that 40–55% of SCIs in children 
are from a motor vehicle accident, and more than 65% 
of these children are not properly restrained. Some of 
the other causes of SCI are spinal anesthesia, Guillain–
Barre syndrome, and autonomic nervous system toxins. 
Some of the causes of SCI that are unique to children are 
birth-related injuries, lap-belt injuries, and child abuse.45

Approximately 7–10% of all patients with trauma 
SCIs develop neurogenic shock.44 The incidence is 
much higher with cervical injuries (24.4%).44

Pathology/Pathophysiology
Stimulation of the sympathetic nervous system (SNS) 
causes vasoconstriction and increases heart rate. Stimu-
lation of the parasympathetic nervous system (PNS) 
causes vasodilatation and decreases heart rate. When 
the SNS is depressed, or the influence is lost, the PNS 
has unrestricted influence over the smooth muscles of 

KNOWLEDGE CHECK QUESTIONS

1. True or False: Approximately 25% of patients 
with septic shock die within 30 days.

2. True or False: Septic shock can cause dysfunc-
tional utilization of oxygen and nutrients at the 
cellular level.

3. True or False: Vasodilation occurs due to the 
release of endothelial-derived NO.

Neurogenic Shock
Injury to the spinal cord can result in a loss of sympa-
thetic tone due to the disruption of the autonomic ner-
vous system. The disruption reduces vascular resistance, 
dropping systemic blood pressure and reducing oxygen 
delivery to body tissues and organs.

Definition/Diagnosis
Neurogenic shock, the least common type of shock, oc-
curs with a cervical or high thoracic SCI due to a loss 
or impairment of vascular tone. The disruption of the 
autonomic pathways within the spinal cord causes hy-
potension and bradycardia.44 Disruption of the descend-
ing sympathetic pathways results in unopposed vagal 
tone in the vascular smooth muscle, causing decreased 
systemic vascular resistance and vasodilation. The hy-
potension that results from neurogenic shock places 

BOX 18-7 Factors Affecting the Prognosis 
of Septic Shock

 � Advanced age

 � Infection with a resistant organism

 � Impaired host immune status

 � Poor prior functional status

 � Continued need for vasopressors in the past 
24 hours

 � Development of sequential organ failure, despite 
adequate supportive measures and antimicrobial 
therapy
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the blood vessels and the heart rate and its contractility. 
SNS depression causes massive systemic vasodilatation, 
down to the arterioles, resulting in hypotension and 
bradycardia. The higher the SCI, the greater the hypo-
tension and bradycardia.47

There is no definitive diagnostic test for neurogenic 
shock. Disruption of the descendent pathways results 
in sympathetic hypoactivity and unopposed parasym-
pathetic outflow through the intact vagal nerve. Sympa-
thetic hypoactivity results in low resting blood pressure, 
loss of regular adaptability of blood pressure, and dis-
turbed reflex control. Clinicians must identify the SCI 
patients with hypotension and bradycardia. In the early 
stages of neurogenic shock, the skin is often warm and 
flushed. Initially, hyperthermia may develop because 
of the vasodilation. As the blood pressure drops, hypo-
thermia occurs along with an altered mental status due 
to poor perfusion of the tissues and organs. A high SCI 
usually results in apnea.45,47

Spinal shock is not neurogenic. Neurogenic shock 
describes the hemodynamic changes following SCI, 
whereas spinal shock is characterized by a reversible re-
duction of sensory, motor, or reflex function of the spi-
nal cord below the level of injury.45 These characteristics 
include sensory deficits, flaccid paralysis, the absence 
of deep tendon reflexes, abolishment of reflex somatic 
activity, and thermoregulatory disturbances below the 
level of injury. Spinal shock involves different aspects 
depending on the site of the cord injury.48

Risk Factors
There are no specific risk factors for neurogenic shock 
itself. However, there are several risk factors for SCI. 
See Box 18-8.

Complications
Complications of neurogenic shock include organ 
dysfunction due to profound vasodilation, secondary 
ischemia to the spinal cord, pulmonary embolism, and 
death. The types of complications from the SCI itself 
depend on the level of the injury.

Diagnostic Testing
There are no definitive diagnostic tests for neurogenic 
shock. Diagnosis is made by clinical manifestations 

with a history of a SCI above the level of the sixth tho-
racic vertebra. Hemorrhagic shock must be ruled out 
first. At that time, the presence of hypotension; relative 
bradycardia; initial warm, flushed skin; and then heat 
loss and vasodilation increase cardiac output. There 
may be an increase in serum vasopressin and random 
cortisol levels.49

Treatment and Management
The hypotension from neurogenic shock is not due to 
hypovolemia, but to the massive systemic vasodilata-
tion, which increases venous capacity. The treatment 
for neurogenic shock implies the correction of the 
arterial hypotension and bradycardia. This treat-
ment is individualized for each patient, depending 
on the severity of the blood pressure and heart rate 
dysfunctions.

Upon arrival in the ED, it is unclear whether the 
traumatic SCI patient has hypotension due to hypovole-
mic hemorrhagic shock or neurogenic shock. Therefore, 
infusion of crystalloid fluids is initiated to restore intra-
vascular volume. Once hemorrhage is ruled out, nor-
epinephrine or a pure alpha-adrenergic agent may be 
necessary to augment vascular resistance and maintain 
an adequate mean arterial pressure.16

The cervical spine needs to be stabilized to prevent 
additional damage. The patient may require intuba-
tion to assist with ventilation and oxygenation; how-
ever, caution must be to prevent further spinal cord 
damage when intubating a patient with a cervical 
spine injury.

Prognosis
The prognosis of neurogenic shock depends on the 
location of the SCI. The closer the SCI is to the cervi-
cal portion of the spine, the more likely a patient is to 
develop neurogenic shock. Many patients with thora-
columbar SCI do not commonly develop neurogenic 
shock. Neurogenic shock may delay the treatment of 
a patient, and could result in an unfavorable outcome. 
Some symptoms may persist, up to 1–6 weeks, even af-
ter the resolution of neurogenic shock. These symptoms 
include low resting blood pressure, orthostatic hypoten-
sion, episodic hypertension, flushing, diaphoresis, and 
tachycardia.45

BOX 18-8 Risk Factors for SCI
Male
Ages 16 through 30 years
Older than 65 years
Engaging in risky behavior
Bone or joint disorder

KNOWLEDGE CHECK QUESTIONS

1. True or False: Neurogenic shock and spinal 
shock refer to the same syndrome.

2. True or False: Patients with neurogenic shock 
initially have warm and flushed skin.

3. True or False: Neurogenic shock occurs more 
commonly with lower spinal cord injuries.
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Chapter Summary
Shock is a syndrome that can be life threatening if not 
diagnosed and treated quickly. The etiology of shock 
determines its classification. Shock may be due to car-
diac failure causing CS, low or depleted intravascular 
volume causing hypovolemic shock, sepsis causing sep-
tic shock, severe IgE-mediated allergic reaction causing 
anaphylactic shock, and the interruption of autonomic 
pathways causing neurogenic shock. Regardless of the 
type of shock, the effects on the body are the same: the 
organs and tissue hypoperfusion and hypoxia, which 
result in death of the organ and tissue.

The persistence of inadequate oxygen delivery due 
to hypoperfusion leads to irreversible cell injury. Only 
rapid restoration of oxygen delivery can reverse the 
progression of the shock state. Therefore, the basic ap-
proach to shock management is to recognize overt and 
impending shock in a timely fashion and to intervene 
emergently to restore perfusion. Most often this re-
quires expansion or reexpansion of intravascular blood 
volume. Control of any inciting pathologic process (e.g., 
impaired cardiac function, infection, continued hemor-
rhage) must occur simultaneously.16

Key Points
1. Shock is a life-threatening syndrome.
2. Rapid diagnosis and treatment of shock are 

imperative.
3. Shock can be a result of cardiac failure, fluid 

 depletion, or massive vasodilatation (distributive 
shock).

4. Hypotension is a result in all types of shock.
5. The hypotension from shock causes hypoperfu-

sion of organs and tissue and can lead to organ 
failure.

6. The priority in shock treatment is to stabilize the 
patient, then to identify the cause of the shock.

7. Aggressive fluid resuscitation is used initially to in-
crease systemic pressure during shock.

8. Fluids are not effective with neurogenic shock; 
alpha-adrenergic agents are used to increase vascu-
lar resistance.

9. Risk factors for shock include ischemic heart dis-
ease, allergens, bacteria, viruses, external or inter-
nal injuries, or trauma.

10. Complications are varied and include organ dys-
function and death.

Chapter Questions
1. _____________ shock is classified as distributive.

a. Cardiogenic
b. Septic
c. Hypovolemic
d. Respiratory

2. Cardiogenic shock (CS) is most commonly the re-
sult of a(an) ________________________.
a. non-ST-segment elevation myocardial infarc-

tion (STEMI)
b. STEMI
c. atrial arrhythmia
d. aortic dissection

3. In CS, which of the following is the result of left 
ventricular systolic dysfunction?
a. Increased stroke volume
b. Increased organ perfusion
c. Decreased stroke volume
d. Lower left ventricular end-diastolic volume

4. When the heart muscle is not perfused properly, 
______________________________ accumulates in 
the tissues.
a. water
b. carbon dioxide
c. oxygen
d. lactic acid

5. Which diagnostic test is used to diagnose CS?
a. Echocardiography
b. Lumbar puncture
c. Computed tomographic scan of the chest
d. Serum tryptase

6. A left ventricular assist device will help the heart by 
_____________________________.
a. decreasing the afterload
b. increasing the preload
c. decreasing the preload
d. increasing the cardiac output

7. _______________ is the cause of hemorrhagic 
shock.
a. Fluid loss
b. Blood loss
c. Systemic vasodilatation
d. Hypervolemia

8. What does the renal system do initially to compen-
sate for hypovolemia?
a. Decrease water and sodium retention
b. Increase angiotensin I secretion
c. Increase renin secretion
d. Decrease angiotensin I secretion

9. Which of the symptoms is indicative of severe 
hypovolemia?
a. Diaphoresis
b. Mild tachycardia
c. More than 40% blood loss
d. Anxiety

10. Due to the body’s compensatory mechanisms, 
____________ blood loss must occur before the 
systolic blood pressure drops.
a. 30%
b. 10%
c. 50%
d. 25%
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11. Which classification of hemorrhagic hypovolemic 
shock is associated with 30–40% blood loss?
a. Class I
b. Class II
c. Class III
d. Class IV

12. If there are no visible signs of trauma, which test is 
appropriate to identify the cause of hypovolemic 
shock?
a. Echocardiogram
b. Ultrasound
c. Angiogram
d. Lumbar puncture

13. Which of the following is the most likely  
cause of nonimmune anaphylactic (anaphylactoid) 
shock?
a. Shellfish
b. Eggs
c. Peanuts
d. Latex

14. Anaphylactic reactions result from the mast cells 
releasing which of the following substances?
a. Histamine
b. Troponin
c. Renin
d. Potassium

15. What percentage of patients with anaphylactic 
shock experience a delayed second-phase reaction 
(biphasic reaction)?
a. 5%
b. 10%
c. 15%
d. 20%

16. Septic shock is a result of which of the following?
a. Spinal cord injury
b. Bacteria
c. Dehydration
d. Myocardial infarction

17. The hypotension in septic shock is caused by 
_____________________.
a. fluid loss
b. reduced renin secretion
c. nitric oxide
d. histamine

18. Mottled skin, found with septic shock, is a result of 
________________________.
a. a response to stress
b. poor tissue perfusion
c. hyperthermia
d. altered amino acid metabolism

19. The factor that increases the chance of a poor prog-
nosis in septic shock is _________________.
a. young age
b. strong immune system
c. organ failure
d. persistent hypertension

20. Sympathetic hypoactivity and unopposed para-
sympathetic outflow is the pathogenesis of 
______________ shock.
a. neurogenic
b. anaphylactic
c. septic
d. cardiogenic

21. The hypotension associated with neurogenic shock 
is caused by _______________________.
a. nitric oxide release
b. systemic vasodilatation
c. hypovolemia
d. heart failure

22. Aggressive fluid resuscitation is not effective for 
____________________ shock.
a. anaphylactic
b. nontraumatic hemorrhagic
c. neurogenic
d. septic
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Introduction
Acute respiratory distress syndrome (ARDS) is a severe 
disease of the pulmonary system, which causes diffuse 
alveolar damage and lung injury. ARDS affects approxi-
mately 150,000 patients in the United States alone, and 
even with advances in medical treatment, ARDS has a 
mortality rate of approximately 30–40%.

Definition/Diagnosis
Having a reliable definition for a disease process is es-
sential in developing treatment strategies based on re-
searched clinical evidence, in the form of clinical trials. 
Evidence collected helps determine how often the dis-
ease occurs, pathophysiology, diagnosis, treatment, and 
prognosis. As diseases such as ARDS become better un-
derstood, the definitions may be modified to better rep-
resent the disease. The following paragraphs describe 
the historical and current definitions of ARDS.

AECC Definition of ARDS
In 1967, Ashbaugh and colleagues formally recognized 
ARDS. Until 1994, no single definition of ARDS existed. 
In 1994, the American-European Consensus Confer-
ence (AECC) published a clear clinical definition of 
ARDS. The AECC definition of ARDS was widely used 
in the clinical setting until 2011 (Table 19-1).

Using the same criteria, the AECC also separated 
acute lung injury (ALI) from ARDS. According to the 
AECC, the degree of hypoxemia associated with ALI 
(Pao2/Fio2 ratio ≤300 mm Hg) was the only differ-
ence between ALI and ARDS. Only one criterion, the 
P/F ratio is what historically separated ALI from ARDS.

The Berlin Definition of ARDS
In 2011, an expert panel of clinicians from the Euro-
pean Society of Critical Care Medicine met in Berlin 
to revise and improve the ARDS definition. The result 
was the “Berlin definition” of ARDS published in 2012 
(Table 19-2).

There are several differences between the AECC 
definition of ARDS and the Berlin definition of 
ARDS. The Berlin definition has a defined time for 

the onset of ARDS and acknowledges that positive 
end-expiratory pressure (PEEP) affects the Pao2/
Fio2 ratio. The Berlin definition no longer takes the 
pulmonary artery wedge pressure (PAWP) into con-
sideration, as patients with ARDS may also have an 
increase in PAWP due to fluid resuscitation and under-
lying causes, such as cardiogenic pulmonary edema. 
The term “acute lung injury (ALI)” is also no longer part 
of the Berlin definition of ARDS. ALI is viewed as  
a category rather than a degree of ARDS. Table 19-3  
describes the difference between the AECC definition 
and the Berlin definition.

Risk Factors for ARDS
Many risk factors predispose patients to develop ARDS 
in the clinical setting. The common clinical disorders 
responsible for the development of ARDS are placed 
into two categories, direct causes of ARDS and in-
direct causes of ARDS (Table 19-4). It is important 
that cardiogenic pulmonary edema is excluded as a 
causative factor, as cardiogenic pulmonary edema has 
a similar presentation as ARDS. The Berlin defini-
tion suggests that ruling out left heart failure using 
echocardiography be the gold standard. If the patient’s 
presentation cannot be tied to either fluid overload or 
cardiogenic pulmonary edema, the patient probably has 
ARDS. The primary cause of ARDS in adults is related to 
sepsis (up to 46%). However, it is estimated that 18–33% 
of patients with sepsis will develop ARDS. Studies have 
shown that patients with trauma-associated ARDS have 
a decreased mortality rate and a milder illness than 
non-trauma-related ARDS. ARDS occurred in 35% of 
patients with severe trauma requiring multiple transfu-
sions, 22% of patients with pulmonary contusions, and 
11% of patients with long bone fracture. Aspiration of 
gastric contents was associated with an incidence of 
ARDS as high as 36%.

Increasing age appears to be associated with in-
creased risk for developing ARDS in patients with 

Acute onset of symptoms

Bilateral infiltrates on chest x-ray (CXR) that may have a ground 
glass appearance

PAWP ≤18 mm Hg (absence of left atrial hypertension)

Hypoxemia associated with a partial pressure of arterial oxygen 
to fraction of inspired oxygen (Pao2/Fio2 ratio of ≤200 mm Hg)

TABLE 19-1
The AECC Criteria for ARDS1–4

Onset of ARDS within 1 week of a known clinical insult, new, or 
worsening respiratory symptoms

Bilateral lung opacities, not caused by atelectasis, pleural 
effusions, or pulmonary nodules

Respiratory failure not explained by fluid overload or cardiac 
failure

Mild ARDS: Pao2/Fio2 ratio ≤300 mm Hg

Moderate ARDS: Pao2/Fio2 ratio ≤200 mm Hg

Severe ARDS: Pao2/Fio2 ratio ≤100 mm Hg with PEEP ≥5 
mm Hg

TABLE 19-2
The Berlin Definition of ARDS1–4
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similar risk conditions. Gender does not appear to be 
a risk in the development of ARDS in patients with 
similar risk conditions. Patients with chronic alcohol-
ism, however, do have an increased risk for developing 
ARDS, in the presence of similar risk conditions.

Pathology and Pathophysiology
It has been 50 years since Ashbaugh and colleagues 
first identified ARDS; since that time, much research 
has been devoted to understanding the pathology and 
pathophysiology. No matter the causative factors—
indirect or direct—initiating the ARDS process, the 
anatomical changes remain consistent. Unfortunately, 
the process is not homogenous and affects the lungs 
differently throughout the stages of progression. See 
Figure 19-1.

Two primary pathophysiologic changes occurring 
with ARDS are increased capillary permeability and 
inflammation. Injury to the capillary endothelium and 
alveolar epithelium triggers an influx of protein-rich 
fluid into the alveoli, resulting in damage to alveolar 
Type 2 epithelial cells. Injury to the alveolar Type 2 
epithelial cells significantly reduces surfactant, which 
increases alveolar surface tension that leads to alveolar 
collapse and decreasing pulmonary compliance. As 
ARDS progresses, the intravascular walls develop a 
hyaline membrane because of the coagulation cascade 
products, such as fibrin and thrombin. The second 
finding is the initiation of an inflammatory cascade 
due to neutrophil activation; some of the notable 
proinflammatory cytokines include tumor necrosis fac-
tor (TNF), interleukin-1 (IL-1), and IL-6. A consequen-
tial effect resulting from the mediators is cell damage 
or death. The above pathophysiologic changes occur 
within three distinct stages—exudative, proliferative, 
and fibrotic—and its progression is critical to determin-
ing appropriate management (Table 19-5).8

The AECC Definition The Berlin Definition

Timing Acute onset of symptoms Within 1 week of a known clinical insult, new, or worsening respiratory 
symptoms

CXR Bilateral infiltrates Bilateral lung opacities, not caused by atelectasis, pleural effusion, or 
pulmonary nodules

Pao2/Fio2 ratio 
(hypoxemia)

ALI: Pao2/Fio2 ratio ≤300 mm Hg
ARDS: Pao2/Fio2 ratio ≤200 mm Hg

Mild: Pao2/Fio2 ratio ≤300 mm Hg with PEEP ≥5 cm H2O
Moderate: Pao2/Fio2 ratio ≤200 mm Hg with PEEP ≥5 cm H2O
Severe: Pao2/Fio2 ratio ≤100 mm Hg with PEEP ≥5 cm H2O

Origin of edema PAWP ≤18 mm Hg (absence of left 
atrial hypertension)

Respiratory failure not fully explained by fluid overload or cardiac failure

Mortality rates Not evaluated for predictive mortality Mild
27%

Moderate
32%

Severe
45%

TABLE 19-3
The AECC Definition and the Berlin Definition of ARDS (a Comparison)1–4 

Direct Causes of ARDS Indirect Causes of ARDS

Pneumonia Nonpulmonary sepsis

Pulmonary contusion Severe trauma

Aspiration (gastric 
contents)

Multiple transfusions or transfusion-
associated ALI (TRALI)

Fat emboli Drug overdose

Near drowning Pancreatitis

Inhalation injury Cardiopulmonary bypass

Reperfusion pulmonary 
edema

Disseminated intravascular  
coagulation (DIC)

TABLE 19-4
Risk Factors for Developing ARDS5–7 

Proliferative
stage (7–14

days)

Fibrotic
stage (>14

days)

Exudative
stage (1–7

days)

Resolution
Injury

(direct or
indirect)

FIGURE 19-1 ARDS cycle from injury to resolution.
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Clinical Manifestations
Certain clinical indicators should alert the clinician 
that a patient may be developing ARDS. Reviewing 
the Berlin definition presents three key findings that 
should always be evaluated: the timing of the injury, 
P/F ratio, and CXR interpretation. Not only will the 
previous key findings be discussed more thoroughly 
below, but changes with intracardiac pressures are 
another manifestation occurring during the various 
ARDS stages.

Oxygenation and Ventilation
As ARDS progressively worsens, so will arterial blood 
gases (ABGs), P/F ratio, and oxygen requirements. 
Each stage of ARDS will see an increase in oxygen 
requirements and elevation of carbon dioxide that ini-
tially shows impending respiratory failure. Hypoxemia 
and hypercarbia can be managed with supplemental 
oxygen therapy and increased spontaneous respira-
tory rates (RRs, tachypnea). However, over the course 
of time, Fio2 requirements will begin to exceed 0.60, 
necessitating the use of positive pressure as the lungs 
begin to become overwhelmed by pulmonary capil-
lary leakage and inflammation. Also, the rise in Fio2 
needs due to low Pao2 will result in decreasing P/F 
ratios that assist with staging the severity—mild, mod-
erate, or severe—of ARDS. In addition, pulmonary 
changes causing hypoxemia, as noted above, will also 
drastically reduce gas exchange, causing ventilatory 
failure (pH ≤ 7.25 and Paco2 > 50 mm Hg) requiring 
mechanical ventilation. It is critical for a clinician to 
recognize the changes early and intervene with appro-
priate therapies.

Hemodynamics
Multiple factors negatively affect hemodynamics with 
ARDS. A primary complication associated with ARDS 
is hypoxemia causing pulmonary vasoconstriction, 
 resulting in changes to cardiac filling pressures—mean 
pulmonary artery pressure (mPAP), PAWP, and right 
atrial pressure (RAP) (Table 19-5). Not only is hypox-
emia a direct provocateur for pulmonary vasoconstric-
tion, but hypercapnia (permissive or nonpermissive) 
also causes vasoconstriction that potentially places 
more stress on the right ventricle, possibly leading to 
right ventricular failure. Calcaianu et al.9 observed 
higher PAWP among severe ARDS possibly attributed 
to decreasing pulmonary compliance and a degree of 
diastolic heart failure. In addition, poorer pulmonary 
compliance across the different ARDS stages and in-
creasing positive end-expiratory pressure (PEEP) levels 
will have unfavorable  alterations to hemodynamics. 
Hemodynamic changes according to hypoxemic and hy-
percarbic induced pulmonary hypertension associated 
with ARDS severity (Table 19-6).

Radiographic Imaging
Radiographic imaging remains pivotal in the man-
agement of ARDS. In the early stages of ARDS, a 
CXR will appear normal without any overt indication 
of pathologic changes (Figure 19-2A). As ARDS pro-
gresses, bilateral patchy infiltrates will be viewable 
along with air bronchograms progressing outward 
beyond the cardiac silhouette. Severe ARDS, as 
shown with graphic D in Figure 19-2, displays bilat-
eral opacities and loss of heart border that could be 
a combination of atelectasis, low lung volumes, and 
alveolar–capillary leakage. Various portions of the 
lung may be minimally affected, so it is important to 
realize that ARDS is a nonhomogenous process that 
is not clearly portrayed in Figure 19-2 because x-rays 
depict only images that are two dimensional.

ARDS 
Severity mPAP PAWP RAP CI

Mild Normal 

or ↑
Normal 

or ↑
Normal 

or ↑
Normal

Moderate ↑ ↑ ↑ Normal

Severe ↑↑ ↑↑ ↑↑ Normal

Modified from Calcaianu G, Calcaianu M, Gschwend A, Canuet M, Meziani F, 
Kessler R. Hemodynamic profile of pulmonary hypertension in ARDS. Pulm 
Circ. 2018;8(1):1–5. doi:10.1177/2045893217753415.

TABLE 19-6
Hemodynamics

Stage Timeframe Pathologic Changes

Exudative Occurs within 
24 hours
Lasts 1–7 days

• Diffuse alveolar  
damage

• Edema and alveolar 
hemorrhage

• Type 1 pneumocytes 
destroyed

• Surfactant deficiency

Proliferative 7–14 days • Proliferation of 
inflammatory cells

• Squamous metaplasia

Fibrotic >14 days or 
sooner

• Collagen formation and 
hyalinization of alveolar 
walls

Modified from Marshall R, Bellingan G, Laurent G. The acute respiratory distress 
syndrome: fibrosis in the fast lane. Thorax. 1998;53:815–817. doi:10.1136 
/thx.53.10.815.

TABLE 19-5
Three Stages of ARDS with Time of Onset 
and Particular Pathologic Alterations
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Treatment and Management
Although many clinical trials have been performed on 
patients with ARDS, the treatment for ARDS remains 
largely supportive. Early identification and reversal of 
causative factors such as pulmonary infection, intraab-
dominal sepsis, and extrapulmonary infections may 
improve survival rates. Clinician focus is on alveolar 
recruitment, stabilization, and the prevention of further 
insult to the lungs when mechanical ventilation is re-
quired. The following paragraphs discuss current treat-
ment and management strategies, alternative therapies, 
and adjunct therapies that may be used in managing 
patients with ARDS.

Mechanical Ventilation/Lung Protective Strategy
Patients with ARDS often require ventilatory support 
during their disease process and have both healthy 
functioning alveoli and injured alveoli, which do not 
function properly. The result is varying degrees of 
ventilation/perfusion (V/Q) mismatch and shunting. 
During positive pressure ventilation, the tidal volume 

takes the path of least resistance and goes to regions 
of the lung that are most compliant. Historically, tidal 
volumes used to ventilate patients were between 10 and 
15 mg/kg of ideal body weight (IBW). Research shows 
that tidal volumes in the range of 10–15 mL/kg of IBW 
cause high airway pressures and over-distension of 
healthy alveoli in patients with ARDS. This results in 
ventilator-induced lung injury (VILI), which exacerbates 
the ARDS disease process and increases mortality and 
morbidity in patients with ARDS. It is the high mortal-
ity and morbidity rates associated with ARDS that drove 
the medical community to develop alternative therapies 
in the management of patients with ARDS.

There have been many clinical studies on mechanical 
ventilation in patients with ARDS. The ARDS Network, 
from 1996 to 1999, performed the most promising study. 
The goal of the ARDS Network study was to decrease 
the mortality and morbidity associated with ARDS. The 
ARDS Network study used tidal volumes between 4 and 
8 mL/kg of IBW to prevent over-distension while using 
PEEP to recruit and stabilize damaged alveoli. The ARDS 
Network was able to show a 22% reduction in mortality 

FIGURE 19-2 ARDS chest radiograph changes over the course of 7 days. (A) No pathologic changes. (B) Bilateral pulmonary infiltrates in 
lower lobes. (C) Significant bilateral consolidation with notable air bronchograms. (D) Severe opacification of right and left lung (“white-out”).
Reproduced with permission of the © ERS 2018. European Respiratory Review, Dec 2014:23(134):519–530. doi:10.1183/09059180.00001314.
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IBW calculation Women: [height (inches) − 60] 2.3 + 45.5

Men: [height (inches) − 60] 2.3 + 50

Mode of 
ventilation

Any ventilator mode, such as volume control, pressure-regulated volume control, pressure control

Tidal volumes 4–8 mL/kg of IBW

RR ≤35 breaths/minute

Inspiratory-to-
expiratory ratio

1:1–1:3

PEEP Use a minimum PEEP of 5 cm H2O. Consider use of incremental Fio2/PEEP combinations such as shown below:

TABLE 19-7
Lung Protective Protocol10–13

Lower-PEEP group

Fio2 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.9 0.9 0.9 1.0

PEEP 5 5 8 8 10 10 10 12 14 14 14 16 18 18–24

Monitoring Parameters:

Arterial pH pH GOAL: 7.30–7.45

pH 7.20–7.30: increase RR until pH >7.30 or Paco2 <25 (maximum set RR = 35).

pH <7.20: increase RR to 35.

If pH remains <7.20, VT may be increased in 1 mL/kg increments until pH >7.15 (P-plat target of 30 may be 
exceeded).

Oxygen saturation 88–95%

Pao2 55–80 mm Hg

Plateau pressures ≤30 cm H2O

If P-plat >30 cm H2O, decrease VT by 1 mL/kg increments (minimum = 4 mL/kg).

If P-plat <25 cm H2O and VT < 6 mL/kg, increase VT by 1 mL/kg until P-plat > 25 cm H2O or VT = 6 mL/kg.

If P-plat <30 cm H2O and breath stacking or dyssynchrony occurs: may increase VT in 1 mL/kg increments up to 
7 or 8 mL/kg if P-plat remains <30 cm H2O.

Data from Brower RG, Lanken PN, MacIntyre N, et al. Higher versus lower positive end-expiratory pressures in patients with the acute respiratory distress 
syndrome. N Engl J Med. 2004:351:327–336.

Higher-PEEP group

Fio2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.5 0.5 0.5–0.8 0.8 0.9 1.0

PEEP 5 8 10 12 14 14 16 16 18 20 22 22 22–24

Higher-PEEP group (after protocol’s change)
Data from ARDS Network. N Engl J Med 2004;351;327-336.

Fio2 0.3 0.3 0.4 0.4 0.5 0.5 0.5–0.8 0.8 0.9 1.0

PEEP 12 14 14 16 16 18 20 22 22 22–24

and morbidity using low tidal volumes between 4 and 8 
mL/kg of IBW when compared to conventional tidal vol-
umes of 10–15 mL/kg of IBW. Because of their findings, 
the ARDS Network developed the “ARDSNet Protocol,” 

a lung protective strategy to manage ventilated patients 
with ARDS. Although the clinical definition for ARDS 
has changed, the ventilator management remains the 
same. See Tables 19-7 and 19-8.
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Airway Pressure Release Ventilation
First described in 1987, airway pressure release 
ventilation (APRV) uses an open-lung approach 
to ventilation. APRV is a mode of ventilation that 
may be used by clinicians in patients with ARDS 
who continue to have refractory hypoxemia on 
low tidal volume ventilation or are intolerant to low 
tidal volume ventilation.

APRV is a type of time-cycled, pressure-limited, 
time-triggered, inverse ratio ventilation that uses two 
levels of continuous positive airway pressure (CPAP), 
with intermittent releases in airway pressure. Patients 
may breathe spontaneously throughout the breath 
cycle. APRV uses long inspiratory times and short  
expiratory times, with inspiratory-to- expiratory  
ratios (I:E) typically ≥4:1. Longer inspiratory times 
recruit collapsed alveoli via the pores of Kohn, 
channels of Martin, and the canals of Lambert, creat-
ing a greater surface area for gas exchange. Expiratory 
times have a twofold benefit: (1) They allow for CO2 
clearance. (2) Short expiratory times create purposeful 
air trapping/auto-PEEP, recruiting and stabilizing col-
lapsed alveoli. Alveolar recruitment and stabilization 
can improve oxygenation in patients with ARDS, by 
improving V/Q mismatch. Patients may also be venti-
lated in the absence of spontaneous breathing. Spon-
taneous breathing is, however, encouraged, as it has 
many advantages: (1) leads to better gas distribution, 
resulting in improved V/Q mismatch, and shunting;  
(2) augments CO2 removal; (3) maintains and strength-
ens the diaphragm; (4) reduces the need for sedative 
drips and neuromuscular blockades (NMBs); (5) lowers 
the peak airway pressures (Paw) (Tables 19-8 to 19-10 
and Figures 19-3 and 19-4).

• BiLevel ventilation

• BiVent ventilation

• DuoPAP ventilation

• BiPhasic ventilation 

TABLE 19-8
Other Names Synonymous with APRV

PHigh Pressure high Upper CPAP level

PLow Pressure low Lower CPAP level

THigh Time high Inspiratory time

TLow Time low Expiratory time

TABLE 19-9
APRV Terminology14–16

PHigh PHigh set at plateau pressure obtained on 
conventional ventilation.

PHigh typically set between 20 and 30 cm H2O.

PHigh target maximum setting 35 cm H2O. PHigh 
settings >35 cm H2O may cause over-distension of 
alveoli- and ventilator-induced lung injury.

PHigh settings >35 mm Hg may be required 
in patients with low thoracic and abdominal 
compliance (morbid obesity, abdominal distension). 

PLow PLow is set at 0 to decrease expiratory resistance.

PLow set above 0 may impede expiratory gas flow, 
increasing CO2 levels, and work of breathing.

THigh THigh is targeted at 4–6 seconds, or 8–12 breath 
cycles/minute (to maximize alveolar recruitment).

THigh may need to be set at 1.0–3.0 seconds, to 
increase minute ventilation (VE) and breath cycles/
minute. Increasing VE and breath cycles/minute 
may help eliminate CO2 in patients with severe 
hypercapnia and a pH <7.20.

THigh below 3.0 may affect oxygenation and alveolar 
recruitment

TLow TLow is set to clip at 50% of the peak  
expiratory flow rate (PEFR). See Figure 19-4. 
Generally remains a fixed number once the desired 
auto-PEEP is achieved.

TLow typically set between 0.5 and 0.8 seconds in 
patients with ARDS.

TLow settings in patients with the obstructive disease 
may be between 0.8 and 1.5 seconds to allow for 
adequate exhalation.

Pressure Support (PS) is available on some ventilators. 
Care should be taken when using PS in APRV. Adding PS 
above PHigh creates variable pressure, which may increase 
transpulmonary pressures to unsafe levels causing  
lung injury.

TABLE 19-10
APRV Initial Settings14–16 

FIGURE 19-3 Spontaneous breath.
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High-Frequency Oscillatory Ventilation
High-frequency oscillatory ventilation (HFOV) may 
be an alternative mode of ventilation for patients with 
ARDS. It was introduced in the 1970s as an alterna-
tive to continuous mandatory ventilation (CMV)-type 
modes. Patients with moderate-to-severe ARDS may 
require high driving pressures in CMV-type ventila-
tor modes in order to maintain adequate oxygenation 
and ventilation. These high airway pressures may cause 
over-distension of the lungs, exacerbating lung injury. 
HFOV like APRV uses an open-lung approach to ven-
tilation. The goal of HFOV is to recruit and stabilize 
alveoli while preventing over-distension and atelectasis 
in patients with ARDS.

HFOV uses higher mean airway pressures (mPaws), 
RRs, and lower tidal volumes than conventional CMV-
type modes. In adults, RRs typically range between 
180 and 900 breaths/minute. Tidal volumes typically 
range between 150 and 250 cc, often closer to or lower 
than anatomical dead space. Mean airway pressure 
(mPaw) and the Fio2 setting in HFOV are the primary 
determinates of oxygenation. When mPaw is appro-
priately set, the lungs receive a constant distending 
pressure. This constant distending pressure allows 
for recruitment and stabilization of alveoli in patients 
with ARDS.

HFOV Demystified
Perhaps it is easier for clinicians to understand HFOV 
if it is described as a concept of waves similar to wa-
ter. For the purpose of this explanation, the power is a 
rock, the amplitude is the height of the wave, and the 
air in the lungs is water. If a small rock is dropped into 
the water (lower power), the shorter the wave created 
(amplitude) and the less the water displaced (air in the 
lungs). The opposite occurs with a larger rock (higher 
power). The higher the power, the taller the wave 
and the greater the displacement of gas in the lungs. 
This is how amplitude affects CO2 removal. The taller 
the wave, the more the CO2 removed. Tidal volumes 

achieved are less than or equal to anatomical dead 
space. It is also worth noting that the taller the wave 
(amplitude) is, the less lung protective the oscillator be-
comes. See Figure 19-5.

There is also a direct relationship between Hertz and 
frequency. The Hertz dictates the width of the wave 
and how many waves per minute are created (breaths/
minute). A higher Hertz creates thinner waves, and 
more of them (frequency). A lower Hertz creates wider 
waves and less of them (frequency). The oscillator is 
 capable of RRs between 60 and 900 breaths/minute. 
The lower the Hertz is, the less lung protective the os-
cillator becomes, but more CO2 is removed. Therefore, 
the height and width of the wave dictate CO2 removal.  
See Figure 19-6.

Oxygenation
In regard to oxygenation, the mPaw and the Fio2 dictate 
oxygenation. The mPaw is the pressure applied to the 
lungs (distending pressure), and the Fio2 is the amount 
of oxygen the patient receives. When mPaw is applied to 
the lungs, a volume of air is trapped in the lungs and is 
held in place, increasing the patients’ functional residual 
capacity (FRC). The lower the mPaw, the lower the vol-
ume of air trapped, and the higher the mPaw, the higher 
the volume of air trapped. It is worth noting that mPaw 

FIGURE 19-4 PEFR for setting TLow in APRV.
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FIGURE 19-5 Comparison of high and low amplitude in HFOV.  
(A) High amplitude: diagram shows how taller waves displace more 
tidal volume, increased CO2 removal. (B) Low amplitude: Diagram 
shows how shorter waves displace less tidal volume, decreased CO2 
removal compared with higher amplitudes.

530 CHAPTER 19 Acute Respiratory Distress Syndrome



High frequency

(A)

(B)

Low frequency

FIGURE 19-6 Comparison of high and low frequency in HFOV. 
(A) High frequency: diagram shows how an increase in frequency 
increases waves per second, while the width of the wave is 
decreased, displacing less tidal volume. The result is a decrease in 
CO2 removal compared to low Hertz. (B) Low frequency: diagram 
shows how wider waves displace more tidal volume, resulting in 
increased CO2 removal.
Source: https://www.quora.com/What-are-low-pitch-sounds.

mPaw 3–55 cm H2O range
• Bias flow dependent

Primary role is oxygenation.

Power Determines amplitude (Delta P)
• Max power setting is 10.

Primary role is ventilation.

Amplitude (Delta P) Amplitude = height of the wave
• Determined by the power setting

Primary role is ventilation.

Hz/frequency Hz = width of the wave
• Frequency = 60–900 oscillations/breath/minute

Primary role is ventilation.

Bias flow 0–60 continuous L/minute
• Bias flow affects mPaw.
• Amplitude affects bias flow. 

Primary role is to replenish oxygen and remove CO2 
from the circuit.
• Eliminates circuit dead space.

% Inspiratory time 30–50% of the oscillatory cycle
• Changes in % inspiratory time may affect mPaw 

or Delta P. 

Primary role is oxygenation. 

TABLE 19-11
HFOV Definitions17–20 

that is too low can result in alveolar collapse, while 
mPaw that is too high can result in over-distension of 
the alveoli, lung injury, and hemodynamic instability. 
See Tables 19-11 and 19-12, Figure 19-7.

Time

P
re

ss
ur

e

Higher
amplitude
leads to

lower CO2

Higher
mean
airway

pressure,
better

oxygenation?

Higher frequency,
higher CO2

FIGURE 19-7 The art of HFOV relates to achieving and maintaining 
optimal lung inflation. Optimal oxygenation is achieved by gradual 
increases in mean airway pressure to recruit lung volume and 
monitoring the effects on arterial oxygenation. The aim is to achieve 
maximum alveolar recruitment without causing over-distension of 
the lungs.
Source: https://www.slhd.nsw.gov.au/rpa/neonatal/html/newprot/hfov.html.

Prone Positioning
Prone positioning may be a valuable adjunct in me-
chanically ventilated patients with ARDS. Patients are 
normally kept in the supine position (face up–chest 
up) and are intermittently turned from side to side to 
prevent pressure ulcers. In patients with ARDS, pleural 
pressure exceeds intra-alveolar pressure, causing atelec-
tasis and subsequent hypoxemia. This is primarily due 
to the weight of the heart, abdomen, and heavy beefy 
edematous lungs. The heart alone can add 3–5 cm H2O 
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mPaw mPaw starting point is 5 cm H2O above the mPaw on conventional CMV-type modes.
• mPaw starting point of 2–3 cm H2O above mPaw on conventional CMV-type modes may be 

required in patients with hemodynamic instability.
• mPaw target maximum in adults is 45 cm H2O.
• mPaw 40 cm H2O for 40 seconds (alveolar recruitment maneuver). 

Power/amplitude
(Delta P) 

Power is set between 1 and 10 to achieve the desired amplitude (Delta P).
• Power is adjusted until amplitude (Delta P) is 20–30 cm H2O higher than the CO2 on CMV-type 

modes, or until chest wiggle is observed in the patient’s mid-thigh.
(e.g., for a CO2 of 70 mm Hg on CMV-type, modes the power would be adjusted to achieve an 
amplitude (Delta P) of 90–100 cm H2O).
• Increasing power/amplitude (Delta P) increases tidal volume (augments CO2 removal/less lung 

protective).
• Decreasing power/amplitude [Delta P] decreases tidal volume (when CO2 retention is desired/

more lung protective). 

Frequency/Hz Frequency is initially started at 5 Hz in adults.
• Increasing frequency/Hz decreases tidal volume/more lung protective (when CO2 retention is 

desired).
• Decreasing frequency/Hz increases tidal volume/less lung protective (augments CO2 removal).

Bias flow Bias flow set range is between 20 and 40 L/minute.
• A good starting point in adults is 30 L/minute.
• Bias flow eliminates circuit dead space.
• Continuous flow through the circuit replenishes O2 and removes CO2 from the circuit.
• At high amplitudes, the oscillatory flow may exceed bias flow through circuit, decreasing 

ventilation (increasing CO2).
• Decreasing bias flow will decrease mPaw availability. Lower amplitudes = lower bias flow 

(20–30 L/minute).
• Higher amplitudes = increase in bias flow (30–40 L/minute).
• Change in bias flow creates change in mPaw.
• Increasing bias flow will increase mPaw availability.

% Inspiratory time % inspiratory time is set at 33% initially in adults.
• % inspiratory time range is typically 30–50%.
• Higher frequencies lean toward 30%.
• Lower frequencies lean toward 50%.
• % inspiratory time does not typically change.
• Changes in % inspiratory time may change oscillator piston position affecting mPaw or Delta P.
• Changes in % inspiratory time may affect mPaw. 

Fio2/O2 saturations Fio2 initially set at 100%.
• Fio2 goal ≤60%
• Oxygen saturation ≥88% or within physician specified limits
• Po2 ≥60 mm Hg

Monitoring ABG 60 minutes after initiation of HFOV
• pH goals >7.20 or within physician specified limits
• Every 2–4 hours for the first 24 hours
• After setting changes, or as needed
CXR within 4 hours of initiation of HFOV
• Every 12 hours for the first 24 hours
• Look for hyperinflation
End-tidal CO2 should be monitored continuously to alert clinicians of changes in ventilation.

Sedation/NMB Patients on HFOV should have adequate sedation and pain management (not being able to exhale 
normally can be uncomfortable).
• NMBs are used in patients on HFOV. Spontaneous breathing can cause large fluctuations in 

mPaw.
• Clinicians should watch for fluctuations in mPaw, as this can be an indication of inadequate 

paralysis (look for signs of spontaneous breathing).
Signs of inadequate sedation, pain medication:
• A significant increase in blood pressure (BP) and heart rate (HR) can be signs that the patient 

may be awake while receiving a NMB.

TABLE 19-12
HFOV Initial Settings17–20
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of pressure to the lungs in the supine position. Patients 
in the prone position are placed (face down–chest 
down). Intra-alveolar pressures exceed pleural pressures 
in the prone position, due to off-loading of the weight of 
the abdomen, heart, and ventral portions of the lungs, 
resulting in improved alveolar ventilation, recruitment, 
and oxygenation (Figures 19-8 to 19-10).

It has been demonstrated for some time in random-
ized clinical trials that patients placed in the prone 
position have significant improvements in oxygenation 
when compared with the supine position. In 2013, the 
PROSEVA Study Group published the results of a multi-
center, prospective, randomized, controlled trial on the 
use of prone positioning in severe ARDS. The study in-
volved 466 patients, of which 237 patients were placed in 
a prone group and 229 patients were placed in a supine 
group. To meet criteria, patients had a minimum PEEP 
requirement of 5 cm H2O, a minimum oxygen require-
ment of 60%, and a Pao2/Fio2 ratio <150 mm Hg. Both 
groups were ventilated using low tidal volume ventila-
tion. Patients in the prone group remained in the prone 

position a minimum of 16 hours. The result was a 28-day 
mortality rate of 16% in the prone group and a 28-day 
mortality rate of 32% in the supine group (Table 19-13).

Extracorporeal Life Support
Extracorporeal life support (ECLS) is a temporary 
treatment strategy that may be used in patients with 
ARDS that continue to have severe refractory hypox-
emia despite conventional treatment strategies. The 

FIGURE 19-8 Patient in the supine position (face up, chest up).

FIGURE 19-9 Patient properly placed in the prone position (face 
down, chest down).

(A) (B)

(C) (D)Prone position
Normal lung

Supine position
ARDS lung

Gravity

Supine position
Normal lung

Prone position
ARDS lung

FIGURE 19-10 Cross section of the lungs. (A) Normal lung in the 
supine position. (B) ARDS lung in the supine position. (C) Normal lung 
in the prone position. (D) ARDS lung in the prone position. Circles 
represent alveoli. Shaded circles indicate alveoli with infiltrates.

Endotracheal tube dislodgement

Airway obstruction

Increased need for paralytics and sedation

Hypotension

Cardiac dysrhythmias

Loss of intravenous access

Loss of tubes and catheters

Facial and airway edema

Transient oxygen desaturation

Aspiration of tube feeds (turn off minimum of 1 hour prior to 
prone positioning)

TABLE 19-13
Complications Associated with Prone 
Positioning21–24
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Extracorporeal Life Support Organization (ELSO) 
defines ECLS as “the use of mechanical devices to 
temporarily (days to months) support heart or lung 
function (partially or totally) during cardiopulmonary 
failure, leading to organ recovery or replacement.” 
Extracorporeal membrane oxygenation (ECMO) is 
indicated in patients with a significant risk of death 
from either cardiopulmonary failure or cardiac failure 
(Table 19-14 to 19-16).

ECLS is essentially an artificial lung. The patient is 
cannulated, using large catheters, and blood flows from 
the body to the membrane lung, where oxygen is added 
to the blood and carbon dioxide is removed. Patients 
may also have CO2 removal only. The blood is then 
pumped back to the body. The type of ECLS therapy 
used is dependent upon the organ in need of rest, the 
heart, and/or lungs. Patients are cannulated for ECLS 
using three different techniques, venoarterial (VA), ve-
novenous (VV), and extracorporeal carbon dioxide re-
moval (ECCO2R), with the catheters placed in the large 
vessels of the neck or groin (Figures 19-11 and 19-12).

Pharmacologic Treatment
Although there is a considerable shift toward mini-
mizing the use of paralytics in the ICU, a certain sub-
set of ARDS patients could benefit from short-term 
use of a neuromuscular blockade (NMB). During the 
extended clinical management of an ARDS patient, 
certain problems could persist while on mechanical 
ventilation—hypoxemia, hypercarbia, poor pulmonary 
 compliance, and asynchrony—that prolong ventilation 
and ICU days. A 2018 study by Sottile et al.30 identified  
that the use of NMB in moderate-to-severe ARDS pa-
tients who are receiving low tidal volume ventilation 
results in reduction in biomarkers of epithelial and 
endothelial lung injury and systemic inflammation. 

Indications for ECLS Contraindications for ECLS

Hypoxic respiratory failure:
• Considered with a mortality 

risk of 50% or greater
• Indicated with a mortality 

risk of 80% or greater

Mechanical ventilation with high 
settings for >7 days:
• Fio2 >90%
• P-plat >30 cm H2O 

High P-plat (>30 cm H2O) 
with CO2 retention on 
mechanical ventilation

Significant pharmacologic 
immunosuppression:
• Absolute neutrophil count 

<400/mm3

Severe air leak syndromes Recent or expanding central 
nervous system (CNS) hemorrhage

Patient on lung transplant list 
in need of intubation

Nonsurvivable comorbidity:
• Terminal malignancy
• CNS damage

Cardiac or respiratory 
collapse:
• Pulmonary embolus
• Airway obstruction
• Unresponsive to optimal 

care

Consider increased risk with 
increased age

TABLE 19-14
Indications and Contraindications for ECLS25–29

VA ECLS VV ECLS ECCO2R

Strategy To allow superprotective (4 mL/kg/
IBW) mechanical ventilation settings in 
patients with severe ARDS who also 
need cardiac support

To allow superprotective (4 mL/kg/
IBW) mechanical ventilation settings in 
patients with severe ARDS

To allow superprotective (4 mL/kg/
IBW) mechanical ventilation settings 
in patients with moderate-to-severe 
ARDS

Cannulation 
site(s)

Internal jugular or femoral vein and 
femoral artery are preferred

Femoral and jugular veins with two 
cannulas or a double lumen cannula 
via the jugular vein

Jugular or femoral veins with a double 
lumen catheter

Therapeutic 
support

Heart and lungs Lungs only Lungs only

Gas exchange Oxygenation and CO2 removal Oxygenation and CO2 removal CO2 removal only

Hemodynamics 
support

Pump flow plus native cardiac output
Severely depressed cardiac function

Native cardiac output, medications
Adequately or moderately depressed 
cardiac function

Native cardiac output, medications

Blood flow Up to 7 L/minute Up to 7 L/minute 200–1,500 mL/minute

TABLE 19-16
Three Types of ECLS25–29 

Bleeding from cannula site, wounds, intracerebral

Clotting of the circuit

Air emboli

Infection 

Trauma to major blood vessels 

TABLE 19-15
Complications Related to ECLS25–29 
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A plausible reason for NMB reducing biomarkers is 
improvement in patient–ventilator synchrony that 
could lessen the pulmonary injury. Unfortunately, 
the above study did not associate any findings to 
improving patient outcomes. In 2010, a study using 
cisatracurium for 48 hours in severe ARDS patients 
noted an improvement with calculated 90-day mor-
tality rates, increased number of ventilator-free days 
and days outside the ICU, and lowering pulmonary 
complications (i.e., pneumothorax).31 Short-term use 
of NMB has the potential to lessen lung injury, which 

could lead to better overall outcomes for moderate-
to-severe ARDS.

The use of inhaled prostaglandins is another phar-
macologic agent being reviewed to reduce hypoxemia 
in ARDS. A primary goal is to promote local vasodila-
tion to pulmonary vasculature adjacent to functional 
alveoli, thus improving ventilation–perfusion matching 
and reducing hypoxemia. A study by Kallet et al.32 re-
viewed records of 208 ARDS subjects receiving aero-
solized prostaglandin that showed a mean Pao2/Fio2 
rising 33 mm Hg in 62% of the participants. However, 

Femoral artery

(A) (B)

Internal
jugular vein

De-oxygenated blood

Returning
oxygenated blood

V-A ECMO V-V ECMO

FIGURE 19-11 (A) VA ECLS used when patients require cardiac support and/or respiratory support. (B) VV ECLS used when patients require 
blood flow and gas exchange for respiratory failure, not for cardiac support.

VV ECCO2R
Jugular cannulation

pCO2 = 60 mm Hg
CO2 content = 52 mL/dL

Pump

Artificial
lung

CO2

O2

16 mL/dL of CO2 removed

Post-membrane CO2 content = 36 mL/dL
corresponding to pCO2 = 25 mm Hg

Blood flow
500 mL/minute

Sweep gas flow
8 L/minute

Membrane VCO2
80 mL/minute

˙

˙Average VCO2 in adult patients
2–3 mL/kg/minute

FIGURE 19-12 ECCO2R is used for patients requiring CO2 removal only.
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subjects diagnosed with sepsis saw minimal improve-
ment using aerosolized prostaglandin. A meta-analysis 
by Fuller et al.33 also saw an increase with Pao2/Fio2 and 
a decrease in pulmonary artery pressure using inhaled 
prostaglandins (epoprostenol and alprostadil) but did 
not identify any change in mortality. The current stud-
ies involving aerosolized prostaglandins for ARDS show 
no benefit toward improving patient outcomes; thus, 
further studies are recommended to determine patient 
benefit.

Nitric oxide (NO) is a potent endogenous vasodila-
tor that has been used as a therapeutic gas—inhaled 
nitric oxide (INO)—in patients affected by ARDS. The 
intent is to improve the V/Q mismatch by dilating the 

pulmonary vasculature lining the patent alveoli, thus 
improving Pao2/Fio2 (Figure 19-13). As noted with 
inhaled prostaglandin therapy, INO also had a positive 
impact with Pao2/Fio2 within the first 24 hours, and 
then no progression was made beyond 24 hours.34 The 
ideology of implementing INO therapy to reduce high 
Fio2 requirements (50% or higher) that cause pulmo-
nary oxygen toxicity is noble; however, no long-term 
outcome benefit has been identified. The Cochrane Re-
view by Gebistorf et al.34 produced no strong evidence 
supporting the use of INO in adults or children with 
acute respiratory failure and hypoxemia when initiating 
short-term or long-term INO therapy. INO should not 
be a recommended therapy for ARDS.

Pulmonary
arterial

blood flow

Pulmonary
venous

blood flow

Ventilation Ventilation Ventilation

Ventilation Ventilation Ventilation

NONONO

NO

Hypoxic
pulmonary 
vasoconstriction

Inhaled
short-acting
vasodilator

Intravenous
vasodilator

(A) (B) (C)

(D) (E) (F)

FIGURE 19-13 Ventilation and perfusion mismatch effects from INO and intravenous prostaglandins. (A) Exhibits normal V/Q matching. 
(B) V/Q matching negatively affected by hypoxic pulmonary vasoconstriction. (C) Introduction of INO causes local pulmonary vasodilation to 
adjacent vessels of patent alveolus. (D) Delivery of intravenous prostaglandin worsens V/Q matching and Pao2/Fio2 by vasodilating all pulmonary 
vasculature. (E) Inadequate vascular tone associated with such conditions as sepsis further leads to poorer oxygenation. (F) Leakage of INO 
through collateral ventilation between lung units counteracts the initial V/Q matching improvement.
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Case Study
Subjective
A 5-foot 7-inch 22-year-old woman arrives at the 
emergency department complaining of shortness of 
breath. She has been battling an upper respiratory in-
fection over the past 3 days—cough, runny nose, low-
grade fever, and malaise. However, this afternoon she 
is experiencing dyspnea on exertion and moments of 
gasping for her next breath. She also notes a dull pain 
in her right lower chest.

Objective
Vitals 

 � BP, 114/71; HR, 116; RR, 24 mildly labored;  
T, 102.3°F; Spo2, 86% on room air 

Neuro 

 � The patient is awake, alert, and oriented.
Cardiovascular

 � Normal S1 and S2, no gallops, no bruits
Pulmonary

 � Dry, nonproductive cough

 � Auscultation reveals bibasilar fine inspiratory 
crackles. 

 � Dullness on the right lower chest during 
percussion. 

Laboratory

 � ABG: pH, 7.36; Paco2, 44; Pao2, 52; HCO3
- , 24; 

Sao2, 85%

 � CBC: WBC, 15.1 billion cells/L; RBC, 3.2 million 
cells/μL; Hgb, 13.0 g/L; Hct, 38%; platelets,  
225 billion/L

 � Electrolytes: Na+, 146 mEq/L; K+, 3.7 mEq/L; Cl−, 
105 mEq/L

Radiology

 � CXR shows bilateral lower lobe infiltrates, 
greater on right than on the left

Assessment

 � Hypoxic respiratory failure (moderate hy-
poxemia) secondary to community-acquired 
pneumonia

 � Dehydration due to poor oral intake

Plan

 � Admit to hospital for a 48- to 72-hour stay

 � Place on oxygen to maintain Spo2 >90%;  
currently on 3 L/minute with Spo2 92%

 � Start antibiotic therapy using levofloxacin

 � IV fluids 
Twelve hours after admission, a rapid response is 

initiated for respiratory distress. The patient is leaning 
forward in a tripod position with overt signs of respira-
tory distress—accessory muscle use and tachypnea. 
She is observed to have central cyanosis; her current 
vitals are RR, 28; BP, 132/78; HR, 128; Spo2, 85% on 3 L/
minute nasal cannula. A 15 L/minute non-rebreather 
is placed that raises her Spo2 to 91%. An ABG is or-
dered: pH, 7.32; Paco2, 49; Pao2, 58; HCO3

- , 25, Sao2 
89%. Noninvasive positive pressure ventilation (NPPV) 
is started with an inspiratory positive airway pressure 
(IPAP) of 14 cm H2O, expiratory positive airway pres-
sure (EPAP) of 6 cm H2O, and Fio2 1.0. She is trans-
ferred to the medical intensive care unit for closer 
monitoring. Sixty minutes after transferring to the 
ICU, she continues to decompensate, resulting in a 
follow-up ABG and CXR. The patient’s ABG on NPPV 
is pH, 7.22; Paco2, 59; Pao2, 60; HCO3

- ,  25; Sao2 88%. A 
CXR shows significant bilateral opacities and air bron-
chograms extending to the lung periphery that is con-
sistent with ARDS. Following the diagnostic results, 
the patient is prepped for endotracheal intubation.

After successful intubation, she is placed on me-
chanical ventilation: PRVC, rate 14 breaths/minute, VT, 
490 mL (8 mL × 61.6 kg); PEEP, 10 cm H2O; Fio2, 1.0. A 
CXR completed following intubation showed the ETT 
to be 4 cm above the carina. An arterial line is inserted 
15 minutes later; an ABG reveals pH, 7.30; Paco2,  
52 mm Hg; Pao2, 68 mm Hg; HCO3

-
 , 25 mEq/L. Tidal 

volume was reduced within 2 hours to 6 mL/kg of IBW, 
resulting in a delivered VT of 370 mL that decreased the 
plateau pressure from 31 to 26 cm H2O that follows 
ARDSNet guidelines. However, the reduction in VT af-
fected the Pao2, which dropped to 50 torr; an optimal 
PEEP study was begun that raised baseline pressure from 
10 to 20 cm H2O. Upon completion of the PEEP study, 
the static compliance had improved from 20 to 31 mL/
cm H2O; plateau pressure rose from 26 to 28 cm H2O.

Unfortunately, the successes detailed above did not 
last past 24 hours as the patient was eventually transi-
tioned to HFOV and required a bedside video-assisted 
thoracoscopic surgery to remove thoracic blood clots 
that were complicating mechanical ventilation ef-
forts. The care for this patient would continue for 

(Continues)
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another 72 hours before a transfer is requested for an 
ECMO center. She was ultimately placed on ECMO for 
10 days; after 10 days, she was removed from ECMO 
secondary to an inability to safely maintain activated 
clotting times necessary for minimizing clotting or 
hemorrhaging complications associated with ECMO. 

Although she encountered many complications, she 
would eventually overcome all the medical challenges 
by surviving an ordeal that still sees mortality rates 
ranging from 30% to 40% and possibly higher de-
pending on studies (Table 19-17).

Case Study (Continued )

Complications Causes

Barotrauma Poor lung compliance, excessive ventilator pressures, inappropriate PEEP levels

Infections Nosocomial from prolonged hospitalization, indwelling catheters (central or arterial lines, urinary), ventilator-
associated pneumonia (VAP)

Lung scarring Pulmonary infection, mechanical ventilation, ARDS cycle (exudative ⇒ proliferative ⇒ fibrotic)

Blood clots Immobility, poor use of anticoagulants and compression socks 

Hypotension Excessive PEEP, overuse of diuretic therapy

TABLE 19-17
Complications Associated with ARDS35

Chapter Summary
Patients surviving in-hospital ARDS still must over-
come challenges upon discharge. Evaluating outcomes 
and quality of life after surviving ARDS is pertinent to 
developing an overall health plan after patients leave the 
acute care setting. An article by Herridge et al.36 evalu-
ated ARDS survivors at 3, 6, and 12 months and at 2, 3, 
4, and 5 years after discharge from an ICU. The findings 
included exercise limitation, physical and psychologic 
issues, and a decrease in quality of life that can extend 
up to 5 years post-discharge and possibly beyond within 
particular subgroups. Interestingly, ARDS survivors had 
normal or near-normal pulmonary function tests at 3 
and 5 years, yet 6-minute walking distances were re-
duced.36 Survivors who had a quicker resolution of lung 
injury achieved a greater distance in the 6-minute walk 
versus those having slower lung injury  resolution—454 m 
versus 427 m.36 During the ICU course, many of the 
patients will have prolonged ventilation days result-
ing in a variety of sedatives, analgesics, and possibly 
paralytics that directly influence physical and psycho-
logic issues. Options such as limiting the usage of the 
above medication classes, undergoing early physical 
therapy while in the ICU, and developing an ARDS sur-
vivor discharge plan may lead to reducing the time of 
post-hospitalization sequela. ARDS survivors health-
care management does not end as identified obstacles 
persist post-discharge from the hospital.

Key Points
1. ARDS mortality remains between 30% and 40% de-

pending on severity.
2. Berlin definition classifies ARDS severity according 

to Pao2/Fio2 ratio—severe (≤100 mm), moderate 
(101–200 mm Hg), and mild (201–300 mm Hg).

3. Sepsis remains the primary causative factor for de-
veloping ARDS.

4. ARDS occurs throughout three different stages—
exudative, proliferative, and fibrotic—during the 
course of 14 days.

5. A secondary consequence of ARDS is pulmonary 
hypertension that will negatively affect hemody-
namics, such as mPAP, PAWP, and RAP.

6. CXR still remain an integral diagnostic exam 
to evaluate ARDS progression or regression.  
An indicator for ARDS is bilateral infiltrates  
on a CXR.

7. Implementation of a lung protective mechanical 
ventilation strategy as proposed by ARDSNet has 
reduced mortality and morbidity by 22%. Other 
advance ventilation strategies for managing hypox-
emia include APRV and HFOV.

8. APRV uses two pressures (PHigh and PLow) along 
with long inspiratory times and short expiratory 
times to improve V/Q mismatch and gas distribu-
tion as well as lessening the need for sedatives and 
NMBs.
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9. HFOV is a decoupling ventilator that permits the 
clinician to control mPaw that augments pulmo-
nary distending pressures to facilitate improvement 
in FRC.

10. Prone positioning is a safe and beneficial option 
for ARDS because it was demonstrated to reduce 
mortality.

11. The use of a NMB, cisatracurium, for 48 hours 
in severe ARDS saw an improvement with calcu-
lated 90-day mortality rates, increased number 
for ventilator-free days, and lowering pulmonary 
complications.

12. Incorporating inhaled prostaglandins or NO raises 
Pao2 for short term, but has not shown to improve 
outcomes for ARDS.

13. Complications accompanied with ARDS are associ-
ated with the necessary interventions to manage 
its progression: mechanical ventilation, indwelling 
catheters, diuretics, and hospitalization.

14. ARDS survivors will have to overcome physical and 
psychologic issues once discharged from the hospi-
tal. Survivors having a quicker pulmonary resolu-
tion achieve greater walking distances than those 
who had a slower recovery time.

Chapter Questions
1. According to the Berlin definition, which of the fol-

lowing are clinical criteria for ARDS?
I. Onset within 1 week of a known clinical insult

II. Respiratory failure not explained by fluid 
overload

III. Pulmonary artery wedge pressure ≤18 mm Hg
IV. Bilateral infiltrates on chest x-ray
Answer:

a. All of the above
b. I and II
c. III and IV
d. I, II, and III

2. Which of the following is not a direct cause of 
ARDS?
a. Pulmonary contusion
b. Near drowning
c. Drug overdose
d. Inhalation injury

3. True or false: Increased capillary permeability and 
inflammation are two primary pathophysiologic 
changes occurring with ARDS.

4. Using the ideal body weight (IBW) calculation, cal-
culate the IBW for a 5-foot 8-inch tall female.
a. 74 kg
b. 64 kg
c. 55 kg
d. 48 kg

5. Which of the following may be advantages associ-
ated with airway pressure release ventilation?

I. Improved V/Q mismatch
II. Lower peak airway pressures

III. Worsening gas distribution
IV. Reduced need for neuromuscular blockades
Answer:

a. I, II, and III
b. I, II, and IV
c. III and IV
d. All of the above

6. True or false: Patients being ventilated using high-
frequency oscillatory ventilation should be allowed 
to spontaneously breathe, as spontaneous breath-
ing is more comfortable for the patient.

7. Which of the following is not a complication asso-
ciated with prone positioning?
a. Endotracheal tube dislodgement
b. Airway obstruction
c. Improvement in oxygenation
d. Facial and airway edema

8. Which of the following extracorporeal life sup-
port therapies is specifically for carbon dioxide 
removal?
a. Venoarterial
b. Venovenous
c. ECCO2R
d. Venobrachial

9. Which of the following are complications associ-
ated with ARDS?

I. Barotrauma
II. Hypertension

III. Blood clots
IV. Infections
Answer:

a. All of the above
b. I, III, and IV
c. I, II, and III
d. II and III
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OBJECTIVES
1. Identify the common characteristics, manifestations, and 

diagnostic features of submersion injury.
2. Discuss the incidence, prevalence, and risk factors as well 

as prognostic determinants of submersion injuries.
3. Describe the underlying pathophysiologic mechanisms in 

submersion injury.
4. Utilize diagnostic testing to identify the severity of a 

submersion injury.
5. Discuss the recommended management for patients with 

submersion injury.
6. Identify common complications and risk factors of 

submersion injury.

KEY TERMS
Apneic time
Autonomic conflict
Cerebral hypoxia
Class 1 patient
Class 2 patient
Class 3 patient
Class 4 patient
Cold shock
Diving response
Drowning
DUBBS

Immersion
Laryngospasm
Mild hypothermia
Moderate hypothermia
Nonfatal drowning
Rhabdomyolysis
Severe hypothermia
Static apnea
Submersion
Time interval

“An ounce of prevention is worth a pound of cure.”

—Benjamin Franklin, Pennsylvania Gazette, February 4, 1735
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Introduction
As long as people have congregated around water, there 
has been injury and death. Paleolithic humans swam for 
the first time to escape enemies or from wild animals. 
The Greek civilization has thousands of years of naval 
history with many reports about swimming appearing 
in both historical and mythological accounts from an-
cient Greece.1

Drowning was a frequent hazard 275 years ago, and 
physicians knew that they could do almost nothing to 
revive an unconscious person pulled from the water. Few 
people knew how to swim—even anglers and seamen 
usually could not swim (Figure 20-2). In 1745, an Eng-
lish physician read a paper to the Royal Society about 
“a man dead in appearance” who recovered after his 
lungs were “distended with air.”2 The science and medical 
community did not follow up on this promising lead. In 
1767, the medical climate was more receptive. At that 
time, a physician described several cases of resuscita-
tion in Switzerland to the Academy of Sciences in Paris.2 

Mouth-to-mouth resuscitation for drowning victims was 
officially recommended by the Paris Academy of Sci-
ences in 1741.3 Soon societies for the revival of the ap-
parently drowned were created in the leading scientific 

Case Study
Jeremy Parton is a 21-month-old well-developed, well-
nourished (14-kg) white male found with his face sub-
merged and upper torso stuck in a bucket of water in his 
grandparents’ laundry room. The boy apparently walked 
away from his family while they were eating in the 
kitchen and was missing for approximately 5 minutes. 
When found, the infant’s mother removed him from 
the bucket and immediately began mouth-to-mouth 
resuscitation. After about five rescue breaths, the in-
fant began breathing spontaneously, cried, and vomited 
a large amount of water. An ambulance took him to the 
local emergency department. In the emergency depart-
ment, he was alert and crying. The infant’s temperature 
was 36.8°C, pulse 156 beats/minute, respiratory rate 
36 beats/minute, blood pressure 95/55. The child’s 
neurologic assessment was within normal limits with a 
Glasgow Coma Score of 13. Chest auscultation revealed 
crackles anteriorly and posteriorly over the bilateral 
lower lung fields and scattered bilateral wheezing. His 
initial arterial blood gas (ABG) results on room air was 
pH 7.34, Paco2 34 torr, Pao2 51 torr, Sao2 84%, and HCO3

- 

19 mEq/L. The patient received supplemental oxygen by 
nasal cannula at 4 L/minute. A follow-up ABG on 4 L/
minute showed the pH 7.37, Paco2 33 torr, Pao2 72 torr, 
Sao2 94%, and HCO3

-  19 mEq/L. A 20 L/minute high-
flow nasal cannula (HFNC) with 50% oxygen replaced 
the low-flow nasal cannula. His oxygenation improved 
at that time (Figure 20-1).

A chest radiograph revealed patchy opacifications in 
both lower lobes with the left clearer than the right, 
consistent with bibasilar subsegmental atelectasis. 
There were mild central pulmonary congestion and 
interstitial edema consistent with noncardiogenic 
interstitial pulmonary edema. The patient was under 
observation in the emergency department for 6 hours 
and admitted due to hypoxemia and atelectasis. He 
received supportive care, was weaned off the oxygen, 
and was discharged on Day 4 with no neurologic or 
pulmonary consequences.

FIGURE 20-1 The respiratory therapists discontinued the patient’s 
supplemental oxygen 2 days later, but the child remained in the 
hospital for 10 days.
© Adkasai/iStock/Getty Images.

FIGURE 20-2 The poor princess fell into the sea and nearly 
drowned.
© Morphart Creation/Shutterstock.
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cities—Amsterdam, Milan, Venice, Hamburg, Paris, St. 
Petersburg, Berlin, and Boston, Massachusetts.2

Over 3,000 people die each year in the United States 
as a result of drowning.4 Worldwide, about 372,000 
people died from drowning in 2012, making drown-
ing an important public health problem.5 Despite 
well-recognized prevention strategies, knowledge of 
drowning pathophysiology, and advances in emergency 
medicine and critical care, each year many young, pre-
viously healthy people die or suffer from injury second-
ary to this dramatic clinical picture.6

from major organizations whose focus is resuscitation 
and epidemiology were present at these conferences. 
See Table 20-1 for the names of these organizations.

The World Health Organization (WHO) adopted the 
definitions agreed upon at the 2002 World Congress on 
Drowning that year. The conference findings determined 
that terms like “near drowning,” “dry or wet drowning,” 
“secondary drowning,” “active and passive drowning,” 
and “delayed onset of respiratory distress” should be 
avoided.9 The two terms that appear in the accepted 
definition of drowning are submersion and immersion. 
Submersion refers to the entire body, including the air-
way, being within a liquid, usually water. A submersion 
usually occurs in a swimming pool or body of water. 
Immersion occurs when part of the body, specifically the 
face and airway, is within a liquid. Immersion typically 
occurs in a bucket of water or toilet. Therefore, drowning 
is the process of experiencing respiratory impairment 
from submersion/immersion in liquid.9 The liquid/
air interface at the entrance of the airway prevents the 
victim from breathing air.10 See Table 20-211 for cur-
rently acceptable terminology. The World Congress on 
Drowning 2002 also defined three possible outcomes for 
drowning, as seen in Figure 20-3. The victim may live 
or die after the drowning process, but whatever the out-
come, he or she was involved in a drowning incident.

The Drowning Process
Drowning is a continuous process that begins with the 
victim’s inability to keep his or her airway clear of fluid. 
The conscious victim will either voluntarily spit out or 

KNOWLEDGE CHECK QUESTIONS

1. True or False: The best method to resuscitate 
a drowning victim has always been cardiac 
compressions.

2. True or False: Drowning is a worldwide public 
health problem.

Definition/Diagnosis
In past years, much confusion surrounded the terminol-
ogy utilized to describe persons who drowned. In 2005, 
Papa et al. published an article in Resuscitation that re-
viewed the drowning literature from 1966 to 2002.  
They found 20 different definitions for drowning,  
13 different definitions for near drowning, and  
13  related terms in the 43 articles they reviewed. They 
also identified 20 inconsistent outcome measures.7 
There was little consistency and lack of common 
 language about drowning. The terminology used in 
the past attempted to align definitions of drowning 
with the pathophysiologic process of drowning and its 
clinical implications.8 The terms included drowning, 
near drowning, secondary drowning, wet drowning, 
dry drowning, active drowning, passive drowning, and 
silent drowning. The lack of standardized definitions 
stood as a hindrance to population-based surveillance 
studies on drowning incidents and prospective clinical 
studies of prognostic factors and outcomes of drown-
ing.8 This means that studies could not be compared to 
evaluate prognosis or outcomes of drowning.

In June 2002, an international consensus confer-
ence on drowning convened to create uniform report 
standards for drowning data. This process also included 
formal discussions, expert panel review, endorsements 
from multiple organizations, and recommendations 
from other interested parties.8 The conference was part 
of a larger comprehensive meeting called the World 
Congress on Drowning.7 The uniform definitions, termi-
nology, and datasets created are referred to as “Utstein 
style” guidelines, named for the location of the earlier 
international consensus conferences: the Utstein Ab-
bey on the island of Mosterøy, Norway. Representatives 

Organization Country

American Heart Association United States

Dutch Society to Rescue People from 
Drowning

The Netherlands

European Resuscitation Council European Countries

Centers for Disease Control and 
Prevention

United States

Australia and New Zealand 
Resuscitation Council

Australia and New 
Zealand

InterAmerican Heart Foundation North and South 
American Countries

Heart and Stroke Foundation of Canada Canada

Resuscitation Council of South Africa South Africa

Data from Idris A, Berg R, Bierens J. Recommended guidelines for 
uniform reporting of data from drowning: the “Utstein Style”. Circulation. 
2003;108(20):2565–2574.

TABLE 20-1
Organizations with Representatives on the Utstein 
Task Force on Drowning

The Drowning Process 543



swallow the liquid. Next, a conscious victim begins to 
breath-hold. When the inspiratory drive is too high to re-
sist, aspiration occurs, and some amount of liquid moves 
into the airways and coughing occurs as a reflex re-
sponse. An involuntary period of laryngospasm, closure 
of the larynx due to laryngeal muscle spasm, may follow 
secondary to the presence of liquid in the oropharynx or 
larynx. During the period of breath holding and laryn-
gospasm, there is a depletion of oxygen and retention of 
carbon dioxide. The victim suffers hypercarbia, hypox-
emia, and acidosis. Frequently, the victim also swallows 
large volumes of water during this time. The victim’s 
respiratory movements may become active, but there 
is no exchange of air because of the obstruction at the 
level of the larynx. As the victim’s arterial oxygen tension 
decreases further, laryngospasm stops, and the victim 
actively inhales liquid. The amount of liquid aspirated 
varies considerably from victim to victim. If no rescue 
occurs, aspiration continues and the hypoxemia leads to 

a loss of consciousness and apnea. Changes occur in the 
lungs, body fluids, oxygen tension, acid–base balance, 
and electrolyte concentrations, which are dependent on 
the composition and volume of the liquid aspirated and 
the duration of submersion (time interval).9,12–14

Term Definition

Drowning The process of experiencing respiratory impair-
ment from submersion or immersion in liquid

Nonfatal 
drowning

Survival after drowning, further classified as 
nonfatal (survival) with morbidity or no morbidity

Fatal drowning Death due to drowning

Submersion The whole body is under water

Immersion Part of the body is covered with water (for 
drowning to occur, the face and airway would 
have to be immersed)

Witnessed Drowning episode observed from the onset of 
immersion or submersion

Unwitnessed Victim found in water; no one saw the event

Time interval The time between the initial airway compromise 
and return of ventilatory efforts

Data from Jones P, Moran K, Webber J. Drowning terminology: not what it 
used to be. N Z Med J. 2013;126(1386):114–116. http://journal.nzma.org 
.nz/journal126-1386. Accessed August 24, 2015.

TABLE 20-2
WHO Accepted Terminology for Drowning

MorbidityNo morbidity

Drowning

Survival
(nonfatal drowning)

Death
(fatal drowning)

FIGURE 20-3 Three possible drowning outcomes.

KNOWLEDGE CHECK QUESTION

1. True or False: When part of the body is within 
the water, it is known as immersion.

2. True or False: The three possible drowning out-
comes include aspiration, laryngospasm, and 
hypoxia.

Clinical Signs and Symptoms
Removal of victims from the body of water or liquid is 
crucial to decrease morbidity and mortality. Drowning 
victims can appear mottled and have minimal or no 
peripheral pulses despite a heartbeat. Rescuers may as-
sume the victim is dead when, in fact, there is cardiac 
function. Assessment at this time is difficult, making it 
vital to begin cardiopulmonary resuscitation (CPR) im-
mediately after the victim is out of the water. Successful 
on-scene resuscitation is the surest predictor of sur-
vival.15 Delaying CPR until the arrival of emergency per-
sonnel lessens the likelihood of the victim’s survival.16

Initial Assessment
Table 20-3 shows a summary of the initial on-the-scene 
assessment of a drowning victim. This table dem-
onstrates that in addition to victim information, 

History Information

Victim 
information

Age, gender, medical history, allergies, drug 
history, precipitating events—trauma, drugs, 
alcohol

Scene 
information

Witnessed (submersion/immersion is observed)
Body of water (bathtub, swimming pool, ocean, 
lake, river)
Time of submersion (if known)
Time of removal from liquid (if known)
Water type (fresh, salt, chemical, other)
Water temperature

Prehospital 
care

Conscious or unconscious when removed from water
CPR—time started, any delay
Neurologic status: ABC and Glasgow Coma Scale 
(GCS)
Initial vital signs (spontaneous breathing, palpable 
pulse, temperature, blood pressure, pupillary 
reaction, oxygen saturation)

Data from Idris A, Berg R, Bierens J. Recommended guidelines for 
uniform reporting of data from drowning: the “Utstein Style”. Circulation. 
2003;108(20):2565–2574.

TABLE 20-3
Initial Scene Assessment of Drowning Victims
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knowledge of certain scene information is helpful in de-
termining the extent of the drowning injury.

The degree of physiologic derangement experi-
enced is determined by the timing of rescue and ranges 
from no evidence of harm to cardiopulmonary arrest. 
Table 20-4 shows a simplified classification system for 
drowning victims used to treat patients in the emer-
gency department and intensive care units (ICUs).17

The Asymptomatic Patient
A patient who was immersed or submerged in a liquid 
and suffered any respiratory event suffered a drowning. 
The respiratory compromise may have been subtle, such 
as coughing or aspirating a small amount of water. Sim-
ply being submerged and breath holding does not con-
stitute a drowning event if no respiratory compromise 
occurred. Sometimes this subtle distinction between 
drowning and submersion without respiratory com-
promise is difficult or impossible for the patient or the 
provider to distinguish.18

An asymptomatic drowning patient has no cough 
or dyspnea. These patients may fit into Class 1 or 2 
(Table 20-4). Class 1 patients present to the emergency 
department with GCS scores of >13 and oxygen satura-
tions of ≥95%. Their vital signs, chest x-rays, and breath 
sounds are within normal limits, and there is no sign of 
any respiratory distress. These patients need observa-
tion for 4–6 hours. If at that time the pulmonary exami-
nation does not reveal crackles, rhonchi, wheezing, or 
retractions and arterial oxygen saturation on room air 
remains ≥95%, the patient can be discharged home. The 
patient should be told to return if fever, mental status 
changes, or pulmonary symptoms occur.19

The Symptomatic Patient
The Class 2 patient (Table 20-4) can have adequate 
ventilation and have mild symptoms with a cough or a 
sore throat. Without evidence of inadequate ventilation, 

these individuals need observation for 4–6 hours to 
ensure no additional signs or symptoms appear. If respi-
ratory distress occurs, the patient needs supplemental 
oxygen at high concentrations. The course of events in 
the hospital determines the disposition of the patient. 
The patient may be either discharged home if breath 
sounds are clear and arterial oxygen saturation remains 
≥95% on room air or admitted to the ICU if there are 
clinical signs of respiratory distress. If discharged, the 
patient also needs to know to return if fever or changes 
in mental or pulmonary status occur.

The Class 3 patient (Table 20-4) can present with 
mild-to-moderate symptoms, including a cough, sore 
throat, dyspnea, altered vital signs, arrhythmias, hypoxia, 
hypothermia, consciousness changes, or metabolic 
acidosis. Chest auscultation may reveal subtle wheezes 
from bronchospasm or foreign body obstruction, or 
crackles from atelectasis or pulmonary edema. For Class 
3 patients, follow the standard Advanced Cardiac Life 
Support (ACLS) and Advanced Trauma Life Support 
(ATLS) protocols with a focus on airway, breathing, and 
circulation. Indications for spinal stabilization include 
cervical spine injuries or head trauma from diving into 
shallow water, surfing, water skiing, and jet skiing or 
another hazard. All vital signs need assessment. Oxygen 
should be given to maintain an oxygen saturation >92%. 
All wet clothing need to be removed and rewarming 
started on any hypothermic patient. These patients re-
quire placement on telemetry to monitor for cardiac ar-
rhythmias. The patient may require a chest radiograph to 
look for evidence of aspiration, pneumonitis, atelectasis, 
pulmonary edema, and inhaled foreign bodies.18 The 
mild to moderately symptomatic patients with abnormal 
vital signs, including low oxygen saturation, should be 
admitted for observation and supportive care for a mini-
mum of 6–24 hours. The length of admission depends 
on the patient’s clinical status. When symptoms have 
resolved, these patients may be discharged.18

The Class 4 patient (Table 20-4) is a severely symp-
tomatic victim of drowning. Follow the ACLS, ATLS, 
and emergency stabilization guidelines with a focus on 
prompt correction of hypoxemia and acidosis for these 
patients. Attempts at spinal immobilization should not 
delay the removal of a patient from the water.10 On scene, 
drowning victims can appear mottled and have minimal 
or no peripheral pulses, due to profound vasoconstric-
tion, despite a heartbeat. Rescuers may assume the victim 
is dead when, in fact, there is cardiac function. Because the 
initial assessment in this situation is difficult, CPR needs 
to begin the moment the victim is out of the water.20 Basic 
life support (BLS) is key to victim survival with on-scene 
resuscitation the surest predictor of survival.15

Some patients with prolonged submersion in cold 
water may appear “cold and dead.” In these severely hy-
pothermic patients, resuscitation and warming should be 
initiated and continued until the core temperature reaches 
32–34°C.14 If the patient is still in cardiopulmonary arrest 
following rewarming, resuscitation can be terminated.18

Class At-the-Scene Description Type of Patient

1 No evidence of inhalation 
of liquid

Asymptomatic patient

2 Clinical evidence of 
inhalation of liquid with 
adequate ventilation

Asymptomatic patient 
or symptomatic 
patient

3 Clinical evidence of 
inhalation of liquid and 
inadequate ventilation

Symptomatic patient

4 Absent ventilation and 
circulation

Cardiopulmonary 
arrest

Data from Hasibeder WR. Drowning. Curr Opin Anaesthesiol. 
2003:16:139–146.

TABLE 20-4
Simplified Classification of Drowning Victims for 
Hospitalized Patients
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Etiology
Witnesses rarely report the classic image of the drown-
ing victim who is gasping for air and thrashing the water 
around. More often, witnesses describe the victim as 
suddenly motionless in the water or diving into the wa-
ter and never resurfacing, swimming under water and 
appearing to “play possum,” or quietly disappearing be-
low the surface.23 Drowning is mostly silent and rapid.

The primary reasons for drowning include the in-
ability to swim, lack of barriers around swimming areas, 
lapses in supervision, and failure to utilize safety equip-
ment. Drowning is often a secondary event and may 
be due to several factors. See Box 20-1. These factors 
include alcohol ingestion, cardiac arrhythmias, cervical 
spine injury, drug ingestion, head trauma, hyperventila-
tion, hypoglycemia, hypothermia, myocardial infarc-
tion, poor neuromuscular control, seizures, suicide, and 
syncope.24 Alcohol and drug use can impair judgment 
and swimming ability. Cardiac arrhythmias, myocar-
dial infarction, seizures, and syncope can incapacitate 
a swimmer. Immersion in cold water can result in a 
loss of body heat and lead to hypothermia, resulting in 

Cardiac arrest from drowning is due mostly to 
hypoxia. The sequence of CPR for drowning re-
mains airway–breathing–circulation rather than 
 circulation–airway–breathing because drowning vic-
tims need urgent replenishment of oxygen starting 
with rescue breaths as a result of severe asphyxia.21 

Mouth-to-mouth ventilation in the water may be help-
ful when administered by a trained rescuer.22

Table 20-5 shows a more sophisticated classification 
system based on data from 41,279 rescues.13 This system 
not only stratifies risk but also helps guide prehospital 
interventions and predicts survival. This classification 
system has eight grades: Rescue, Grades 1 through 6, 
and Dead.13 Patient evaluations and submersion time 
are the basis for the classification system. The initial 
assessment includes checking for verbal and tactile 
responses to stimuli. No response to these stimuli initi-
ates opening the airway and checking for ventilation. 
Subsequent evaluations guide the recommendations for 
interventions and management, including checking for 
a pulse, breath sounds, cough, and blood pressure. This 

classification system allows for research concerning the 
treatment and progress of drowning victims.

Grade Signs and Symptoms

Rescue Alive with normal breath sounds
• no cough
• no evidence of pulmonary edema (no foam in mouth 

or nose)
• no dyspnea
• no cardiac arrest

1 Cough present
• no evidence of pulmonary edema (no foam in mouth 

or nose)

2 Some crackles on auscultation
• small amount of pulmonary edema (some foam in 

mouth or nose)

3 Acute pulmonary edema without hypotension or shock
• large amounts of foam in mouth or nose
• palpable radial pulse

4 Acute pulmonary edema with hypotension or shock
• large quantities of foam in mouth or nose
• no palpable radial pulse
• carotid pulse present

5 Respiratory arrest
• no breathing
• pulse present

6 Cardiopulmonary arrest

Dead Obvious physical evidence of death

Data from Szpilman D, Simcock A, and Graves S. Classifications of drowning. 
In: Bierens J, ed. Drowning: Prevention, Rescue, Treatment.  
2nd ed. Dordrecht, The Netherlands: Springer Heidelberg; 2014: 689.

TABLE 20-5
Severity Drowning Classification System 
for Prehospital Victims

BOX 20-1 Primary and Secondary Causes 
of Drowning

Primary Causes 
of Drowning Secondary Causes of Drowning

• Inability to swim
• Lack of barriers 

around swimming 
areas

• Lapses in 
supervision

• Failure to utilize 
safety equipment

• Forces of nature

• Alcohol use
• Assault
• Cardiac arrhythmias
• Cervical spine injury
• Drug ingestion
• Head trauma
• Hypoglycemia
• Hypothermia
• Intentional hyperventilation
• Myocardial infarction
• Poor neuromuscular control
• Seizures
• Suicide
• Syncope

KNOWLEDGE CHECK QUESTIONS

1. True or False: The target oxygen concentration 
for a drowning patient is ≥92%.

2. True or False: The presence of foam in the 
mouth or nose is an indicator of pulmonary 
edema.
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confusion, incoordination, and muscle rigidity. Head 
and cervical spine injury may prevent a person from 
resurfacing following a diving or boating accident. 
Hyperventilation prior to diving into water decreases 
the body’s Paco2, while not significantly increasing the 
Pao2. The result of lower Paco2 levels at the start of 
breath-hold is that it takes longer to reach the levels 
required to drive the urge to breathe. During underwa-
ter swimming, the Pao2 can decrease to levels of 30–40 
torr. The delay in the urge to breathe can result in loss of 
consciousness due to hypoxia with no warning.23,25

The behaviors that may lead to drowning injury in-
clude intentional hyperventilation, static apnea, and 
hypoxic training swimming. These behaviors have been 
designated as “dangerous underwater breath-holding 
behaviors” (DUBBS). Static apnea is pure breath hold-
ing underwater. Hypoxic training swimming entails 
underwater lap swimming and resistance to the urge to 
breathe. DUBBS can lead to the death or injury of oth-
erwise strong, healthy swimmers.26

The cause of drowning tends to vary with the person’s 
age.24 Infants and children under the age of 5 years most 
often drown by falling into swimming pools or other bod-
ies of water around the home (buckets and bathtubs).27 
It is not usually a complete lack of adult supervision that 
leads to these drownings. It is, rather, a momentary lapse 
in supervision, as in the chapter case study.

percentage of deaths for all age groups that occur in the 
United States from drowning in the various sites. In the 
United States, during 1999–2006, three states had the 
highest number of unintentional drowning mortalities: 
California, Florida, and Texas.31

Rank of Unintentional Drowning as 
Related to the Leading 10 Causes 
of Injury Deaths Age Group

1 1–4 years

2 5–9 years

3 No age group

4 No age group

5 10–14 years

6 15–24 years

7 <1 year

8 25–34 years

9 35–44 years

10 45–54 years

Data from National Center for Injury Prevention and Control. CDC using 
WISQARSTM, 10 Leading Causes of Injury Deaths by Age Group Highlighting 
Unintentional Injury Deaths, United States; 2013.

TABLE 20-6
Unintentional Drowning as a Leading Cause of Death 
by Age Group

KNOWLEDGE CHECK QUESTIONS

1. True or False: The drowning of infants and small 
children is often due to a momentary lapse in 
supervision.

2. True or False: Drowning victims typically thrash 
about in the water gasping for air.
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FIGURE 20-4 Locations of unintentional drowning deaths—the 
United States, 2010.
Data from Baldwin G, Gilchrist J, Noonan R. The burden of drowning: issues in selected 
countries – The United States. In: Bierens J, ed. Drowning: Prevention, Rescue, Treatment. 
2nd ed. Dordrecht, The Netherlands: Springer Heidelberg; 2014:99–100.

Epidemiology
In 2014, the WHO reported that worldwide, drowning 
accounts for an estimated 372,000 deaths annually and 
is the third leading cause of unintentional injury death.28 
Overall, drowning death rates in the United States have 
declined in the past decade; however, drowning is the 
primary cause of injury death among children 1–4 years 
of age.4,29 In all ages groups, unintentional drowning is 
the tenth leading cause of injury death. See Table 20-6 
for an age breakdown of unintentional drowning as a 
cause of injury deaths in the United States.

The site of drowning varies by age group, with bath-
tubs responsible for 51% of the drowning deaths of in-
fants under age 1 year. Swimming pools account for 58% 
of drowning deaths among children ages 1–4 years, and 
natural bodies of water are the site of 55% of drowning 
among children 5–19 years.30 Figure 20-4 shows the 
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The National Center for Health Statistics (NCHS) 
reported that drowning death rates decreased over 
time for all age groups.29 The exception is adults aged 
45–84 years.23 Also, the average daily number of 
deaths from unintentional drownings on a weekend 
day was 48% higher than that on a weekday.29 Further-
more, drowning occurs most often (a) in a bathtub 
for persons under 1 year of age and over 85 years of 
age, (b) in a swimming pool for children aged 1–4 
years, and (c) in natural water for persons aged 5–84 
years.29 Figure 20-5 shows the deaths per 100,000 
in the United States by age group for the years 1999 
through 2010.

The global burden of death from drowning is within 
all economies and regions. However, the WHO has 
found three exceptions. First, low- and middle-income 
countries account for 91% of unintentional drowning 
deaths. Second, over half of the world’s drowning oc-
curs in the WHO Western Pacific Region and WHO 
South-East Asia Region. Third, drowning death rates 
are highest in the WHO African Region and are 10–13 
times greater than those seen in the United Kingdom or 
Germany, respectively.28

In the United States, the most economically active 
segment of the population suffers 45% of deaths from 
drowning. The mortality rate for males is higher than 
for females, and the death rate for blacks is significantly 
greater than the overall death rate. Males accounted 
for more than half of the nonfatal drowning patients 
in the emergency department.4 The economic burden 
of drowning is tremendous. Coastal drowning in the 

United States alone accounts for $273 million each year 
in direct and indirect costs.28

Pathophysiology
Pathophysiologic events are only part of the cause of 
drowning. Several factors influence drowning, including 
the swimming ability of the victim; the time in or under 
the water; the water temperature; and water conditions 
such as clarity, waves, currents, and water pollution.32 
Each drowning scenario is different, and not all patho-
physiologic mechanisms involved in drowning occur. 
Many of the mechanisms may be life threatening, and 
some may be life protective.32
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FIGURE 20-5 Death rates from unintentional drowning, by age group: United States, 1999–2010.
From Xu JQ. Unintentional Drowning Deaths in the United States, 1999–2010. NCHS data brief no. 149. Hyattsville, MD: U.S. Department of Health and Human Services, CDC, National Center 
for Health Statistics; 2014.

KNOWLEDGE CHECK QUESTIONS

1. In the United States, the death rate is highest 
for the ________________ age group.
a. <1 year
b. 1–4 years
c. 10–14 years
d. 15–24 years

2. The highest number of unintentional drowning 
mortalities occurs in _______________.
a. Louisiana
b. North Carolina
c. Texas
d. Washington
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The Drowning Process
The drowning process itself is a continuum (Figure 20-6) 
that starts when the victim’s airway falls below the sur-
face of a liquid medium, most often water. Before this 
occurs, while the victim’s airway is above the water, a 
struggle may occur. Adults can struggle for about 60 
seconds while children only for 20 seconds before they 
become submerged.33

Once the victim’s airway is under the surface, volun-
tary breath holding occurs. During the panic, however, 
breath holding may be completely absent. The amount 
of time for this breath holding, apneic time, varies 
widely. These variabilities depend on water tempera-
ture, previous experience, training, psychologic factors, 
age, gender, vital capacity of the lungs, and glucose and 
progesterone levels.32 Most individuals tolerate only 
about 1 minute of apnea, less if alcohol is involved. 
Hypoxia trained individuals may tolerate over 2 min-
utes of breath holding. The tolerance in these trained 
individuals is increased most of all for a higher Paco2 
and to a lesser extent for a lower Pao2.32 The maximum 
amount of apneic time for a static dive is longer than 
10 minutes.34

Gasping causes a small quantity of water to enter 
the lungs during the struggle or breath-hold. This 

amount is typically <30 mL.33 During the apneic time, 
the oxygen level drops, and the carbon dioxide level 
builds within the blood. The victim suffers hypercar-
bia, hypoxemia, and acidosis. Involuntary laryngo-
spasm may occur following the voluntary breath-hold. 
During this time, respiratory movement may occur 
but aspiration does not take place. Once the degree of 
hypoxia is sufficient, causing the victim to lose con-
sciousness, the protective reflexes intact are lost and 
the laryngospasm releases. At this time, the victim as-
pirates water.35 Unconsciousness may occur earlier in 
the drowning continuum if the victim hyperventilates 
prior to or during the drowning process. The loss of 
consciousness is from cerebral hypoxia, lack of oxygen 
in the brain, occurring prior to the hypercapnic drive 
to breathe.23,25

Involuntary respiratory drive or loss of conscious-
ness leads to the aspiration of water. The amount of 
water that enters the lungs in human drowning is 
somewhere between 2 and 4 mL/kg.14 Water ingestion 
happens most commonly during the initial struggle 
to stay above water and varies among victims. Water 
ingestion can lead to regurgitation and aspiration dur-
ing the drowning process, spontaneous recovery, and 
resuscitation.36

Death

Respiratory failure

Hypercapnea, acidosis, hypoxia

Submersion/immersion

Possible laryngospasm

Hypoxia

Hyperventilation

Breath holding
(<1 minute or absent)

Water ingestion
Possible gasping

Struggle above water
Adult approximately 60 seconds
Child approximately 20 seconds

Loss of
consciousness

Involuntary respiratory
drive (gasp)

FIGURE 20-6 The drowning process9,13,18,33—a victim can be rescued at any time during the drowning process.
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and capillaries can lead to acute lung injury and 
 ultimately acute respiratory distress syndrome 
(ARDS).18

Finally, the aspirated medium may carry debris 
and infectious organisms, which can promote lung 
infections.38 When the aspiration is significant, there 
may be early evidence of intra-alveolar consolida-
tion. See Figure 20-8. It may be tough to differenti-
ate infection from aspiration pneumonitis in the 
acute setting.18

Cardiovascular Dysfunction
The cardiovascular effects of drowning result from 
hypoxia, acid–base disturbances, catecholamine 
release, and hypothermia. Initially, apnea leads to 
decreased oxygen saturation and precipitates tachy-
cardia and hypertension. Bradycardia and hypoten-
sion follow. Blood shunts to vital organs, such as the 
brain, heart, and lungs.39 Bradycardia is myocardial 
protection when present because myocardial oxygen 
consumption falls in response to the bradycardia.10 
See Figure 20-9. Bradycardia is also a response acti-
vated when there is cold-water immersion of the face. 
This is called the diving response and is one of the 
mechanisms proposed to explain why a few drowning 
victims survive underwater in cold water for as long as 
66 minutes.40

Immersion in cold water speeds the above process 
and often leads to the impaired ability of the victim to 
swim (swimming failure) because of decreased per-
fusion of the extremities.41 A sudden immersion in 
cold water produces a dynamic response in the body’s 

Pulmonary Injury
Pulmonary injury from drowning initiates with the as-
piration of water. As little as 1–3 mL/kg of water may be 
sufficient to affect the lung parenchyma.18 The bottom 
line in pulmonary compromise from drowning is the 
same no matter what type of water is aspirated:  
ventilation–perfusion mismatch.

Fluid aspiration, salt water or fresh water, causes 
a disruption in the pulmonary surfactant, leading to 
alveolar collapse, ventilation–perfusion mismatch, 
and ultimately pulmonary shunting (Figure 20-7). The 
aspiration of salt water washes out pulmonary sur-
factant and draws capillary fluid into the pulmonary 
interstitium and alveoli. This causes a decrease in lung 
compliance, bronchospasm, and ventilation–perfusion 
mismatching. Freshwater aspiration destroys pulmo-
nary surfactant and causes capillary permeability. This 
leads to a reduction in lung compliance, atelectasis, and 
ventilation–perfusion mismatching.

Whether the drowning event occurs in fresh wa-
ter or salt water, the result is pulmonary edema, a 
decrease in pulmonary compliance, and an increase 
in the ventilation–perfusion mismatch. Immedi-
ately after aspiration of either type of liquid, a large 
alveolar–arterial oxygen gradient is seen, whether 
the subject is breathing room air or 100% oxygen. 
This suggests the hypoxia seen in drowning victims is 
due to ventilation–perfusion mismatch, which spans 
the spectrum from absolute intrapulmonary shunt 
to a simple imbalance in the ventilation–perfusion 
ratio.14 The damage caused to the lung parenchyma 

Pulmonary shunt

Ventilation/perfusion
mismatch

Hypotonic fluid
moves into capillaries

Increased capillary
permeability

Draws
capillary fluid

into alveoli

Alveoli Alveoli

Salt water
hypertonic

Fresh water
hypotonic

Surfactant
washout

Surfactant
destruction

AspirationAspiration

FIGURE 20-7 Pulmonary damage from drowning.37 Profound 
alterations in oxygenation may occur when a victim aspirates as little 
as 1–2.2 mL/kg of water into the lungs.14

FIGURE 20-8 Chest radiograph of an 84-year-old post-drowning 
patient taken 1 hour after submersion shows multiple, confluent 
consolidations.
Case courtesy of Dr Jan Frank Gerstenmaier, Radiopaedia.org, rID: 24685.
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Death

Asystole

Ventricular fibrillation

Bradycardia and hypotension

Tachycardia and hypertension

Hypoxia

Submersion/immersion

FIGURE 20-9 Cardiovascular changes during drowning.

cutaneous thermoreceptors, located just below the sur-
face of the skin. This response, called cold shock, causes 
a sympathetically mediated tachycardia, uncontrollable 
hyperventilation, hypertension, and increases in plasma 
catecholamine levels. Hypothermia increases the heart’s 
vulnerability to ventricular fibrillation and makes it 
relatively unresponsive to both electrical and pharma-
cologic interventions.

Sinus bradycardia is the most common arrhythmia 
noted after submersion, but fatal arrhythmias such 
as ventricular fibrillation and asystole are also fre-
quently encountered.42 The interactions between the 
parasympathetic-mediated bradycardia by the diving 
response and sympathetic-mediated vasoconstriction 
by the cold shock response lead to autonomic arrhyth-
mogenic co-activation of the heart. See Figure 20-9. 
Both sympathetic and parasympathetic stimulation of 
the heart can induce cardiac arrhythmias even in young, 
fit, and healthy individuals. The activation of both the 
sympathetic and parasympathetic nervous systems is 
called “autonomic conflict” (Figure 20-10). It produces 
a simultaneous and conflicting positive and negative 
chronotropic drives to the heart, causing supraventricu-
lar and junctional arrhythmias.42 Death from autonomic 
conflict is most likely an underreported cause of mortal-
ity in drowning because arrhythmias are undetectable 
during autopsy.42

In drowning victims, who are in cardiac arrest, 
pulseless electrical activity (PEA) and asystole are 
the most common arrhythmias, owing to the hypoxic 
nature of the injury.13 Hypoxic myocardial dysfunc-
tion, as well as immersion diuresis, can lead to sys-
temic hypotension, further exacerbating cardiac and 
neurologic injury.43

Unlike victims with a primary cardiac arrest, almost 
all submersion victims have a health heart when they 
get into trouble. The course of cardiac events during 
drowning is much more complex and variable than the 
on–off mechanisms that occur during a cardiac arrest 
due to ventricular fibrillation. Drowning is a unique 
form of cardiopulmonary arrest.44

Hypothermia
Hypothermia is a core body temperature of <35°C. 
There are three categories: mild hypothermia  
(32–35°C), moderate hypothermia (30–32°C), and 
 severe hypothermia (<30°C). The rate of change of core 
temperature in an immersed body is dependent on the 
interrelationship of several physical and physiologic 
factors. These factors include the water temperature, 
relative movement of water adjacent to the skin, body 
surface area to mass ratio, insulation, peripheral circula-
tion, metabolism, or conditions that may cause any of 
these factors (e.g., injury, intoxication).45 People cool 
4–5 times faster in water than in air at the same tem-
perature. In water below 25°C, the heat loss is greater 
than the metabolic heat production. This is why people 
rescued from water are often hypothermic, especially 
children because of their large surface area to body 
mass ratios.46

Hypothermia can play an important role in fa-
cilitating aspiration and poses a problem even if the 
victim’s head remains out of the water (head-out 
immersion). As body temperature falls, shivering in-
creases oxygen consumption and metabolic rate with 
contractions of small and large muscle groups, in an 
attempt to increase heat production. Below a core 
temperature of about 30°C, shivering stops, heart 
rate and blood pressure fall, and oxygen consump-
tion and metabolic rate decrease.6 Immersion times 
of 2–5 minutes seem to be well tolerated by young, 
healthy people. Total immersion of 25 minutes or 
more is associated with a very high mortality rate, al-
though precise figures vary widely according to the as-
sociated factors mentioned earlier.6 Hypothermia can 
lead to the drowning of head-out immersion victims. 
See Table 20-7 for effects of hypothermia on body 
function.

There is considerable debate about whether hypo-
thermia in drowning acts as a protective mechanism. 
For hypothermia to have a neurologic protective 
function, cooling must take place rapidly and ideally 
before any hypoxic insult.20 The water would need 
to be <10°C (50°F) for this to occur.47 One example 
is a 2-year-old girl who fell into iced water (<5°C) 
and recovered after being completely submerged for 
66 minutes.48 Table 20-8 shows a time table with re-
sponses and hazards of immersion and submersion in 
cold water.
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Blood Volume and Electrolyte Effects
Changes in blood volume and electrolytes depend di-
rectly on the amount of fluid aspirated. The amount of 
fluid typically aspirated by a drowning victim is only 2–4 
mL/kg. It takes more than 11 mL/kg of hypotonic fluid 
to increase blood volume. If resuscitated, this type of 
victim develops hypovolemia due to redistribution of the 
liquid. Hypovolemia occurs following the aspiration of a 

significant amount of hypertonic fluid (salt water). How-
ever, most drowning victims do not aspirate enough fluid 
to cause life-threatening changes in blood volume.14

Significant electrolyte changes secondary to aspira-
tion of large fluid volumes is rare.10 An exception is 
drowning in extremely electrolyte-rich liquids, such 
as the Dead Sea, which has electrolyte concentrations 
10-fold higher than sea water.49

Cold water immersion

Autonomic conflict

Arrhythmias

Predisposing factors

Face cold and wet
Breath hold

Diving response

Cutaneous
cold receptors

Break of breath hold Break of breath hold

Sympathetic stimulation

Tachycardia

Cold shock response
Attempted breath hold

• Ischemic heart disease
• Myocardial hypertrophy
• Acquired (drug-induced) LQTS
• QT interval does not match
 the prevailing heart rate
• Atherosclerosis
• Channelopathies (LQTS)

↓ Heart rate ↑ Heart rate

(Affecting SA and AV nodes
and the myocardium)

Parasympathetic Stimulation

Bradycardia

(Predominantly affecting
SA and AV nodes)

FIGURE 20-10 Autonomic conflict—cold-water immersion activates two powerful reflexes—the diving response (on facial immersion) and 
the cold shock response (on the activation of cutaneous cold receptors). The magnitudes of these responses can vary with a range of factors, 
including water temperature, clothing, and habituation. Individually, the diving response triggers a parasympathetic bradycardia, while cold shock 
activates a sympathetically driven tachycardia. Together these conflicting inputs to the heart can lead to arrhythmias—particularly during the 
breath-hold that increases parasympathetic tone that varies with breathing. The substrate for arrhythmias is enhanced by various predisposing 
factors, including the failure of the QT interval to match the rapid and transient changes in heart rate. In circumstances other than cold-water 
immersion, these may additionally include awakening, anger, stress, arousal, etc.
Reprinted with permission from Wagner C. Pediatric submersion injuries. Air Med J. 2009;28(3):116–119. doi:10.1016/j.amj.2009.02.009.
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Neurologic Injury
Traditionally, drowning has been viewed as a process 
affecting the pulmonary system. However, a more ac-
curate description of drowning includes effects on the 
brain.43 During the first 5 minutes of submersion, the 
brain receives less and less oxygen due to cardiopul-
monary compromise. As the cerebral blood flow falls, 
hypoxia occurs (cerebral anoxia). The brain has negli-
gible metabolic reserves and cannot remain viable in 
the absence of a continuous delivery oxygenated blood. 
It is the intensity and duration of cerebral hypoxia that 
are the most important elements of brain demise in 
drowning.50 This cerebral hypoxia causes a pathophysi-
ologic cascade leading to neuronal damage and death. 

Irreversible acute neuronal injury and the resulting 
pathologic changes (demyelination, tissue death, edema, 
and hemorrhage) can result in chronic morbidity, rang-
ing from mild cognitive impairment to a persistent veg-
etative state.43

Over the past 50 years, numerous clinicians and re-
searchers have attempted to enhance cerebral perfusion 
in hopes of promoting favorable neurologic outcome 
after a drowning event. Even after creating an ideal en-
vironment for the brain to heal (normal arterial oxygen 
concentrations, normal glucose levels, normal intracra-
nial pressures, sufficient cerebral perfusion pressures, 
permissive hypothermia for the first 20–24 hours post 
submersion), there is no improvement in outcomes.18

Body Function
Mild Hypothermia 
(32–35°C)

Moderate Hypothermia  
(30–32°C)

Severe Hypothermia 
(<30°C)

Circulation Tachycardia
Vasoconstriction
Acrocyanosis

Bradycardia
Atrial arrhythmia
Electrocardiogram (ECG) changes (J wave, 
prolonged QT time)

Ventricular arrhythmia
Asystole
PEA

Respiration Tachypnea
Hyperventilation

Bradypnea
Hyperventilation

Apnea
Pulmonary edema

Neurology Apathy
Ataxia
Hyperreflexia
Impaired speech
Impaired cognition

Impaired consciousness
Hyporeflexia
Dilated pupils

Coma
Unreactive pupils

Muscular symptoms Shivering Muscular rigor Rhabdomyolysis

Other Cold diuresis

Reproduced from Schilling U, Bortonlin M. Drowning. Minerva Anestesiol. 2012;78(1):74.

TABLE 20-7
Grades of Hypothermia

Time Period Tissue Cooled Physiologic Responses Hazards

Initial (0–3 minutes) Skin Cold shock
Autonomic conflict

Drowning
Cardiovascular problems

Short term 
(3–30 minutes)

Superficial nerves and 
muscles

Decreased: coordination, strength, dexterity, 
and swimming ability

Drowning
Physical incapacitation

Long term  
(>30 minutes)

Deep body tissues Deep body cooling Drowning
Hypothermia
Unconsciousness
Cardiac problems
Collapse of arterial blood pressure

Reproduced with permission from Tipton M, Golden F. The physiology of cooling in cold water. In: Bierens J, ed. Drowning: Prevention, Rescue, Treatment. 2nd ed. 
Dordrecht, The Netherlands: Springer Heidelberg; 2014;848.

TABLE 20-8
Responses and Hazards of Immersion and Submersion in Cold Water
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Renal Injury
Kidney failure frequently develops after prolonged 
submersion injury. Acute tubular necrosis can develop 
from hypoxia, lactic acidosis, hypoperfusion, hemoglo-
binuria, or muscle injury.10,42

Summary of Pathophysiology of Drowning
A summary of the pathophysiology of drowning is given 
in Figure 20-11. It shows a “simplified” schematic view 
of the pathophysiology of drowning, including initial 
submersion, aspiration, hypoxia, pulmonary damage, 
and cerebral damage.

ShuntingARDS

Atelectasis

Pulmonary
edema

Loss of
surfactant

Pulmonal
damage

Cerebral
damage

Hypoxia Blackout

Aspiration

Laryngospasm

Submersion

FIGURE 20-11 Simplified scheme of the complex pathophysiology in drowning. Other factors, not in this scheme, include hypercapnia, 
arrhythmia, hypothermia, and infection. Cerebral and pulmonary damage, primarily due to hypoxia, are the limiting prognostic factors.
Reproduced from Schilling U, Bortonlin M. Drowning. Minerva Anestesiol. 2012;78(1):69–77.

KNOWLEDGE CHECK QUESTIONS

1. The amount of water that typically enters the 
lungs during drowning is ______________.
a. 1–3 mL/kg
b. 2–4 mL/kg
c. 4–6 mL/kg
d. 6–8 mL/kg

2. True or False: The end result of drowning in salt 
water or fresh water is the same, pulmonary 
shunt.

with multiple risks varying by the type of body of water, 
age group, and activity involved.25 There are two main 
risk factor categories: host risk factors and environ-
mental risk factors. See Box 20-2 for the risk factors for 
drowning by age group in the United States.

Host Risk Factors
Certain factors about the individuals who drown have 
been identified as risk factors for drowning. These are 
considered host risk factors and include gender, age, al-
cohol usage, seizure disorders, behavior, and swimming 
ability.

Gender
Males are especially at risk of drowning, with twice the 
overall mortality rate for females. Males are more likely 
to be hospitalized than females for nonfatal drown-
ing. Studies suggest that the higher drowning rates 
among males are due to the increased exposure to water 
and riskier behavior. These behaviors include swim-
ming alone, drinking alcohol before swimming alone, 
and boating.28

Age
Globally age is one of the major risk factors for drown-
ing. In the United States, drowning is the first lead-
ing cause of unintentional injury in children aged 
1–4 years.51 This relationship is associated with a 
lapse in supervision. Children younger than the age 
of 1 year most often drown in bathtubs, buckets, and 
toilets. Children ages 1–4 are more likely to drown in 

Risk Factors
Identification of the risk factors leading to drowning 
is essential for the development of targeted, effective 
prevention strategies. Drowning is a multifaceted event 
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a residential pool.18 The ratio of child to adult drown-
ing in the United States is 3:1, a relatively high ratio.25 
Adolescent drownings in association with recreational 
water activities occur due to inexperience in boating or 
swimming.25 Drowning among adults 65 and older is 
often due to comorbid medical conditions, such as car-
diovascular disease or depression, and most often due 
to bathing alone at home.52

Alcohol
Alcohol is often used in association with recreational 
aquatic activity. Thirty to seventy percent of swimming 
and boating fatal drowning victims had a measurable 
blood alcohol concentration, and 10–30% of those 
deaths could be attributed specifically to alcohol use.53 
Alcohol intake impairs judgment and performance be-
fore submersion and impairs orientation and enhances 
hypothermia once submersion occurs.54

Seizure Disorders
The presence of seizure disorders in any age group in-
creases the risk of drowning.52 The bathtub is the high-
est risk site for drowning fatalities related to seizure 
disorder.25

Behavioral Risk Factors
Risk-taking behaviors include alcohol use, not using 
approved safety devices and swimming where there is 
no lifeguard or supervision. Greater alcohol use and 
increased risk taking while vacationing may explain in-
creased drowning risk of tourists. Minority groups may 
avoid the use of safety devices because they do not want 

others to stigmatize them for not being able to swim or 
swim well.55

Swimming Ability
Poor minority children, specifically African American 
and Hispanic/Latino, are at a significant disadvantage 
concerning swimming ability. Females are more “at 
risk” regarding their swimming ability than their male 
counterparts. Age, race, and socioeconomic factors 
(lunch program and parental education) are associated 
with children who have low swimming ability.56

Environmental Risk Factors
Another risk factor for drowning is the environment 
within which a person drowns. A person could have 
none of the host factors but could drown because that 
person was in or from a high-risk environment. These 
factors include place of occurrence, socioeconomic 
status, parental supervision, and geographic and climate 
conditions.

Place of Occurrence
Access to swimming pools, especially residential, is a 
primary risk factor for childhood drowning. Risk also 
varies with the type of barrier used to prevent access to 
the water, with four-sided isolation fencing having the 
lowest risk. Containers of water in or around the home, 
such as five-gallon buckets, present a drowning risk for 
toddlers as it did in the chapter case study. Open bodies 
of water, such as lakes, ponds, rivers, and canals, are the 
sites where people drown most often.

Socioeconomic Status
Individuals and families of lower socioeconomic status 
often live in unsafe environments. Several factors com-
mon to low-income families may increase a child’s risk 
for drowning, including single-parent households, lack 
of parental education, young maternal age, and multiple 
siblings.57 Low-income families are less likely to use 
safety devices, due to lack of money, lack of transporta-
tion to obtain safety devices, lack of control over hous-
ing conditions, or all of these.57

Parental Supervision
Infant drowning is not always due to a complete lack of 
adult supervision but, rather, because of a momentary 
lapse in supervision.54 It is during that momentary lapse 
that a child can fall into a pool, bucket, or any open 
body of water. What composes adequate supervision 
remains poorly defined. It includes multiple skills, such 
as being aware of hazards; shouldering responsibility 
to take on the role of supervision; providing close, con-
stant, and unimpaired attention; and recognizing when 
someone is in distress.25

BOX 20-2 Various risk factors for 
drowning

Residential pools https://www.shutterstock.com 
/image-photo/child-danger-drowning 
-pool-watch-your-762059431?src 
=ZmfDDN1MHjp1tvzURflP_w-1-1

Access to open 
bodies of water

https://www.shutterstock.com 
/image-photo/danger-drowning 
-warning-sign-330918137?src 
=ZmfDDN1MHjp1tvzURflP_w-1-6

Alcohol use https://www.shutterstock 
.com/image-photo/sunset-boat 
-party-young-people-toasting 
-1066679024?src=MpxaxgjfiEFLN 
-6dNHVzag-1-12

From Nelson S, McCorvey S. Submersion and drowning injuries.  
AHC Media. 2015. http://www.ahcmedia.com/articles/135278 
-submersionand-drowning-injuries. Accessed September 7, 2015.
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Diagnostic Testing
Diagnostic testing for drowning injury is based on 
the severity of the patient. Aspiration of water dis-
rupts gas exchange by washing out surfactant and can 
precipitate ARDS.

Radiological Imaging
Chest radiography is an ancillary diagnostic test for 
drowning patients because imaging immediately after 
a drowning episode is most often normal. Chest x-rays 
are useful in the emergency department if trauma or 
symptoms dictate (respiratory distress or arrest or 
worsening mental status).20,43 If pulmonary edema is 
present, a “batwing” pattern of pulmonary edema is 
seen.60 Figure 20-12 shows a chest radiograph of a 
post-resuscitation drowning patient.

Geographic and Climate Conditions
Adverse climate and water conditions, such as extreme 
heat or cold, storms or typhoons, or flooding, substan-
tially increase the risk of fatal drownings. Unfamiliarity 
with easily changing weather is an important risk factor 
for drowning.25

Prevention
The most efficient intervention for drowning is preven-
tion, with the prime targets being the environment and 
the individuals. Multiple “layers of protection” are best 
to prevent drowning, because no single strategy is likely 
to avoid all submersion deaths and injuries. These lay-
ers might include environmental changes, such as adult 
supervision, pool fencing, water-entry alarms, lifeguards, 
and CPR training. Individual focus prevention includes 
strategies such as swimming and survival skills training 
and the use of personal floatation devices.54 Table 20-9 
summarizes preventative measures for drowning.

difficult to diagnose due to the pulmonary abnormali-
ties that appear on the chest x-rays of drowning vic-
tims. Patients who had a drowning incident in grossly 
contaminated water, such as sewage or manure, 
should receive antibiotics to reduce the risk of bacte-
rial lung infections. The use of prophylactic antibiotics 
does not influence patient outcomes and is not indi-
cated.20,49,59 Table 20-10 shows other complications of 
drowning.

Environmental Strategies Individual Strategies

Adult supervision of young 
children

Swimming instruction

Pool fencing (four sided) Water survival training

Pool alarms (water-entry 
alarms)

Use personal floatation devices 
(not inflatable arm bands)

Lifeguards Avoid rip currents

CPR training Swim in areas with lifeguards

Do not drink and swim or boat

Swim with others

TABLE 20-9
Prevention Measures for Drowning13,54,58

ARDS Pneumonia

Aspiration (water, sand, vomitus) Pneumonitis

Cardiac arrhythmias Pulmonary edema

Dehydration Renal insufficiency

Electrolyte abnormalities Rhabdomyolysis 
(muscle fiber death from 
extreme muscle strain)

Hypothermia Trauma

Hypoxic encephalopathy

Data from Moon R, Long R. Drowning and near-drowning. Emerg Med. 
2002;14:377–386.

TABLE 20-10
Complications Associated with Drowning

KNOWLEDGE CHECK QUESTIONS

1. ________________ is a risk factor for drowning in 
children and adolescents in the United States.
a. Alcohol use
b. Being male
c. Using a bath seat
d. Swimming in residential pools

2. True or False: Multiple layers of protection are 
best to prevent drowning.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Drowning victims rarely develop 
pneumonitis.

2. True or False: Give prophylactic antibiotics to 
reduce the risk of bacterial infection during the 
post-drowning recovery period.

Complications Associated 
with Drowning
Drowning victims often develop aspiration (chemi-
cal) pneumonitis. Drowning-associated pneumonia is 
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Treatment and Management
The goal of resuscitation is immediate ventilation and 
oxygenation to interrupt the sequence of events leading 
to cerebral anoxia. To accomplish this goal, aggressive 
field and hospital resuscitation must be used.23 Two cat-
egories for drowning treatment exist, prehospital (field) 
treatment and hospital treatment.

Prehospital Treatment
Depending on the distance involved, the best recom-
mendation for drowning may be to bring the medical 
equipment to the victim to decrease the time to inter-
vention.61 Advanced medical treatment is given ac-
cording to drowning classification. Table 20-12 shows 
the drowning severity classification system, seen in 
Table 20-5, along with the prehospital treatment recom-
mended for each classification.

Hospital Treatment
The basis for hospital treatment is the four-patient clas-
sification system seen in Table 20-4. The initial emer-
gency department evaluation and treatment focuses 
on establishing and maintaining a patent airway, along 
with the delivery of oxygen with the goal to keep oxygen 
saturation at around 95%.43

Patients with submersion associated with EMS no-
tification, amnesia for the event, loss or depressed con-
sciousness, an observed period of apnea, and those who 

FIGURE 20-12 Posterior–anterior chest radiograph of a post-
resuscitation drowning patient.
Reproduced with permission from THE UNIVERSITY OF VIRGINIA.

Laboratory Studies
Patients with mild symptoms and normal oxygen satu-
ration do not warrant specific laboratory testing. Ob-
taining ABG levels is unnecessary in well-appearing, 
normoxic asymptomatic patients.43

Patients displaying moderate to severe symptoms, 
or patients for whom a detailed history is unobtain-
able, may benefit from laboratory testing to evalu-
ate continued altered mental status, cardiac disease, 
rhabdomyolysis (breakdown of muscle tissue that 
releases a damaging protein into the blood), and other 
conditions affected by or related to the drowning inci-
dent.43 See Table 20-11 for tests that may aid in further 
evaluation of sequelae from the drowning event.

KNOWLEDGE CHECK QUESTIONS

1. True or False: A “batwing” pattern seen on the 
chest radiograph of a hospitalized drowning pa-
tient is evidence of pulmonary edema.

2. One of the lab tests recommended for 
a hospitalized drowning patient with 
evidence of altered mental status is 
___________________________.
a. serum creatinine
b. coagulation panel
c. ABG
d. ECG

Symptoms Diagnostic/Laboratory Testing

Altered mental 
status

• ABG
• Blood glucose
• Blood alcohol level
• Basal metabolic panel (BMP)
• Complete blood count (CBC)
• Head computed tomography (CT) scan

Cardiac disease • Cardiac enzymes
• ECG

Rhabdomyolysis • BMP
• Creatine kinase (CK)
• ECG
• Potassium
• Serum creatinine

Trauma (head/
neck)

• BMP
• Coagulation panel
• CBC
• CT scan of head and C-spine
• Type and screen

Data from Schmidt A, Sempsrott J. Drowning in the adult population: 
emergency department resuscitation and treatment. Emerg Med Pract. 2015; 
17(5). http://www.slremeducation.org/wp-content/uploads/2015/02 
/Drowning-In-The-Adult-Population-Emergency-Department-Resuscitation-And-
Treatment.pdf. Accessed September 20, 2015.

TABLE 20-11
Diagnostic Workup for Post-drowning Patients with 
Moderate to Severe Symptoms
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require a period of artificial ventilation should be trans-
ported to an emergency department for evaluation, even 
if they are asymptomatic at the scene.19 All patients need 
to be warmed, assessed for GCS score, and monitored 
for vital signs, and IV access needs to be established. 
Figure 20-13 shows a general flow chart for the initial 
emergency department treatment of a drowning patient.

Class 1: No Evidence of Inhalation of Liquid
A significant number of victims who had to be rescued 
and received immediate care at the accident site have 
not inhaled water at all.62 Asymptomatic patients who 
have suffered a drowning incident have no cough or 
dyspnea. Their vital signs are normal, without hypoxia 
or tachypnea, and their chest exam is normal, without 
crackles or wheezing. Management of these patients 
includes taking a complete set of vital signs, including 
temperature and pulse oximetry, doing a full physical 

exam, and looking for evidence of pulmonary or trau-
matic injury.63 Box 20-3 is a treatment summary for 
Class 1 patients. If 4–6 hours of observation reveals no 
abnormalities in oxygen status and pulmonary examina-
tion, the patient may be discharged home; see Box 20-4. 
Instructions to return if respiratory symptoms, fever, or 
mental status changes develop must be given.

Class 2: Clinical Evidence of Inhalation  
of Liquid with Adequate Ventilation
This category of patients has inhaled liquid but initial 
assessment shows the patient to have adequate venti-
lation. Assume these patients have hypoxemia until 
otherwise proven and require treatment with high-flow 
oxygen. Monitor their cardiorespiratory system closely. 
These patients may improve, but respiratory deterior-
ation needs aggressive treatment. This treatment may 
include either continuous positive airway pressure 

Grade of Severity Prehospital Treatment

Rescue • Evaluate victim
• Release from the accident site without further medical care

1. Coughing with normal lung 
auscultation

• Rest
• Warm
• Calm the victim
• Advanced medical attention or oxygen is not required

2. Abnormal auscultation with 
crackles in some pulmonary 
fields

• Nasal cannula 5 L/minutes
• Warm
• Calm the victim
• Recovery position if unconscious (lateral decubitus)
• Hospitalization for 6–48 hours
• Chest radiograph for suspected pulmonary edema
• ABG

3. Acute pulmonary edema 
without hypotension

• High-flow oxygen (HFNC, nonrebreather mask)
• Possibly noninvasive ventilatory support or intubation with mechanical ventilation
• Recovery position (lateral decubitus position) if unconscious
• Follow protocols for Grade 4

4. Acute pulmonary edema with 
hypotension

• Treatment for Grade 3
• Start crystalloid intravenously (IV) via peripheral vein (independent of type of water) until restoration 

of normal blood pressure
• Inotropic or vasopressor drugs rarely needed.

5. Respiratory arrest • Mouth-to-mouth ventilation immediately at 12–20 breaths/minute with 15 L of oxygen until 
restoration of breathing

• Treatment for Grade 4

6. Cardiopulmonary arrest • Initiate BLS
• Intubate as early as possible
• Defibrillate if necessary
• Obtain venous access to give epinephrine each 3 minutes
• After CPR, follow treatment for Grade 3 and 4
• If hypothermic, continue CPR 

Dead • Do not start resuscitation

Data from Szpilman D, Simcock A, Graves S. Classifications of drowning. In: Bierens J, ed. Drowning: Prevention, Rescue, Treatment. 2nd ed. Dordrecht, The 
Netherlands: Springer Heidelberg; 2014; 689.

TABLE 20-12
Prehospital (Field) Treatment for the Different Grades of Drowning Severity
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(CPAP) or, when this fails, intubation and mechanical 
ventilation.62 Hypothermia is a concern in all patients 
who were submerged in cold water. Assessing the pa-
tient for hypothermia is essential. If the findings of 

pulmonary examination and oxygen saturation on room 
air remain normal, discharge the patient home with ex-
plicit instructions to seek medical care for any respira-
tory, mental changes or fever. Box 20-5 is a treatment 
summary for Class 2 patients.

Class 3: Clinical Evidence of Inhalation  
of Liquid and Inadequate Ventilation
This category of patients has inhaled liquid and is show-
ing progressive deterioration of respiratory function. 
Many of these patients have gasping respiration with 
a low respiratory rate.62 Trials of noninvasive positive 
pressure ventilation (NIPPV) may overcome these chal-
lenges and should be considered.14 In patients with poor 
persistent ventilation, poor oxygenation, or depressed 
mental status, intubation and positive end-expiratory 
pressure (PEEP) may be necessary.14 Drowning victims 
can develop ARDS requiring ventilatory support and 
ICU admission. This class of patient requires continu-
ous cardiopulmonary and neurologic monitoring and 
may require treatment for hypothermia. Box 20-6 is a 
treatment summary for Class 3 patients.

Class 4: Absent Ventilation and Circulation
Class 4 patients need immediate intubation and mech-
anical ventilation with supplemental oxygen and PEEP. 
Asystole and ventricular fibrillation warrant aggressive 
CPR. The time to first resuscitation attempts is a crit-
ical factor that influences survival. Therefore, aggressive 
resuscitative measures, including reversal of hypoxia and 
cardiovascular stabilization, need urgent initiation in 
drowning victims regardless of initial clinical presenta-
tion.13 ACLS and ATLS algorithms need follow-up with 
a focus on oxygenation, ventilation, volume support, and 
correction of acidosis. Box 20-7 is the treatment sum-
mary for Class 4 patients.

Yes

Patient

Respiratory
insufficiency?

Alert
Somnolent

Stupor, coma,
cardiac arrest

No

Give oxygen
Give oxygen, intubate,
mechanically ventilate,

PEEP

Give oxygen, intubate,
CPR, mechanically

ventilate, PEEP

FIGURE 20-13 Initial drowning treatment flow chart for emergency 
department or ICU.
Redrawn from Wenzel V, Hasibeder W, Simcock A. Treatment protocols: emergency 
department and intensive care unit. In: Bierens J, ed. Drowning: Prevention, Rescue, 
Treatment. 2nd ed. Dordrecht, The Netherlands: Springer Heidelberg; 2014:695.

BOX 20-4 Criteria for 6-Hour Discharge
No fever, no cough, no respiratory symptoms
No crackles, no rhonchi, no wheezing in lungs
Normal oxygenation on room air (saturation 

≥95%)

Data from Wenzel V, Hasibeder W, Simcock A. Treatment 
 protocols: emergency department and intensive care unit. In: 
Bierens J, ed. Drowning: Prevention, Rescue, Treatment. 2nd ed. 
Dordrecht, The Netherlands: Springer Heidelberg; 2014:696.

BOX 20-3 Treatment Summary Class 1: 
Patients with No Evidence of Inhalation 
of Liquid

Admit to emergency department for close 
observation

Monitor oxygen saturation
Assess for hypothermia
If necessary, check electrolytes, glucose, CBC, 

and chest radiography
Discharge after 6 hours

Data from Wenzel V, Hasibeder W, Simcock A. Treatment  
protocols: emergency department and intensive care unit. In: 
Bierens J, ed. Drowning: Prevention, Rescue, Treatment. 2nd ed. 
Dordrecht, The Netherlands: Springer Heidelberg; 2014:696.

BOX 20-5 Treatment Summary Class 2: 
Clinical Evidence of Inhalation of Liquid 
with Adequate Ventilation

Admit for close observation
Oxygen to maintain oxygen saturation at 90–

95%, CPAP if necessary
Assess for hypothermia and initiate rewarming if 

necessary
Check electrolytes, glucose, CBC, and chest 

radiography
Transfer to ICU wherever possible

Data from Wenzel V, Hasibeder W, Simcock A. Treatment 
 protocols: emergency department and intensive care unit. In: 
Bierens J, ed. Drowning: Prevention, Rescue, Treatment. 2nd ed. 
Dordrecht, The Netherlands: Springer Heidelberg; 2014:697.
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BOX 20-7 Treatment Summary Class 4: 
Absent Ventilation and Circulation

CPR
Assess for hypothermia; initiate rewarming if 

necessary
ECG
Defibrillate ventricular fibrillation or ventricular 

tachycardia
Intubation and mechanical ventilation with 

supplemental oxygen and PEEP
Chest radiography, ABG, CBC, BMP, coagulation 

studies, electrolytes, CK, blood glucose
Admit to ICU

Data from Schmidt A, Sempsrott J. Drowning in the adult popu-
lation: emergency department resuscitation and treatment. 
Emerg Med Pract. 2015; 17(5). http://www.slremeducation 
.org/wp-content/uploads/2015/02/Drowning-In-The-Adult 
- Population-Emergency-Department-Resuscitation-And 
-Treatment.pdf. Accessed September 20, 2015.

Active External Rewarming
• Forced-air warming blankets
• Radiant heaters
• Warm water bath
• Warming mattress

Active Internal Rewarming
• Warmed IV fluids
• Warmed inhaled oxygen
• Warmed bladder irrigation
• Peritoneal lavage
• Thoracic lavage
• Hemodialysis
• ECMO
• Cardiopulmonary bypass (CPB)

From Schmidt A, Sempsrott J. Drowning in the adult population: emergency 
department resuscitation and treatment. Emerg Med Pract. 2015; 17(5). 
http://www.slremeducation.org/wp-content/uploads/2015/02/Drowning-In 
-The-Adult-Population-Emergency-Department-Resuscitation-And-Treatment.pdf. 
Accessed September 20, 2015.

TABLE 20-13
Active Rewarming Methods for Hospitalized PatientsBOX 20-6 Treatment Summary Class 3: 

Clinical Evidence of Inhalation of Liquid 
and Inadequate Ventilation

Admit and transfer to ICU
NIPPV trial or intubate and mechanically venti-

late with supplemental oxygen and PEEP
Monitor oxygenation and neurologic status
IV infusion of warmed fluid
Assess for hypothermia and metabolic acidosis
Chest radiography, CBC, electrolytes, BMP, CK, 

ECG, serum creatinine

Data from Schmidt A, Sempsrott J. Drowning in the adult 
 population: Emergency department resuscitation and treat-
ment. Emerg Med Pract. 2015;17(5). http://www.slremeducation.
org/wp-content/uploads/2015/02/Drowning-In-The-Adult 
-Population-Emergency-Department-Resuscitation-And 
-Treatment.pdf. Accessed September 20, 2015; Wenzel V,  
Hasibeder W, Simcock A. Treatment protocols: emergency  
department and intensive care unit. In: Bierens J, ed. Drown-
ing: Prevention, Rescue, Treatment. 2nd ed. Dordrecht, The 
 Netherlands: Springer Heidelberg; 2014:697.

There are no universally accepted standard ventila-
tion strategies for drowning patients. Because drowning 
may lead to ARDS, utilizing lung protective ventilation 
strategies is recommended.13,18,43 In some patients, 
pulmonary function deteriorates so dramatically that 
adequate oxygenation can be maintained only by ex-
tracorporeal membrane oxygenation (ECMO). Good 

evidence supporting the use of ECMO is lacking, and 
access to ECMO may be limited. Other treatments for 
these critically ill patients include the use of exogenous 
surfactant, inhaled nitric oxide, and partial liquid venti-
lation with perfluorocarbons.13

Hypothermia
There are numerous case studies reporting the normal 
neurologic outcome of hypothermic patients follow-
ing prolonged submersion. These cases are most often 
children with rapid immersion in water <5°C, but these 
cases are rare.43 Hypothermia usually reflects a pro-
longed submersion time and carries a poor prognosis.13 
Hypothermia triggers arrhythmias, thus hampering 
CPR. This may result in ventricular fibrillation that is 
impossible to defibrillate into sinus rhythm in gravely 
hypothermic patients.64 The target temperature for a hy-
pothermic patient receiving CPR is 34°C.43,64 In the ini-
tial resuscitation of any hypothermic drowning patient, 
rewarming the core needs to begin early. For patients in 
cardiopulmonary arrest, active rewarming techniques 
require initiation during the resuscitation. Table 20-13 
shows active rewarming techniques used for hospital-
ized patients with hypothermia. Table 20-14 displays the 
treatment strategies according to core temperature.

Summary of Hospital Treatment  
for Post-drowning Patients
Figure 20-14 shows an example of an emergency de-
partment clinical pathway for the resuscitation and 
treatment of patients involved in a drowning event. 
Figure 20-15 is an emergency department clinical path-
way for the resuscitation and treatment of patients in 
cardiac arrest after a drowning incident.
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Discharge

NoYes

NoYes

YesNoYesNoNoYes

Worsening SOB?
Worsening
mentation?

SaO2 <95%?

Worsening SOB?
Worsening AMS?

SaO2 <90%?

Room air trial:
Worsening SOB?

Worsening mentation?
SaO2 <95%?

• Administer
 oxygen via NRB
 or NC
• Monitor SaO2

Patient hypothermic
(<34°C)?

Patient hypothermic
(<34°C)?

Oxygen via NRB or NC

Unlabored respirations
SaO2 >90%

GCS 15

Labored respirations
SaO2 <90%

or GCS score of 13–14

Patient presents after drowning event:
Assess ABCs and mental status

Assess need for oxygen

Administer oxygen
via NRB or NIPPV

Patient hypothermic
(<34°C)?

Respiratory
arrest

Cardiac arrest
Go to clinical
pathway for
emergency
department

resuscitation and
treatment of

patients in cardiac
arrest after a

drowning incident

Begin PPV

• Initiate
 passive
 rewarming
 methods

• Administer
 oxygen via NRB
 or NIPPV
• Monitor SaO2

No

Yes
• Initiate passive
 rewarming
 methods (Class 2)
• Consider active
 rewarming)

• Initiate mechanical
 ventilation
• Begin work upa

Spontaneous
respirations

following PPV?
Airway protected?

Initiate advanced
airway maneuvers

(if not already
undertaken)

Abbreviations: ABCs - airway, breathing, and circulation; ABG - arterial blood gas;
AMS - altered mental status; BMP - basal metabolic panel; CBC - complete blood
count; Ca - calcium; CK - creatine kinase; CT - computed tomography; CXR - chest
x-ray; ECG - electrocardiogram; EtOH - ethanol; CGS - Glasgow Coma Scale;
ICU - intensive care unit; NC - nasal cannula; NIPPV - noninvasive positive-pressure
ventilation; NRB - nonrebreather; Phos - phosphate; PPV - positive-pressure
ventilation; PT - prothrombin time; PTT - partial thromboplastin time; SaO2 - oxygen
saturation; SOB - shortness of breath.

aWork up
• Hypoxia: CXR, ABG
• AMS: Head CT, Blood glucose, ABG, EtOH, BMP, CBC–
• Trauma (head/neck): CT head and C-spine, CBC, BMP, PT, PTT
• Hypothermia (mod-severe): CBC, BMP, Phos, Ca, PT, PTT, ECG
• Rhabdomyolysis: CK, BMP

Admit to ICU

Initiate active
external and

internal
rewarming
methods

Begin 4- to 8-hour
observation off

oxygen

Rapid clinical
improvement

Yes

No

No

Yes

Administer oxygen
via NC/NRB, Keep

SaO2 >90%

Begin work upa

Admit to
hospital

FIGURE 20-14 Clinical pathway for emergency department resuscitation and treatment of patients involved in a drowning event.
Reproduced from Schmidt A, Sempsrott J. Drowning in the adult population: emergency department resuscitation and treatment. Emerg Med Pract. 2015; 17(5). http://www.slremeducation 
.org/wp-content/uploads/2015/02/Drowning-In-The-Adult-Population-Emergency-Department-Resuscitation-And-Treatment.pdf. Accessed September 20, 2015.
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Abbreviations: ABG - arterial blood gas;
ACLS - advanced cardiac life support
AMS - altered mental status; BMP - basal
metabolic panel; CBC - complete blood
count; Ca - calcium; CK - creatine kinase;
CPR - cardiopulmonary resuscitation,
CT - computed tomography; CXR - chest x-ray;
ECG - electrocardiogram;
ECMO - extracorporeal membrane oxygenation,
EtOH - ethanol; ICU - intensive care unit;
Phos - phosphate; PT - prothrombin time;
PTT - partial thromboplastin time;
VF - ventricular fibrillation; VT - ventricular
tachycardia.

No

Yes

YesNo

Work-up
• Hypoxia: CXR, ABG
• AMS: Head CT, Blood glucose, ABG, EtOH, BMP, CBC
• Trauma (head/neck): CT head and cervical spine,
 CBC, BMP, PT, PTT, type and screen
• Hypothermia (mod-severe): CBC, BMP, Phos, Ca, PT,
 PTT, ECG
• Rhabdomyolysis: CK, BMP

• Maintain temperature at 32–34°C for 12–24 hours
• Utilize mechanical ventilation
• Treat hypotension

Begin post-resuscitation care:
• Utilize mechanical ventilation
• Rewarm to normothermia
• Treat hypotension

• Continue CPR with ventilations
• Defibrillate VF/VT
• Administer ACLS medications
 at double intervals

Patient remains comatose?
Facility with therapeutic

hypothermia capabilities?

Consider ECMO based on
facility protocols and capabilities

as well as prognostic factors

Consider ceasing efforts for
known submersion >30 minute,

refractory hypothermia, or
resuscitation efforts >20 minute

in normothermia

Return of spontaneous
circulation?

Initiate active internal and
external rewarming methods

Temperature 30–34°C

Begin CPR with ventilations

Pulseless patient in cardiac arrest
(if hypothermic, check pulse and
respirations for 30–60 seconds)

• Continue CPR with ventilations
• Perform single defibrillation of VF/VT
• Do not administer ACLS medications

Initiate active internal and
external rewarming methods

Temperature <30°C

• Continue CPR with ventilations
• Defibrillate VF/VT
• Administer ACLS medications
 at normal intervals

Temperature >34°C

Admit to ICU

Hold rewarming
at 32–34°C

Initiate cooling
to 32–34°C

Temperature <34°C Temperature >34°C

FIGURE 20-15 Clinical pathway for emergency department resuscitation and treatment of patients in cardiac arrest after a drowning incident.
Reproduced from Schmidt A, Sempsrott J. Drowning in the adult population: emergency department resuscitation and treatment. Emerg Med Pract. 2015; 17(5). http://www.slremeducation 
.org/wp-content/uploads/2015/02/Drowning-In-The-Adult-Population-Emergency-Department-Resuscitation-And-Treatment.pdf. Accessed September 20, 2015.
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Grade Signs and Symptoms Percent Survival

Rescue Alive with normal breath 
sounds 

100

1 Cough present 100

2 Some crackles on auscultation 99

3 Acute pulmonary edema 
without hypotension or shock

95–96

4 Acute pulmonary edema with 
hypotension or shock

78–81

5 Respiratory arrest 56–69

6 Cardiopulmonary arrest 7–12

Dead Obvious physical evidence of 
death

0

Data from Szpilman D, Simcock A, Graves S. Classifications of drowning. In: 
Bierens J, ed. Drowning: Prevention, Rescue, Treatment. 2nd ed. Dordrecht, 
The Netherlands: Springer Heidelberg; 2014:689.

TABLE 20-15
Severity Classification with Percent Survival

Prognosis
The stratification of patients seen in Tables 20-5 and  
20-12 has been used to predict mortality. The prediction 
of mortality, in this instance, is considered from the ac-
cident site until discharge from the hospital and is based 
on data from 41,279 rescues.65 Table 20-15 shows the 
percent survival rate based on this information.

Considerable focus is placed on determining which 
historical, physical examination or laboratory findings 
determine patient prognosis. Unfortunately, despite 
decades of research on this topic, most studies have 
not proven that a single or combination of clinical or 
laboratory factors have adequate prognostic value.43,62 
The biggest determinants of outcome and long-term 
neurologic complications are the submersion time and 
the interval time between drowning and ventilation 

Good Prognostic Indicators Poor Prognostic Indicators

Submersion <5 minutes Submersion >5 minutes

CPR in the field No resuscitation for  
>10 minutes

CPR <25 minutes Pupils fixed and dilated

Detectable pulse on arrival at 
emergency department

GCS <5 (comatose)

Age <14 pH <7.1

Data from Salomez F, Vincent J. Drowning: a review of epidemiology, 
pathophysiology, treatment and prevention. Resuscitation. 2004;63(3): 
261–268. doi:10.1016/j.resuscitation.2004.06.007; Szpilman D, Bierens J, 
Handley A, Orlowski J. Drowning. N Engl J Med. 2012;366(22):2102–2110; 
Nelson S, McCorvey S. Submersion and drowning injuries. AHC Media. 2015. 
http://www.ahcmedia.com/articles/135278-submersionand-drowning 
-injuries. Accessed September 7, 2015.

TABLE 20-16
Prognostic Factors Used with Drowning Victims

Core Temperature (°C) Treatment Strategies

32–35 Warm environment
Dress in warm clothing
Give warm oral fluids
Encourage movement

28–32 Warm IV fluids
Apply heat packs
Use forced-air warming blanket
Warmed inhaled oxygen

24–28 Warmed IV fluids
Warmed inhaled oxygen
Warmed bladder irrigation
Peritoneal lavage
Thoracic lavage
Hemodialysis

<24 ECMO
CPB

Data from Engel S. Drowning episodes: prevention and resuscitation tips. J 
Fam Pract. 2015;64(2):E1–E6.

TABLE 20-14
Suggested Hypothermia Treatment Strategies 
According to Core Temperature

KNOWLEDGE CHECK QUESTIONS

1. True or False: The recovery position for drown-
ing victims is the lateral decubitus position.

2. The suggested method for rewarming a severely 
hypothermic (<24°C) drowning patient is 
_________________________.
a. ECMO
b. warm inhaled oxygen
c. warm IV solutions
d. peritoneal lavage

efforts.18,66 The GCS scores and pupillary response 
used to determine cerebral and brainstem activity are 
thought to represent the extent of hypoxic brain in-
jury.43 However, it is the initial prompt resuscitation, 
including aggressive respiratory and cardiovascular 
treatment and avoidance of hyperthermia, that helps to 
prevent secondary neurologic injury and is the mainstay 
of central nervous system therapy for drowning victims. 
Table 20-16 shows some of the more common prognos-
tic factors used with drowning victims.
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Chapter Summary
Most drownings are preventable and disproportion-
ately affect children. Drowning remains a significant 
cause of unintentional mortality and morbidity around 
the world. Factors that help to reduce the number of 
drownings each year include public health interven-
tions, such as pool fencing and public education cam-
paigns. Drowning occurs when the victim aspirates 
liquid because the airway is below the surface of a fluid, 
usually water, and the victim is unable to breathe air. 
The pulmonary system undergoes tremendous changes, 
leading to alveolar collapse and hypoxemia. The pri-
mary mechanism of injury to the central nervous sys-
tem is tissue hypoxia and ischemia. After a drowning 
victim is carefully rescued, aggressive early therapy 
directly relates to the final prognosis. Treatment in the 
hospital depends on the presentation of the patient 
and can range from vital sign monitoring for 4–6 hours 
through invasive mechanical ventilation and active re-
warming for hypothermia. There is no single prognostic 
factor to predict the outcome for a victim of drowning. 
There is a direct relationship between mortality and the 
amount of time submerged.

Key Points
1. Over 3,000 people die each year in the United 

States because of drowning. Worldwide, about 
372,000 people died from drowning in 2012, mak-
ing drowning an important public health problem.

2. Drowning is the process of experiencing respira-
tory impairment from submersion/immersion in 
liquid. Submersion means the entire body is under 
water. Immersion means part of the body is under 
water. For drowning to occur due to immersion, the 
airway needs to be under water.

3. The initial scene assessment of a drowning vic-
tim includes victim information (gender, medical 
 history, etc.), scene information (witnessed or 
 unwitnessed, body of water, time of submersion, 
water temperature), and prehospital care (con-
scious or unconscious, neurologic status, when 
CPR began).

4. Asymptomatic drowning victims should remain in 
the emergency department for at least 4–6 hours 

for observation. Symptomatic drowning victims 
can range from having a cough to pulmonary 
edema with foam in the nose and mouth to respira-
tory arrest or cardiopulmonary arrest.

5. Primary causes of drowning include the inability 
to swim, lack of barriers around swimming areas, 
lapses in supervision, failure to utilize safety equip-
ment, and forces of nature. Secondary causes of 
drowning include alcohol use, drug ingestion, hy-
pothermia, poor neuromuscular control, seizures, 
and syncope.

6. The 1- to 4-year-old age group has the number one 
spot in leading causes of unintentional deaths. The 
number one location for unintentional drowning 
deaths in the United States is natural water, with 
more occurring on weekend days as opposed to 
weekdays.

7. The amount of water that enters the lungs during 
drowning is somewhere between 2 and 4 mL/kg. 
Water ingestion is common and can lead to regur-
gitation during drowning, spontaneous recovery, 
and resuscitation. As little as 1–3 mL/kg of water 
is sufficient to affect the lung parenchyma, leading 
to ventilation–perfusion mismatch and pulmonary 
shunt.

8. Cold shock and diving response cause autonomic 
conflict that causes supraventricular and junctional 
arrhythmias. Drowning leads to hypoxic myocar-
dial dysfunction, a unique form of cardiopulmo-
nary arrest.

9. Hypothermia, core body temperature of <35°C, is 
commonly found in drowning victims. It can be a 
consequence of drowning or a cause of drowning. 
Consider hypothermia with every drowning victim 
and the rewarming technique used depends on the 
severity of the hypothermia.

10. The pathophysiology of drowning includes the 
initial submersion, aspiration, hypoxia, and pulmo-
nary and cerebral damage.

11. Drowning is a multifaceted event with multiple 
risks varying by the type of body of water, age 
group of the victim, and activity involved. The 
places that people drown differ according to age 
groups.

12. There are numerous complications associated with 
drowning, such as ARDS, aspiration, cardiac ar-
rhythmias, dehydration, hypothermia, pneumonia, 
pulmonary edema, and rhabdomyolysis.

13. Laboratory and diagnostic tests for drowning 
patients depend on the patient’s status. In the 
emergency department, chest radiographs are 
useful to identify pulmonary edema or trauma. 
Post-drowning patients who have altered mental 
status, cardiac disease, or rhabdomyolysis benefit 
from laboratory testing.

14. The overall goal of the treatment and manage-
ment of drowning is immediate ventilation and 

KNOWLEDGE CHECK QUESTIONS

1. True or False: The GCS score is used to assess a 
patient’s cerebral and brainstem activity after a 
drowning incident.

2. True or False: Acute pulmonary edema without 
hypotension or shock has a 56–69% survival 
rate.
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oxygenation. Base the treatment of drowning vic-
tims on the classification of signs and symptoms. 
Treat hypothermia with active rewarming to a tar-
get core temperature of 34°C.

15. The time submerged is indirectly related to the 
prognosis of the drowning victim. A longer sub-
mersion has a worse prognosis. Other prognostic 
factors include how soon resuscitation in the field 
began, the amount of time CPR was performed, 
GCS, age, and blood pH.

Chapter Questions
1. Profound alterations in gas exchange and de-

creased lung compliance occurs with as little as 
_______________________ fluid aspiration.
a. 1 mL/kg
b. 4 mL/kg
c. 11 mL/kg
d. 22 mL/kg

2. ______________________ infants and toddlers have 
a high-risk factor for drowning.
a. African American
b. Caucasian
c. Female
d. Male

3. Chest radiographs of drowning victims will usually 
show ______________________.
a. cardiogenic pulmonary edema
b. noncardiogenic pulmonary edema
c. flattened diaphragm
d. pulmonary infiltrates

4. Death from drowning is due to 
______________________.
a. hemolysis
b. cerebral anoxia
c. pulmonary edema
d. electrolyte imbalance

5. The amount of fluid aspirated by most drowning 
victims is __________________.
a. >15 mL/kg
b. 10–12 mL/kg
c. 5–10 mL/kg
d. 2–4 mL/kg

6. Toddlers (ages 1–4 years) are more likely to drown 
in _____________________.
a. the ocean
b. bath tubs
c. residential pools
d. lakes and streams

7. The most common dysrhythmia found in  
pulseless drowning patients is 
_____________________.
a. pulseless electrical activity and asystole
b. ventricular fibrillation
c. ventricular tachycardia
d. atrial flutter

8. The primary goal of acute treatment of a drown-
ing patient in the emergency department is 
_________________________.
a. reversal of hypoxia
b. reversal of hypothermia
c. reversal of hypotension
d. reversal of hypokalemia

9. The most significant indicator of a poor  
prognosis in a drowning victim is 
___________________.
a. the age of the victim
b. the length of submersion
c. reduced pupillary response
d. electrolyte imbalance

10. A drowning victim brought to the emergency de-
partment has a mild cough with a sore throat, is 
alert and oriented, and has normal vital signs, and 
oxygen saturation 97% without any supplemental 
oxygen. What is the best treatment plan for this 
patient?
a. Observe the patient in the emergency depart-

ment for 4–6 hours and discharge home if there 
are no clinical changes.

b. Obtain an arterial blood gas, glucose level, and 
chest radiography.

c. Recommend admission to the hospital, oxygen 
via nasal cannula, and albuterol treatments ev-
ery 4 hours.

d. Initiate active rewarming methods and oxygen 
via nonrebreather mask, and check the Glasgow 
Coma Scale score hourly.
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OBJECTIVES
1. Recognize common characteristics, manifestations, and 

diagnostic features of interstitial lung diseases (ILDs).
2. Review the classification system for ILDs.
3. Relate the importance of a thorough history in the 

evaluation of a patient for ILD.
4. Discuss the pathophysiology mechanisms that lead to ILD.
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Interstitial Lung Disease

“Whenever I feel blue, I start breathing again.”

—L. Frank Baum
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Introduction
Interstitial lung diseases (ILDs) represent a hetero-
geneous group of diffuse parenchymal lung diseases 
(DPLDs) with a variety of causes, both known and un-
known. ILD is an extremely diverse group of both acute 
and chronic disorders that have common clinical, radio-
graphic, and pathophysiologic features. The descriptive 
term “interstitial” reflects the pathologic appearance 
that the abnormality begins in the interstitium, but the 

term is misleading, as most of these disorders are also 
associated with extensive alteration of alveolar and air-
way architecture.1 Although diverse, all ILDs are charac-
terized by varying degrees of inflammation and fibrosis 
of the lung parenchyma, not only between the different 
diseases, but also among individuals with the same 
disease.2 In clinical practice, determining whether the 
ILD is predominantly inflammatory or fibrotic defines 
the appropriate treatment choices. Those patients with 

Case Study
A 70-year-old widowed plumber presented to his 
physician with a complaint of worsening exertional 
breathlessness over the past 6 months. The patient 
described himself as being active, exercising regularly 
at a local gym, until around a year ago. He recently no-
ticed an inability to run up a flight of stairs or walk fast 
due to significant dyspnea. He also reported a sporadic 
nonproductive cough, which began several months 
ago. The patient denied a personal or family history 
of respiratory disease. He is a currently a nonsmoker; 
however, he admitted to smoking one to two packs of 
cigarettes for 3 or 4 years in his early 20s. The patient 
described poor ventilation in the workshop where he 
worked for the past 35 years and questioned whether 
this closed-exposure contributed to some type of lung 
disease. On review of systems, the patient reported 
occasional arthralgias, which seem worse with activity 
but denied Raynaud-like symptoms. He has frequent 
gastroesophageal reflux symptoms but denied any 
overt history of significant gastric aspiration. He cur-
rently takes no medications other than occasional 
acetaminophen for discomfort.

On physical examination, this asthenic gentleman 
appears in no obvious respiratory distress when at 
rest. His temperature is 98.7°F, pulse is 106 beats/
minute, resting respiratory rate is 22 breaths/ minute, 
blood pressure is 135/85, height is 67 inches, and 
weight is 123 lb. His nasal mucosa and turbinates 
are pink and moist. Chest auscultation reveals a few 
fine late inspiratory crackles at both bases with no 
wheezes, rhonchi, or other adventitious sounds. His 
heart rhythm is regular with a prominent split P2 heart 
sound. Physical examination of the chest wall reveals 
limited excursion with normal thoracic anteriopos-
terior diameter. Abdominal exam is noncontributory. 
Extremities are unremarkable, with no evidence of 
peripheral edema or signs of digital clubbing. 

The patient’s chest radiograph shows a normal 
heart shadow with increased interstitial markings 
and cystic-like changes within the mid-lung fields. A 

high-resolution computed tomography (HRCT) scan 
shows only minimal peripheral reticular opacities in 
the upper lung regions. Mid-lung regions, however, 
exhibited fine reticular changes at the pleural surface 
with minimal changes in the peripheral areas. The 
lower lung zones show asymmetric reticular changes 
found predominantly on the right with some cystic 
changes primarily in the mid-lung rather than on the 
periphery. Honeycomb changes are present. An elec-
trocardiogram (ECG) reveals mild tachycardia with 
evidence of right heart strain. Pulmonary function 
studies pre- and post-bronchodilator reveal a mild 
restrictive ventilatory defect with the following re-
sults: forced expiratory volume in 1 second (FEV1), 75% 
predicted; forced vital capacity (FVC), 77% predicted; 
total lung capacity (TLC), 75%; and diffusing capacity 
of the lung for carbon monoxide (DLCO), 68% (uncor-
rected for alveolar volume). Oxygen saturation on 
room air declined from 94% to 88% during a “modi-
fied” 6-minute walk test (6MWT) that included five 
flights of stairs. 

Laboratory chemistries revealed a hemoglobin of 
17.2 g/dL with normal white blood cell count. The eryth-
rocyte sedimentation rate is 20 mm/hour, with a posi-
tive antinuclear antibody (ANA) titer of 1:40 and normal 
rheumatoid (RA) factor level. Tests for ribonucleoprotein 
(RNP) suggest coexisting dermatomyositis/polymyositis 
and scleroderma (SCL)-70 antibodies are negative. The 
histidyl-t-RNA synthetase (anti-Jo-1) antibody for mixed 
connective disease is also negative. 

An open-lung biopsy is performed, and histologic 
findings reveal evidence of fibrosis with mild chronic 
inflammation adjacent to areas of fibrosis as well as 
microscopic honeycombing. Temporal and spatial 
heterogeneity are also shown, with fibrosis at the 
periphery and a transition to areas of normal lung. 
Fibroblastic foci are present. Normal lung tissue is also 
identified adjacent to pathologic parenchymal biopsy 
findings.
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mostly inflammation may respond to immunosuppres-
sive and modulatory therapy, while those with mostly 
fibrosis may respond to antifibrotic drugs.

Fever, chills, and weight loss are the main symptoms of 
interstitial pulmonary infections but may also occur in 
collagen vascular disorders.6

The most critical step in the initial evaluation of a 
patient with suspected ILD is obtaining a complete 
history. This is important because the cause of the ill-
ness is often recognized from the patient’s history. See 
Box 21-1. Also, a thorough review of past systemic con-
ditions is particularly critical.

The age and gender of the patient are of concern 
because some ILDs are more common in specific age 
groups or have a male or female predominance. A thor-
ough review of the home and work environments with a 
strict chronological listing of the patient’s entire lifelong 
employment is necessary. The detailed job history can 
help identify occupational exposures and exposures 
to dust, fumes, and antigens associated with ILD. Hob-
bies can also be the cause of environmental exposures. 
Prior medication use may put the patient at risk for ILD, 
whether they be by prescription, over the counter, or 
illicit. In some cases, lung disease may occur weeks to 
years after the drug has been discontinued.1 Therapeu-
tic irradiation is also a cause for the development of ILD.

Collectively, the interstitial lung disorders widely 
vary in etiology, radiographic presentation, histopatho-
logic features, and clinical course. Because several ILD 
have similar clinical signs and symptoms, they are of-
ten not easily identified by clinical examination. Most 
symptoms are limited to the respiratory tract unless 
the underlying lung pathology is secondary to a multi-
system disorder. Predominate respiratory complaints 
include exertional breathlessness and nonproductive 
cough. Sputum production, hemoptysis, chest pain, 
or wheezing may sometimes also occur. Multisystem 
interstitial disorders, such as many connective tissue 
disorders often produce nonrespiratory symptoms, 
such as myalgia, arthralgia, or sclerodactyly (a mus-
culoskeletal deformity that affects the hands of people 

BOX 21-1 Clinical History of ILD 

 � Dyspnea on exertion or at rest

 � Nonproductive cough

 � Fever, chills, and night sweats

 � Prior medications used and irradiation

 � Family history of ILD

 � Detailed work history

 � Travel history

 � Environmental exposures

 � Hobbies

 � Smoking history

 � Past systemic conditions

KNOWLEDGE CHECK QUESTIONS

1. True or False: The abnormality from ILD is 
 primarily in the alveoli.

2. True or False: Fibrosis is the main problem 
with ILD.

KNOWLEDGE CHECK QUESTIONS

1. True or False: DPLD is different from ILD.
2. True or False: Occupational exposure can  

cause ILD.

Definition/Diagnosis
ILD is an umbrella term, synonymous with DPLD,  
for a large group of diseases affecting the tissue and  
space around the alveoli, causing progressive scarring  
of lung tissue through inflammation and fibrosis.3  
Establishing an exact diagnosis of ILD can be challeng-
ing for clinicians as there are more than 200 different 
subtypes.4 Sarcoidosis, idiopathic pulmonary fibrosis 
(IPF), and pulmonary fibrosis associated with 
connective tissue diseases (CTDs) are the most com-
mon ILDs of unknown etiology. The largest group of 
diseases with known etiologies include those caused by 
occupational and environmental exposures. These expo-
sures include the inhalation of inorganic dusts, organic 
dusts, and various gases.

Many forms of ILD can be diagnosed clinically, espe-
cially when there is a history of occupational and envi-
ronmental exposure. Diagnosis is often made using a 
combination of clinical, pathophysiologic, immunologic, 
and imaging (especially computed tomography [CT]) 
features. For a precise diagnosis, a surgical lung biopsy 
with histologic examination may be necessary; however, 
even this procedure does not always find a clear answer.5

Clinical Signs and Symptoms
Some forms of ILD can present acutely; however, the 
most common presentation of ILD is a slowly progres-
sive onset of dyspnea and a nonproductive cough. At 
first, dyspnea occurs on exercise; later it progresses to 
breathlessness at rest. The duration of progressive dys-
pnea usually ranges from months to years. A dry cough 
mostly occurs on exertion and fatigue is often present. 
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with SCL). Physical examination findings typically re-
veal bilateral inspiratory fine crackles (“Velcro®-like”) 
on lung auscultation at the lung bases in most affected 
individuals. Wheezing is uncommon unless the disor-
der also includes airway involvement (as in sarcoidosis) 
or a concurrent airway disease is also present, such as 
chronic obstructive pulmonary disorder or asthma. Oc-
casionally, wheezing may offer a clue as to a diagnosis, 
such as sarcoidosis, which can involve the airways as 
well as the interstitium. Some interstitial lung disorders, 
on the other hand, may present with only diminished 
breath sounds despite noticeably abnormal chest ra-
diographs. Late cardiac manifestations of interstitial 
lung disorders often include signs of pulmonary arterial 
hypertension with right ventricular dysfunction display-
ing lower-extremity edema or jugular venous distention. 
See Table 21-1.

Etiology
Because there are so many ILDs, it is difficult to review 
etiology without first reviewing the classification sys-
tem. Over the past decade, ILDs were reclassified in 

Physical Signs, Symptoms, History Associated ILD

Dyspnea All ILD

Nonproductive cough Most ILD, productive cough is unusual

Fatigue Most ILD, and is present with dyspnea

Fever/chills/weight loss Interstitial pulmonary infections, collagen vascular disorders

Inspiratory crackles Most ILD

Wheezing Uncommon, mostly with hypersensitivity pneumonitis

Pleural rub Rheumatoid arthritis, systemic lupus erythematosus

Digital clubbing Interstitial pulmonary fibrosis, asbestosis

Tachypnea 15% of all interstitial pulmonary diseases

Arthralgias, arthritis CTDs, sarcoidosis

Hemoptysis Diffuse alveolar hemorrhage syndrome, LAM

Chest pain Uncommon, pleuritic chest pain associated with rheumatoid arthritis, systemic lupus 
erythematosus, acute chest pain could be a pneumothorax

Abnormal gastroesophageal reflux, 
gastroesophageal reflux disorder, dysphagia

CTD (especially SCL), IPF

Cutaneous lesions Sarcoidosis, tuberous sclerosis, necrotizing vasculitis, dermatomyositis, collagen 
vascular diseases

Eye symptoms Sarcoidosis, CTD, polyangiitis with granulomatosis

Salivary gland enlargement Sarcoidosis, Sjögren’s disease

Peripheral lymph adenopathy Sarcoidosis, lymphoid interstitial pneumonitis, ILD with connective tissue disorders

Hepatosplenomegaly Sarcoidosis, amyloidosis, eosinophilic granuloma, chronic cor pulmonale

Neurologic manifestations Tuberous sclerosis, systemic vasculitis, sarcoidosis, eosinophilic granuloma

Rapid onset and worsening Acute interstitial pneumonia, acute hypersensitivity pneumonitis, cryptogenic 
organizing pneumonia, CTD, diffuse alveolar hemorrhage

TABLE 21-1
Clues from the Initial Evaluation That Suggest ILD7

KNOWLEDGE CHECK QUESTIONS

1. True or False: The most critical step in the evalu-
ation of a patient suspected of ILD is the phys-
ical examination.

2. True or False: The common lung sound with ILD 
is bilateral fine inspiratory crackles.

3. True or False: Digital clubbing does not occur 
with ILD.
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comprehensive international consensus statements.8–10 
The major subgroups of ILD are now broadly defined as 
idiopathic interstitial pneumonias, granulomatous ILD 
(e.g., sarcoidosis, hypersensitivity pneumonitis), ILD 
with known associations (e.g., occupational and drug ex-
posures, CTDs), and miscellaneous ILD (e.g., pulmonary 
Langerhans cell histiocytosis [PLCH]). See Figure 21-1.

Many of the known etiologies of ILD produce simi-
lar clinical features. The common known etiologies for 
ILD include those that are drug related or are due to 
environmental inhalants and CTDs. Other known eti-
ologies of ILD are found at initial diagnosis and include 
occupational and environmental sources of exposure, 
such as inorganic dusts, specific toxins, exposure to 
radiation, oxygen toxicity, certain infectious agents, as 
well as pulmonary hypersensitivity reactions. Various 

infections, vasculitis lung disorders, as well as various 
“miscellaneous” disorders affecting the lung may pres-
ent as an ILD. See Table 21-2. It is estimated that 30% 
of persons with interstitial disease have no clear-cut 
cause that is easily identifiable. These observations sig-
nificantly affect the difficulty in distinguishing a specific 
diagnosis or finding a precise etiology for ILD.

NSIP:
nonspecific
interstitial

pneumonia

IPF:
idiopathic
pulmonary

fibrosis

Chronic fibrosing IIP Smoking related

ILD

Acute/subacute Rare IIP

Known cause
Drugs
CTD/rheumatoid
arthritis

I
II

Idiopathic
interstitial
pneumonia
(IIP)

Granulomatous ILD
Sarcoidosis
Hypersensitivity
pneumonitis
Berylliosis

I
II

III

Other forms
PAP
Eosin. pneumonia
LAM
PLHC

I
II
III
IV

DIP:
desquamative

interstitial
pneumonia

RB-ILD:
respiratory
bronchiolitis

ILD

AIP:
acute

interstitial
pneumonia

COP:
cryptogenic
organizing
pneumonia

PPFE:
pleuroparenchymal

fibroelastosis

LIP:
lymphoid
interstitial

pneumonia

FIGURE 21-1 ILD classification.
Source: Kreuter M, Herth F, Wacker M, et al. Exploring Clinical and Epidemiological Characteristics of Interstitial Lung Diseases: Rationale, Aims, and Design of a Nationwide Prospective 
Registry—The EXCITING-ILD Registry. Biomed Res Int. 2015;2015:1–9 (Figure 1). doi:10.1155/2015/123876.

Cause Examples

Drugs Selected list: angiotensin-converting enzyme (ACE) inhibitors, amiodarone, amphotericin B, beta-blockers, 
bevacizumab, bleomycin, erlotinib, methotrexate, nonsteroidal antiinflammatory drugs, penicillamine, rituximab, 
statins, supplemental oxygen, tocainide

Illicit drugs Cocaine, heroin

Inorganic material Selected list: aluminum powder, asbestos, beryllium, coal dust, cadmium, cobalt, silica, titanium oxide, talc, 
tungsten

Organic material Selected list: bird droppings, coffee, farming material, hot tub, malt, maple bark, mushrooms, tea

Infections Aspergillosis, histoplasmosis, parasitic infection, mycobacterial infection, viral infection

Connective tissue 
disorders

Autoimmune myositis, Goodpasture syndrome, IgG-4 related disease, mixed CTD, rheumatoid arthritis, Sjögren 
syndrome, systemic lupus erythematosus, system sclerosis, undifferentiated CTD

Vasculitis Eosinophilic granulomatosis with polyangiitis, granulomatosis with polyangiitis, microscopic polyangiitis

Miscellaneous causes Amyloidosis, chronic aspiration, eosinophilic pneumonia, lipoid pneumonia, pulmonary alveolar proteinosis, PLCH, 
pulmonary lymphoma, sarcoidosis, tuberous sclerosis

TABLE 21-2
Causes of ILD7,11,12

KNOWLEDGE CHECK QUESTIONS

1. True or False: Some medications can cause 
 interstitial lung disease.

2. True or False: CTDs can be a cause of ILD.
3. True or False: All ILD have known causes.
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Epidemiology
Most data on the epidemiology of ILDs come from pro-
spective registries of data reported by pulmonologists. 
However, there are only a few ILD registries, and all have 
limitations due to the difficulties in accurately diagnos-
ing these conditions.13 Therefore, many may not be fully 
representative of the true populations of ILD patients.13

One study reported that 80.9 per 100,000 men and 
67.2 per 100,000 women suffer from interstitial disease 
in the United States, with 31.5 new cases diagnosed per 
100,000 men per year and 26.1 new cases diagnosed per 
100,000 women per year.14 In this study, the most preva-
lent interstitial diseases included pulmonary fibrosis, 
occupational- and environmental-associated disease, 
CTD–associated interstitial disease, and sarcoidosis.

ILD is predominantly an adult disease; however, it 
does occur in children. Certain ILDs, such as sarcoidosis, 
PLCH, and autoimmune-associated lung disease, de-
velop in young adults. IPF most often occurs between 
the ages of 40 and 70.

The incidence for sarcoidosis in the United States 
ranges from 5 to 40 cases per 100,000 population with 
the age-adjusted incidence for whites at 11 cases per 
100,000 population and that for African Americans 
at 34 cases per 100,000 population. The prevalence is 
10 times greater for African Americans than for whites. 
The incidence for sarcoidosis peaks in persons between 
25 and 35 years and again for women between ages  
45 and 65 years.15 Working on the World Trade Center 
debris pile is associated with an elevated risk of post-
9/11 sarcoidosis.16

IPF occurs primarily in middle-aged to older adults. 
Its overall incidence and prevalence are unclear due 
to the updated classification system and International 
Classification of Disease codes.17 The prevalence of IPF 
varies widely depending on case definitions and geo-
graphic areas in epidemiologic studies performed in the 
United States.18 A review of some of the current studies 
does agree that the prevalence and incidence of IPF 
are higher in older age groups.17 It also appears to be 
more common in men compared to women. However, 
some postulate this may be due to gender differences 
in historical smoking patterns rather than an inherent 
gender-related risk for IPF.17

KNOWLEDGE CHECK QUESTIONS

1. True or False: ILD does not occur in children.
2. True or False: IPF most often affects people 

older than 70 years.
3. True or False: Sarcoidosis is associated with 

working close to the 9/11 World Trade Center pile.

Pathogenesis
Most ILDs share the same type of structural remodeling 
of the distal airspaces leading to impaired gas exchange. 
However, the diverse range of ILDs arrive at that state 
with different levels of inflammation and fibrosis at the 
alveolar, distal airways, and septal interstitium of the 
lungs. In ILDs dominated by inflammation, the his-
tology is that of organizing pneumonia (a pathologic 
presence of buds of granulation tissue in the distal air 
spaces that have progressed from fibrin exudates to 
loosely organized collagen-containing fibroblasts) or 
nonspecific interstitial pneumonitis, while fibrosis-
dominant ILD is characterized by fibroblastic foci and 
only mild-to-moderate inflammation.2 The difference 
between the two underlying causes determines whether 
an ILD will respond to treatment.

Infection or hypersensitivity initiates inflammation 
and can also lead to many forms of ILD. However, lung 
inflammation does not necessarily result in fibrotic 
remodeling, and fibrosis can occur in the absence of 
inflammation.19 Therefore, inflammation has a promi-
nent, but not an essential role in lung remodeling and 
fibrosis.19

The lung is susceptible to various forms of short- 
and long-term injuries, both airborne and blood-borne, 
that may result in fibrosis.20 Some forms of fibrosis, 
such as acute lung injury or cryptogenic organizing 
pneumonia, are at least partially reversible, whereas 
others, particularly IPF, are progressive and fatal.20 The 
injuries are caused by infection, radiation, environmen-
tal exposures, medications, and systemic diseases. The 
resulting damage affects the epithelial or endothelial 
layers and their associated basement membrane with 
apoptosis and necrosis of the alveolar epithelial cells 
(AECs) occurring early in the disease.21 This is one of 
the vital initiating events in the pathogenesis of lung 
fibrosis.22–24

Lung fibrotic disorders are characterized by the 
accumulation of fibroblasts, myofibroblasts, and 
extracellular matrix (ECM) leading to chronic respira-
tory failure. The origins of the fibroblasts and their acti-
vation are probably multiple, but currently unknown.20 
Although there are more than 40 different cell types 
in the lungs, the type of cell that produces most of the 
ECM deposits in IPF is the activated myofibroblast in 
fibroblast foci. The activated myofibroblasts in fibro-
blast foci is the histopathologic hallmark of IPF.21 These 
lesions consist of groups of activated fibroblasts that 
produce excessive levels of ECM within the alveolar 
space at the site of epithelial cell loss. See Figure 21-2. 
This does not occur in healthy lungs, and the number of 
activated fibroblasts correlates with survival, and large 
quantities of fibroblastic foci are the most discrimina-
tive feature for separating idiopathic from collagen 
 vascular disease–associated ILD.
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FIGURE 21-2 Comparison of the structure and function of the ECM in a healthy lung and that of an injured or fibrotic lung.
Data from Frantz C, Stewart K, Weaver V. The extracellular matrix at a glance. J Cell Sci. 2010;123(24):4195–4200. doi:10.1242/jcs.023820.
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include sensing immunologic stimuli, responding to 
antigens, and recycling surfactant. The healthy lung 
response to injury is for macrophages to acquire a phe-
notype that promotes fibroproliferation.21 In patients 
with IPF, AMs release chemicals that attract neutro-
phils,25 cytokines, growth factors, ECM proteins, and 
tissue inhibitors of metalloproteases, contributing to 
alveolar injury and aberrant lung repair.25 Increased 
neutrophils and their products are associated with 

In healthy lung tissue, at least two types of macro-
phage populations are present: alveolar macrophages 
(AMs) and interstitial macrophages (IMs). See Figure 21-3.  
These macrophages can be distinguished from each 
other by their cell surface marker expression, their 
location within the lung, and physical and behavioral 
traits (phenotype). Lung macrophages are long-lived 
cells, which are not replaced from the circulation and 
are shaped by their local environment.21 AM functions 

Normal lung Fibrotic lung

Interstital
space

IM Monocyte AEC Fibroblast Myofibroblast

Epithelial injury
Apoptic

AECAM
Activated

AM

(A) (B)

FIGURE 21-3 Tissue localization of pulmonary macrophages during the development of lung fibrosis. (A) A schematic of a normal healthy lung 
tissue with normal lung architecture is depicted. AMs are in the airway space. IMs reside in the lung parenchyma. (B) A schematic of fibrotic 
lung tissue with normal or fibrotic regions and subepithelial fibroblastic foci consisting of fibroblasts and myofibroblasts is shown. Activated 
macrophages are ideally placed to influence these processes in the parenchyma and alveolar spaces. The bottom panel shows the legend key 
for the different cell types depicted in (A) and (B).
Reproduced from Byrne A, Maher T, Lloyd C. Pulmonary macrophages: a new therapeutic pathway in fibrosing lung disease? Trends Mol Med. 2016;22(4):303–316 (Figure 1). doi:10.1016 
/j.molmed.2016.02.004.
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lung fibrosis in both animal studies and human ILDs, 
whereby they correlate with increased mortality.26–28 
IMs acquire profibrotic characteristics with specific 
surface marker expression in mice bleomycin mod-
els.21 Nonresident circulating macrophages derived 
from monocytes drive fibrosis by causing AEC-specific 
injury. Both circulating monocytes and resident lung 
macrophages play critical roles in the pathogenesis of 
lung fibrosis.21

The commonality among the numerous ILD is alveo-
lar epithelium disruption and the response of different 
cells to this damage. Distinct cell populations seem to 
contribute to the complex and diverse pathogenesis of 
lung fibrosis leading to ILD.20 See Table 21-3.

Identification of cells and their biomarkers assists 
in the diagnosis of ILD. Although the combination of 

history, physical examination, chest radiography, and 
other appropriate laboratory testing, including blood 
tests and pulmonary function testing (PFT), provides 
vital information, additional testing is usually needed to 
reach a confident diagnosis of a specific ILD. At times, a 
HRCT may provide invaluable information that strongly 
supports a specific diagnosis. However, when no diag-
nosis can be made from the HRCT, bronchoscopy, or 
bronchoalveolar lavage (BAL), a surgical lung biopsy is 
necessary. The specimen is analyzed for cell count, dif-
ferential cell count, cell marker testing, cytology, and 
staining. Continued investigation into the cells and bio-
markers involved in the pathogenesis of the various ILD 
and cellular response to medications will allow for cell-
specific targets and support novel therapeutic strategies 
for ILD in the future.

Cell Possible Function

AECs Type II cells replace damaged Type I cells and proliferate to protect the injured basement membrane. 
The Type II cells differentiate into Type I cells initiating the fibrotic process.

Capillary endothelial cells Damage to the microvasculature in the lungs leads to repair by endothelial progenitor cells (EPCs). EPCs 
secrete cytokines and may give rise to fibroblasts. Possibly involved in the development of pulmonary 
hypertension (PH) in IPF.

Fibroblasts Modulates ECM turnover by synthesizing and depositing large quantities of extracellular proteins.

Fibrocytes Circulating precursors of fibroblasts.

Lymphocytes B lymphocytes produce autoantibodies, secrete IL-6. IL-6 is an independent predictor of decline in the 
DLCO in some ILD.

T lymphocytes accumulate in the lung when pulmonary inflammation and fibrosis occur. Secrete 
interleukin-2 (IL-2), macrophage migration inhibition factor, monocyte chemotactic factor, and neutrophil 
inhibitory factor, which regulate other effector cells. When activated T lymphocytes predominate, 
there is recruitment of mononuclear phagocytes and additional lymphocytes may result in granuloma 
formation.

Macrophages Activation of macrophages causes them to take on a profibrotic phenotype.

Mast cells Potential source of profibrotic factors, stimulator of fibroblast growth, and potentiates ECM production.

Myofibroblasts The effector cells of fibrosis. Contribute to tissue repair and to the ECM deposition.

Natural killer cells Produce various cytokines and are found in the mucus samples and blood of patients affected by certain 
ILD.

Neutrophils Once activated, can release collagenase, elastase, neutral protease and various oxidants, which all 
markedly derange the alveolar structure.

Pericytes These cells are involved in wound healing and collagen production.

Pleural mesothelial cells These cells are thought to transform into myofibroblasts. An increase in these cells correlates with 
increased severity of IPF.

Polymorphonuclear cells These cells are associated with the production of elastases and reactive oxygen species and the 
amplification of lung damage through production of profibrotic cytokines.

TABLE 21-3
Cells Involved in the Development of ILD20,21,24,25,29,30
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Risk Factors
Cigarette smoking is a widespread and addictive habit 
and is well known for its harmful effects due to the high 
number of chemicals contained. Smoking increases the 
risk of many diseases, such as chronic obstructive pul-
monary disease (COPD), lung cancer, and atherosclero-
sis. Additionally, three ILD are etiologically attributed 
to smoking. Therefore, smoking is a risk factor for respi-
ratory bronchiolitis-associated ILD, desquamative inter-
stitial pneumonia, and PLCH.31 Individuals with COPD 
are at higher risk for the development of ILD. Older age 
and male gender are risk factors for ILD in patients with 
rheumatoid arthritis.32 Exposure to radiation therapy 
increases the risk for ILD.

Most cases of IPF occur sporadically in people with 
no history of IPF in their family. Familial pulmonary 
fibrosis appears to have an autosomal dominant pattern 
of inheritance.33 This inheritance pattern means that 
one copy of an altered gene in each cell is sufficient to 
cause the disease. However, some people who inherit 
the mutated gene never develop features of familial pul-
monary fibrosis. It is unclear why some people develop 
the disease and others with the mutated gene do not.33

Other risk factors include hepatitis C or a history 
of tuberculosis or pneumonia. Individuals who are 
exposed to silica dust, asbestos fibers, grain dust, bird 
and animal droppings, and indoor hot tubs are at risk 
for ILD due to long-term exposure to toxins and pollut-
ants. Exposure to certain drugs increases the risk of de-
veloping ILD. These drugs are listed in Table 21-2. Also, 
anyone with any of the causative diseases, such as rheu-
matoid arthritis, SCL, mixed CTD, sarcoidosis, Sjögren 
syndrome, dermatomyositis, and polymyositis is at risk 
for developing ILD.

The risk of developing ILD is increased with taking 
certain drugs. Systemic antineoplastic drugs are a com-
mon form of iatrogenic injury, with the lungs being a fre-
quent target. Ten to twenty percent of all patients treated 
with an antineoplastic agent develop some form of lung 

toxicity. Chemotherapy regimens that include bleomy-
cin, gemcitabine, paclitaxel, cyclophosphamide, or doxo-
rubicin are associated with the development of ILD.34

Patients with subclinical ILD are at a significantly 
higher risk for developing symptomatic and severe 
radiation pneumonitis when being treated for Stage 1 
non-small-cell lung cancer with stereotactic body radia-
tion therapy (SBRT) alone.35 These patients should be 
reviewed for evidence of ILD before the start of SBRT, 
and the therapy should not be performed if ILD or in-
terstitial changes are identified.36

KNOWLEDGE CHECK QUESTIONS

1. True or False: PH occurs in up to 90% of 
 patients with ILD.

2. True or False: The definitive therapy for pharma-
cologic refractory ILD is lung transplantation.

KNOWLEDGE CHECK QUESTIONS

1. True or False: ILD dominated by inflamma-
tion take on the histology of organizing 
pneumonia. 

2. True or False: Inflammation is an essential part 
in lung remodeling and fibrosis in ILD.

3. True or False: AECs and the basement mem-
brane are damaged early on in ILD.

4. True or False: Activated myofibroblasts pro-
duce most of the ECM deposits in IPF.

5. True or False: Circulating macrophages do not 
have a role in the pathogenesis of ILD.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Cigarette smoking increases the 
risk for COPD and lung cancer, but not ILD.

2. True or False: Familial pulmonary fibrosis has an 
autosomal recessive pattern of inheritance.

3. True or False: Taking amiodarone continuously 
for the treatment of certain cardiac arrhyth-
mias is a risk factor for the development of ILD.

Complications
PH is a significant complication of several ILDs and can 
adversely affect patient outcome.37 PH is a complication 
of IPF, ILD associated with CTD, systemic sclerosis, 
lymphangioleiomyomatosis (LAM), pneumoconiosis, 
drug-related ILD, and PLCH. PH is a rare complication 
of sarcoidosis.37 The pathogenesis of PH in ILD is mul-
tifactorial and incompletely understood.38 The reported 
prevalence of ILD-associated PH ranges from 30% to 
90% and is similar to that of patients with COPD. The 
rates of PH depend on the population studied. For IPF, 
PH is present in 8–15% at initial evaluation, 30–50% 
in advanced cases, and over 60% in end-stage IPF. The 
prevalence of PH with ILD associated with CTD varies 
widely among the CTDs.1 Right ventricular failure (cor 
pulmonale) is the end point of all forms of PH and is as-
sociated with reduced survival in patients with ILD.39

Acute respiratory failure typically occurs in late-stage 
ILD, and the treatment is challenging. The only definitive 
therapy in pharmacologically refractory ILD is lung trans-
plantation. Lung transplantation is mainly reserved for 
stable patients who are already on the transplant list. For 
patients not yet on the transplant list, prognosis following 
intensive care unit admission is typically very poor.40–42
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FIGURE 21-4 Approach to the evaluation of a patient with ILD.

Diagnostic Testing
Because ILD occurs with a broad range of diseases, ex-
posures, and drugs, ascertaining the correct diagnosis is 
essential. Following a careful exploration of past medi-
cal history, medication use, potential exposures, and a 
thorough physical examination, routine laboratory tests, 
PFT, chest radiography, and HRCT are obtained. Some 
patients may need to have a bronchoscopy with BAL 
and a transbronchial lung biopsy and finally the open-
lung biopsy to arrive at a diagnosis. See Figure 21-4.

Laboratory Test Abnormal Result Suggested ILD

Complete blood count Microcytic anemia (decreased mean corpuscular volume 
[MCV])

Occult pulmonary hemorrhage

Normocytic anemia (normal MCV with decreased 
hemoglobin and hematocrit)

CTD

Leukocytosis (elevated white blood cell count) Infection, hematologic malignancy

Eosinophilia (increased eosinophils in the blood) Eosinophilic pneumonia, drug toxicity

Thrombocytopenia (low platelet count) CTD, sarcoidosis

Calcium Hypercalcemia (elevated calcium level) Sarcoidosis

Creatinine Increased CTD, pulmonary-renal syndrome (most often due to 
an autoimmune disorder), sarcoidosis, amyloidosis

Liver function Increased gamma-glutamyl transpeptidase, alanine 
transaminase (ALT), and aspartate transaminase (AST)

Sarcoidosis, amyloidosis, CTD (polymyositis)

Urine Abnormal sediment with red blood cell casts and/or 
dysmorphic red blood cells

Vasculitis (CTD, polyangiitis with granulomatosis, 
Goodpasture syndrome, microscopic polyangiitis)

Muscle enzymes Increased creatine kinase, aldolase Polymyositis, dermatomyositis

ACE Increased Sarcoidosis, other ILDs

Lymphocyte proliferation Stimulated by beryllium Chronic beryllium diseases

Data from Meyer K, Raghu G. Patient evaluation. In: Baughman R, du Bois R, ed. Diffuse Lung Disease: A Practical Approach. 2nd ed. New York, NY: Springer; 
2012:3–16 (Table 1.4).

TABLE 21-4
Clues for Specific Diagnoses from Blood and Urine Testing 

Laboratory Tests
These usually include biochemical testing for liver and 
renal function, complete blood test with differential cell 
counts, and urinalysis. See Table 21-4 for clues for ILD 
from blood and urine tests.

Additional blood tests include those to detect the 
presence of autoantibodies (Table 21-5), precipitating 
immunoglobulins against organic antigens, and serum 
ACE. These tests do not usually confirm the diagnosis, 
and there is potential for both false positive (particu-
larly autoantibodies in older patients) and false negative 
results; however, they can be useful in helping further 
direct diagnostics.2

Several serum biomarkers that are suggestive of ILD 
have been identified. These include surfactant protein A 
and B (SP-A, SP-B), monocyte chemoattractant protein-1 
(MCP-1), and Kerbs von Lungren (KL)-6, a circulating, 
high-molecular-weight glycoprotein expressed by Type 
II pneumocytes.43

Lung Function Tests
PFTs can provide useful information but are not diag-
nostic by themselves. PFTs are a means of quantitatively 
assessing respiratory symptoms and are useful for 
monitoring the severity of lung involvement, disease 
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nocturnal hypoxemia. Patients with mild disease may 
have a normal 6MWT and resting ABG, and the only 
manifestation of their disease may be a widening of the 
alveolar–arterial gradient during formal cardiopulmo-
nary exercise testing.44

Cardiac Assessment
A cardiac assessment is needed to rule out heart failure 
as a differential diagnosis of ILD. An ECG is usually 
obtained to evaluate for evidence of PH or concurrent 
cardiac disease. If heart failure or PH is suspected, a 
serum brain natriuretic peptide or N-terminal-proBNP 
level is measured.43 Assessment for PH is needed be-
cause the presence of pulmonary hypertension may be 
a clue to the underlying ILD etiology and severity. In 
patients with IPF, the presence of PH is associated with 
increased disease severity and decreased survival.43

Radiography
Most patients are referred for a chest radiograph at 
the time they seek medical attention for breathlessness 
and cough. Chest radiographic patterns can be sug-
gestive of ILD. Comparison with old chest radiographs 
can demonstrate chronicity. Most often at the time of 
presentation for symptoms, the chest radiographs show 
pulmonary changes. Although the chest radiography 
almost always shows interstitial changes when ILD is 
present, it may appear normal when lung involvement 
is mild. This situation can be encountered with hyper-
sensitivity pneumonitis, sarcoidosis, cellular nonspecific 
interstitial pneumonia, bronchiolitis, respiratory bron-
chiolitis, ILD, or collagen vascular disease. The various 
radiologic patterns and their possible association with 
ILD appear in Table 21-6. Figures 21-5 to 21-7 show 
some common radiologic patterns.

HRCT provides greater accuracy than plain chest ra-
diography, with some minor inconsistencies. HRCT has 
become a central component of the diagnostic evalua-
tion of patients with suspected ILD.45 In general, a com-
plete lack of pulmonary parenchymal changes on HRCT 
imaging virtually excludes a diagnosis of ILD. However, 
ILD may rarely be present with the lung having micro-
scopic involvement that does not reach the threshold for 
the detection of an abnormality detectable by HRCT.7

HRCT is the most appropriate protocol for ILD, due 
to the specific radiation attenuation properties of the 
lung tissue. The imaging data are interpreted by assess-
ing the extent and distribution of the various ILD tex-
tural patterns in the lung CT scan. Typical ILD patterns 
in CT images are reticulation, honeycombing, ground 
glass opacity, consolidation, and micronodules.46 See 
Table 21-7 and Figures 21-8 to 21-10.

Tissue Sampling
In some cases, the diagnosis of ILD cannot be con-
firmed radiologically. Although ILDs are a histologically 

Antibody Associated CTD

ANA (>1:320) Many

RF (>60 IU/mL) RA, Sjögren syndrome, SLE

Anti-CCP RA

Anti-centromere Systemic sclerosis

Antinuclear ANA Systemic sclerosis

Anti-Ro (SS-A) SLE, Sjögren syndrome, and others 

Anti-La (SS-B) SLE, Sjögren syndrome

Anti-RNP SLE, MCTD

Anti-dsDNA SLE

Anti-Smith SLE

Anti-tRNA synthetase Poly-/dermatomyositis (anti-synthetase 
syndrome)

Anti-PM-Sci Systemic sclerosis/myositis overlap

Anti-Th/To Systemic sclerosis

Antir-U3 RNP Systemic sclerosis

ANCA panel Vasculitides 

Anti-topoisomerase 
(Sci-70)

Systemic sclerosis

Reproduced with permission from Mikolasch T, Garthwaite H, Porter J. 
Update in diagnosis and management of interstitial lung disease. Clin Med. 
2017;17(2):146–153. doi:10.7861/clinmedicine.17-2-146.

TABLE 21-5
Autoantibodies in Connective Tissue ILD

progression, and responses to therapeutic interven-
tions.44 Most ILDs have a restrictive lung defect with 
reduced TLC, functional residual capacity, and residual 
volume. The FEV1 and FVC are generally decreased pro-
portionally with a normal or  elevated FEV1/FVC ratio.

A reduction diffusing capacity (DLCO) is a com-
mon finding, although nonspecific. The reduction in 
DLCO is due mostly to the extent of ventilation/perfu-
sion mismatching in the alveoli. In some ILDs, nota-
bly sarcoidosis, there can be considerable reduction in 
lung volumes and/or severe hypoxemia but normal or 
slightly reduced DLCO.43

Early in ILD, resting arterial blood gas (ABG) results 
may be normal or may show mild resting hypoxemia 
and respiratory alkalosis. Hypercapnia is rare and usu-
ally manifests in end-stage ILD. Normal values for 
resting blood oxygen levels do not rule out significant 
hypoxemia during sleep or exercise. It is essential to 
include some form of exercise testing to assess for 
hypoxemia during exercise. The exercise tests include 
a 6MWT with pulse oximetry, or a cardiopulmonary 
exercise test and overnight pulse oximetry to assess for 
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Radiographic Pattern Consistent with ILD Diagnosis, Mimics, or Is a Complication of ILD

Hilar lymphadenopathy Sarcoidosis, silicosis, chronic beryllium disease, infection, malignancy

Septal thickening Congestive heart failure malignancy, infection, pulmonary veno-occlusive disease

Lower lung zone predominance Interstitial pulmonary fibrosis, asbestosis, desquamative interstitial pneumonia, collagen vascular 
disease, nonspecific interstitial pneumonia

Mid/upper lung zone predominance Sarcoidosis, silicosis, acute hypersensitivity pneumonitis, Langerhans cell histiocytosis, chronic 
beryllium diseases, ankylosing spondylitis, chronic eosinophilic pneumonia

Peripheral lung zone predominance Cryptogenic organizing pneumonia, chronic eosinophilic pneumonia, IPF

Honeycomb change IPF, asbestosis, chronic hypersensitivity pneumonitis, sarcoidosis, fibrotic nonspecific interstitial 
pneumonia, collagen vascular disease 

Small nodules Sarcoidosis, hypersensitivity pneumonitis, infection

Cavitating nodules Polyangiitis with granulomatosis, mycobacterium infection, cancer

Migratory or fluctuating opacities Hypersensitivity pneumonitis, cryptogenic organizing pneumonia, desquamative interstitial pneumonia

Pneumothorax Langerhans cell histiocytosis, LAM, tuberous sclerosis

Pleural involvement Asbestosis, collagen vascular disease, acute hypersensitivity pneumonitis, malignancy, sarcoidosis, 
radiation fibrosis

Kerley B line prominence Lymphangitic carcinomatosis, congestive heart failure

Data from Meyer K, Raghu G. Patient evaluation. In: Baughman R, du Bois R, eds. Diffuse Lung Disease: A Practical Approach. 2nd ed. New York, NY: Springer; 
2012:3–16 (Table 1.3).

TABLE 21-6
Routine Chest Radiographic Patterns in ILD

FIGURE 21-5 Chest radiograph demonstrating bilateral hilar 
lymphadenopathy.
Case courtesy of Dr Mohammad Taghi Niknejad, Radiopaedia.org, rID: 21198. FIGURE 21-6 Pleural involvement with numerous pleural plaques. 

This patient has asbestos-related pleural disease.
Published with permission from LearningRadiology.com.

heterogeneous group of disease, they mostly have some-
what similar clinical manifestations with each other, or 
even with different lung disorders, so that differential 
diagnosis is difficult even for experienced practition-
ers.46 Histologic specimens include endobronchial biop-
sies, transbronchial biopsies, cryobiopsy, video-assisted 

thoracic surgical biopsies, and traditional open biopsies. 
Depending on the specific disease, any of these biopsy 
techniques may allow a definitive diagnosis. How-
ever, the most likely method to obtain a specific tissue 

Diagnostic Testing 581



FIGURE 21-8 HRCT scan demonstrating a usual interstitial pneumonia 
(UIP) pattern: the fibrotic changes predominate in the lung bases 
and subpleural regions and are associated with honeycombing and 
traction bronchiectasis. The latter is, as the name suggests, caused 
by the fibrotic lung pulling on the bronchi, causing irreversible dilation. 
The most common cause of UIP is IPF.
Case courtesy of Dr. David Cuete, Radiopaedia.org, rID: 33436.

FIGURE 21-7 Honeycomb pattern on chest radiograph. Honeycombing more pronounced with a HRCT.
Reproduced with permission from The Radiology Assistant.

Pattern
Consistent with ILD Diagnosis, Mimics 
of ILD, and/or Complications of ILD

Nodules Sarcoidosis, hypersensitivity 
pneumonitis, chronic beryllium diseases, 
pneumoconiosis, rheumatoid arthritis, 
malignancy

Septal thickening Edema, malignancy, infection, drug 
toxicity, pulmonary veno-occlusive disease

Cyst formation LAM, Langerhans cell histiocytosis, 
lymphoid interstitial pneumonia, 
desquamative interstitial pneumonia, 
Sjögren syndrome

Reticular lines IPF, asbestosis, chronic eosinophilic 
pneumonia, chronic hypersensitivity 
pneumonitis, CTD, nonspecific interstitial 
pneumonia

Traction 
bronchiectasis

IPF, other end-stage fibrosis

Honeycomb 
change

IPF, chronic eosinophilic pneumonia and 
hypersensitivity pneumonitis, asbestosis, 
sarcoidosis

Ground glass 
opacity

Acute interstitial pneumonia, acute 
eosinophilic pneumonia, pulmonary 
alveolar proteinosis, chronic eosinophilic 
pneumonia, cryptogenic organizing 
pneumonia, lymphoma, sarcoidosis, 
nonspecific interstitial pneumonia, 
infection, hemorrhage

Data from Meyer K, Raghu G. Patient evaluation. In: Baughman R, du Bois 
R, eds. Diffuse Lung Disease: A Practical Approach. 2nd ed. New York, NY: 
Springer; 2012:3–16 (Table 1.3).

TABLE 21-7
HRCT Patterns in ILD

diagnosis is with a surgical lung biopsy. In general, small 
endobronchial or transbronchial biopsies may be diag-
nostic in diseases in which the histologic changes are 
unique or sufficiently characteristic that they may be ap-
preciated even in tiny specimens.47

BAL has gained widespread acceptance as a proced-
ure that can be performed safely to retrieve respiratory 
secretions for the examination of cellular and acellular 
components for diagnostic purposes.44 BAL is routinely 
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used as a tool to diagnose respiratory infections, evalu-
ate patients with acute respiratory failure or evidence 
of DPLDs, and monitor the status of transplanted lung 
allografts.44 Current application of BAL is limited but 
can be diagnostic in certain ILDs, such as pulmonary 
alveolar proteinosis and pneumoconiosis. Other-
wise, the precise information is not obtained for most 
ILDs. Many patients with an acute onset of ILD will 
be evaluated with BAL to assess for acute eosinophilic 
pneumonia, alveolar hemorrhage, malignancy, and op-
portunistic or atypical infection, which can often be 
diagnosed based on BAL findings. BAL analysis alone 
has no diagnostic value; it must be put together with 
other clinical and radiologic features and reviewed by a 
multidisciplinary team.44,48 The American Thoracic So-
ciety (ATS) statement has been clear and realistic about 
the use of BAL. When used in conjunction with com-
prehensive clinical information and adequate thoracic 
imaging, such as HRCT of the thorax, BAL cell patterns 
and other characteristics frequently provide useful in-
formation for the diagnostic evaluation of patients with 
suspected ILD.49,50 BAL does not have an established 
role in the assessment of ILD progression or response to 
therapy.43

Transbronchial biopsy (TBB) can be helpful when 
primary lung neoplasm, infectious pneumonitis, or 
sarcoidosis is high on the list for differential diagnosis. 
TBB is often the biopsy procedure of choice when the 
suspected ILD is likely to have a centrilobular location 
and when a diagnosis can be made from small samples 

of lung tissue. Examples of centrilobular diseases include 
sarcoidosis, hypersensitivity pneumonitis, lymphangitic 
carcinomatosis, eosinophilic pneumonia, and alveolar 
proteinosis.51

Endobronchial ultrasound-guided transbronchial 
needle aspiration (EBUS-TBNA) may be used to 
evaluate enlarged hilar and mediastinal lymph nodes. 
EBUS-TBNA has a yield of 90–96% for the diagnosis 
of sarcoidosis in the presence of hilar or mediastinal 
adenopathy.51

In a patient with characteristic clinical features, a 
confident diagnosis of IPF can be made after exclud-
ing alternative causes of ILD and demonstrating typical 
features on HRCT of the lungs. In patients with atypical 
features on imaging or other cause of diagnostic uncer-
tainty, a surgical lung biopsy may be required to confirm 
the diagnosis.52 This may be important for management 
because treatment options and prognosis differ signifi-
cantly between the various types of ILD.52

When BAL and TBB are nondiagnostic, surgical lung 
biopsies are appropriate unless specific contraindications 
exist. A lung biopsy is the gold standard to determine the 
specific diagnosis for patients with ILD. There are several 
indications for surgical lung biopsy. See Box 21-2.

Examination of the tissue allows for confirmation of 
a specific ILD, affects the treatment plan development, 
predicts response to treatment, and provides prognostic 
information.53 A lung biopsy is the most definitive way 
to diagnose different pathologic subtypes of ILD. Lung 
biopsy helps to distinguish treatable secondary causes 

FIGURE 21-9 A HRCT scan demonstrating ground glass 
opacifications. This patient was diagnosed with ILD developed from 
amiodarone or amiodarone lung.
Case courtesy of A.Prof Frank Gaillard, Radiopaedia.org.

FIGURE 21-10 HRCT scan of a patient with the early nodular stage 
of PLCH.
Case courtesy of Dr Michael Sargent, Radiopaedia.org.
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FIGURE 21-11 (A) A possible UIP pattern. The CT scan shows subpleural and bibasal predominant reticular abnormality without 
honeycombing. Although the patient was highly likely to have IPF, surgical lung biopsy is needed to confirm the diagnosis. (B) The patient 
underwent open-lung biopsy, which shows fibrotic lung disease with heterogeneous spatial and temporal fibrosis consistent with a 
usual interstitial pneumonia (UIP) pattern. (C) Honeycomb change with enlarged subpleural alveolar spaces with bronchiolar metaplasia, 
mucus plugs, and mild chronic inflammatory infiltrate. Based on clinical, radiologic, and pathologic data, a diagnosis of IPF was made.
Reproduced with permission of the © ERS 2018: European Respiratory Review. 2014;23(133);308-319. doi: 10.1183/09059180.00004914. 

BOX 21-2 Indications for Surgical Lung 
Biopsy
Patient younger than 65 years
History of fever, weight loss, and sweats 
History of hemoptysis
Family history of ILD
Symptoms and signs of peripheral vasculitis 
History of pneumothorax
Normal chest radiograph despite clinical signs
Atypical radiographic features of IPF
Unexplained extrapulmonary manifestations
Unexplained PH
Unexplained cardiomegaly
Rapidly progressive disease

and steroid-responsive primary causes of interstitial 
lung disorders. Tissue samples from a TBB are often 
too small and are hampered by sampling variation. For 
these reasons, biopsy techniques using video-assisted 
thoracoscopic surgery or open thoracotomy are often 
preferred because they provide larger tissue sampling.

The optimal number, size, and location of lung biop-
sies depend upon the suspected diagnosis and the ana-
tomic distribution of the disease process. The clinician 
should communicate with the thoracic surgeon any spe-
cific concerns and suggestions regarding these issues. 
HRCT imaging plays an essential role in selecting the 
best location(s) to biopsy.54 The areas to avoid taking 
the biopsy from are those regions that appear com-
pletely normal and those areas of greatest involvement 
and honeycombing. These would be of little diagnostic 
value. Lung parenchyma with mild involvement or 
lung parenchyma adjacent to obviously abnormal areas 
should be biopsied.43 See Figure 21-11.

(C)
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A pattern-based histopathologic approach to ILD 
provides a “map” to use with the aid of the clinical and 
radiologic patterns of presentation. Several patterns as-
sist in narrowing down the diagnosis. See Table 21-8.

Recognizing the dominant pattern is essential for 
navigating the differential diagnosis and addressing the 
primary clinical concerns. Specific patterns should be 
considered dominant over others based on clinical con-
cerns. Acute lung injury should always come first given 
the acuity of the clinical presentation when this pattern 
is present and the potentially lethal immediate conse-
quences.55 The characteristic findings on HRCT of UIP 
are reticular abnormality and honeycombing with basal 
predominance. Honeycombing is a strong predictor of 
UIP and is a significant predictor of mortality.56 Because 
UIP carries the most adverse prognosis among the sub-
types of idiopathic interstitial pneumonia, it is essential 
to be able to differentiate this entity from nonspecific 
interstitial pneumonia and desquamative interstitial 
pneumonia from UIP, because these patients may show 
similar clinical presentations.56

Taking into consideration the various investigations 
involved in ILD diagnosis, no single diagnostic test can 
provide a confident answer.2 The use of a multidisci-
plinary diagnosis team (MDT) approach is the current 
gold standard in ILD diagnosis and comprises inter-
disciplinary discussions of multiple forms of informa-
tion to provide diagnostic and management outputs.57 
Several studies report that MDT diagnosis is associated 
with higher levels of diagnostic confidence and better 
interobserver agreement when compared with the indi-
vidual components of the MDT in isolation.58 An MDT 
approach to the diagnosis of ILDs combines clinical 
data with serial lung function and disease behavior to 
establish an accurate expert diagnosis and decide on 
treatment options.59

KNOWLEDGE CHECK QUESTIONS

1. True or False: Patients with connective tissue 
ILDs test positive for autoantibodies.

2. True or False: DLCO can determine the etiology 
of ILDs.

3. True or False: Small nodules found on chest ra-
diography is common with IPF.

4. True or False: HRCT is the gold standard for the 
diagnosis of ILD.

Pattern Description

Acute lung injury • Diffuse alveolar damage
• Infections
• Drug reactions
• Related to rheumatic disease
• Related to toxins, fumes, and  

gases
• Acute eosinophilic pneumonia
• Alveolar hemorrhage syndromes
• Transplant rejection
• Idiopathic forms (acute interstitial 

pneumonia and acute fibrinous and 
organizing pneumonia)

Fibrosis • Pneumoconiosis
• UIP
• Chronic hypersensitivity pneumonitis
• Related to rheumatic disease
• Chronic drug reactions
• Advanced sarcoidosis
• Fibrotic nonspecific interstitial 

pneumonia
• Chronic aspiration
• Chronic radiation injury
• Advanced Langerhans cell  

histiocytosis
• Hermansky–Pudlak syndrome
• Erdheim–Chester disease (non-

Langerhans cell histiocytosis)
• Idiopathic airway-centered fibrosis

Cellular infiltrates • Hypersensitivity pneumonitis
• Drug reactions
• Related to rheumatic disease
• Lymphoproliferative diseases
• Nonspecific interstitial pneumonia
• Certain infections (e.g., mycoplasma, 

HIV)
• Lymphoid interstitial pneumonia

Alveolar filling • Pulmonary edema
• Granulomatous infection
• Pneumoconioses, especially silica 

related
• Aspiration
• Nodular drug reaction (e.g., 

amiodarone)
• Sarcoidosis/berylliosis
• Langerhans cell histiocytosis
• Wegener granulomatosis
• Persistent organizing pneumonia
• Pulmonary hyalinizing granuloma
• Plasma cell granuloma
• Lung infarct
• Rosai–Dorfman disease

Minimal changes • Pulmonary edema
• A very subtle interstitial infiltrate
• Pulmonary emboli (including  

fat emboli)
• Constrictive bronchiolitis
• Vasculopathic diseases
• Cystic diseases
• LAM
• Langerhans cell histiocytosis
• Sampling error

TABLE 21-8
Six Histopathologic Patterns for ILD55

Treatment and Management
Once there is a confident diagnosis, a plan to treat and 
monitor disease activity can begin. See Box 21-3. The 
MDT must develop a plan that answers several ques-
tions: (1) What pharmacologic agent(s) are appropriate, 
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if any? (2) How will disease progression be monitored? 
(3) Should a lung transplantation referral be made? 
(4) Is the disease end stage? (5) Is the disease likely to 
respond to therapy? (6) Is supportive, palliative care for 
this patient the best approach?7

Because ILD refers to a broad category of lung 
diseases rather than a specific disease entity, many 
medications are used for its treatment and its vari-
ous symptoms. Individual treatment should be highly 
dependent on the underlying disease and primary 
histologic classification. Medical treatment may con-
sist of immunosuppressive drugs and avoidance of 
disease-inducing exposures. Careful questioning of cur-
rent or recent contact with environmental mold, birds, 
tobacco smoke, and specific medications is essential. 
In many cases, just removing the inciting agent may be 
sufficient to bring about disease regression, without the 
need for immune suppression.4

In ILD, few diseases are amenable to specific treat-
ments. However, most therapy is targeted at reducing 
inflammation, preventing fibrosis, and maintaining 
function. Corticosteroid-based regimens are standard, 
often with the addition of immunosuppressive agents, 
including azathioprine, mycophenolate, and cyclophos-
phamide.4 Individually or in combinations, these are the 
basic medications used for the treatment of ILD.

New guidelines, by the American Thoracic Society/
European Respiratory Society/Japanese Respiratory 

Society, and the Latin American Thoracic Associa-
tion (ATS/ERS/JRS/ALAT), for the treatment of IPF 
were published in 2015.9 The recommendations for the 
treatment of IPF now conditionally include the use of 
nintedanib and pirfenidone. Nintedanib is an intracel-
lular inhibitor that targets multiple tyrosine kinases, 
including the platelet-derived growth factor receptor, 
fibroblast growth factor receptors, and vascular endo-
thelial growth factor receptors.60 These tyrosine kinases 
are involved in signaling pathways that have been impli-
cated in the development and progression of fibrosis.61 
Pirfenidone has antifibrotic, antiinflammatory, and 
antioxidant effects.62 Both drugs can significantly slow 
the rate of IPF progression. Until now IPF has no known 
effective treatment.

Despite its significant diversity, several other 
therapy modalities can be of benefit to most patients 
with ILD, including supplemental oxygen therapy. 
Oxygen is often prescribed because hypoxemia is a 
common finding with ILD. Pulmonary rehabilitation, 
though not as well studied in ILD patients compared 
to those with obstructive lung disease, is a valuable 
management tool for building aerobic fitness, main-
taining physical activity, and improving quality of life. 
Vaccinations and infection avoidance are also import-
ant adjuncts in the care of persons with ILD. This is 
especially true in those patients that are treated with 
immunosuppressive medications known to cause 

BOX 21-3 Management Strategies for Patients with ILD7

 � Establish a partnership with the patient to provide 
a patient-centered, personalized care plan.

 � Provide the patient with:

 y Information regarding the nature of the specific 
disease and its prognosis

 y Treatment options with appropriate counseling 
include:
 { Enrollment in clinical trials
 { Off-label therapy options
 { Lung transplantation
 { Best supportive care

 � Use disease-specific monitoring (for prognosis and 
treatment decisions).

 y PFT
 { FVC
 { DLCO
 { 6MWT

 y Thoracic imaging

 y Dyspnea score

 � Pulmonary rehabilitation

 � Supplemental oxygen if indicated (keep Spo2 
≥90%)

 y During exertion

 y During sleep

 y Continuous if indicated

 � Detect and treat comorbidities and complications

 y Gastroesophageal reflux disease

 y Drug toxicity (if treated)

 y Sleep-disordered breathing

 y Secondary PH

 y Metabolic bone disease (osteopenia, 
osteoporosis)

 y Anemia

 y Anxiety and depression

 � Maintain ideal body mass index (weight reduction if 
obese, improved nutrition if cachectic)

 � Vaccinations (pneumococcal vaccine, seasonal in-
fluenza, others as indicated)
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some increased risk for the development of infec-
tions. Patients should receive a pneumococcal vaccine 
per the Centers for Disease Control and Prevention 
(CDC) guidelines and a yearly influenza virus vaccine. 
Additionally, individuals treated with certain specific 
immunosuppressive regimens should also receive 
Pneumocystis prophylaxis.

Ultimately, the goals of treatment for any of the ILD 
disorders include the reduction of breathlessness and 
inflammation and the suppression of overactive im-
mune systems. Regardless of the underlying cause of 
ILD, treatment needs to decrease inflammation and 
prevent further lung scarring, removing the source of 
the problem when possible, minimizing and managing 
potential complications, and attempting to improve or 
prevent a worsening in a person’s quality of life. How-
ever, many ILDs have limited effective therapies and 
may require lung transplantation for ongoing survival. 
Lung transplantation is a potentially curative option 
for a select group of ILD sufferers. Timely transplant 
referral is critical, particularly for younger patients with 
treatment-refractory, aggressive fibrosis.4 The rate of 
decline in FVC and DLCO is a predictor of the require-
ment for transplantation. Transplantation is the only 
option shown to prolong the survival rate of patients 
with advanced ILD, especially IPF. ILD is the second 
most common indication for lung transplantation.63 
Among the ILDs, IPF most commonly requires lung 
transplantations.

The radiographic and pathologic pattern that defines 
IPF is UIP. However, UIP is also associated with a few 
conditions, mainly CTDs and chronic hypersensitivity 
pneumonitis. The presence of a UIP pattern on HRCT 
with patients who have ILD with rheumatoid arthritis 
has a prognosis like IPF. Differentiation of UIP is im-
portant as it carries the worst prognosis and treatment 
varies widely from the other types of ILDs.64,65 This 
is because in those with a UIP pattern, the areas of 
ground glass attenuation tend to progress to fibrosis 
despite treatment. In those patients with more active 
inflammation involving the pulmonary interstitium, 
there is a faster progression of honeycombing in long-
term follow-up.65

BAL cell counts do not appear to be a reliable indica-
tor of prognosis for some ILDs.66–68 An increased pro-
portion of neutrophils in BAL fluid was associated with 
more extensive lung disease on HRCT, a more signifi-
cant reduction in DLCO, and early mortality (HR: 8.40, 
95% CI: 1.91–36.95), but it did not predict the rate of 
functional deterioration or progression-free survival.67 
The rate of survival for patients with ILD is changing 
due to the introduction of new therapies in the past few 
years and will continue to change with the new thera-
pies currently in clinical trials and research into mo-
lecular biomarkers.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Sometimes just removing the 
causative agent can cause ILD regression.

2. True or False: Nintedanib and pirfenidone are 
two new antiinflammatory drugs for IPF.

3. True or False: Pulmonary rehabilitation is not 
indicated for ILD.

4. True or False: Lung transplantation is a poten-
tial curative option for a select group of pa-
tients with ILD.

KNOWLEDGE CHECK QUESTIONS

1. True or False: The prognosis for ILD is depend-
ent on the specific type of disease.

2. True or False: The UIP pattern on chest radiog-
raphy carries a positive prognosis for patients 
with ILD.

3. True or False: BAL is a reliable indicator for ILD 
prognosis.

Prognosis
The prognosis of ILD depends on the specific type of 
ILD and the response to therapy. Patients with IPF 
have a better chance of survival if they are female, are 
younger, have less dyspnea, and have a more signifi-
cant response with lavage at the onset of symptoms. 
The overall prognosis for IPF is typically poor, and 
most patients have progressive loss of lung function 
and may suffer acute exacerbations with an accelera-
tion of lung function loss that often leads to death.7 

Chapter Summary
ILDs have a gradual onset but can also present as an 
acute exacerbation. A thorough history is essential 
when trying to identify the etiology of the disease. 
When the etiology is known, prevention and cessation 
of exposure is vital. PFT typically shows a restrictive-
type defect. Hypoxemia is common especially during 
exertion and may progress to occur at rest. Diagnosis of 
ILD is usually made with a combination of clinical, im-
munologic, radiologic, and pathologic examinations and 
reviewed by a multidisciplinary team to determine the 
most likely diagnosis. There are times when there are 
no clear answers to the diagnosis. The prognosis of ILD 
varies with its cause and its severity.
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Key Points
  1. The most common presentation of ILD is a slowly 

progressive onset of dyspnea and a nonproductive 
cough.

  2. A thorough history is crucial to the identification of 
the cause of ILD.

  3. Many of the known etiologies of ILD produce simi-
lar clinical features.

  4. Both inflammation and fibrosis occur with ILD, 
and their presence determines whether the ILD will 
respond to treatment.

  5. Fibrosis is caused by damage to the epithelial or 
endothelial layers and their associated basement 
membranes, leading to apoptosis and necrosis of 
the AECs.

  6. The fibrosis that occurs with IPF is not revers ible, 
as it is at least partially reversible in some ILDs.

  7. With IPF, epithelial damage causes AMs to release 
chemical markers that attract neutrophils, cyto-
kines, growth factors, ECM proteins, and tissue 
inhibitors of metalloproteases. These all contrib-
ute to further alveolar injury and aberrant lung 
repair.

  8. Cigarette smoking, occupational exposure, en-
vironmental exposure, and certain medications are 
risk factors for the development of ILD. Having 
certain CTDs are risk factors for the development 
of ILDs.

  9. PH is a common complication of ILD, especially 
IPF. PH adversely affects patient outcome.

 10. PFT serves as a guide to severity and to monitor 
patient progression. Radiologic and histopathologic 
patterns are used as a guide to diagnosis. The prog-
nosis of the patient varies with the type of ILD and 
its severity.

Chapter Questions
1. One of the most common interstitial lung diseases 

of unknown etiology is _______________.
a. eosinophilic pneumonia
b. sarcoidosis
c. amyloidosis
d. polymyositis

2. A patient presenting with progressive dyspnea, 
nonproductive cough, eye symptoms, salivary  
gland enlargement, hypercalcemia, and a 
chest  radiography with hilar lymphade-
nopathy most likely has a diagnosis of 
__________________________.
a. idiopathic pulmonary fibrosis (IPF)
b. hypersensitivity pneumonitis
c. asbestosis
d. sarcoidosis

3. A patient presenting with a slow onset of breath-
lessness and dry cough, digital clubbing, and pleu-
ral involvement with a reticular line pattern on 
chest radiograph who was a construction worker in 
the 1970s may have ________________.
a. asbestosis
b. sarcoidosis
c. lymphangioleiomyomatosis
d. cryptogenic organizing pneumonia

4. The most likely method of obtaining a specific tis-
sue diagnosis is with _________________.
a. bronchoalveolar lavage
b. cryobiopsy
c. surgical biopsy
d. high-resolution computed tomography (HRCT)

5. An endobronchial ultrasound transbronchial nee-
dle aspiration biopsy can be used to obtain histo-
logic specimen in cases of ___________________.
a. sarcoidosis
b. asbestosis
c. IPF
d. chronic hypersensitivity pneumonitis

6. ______________________________ may be diag-
nosed from typical features on HRCT scan of the 
lungs.
a. Chronic hypersensitivity pneumonitis
b. IPF
c. Chronic eosinophilic pneumonia
d. Sjögren syndrome

7. _______________________ can cause a predomi-
nant fibrosis pattern on radiologic images.
a. Diffuse alveolar damage
b. Transplant rejection
c. Chronic drug reaction
d. Wegner granulomatosis

  8. A cellular infiltrate pattern is indicative of 
__________________________.

 a. persistent organizing pneumonia
 b. chronic radiation injury
 c. cystic disease
 d. hypersensitivity pneumonitis
  9. _____________________ is one of two antifibrotic 

drugs used in the treatment of IPF.
 a. Cyclophosphamide
 b. Mycophenolate
 c. Nintedanib
 d. Azathioprine
 10. The worst prognosis for interstitial lung dis-

ease is one with a demonstrated pattern of 
_____________________________ on HRCT.
a. acute lung injury
b. usual interstitial pneumonia
c. ground glass opacification
d. nodules
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Case Study
A 44-year-old white female schoolteacher was 
admitted to the hospital through the emergency 
department with complaints of severe right upper 
quadrant abdominal pain. Her previous medical his-
tory included some fatty food intolerance and dys-
pepsia. She smokes one pack of cigarettes per day 
since her freshman year of college (26 pack-years) 
and had childhood asthma until the age of 16. She 
described a recurrent “allergic cough” that is produc-
tive of clear sputum usually occurring through the 
spring until the late fall season. Her only significant 
medical history that she reported is hypercholester-
olemia and “being overweight” due to “not getting 
around or exercising as much as I should.” On physi-
cal examination, she seems to have a mild degree 
of labored breathing at rest. Her temperature was 
100.7°F, pulse was 116/minute, resting respiratory 
rate was 26/minute and shallow, blood pressure was 
136/92. She is 60 inches tall and weighs 205 lb (body 
mass index [BMI] = 40). Her nasal mucosa and turbi-
nates are pink and moist. Chest examination reveals 
diminished breath sounds felt to be in part due to 
shallow breathing. Heart sounds are normal, and 
pulse is rapid. Abdominal exam reveals tenderness 
primarily over the right upper quadrant. Extremi-
ties are unremarkable with no signs of peripheral 
edema. A bedside spirometry screening before and 
following bronchodilator aerosol shows a mild air-
flow obstruction, which improved with aerosolized 
albuterol. Arterial blood gas on 2 L of oxygen shows 
a pH of 7.52, Pao2 of 110 mm Hg, and Paco2 of 36 
mm Hg. Complete blood count shows a hemoglobin 
of 16.8 (12.1–16.3 g/dL) and a white blood cell count 
of 18,500 (4.1–10.5). Her serum amylase is mildly 
elevated with a normal lipase level. A chest radio-
graph shows a normal heart shadow and normally 

curved hemi-diaphragms. An electrocardiogram 
(ECG) revealed evidence of mild tachycardia but was 
otherwise unremarkable. Her diagnosis is suspected 
acute cholecystitis, and a surgical consultation and a 
decision for an exploratory laparotomy occurred the 
next morning. The patient was kept NPO following 
admission, began on inhaled bronchodilator therapy 
every 4 hours to avoid any potentially reversible air-
way  obstruction before anesthesia induction, and 
received lung expansion maneuvers training.

Following an uncomplicated laparoscopic cholecys-
tectomy, the patient was transferred to the intensive 
care unit (ICU), where she was later extubated. In the 
immediate postoperative period following extuba-
tion, she moved to the surgical wing and continued 
receiving 2 L of humidified supplemental nasal oxygen, 
which sustained the patient’s oxygen saturation at 
more than 95%. She continued to receive aerosol-
ized albuterol treatments as well as deep breathing 
exercises, incentive spirometry (IS), and respiratory 
therapist-assisted deep induced cough. On her third 
postoperative day, the patient became progressively 
short of breath. Pulse oximetry while receiving 3 L of 
supplemental oxygen via nasal cannula was 80%. Her 
breath sounds were diminished, and percussion was 
dull over the right middle and lower lobe regions of 
the chest with observed tracheal deviation to the right 
side. An arterial blood gas taken on 6 L via facial mask 
revealed a pH of 7.51, Pao2 of 50 mm Hg, and Paco2 of 
36 mm Hg. A comparison portable chest radiograph 
confirmed suspected collapse of the right middle and 
lower lobes with obscuring of the right diaphragm and 
right heart border. Because of alleged airway obstruc-
tion, the patient underwent fiberoptic bronchoscopy, 
at which time a sizeable amount of mucous plugging 
occluded in both right middle and lower lobe airways.

Introduction
Postoperative pulmonary complications (PPCs) are 
broadly defined as abnormal occurrences affecting 
the respiratory tract producing identifiable disease, or 
dysfunction.1 Postoperative adverse events are likely 
to be clinically significant and adversely influence the 
clinical course of patients following surgery, particu-
larly in the first postoperative week. While there was 
considerable progress over the years in the management 
of perioperative patients, pulmonary complications 

remain a significant cause of postoperative morbidity 
and mortality.2,3 Even mild PPCs are associated with in-
creased early postoperative death, ICU admission, and 
length of stay (ICU and hospital).4

The etiology for PPCs is multifactorial and associated 
with preoperative, intraoperative, and postoperative 
risk factors.5 In addition to perioperative risks, several 
postoperative complications are related to disrupted 
normal pulmonary physiology from preexisting lung 
disease. Residual effects of anesthesia and pharmaco-
logic interventions cause reduced lung volumes creating 
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hypoventilation leading to atelectasis and pneumonia. 
PPCs occur at least as often as cardiac complications 
following noncardiac surgery and are a significant cause 
of morbidity and mortality.1 While a PPC risk factor 
may exist as a solo issue, many risk factors are inter-
related and commonly coexist in the same individual. 
Individual or combined PPCs are associated with in-
creased morbidity, mortality, and hospital length of 
stay (LOS) and substantially increase consumption of 
healthcare resources.5 Estimates suggest that more than 
1 million PPCs occur annually in the United States, with 
46,200 related deaths and 4.8 million additional hospi-
talization days.4 PPCs are expensive and require longer 
hospital LOSs when compared with patients who expe-
rience no or only minor postoperative complications.5 
PPCs typically prolong a hospital LOS an additional 
3–10 days in many cases.6

The type and duration of the surgery as well as the 
type and delivery mode of anesthesia administered 
directly influence the risk for postsurgical complica-
tions. While PPCs are anticipated to occur in 6–40% of 
patients undergoing upper abdominal and thoracic sur-
gery,2 they typically happen less often than other types 
of surgical procedures. The reported frequency of PPCs 
in the literature, however, varies as wide as from 2% to 
70%. The wider range is due in part to patient selection 
and procedure-related risk factors, although differing 
definitions for postoperative complications account for 
much of the variability and make a comparison or re-
ported incidences across different studies difficult.7 The 
site of surgery is the most crucial factor in predicting 
the overall risk of PPCs. The rate of pulmonary compli-
cations is related to the surgical proximity to the dia-
phragm. The closer the surgery is to the diaphragm, the 
higher is the risk of PPC.7,8 Surgical procedures lasting 
longer than 3 hours are also associated with higher risk 
of pulmonary complications. General anesthesia poses 
a higher risk of pulmonary complications than spinal or 
epidural anesthesia.7 Regional nerve block is associated 
with lower risk and is a viable option for high-risk pa-
tients.7 Anesthesia, sedatives, and opiates may worsen 
patients with obstructive sleep apnea (OSA) by decreas-
ing pharyngeal muscle tone and blunting responses to 
hypercarbia and upper airway obstruction.1

Pulmonary Complication 
Risk Factors
Several independent risk factors are associated with 
PPCs. Circumstances that directly or indirectly affect 
preoperative pulmonary risk stratification are grouped 
into patient-related and procedure-related factors. See 
Table 22-1.

There is evidence that supports specific patient- 
related factors for developing perioperative pulmonary 
complications. The ASA physical status classification 
system (ASAPS) offers clinicians a simple categoriza-
tion of a patient’s physiologic status that can be helpful 
in predicting operative risk. This classification system 
assumes that age is unrelated to physiologic fitness, an 
assumption that is incorrect because neonates and the 
very elderly, even in the absence of disease, are far more 
“fragile” in their tolerance of anesthetics compared to 
young adults.9 See Table 22-2.

The patient’s ASA status predicts PPCs in those 
 patients with an ASA or two or higher. Functional 
dependency and poor general health are significant 
predictors of PPCs. Total dependence (the inability to 
perform any activity of daily living) more than doubles 
the patient’s likelihood of developing pneumonia.1

Evidence also exists that supports specific 
procedure-related factors, nature of the surgery and 
surgical site, as being a risk for PPCs.1,2,4,7,10 Surgi-
cal sites such as aorta, thorax, abdomen and upper 
abdomen, head, neck, and vasculature pose the most 
significant risk.1 Prolonged surgery and anesthesia 
change the body’s immune defense and gas exchange 
capacity by depressing alveolar macrophage func-
tion, interfering with surfactant production, slowing 
mucociliary clearance, and increasing the permeabil-
ity of the  alveolar-capillary barrier. Anesthetic agents 
diminish respiratory drive and the body’s response to 

KNOWLEDGE CHECK QUESTIONS

1. True or False: Clinically significant postoperative 
pulmonary adverse events typically occur within 
the second postoperative week.

2. True or False: The type and duration of an-
esthesia influence the risk for postsurgical 
complications.

Patient-Related Factors Procedure-Related Factors

Advanced age (>60 years)
Asthma
Poor general health status 
(American Society of 
Anesthesiologists [ASA] >2)
Chronic obstructive pulmonary 
disease (COPD)
Cigarette use
Congestive heart failure (CHF)
Metabolic and nutritional 
factors
Nutritional status
OSA
Upper respiratory infection
Pulmonary hypertension

Duration of surgery (>3 hours)
Emergency surgery
Surgical site (abdominal, 
thoracic, neurosurgery, 
vascular, head and neck 
surgery)
Anesthetic factors (general 
anesthesia, neuromuscular 
block)

TABLE 22-1
Risk Factors for PPCs1,7
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ASA 
Classification Description Example

ASA 1 A normal healthy patient Fit patient with a BMI <30, a nonsmoking patient with good 
exercise tolerance

ASA 2 A patient with mild systemic disease Patient with no functional limitations and a well-controlled disease, 
such as treated hypertension, obesity with BMI <35, frequent social 
drinker or a cigarette smoker

ASA 3 A patient with a severe systemic disease that is 
not life threatening

Patient with some functional limitation because of a disease, 
such as poorly treated hypertension or diabetes, morbid obesity, 
chronic renal failure, a bronchospastic disease with intermittent 
exacerbation, stable angina, implanted pacemaker

ASA 4 A patient with a severe systemic disease that is a 
constant threat to life

Patient with functional limitation from severe, life-threatening 
disease, such as unstable angina, poorly controlled COPD, 
symptomatic CHF, MI <3 months ago, stroke <3 months ago

ASA 5 A moribund patient who is not expected to survive 
without the operation; the patient is not likely to 
survive beyond the next 24 hours without surgery

Ruptured aortic aneurysm, massive trauma, and extensive 
intracranial hemorrhage with mass effect

ASA 6 A brain-dead patient whose organs are being 
removed with the intention of transplanting them 
into another patient

Addition of “E” 
to ASAPS

Emergency surgical procedure; “when the delay in 
treatment of the patient would lead to a significant 
increase in the threat to life or body part”

ASA 2E is a patient with a mild systemic disease who requires 
emergency surgery

TABLE 22-2
ASA Physical Status Classification System9

hypoxia and hypercapnia, causing hypoventilation. In 
a spontaneously breathing patient, the closing capacity 
approaches functional residual capacity (FRC) and the 
small airways collapse, causing atelectasis in the depen-
dent regions of the lung. Hypoxemia can result from 
ventilation–perfusion mismatching and increased shunt 
fraction. Prolonged periods of 100% oxygen may pro-
duce absorption atelectasis as all the oxygen is absorbed 
and the splinting effect of nitrogen in the alveoli is lost.1 

In patients undergoing laparotomy, FRC decreases to 
approximately 50% of baseline, returning toward normal 
in over 1–2 weeks.8

In contrast to patients who develop cardiac compli-
cations following noncardiac surgery, procedure-related 
factors are more predictive of pulmonary complications 
than are patient-related factors.1 Even healthy patients 
undergoing high-risk surgery are at risk for pulmonary 
complications.

Age
Age is a nonmodifiable risk factor for PPCs and is a 
consistently reported predictor of PPCs.2,8,11,12 Increas-
ing age brings about a slow yet progressive decline in 
pulmonary function, such as decreases in forced expi-
ratory flow rates, decrease in pulmonary elastic recoil, 
decrease in inspiratory capacity, fall in arterial oxygen 

pressure (Pao2), and increase in alveolar-arterial oxy-
gen tension difference (A-aPo2).10,13 Elderly individuals 
are more susceptible to infection due to alterations in 
systemic immunity. In addition, advancing age is associ-
ated with a decrease in mucociliary clearance efficiency 
and a reduction in respiratory muscle function. Elderly 
patients experience more difficulty in clearing their air-
way secretions due to generalized muscle weakness.13,14 
The overall consequences of advanced age become par-
ticularly significant between the ages of 60 and 65 and 
escalate from there.13,14

Chronic Obstructive Pulmonary Disease
COPD is a major patient-related risk factor for PPCs.15 
The increased risk in patients with COPD is attributed 
to the airflow obstruction and the presence of other 
comorbidities commonly seen in smokers, such as 
CHF, obesity, and poor general health status.16 Patients 
with COPD suffer exacerbations of bronchial inflam-
mation following instrumentation of the airway. The 
combination of bacterial colonization of their airways, 
surgery-induced immunosuppression, and increased 
work of breathing may make COPD patients more sus-
ceptible.1 Respiratory failure can result from fatigue, 
sepsis-induced alveolar–capillary membrane permeabil-
ity, or fluid overload and heart failure.1 The incidence 
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of PPCs parallels the severity of COPD, although the 
surgical site is the most important predictor and risk 
increases as the incision approaches the diaphragm.16 
Despite the increased risk of PPCs in patients with 
COPD, there appears to be no prohibitive level of pul-
monary function below which surgery is absolutely con-
traindicated. However, the benefit of the surgery must 
be weighed against the known risks, even very high-risk 
patients may proceed to surgery if the indication is suf-
ficiently compelling.7

Although COPD is a nonmodifiable risk factor, a 
patient’s pulmonary status can be optimized prior to 
surgery to minimize the risk of PPCs.17 The  commonly 
used preoperative management strategy includes 
 utilizing all the measures already established for stable 
COPD patients who are not going to have surgery. The 
presence of comorbid conditions, especially cardiac 
abnormalities, needs to be assessed and treated prior to 
any major surgical intervention.16

Asthma
It is relatively well established that patients with 
well-controlled asthma have a similar risk for PPCs as 
do patients without asthma.7,17,18 On the other hand, 
poorly controlled asthma increases the risk of PPCs.19,20 
Surgical patients with emergency care for asthma in the 
preoperative 3 months had nearly doubled risk of post-
operative mortality compared with controls.18  Patients 
who were hospitalized for asthma in the 3 months 
preceding surgery had almost three times the risk of de-
veloping postoperative pneumonia (PP) compared with 
controls.18 The presence of asthma in a patient undergo-
ing elective surgery, therefore, warrants a thorough pre-
operative evaluation to assess whether a stepup in the 
patient’s asthma therapy is needed before undergoing 
surgery. Patients with controlled asthma may require 
only a short-acting beta-2-agonist just prior to surgery. 
Patients with poorly controlled asthma may require a 
brief course of systemic glucocorticoids.17,21 The peri-
operative use of systemic corticosteroids has not been 
found to increase respiratory infection or delay wound 
healing among patients with asthma.22 Treatment op-
tions prior to surgery are, therefore, based on the pa-
tient’s asthma severity and asthma control.

Nutritional Status
Extremes of nutritional status, malnutrition, and obesity 
have an influence on the risk of PPC development. In 
malnourished patients, low serum albumin is an estab-
lished risk for PPC because it is associated with changes 
in pulmonary dynamics and functioning of the respira-
tory muscles, as it is related to higher rates of pneumo-
nia.10 Several studies show that a low serum albumin 
level (<35 g/L) is an important predictor of PPCs.2,23 

Preoperative nutritional supplements are advisable for 
the severely undernourished patient.2 However, there is 

no proven advantage to total parenteral nutrition over 
no supplementation or total enteral nutrition in reduc-
ing PPCs.23

Obesity (BMI > 30 kg/m2), especially morbid obesity, 
creates physiologic changes that cause decreased lung 
volumes, decreased FRC, ventilation/perfusion mis-
match, increased alveolar–arterial oxygenation gradient 
(A-aDo2), and hypoxemia. Despite this, obesity has not 
been found to be a risk factor for PPCs. The American 
College of Surgeons' National Surgical Quality Improve-
ment Program study of the effect of BMI on periopera-
tive outcomes after major surgery reviewed 141,802 
patients and found that PPCs were no more common 
among obese adults than “normal” adults.24 Most 
studies found the PPC rates to be almost identical for 
obese and nonobese patients.15,23 However, there is an 
increased risk for PPCs in obese patients with OSA and 
obesity hypoventilation syndrome as opiate sensitivity 
contributes to the severity of nocturnal hypoxia.25

Obstructive Sleep Apnea
OSA syndrome is a common sleep-related breathing 
disorder occurring with an estimated prevalence of be-
tween 0.1% and 25% for mild-to-moderate OSA in the 
general population although this may even be greater 
in patients undergoing elective surgery.26 Patients with 
OSA commonly present with difficulties in airway 
management in the perioperative period and therefore 
ideally should be identified in a timely fashion so that 
appropriate actions can be taken, yet OSA is often 
undiagnosed.7,23,26 Procedure-related factors such as 
sedation and anesthesia in OSA patients can increase 
upper airway collapsibility, while anesthesia along with 
sleep may contribute to upper airway obstruction by 
diminishing pharyngeal dilator muscle activation and in 
resting lung volume. An analysis of 13 studies including 
3,942 patients found that the incidence of postoperative 
desaturation, respiratory failure, and ICU transfers was 
higher in patients with OSA undergoing noncardiac 
surgery.27 Because OSA is frequently associated with 
perioperative pulmonary complications, individuals 
with known or suspected OSA require careful postop-
erative management. It is particularly important when 
consciousness and arousal responses are impaired by 
sedation, analgesia, and anesthesia, causing significant 
compromise of mechanisms that usually protect indi-
viduals against asphyxiation during natural sleep.

The ASA adopted a set of guidelines with the pur-
pose of improving the perioperative care and reducing 
the risk of adverse outcomes in patients with confirmed 
or suspected OSA who receive sedation, analgesia, or 
anesthesia. Part of these recommendations includes an 
example of a scoring system for perioperative risk from 
OSA. See Table 22-3.

If the OSA patient does not have a sleep study at 
the time of preoperative evaluation, there may not be 
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A. Severity of sleep apnea based on sleep study (or 
clinical indicators if sleep study is not available)
Point score: (0–3)†,‡

Severity of OSA 
None
Mild
Moderate
Severe

Points
0
1
2
3

B. Invasiveness of surgery and anesthesia
Point score: (0–3)
Type of surgery and anesthesia

Superficial surgery under local or peripheral 
nerve block anesthesia without sedation

Superficial surgery with moderate sedation or 
general anesthesia

Peripheral surgery with spinal or epidural anes-
thesia (with no more than moderate sedation)

Peripheral surgery with general anesthesia
Airway surgery with moderate sedation
Major surgery, general anesthesia
Airway surgery, general anesthesia

Points
0

1

1

2
2
3
3

C. Requirement for postoperative opioids
Point score: (0–3)
Opioid requirement

None
Low-dose oral opioids
High-dose oral opioids, parenteral or neuraxial 

opioids

Points
0
1
3

D. Estimation of perioperative risk:
Overall point score: the score for A plus the greater 
of the score for either B or C: (0–6)§

*A scoring system similar to the above may be used to estimate whether 
a patient is at increased perioperative risk of complications from OSA. This 
example, which has not been clinically validated, is meant only as a guide, 
and clinical judgment should be used to assess the risk of an individual 
patient.
†One point may be subtracted if a patient has been on continuous positive 
airway pressure (CPAP) or nasal intermittent positive pressure ventilation 
before surgery and will be using his or her appliance consistently during the 
postoperative period.
‡One point should be added if a patient with mild or moderate OSA also has a 
resting Paco2, >50 mm Hg.
§Patients with a score of 4 may be at an increased perioperative risk from 
OSA; patients with a score of 5 or 6 may be at significantly increased 
perioperative risk from OSA.

Practice Guidelines for the Perioperative Management of Patients with 
Obstructive Sleep Apnea. Anesthesiology. 2014;120(2):268-286. 
doi:10.1097/aln.0000000000000053.

TABLE 22-3
Scoring System for Perioperative Risk  
form OSA: Example*

enough time to complete the referral and study prior 
to the need for surgery. If the patient does not have a 
diagnosis of OSA but has a high risk of OSA, emergency 
surgery should be allowed. The decision to defer elective 
surgery for further evaluation is made on a case-by-case 
basis, based on the judgment that optimal management 
of OSA will improve patient outcome. When possible, 

deferring surgery in high-risk patients to allow optimi-
zation of the patient’s condition is preferred.26

Smoking
Recent findings of patients undergoing elective surgery 
from the Veterans Administration Surgical Quality 
Improvement Program demonstrated current smokers 
had a dose-dependent increase in postsurgical pulmo-
nary complications (especially PP) based on pack-year 
exposure.28 A smoking history of ≥20 pack-years has 
an association with a fivefold increased risk of PPCs.17 
Preoperative smoking is associated with an increased 
risk for general morbidity, wound complications, gen-
eral infections, neurological complications, as well as 
pulmonary complications.12 Smokers produce more 
mucus and have slower mucus clearance, increased air-
way sensitivity, and increased pulmonary epithelial per-
meability and impaired macrophage and natural killer 
cytotoxic activity.1 Smoking cessation prior to elective 
surgery appears to improve several outcomes, such as 
wound healing and postoperative pulmonary recovery. 
One study showed that 2 months of preoperative smok-
ing cessation is necessary for intraoperative sputum 
volume to decrease to the baseline levels of nonsmok-
ers.15 A systematic review of 13 randomized controlled 
trials concluded that intensive smoking interventions 
initiated at least 4 weeks prior to surgery using multiple 
contacts for behavioral support and pharmacotherapy 
(Box 22-1) are beneficial for changing overall smok-
ing behavior and reducing complications.29 Because 
there are no well-established guidelines for the dura-
tion of abstinence from smoking necessary to reduce 

BOX 22-1 Strategies for Smoking 
Cessation31

Ask, advise, assess, assist, and arrange (steps to 
intervention for tobacco addiction)
Behavioral counseling (to enhance motivation and 
abstinence)
Pharmacotherapy

 � Nicotine replacement therapy (NRT)

 y Gum

 y Lozenge

 y Nasal spray

 y Inhaler

 y Sublingual tablet

 y Transdermal patch

 � Bupropion hydrochloride (sustained release)

 � Varenicline tartrate
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pulmonary complications, more than 8 weeks may be 
preferable.30

Poor General Health (ASA Class >2)
A patient’s overall health status is an essential de-
terminant of pulmonary risk and the development 
of complications.2,7 Higher ASA physical status is 
associated with PPCs following both thoracic and 
non-thoracic surgery.32 An ASA classification of two 
or higher has an increased risk of PPCs when com-
pared with an ASA classification of one.22 Refer back 
to Table 22-1. In a recent multicenter study involving 
seven U.S. academic centers, one-third of all patients 
with severe systemic disease (ASA physical status 3) 
undergoing non-cardiothoracic surgery for 2 hours or 
more had PPCs.4 Poor general health status, including 
impaired sensorium and functional dependency, also 
increases the risk of PPCs.22 Total dependency (the 
ability to perform any activity of daily living) more 
than doubles the patient’s likelihood of developing 
pneumonia.1

Congestive Heart Failure
The risk of PPCs is high with patients who have CHF. 
Good-quality evidence shows that CHF is a signifi-
cant risk factor for PPCs.15,23,33 Patients with preop-
erative CHF often have left atrial hypertension and 
pulmonary interstitial edema, which in turn resulted 
in a change in the pulmonary ventilation/blood flow 
ratio, thus causing postoperative hypoxemia and pro-
longed ventilation support.34 Preoperative CHF also 
causes the lymph to back up, leading to pulmonary al-
veolar edema and decreasing pulmonary compliance, 
thus further aggravating respiratory dysfunction. 
Therefore, patients with preoperative CHF are prone 
to PPCs.34

Preoperative Assessment  
for Pulmonary Risk
It is possible to reliably identify patients at the high-
est risk for postoperative mortality and pulmonary 
complications with information that is available before 
the surgical procedure. A detailed history and physical 
examination are the most critical elements of preopera-
tive risk assessment.7

The preoperative evaluation, particularly before ma-
jor intrathoracic or upper abdominal surgery, needs to 
include any significant history of smoking and cough, 
obesity, and known underlying pulmonary and cardiac 
disease. Important factors in the preoperative assess-
ment include the presence and character of a cough 
and sputum production; history or presence of abnor-
mal breath sounds, including wheezing; and history 
and/or presence of shortness of breath and exercise 
intolerance. Other known medical conditions such as 
neurologic events capable of impairing normal air-
way protection mechanisms require consideration in 
the preoperative evaluation. While such occurrences 
may be subtle, obtaining a history of swallowing dif-
ficulties or prior aspiration may trigger perioperative 
intervention strategies likely to reduce the risk of as-
piration. Relevant physical findings include the pres-
ence of wheezing or other adventitious lung sounds, 
prolonged expiration, or any other manifestations of 
pulmonary disease.

Pulmonary Function Testing
The routine preoperative evaluation of pulmonary 
function testing (spirometry) is less useful in predict-
ing postoperative pulmonary complication risk than a 
thorough clinical assessment including the history and 
physical examination and determination of functional 
status (ASA classification).23 Spirometry is, however, 
appropriate for individuals suspected of having a sig-
nificant underlying cardiopulmonary disease by history 
and/or physical examination.23 See Box 22-2.

KNOWLEDGE CHECK QUESTIONS

1. True or False: According to the ASA' Physical 
Status Classification System, a patient with a 
severe systemic disease that is not life threaten-
ing is in category ASA-2.

2. True or False: COPD is a modifiable risk factor 
for PPCs.

3. True or False: A fivefold increased risk of PPCs 
is present with a smoking history of ≥20 
pack-years.

4. True or False: CHF is a significant risk factor for 
PPCs.

BOX 22-2 Criteria for Preoperative 
Pulmonary Function Testing7

 � Assess current COPD or asthma control to iden-
tify the need for optimizing therapy

 � Differential diagnosis for unexplained pulmonary 
issues after history and physical exam

 � Not to be used as the primary factor to deny 
surgery

 � Not to be used routinely prior to abdominal sur-
gery or for other high-risk operations (except for 
lung resection surgery)
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Chest Radiography
Preoperative chest radiographs add little to the clini-
cal evaluation in identifying healthy patients at risk for 
perioperative complications.7 A systematic review of the 
literature by Smetana, Lawrence, and Cornell concluded 
that clinicians might predict most abnormal preopera-
tive chest radiographs based on the history and physical 
examination and that chest radiography only rarely pro-
vides unexpected information that influences preopera-
tive management.15 It is reasonable, however, to obtain 
a preoperative chest radiograph in patients with known 
cardiopulmonary disease and in those over age 50 years 
who are undergoing surgical procedures, including up-
per abdominal, aortic, esophageal, and thoracic surgery.

Chest radiography is especially useful when PPCs are 
clinically suspected as with the development of unex-
plained fever, unexpected significant hypoxemia, change 
in normal respiratory effort (development of tachy-
pnea), alterations in breath sounds on lung auscultation, 
or change in the peripheral white blood cell count. A 
detailed review of the postoperative chest radiography 
may substantiate the presence of an infiltrate, signs of 
lung volume loss as with atelectasis or lung collapse, or 
the development of pleural effusion (PE) or pneumo-
thorax. Other radiography findings include an increased 
density around atelectasis, the presence of air broncho-
grams, hemidiaphragm elevation on the affected side 
of atelectasis, and mediastinal shift with the significant 
collapse of lung tissue on the affected side.

Assessment of Oxygenation
Measurement of oxygenation via pulse oximetry is an 
essential factor in the prediction of PPCs. Pulse oxygen 
saturation (Spo2) assessment is included in the ARIS-
CAT Risk Index3 and is helpful for stratifying risk, par-
ticularly prior to high-risk surgeries. Current data do 
not support the use of preoperative arterial blood gas 
analyses to stratify risk for PPCs.7

Risk Prediction Tools
Risk prediction tools use preoperative factors to esti-
mate the risk of PPCs. These tools are for the stratifi-
cation of risk when advising patients prior to surgery 
and, in some cases, to identify patients most likely to 
benefit from risk-reduction interventions. For example, 
patients predicted to be at high risk for PPCs may be 
scheduled for postoperative care in a more intensive 
care location.7

There are four indices available for PPC risk  
stratification. These include the Gupta calculator for  
postoperative respiratory failure, the Gupta calculator  
for postoperative pneumonia, the Arozullah Respiratory  
Failure Index, and the ARISCAT Risk Index. These tools 
are a useful starting point when estimating pulmonary 
risk before major noncardiac surgery, and they guide 
conversations between the surgeon and the patient.7

The Gupta calculator for postoperative respiratory 
failure utilizes numerous preoperative factors to predict 
the risk of failure to liberate a patient from mechanical 
ventilation within 48 hours of surgery or unplanned 
intubation within 30 days of surgery.35 The Gupta cal-
culator was developed to aid in the surgical decision 
making and informed consent process. It is in the form 
of an interactive spreadsheet and is available online as a 
free download.35 The Gupta calculator for postoperative 
pneumonia is also available online for downloading.

The Arozullah Respiratory Failure Risk Index is a 
validated model for identifying patients at risk for de-
veloping postoperative respiratory failure and may be 
useful for guiding perioperative respiratory care.36 This 
risk index is based on several factors, including labora-
tory results, type of surgery, history of COPD, age, and 
functional status. The index is too complicated for clini-
cal practice and may be of value in research settings.7

The ARISCAT Risk Index is based on seven easily 
assessed factors. These factors include age, preopera-
tive Spo2, respiratory infection within the last month 
before surgery, preoperative anemia, surgical incision 
site, duration of operation, and whether the surgery is 
emergent.3 Each factor is assigned a risk score that is 
weighted. The higher the risk, the higher the weight, 
based on the statistical findings of the research.3 The 
ARISCAT Risk Index is useful for differentiating three 
levels of PPC risk.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Spirometry is performed only 
preoperatively on select patients who are sus-
pected of having pulmonary disease.

2. True or False: Poor preoperative pulmonary 
function test results can cause a patient to be 
denied surgery.

3. True or False: Two indices are available for post-
operative pulmonary complication risk strategy.

Common PPCs
The term PPC encompasses almost any complications 
that affect the lungs after anesthesia and surgery. These 
complications can have significant adverse effects on 
postoperative patients and are difficult to predict, even 
with prediction tools. Table 22-4 shows six common 
PPCs and their definitions.

While these PPCs represent some of the common 
causes of overall perioperative morbidity and mortality 
in the patient undergoing surgery, other adverse events 
include acute upper airway obstruction, exacerbation of 
OSA, pulmonary edema, pulmonary embolism, abdom-
inal compartment syndrome, and tracheal laceration or 
rupture.3
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Anesthetic gas effects can also produce adverse ef-
fects that may lead to pulmonary complications, includ-
ing a reduction in diaphragmatic function, impairment 
of mucociliary clearance for several days, and elimina-
tion of protective cough, and may inhibit hypoxic vaso-
constriction in poorly ventilated areas of the lung. These 
mechanisms can foster consequences of atelectasis, re-
duction in FRC, and ventilation–perfusion mismatch.39

Atelectasis
As soon as the patient loses consciousness from general 
anesthesia, adverse respiratory effects begin. The anes-
thesia depresses the patient’s central respiratory drive, 
causing prolonged apnea. Because the central nervous 
system (CNS) is affected, ventilatory responses to hy-
percapnia and hypoxemia are blunted. Although artifi-
cial ventilation maintains carbon dioxide removal and 
oxygenation, the cephalad diaphragm is displaced in the 
dependent areas, and there is a reduction in the cross-
sectional area of the chest wall.37 These changes in end-
expiratory muscle tone lead to a decrease in FRC when 
compared with the patient’s awake, supine volume.37 
See Figure 22-1.

Complication Definition

Atelectasis Lung opacification with a shift of the 
mediastinum, hilum, or hemidiaphragm 
toward the affected area and compensatory 
over-inflation in the adjacent non-atelectatic 
lung

Bronchospasm Newly detected expiratory wheezing treated 
with bronchodilators

Chemical 
pneumonitis 
(aspiration)

Acute lung injury after the inhalation of 
regurgitated gastric contents

Pleural effusion Chest radiograph showing blunting of the 
costophrenic angle, loss of sharp silhouette 
of the ipsilateral hemidiaphragm in an 
upright position, evidence of displacement of 
adjacent anatomical structures, or (in supine 
position) a hazy opacity in one hemithorax 
with preserved vascular shadows

Pneumothorax Air in the pleural space with no vascular bed 
surrounding the visceral pleura

Respiratory 
failure

Failure to wean from mechanical ventilation 
within 48 hours after surgery or unplanned 
intubation/reintubation intraoperatively or 
postoperatively

Respiratory 
infection
(pneumonia)

Treatment with antibiotics for a suspected 
respiratory infection with one of the following 
criteria: new or changed sputum, new or 
altered lung opacities, fever, leukocyte count 
>12,000/mm3

TABLE 22-4
Common PPCs and Definitions1,3,37,38

While often clinically uneventful, atelectasis is one of 
the most common PPC, particularly following abdomi-
nal and thoracoabdominal procedures.3 It is estimated 
that up to 15–20%37,40 of the lung is regularly collapsed 
at its base during uncomplicated anesthesia prior to any 
surgery and can persist for several days following sur-
gery.3 See Figure 22-2.

Anesthesia-induced lung collapse commonly oc-
curs with almost all anesthetics mainly from hyperoxy-
genation during induction,40 anesthesia-related loss 
of muscle tone,37 and reduction in FRC40 resulting in 
absorption atelectasis behind closed airways. Other 
potential causes of atelectasis include lung tissue com-
pression as well as the loss of surfactant or surfactant 
function. The administration of 100% oxygen following 
a vital capacity maneuver in lung tissue previously col-
lapsed and subsequently attempted to be re-expanded 
will frequently result in rapid recurrence of atelectasis. 
This also occurs with the combination of oxygenation 
and airway suctioning. Given the likelihood of anes-
thetic agents and increased oxygen in contributing to 
the development of postoperative atelectasis, it has 
become common to utilize alveolar recruitment ma-
neuvers prior to extubation followed by ventilation with 
moderate concentrations of Fio2.1,41

The underlying mechanisms responsible for the de-
velopment of lung atelectasis include increases in bron-
chial secretion volume, increases in secretion viscosity, 
reduced tidal volume, as well as FRC and the inability 
to effectively cough.3 Atelectasis resulting in the loss of 
functional alveolar units is recognized as a significant 
pathophysiologic mechanism responsible for postopera-
tive hypoxemia.

The formation of atelectasis in high-risk patients may 
be prevented during invasive mechanical ventilation 
by the application of positive end-expiratory pressure 
(PEEP). Following extubation, however, this positive air-
way pressure is lost, and subsequent collapse of alveoli 
can occur immediately. When this effect occurs in com-
bination with suboptimal postoperative coughing, lack 
of deep inspirations, PEs, and increased interstitial lung 
water, the formation of atelectasis can progress further, 
reducing oxygenation. CPAP can be continued in the 
spontaneously breathing patient following extubation 
from mechanical ventilation. CPAP is used either inter-
mittently or continuously with patients who are unable 
to perform effort-dependent measures, which increase 
postoperative lung volumes.30 Treatment with CPAP, 
theoretically, prevents further collapse of alveolar units, 
while it simultaneously acts to increase FRC and arterial 
oxygenation. CPAP also effectively reduces respiratory 
workload as well as cardiac preload.

The clinical presentation of postoperative atelec-
tasis can range from subclinical or asymptomatic to 
manifesting overt clinical signs of increased work of 
breathing (respiratory distress) and hypoxemia.3 Signifi-
cant postoperative atelectasis is usually accompanied 
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FIGURE 22-1 Model showing how incoordination of respiratory muscles impairs lung function. The position of the midpoint of a horizontal bar, 
suspended between fixed surfaces by inspiratory and expiratory muscles, represents lung volume as denoted on a scale from low (residual 
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tilts during inspiration (representing chest wall distortion), impairing lung expansion. Incoordination continues into the postoperative period after 
thoracic and abdominal surgery. Dashed lines in lower panels denote the end-expiratory position of the bar.
Reproduced with permission from Warner D. Preventing postoperative pulmonary complications. Anesthesiology. 2000;92(5):1467–1472 (Figure 1, p. 1468). doi:10.1097/00000542 
-200005000-00037. 

by tachycardia, associated shallow and rapid breathing, 
increased late inspiratory crackles, or reduced breath 
sounds on chest auscultation accompanied by dullness 
on chest percussion over the area of sizeable collapse.3 
A fever can occur concurrently with the presence of an 
underlying infection. Chest radiography can substanti-
ate the existence of consolidation and parenchymal 
collapse.

The onset of hypoxemia due to postoperative atelec-
tasis tends to occur within the first 48 hours following 
most major surgeries (such as early after the patient has 
left the post-anesthesia care unit). Generally, hypoxemia 
becomes most severe during the second postoperative 
night and continues through the fourth or fifth postop-
erative night.3 Hypoxemia that develops earlier periop-
eratively as in a patient who has not yet been discharged 
from the post-anesthesia care unit should prompt in-
vestigation into alternate postoperative complications 
such as hypoventilation due to residual anesthetic ef-
fects and upper airway obstruction due to airway tissue 
edema. The upper airway obstruction can result from 

the accumulation of pharyngeal secretions, prolapse of 
the tongue posteriorly, or either iatrogenic or allergic 
tongue edema. Early ambulation and the use of breath-
ing exercises and expiratory maneuvers, such as positive 
expiratory pressure, are especially crucial following up-
per abdominal surgery in preventing atelectasis.42,43

Bronchospasm
Exacerbations of bronchospasm in the postoperative 
period can be caused by reflex constriction of bronchial 
smooth muscles due to tracheal stimulation by secre-
tions, suctioning, endotracheal intubation, or other 
surgical stimulation. Additionally, postoperative bron-
chospasm can be triggered by aspiration, histamine 
release caused by certain medications such as opiates, 
tubocurarine, or atracurium, an allergic response to 
medications, or an exacerbation of a chronic pulmonary 
condition, such as asthma or COPD.3

The clinical manifestations of postoperative bron-
chospasm are identical to those of asthma or COPD. 
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FIGURE 22-2 Factors producing respiratory muscle dysfunction after surgical trauma. From left to right: (1) surgical trauma stimulates CNS 
reflexes mediated by both visceral and somatic nerves that produce reflex inhibition of the phrenic and other nerves innervating respiratory 
muscle; (2) mechanical disruption of respiratory muscles impairs efficiency; and (3) pain produces voluntary limitation of respiratory motion. 
These factors all tend to reduce lung volumes and can produce hypoventilation and atelectasis.
Reproduced with permission from Warner D. Preventing postoperative pulmonary complications. Anesthesiology. 2000;92(5):1467–1472 (Figure 2, p. 1469). doi:10.1097/00000542 
-200005000-00037.

These manifestations include wheezing, chest tight-
ness, tachypnea, prolonged expiratory time, dyspnea, 
small tidal volumes, and hypercapnia. Treatment in-
cludes the removal of the cause, if it is medication, and 
bronchodilator administration. The decision to use an 
inhaled beta-2-agonist alone or in combination with a 
short-acting muscarinic antagonist, ipratropium bro-
mide, is made on a case-by-case basis, depending on the 
severity of the bronchospasm.3

Chemical Pneumonitis
Surgical patients are at risk for chemical pneumonitis 
resulting from the aspiration of acidic gastric contents 

during the perioperative period. Anesthetic agents de-
press the airway protective reflexes, which predispose 
patients to aspiration.44 The increased risk for aspiration 
and chemical pneumonitis during the perioperative per-
iod is most likely to be related to the anesthetic-induced 
depression of airway protective reflexes and the use of 
muscle relaxants and pain medications.3

The incidence of aspiration is infrequent in healthy 
adults; it is more common in obstetric and pediatric 
patients.3 Most aspirations occur during tracheal extu-
bation or laryngoscopy. A high ASA classification and 
emergency surgery are associated with a higher risk of 
aspiration.3
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Witnessed aspiration is treated with lateral head 
positioning and suctioning of the oropharynx. Patients 
with uncertain aspiration may development coughing, 
diffuse crackles on lung auscultation, abrupt onset of 
dyspnea, tachycardia, fever, bronchospasm, hypoxemia, 
and frothy pink sputum.3,44 Patients who do not develop 
these signs and symptoms are unlikely to develop chem-
ical pneumonitis.3 However, some patients may develop 
a secondary bacterial infection (pneumonia) or acute 
respiratory distress syndrome (ARDS).3

Pleural Effusion
Pleural effusion (PE) occurs because of the deterioration 
of the balance of absorption and secretion in the pleura. 
It occurs most often within the first week following 
cardiac45 and upper abdominal surgeries.3 A PE is more 
common following abdominal surgery (especially upper 
abdominal surgery), among patients with postoperative 
atelectasis, and among patients with free abdominal 
fluid.

A postoperative patient with a significant amount of 
pleural fluid, particularly when associated with fever, 
needs a diagnostic thoracentesis to rule out pleural 
infection as a cause. If an effusion develops more than 
72 hours after surgery, it is probably not related to the 
surgical procedure itself and alternative explanations 
require investigation, including conditions such as pul-
monary embolization, intra-abdominal infection, and 
cardiac decompensation due to volume overload.

Most postoperative PEs resolve spontaneously within 
a few days and, therefore, do not require intervention. 
However, atypical characteristics of either the PE or the 
patient’s clinical course warrant diagnostic evaluation 
of the effusion. Postoperative PEs are evaluated in the 
same way as other PEs.3

Pneumothorax
Tension pneumothorax is suspected in patients with 
chest pain, dyspnea, tachypnea, hypoxemia, hypoten-
sion, distended neck veins, tracheal deviation, or risk 
factors that include attempted or actual central line 
insertion, surgery in the neck or thorax, or chronic lung 
disease. A needle decompression can be performed im-
mediately, followed by chest tube placement as soon as 
possible if the thoracotomy equipment is not immedi-
ately available.44

Respiratory Failure
Postoperative respiratory failure accounts for more than 
20% of all patients receiving ventilatory support3 and 
is one of the most serious pulmonary complications.38 
Prolonged mechanical ventilation is frequently a cause 
for delayed recovery following cardiac surgery.46 Res-
piratory failure requiring unplanned reintubation in the 

postoperative period is associated with high morbidity, 
leading to a longer hospital stay, and increase in 30-day 
mortality to as high as 18-fold.47–49 Older individuals 
have a higher incidence of unanticipated reintubation 
within the first 72 hours after surgery.47,48 The first 
6 hours post extubation have the highest risk of rein-
tubation due to pulmonary edema, atelectasis, pneu-
monia, aspiration, impaired brain function, and airway 
obstruction.3

Postoperative respiratory failure can be caused by 
several factors. The loss of airway protection results 
from a variety of risk factors, including neurologic 
impairment, absent or ineffective cough, absent gag 
reflex, or laryngeal edema. Failure to oxygenate lead-
ing to hypoxemic respiratory failure (Type I respiratory 
failure) is another cause. Also, a failure to ventilate leads 
to hypercapnic respiratory failure (Type II respiratory 
failure).

Postoperative respiratory failure is considered by 
many to be an extremely morbid event and marker of 
ill health that reliably forecasts additional postsurgical 
complications. Fortunately, the occurrence of respira-
tory failure is uncommon in postoperative patients 
without preexisting cardiopulmonary disease, such 
as severe COPD or the presence of a neuromuscular 
disorder subjected to thoracic or upper abdominal 
surgery. Acute respiratory failure may, however, oc-
cur in patients without preexisting cardiopulmonary 
or neuromuscular disorders if circumstances of over-
whelming pneumonia, PE, pneumothorax, or acute 
airway obstruction occur during the postoperative 
period. One study found postoperative patients who 
developed respiratory failure as a complication of 
surgery had a 26% mortality within 30 days of their 
surgery. In this study, 6% had a myocardial infarction, 
35% developed pneumonia, 10% developed acute re-
nal failure, and 3% developed deep vein thrombosis 
(DVT) or pulmonary embolism.50 Incidence rates 
of these events were lower than 2% among patients 
 without respiratory failure.50

ARDS is recognized as a leading cause of postopera-
tive respiratory failure, associated with a mortality rate 
approaching 40% in the general population and 80% in 
the subset of patients undergoing cardiac surgery.51 This 
represents a significant concern with profound eco-
nomic implications.

Respiratory Infection
Postoperative pneumonia (PP), the third most common 
PPC, is a major cause of morbidity and high cost of care 
in the postsurgical patient.52,53 A diagnosis of PP is clini-
cally made in a patient who develops fever, increased se-
cretions, purulent sputum, leukocytosis, and hypoxemia 
that is associated with a new or progressive infiltrate on 
chest x-ray. PP tends to occur within 5 postoperative 

602 CHAPTER 22 Postoperative Pulmonary Complications



days.3,40 The incidence of PP ranges from a rate of 3.0% 
to greater than 20% in high-risk groups, depending on 
the patient population and the diagnostic criteria uti-
lized.5 The incidence of PP abruptly increases among 
patients who undergo prolonged tracheal intubation for 
≥48 hours.5 Risk factors for PP after non-cardiothoracic 
surgery include smoking, age >70 years, ASA >2, preex-
isting COPD, and high-risk surgeries.40 The occurrence 
of PP is consistently associated with increased ICU and 
hospital LOSs. PP is associated with a higher postopera-
tive mortality rate in all risk groups depending on the 
severity of illness, comorbid disorders, and causative 
pathogens.5

PP, especially ventilator-associated pneumonia, is 
a result of the aspiration of microorganisms from the 
subglottic area.40 See Table 22-5. Another cause of 
PP is the aspiration of regurgitated material from the 
digestive tract. PP is frequently caused by resistant 
organisms.3

Factors contributing to the development of 
PP following aspiration include the predominant 
organism(s), a large inoculum, and compromised host 
defenses.5 Although aspiration that leads to pneumonia 
can occur at various times in the perioperative period, 
most aspirations occur during tracheal intubation. 
Bronchial airway contamination following intubation 
occurs from bacterial migration within or surrounding 

Microorganism Risk Factors

Haemophilus influenza
Streptococcus 
pneumoniae

Traumatically injured patients are 
at higher risk, predominate in early 
infections

Methicillin-resistant 
Staphylococcus 
aureus (MSRA)

Previous antibiotic use, a positive nasal 
screen for MSRA, long operations 
(>5 hours) and emergency surgery, 
predominates in late infections

Staphylococcus 
aureus

Mechanically ventilated neurosurgical 
patients, victims of blunt trauma and 
coma, and patients with closed head 
injuries

Pseudomonas 
aeruginosa

Intubation >8 days, structural lung 
disease (e.g., bronchiectasis, cystic 
fibrosis, and COPD), corticosteroid 
therapy, malnutrition, and prolonged 
exposure to antibiotics, predominates 
in late infections

Acinetobacter species Mechanical ventilation, predominates in 
late infections

Anaerobic species Abdominal surgery

TABLE 22-5
Microorganisms That Cause PP3,5

Cuff

Biofilm

Cuff

Microaspiration

(A)

(B)

FIGURE 22-3 (A) Biofilm on the inner wall of the endotracheal  
tube with distal migration of microorganisms through the lumen.  
(B) Microaspiration with distal migration of microorganisms around 
the inflated endotracheal tube cuff.
Reproduced with permission from Shander A, Fleisher LA, Barie BS, et al. Clinical and 
economic burden of postoperative pulmonary complications: Patient safety summit on 
definition, risk-reducing interventions, and preventive strategies. Crit Care Med. 2011; 
39(9):2166 (Figure 1).

the endotracheal tube. Bacterial movement through the 
endotracheal tube can form a biofilm, which represents 
an aggregate of colonizing, adherent microorganisms 
that may exist on the inner surface of the tube as early 
as 6 hours after tracheal intubation.5 When present, 
this collection of organic material eventually descends 
by gravity into the distal airways. Microaspiration from 
oropharyngeal secretions permits bacterial movement 
from around an endotracheal tube cuff because of im-
proper cuff position or inflation, cuff deflation, tube 
manipulation, or patient movement. Secretions can 
also leak through channeled folds that develop despite 
a properly positioned and inflated high-volume, low-
pressure cuff.5 See Figure 22-3. Some endotracheal 
tubes have integrated subglottic suctioning ports to 
provide continuous suctioning of accumulated secre-
tions around the cuff of the endotracheal tube. See 
Figure 22-4
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FIGURE 22-4 Endotracheal tube with subglottic suction.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Anesthetic gas can impair muco-
ciliary clearance for several days.

2. True or False: Increasing the tidal volume during 
surgery helps in in reducing the development of 
atelectasis.

3. True or False: Hypoxemia due to postoperative 
atelectasis occurs within the first 48 hours fol-
lowing most major surgeries.

4. True or False: The greatest risk for postoperative 
chemical pneumonitis occurs with patients who 
have a low ASA classification.

Strategies to Reduce PPCs
Perioperative risk-modification strategies to reduce pre-
ventable patient and procedure surgery-related pulmo-
nary complications should be routinely implemented, 
especially in higher-risk patients. Despite a robust en-
thusiasm to curb the adverse effects that can result from 
invasive surgery, a systematic review of strategies to 
reduce PPCs following surgery has identified very few 
evidence-based interventions that definitively impact 
reduction of these complications. Individuals present-
ing with symptoms of a cough or shortness of breath 

preoperatively need assessment to determine the under-
lying etiology of these symptoms and to stratify the risk 
for PPCs. Concurrent medical disorders need treatment 
when identified because chronic medical comorbidi-
ties are notably essential determinants of perioperative 
morbidity and mortality.

Preoperative Strategies
Treatment to decrease the risk of PPCs starts before 
surgery. These strategies include, but are not limited 
to, patient education, smoking cessation, preoperative 
exercises, pulmonary rehabilitation, and presurgical 
weight loss.

Patient Education
Preoperative education is vital in preparing the patients 
for what is expected as well as what they could poten-
tially encounter following surgery. Information about 
the type of surgery planned, the degree of postoperative 
pain intensity for the specific operation, the possibil-
ity of PPCs after surgery, and the types of respiratory 
interventions used during the postoperative period 
is essential to this education. The best time to teach 
lung expansion maneuvers, such as coughing, IS, and 
voluntary deep breaths and inspiratory muscle train-
ing is  before surgery. It is challenging to explain these 
strategies to patients with surgical pain. A systematic 
review of cardiac patients showed that preoperative 
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intervention intending to improve the patient’s ability to 
cope with the surgery reduced PPCs.54

Smoking Cessation
Cigarette smoking is a known health risk, and current 
smokers have an increased risk for PPCs. The preop-
erative evaluation provides an opportunity to discuss 
the benefits of smoking cessation with the patient.55 
However, one concern about smoking cessation in the 
immediate preoperative period is that abrupt removal 
of the irritant effect of cigarette smoke can inhibit 
coughing and lead to retention of secretions and small 
airway obstruction. It takes several weeks for the im-
provement in ciliary action, small airway function, and 
decreased mucus production to occur.56 An important 
clinical question is whether quitting smoking less than 
8 weeks prior to surgery could, in fact, increase PPCs. 
Systemic reviews and meta-analyses, however, have 
not supported that concern.30 A large retrospective 
cohort analysis of elective operations from 2002 to 
2008 yielded 393,794 patients in the Veterans Affairs 
Surgical Quality Improvement Program for all surgical 
specialties and found that there is a dose-dependent 
increase in PPCs based on pack-year exposure. Those 
with more than 20 pack-years of cigarette smoking 
had significant increases in smoking-related surgical 
complications, including PPs and deaths.57 A literature 
review of 25 studies comparing current smokers and 
the risk of respiratory complications found that at least 
4 weeks of abstinence from smoking reduces respira-
tory complications. Short-term (<4 weeks) smoking 
cessation does not appear to increase or reduce the risk 
of PPCs.58

All patients anticipating elective surgery can avoid 
the increased risk of PPCs by cigarette abstinence. If 
time allows, a longer duration of abstinence is optimal. 
Most patients require either behavioral intervention or 
NRT or both.30

Preoperative Exercise and Pulmonary 
Rehabilitation
The effectiveness of postoperative lung expansion 
therapy with IS is controversial.43 The effectiveness of 
IS postoperatively depends on the patient being atten-
tive, not affected by sedatives or narcotic analgesics, the 
level of presurgical instruction, and encouragement and 
supervision.

Recent evidence demonstrates that combinations of 
different breathing exercises with and without equip-
ment and early postoperative ambulation is effective at 
reducing the rate of PPCs, especially in those who are 
at high risk.59–63 In the literature, these therapies are 
referred to as inspiratory muscle training, preoperative 
physical therapy, preoperative respiratory rehabilitation, 
preoperative physiotherapy, and perioperative pulmo-
nary rehabilitation. See Box 22-3.

Presurgical Weight Reduction
Patients who are obese have an increased frequency of 
comorbid disease as well as a high incidence of post-
operative wound complications. Physiologically, these 
individuals have higher rates of oxygen consumption 
and carbon dioxide production, which subsequently in-
tensifies their work of breathing. Because those who are 
obese develop a large, stiff chest wall, they may also ex-
hibit a concomitant restrictive pulmonary impairment. 
Obesity also results in a buildup of soft tissue in the 
oropharynx, which may cause upper airway obstruction 
during sleep. A significant number of morbidly obese 
patients consequently develop sleep-related breathing 
disorders, such as OSA and obesity hypoventilation 
syndrome associated with hypoxia, hypercapnia, eleva-
tion in blood pressure, nocturnal angina, and increased 
cardiac morbidity and mortality, including stroke and 
sudden death. There is a positive relationship between 
BMI and right ventricular dysfunction (a sequela of 
chronic pulmonary hypertension).64 Because a multi-
tude of disorders are associated with the obese state, 
a controlled preoperative weight loss program may be 
beneficial (though in reality is frequently unsuccessful) 
before elective procedures.

Intraoperative Strategies
General anesthesia and surgery both produce altera-
tions in the lungs and are responsible, along with under-
lying conditions, for PPCs. Intraoperative techniques 
that can impact the incidence of PP include the choice 
of anesthesia, type of neuromuscular blockade, duration 
and type of surgery, and ventilation during surgery.

Neuroblocking Agents
Evidence shows that the use of short-acting 
nondepolarizing neuromuscular blocking agents 
(NMBAs) to facilitate laryngoscopy for endotracheal 
intubation is less likely to be associated with PPCs 

BOX 22-3 Preoperative Therapies to 
Reduce PPCs59–63

Active cycle of breathing
Aerobic exercises 
Forced expiratory technique
Incentive spirometer 
Inspiratory muscle training (with variable resis-

tance device)
Inspiratory and expiratory breathing exercises
Pulmonary rehabilitation
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than intermediate- or long-acting NMBAs. The use 
of intermediate-acting NMBAs is associated with an 
increased risk of Sao2 levels to below 90% and with re-
intubation requiring unplanned admission to an ICU.65 
Complete reversal of neuromuscular blockade at the 
end of a surgical procedure is essential, especially in 
patients with underlying pulmonary disease. Residual 
postoperative neuromuscular blockade can cause hy-
poventilation, which increases the risk of PPCs.30

Type of Anesthesia
When comparing the use of the different types of anes-
thesia and their incidences of PPCs, studies show differ-
ent results. However, when the weight of the evidence 
suggests that both general and spinal or epidural anes-
thesia are safe and appropriate for a specific procedure, 
spinal anesthesia or epidural anesthesia is favored over 
general anesthesia of patients who are at high risk for 
PPCs, such as patients with COPD.30 Also, when a nerve 
block is appropriate, it may also reduce the risk in very 
high-risk patients.66

Duration of Surgery and Anesthesia
General anesthesia disrupts the CNS regulation of 
breathing, resulting in disordered neural messaging. 
The altered neural response leads to hypoventilation. 
Hypoventilation and positional dependence cause 
regional atelectasis to occur soon after anesthesia in-
duction. This effect typically persists postoperatively 
and is compounded by ongoing disruption of respira-
tory muscle contraction, limited diaphragm excursion 
due to pain, and interference with neurally mediated 
diaphragmatic functions. These are expected to occur 
with general anesthesia. Analysis of a large national 
database demonstrated that patients with significantly 
increased anesthesia duration have increased risk of 
overall complications rate and increased LOS, and 
return to the operating room.67 Surgical procedures 
performed using a general anesthetic technique lasting 
more than 3–4 hours are associated with a higher risk 
of pulmonary complications.30 Decreasing the duration 
of surgery and anesthesia appears to reduce the risk of 
extended ICU stay in patients with severe COPD under-
going non-cardiothoracic operations.

Type of Surgery
Thoracic surgery impairs postoperative respiratory 
function, resulting in a relatively high risk of developing 
PPCs. The incidence of PPCs for thoracic surgery is  
19–59%, the incidence for upper abdominal surgery is 
16–17%, and the incidence for lower abdominal surgery 
is 0–5%.32 Upper abdominal, open aortic aneurysm 
repair, open thoracotomy, and head and neck surgery 
carry the greatest risk of PPCs. Because upper abdomi-
nal and thoracic operations carry the greatest risk, a 

BOX 22-4 Example of Lung Protective 
Strategies Used during Surgery30

Tidal volume: 6–8 mL/kg predicted body weight
PEEP: 6–8 cm H2O
Recruitment maneuvers every 30 minutes

percutaneous (laparoscopic) procedure should be sub-
stituted for an open procedure, if possible.56

Lung Protective Strategies
Intraoperative ventilation is necessary during anesthesia 
in an estimated 234 million patients each year world-
wide.68 It is therefore important to reduce the impact of 
ventilation on the lungs during surgery. Anesthesiolo-
gists utilize some of the ventilator strategies used with 
mechanically ventilated patients in the ICUs to reverse 
atelectasis and protect the lungs from injury.

For patients undergoing abdominal surgery, a lung 
protective strategy of low tidal volume ventilation, in-
cluding 6–8 mL/kg of predicted body weight, a PEEP 
of 6–8 cm of water, and recruitment maneuvers every 
30 minutes, is associated with a reduction in adverse 
pulmonary events.30 See Box 22-4. One multicenter, 
 double-blind, parallel-group trial of 400 patients re-
vealed that the use of a lung protective ventilation 
strategy in intermediate-risk and high-risk patients 
undergoing major abdominal surgery was associated 
with a decreased incidence of PPCs, improved clinical 
outcomes, and reduced healthcare utilization.69 Use of 
these parameters with other types of surgeries may not 
have significant effects on the development of PPCs.

Clinical studies show that a PEEP of 10 cm of water 
is required to reduce or eliminate atelectasis, improve 
compliance without increasing dead space, and main-
tain end-expiratory lung volume during general anes-
thesia in both nonobese and obese patients.41 Using 
ventilator graphics can help manage respiratory me-
chanics and reduce dynamic hyperinflation. The bottom 
line is that the ventilation settings used for each surgical 
patient must provide adequate oxygenation and ventila-
tion and limit lung injury from barotrauma, volutrauma, 
and atelectrauma.41

Postoperative Strategies
Many PPCs are caused by the presence of the atelec-
tasis created during and after the induction of general 
anesthesia. Pharmacologic treatment is obvious in the 
management of a pulmonary infection, but an even 
better strategy is to eliminate the causative factor.39 
Risk-reduction strategies continue into the postopera-
tive period and include early mobilization of the pa-
tient, lung expansion techniques, adequate analgesia, 
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restricted use of nasogastric tubes (NGTs), and, when 
necessary, respiratory support for inadequate ventila-
tion and oxygenation.

Early Mobilization
The postoperative benefits of early mobilization and 
ambulation are the rule, rather than the exception 
despite the alternative supposition that the chief pur-
pose of bed rest following abdominal surgery is to put 
the affected parts at rest “since inactivity is necessary 
for optimal wound healing.” While this old concept 
had some limited merit, practitioners acknowledge 
the disadvantages of analgesia and prolonged bed rest 
include various pathophysiologic aspects. Anesthet-
ics inherently interfere with the central regulation of 
breathing, resulting in uncoordinated neural messaging. 
Hypoventilation and positional dependence cause re-
gional atelectasis following induction, and they continue 
postoperatively. Disordered respiratory musculature, 
limited respiratory excursion due to pain, and disrup-
tion of neurally mediated diaphragmatic functions after 
manipulation of abdominal viscera also occur. These 
events contribute to a setting conducive to respiratory 
dysfunction and subsequent complications.

The typical recumbent position assumed during 
most abdominal surgeries causes a reduction in lung 
volumes. A further lung volume reduction results from 
a decrease in diaphragmatic function and a relative 
fixation of the diaphragm in an elevated position. The 
higher horizontal positioning of the diaphragm dra-
matically decreases the efficiency of the cough reflex, 
invariably leading to atelectasis. Early postoperative 
turning, side to side, and repositioning of the patient 
in a high Fowler position or at least in a semi-Fowler 
position help to improve ventilation and oxygenation. 
Early ambulation may improve atelectasis by encourag-
ing a distribution of ventilation to the nondependent 
regions of the lungs.70 This action dependently lowers 
the diaphragm and increases the efficiency of the cough 
reflex to expel accumulated secretions and aerate the 
collapsed areas. Benefits of early mobilization include 
less pneumonia, delirium, pain, fatigue, DVT, and 
ventilator-dependent days.71

Lung Expansion Techniques
The postoperative period is characterized by decreased 
lung volumes and atelectasis due to surgery-related 
shallow breathing, bed rest, diaphragmatic dysfunction, 
pain, and impaired mucociliary clearance. Therefore, it 
is especially important for those individuals with un-
derlying risk factors for PPCs to begin lung expansion 
techniques to modify the potential cascade of events 
leading to PPCs. A variety of lung expansion techniques 
reduce PPCs in selected patients, include chest phys-
iotherapy, deep breathing exercises, cough, postural 

drainage, percussion and vibration, IS, and CPAP. These 
techniques increase lung volumes after surgery through 
inspiratory effort. All these interventions are more ef-
fective if patient teaching begins before surgery.30

Postoperative lung expansion interventions via 
deep breathing exercises and IS (particularly volume-
oriented IS) improve diaphragm excursion and pulmo-
nary function.72 These therapies are safe and low cost, 
and are typically utilized following upper abdominal 
and thoracic surgery.30 For those patients who are un-
able to perform these effort-dependent techniques, 
CPAP may be used intermittently. However, a system-
atic review of 10 randomized controlled trials with 
more than 5,000 patients shows a very low-quality 
evidence suggesting that routine CPAP initiated during 
the postoperative period might reduce postoperative 
atelectasis, pneumonia, and reintubation, and its ef-
fects on mortality, hypoxemia, or invasive ventilation 
are uncertain.73

Improvement in acute atelectasis caused by exces-
sive secretion retention may be accomplished by effec-
tive deep breathing and assisted productive coughing 
using splinting of the surgical site. When atelectasis is 
more extensive, as in cases of lobar atelectasis, vigorous 
chest physiotherapy may be helpful in re-expanding 
the collapsed lung when performed just after nebu-
lized bronchodilator therapy. Nasotracheal suctioning 
can also be effective in removing excessive retained 
secretions during the postoperative period following 
extubation.

Prevention and control of infection and airway secre-
tions in perioperative settings assumes an even greater 
significance because of the vulnerability of patients who 
are already ill or injured. Surgery, anesthesia, and im-
mediate postoperative recovery may expose patients to 
invasive procedures allowing more portals of entry for 
infection.

No single postoperative intervention can prevent 
all PPCs. Reduction of the incidence of PPCs requires 
a multifaceted approach involving many clinical dis-
ciplines. One such multifaceted approach is the I 
COUGH multidisciplinary program, which incorpor-
ates IS, coughing and deep breathing, oral care (brush-
ing teeth and using mouthwash twice daily), patient and 
family education, mobilization out of bed at least three 
times daily, head-of-bed elevation, and postoperative 
pain control.74

Adequate Analgesia
Postoperative pain control provides a significant con-
tribution to efficient pulmonary hygiene and preven-
tion of atelectasis and pneumonia by enhancing the 
ability of a patient to be able to take deep breaths, ad-
equately cough, and ambulate earlier.68 Without suffi-
cient postoperative upper abdominal and thoracic pain 
control (for upper abdominal and thoracic surgery),  
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inadequate lung expansion and an impaired cough 
mechanism result in greater risk of PPC. When exces-
sive sedation occurs following administration of opi-
oid analgesics, adequate ventilation can be achieved 
by delaying endotracheal extubation and continuing 
ventilatory support for 24–48 hours until the patient 
is more alert or by using noninvasive positive pres-
sure ventilation continuously. While pain control is 
essential, the likelihood of successful extubation in a 
high-risk patient is optimized if awake and coopera-
tive. Postoperative epidural and patient-controlled 
intravenous analgesia to achieve adequate pain control 
following surgery appear to be superior to on-demand 
delivery of opioids in preventing and potentially reduc-
ing PPCs.75 In patients undergoing aortic aneurysm re-
pair, coronary bypass surgery, and abdominal surgery, 
the use of postoperative thoracic epidural analgesia has 
shown reduced rates of pneumonia, respiratory failure, 
and pulmonary complications overall by approximately 
one-third to more than one-half.50 Excessive use of 
narcotic analgesics, on the other hand, is well known 
to depress ventilatory drive and suppress the protective 
cough reflex.

Restricted Use of Nasogastric Tubes
Nasogastric tube decompression is the act of reducing 
gastric pressure using a large bore tube suction system 
inserted into the stomach, which aims to minimize ab-
dominal distention, delays in early bowel return, nausea 
or vomiting, and aspiration.75 Swallow physiology is 
altered by the presence of a NGT. The placement of a 
NGT is reserved only for patients who develop a need 
for decompression postoperatively because routine 
use of an NGT significantly increases PPCs, including 
pneumonia.30

Postoperative Respiratory Support
PPCs that occur may present early as arterial hypox-
emia, develop later as pneumonia, and in rare cases 
manifest as acute respiratory failure or lung injury 
(ARDS). PPCs occurring following cardiac surgery have 
demonstrated improvement in arterial oxygenation 
as well as reduced the incidence of pulmonary com-
plications, including pneumonia, decreased reintuba-
tion rate, and reduced readmission to the ICU with 
long-term administration of prophylactic nasal CPAP 
(nCPAP).76 Therefore, for elective cardiac surgery, nC-
PAP may be a useful tool to reduce the rate of PPCs.

Bilevel positive airway pressure ventilatory sup-
port may benefit patients in the postoperative period 
with neurologic disorders significantly affected by 
anesthesia, such as myotonic dystrophy.77 Thus, non-
invasive respiratory support techniques appear useful 
in providing respiratory support without the need for 
an invasive airway and represent important tools in 

KNOWLEDGE CHECK QUESTIONS

1. True or False: There is a dose-dependent 
increase in PPCs based on the number of 
pack-years a patient smoked.

2. True or False: The single most effective preop-
erative strategy to reduce PPCs is with the use 
of IS.

3. True or False: Long-acting non-depolarizing 
NMBAs are associated with a decrease in the 
risk of PPCs.

4. True or False: Thoracic surgery carries the high-
est risk for the development of PPCs.

5. True or False: A recumbent position follow-
ing abdominal surgery reduces the risk of 
atelectasis.

6. True or False: A multifaceted, multidisciplin-
ary approach to postoperative lung expansion 
techniques is most effective at reducing the 
incidence of PPCs.

preventing (prophylactic treatment) or treating acute 
respiratory failure.

Chapter Summary
PPCs are common, associated with increased morbid-
ity and mortality, and often significantly affect clinical 
and healthcare resources. The preoperative risk assess-
ment helps identify and direct effective prophylactic 
interventions targeted to those individuals considered 
to be at high risk. Decreasing the incidence of PPCs re-
quire evidence-based strategies that modify causative 
factors. These strategies include reducing perioperative 
aspiration with proper patient repositioning, optimiz-
ing care of the endotracheal tube, using endotracheal 
tubes that minimize microaspiration, consideration 
of noninvasive ventilation in certain circumstances, 
shortening surgery and anesthesia duration, and de-
veloping effective protocols for the timely removal of 
endotracheal tubes. Predictors of PPC risk, includ-
ing advanced age and evidence of poor health, need 
assessment and risk stratification by the ASA clas-
sification system to determine those at high risk for 
PPCs. Individualized patient modifiable risk factor 
efforts need to be directed toward smoking cessation, 
weight loss in the obese patient undergoing elective 
nonemergent surgery, perioperative optimization of 
reversible airway obstruction, and the preoperative 
treatment of bacterial evidence of infection (such as 
bronchitis or pneumonia) in nonemergent surgeries. 
Proven  procedure-related factor strategies that should 
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be utilized to reduce risk include such methods as 
postoperative lung expansion techniques, preopera-
tive inspiratory muscle training, postoperative thoracic 
epidural analgesia, selective rather than routine use 
of NGTs, regional rather than general anesthesia, and 
laparoscopic rather than open surgical procedures 
when feasible.

Key Points
1. Several independent risk factors are associated with 

PPCs, which can be grouped into patient-related 
and procedure-related factors.

2. The goal of preoperative medical evaluation is 
to identify predisposing medical conditions that 
increase PPC risk, potentially optimize these 
conditions, recommend appropriate preoperative 
strategies that can aid management, and assist in 
selecting postoperative strategies to minimize risk 
of complications.

3. PPCs occur as frequently as cardiac complications 
after noncardiac surgery and increase the morbid-
ity and mortality of postoperative patients.

4. Surgical patients who are identified as high risk for 
pulmonary complications benefit from preopera-
tive education, breathing exercises, inspiratory 
muscle training, IS, and other preoperative thera-
pies to help attenuate the likelihood of postopera-
tive complications.

5. Pneumonia is currently the third most common 
postoperative infection, most often occurs within 
the first 5 postoperative days, and is associated with 
increased ICU and hospital LOSs.

6. Because PPCs are associated with increased mor-
bidity, mortality, and hospital and ICU lengths 
of stay due to conditions such as postoperative 
bronchospasm, pneumonia, PE, atelectasis, ARDS, 
pneumothorax, and respiratory failure, they sub-
stantially increase consumption of healthcare 
resources.

7. Effective postoperative pain management allows for 
early ambulation and deep breathing and coughing, 
whereas ineffective pain control can lead to serious 
pulmonary complications.

8. While malnutrition is associated with increased 
risk for PPCs, the routine administration of total 
parenteral or enteral nutrition does not reduce the 
risk of pulmonary complications. However, severely 
undernourished patients may benefit from preop-
erative nutritional supplements.

9. Postoperative risk-reduction strategies include 
early mobilization of the patient, lung expansion 
techniques, adequate analgesia, restricted use of 
NGTs, and, when necessary, respiratory support for 
inadequate ventilation and oxygenation.

10. Postoperative ventilatory support following general 
anesthesia for several hours may occasionally be 
necessary in patients with residual anesthetic respi-
ratory depression.

11. Atelectasis, bronchospasm, chemical pneumonitis, 
PE, pneumothorax, respiratory failure, and pneu-
monia are common postoperative problems that 
can be significantly reduced with appropriate peri-
operative preventive strategies.

Chapter Questions
1. Surgery that lasts longer than ________ increases a 

patient’s risk for postoperative pulmonary compli-
cations (PPCs).
a. 30 minutes
b. 1 hour
c. 2 hours
d. 3 hours

2. The overall consequences of advanced age  
become significant between the ages of 
_________________.
a. 50 and 55
b. 55 and 60
c. 60 and 65
d. 65 and 70

3. A modifiable preoperative risk factor for the devel-
opment of PPCs is ________________________.
a. nutritional status
b. chronic obstructive pulmonary disease
c. asthma
d. age

4. The most critical element of a preoperative risk  
assessment is ___________________.
a. spirometry
b. history and physical exam
c. assessment of oxygenation
d. chest radiograph

5. The most common postoperative pulmonary  
complication is ____________________.
a. pneumonia
b. pneumothorax
c. atelectasis
d. bronchospasm

6. Hypoxemia typically occurs within the first 
______________ after major surgery.
a. 12 hours
b. 24 hours
c. 36 hours
d. 48 hours

7. Postoperative pleural effusions occur most often 
during the first week after ___________ surgery.
a. thoracic
b. upper abdominal
c. orthopedic
d. head and neck
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8. Long operations, lasting more than 5 hours, 
and emergency surgery increase the risk 
for postoperative pneumonia caused by 
____________________________.
a. Methicillin-resistant Staphylococcus aureus
b. Haemophilus influenza
c. Pseudomonas aeruginosa
d. Acinetobacter species

9. The highest incidence for PPCs occurs with 
_______________________.
a. lower abdominal surgery
b. upper abdominal surgery
c. head and neck surgery
d. thoracic surgery

10. The most effective postoperative intervention to re-
duce PPCs uses ______________________________.
a. incentive spirometry
b. early ambulation
c. deep breathing exercises and coughing
d. a combination of therapies
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The pure culture is the foundation for all research on infectious disease.

—Robert Koch, A Life in Medicine and Bacteriology. 1st ed. New York, NY: Science Tech Pub; 1988:94.

Pulmonary Tuberculosis
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Introduction
Tuberculosis (TB) is an airborne disease caused by the 
rod-shaped, non-spore-forming, aerobic bacterium 
Mycobacterium tuberculosis (M. tuberculosis). See 
Figure 23-2. M. tuberculosis and seven very closely 
related mycobacterial species (M. bovis, M. africanum, 
M. microti, M. caprae, M. pinnipedii, M. canetti, and 
M. mungi) together comprise what is known as the 
M. tuberculosis complex.1 Most, but not all, of these 
species have been found to cause disease in humans. In 
the United States, most TB cases are caused by M. tu-
berculosis. M. tuberculosis organisms are also called 
tubercle bacilli.

M. tuberculosis is carried in airborne particles, called 
droplet nuclei, of 1–5 µm in diameter. TB is spread from 
person to person by way of infectious droplet nuclei 
that are generated when persons with pulmonary or la-
ryngeal TB disease cough, sneeze, shout, or sing. Drop-
let nuclei may also be produced by aerosol treatments, 
sputum induction, aerosolization during bronchoscopy, 
and manipulation of lesions or processing of tissue or 
secretions in the hospital or laboratory.2 M. tuberculosis 
is spread through the air, not by surface contact. The 
infectiousness of a person with TB disease is directly 
related to the number of tubercle bacilli expelled into 
the air. The more tubercle bacilli are expelled, the more 

FIGURE 23-2 M. tuberculosis is a pathogenic bacterial species.
© Kateryna Kon/Shutterstock.

Case Study
A recently immigrated 28-year-old woman is in the 
hospital’s pulmonary clinic today. Through an inter-
preter, the woman gives an 8-week history of a cough 
productive of clear mucus. Three weeks ago, the 
mucus began to turn green and had streaks of blood 
in it. The patient complains of night sweats, fevers, 
and 12-pound weight loss over the past 6 weeks. The 
patient’s physical examination reveals a tempera-
ture of 100.8°F, pulse 88 beats/minute, respiratory 
rate 18, blood pressure 140/86. Her chest is dull to 
percussion over the right middle and upper lobes. 
Auscultation reveals rhonchi over the right middle 
and upper lobes. The patient is negative for cyano-
sis and clubbing. Her cardiac and neurologic exams 
are normal. The patient’s chest radiograph is shown 
in Figure 23-1.

Due to the patient’s history of present illness and 
chest radiograph findings, the patient is admitted to 
the hospital and placed in a negative pressure isolation 
room with TB airborne precautions. Three-morning 
sputum samples are ordered for sputum smears to de-
tect acid-fast bacilli and sputum culture (usually takes 
3–6 weeks). Blood for a QuantiFERON-TB Gold Test is 

drawn. The patient is started on a three-drug regimen 
of anti-tuberculosis drugs.

KNOWLEDGE CHECK QUESTIONS

1. True or False: M. tuberculosis can form spores.
2. True or False: M. tuberculosis droplet nuclei are 

between 1 and 5 µm in diameter.

FIGURE 23-1 The chest radiograph showing consolidation in the 
right middle and upper lobes and air bronchograms.
© WILLSIE/iStock/Getty Images.

infectious the person. Transmission occurs when the 
inhaled droplets containing M. tuberculosis are inhaled 
and reach the alveoli.
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Definition/Diagnosis
TB is one of the oldest known diseases, with evidence 
of TB in the skeletal remains of early humans.3 Today, 
TB remains a major global health problem causing 
ill-health in millions of people each year. In 2015, TB 
was one of the top 10 causes of death worldwide, rank-
ing above human immunodeficiency virus (HIV)/AIDS. 
This mortality occurs even though a timely diagnosis 
and correct treatment will cure most people who de-
velop TB disease.4

TB disease most commonly affects the lungs and 
is referred to as pulmonary TB disease. TB disease 
can also occur in almost any anatomical site or as 
disseminated disease.1 The diagnosis of TB requires 
the identification of M. tuberculosis in a culture of a 
diagnostic specimen. The most frequent sample for 
culture from a patient with a persistent and produc-
tive cough is sputum.1 For patients who have difficulty 
generating sputum, inhalation of an aerosol of normal 
or hypertonic saline may be useful to induce a deep 
sputum-producing cough.1,2 If necessary, a bronchos-
copy with bronchial washings or a bronchoalveolar 
lavage can provide sputum for diagnosis.1 Children may 
not be able to produce sputum when they cough with 
or without the inhalation of aerosol. In this situation, 
gastric washing may be utilized. In patients, with an 
involvement of intrathoracic lymph nodes, who have 
sputum smears negative for M. tuberculosis, a culture of 
specimens collected by transbronchial needle aspiration 
can be used to accurately and immediately diagnose the 
disease.5 See Box 23-1.

Positive cultures for M. tuberculosis confirm the di-
agnosis of TB disease; however, in the absence of a posi-
tive culture, TB disease may also be diagnosed based on 
clinical signs and symptoms alone.1

Clinical Signs and Symptoms
The clinical manifestations of TB vary widely and de-
pend on several factors summarized in Box 23-2. The 
pulmonary presentation of TB has three distinctive 
presentations: primary TB, secondary (reactivation) TB, 
and military TB (widespread dissemination). Before 
the HIV infection epidemic, in the late 1980s, most TB 
cases were limited to the lungs with few nonpulmonary 
or combined cases.6,7

The most easily quantifiable systemic effect of pul-
monary TB is a fever. The fever is usually low grade at 
the onset but becomes marked with the progression 
of the disease. It is classically diurnal, with an afebrile 
period early in the morning and a gradually rising tem-
perature throughout the day, reaching a peak in the late 
afternoon or evening. Fever subsides during sleep, but 
night sweats may occur. Fever and night sweats are clas-
sic features of TB. However, the absence of fever does 
not exclude TB.

The most common symptom of pulmonary  
TB is a cough. A cough may be absent or mild  
initially and may be nonproductive or productive  
of only scant sputum. Initially, the cough may be  
present only in the morning, when accumulated  
secretions during sleep are expectorated. As the dis-
ease progresses, cough becomes more continuous 

KNOWLEDGE CHECK QUESTIONS

1. True or False: The best way to obtain specimens 
from children who cannot produce sputum is by 
bronchoscopy.

2. True or False: For patients who are unable to 
cough up sputum, aerosolized hypertonic saline 
can encourage deep coughing.

BOX 23-1 Methods of Obtaining  
a Sputum Specimen

 � Spontaneous sputum sample

 � Sputum induction

 � Bronchoscopy/bronchoalveolar lavage

 � Gastric washing

BOX 23-2 Factors Influencing the Clinical 
Features of TB
Organism Factors

 � Virulence

 � Predilection for specific tissues
Endogenous Factors

 � Age

 � Immune status

 y Specific immunodeficiency status

 y Nutritional status

 y Genetic factors

 � Comorbidities

 � Immunization with bacillus Calmette–Guérin 
(BCG)

Host–Organism Interaction

 � Site of involvement

 � Disease severity

Diagnostic Standards and Classification of Tuberculosis in 
Adults and Children. This official statement of the American 
Thoracic Society and the Centers for Disease Control and Pre-
vention was adopted by the ATS Board of Directors, July 1999. 
This statement was endorsed by the Council of the Infectious 
Disease Society of America, September 1999. Am J Respir Crit 
Care Med. 2000;161(4 Pt 1):1376–1395.
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KNOWLEDGE CHECK QUESTIONS

1. True or False: A patient with pulmonary TB will 
always be febrile.

2. True or False: Pleuritic chest pain is a common 
symptom of pulmonary TB.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Humans are the only known reser-
voir for M. tuberculosis.

2. True or False: The most infectious host is one 
with AFB visible by microscopy.

throughout the day and productive of yellow or  
yellow-green sputum, which is rarely foul smelling. 
Hemoptysis may also develop.

Dyspnea can occur in the setting of extensive paren-
chymal involvement, pleural effusions, or a pneumo-
thorax. Pleuritic chest pain is not common but, when 
present, signifies inflammation abutting or invading the 
pleura, with or without an effusion. Anorexia, wasting, 
and malaise are all common features of advanced dis-
ease and may be the only presenting features in some 
patients. Finger clubbing and pallor are also manifested 
in some patients with pulmonary TB.

The most common hematologic findings are mild 
anemia, leukocytosis, and thrombocytosis with a 
slightly elevated erythrocyte sedimentation rate and 
C-reactive protein level. None of these findings are 
consistent or sufficiently accurate for diagnostic pur-
poses. Hyponatremia due to the syndrome of inap-
propriate secretion of antidiuretic hormone has also 
been reported.8

In many patients, TB is associated with other seri-
ous disorders. These include HIV infection, alcoholism, 
chronic renal failure, diabetes mellitus, neoplastic dis-
eases, and drug abuse. The signs and symptoms of these 
diseases and their complications can easily obscure es-
pecially in patients with HIV infection.9

Close contact with these hosts increases the likelihood 
of transmission.

The introduction of M. tuberculosis into the lungs 
leads to infection of the respiratory system; however, 
the organisms can spread to other organs, such as the 
lymphatics, pleura, bones/joints, or meninges, and 
cause extrapulmonary TB.5

Epidemiology
The epidemiology of TB varies substantially around 
the world. Worldwide in 2015, there were an estimated 
10.4 million incident TB cases. Approximately 62% of 
these cases were male, and 90% were adults. Six countries 
accounted for 60% of the global total: India, Indonesia, 
China, Nigeria, Pakistan, and South Africa.4 In 2015 
in the United States, the overall number of TB cases 
increased over the previous year after having declined 
yearly during 1993–2014. Despite a slight increase in case 
count, the TB incidence rate per 100,000 persons has re-
mained relatively stable since 2013.10 See Table 23-1.

Globally, the absolute number of TB deaths, exclud-
ing TB deaths among HIV-positive people, and the TB 
incidence rate have fallen since 2000. The number of 
TB deaths fell from 1.8 million in 2000 to 1.4 million 
in 2015. However, the global rate of decline in the TB 
incidence rate was only 1.5% from 2014 to 2015, and the 
case fatality ratio in 2015 was 17%. (Case fatality ratio 
is the proportion of cases that result in death). TB is 
one of the top 10 causes of death worldwide and caused 
more deaths than HIV in 2015.4

During 1993–2003, rates declined in both the 
U.S.-born and the foreign-born populations in the 
United States. However, the decline was substantially 
less among the foreign-born populations. In 2002, 
for the first time, TB cases among foreign-born per-
sons accounted for the majority (51.2%) of TB cases 
in the United States. Overall, the number of cases in 
foreign-born persons has remained virtually level, with 
approximately 7,000–8,000 cases each year, until 2009, 
when the number dropped to 6,854. The number of 
cases in U.S.-born persons decreased from more than 
17,000 in 1993 to 3,981 in 2011.1

There is a declining trend in TB rates by race/ 
ethnicity in the United States. The 2011 TB case rate  
by race/ethnicity appears in Table 23-2.

Table 23-2 brings to light the disproportionate bur-
den of TB in minorities. In certain circumstances, the 
TB infection may be acquired in the country of origin 

Etiology
M. tuberculosis are classified as acid-fast bacilli (AFB) 
and have a unique cell wall structure crucial to their 
survival. The well-developed cell wall contains a consid-
erable amount of a fatty acid, mycolic acid, covalently 
attached to the underlying peptidoglycan-bound poly-
saccharide arabinogalactan, providing an extraordinary 
lipid barrier. This barrier is responsible for many of the 
medically challenging physiological characteristics of 
TB, including resistance to antibiotics and host defense 
mechanisms.5

Humans are the only known reservoir for M. tu-
berculosis. The interaction of M. tuberculosis with 
the human host begins when droplet nuclei contain-
ing microorganisms from infectious individuals are 
inhaled.8 The droplet nuclei aerosolized by coughing, 
sneezing, or speaking may number up to 3,000 and 
remain airborne for minutes to hours after expecto-
ration. The most likely hosts to spread TB are those 
whose sputum contains AFB visible by microscopy. 
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in foreign-born minorities. Also, socioeconomic status 
and overcrowding of living quarters play a large part in 
the higher rates.1

HIV-infected persons are at high risk for develop-
ing TB disease after infection with M. tuberculosis. In 
the United States, the percentage of HIV coinfection 
decreased from 15% in 1993 to 6% in 2011.1 World-
wide, between 9% and 14% of the incident TB cases 
in 2015 were among people living with HIV. The 
proportion of TB cases coinfected with HIV was the 
highest in countries in the World Health Organiza-
tion African Region and exceeded 50% in parts of 
southern Africa.4

Pathology/Pathophysiology
The pathogenesis of TB is well understood and has been 
for decades. Inhalation of aerosol droplets containing 
M. tuberculosis with subsequent deposition in the lungs 
leads to one of a variety of paths. See Figure 23-3. The 
host immune system may immediately clear the infec-
tion. The host immune system may suppress the infec-
tion into a latent tuberculosis infection (LTBI). The LTBI 
may become active years later, causing secondary or 
reactivation disease. The infection may overwhelm the 
host immune system and lead to the onset of active dis-
ease (primary disease).

The risk of developing primary TB disease depends 
mostly on a person’s innate immunologic and non-
immunologic defenses and the level of function of 
cell-mediated immunity. The initial physical defense, in 
most individuals, is the mucociliary escalator system. 
Bacteria that can bypass this system reach the alveoli, 
where they are engulfed by and may multiply within 
the alveolar macrophages.2 The bacteria grow for 2–12 
weeks until they reach 1,000–10,000 in number. At that 
time, there is a sufficient amount of organisms to elicit 
a cellular immune response to the tuberculin skin test.11 
The phagocytosis by the alveolar macrophages initiates 

KNOWLEDGE CHECK QUESTIONS

1. True or False: The incidence of TB has de-
creased or remained steady in the United States 
since 1993.

2. True or False: The proportion of TB cases coin-
fected with HIV is the highest in Asia.

TABLE 23-1
TB Incidence in the United States, 1993–2015

Year Number of Cases Rate per 100,000

2015  9,557 3.0

2014  9,406 2.9

2013  9,550 3.0

2012  9,942 3.2

2011 10,510 3.4

2010 11,159 3.6

2009 11,520 3.8

2008 12,893 4.2

2007 13,282 4.4

2006 13,728 4.6

2005 14,060 4.8

2004 14,499 5.0

2003 14,835 5.1

2002 15,055 5.2

2001 15,945 5.6

2000 16,308 5.8

1999 17,499 6.3

1998 18,286 6.6

1997 19,751 7.2

1996 21,210 7.9

1995 22,726 8.5

1994 24,206 9.2

1993 25,102 9.7

CDC | TB | Data and Statistics. 2017. https://www.cdc.gov/tb/statistics. 
Accessed May 9, 2017.

Race/Ethnicity Cases per 100,000

African Americans 6.3

American Indians/Alaska Natives 5.6

Asians 20.9

Hispanics 5.8

Non-Hispanic whites 0.8

Native Hawaiian or Other Pacific 
Islanders

15.9

Data from Core Curriculum on Tuberculosis: What the Clinician Should Know. 
6th ed. Atlanta, GA: Centers for Disease Control and Prevention; 2013. 
https://www.cdc.gov/tb/education/corecurr/pdf/corecurr_all.pdf. Accessed 
April 25, 2017.

TABLE 23-2
TB Rates by Race/Ethnicity in the United States 
in 2011
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an antigenic cascade of events that result in either suc-
cessful control of the infection, followed by LTBI, or 
progression to active TB (primary disease).11 Individuals 
with LTBI cannot spread TB.

Regardless of whether the infection becomes 
controlled or progresses, initial development in-
volves the production of proteolytic enzymes and 
cytokines by the macrophages to try to kill the bac-
teria. In persons with intact immune systems, col-
lections of activated T cells and macrophages form 
granulomas (nodular-like lesions) that limit multipli-
cation and spread of the organism. Granulomas in per-
sons with adequate immune systems undergo fibrosis 
and calcification, successfully controlling the infec-
tion so that the bacilli are contained in the dormant, 
healed lesions.12 In persons with weaker immune 
systems, the granuloma walls lose integrity, and the 
bacilli can escape and spread to other alveoli or other 
organs (regional lymph nodes, the apex of the lung, 
kidneys, brain, and bone), via the lymphatic system.1 
See Figure 23-4. This situation leads to active TB. In-
dividuals with active TB can spread TB.

Active pulmonary TB most often involves the middle 
and lower lung lobes. The lesion that forms after the 
initial infection is the Ghon focus or Ghon lesion. The 
Ghon focus is usually peripheral and in young children 
is almost invariably accompanied by a transient hilar 
to paratracheal lymphadenopathy. In most cases, the 
lesion heals spontaneously into a tuberculoma (calci-
fied caseating granuloma). This “Ghon focus” with or 
without overlying pleural reaction is referred as the 
Ghon complex.8

Among individuals with LTBI and intact immune 
systems, secondary TB (reactivation) disease occurs in 
approximately 5–10% of cases.1 The risk of reactivation 

is high in patients with HIV and other medical condi-
tions. These outcomes are determined by the interplay 
of factors attributable to both the organism and the 
host. For persons whose immune system is weak, espe-
cially those with HIV infection, the risk of developing 
TB disease is much higher than for persons with a nor-
mal immune system. Reactivation most often involves 
the superior segments of the lower lung lobes. Table 23-3 
shows the differences between LTBI and TB disease.

Inhalation of M. tuberculosis

Latent tuberculosis
infection (LTBI)

Primary tuberculosis
disease

Secondary
tuberculosis disease

(reactivation)

Macrophages unable to
destroy M. tuberculosis

Macrophages destroy
M. tuberculosis

No infection

Not infectious May be infectious

FIGURE 23-3 Progression of TB. People who are exposed to M. tuberculosis may or may not develop LTBI. People with LTBI may or may not 
develop TB disease.
Core Curriculum on Tuberculosis: What the Clinician Should Know. 6th ed. Atlanta, GA: Centers for Disease Control and Prevention; 2013 (Figure 2.4, p. 29). https://www.cdc.gov/tb/education 
/corecurr/pdf/corecurr_all.pdf. Accessed April 25, 2017.

Intact immune system:
Macrophages and T
lymphocytes form nodule-like
lesions to contain bacilli.
Fibrosis and calcification
contain the bacilli.

Weakened immune system:
Nodule-like lesion wall breaks
down and the bacilli escape an
spread to other alveoli or
other organs.

FIGURE 23-4 Pathophysiology of TB.
Core Curriculum on Tuberculosis: What the Clinician Should Know. 6th ed. Atlanta, GA: 
Centers for Disease Control and Prevention; 2013 (Figure 2.3 parts 4 and 5, p. 27). https://
www.cdc.gov/tb/education/corecurr/pdf/corecurr_all.pdf. Accessed April 25, 2017.
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Cavitation in the lungs occurs from the dissemina-
tion of the bacilli from the initial site of deposition in 
the middle and lower lung lobes. TB cavities most often 
occur in the apices of the lungs or the apical segments 
of the lower lobes. TB cavity formation is classically 
described as “post-primary,” occurring later after the 
initial “primary” infection.13

KNOWLEDGE CHECK QUESTIONS

1. True or False: Patients with LTBI can spread the 
disease.

2. True or False: Granulomas in patients with weak 
cellular immunity break down and release the 
bacilli.

KNOWLEDGE CHECK QUESTIONS

1. True or False: All individuals have the same risk 
for the development of TB disease.

2. True or False: Individuals with untreated HIV 
infection and no LTBI treatment have the high-
est risk for developing TB disease during their 
lifetime.

Characteristics LTBI Active TB Disease

Number of 
bacilli in the 
body

Small number Large number

State of bacilli 
in the body

Alive, inactive Alive, active

Infectiousness Cannot spread TB 
bacteria to others

May spread TB 
bacteria to others

Symptoms Does not feel sick
If bacteria activate, 
may become sick

May feel sick
Symptoms: cough, 
fever, weight loss, 
night sweats

Radiograph Normal Abnormal

Sputum Smears and cultures 
are negative

Smears and cultures 
are positive

Treatment 
required

To prevent TB 
disease

To treat TB disease

Isolation 
precautions

None Respiratory isolation

Case 
consideration

Not a TB case A TB case

Core Curriculum on Tuberculosis: What the Clinician Should Know. 6th ed.  
Atlanta, GA: Centers for Disease Control and Prevention; 2013 (From 
Reference 1, Table 2.5, p. 30). https://www.cdc.gov/tb/education/corecurr 
/pdf/corecurr_all.pdf. Accessed April 25, 2017.

TABLE 23-3
Characteristics of LTBI versus TB Disease

At Risk for Infection with 
TB Bacteria

Medical Conditions That 
Weaken the Immune System

Close contact with a person 
with infectious TB disease

HIV infection

Immigration from areas of 
the world with high TB rates

Substance abuse

Younger than 5 years with 
positive TB test

Silicosis

Homeless Diabetes mellitus

Injection drug users Severe kidney disease

HIV infection Low body weight

Work with high-risk individuals 
in hospitals, homeless 
shelters, correctional 
facilities, nursing homes, 
residential homes for those 
with HIV

Organ transplants

Gastrectomy or jejunoileal 
bypass

Head and neck cancer

Immunosuppressive 
therapy (such as systemic 
corticosteroids or tumor 
necrosis factor-alpha 
antagonists)

Specialized treatment for 
rheumatoid arthritis or Crohn 
disease

Core Curriculum on Tuberculosis: What the Clinician Should Know. 6th ed. 
Atlanta, GA: Centers for Disease Control and Prevention; 2013. https:// 
www.cdc.gov/tb/education/corecurr/pdf/corecurr_all.pdf. Accessed  
April 25, 2017.

TABLE 23-4
Risk Factors for TB Disease14

and overcrowded. The spread of HIV infection and the 
immigration of persons from areas of high incidence 
have resulted in increased numbers of TB cases.2

There are two basic categories of high-risk factors 
for developing TB disease. One is individuals who have 
been recently infected with TB bacteria and the other is 
those with medical conditions that weaken the immune 
system. Table 23-4 summarizes the TB risk factors. 
Table 23-5 shows the overall risk over a lifetime for per-
sons infected only with M. tuberculosis.

Risk Factors
TB is a social disease with medical implications. It has 
always occurred disproportionately among disadvan-
taged populations such as the homeless, malnourished, 
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Complications
Pulmonary complications of TB include hemoptysis, 
pneumothorax, bronchiectasis, extensive pulmo-
nary destruction (including pulmonary gangrene), 
malignancy, and chronic pulmonary aspergillosis. 
Hemoptysis occurs most frequently in the setting of 
active TB or after completion of treatment.1,15 Before 
the availability of antituberculous therapy, spontane-
ous pneumothorax was a frequent and dangerous 
complication of pulmonary TB.16 Since the advent 
of antituberculous therapy, spontaneous pneumo-
thorax associated with TB is reported in about 1% of 
 hospitalized patients.17,18

Bronchiectasis may develop following primary or 
reactivation TB and can be associated with hemoptysis. 
Rarely, TB can cause progressive, extensive destruc-
tion of areas of one or both lungs.18,19 In primary TB, 
occasionally lymph node obstruction of the bronchi 
together with distal collapse, necrosis, and bacterial 
superinfection can produce parenchymal destruction.20 
More commonly, destruction results from chronic 
reactivation TB, typically in the absence of effective 
chemotherapy. Symptoms include progressive dyspnea, 
hemoptysis, and weight loss. The causal relationship 
of malignancy is not clear, but mycobacterial cell wall 
components may induce production of nitric oxide and 
reactive oxygen species, which have been implicated  
in DNA damage leading to carcinogenesis.21 Chronic  
pulmonary aspergillosis can be a sequela of  
pulmonary TB.

Diagnostic Testing
Targeted testing is a TB control strategy used to iden-
tify, evaluate, and treat individuals who are at high 
risk for LTBI or at high risk for developing TB disease 
once infected with the microorganism. One of the 
goals of TB control and elimination is to identify indi-
viduals with LTBI. This can stop further spread of  
TB by preventing infected people from developing  
TB disease.1

Testing for LTBI
There are two methods to test for LTBI. The origi-
nal method of testing uses an active protein fraction 
known as tuberculin purified protein derivative (PPD) 
that is injected subcutaneously. Skin testing with 
tuberculin-PPD or tuberculin skin testing (TST) or  
Mantoux tuberculin skin test is widely used in screening 
for LTBI. However, this method has some drawbacks. 
PPD is not mycobacterial species specific due to a large 
number of proteins in the various species. The reaction 
interpretation is also open to subjectivity, there may be 
batch-to-batch variations, and the results are available 
48–72 hours after placement. It takes approximately 
2–8 weeks from exposure for the body’s immune system 
to react to the tuberculin. Because TST has a relatively 
low sensitivity and specificity and is unable to discrimi-
nate between LTBI and active TB disease, it is of no 
value in the diagnosis of active TB disease.8

The TST result depends on the size of the raised, 
hard area or swelling. It also depends on the person’s 
risk of TB infection and the risk of progression to TB 
disease. See Figure 23-5. A positive TST means the 
individual’s body was infected with TB bacteria. Addi-
tional tests are needed to determine if the person has  
LTBI or TB disease. Treatment is as needed. A negative 
TST means the individual’s body did not react to the 
test and that LTBI or TB disease is not likely.

The second method to test for LTBI uses 
interferon-f release assays (IGRAs). IGRAs require 

Risk Factor Risk of Developing TB Disease Description

TB infection and no 
risk factors

About 10% over a lifetime For people with TB infection, no risk factors and no treatment; the risk is 
about 5% in the first 2 years after infection and about 10% over a lifetime.

TB infection and 
diabetes

About 30% over a lifetime For people with TB infection and diabetes, and with no treatment, the risk 
is three times as high or about 30% over a lifetime.

TB infection and HIV 
infection

About 7–10% per year For people with TB infection and untreated HIV infection with no LTBI 
treatment, the risk is about 7–10% per year, a very high risk over a 
lifetime.

Core Curriculum on Tuberculosis: What the Clinician Should Know. 6th ed. Atlanta, GA: Centers for Disease Control and Prevention; 2013. https://www.cdc.gov/tb 
/education/corecurr/pdf/corecurr_all.pdf. Accessed April 25, 2017.

TABLE 23-5
Lifetime Risk for Developing TB Disease

KNOWLEDGE CHECK QUESTIONS

1. True or False: The most frequently occurring 
complication of active TB disease is hemoptysis.

2. True or False: The most common cause of lung 
destruction is chronic reactivation TB.
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blood to be drawn for testing. The results can be avail-
able in 24 hours, and the laboratory test is not open to 
the subjectivity, as is the TST. Two IGRAs are available 
and approved by the U.S. Food and Drug Administra-
tion (FDA) for the diagnosis of TB infection. They are 
QuantiFERON®-TB Gold In-Tube test (QFT-GIT) and 
T-Spot®.TB test. IGRAs identify the presence of M. tu-
berculosis infection by measuring the immune response 
to the TB proteins in whole blood. IGRAs cannot dif-
ferentiate between LTBI and active TB disease. As with 
the TST, additional tests are needed to diagnose or rule 
out TB disease.1

A positive IGRA means that the person is infected 
with TB bacteria. A negative IGRA means that the indi-
vidual’s blood did not react to the test and that LTBI or 
TB disease is not likely. IGRAs are the preferred method 
of TB infection testing for people who have received 
bacille Calmette–Guérin (BCG is a vaccine for TB) and 
people who have a difficult time returning for a second 
appointment to look for a reaction to the TST. There is 
no problem with repeated IGRAs.8,22

The BCG vaccine is a live, attenuated (weakened) 
vaccine derived from a strain of M. bovis. The BCG vac-
cination is not recommended in the United States due 
to a combination of factors. These factors include the 
low risk of infection with M. tuberculosis, the variable 
efficacy of the BCG vaccine against pulmonary TB, the 
small risk of severe disseminated TB disease in young 
children in the United States, and the vaccine’s inter-
ference with the ability to determine TST reactivity. 
Many highly TB-prevalent countries vaccinate infants 
with BCG as part of their TB control effort to prevent 
children from contracting severe disseminated TB or 
TB meningitis.8

The TST or IGRA is not contraindicated for persons 
who have been vaccinated with BCG. The TST or IGRA 
results are used to support decisions about the diag-
nosis of infection with M. tuberculosis. TST in persons 
vaccinated with BCG should be interpreted using the 
same criteria for those not BCG vaccinated. The booster 
phenomenon may occur among persons who have had a 
prior BCG vaccination.

Household contact or recent
exposure of an active case

None

Residents and employees of
high risk congregate settings

Immigrants from high burden
countries (>20/100,000)

Mycobacteriology laboratory
personnel

Yes

Not demonstrated

Not demonstrated

Likely to be infected
Low to intermediate risk of progression
  (TST ≥ 10 mM)

Likely to be infected
High risk of
progression
  (TST ≥ 5 mM)

Unlikely to be infected
  (TST > 15 mM)

No risk factors Clinical predisposition
 Diabetes
 Chronic renal failure
 Intravenous drug use

Children age less
 than 5
HIV infection
Immunosuppressive
 therapy
Abnormal CXR
 consistent with
 prior TB
Silicosis

Yes

Yes

Not demonstrated

Not demonstrated

Groups with increased likelihood
of infection with Mtb
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n

Benefit of
therapy

LTBI testing strategy

Risk of developing tuberculosis if infected

Benefit of therapy

Intermediate (RR 1.3–3) High (RR 3–10)Low

FIGURE 23-5 Evaluation of individuals with LTBI based on the risk of infection, the risk of progression to TB, and benefit of therapy. The three 
groups are unlikely to be infected, likely to be infected with low-to-intermediate risk of progression, and likely to be infected with a high risk of 
progression. CXR, chest radiography; RR, respiratory rate.
Reproduced with permission from Lewinsohn D, Leonard M, LoBue P, et al. Official American Thoracic Society/Infectious Diseases Society of America/Centers for Disease Control and 
Prevention Clinical Practice Guidelines: Diagnosis of Tuberculosis in Adults and Children. Clin Infect Dis. 2017;64(2):111–115 (Figure 1, p. 113). doi:10.1093/cid/ciw778.
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an abnormal chest x-ray in a patient with symptoms, 
although computed tomographic (CT) scanning is more 
sensitive than plain chest radiography for diagnosis, 
particularly for smaller lesions located in the apex of the 
lung.8

Radiographic Procedures
Some patterns of chest radiographic abnormalities are 
considered more “typical” of TB disease.22 These “clas-
sic” patterns include upper lobe infiltrates and cavitary 
lesions. See Figure 23-6. However, virtually any radio-
graphic pattern—from a normal film or a solitary pul-
monary nodule to diffuse alveolar infiltrates in a patient 
with adult respiratory distress syndrome—may be seen.8 
Old, healed TB presents a different radiologic appear-
ance from active TB. Dense pulmonary nodules, with or 
without visible calcification, may be found in the hilar 
area or upper lobes. Smaller nodules, with or without 
fibrotic scars, are often seen in the upper lobes, and up-
per lobe volume loss often accompanies these scars.2 
In patients with HIV infection, the nature of the radio-
graphic findings depends, to an extent, on the degree of 
immunocompromise produced by the HIV infection. 
The more advanced the HIV disease, the more “atypi-
cal” the chest x-ray. Cavitation is uncommon in the 
case of advanced HIV, and lower lung zone or diffuse 
infiltrates and intrathoracic adenopathy are frequent.2 
See Figure 23-7. Thus, while certain chest x-ray findings 
can be indicative of TB, it remains an insensitive and 
nonspecific test.22

CT may be useful in interpreting questionable 
 findings on plain chest radiography and may be helpful 
in diagnosing some forms of extrapulmonary TB.  

The booster phenomenon occurs mainly in previ-
ously infected, older adults whose ability to react to 
tuberculin has waned over time. When these people 
are skin tested many years after infection with M. tu-
berculosis, they may have an initial negative reaction. 
However, if they are tested again within a year of the 
first test, they may have a positive result. This is because 
the first TST “triggered the memory” of the immune 
system, boosting its ability to react to the second TST. It 
may appear that these people were infected between the 
first and second tests (recent TB infection). The second, 
positive test reaction is a boosted reaction due to TB in-
fection that occurred a long time ago. These people may 
still be considered for LTBI treatment if they fit into a 
high-risk category for progression to TB disease.

While both TST and IGRA testing provide evi-
dence for infection with M. tuberculosis, they can-
not distinguish active from latent TB. Therefore, the 
diagnosis of active TB must be excluded before em-
barking on treatment for LTBI. This is typically done 
by determining whether symptoms suggestive of TB 
disease are present, performing a chest radiograph, 
and, if radiographic signs of active TB disease are seen, 
then sputum sampling is performed and the patient 
managed accordingly.23

Testing for TB Disease
The key to the diagnosis of TB is a high index of suspi-
cion. Diagnosis is not difficult with a high-risk patient 
with typical symptoms and a classic chest radiograph. 
On the other hand, the diagnosis can be easily missed 
in an elderly patient or a teenager with a focal infiltrate. 
The initial suspicion of pulmonary TB is often based on 

FIGURE 23-7 Chest radiograph, PA view, of a 43-year-old male with 
HIV disease and TB disease.
© Suttha Burawonk/Shutterstock.

FIGURE 23-6 Chest radiograph, PA view, of a 60-year-old female 
patient diagnosed with pulmonary TB, showing fibro-exudative 
infiltrates at the right apex and left middle lung zone.
© Santibhavank P/Shutterstock.
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Method Description Advantage Disadvantage

Spontaneous 
sputum sample

• Patient coughs up sputum into a sterile 
container

• Inexpensive
• Easy to do

• Patient may not be able to cough up 
sputum or cough up saliva instead 
of sputum

• Coaching and supervision by a 
healthcare provider is necessary

Sputum 
induction

• Patient inhales aerosolized, hypertonic 
saline (between 3% and 10%)

• Used when spontaneous coughing is 
nonproductive of sputum

• Easy to do • Requires special equipment
• May cause bronchospasm
• Specimens may be watery and 

may be confused with saliva (label 
“induced specimen”)

Bronchoscopy • Bronchoscope is passed through the 
mouth or nose directly into the diseased 
portion of the lung, and sputum or lung 
tissue is removed

• Used when sputum induction is not 
productive, or other diseases are being 
considered

• Direct removal of sputum from 
the lung. Will not have saliva

• No active involvement by 
patient is required

• Expensive
• Invasive
• Requires special equipment
• Performed in hospital or clinic
• Requires anesthesia

Gastric washing • Tube inserted through the patient’s 
mouth or nose and passed into the 
stomach to obtain a sample of gastric 
secretions that contain sputum that has 
been coughed into the throat and then 
swallowed

• Used to obtain a sputum sample from 
children who do not produce sputum 
when they cough

• No active involvement by the 
patient is required

• Can be uncomfortable for the patient
• Must be done as soon as the patient 

wakes up in the morning
• May require a hospital stay

Core Curriculum on Tuberculosis: What the Clinician Should Know. 6th ed. Atlanta, GA: Centers for Disease Control and Prevention; 2013. https://www.cdc.gov/tb 
/education/corecurr/pdf/corecurr_all.pdf. Accessed April 25, 2017.

TABLE 23-6
Methods of Obtaining a Sputum Specimen

Magnetic resonance imaging is useful in the diagnosis 
of intracranial TB.8

Bacteriologic Examination
A critical component for the diagnosis of TB disease is 
the bacteriological examination. The TB bacteriologi-
cal examinations are done in a laboratory and identify 
M. tuberculosis, as well as other mycobacteria. There 
are five components to the bacteriologic examination: 
specimen collection, AFB smears, nucleic acid amplifi-
cation, specimen culturing and identification, and drug 
susceptibility testing.

For diagnostic purposes, all persons suspected of 
having TB disease need to have sputum specimens col-
lected for an AFB smear and culture, even those without 
respiratory symptoms. A minimum of three consecutive 
sputum specimens is required. Each of these specimens 
is collected in 8- to 24-hour intervals, with at least one 
being an early morning specimen.1 Methods for obtain-
ing a sputum specimen include a spontaneous sputum 
sample, sputum induction, bronchoscopy, and gastric 
washing. See Table 23-6. Smear examination is a quick 
procedure, the results of which are usually available 
within 24 hours of specimen collection. If AFB is found 
on a sputum smear, it is considered smear positive, 

and it often indicates TB disease. However, a positive 
smear does not confirm a diagnosis of TB because some 
stained mycobacteria are not M. tuberculosis. Addition-
ally, smear-negative results do not exclude TB disease, 
because the AFB may not be seen.

Rapid identification of a microorganism is done via 
direct detection using nucleic acid amplification (NAA). 
NAA tests amplify DNA and RNA segments of the my-
cobacterium. This testing permits the identification of 
M. tuberculosis in as little as several hours, with high 
specificity and sensitivity approaching that of culture.1,8 
It is recommended that the NAA testing be performed 
on at least one respiratory specimen from each patient 
with signs and symptoms of pulmonary TB for whom a 
diagnosis of TB is being considered but has not yet been 
established, and for whom the test result would alter 
case management or TB control activities, such as con-
tact investigations.1,23

The gold standard for the definitive diagnosis 
of TB disease is the isolation and identification of 
M. tuberculosis in cultures from a clinical specimen.1,8,23 
Culture examinations should be done on all diagnostic 
specimens, regardless of AFB smear or NAA results. 
Liquid and solid mycobacterial cultures are available, 
but at least the liquid culture needs to be done on all 
specimens.23 Because most species of mycobacteria 
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grow slowly, 4–8 weeks are required before growth is 
detected. Positive cultures for M. tuberculosis confirm 
the diagnosis of TB disease; however, in the absence of 
a positive culture, TB disease may also be diagnosed 
based on clinical signs and symptoms alone.1

Once the growth of M. tuberculosis is detected, it can 
be sub-cultured onto media containing antibiotics.22 
Susceptibility to the first-line anti-TB drugs isoniazid, 
rifampin, ethambutol, and pyrazinamide is performed 
to identify multiple-drug-resistant TB (MDR-TB).1,8 The 
results of drug susceptibility tests direct clinicians to 
choose the appropriate drugs for treating each patient. 
Patients with TB disease who are treated with drugs to 
which their strain of TB is resistant may not be success-
fully cured. In fact, their strain of TB may become re-
sistant to additional drugs.1 A patient is diagnosed with 
MDR-TB disease if the organisms are resistant to at 
least isoniazid and rifampin, the two most potent first-
line anti-TB drugs.1

and ethambutol (EMB). Table 23-8 shows two of these 
regimens. Each treatment regimen consists of an ini-
tial 2-month treatment phase followed by a continu-
ation phase of either 4 or 7 months.1 See Table 23-9. 
The choice of treatment in the initial phase is usually 
empiric, as susceptibility data may not be available 
or become available at the end of the initial phase of 
treatment. The initial drug regimen is based on the 
knowledge of the likely drug susceptibility. Four drugs, 
INH, RIF, PZA, and EMB, are used in the initial phase 
of previously untreated TB because of concern for INH 
resistance.1,11 These drugs are well absorbed after oral 
administration with peak serum levels at 2–4 hours and 
nearly complete elimination within 24 hours. The drugs 
are recommended based on their bactericidal activity 
to rapidly reduce the number of viable organisms and 
render the patients noninfectious. Sputum AFB smears 
and cultures need to be obtained at the time of comple-
tion of the initial phase of treatment (8 weeks) to iden-
tify patients at increased risk of relapse. Once the TB 
isolate is known to be fully susceptible, ethambutol can 
be discontinued. After 2 months of therapy, pyrazin-
amide can be stopped. The duration of therapy depends 
on the drugs used, the drug susceptibility test results of 
the isolate, and the patient’s response to therapy. Many 
patients with untreated pulmonary TB disease can be 
managed with either a 6-month or a 9-month regi-
men, although the 6-month regimen is used for most 
patients.1

KNOWLEDGE CHECK QUESTIONS

1. True or False: TST in persons vaccinated with 
BCG should be interpreted using different crite-
ria than for those not BCG vaccinated.

2. True or False: The best way to obtain specimens 
from children who are unable to produce spu-
tum is by gastric washing.

3. True or False: Cultures should be done on all 
diagnostic specimens, regardless of the other 
bacteriologic examination results.

4. True or False: Resistance to isoniazid, rifampin, 
ethambutol, and pyrazinamide is required for a 
diagnosis of MDR-TB.

Drug Class Drug Name Comments

First-line 
anti-TB 
drugs

Isoniazid (INH) INH, RIF, PZA, and EMB 
form the core of initial 
treatment regimen.

RPT may be used once 
weekly with INH in the 
continuation phase of 
treatment for HIV-negative 
patients with noncavitary, 
drug-susceptible 
pulmonary TB who have 
negative sputum smears at 
the completion of the initial 
phase of therapy.

Rifampin (RIF)

Pyrazinamide (PZA)

Ethambutol (EMB)

Rifapentine (RPT)

Second-
line anti-TB 
drugs

Streptomycin (SM) Increasing prevalence 
of resistance to SM in 
many parts of the world 
has decreased its overall 
usefulness. SM was 
formerly a first-line anti-TB 
drug. SM is still used in 
initial treatment.

Cycloserine

Capreomycin

Para-aminosalicylic 
acid

Ethionamide

Courtesy of U.S. Food and Drug Administration.

TABLE 23-7
FDA-Approved Anti-TB Drugs

Treatment and Management
Currently, 10 drugs have been approved by the FDA for 
the treatment of TB disease. See Table 23-7. Also, the 
fluoroquinolones (levofloxacin, moxifloxacin, and gati-
floxacin), although not approved by the FDA for TB dis-
ease, are commonly used to treat TB disease caused by 
drug-resistant organisms or for patients who are intol-
erant of some first-line drugs.1 The goals of TB treat-
ment are to interrupt transmission, make the patient 
noninfectious, and prevent morbidity and death by cur-
ing patient with TB while preventing the emergence of 
drug resistance.8

A few basic treatment regimens are recommended 
for treating adults with TB disease caused by organ-
isms that are known or presumed to be susceptible to 
isoniazid (INH), rifampin (RIF), pyrazinamide (PZA), 
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The continuation phase of treatment for pulmonary 
TB is administered for 4 or 7 months and, in most cases, 
consists of INH and RIF. Treatment completion is de-
fined primarily as the ingestion of the total number of 
doses prescribed within the specified time frame.8 The 
duration of therapy depends on the drugs used, the drug 
susceptibility test results of the isolate, and the patient’s 
response to therapy.1,8,11

Routine follow-up after treatment is not necessary 
for patients who have had a satisfactory response to a 
6- or 9-month regimen with both INH and RIF. Patients 
whose organisms were fully susceptible to the drugs 
being used should be instructed to promptly report the 
development of any symptoms, particularly prolonged 
cough, fever, or weight loss.

State and local health departments have the pri-
mary responsibility for preventing and controlling TB. 

However, TB control is a complex undertaking and 
requires the collaborative efforts of a broad range of 
persons, organizations, and institutions both inside and 
outside the public health sector. These various persons 
and organizations have a role in improving the detec-
tion of TB cases, one of the most important responsi-
bilities of TB control.1

Drug-resistant TB disease can develop in two differ-
ent ways, known as primary and secondary resistance. 
Primary resistance occurs in persons who are initially 
exposed to and infected with resistant organisms. Sec-
ondary resistance, or acquired resistance, develops dur-
ing TB therapy, either because the patient was treated 
with an inadequate regimen or because the patient did 
not adhere to the prescribed regimen appropriately or 
because of other conditions such as drug malabsorption 
or drug–drug interactions leading to low serum levels.1  

Initial Phase Continuation Phase

Regimen Drugs Duration Regimen Drugs Duration

1 INH, RIF, PZA, EMB 2 months* 1a INH, RIF 4 months*

1b INH, RPT 4 months*

2 INH, RIF, EMB 2 months* 2 INH, RIF 7 months*

*There are several combinations of doses and days/week these medications may be administered. Patients on regimens given less than 7 days/week should 
receive direct observation therapy. Regimens given less than 3 times/week are not recommended for HIV-infected patients.

Core Curriculum on Tuberculosis: What the Clinician Should Know. 6th ed. Atlanta, GA: Centers for Disease Control and Prevention; 2013. https://www.cdc.gov/tb 
/education/corecurr/pdf/corecurr_all.pdf. Accessed April 25, 2017.

TABLE 23-8
Recommended Drug Regimens for Adults with Drug-Susceptible Organisms

Phase Purpose Treatment

Initial phase • Kills most of the tubercle bacilli
• Prevents the emergence of drug resistance
• Determines the outcome of the regimen

• The duration is 2 months
• Most often includes four drugs (INH, RIF, PZA, and EMB)
• Multiple drugs are needed to prevent the development of  

drug-resistant TB disease

Continuation 
phase

• Kills remaining tubercle bacilli (after initial 
phase)

• If continuation phase is not utilized, surviving 
bacilli may cause TB disease in the patient 
later on

• Duration is either 4 or 7 months
• 4 months is used for most patients
• 7 months is recommended only for persons

• Who have drug-susceptible cavitary or extensive pulmonary TB 
disease and whose sputum culture obtained at the end of the 
initial phase is positive

• Whose initial phase of treatment did not include PZA
• Who are treated with once-weekly INH and RPT and whose 

sputum culture at the end of the initial phase is positive

Treatment 
completion

Defines the number of doses ingested within a 
specific time frame
Duration depends on
• Drugs used
• Drug susceptibility test results of the isolate
• Patient’s response to therapy

Most patients with previously untreated pulmonary TB disease can be 
treated with either
• 6-month regimen (preferred) containing INH, RIF, and initially PZA

Or
• 9-month regimen containing INH and RIF

Core Curriculum on Tuberculosis: What the Clinician Should Know. 6th ed. Atlanta, GA: Centers for Disease Control and Prevention; 2013. https://www.cdc.gov/tb 
/education/corecurr/pdf/corecurr_all.pdf. Accessed April 25, 2017.

TABLE 23-9
Phases of TB Disease Treatment
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When initiating treatment for MDR-TB, at least 3–5 
previously unused drugs for which there is in vitro sus-
ceptibility are used. Levofloxacin, which is a fluoroqui-
nolone, has been shown to be the best suited over a long 
term and should be included in the regimen.11 Other 
drugs that are used, but not FDA approved for TB 
treatment, include amikacin, capreomycin, kanamycin, 
levofloxacin, ciprofloxacin, ofloxacin, prothionamide, 
terizidone, and bedaquiline.11

Any patients who have a clinically significant re-
sult on TST or a positive IGRA result should receive a 
course of therapy for latent TB, once active infection 
and disease are ruled out. Recommendations from the 
CDC include the use of INH individually for either  
9 or 6 months, INH and RPT for 3 months, or RIF for 4 
months. The duration of LTBI treatment depends on the 
patient. However, the preferred regimen is daily treat-
ment with INH for 9 months.1

The efficacy of treatment and presence of adverse 
reactions to therapy require evaluation by clinicians. 
There are three methods to determine whether a patient 
is responding to therapy. These methods include clinical 
evaluation, bacteriological examination, and chest ra-
diograph. During the initial therapy, patient symptoms 
should gradually improve and eventually go away. If not, 
the patient may have regimen adherence issues and de-
velop drug resistance.1

diagnosis.27–29 The absence of respiratory symptoms, 
including a chronic cough and dyspnea, are significant 
factors associated with early mortality within 30 days, 
making early diagnosis and treatment important fea-
tures in improving the outcome of TB disease.30 With 
early diagnosis and adequate treatment, almost all pa-
tients will recover and be cured.1

KNOWLEDGE CHECK QUESTIONS

1. True or False: The initial treatment phase for TB 
disease consists of 6 months of treatment.

2. True or False: The initial treatment phase typi-
cally consists of four medications.

3. True or False: A LTBI requires the same treat-
ment as active TB disease.

4. True or False: Treatment for MDR-TB includes 
using at least three to five previously unused 
anti-TB drugs.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Comorbidities have no influence 
on the outcome of TB disease treatment.

2. True or False: Given adequate treatment, al-
most all patients will recover and be cured.

Prognosis
TB disease now ranks alongside HIV as a leading cause 
of death worldwide.4 There are several factors that di-
rectly affect the prognosis of a person with TB disease. 
These factors include alcohol abuse, age, HIV infec-
tion, comorbidities of malignancy, renal disease, and 
respiratory disorders and malnutrition.24,25 Comorbidity 
has a significant effect on the survival of patients with 
TB disease, and it is a poor prognostic indicator that 
needs consideration regardless of sputum conversion.26 
Other important predictors of mortality include so-
cioeconomic status, multidrug resistance, and delayed 

Chapter Summary
TB is an airborne disease caused by M. tuberculosis. 
These bacteria are carried in droplet nuclei or airborne 
particles that are between 1 and 5 µm in diameter. People 
can handle the mycobacterium in one of three ways. A 
person’s immune system can clear the infection. A per-
son’s immune system can suppress the organism into 
a dormant state called LTBI. Latent TB is not commu-
nicable. However, the microbes may be activated later 
on in life if the person’s immune system becomes weak, 
causing secondary TB. A person’s immune system can be 
overwhelmed on initial exposure, causing primary TB.

LTBI can be detected by either TST or IGRAs 
or both. TB disease is diagnosed using physical 
 examination along with chest radiography and bac-
teriological examination. The organism is tested for 
susceptibility to at least two of the first-line medica-
tions. There are currently five first-line medications 
and five second-line medicines, approved by the 
FDA, for the treatment of TB disease. TB disease is 
always treated with multiple drugs. The number and 
types of drugs used depend on the organism’s sus-
ceptibility, the patient’s response to therapy, and the 
phase of treatment.

Key Points
1. TB is an airborne disease caused by the rod-

shaped, non-spore-forming, acid-fast, aerobic bac-
terium M. tuberculosis.

2. M. tuberculosis is carried in airborne particles 
called droplet nuclei that are 1–5 µm in diameter.

3. TB most commonly affects the lungs but can also 
occur in almost any anatomical site.

4. Sputum specimen is obtained from spontaneous 
samples, sputum induction, bronchoscopy, bron-
choalveolar lavage, or gastric washing to culture  
M. tuberculosis for the diagnosis of TB disease.
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5. Factors that influence the clinical features of TB 
disease include host–organism interaction, host 
endogenous factors, and organism factors.

6. The most common symptom of pulmonary TB dis-
ease is a cough.

7. TB disease is one of the top 10 causes of death world-
wide and in 2015 caused more deaths than HIV.

8. The host immune system can clear the TB infec-
tion, suppress the TB infection into latent TB 
(which may become active years later), or be over-
whelmed by the infection and lead to the onset of 
active (primary) disease.

9. Risk factors for developing TB disease include re-
cent infection with TB bacteria and those individu-
als with weakened immune systems.

10. Hemoptysis is the most frequently occurring com-
plication of TB disease.

11. Testing for latent TB includes TST and IGRAs.
12. Diagnostic testing to identify TB disease in pa-

tients relies on the use of chest radiography, acid-
fast smears of sputum specimen, NAA testing, 
culturing, and drug susceptibility testing.

13. The goals of TB treatment are to interrupt the trans-
mission of the disease by rendering a patient non-
infectious, prevent patient morbidity and mortality, 
and avoid the development of drug-resistant strains.

14. The three phases of TB therapy include the initial 
phase (2 months), the continuation phase (4–7 
months), and treatment completion (depends on 
the drug used, organism susceptibility, and patient 
response).

15. Multiple drug therapy is always used to treat TB 
disease.

16. Comorbidity has a significant effect on the progno-
sis for TB disease.

Chapter Questions
1. Mycobacterium tuberculosis is ___________.

a. non-spore forming and anaerobic
b. rod shaped and aerobic
c. spore forming and aerobic
d. spherical and anaerobic

2. The purpose of a sputum smear is to identify 
_________.
a. leukocytes
b. gram-negative bacilli
c. acid-fast bacilli
d. drug-resistant bacilli

3. The specimen collection process that best suits 
small children who cannot produce sputum is 
_____________.
a. transbronchial needle aspiration
b. sputum induction
c. bronchoalveolar lavage
d. gastric washing

4. Endogenous factors that influence the clinical man-
ifestations of tuberculosis disease include all of the 
following except _______________.
a. host immunocompetence
b. the host country of origin
c. immunization with bacillus  

Calmette–Guérin
d. the presence of comorbidities

5. The most common symptom of tuberculosis (TB) 
disease is __________.
a. cough
b. night sweats
c. foul-smelling sputum
d. pleuritic chest pain

6. The most common hematologic findings of TB 
 disease is _____________.
a. polycythemia
b. hypernatremia
c. leukocytosis
d. reduced erythrocyte sedimentation

7. In 2011, the TB disease rate in the United States 
was the highest for which race/ethnicity?
a. Non-Hispanic white
b. African American
c. Hispanic
d. Asian

8. Once exposed, how long does it take M. tuberculosis 
to grow, within a host, until they reach 1,000 to 
10,000 in number?
a. 2–12 weeks
b. 4–16 weeks
c. 6–18 weeks
d. 8–20 weeks

9. ______________________ is(are) the most common 
site for tuberculosis to affect the human body.
a. Kidneys
b. Liver
c. Lungs
d. Central nervous system

10. Which of the following statements about TB is 
true?
a. Latent tuberculosis infection (LTBI) and TB 

disease both begin with macrophage produc-
tion of proteolytic enzymes and cytokines.

b. Tubercle bacilli are in the body only with 
 tuberculosis disease.

c. Granulomas are present with immunocompro-
mised individuals exposed to TB.

d. Individuals with LTBI can spread the 
 tuberculosis TB disease.

11. The primary lesion in active pulmonary TB may 
spontaneously heal into a __________________.
a. Ghon lesion
b. tuberculoma
c. granuloma
d. Ghon focus
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12. Which of the following is true concerning the  
characteristics of LTBI?
a. Smears and cultures are positive for LTBI.
b. Isolation precautions are necessary  

for LTBI.
c. The bacilli are alive but inactive with LTBI.
d. There are a large number of bacilli in the body 

with LTBI.
13. Cavitation in the lungs from bacilli dissemination 

occurs most often in the ___________.
a. basal portion of the lower lobes
b. middle lobes
c. lower portion of the upper lobes
d. apices of the upper lobes

14. A common complication of active pulmonary TB is 
___________.
a. hemoptysis
b. necrosis
c. lymph obstruction
d. pleural effusion

15. Following exposure to TB, it takes the body’s im-
mune system approximately ____________________ 
to react to the tuberculin skin test.
a. 48–72 hours
b. 2–8 weeks
c. 8–12 days
d. 4 months

16. The gold standard for the definitive (confirmation) 
diagnosis of active pulmonary tuberculosis disease 
is the ____________.
a. culture and examination of a clinical  

specimen
b. tuberculin skin test
c. acid-fast stain
d. nucleic acid amplification tests

17. A patient is diagnosed with multiple-drug-resistant 
tuberculosis (MDR-TB) when the M. tuberculosis is 
resistant to at least ___________.
a. ethambutol and rifampin
b. capreomycin and ethionamide
c. streptomycin and isoniazid
d. isoniazid and rifampin

18. The initial treatment phase for pulmonary TB dis-
ease is _________.
a. 2 months
b. 4 months
c. 6 months
d. 8 months

19. The continuation phase of treatment for pulmonary 
TB disease is ______________.
a. 1–3 months
b. 4–7 months
c. 5–6 months
d. 6–12 months

20. The anti-TB drug that has been shown to be the 
best suited for a long-term MDR-TB regimen is 
____________.
a. kanamycin
b. prothionamide
c. levofloxacin
d. ciprofloxacin
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Introduction
Cardiopulmonary diseases represent the most com-
mon cause of death in infants and children worldwide. 
Proper knowledge of the etiology and pathophysiology 
of various cardiopulmonary disorders in the neonate 
and pediatric patient is fundamental to effective patient 
care. Neonatal and pediatric airways are different than 
those of adults, and these patients are prone to rapid 
status changes. Recognizing, managing, and treating 
these disorders require an understanding of how a di-
agnosis presents, the predisposed condition, and treat-
ment options available. This essential knowledge base 
can improve patient care and allow the child to thrive, 
especially in the medical field.

This chapter will focus on the etiologic and patho-
physiologic characteristics of the most common neo-
natal and pediatric cardiopulmonary disorders of the 
respiratory system. It will focus on the clinician under-
standing the complexity of the diseases and engaging in 
potential management strategies to improve outcomes.

Neonatal
There are several differences between the respiratory 
system of the neonate and that of a pediatric patient. 
The following sections will focus on the neonatal as-
pects and will cover everything from what to expect in 
the delivery room to the numerous afflictions that can 
affect newborns.

Delivery Room Care
The birth of a baby in the delivery room is one of the 
most extraordinary moments in healthcare. In 2015, 
the number of babies born in the United States was 
just shy of 4 million.1 Most of these newborns will 
need routine clinical attention; however, roughly 1% 
may require extensive postdelivery medical care. The 
outcomes of these challenging newborns can be en-
hanced through proper patient assessment and efficient 
neonatal resuscitation. Prior to delivery, it is important 
to check that all necessary equipment (e.g., intubation 
tray) is present and functioning properly. The delivery 
room setup is imperative. The room should be warm, 
the radiant warmer turned on, and warm towels avail-
able. Lastly, the maternal case notes should be viewed 
for any relevant information, specifically searching for 
risk factors associated with pulmonary disorders. Based 
on findings, clinicians should anticipate the need for 
potential resuscitation and gather the applicable per-
sonnel and equipment to ensure the patient care team 
responds in a suitable and successful manner. Various 
methods, including fetal heart rate (FHR) monitoring 
and scalp blood sampling, can be used to evaluate fetal 
health during labor and delivery.2 FHR monitoring can 
help to detect irregularities in normal heart patterns.2 
Trends in FHR are used to estimate fetal tolerance, 

help prevent unnecessary treatments, and guide the 
patient care team in making clinical decisions.2 Fetal 
scalp blood sampling is a monitoring practice that uses 
pH to verify whether fetal oxygenation is sufficient.3,4 
A low fetal scalp pH is considered abnormal and may 
mean that the baby is not tolerating labor very well.3,4 
Following delivery, the newborn should be assessed 
right away. If a neonate passes the initial assessment 
then the baby should remain with the mother. However, 
if a neonate is failing to thrive upon examination then 
a neonatal resuscitative algorithm should be initiated 
(Figure 24-1). Clinicians have approximately 60 sec-
onds, the golden minute, to complete the preliminary 
evaluation and initiate the resuscitative interventions.5 
A brief physical exam, including Apgar scoring, vital 
signs, and other procedures, should be performed. It is 
the responsibility of the clinicians attending the delivery 
to ensure that the infant is provided proper care, imme-
diately examined for problems, and given any resuscita-
tion that may be needed. The first few minutes following 
delivery may determine the quality of life of a patient.6 
If neonatal breathing is not adequate, the ABCs (i.e., 
airway, breathing, circulation) of resuscitation should 
be followed. A patent airway is obtained through re-
positioning the infant’s head and carefully suctioning 
to clear secretions.7 If breathing efforts are shallow, 
gentle stimulation and supplemental oxygen therapy 
may be required. Clinicians must thoroughly under-
stand the adverse effects of excessive and insufficient 
oxygen delivery to the newborn. Failure to establish 
spontaneous breathing indicates the need for positive 
pressure ventilation (via face mask) or even endotra-
cheal intubation and assisted ventilation.7 Clinicians 
should ventilate at an appropriate respiratory rate, ob-
serve chest movement, and listen for heart and breath 
sounds. Assessment of circulation is done through heart 
rate monitoring, palpation, and skin color check of the 
infant. Chest compressions, medications, and volume 
expanders may be started if the heart rate drops and 
remains below 60 beats/minute.7 Newborns needing 
resuscitative measures in the delivery room should be 
transported to the neonatal intensive care unit (NICU) 
for close monitoring as well as for additional manage-
ment and treatment.

Apnea of Prematurity
In recent years, the understanding of the anatomy 
and physiology of neonatal breathing has in-
creased. In utero, breathing is intermittent but be-
comes continuous following birth.8,9 After birth, 
apnea of prematurity (AOP) or the cessation of breath-
ing efforts is a key concern of ICU nursery clinicians. 
This neonatal condition is the most common form 
of newborn apnea and causes significant increases in 
morbidity and mortality rates.9 Clinicians must be able 
to properly differentiate the various clinical definitions 
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involved in this disorder. Apnea, in general, is defined 
as the cessation of breathing.8,9 Remember that apnea 
can be classified into three subcategories: central, ob-
structive, or mixed apnea. Central apnea is a complete 
interruption in the effort to breathe.8,10 Obstructive 

apnea is absent respiratory airflow in the presence of 
continued efforts.8,10 Mixed apnea contains elements of 
both central and obstructive apnea symptoms.8,10 AOP 
is a result of immature respiratory control developing 
into a disorder most commonly defined as the cessation 
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FIGURE 24-1 American Heart Association neonatal resuscitative algorithm. ETT, endotracheal tube; HR, heart rate; PPV, positive pressure 
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Reproduced with permission from Wyckoff MH, et al. (2015). Part 13: Neonatal resuscitation: 2015 American Heart Association guidelines update for cardiopulmonary resuscitation and 
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of respiratory airflow for more than 20 seconds or the 
cessation of respiratory airflow for less than 20 sec-
onds if complemented by bradycardia or oxygen (O2) 
desaturations8 in neonates with less than 37 weeks’ 
maturation.

Clinical Signs and Symptoms
It is the responsibility of the bedside clinician to identify 
the problem through a physical examination and thor-
ough patient assessment. Clinical symptoms associated 
with apnea, including bradycardia and oxygen desatu-
rations, must be documented.11 Physical observation 
of the neonate’s breathing patterns, sleeping positions, 
and lying postures should be noted. Further assessment 
of infant apnea should include identification of airway 
deformities (e.g., choanal atresia, jaw anomalies, or 
neck masses) as well as any distant organ disorders that 
potentially affect breathing (e.g., brain hemorrhages, 
seizures, or congenital heart disease).11 Other clinical 
symptoms include choking, snoring, and mouth breath-
ing; however, in some newborn cases, no additional 
respiratory distress signs may present.11 Added fluctua-
tions in skin color, breathing pattern, or muscle tone 
may result.11 Monitoring of the infant’s cardiac, neuro-
logic, and respiratory statuses may reveal supplemental 
clinically significant findings.

Etiology
Over the years, several aspects of causation have been 
proposed because the etiology of AOP is not fully un-
derstood. As it stands, when all other causes of apnea 
have been eliminated, a premature infant may be con-
sidered to have AOP.12,13 This clinical phenomenon is 
associated with unorganized, yet interconnected brain 
stem neurons and their responses to stimuli (e.g., respi-
ratory system).12,13 This immature respiratory control 
system is represented in abnormal breathing patterns 
seen during apnea episodes. There are two types of 
apnea related to this disorder at birth. An increased 
respiratory rate and depth indicates primary apnea.12,13 
During this primary stage, infants usually respond to 
stimulation measures.12,13 When asphyxia is allowed to 
continue, the infant may suffer from a period of gasp-
ing respirations as well as a falling heart rate and blood 
pressure.12,13 This secondary stage requires resuscita-
tion. In some cases, it can be difficult to distinguish 
primary from secondary apnea, so many clinicians, 
therefore, assume any apnea at birth requires immediate 
artificial respiration.12,13

Epidemiology
AOP is the most common problem in premature in-
fants. During their hospital stay, nearly 70% of infants 
born at 34 weeks gestational age or younger have clini-
cally significant apnea episodes14 (Figure 24-2). Simply 
put, the more premature the infant, the higher the 

risk of AOP. Research findings have shown that AOP 
may not resolve at full term and the condition may 
persist for some time following discharge.15 Family 
members and other caregivers must be well trained in 
in-home monitoring, infant care, and cardiopulmonary 
resuscitation.

Pathology/Pathophysiology
Premature infants with AOP are considered susceptible 
to impaired chemoreceptors, immature lung and airway 
receptors, as well as an inhibited central nervous system 
(CNS).16,17 This depression of the central respiratory 
drive output mechanism to the muscles is depicted as 
the key element in the pathogenesis of AOP.16,17 Sleep 
and sleep state are major contributing factors in apnea 
as well. When compared with full-term infants, pre-
term infants have more frequent REM sleep episodes, 
resulting in larger sleep cycles spent in respiratory 
depression.18

Risk Factors
There are numerous causes of apnea in premature in-
fants. A mixture of inappropriate neural signaling and 
airway obstruction typically triggers apneic episodes in 
these patients; however, underlying pathologies, includ-
ing sepsis, necrotizing enterocolitis (NEC), asphyxia, 
respiratory distress, infection, gastroesophageal reflux 
disease (GERD), and cardiovascular disorders, may also 
be causes of neonatal apnea.19 AOP is specifically a de-
velopmental disorder. Risk factors significantly associ-
ated with AOP include a fetal birth weight of fewer than 
1,500 g, hypotension, GERD, and the immediate need 
for postdelivery positive pressure ventilation.19

Complications
Regardless of past medical history, premature infants 
are at an increased risk for apnea episodes following 
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FIGURE 24-2 Apnea of prematurity. GA, gestational age.
Reproduced with permission from American Academy of Pediatrics.
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administration of anesthetics or sedatives.12 As a result 
of this increased risk, allowing the infant’s respiratory 
control system to mature before performing elective 
surgery is highly recommended.

Diagnostic Testing
Research has shown that highly trained clinicians miss 
nearly 50% of all AOP cases.20 Due to this high preva-
lence, preterm infants with a 35-week or less gestational 
age should be monitored for apnea.20 Clinicians must 
familiarize themselves with the benefits and drawbacks 
of sophisticated monitoring tools used to improve 
bedside detection of AOP. Neonates with frequent 
apnea episodes following birth should receive routine 
diagnostic tests, including a chest radiograph (CXR), 
electrocardiogram (ECG) monitoring, arterial blood 
gas (ABG) analysis, and complete blood count (CBC).8 
Cultures of blood, urine, and spinal fluid should be per-
formed if a serious infection is suspected.20 Cardiore-
spiratory monitors are essential for not only identifying 
AOP but furthermore for continuous monitoring of the 
infant’s blood pressure and heart rate.20 Pulse oximetry 
may be useful in revealing hypoxemia, but clinicians 
must be aware of the issues (e.g., potential recording 
delay) surrounding these diagnostic tools. Impedance 
pneumography is another commonly used instrument 
that monitors a patient’s apneic events.20 Through the 
use of electrodes, this device tracks respiratory vol-
ume and breathing rate. Impedance pneumography in 
combination with a nasal thermistor may be clinically 
used to distinguish types of apnea.8,21 A nasal therm-
istor is a conventional respiratory airflow-recording 
device that measures temperature as an alternate of 
flow.8,21 Obtaining a polysomnographic recording is 
the recommended diagnostic standard because it pro-
vides sufficient information on chest wall movement 
measurements, airflow changes, oxygen saturation, and 
heart rate trends.8,21 The severity and duration of these 
apneic events through nasal airflow, thoracic imped-
ance, oxygen saturation, and heart rate monitoring must 
be accurately noted. Patient care teams commonly rely 
heavily on documentation to make bedside manage-
ment decisions. Through the use of standardized ap-
proaches, precise diagnosis of AOP can be improved.

Treatment and Management
Treatment goals should focus on addressing the under-
lying cause of the apnea, providing appropriate patient 
management, and preventing further occurrences. This 
begins with monitoring, identifying, and treating the 
primary disease process—ineffective breathing poten-
tially resulting in apnea. Defining escalating treatment 
options can be an effective management strategy. De-
pending on the severity and frequency of AOP, common 
treatments include stimulation, assisted ventilation, 
or methylxanthine therapy.22 Using high-flow nasal 

cannula (HFNC) oxygen therapy may alleviate airway 
occlusions enough to reduce obstructive apnea events.23 
Further research is still needed to determine the useful-
ness of this therapy method. Sometimes it is as simple 
as fetal tactile stimulation (i.e., rubbing the back); how-
ever, if the problem persists, more advanced therapies 
may be required. Bag-mask ventilation may be initiated 
when bradycardic or hypoxemic episodes require as-
sistance. Assisted ventilation (e.g., nasal continuous 
positive airway pressure [CPAP] or invasive ventilation) 
to manage severe AOP can be life saving. To prevent 
hyperoxia and the associated risk of retinopathy of pre-
maturity (ROP), Fio2 levels should be limited to main-
taining adequate fetal oxygenation statuses.23 Following 
prolonged apneic episodes, a low dose of a methylxan-
thine compound, including caffeine, theophylline, or 
aminophylline, may be administered to promote respi-
ratory stimulation.22 Recently, safety concern questions 
have been raised regarding the use of methylxanthines 
in the treatment of AOP. Early reports indicate a poten-
tial risk for decreased cerebral blood flow in patients 
following medication administration.22 Clinical trials re-
lated to the safety of methylxanthines in preterm infants 
with AOP are ongoing.12,22

Prognosis
Prognosis is excellent. In infants born prematurely, ap-
nea episodes gradually decrease following the first few 
months of postpartum life.23 In some cases, however, 
apnea events may continue until 44 weeks after concep-
tion.23 If apneic episodes persist, the neonate should be 
evaluated for secondary causes of apnea, including neu-
rologic issues or GERD.

Meconium Aspiration
Meconium aspiration or 
meconium aspiration syndrome (MAS) is the passage 
of stained bowel discharge before, during, or following 
birth.24 Meconium is a dark-green substance composed 
mainly of water, amniotic fluid, mucus, and other intes-
tinal debris.24 Meconium itself is sterile and harmless; 
however, if inhaled into the lungs, it can cause serious 
distress to the newborn. Complications including air-
way obstruction or lung inflammation, leading to infec-
tions, can be life threatening.24 Because meconium is 
rarely found in the amniotic fluid in infants less than 34 
weeks’ gestational age, MAS primarily affects the term 
or near-term infants and is associated with increased 
morbidity and mortality.25 The longer a pregnancy 
continues, the higher the likelihood of the passage of 
meconium.

Clinical Signs and Symptoms
Patients with MAS are usually term or post-term in-
fants delivered through meconium staining and who 
have already faced substantial fetal hypoxic stress. 
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Past medical history most likely includes prolonged 
labor, breech delivery, as well as inconsistent fetal heart 
tracings.26,27 Following delivery, severe respiratory dis-
tress may be present. Thicker meconium usually cor-
relates with more severe respiratory symptoms. Signs 
including cyanosis, end-expiratory grunting, nasal 
flaring, intercostal retractions, and tachypnea may also 
be observed.26,27 Contingent on the degree of hypoxia, 
some infants may exhibit low Apgar scores. Physical ex-
amination symptoms may include a mature infant with 
yellow-green staining of skin (e.g., nails and umbilical 
cord), and green urine, and the umbilical cord may have 
limited Wharton jelly (i.e., gelatinous substance).26,27 
In some cases, auscultation of the chest reveals rhon-
chi, diminished aeration, as well as a barrel chest (i.e., 
increased anteroposterior [AP] diameter) due to the 
manifestation of air trapping.26,27 

Etiology
Factors such as chronic maternal hypertension, placen-
tal insufficiency (i.e., inadequate supply of nutrients), 
preeclampsia (i.e., gestational hypertension), oligohy-
dramnios (i.e., deficiency of amniotic fluid), infections, 
and ongoing maternal drug use can all potentially pro-
mote the passage of meconium in utero.25

Epidemiology
In the United States, meconium staining occurs 
in nearly 8–25% of all births, significantly increas-
ing in pregnancies continuing past 42 weeks.25,28 
Approximately 10% of infants delivered through 
meconium staining develop MAS.25,28 Addition-
ally, 30% of MAS-diagnosed infants will require in-
tubation and mechanical ventilation.25,28 Changes in 
obstetric/neonatal approaches appear to be decreasing 
these numbers.

Pathology/Pathophysiology
Meconium passage results from fetal hypoxic stress 
in utero. Theoretically, as childbirth approaches, the 
gastrointestinal (GI) tract matures and vagal stimula-
tion causes relaxed rectal sphincter tone, leading to 
the passage of meconium into the amniotic fluid.29 The 
possibility of aspiration always exists, but odds increase 
with fetal hypoxic stress because of potential gasping 
breaths and greater respiratory efforts in utero.29 The 
pathophysiologic effects of meconium staining include 
increased risk of infection and perinatal aspiration, re-
sulting in four major pulmonary consequences: airway 
obstruction, surfactant dysfunction, chemical pneumo-
nitis, and pulmonary hypertension.25,30 The amount and 
consistency of meconium present may lead to significant 
degrees of airway obstruction. Large amounts of thick 
meconium may cause complete airway obstruction, re-
sulting in atelectasis and subsequent alveolar collapse.29 
A smaller amount of meconium typically causes partial 
airway obstruction, resulting in alveolar hyperdistension, 
commonly called the ball-valve effect30 (Figure 24-3). 
The term ball-valve effect describes the happening of gas 
being trapped in the lung and potentially rupturing into 
the pleura, mediastinum, or pericardium.30 It has been 
suggested that meconium deactivates surfactant and 
may also compete with surfactant components, thereby 
inhibiting surfactant synthesis.30 Research has shown 
that this surfactant hindrance may lead to diffuse atelec-
tasis and decreased pulmonary compliance.30 Following 
meconium aspiration, inflammation of the airways and a 
release of cytokines also occur, initiating a diffuse chemi-
cal pneumonitis.29 To drastically complicate the clinical 
picture further, fetal hypoxic stress is suggested to con-
tribute to pulmonary vascular restructuring, resulting in 
infants quickly developing pulmonary hypertension.29 
As one can see, the presence of meconium in the airways 
has detrimental effects on the newborn.

Rest Inspiration Expiration

FIGURE 24-3 Ball-valve effect obstruction by meconium aspiration into the airway.
Modified from Koff PB, Eitzman DV, Neu J. Neonatal and Pediatric Care. ed 2. St Louis, MO: Mosby; 1993. 
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Risk Factors
Risk factors that increase the likelihood of the develop-
ment of meconium staining include thicker meconium 
consistency, inconsistent fetal heart tracings, fetal 
acidosis, meconium below the cords, cesarean deliv-
ery, intubation requirements at birth, and low Apgar 
scores.25,28 Additionally, research has shown that Af-
rican American and Pacific Islander infants are at a 
higher risk for an MAS diagnosis.25,28 

Complications
MAS complications are extensive and depend on the se-
verity of the disorder as well as the duration and level of 
treatment required. Assisted ventilation always brings 
with it a risk of barotrauma or air leak syndrome, espe-
cially in situations where the ball-valve effect creates air 
trapping.31 Increased intracranial pressure is another se-
rious complication in MAS. Compromised infants with 
unstable vasculature must be regularly assessed for this 
high incidence complication. As a safety precaution, 
clinicians should always be closely monitoring high-risk 
infants for sudden deterioration.

Diagnostic Testing
The diagnosis of MAS requires the presence of meco-
nium staining, respiratory distress, as well as radio-
graphic abnormalities. CXR is essential for determining 
the extent of the disease and any further associated 
complications. Chest images typically show widespread 
involvement of acute atelectasis as well as air trapping 
and hyperexpansion.28,32 Patchy opacities and pleural 
effusions may be present, especially when an infec-
tion develops28,32 (Figure 24-4). Air leaks, including 
pneumothorax, pneumomediastinum, and pulmo-
nary interstitial emphysema (PIE) are common.28,32 

An echocardiogram is necessary to evaluate cardiac 
function in the setting of pulmonary hypertension or 
shunting.28,32 ABG assessment of the infant’s acid–base 
status is crucial in determining V/Q mismatch and 
hypoxic stress severity. A combination of metabolic 
acidosis from hypoxic stress and respiratory acidosis 
from pulmonary hypertension usually develops, result-
ing in respiratory failure and severe hypoxemia.28,32 
ABG measurements, as well as continuous pulse 
 oximetry, are essential for proper patient management. 
Obtaining serum electrolyte concentrations and a CBC 
can help to ensure adequate selection of treatment 
modalities.28,32 

Treatment and Management
Traditionally, national guidelines are provided regard-
ing complicated delivery indications, MAS prevention 
tactics, and management strategies immediately fol-
lowing delivery. Prevention of MAS is vital: clinicians 
need to closely monitor neonates in an attempt to better 
detect distress. Amnioinfusion, an intrapartum inter-
vention, is believed to dilute meconium and thereby 
minimize aspiration severity in infants identified as 
at risk for MAS.33 However, a large multicenter study 
recently reported outcomes that the routine use of am-
nioinfusion did not reduce the risk of MAS in infants 
born with meconium staining.33 Further research is still 
needed to resolve the uncertainties of this interven-
tion. Routine intrapartum suctioning for infants born 
with meconium staining is no longer advised following 
current research recommendations.34 Additionally, no 
clinical studies warrant suctioning on the basis of me-
conium consistency alone.34 National evidence-based 
guidelines are continuously under review regarding the 
management of meconium-exposed infants. In regard 
to endotracheal suctioning in the delivery room, the 
most recent guidelines state that for a vigorous infant 
(i.e., normal respiratory effort and muscle tone), a bulb 
syringe may be used to clear secretions while receiv-
ing initial newborn care. For non-vigorous infants (i.e., 
depressed respiratory effort or muscle tone), place the 
infant on the radiant warmer, clear the secretions with 
a bulb syringe, and proceed with newborn resuscita-
tion. Mechanical ventilation is required by nearly 30% 
of infants diagnosed with MAS.35,36 Optimal ventilator 
parameters, including minimal mean airway pressure, 
short inspiratory times, and maintained oxygen satura-
tions, are essential to provide acceptable oxygenation 
and ventilation.35,36 Minimal stimulation handling, seda-
tion, and ABG monitoring may be necessary for clini-
cal improvement.35,36 While conventional ventilation 
is typically used as an initial management technique, 
high-frequency ventilation (HFV) is an alternative ef-
fective therapy. HFV aimed at lessening barotrauma, 
increasing secretion mobilization, and maintaining re-
spiratory alkalosis may be advantageous.35,36 Surfactant 

FIGURE 24-4 CXR of MAS.
Reproduced from Parenchymal lung disease. Auckland District Health Board. http://www 
.adhb.govt.nz/newborn/TeachingResources/Radiology/LungParenchyma.htm.
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therapy can be considered a treatment therapy of 
MAS because it is used as a detergent to remove me-
conium.37,38 Surfactant administration may reduce the 
severity of the disease, reduce the need for ECMO (i.e., 
extracorporeal membrane oxygenation) utilization, 
and decrease the length of hospital stay.37,38 If all other 
therapy options have been attempted, ECMO may be 
used. Note that although ECMO is effective in treating 
MAS, it is also correlated with high occurrences of poor 
neurologic outcomes.38 Clinical intervention selections 
should depend on the severity of the aspiration and the 
degree of hypoxia that presents.

Prognosis
The prognosis of infants with MAS has drastically 
improved over the past several years. In the United 
States, a retrospective analysis study revealed the over-
all mortality rate for MAS to be at a little over 1%.29,39 
Some infants experience an increased prevalence of 
respiratory infections as a result of lung recovery.29,39 
Survivors of MAS may develop chronic lung disease, 
including BPD, from clinical interventions.29,39 Chronic 
hypoxia, owing to meconium staining, may cause 
long-term neurologic deficits, including CNS damage, 
seizures, mental retardation, and cerebral palsy.29,39 
New delivery room care techniques, as well as careful 

management of resuscitative measures, have allowed 
for a better quality of life outcomes.

Congenital Heart Defects
A congenital heart defect (CHD) is a health abnormal-
ity, present at birth, with the structure of the heart. 
Some defects can cause an array of difficulties in the 
care and management of the patient, while others are 
simple and do not need treatment. Many different 
structural defects can ultimately lead to the diagnosis 
of congenital heart disease. Heart defects can be di-
vided into classes, acyanotic and cyanotic defects.40,41 
If a defect does not influence oxygen in the body, it 
is called acyanotic, whereas a defect that reduces 
the amount of oxygen in the body is called cyanotic. 
More specifically, acyanotic heart defects refer to 
heart problems that do not normally interfere with the 
amount of oxygen or blood that reaches the body’s tis-
sues.40,41 Acyanotic heart defects do not usually cause 
cyanosis. Acyanotic heart defects include septal wall 
defects, aortic and pulmonic stenosis, double aortic 
arch, and coarctation of the aorta40,42,43 (Table 24-1 and 
Figures 24-5 to 24-11). Cyanotic heart defects refer to 
heart issues that allow for the mixture of oxygen-rich 
blood and oxygen-poor blood.40,41 Cyanotic heart de-
fects result in the development of cyanosis and include 

Type Signs/Symptoms Epidemiology Pathophysiology Risk Factors

Atrial septal defects51,52 • Shortness of breath
• Fatigue
• Heart palpitations/

murmur
• Swelling

• 10% of all CHDs
• 2:1 female-to-male 

ratio

• Freshly oxygenated 
blood from left atrium 
mixes with deoxygenated 
blood of right atrium and 
is pumped to the lungs

• Increases blood volume 
to the lungs

• Overworks right side of 
the heart, enlarging and 
weakening 

• Rubella infection
• Drug/alcohol use
• Maternal diabetes
• Maternal obesity

Ventricular septal 
defects53–55

• Failure to thrive
• Tachypnea
• Fatigue

• 2–7% of live births
• More common in 

females

• Septum between the 
ventricles fails to form

• Oxygenated blood mixes 
with deoxygenated blood

• Heart must work harder 
to provide oxygen to 
body tissues

• Genetics
• Hereditary 

Atrioventricular septal 
defects56,57

• Tachypnea
• Wheezing
• Tachycardia
• Cyanosis
• Lack of appetite; 

poor weight gain

• 3–5% prevalence
• No variance in sex 

or race

• Oxygen-rich and oxygen-
poor blood mix through 
the hole in the ventricles

• Only one large valve 
between upper and lower 
heart chambers

• Blood leaks into 
ventricles

• Overworks and enlarges 
the heart

• Down syndrome
• Smoking/drinking 

during pregnancy
• Poorly controlled 

maternal diabetes
• Rubella infection

TABLE 24-1
Acyanotic CHDs40,42,43
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Type Signs/Symptoms Epidemiology Pathophysiology Risk Factors

Aortic stenosis58–60 • Chest pain
• Dyspnea
• Syncope

• 6% of CHDs
• Severe aortic stenosis 

rare
• Obstruction at aortic 

valve most common

• Aortic valve cusps 
defective/too thick/
improper separation

• Outflow obstruction

• Rheumatic fever
• Older maternal age
• Infections

Pulmonic stenosis60,61 • Heart murmur
• Fatigue
• Shortness of breath
• Chest pain
• Fainting

• 10% of CHDs
• Female predominance

• Pulmonary valve cusps 
defective/too thick/
improper separation

• Blood flow restricted

• Carcinoid syndrome
• Rheumatic fever
• Noonan syndrome
• Pulmonary valve 

replacement

Double aortic arch62,63 • Stridor
• Apneic episodes
• Difficulty swallowing

• Unknown • Multiple arches on aorta 
present at birth

• Arches compress 
trachea and esophagus

• Genetics

Coarctation of the 
aorta64,65

• Cyanosis
• Heavy sweating
• Difficulty breathing
• Difficulty eating

• 4–6% of CHDs
• Male predominance 

• Narrowing of the aorta
• Heart must pump harder 

to force blood through 
narrowed part

• Bicuspid aortic valve
• Patent ductus 

arteriosus
• Septal wall defects
• Valve stenosis
• Valve regurgitation

Type Complications Diagnosis Treatment Prognosis

Atrial septal defects • Pulmonary hypertension
• Right-sided heart failure
• Heart arrhythmias
• Stroke

• Echocardiogram
• CXR
• ECG
• Cardiac 

catheterization

• Medical monitoring
• Beta-blockers and 

anticoagulants
• Open-heart surgery
• Cardiac catheterization

• Excellent prognosis
• Repair of atrial septal 

defect (ASD) improves 
prognosis

Ventricular septal defects • Heart failure
• Pulmonary hypertension 

Endocarditis

• Echocardiogram
• CXR
• ECG
• Cardiac 

catheterization
• Pulse oximetry

• Surgical repair
• Cardiac catheterization
• Lasix and beta-blockers

• Medical therapy shows 
decrease in shunting

Atrioventricular septal 
defects

• Heart enlargement
• Pulmonary hypertension
• Recurrent respiratory 

tract infections
• Heart failure

• Echocardiogram
• CXR
• ECG
• Cardiac 

catheterization

• Surgery • Develops more rapidly 
than other CHDs

• Prognosis poor without 
surgery

Aortic stenosis • Heart failure
• Blood clots
• Arrhythmias
• Infections

• Echocardiogram
• ECG
• CXR
• Cardiac 

catheterization

• Aortic valve repair
• Balloon valvuloplasty
• Aortic valve replacement

• Active, healthy follow-
ing surgery

Pulmonic stenosis • Infection
• Right ventricular 

hypertrophy
• Heart failure
• Arrhythmias 

• Echocardiogram
• ECG
• Cardiac 

catheterization

• Balloon valvuloplasty
• Open-heart surgery

• Treatment highly 
successful

Double aortic arch • Upper airway 
obstruction

• Swallowing difficulties
• Tracheal or esophageal 

damage

• Barium 
esophagography

• Echocardiogram
• ECG
• CXR
• Cardiac 

catheterization

• Supportive care
• Surgical repair
• Cardiac catheterization

• Excellent long-term 
prognosis

• Persistent respiratory 
symptoms

Coarctation of the aorta • Aortic stenosis
• Hypertension
• Aneurysm
• Heart failure
• Premature coronary 

artery disease

• Echocardiogram
• CXR
• ECG
• Cardiac 

catheterization

• Surgery
• Balloon angioplasty and 

stenting
• Medications

• Guarded prognosis
• Follow-up monitoring/

care imperative
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FIGURE 24-5 Atrial septal defect. AO, aorta; LA, left atrium; LV, left 
ventricle; PA, pulmonary artery; RA, right atrium; RV, right ventricle.
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FIGURE 24-6 Ventricular septal defect (VSD).
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FIGURE 24-7 Atrioventricular septal defect.

FIGURE 24-8 Aortic stenosis.
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FIGURE 24-9 Pulmonic stenosis.
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total anomalous pulmonary venous return, truncus 
arteriosus, transposition of the great arteries, hypo-
plastic left heart syndrome, Ebstein anomaly, pulmo-
nary atresia and tetralogy of Fallot40,42,43 (Table 24-2 

and Figures 24-12 to 24-18). A comprehension of fetal 
development is essential for properly detecting these 
abnormalities, understanding their pathophysiology, 
and planning treatment options.

Trachea Esophagus

FIGURE 24-10 Double aortic arch. FIGURE 24-11 Coarctation of the aorta.

Type Signs/Symptoms Epidemiology Pathophysiology Risk Factors

Total anomalous 
pulmonary venous 
return66

• Heart murmur
• Cyanosis
• Tachypnea

• 1% of CHDs
• Male predominance 

(3:1)

• Pulmonary veins attach 
to the heart incorrectly

• Oxygen-rich blood 
returns to the right 
atrium, mixing with 
oxygen-poor blood

• Less oxygen-filled blood 
flows to the body, 
causing cyanosis

• Hereditary
• Genetics

Truncus arteriosus67,68 • Cyanosis
• Poor feeding/growth
• Sleepiness
• Dyspnea
• Tachypnea

• 1–2% of CHDs
• No variance in sex or 

race

• One large blood vessel 
leads out of the heart

• Creates severe 
circulatory problems

• Viral illness during 
pregnancy

• Poorly controlled 
diabetes

• Chromosomal 
disorders

• Smoking during 
pregnancy

Transposition of the 
great arteries69,70

• Cyanosis
• Shortness of breath
• Lack of appetite
• Poor weight gain

• 5–7% of CHDs
• 70% male 

predominance

• Position of the 
pulmonary artery and 
aorta are switched

• Circulation of oxygen-
poor blood through 
body; cyanosis

• Rubella
• Poor maternal nutrition
• Alcohol use during 

pregnancy
• Down syndrome
• Older maternal age

Hypoplastic left heart 
syndrome71,72

• Cyanosis
• Tachypnea
• Cold extremities
• Fatigue
• Poor feeding

• >1.5% of all CHDs
• 70% male 

predominance

• Left ventricle is too 
small/may not exist

• Left-sided heart valves 
do not work properly

• Aorta smaller than 
normal

• Family history
• Genetics

TABLE 24-2
Cyanotic CHDs40,42,43

(Continues)
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Type Signs/Symptoms Epidemiology Pathophysiology Risk Factors

Ebstein anomaly73 • Shortness of breath
• Fatigue
• Arrhythmias
• Cyanosis

• 0.5% of CHDs
• Misdiagnosis rate high 

• Tricuspid valve sits 
lower than normal in 
right ventricle

• Portion of right 
ventricle becomes 
atrialized, causing a 
larger-than-usual right 
atrium

• Right ventricle does not 
work properly

• Maternal exposure to 
lithium

• Family history
• Genetics

Pulmonary atresia74 • Cyanosis
• Tachypnea
• Fatigue
• Feeding problems
• Clammy skin

• ~3% of CHDs
• Male predominance

• Pulmonary valve does 
not form correctly

• Solid sheet of tissue 
forms

• Blood cannot travel 
normal route to lungs

• Rubella
• Family history
• Alcohol use/smoking 

during pregnancy
• Down syndrome

Tetralogy of Fallot75–77 • Cyanosis
• Dyspnea
• Fainting
• Clubbing
• Poor weight gain
• Fatigue
• Heart murmur

• 10% of CHDs
• More common in males 

• Combination of four 
defects

• Oxygen-poor blood 
flows to rest of the 
body; cyanosis

• Rubella
• Alcoholism
• Family history
• Genetics
• Poor maternal nutrition
• Older maternal age

Type Complications Diagnosis Treatment Prognosis

Total anomalous 
pulmonary venous return

• Enlarged heart
• Pulmonary hypertension
• Respiratory failure
• Heart failure
• Enlarged liver

• Echocardiogram
• ECG
• CXR

• Surgery • Following surgery, grow 
and develop normally

Truncus arteriosus • Respiratory problems
• Pulmonary hypertension
• Cardiomegaly
• Heart failure

• Echocardiogram
• CXR

• Diuretics and inotropic 
agents

• Surgical procedures
• Cardiac catheterization

• Increasing survival rate

Transposition of the 
great arteries

• Hypoxia
• Heart failure
• Lung damage

• Echocardiogram
• CXR
• ECG
• Cardiac catheterization

• Vasodilators
• Atrial septostomy
• Surgery

• Prognosis depends on 
therapy used

Hypoplastic left heart 
syndrome

• Arrhythmias
• Edema
• Developmental 

problems
• Pulmonary embolism/

stroke

• Echocardiogram • Vasodilators
• Fluid support
• Atrial septostomy
• Surgery
• Heart transplant

• 60% 1-year survival 

Ebstein anomaly • Heart failure
• Arrhythmias
• Cardiac arrest

• Echocardiogram
• ECG
• CXR
• Cardiac magnetic 

resonance imaging 
(MRI)

• Cardiac catheterization

• Regular monitoring
• Beta-blockers and 

diuretics
• Surgery
• Radiofrequency 

catheter ablation
• Heart transplant

• Depends on severity of 
anomaly

Pulmonary atresia • Infectious endocarditis
• Death if untreated

• Echocardiogram
• CXR
• ECG
• Cardiac catheterization

• Vasodilators
• Stent placement
• Radiofrequency 

catheter ablation
• Heart surgery

• Critical CHD
• Varies per child
• Worst prognosis of 

CHDs

Tetralogy of Fallot • Infectious endocarditis
• Disability
• Death

• Echocardiogram
• CXR
• ECG
• Cardiac catheterization

• Temporary surgery
• Intracardiac repair

• Critical CHD
• 50% 1-year survival
• Worst prognosis of 

CHDs

TABLE 24-2
Cyanotic CHDs40,42,43 (Continued)
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FIGURE 24-12 Total anomalous pulmonary venous return.  
IVC, inferior vena cava; SVC, superior vena cava.
© Mayo Foundation for Medical Education and Research. All rights reserved.
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FIGURE 24-13 Truncus arteriosus.
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FIGURE 24-17 Pulmonary atresia.
© Mayo Foundation for Medical Education and Research. All rights reserved.
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FIGURE 24-16 Ebstein anomaly.
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FIGURE 24-14 Transposition of the great arteries.
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FIGURE 24-15 Hypoplastic left heart syndrome.

Neonatal 643



LA

RA

RV
LV

AO

PA

Increased
outflow in

aorta

Partial obstruction
(stenosis) of right

ventricular outflow
(to lungs) and

pulmonary valve

Thickened
right ventricle
(hypertrophy)

Ventricular
septal defect

FIGURE 24-18 Tetralogy of Fallot.

blood.42,43,48 During this critical time, the major blood 
vessels begin to form. It is at this point that devia-
tions in cardiac development occur leading to CHDs. 
There are many different types of CHDs, which are 
defined by specific clinical characteristics (Tables 24-1 
and 24-2). In certain cases, septal wall defects (i.e., 
holes) can form between heart chambers or major 
blood vessels.43 These holes allow the mixing of oxy-
genated and deoxygenated blood to occur, resulting 
in adverse effects to cardiac output or tissue oxygen-
ation.43 Depending on the severity of the hole, lack 
of sufficient oxygen can cause cyanosis or perhaps 
lead to congestive heart failure (CHF).43 The three 
types of septal wall defects include ASDs, ventricular 
septal defects, and atrioventricular septal defects.43 
Atrial septal defects occur when there is an opening 
in the intra-atrial septum (i.e., upper heart chamber 
walls)49,50 (Figure 24-5). A ventricular septal defect is 
a hole between the right and left ventricles (i.e., lower 
heart chamber walls)51–53 (Figure 24-6). An atrioven-
tricular septal defect is a condition in which there 
are holes between the heart chambers and the valves 
of the heart (i.e., hole in the center of the heart)54,55 
(Figure 24-7). Additionally, patent ductus arteriosus 
is an opening between two blood vessels (e.g., pulmo-
nary artery and aorta) in the heart.54,55 Another type 
of CHD is characterized by obstructed blood flow. 
Aortic and pulmonic stenosis is defined by a discrete 
narrowing of the heart valves or blood vessels, result-
ing in an increased exertion of the heart to pump 
blood56–59 (Figures 24-8 and 24-9). Eventually, these 
obstructions can lead to cardiomegaly or cardiomyop-
athy.56–59 Several CHDs occur due to abnormal blood 
vessels. A defect called double aortic arch takes place 
when an arch fails to remodel and two aortic arches 
form a complete vascular ring, causing compression of 
both the trachea and the esophagus60,61 (Figure 24-10). 
Coarctation of the aorta is a discrete narrowing of 
the large blood vessel (i.e., descending aorta) leading 
from the heart62,63 (Figure 24-11). Total anomalous 
pulmonary venous return is a CHD that occurs when 
the four pulmonary veins attach to incorrect areas of 
the heart64 (Figure 24-12). In other words, there is no 
joining between the pulmonary vein confluence (i.e., 
coming together of the pulmonary veins) and the left 
atrium.64 Truncus arteriosus is a condition in which 
a single blood vessel leaves the heart, instead of the 
normal two vessels (i.e., pulmonary artery and aorta), 
and supplies both the systemic and the pulmonary 
circulation65,66 (Figure 24-13). Lastly, a CHD called 
transposition of the great arteries happens when the 
pulmonary artery and the aorta are on the wrong sides 
of the heart so that the pulmonary artery develops 
from the left ventricle and the aorta develops from the 
right ventricle67,68 (Figure 24-14). An underdeveloped 
heart illustrates another type of CHD. In hypoplastic 

Clinical Signs and Symptoms
Severe CHDs are evident before birth or during the 
first few weeks of life. Signs and symptoms may include 
cyanosis, tachypnea, swelling in the legs, abdomen, or 
areas around the eyes, as well as dyspnea during feed-
ings, resulting in minimal weight gain.44 If the patient 
is asymptomatic at birth, less serious CHDs may not be 
diagnosed until later in childhood. Signs and symptoms 
apparent in older children could include easily dyspneic 
or fatigued during exercise, fainting spells, in addition 
to swelling in the hands, ankles, or feet.44 Additional 
CHD signs that may be detected during a patient assess-
ment or diagnostic test include arrhythmias, heart mur-
murs, or even a weak pulse.44 Consider more conclusive 
diagnostic testing if any of these symptoms occur.

Etiology
CHDs are generally caused by an irregular formation 
of the heart during fetal growth.45 Literature has shown 
that in most cases, there is no distinguishable cause for 
the development of a CHD.45 However, there are several 
risk factors, usually genetic and environmental, that 
are generally considered to cause the condition (see the 
“Risk Factors” section).

Epidemiology
CHDs account for nearly one-third of all major congen-
ital abnormalities.46,47 CHDs are common in children, 
with approximately 8 cases per 1,000 live births every 
year.46,47 See Tables 24-1 and 24-2 for statistics on spe-
cific CHDs.

Pathology/Pathophysiology
By the fourth week of development, the heart be-
gins taking shape and starts efficiently pumping 
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left heart syndrome, the left side of the heart is too 
immature to effectively pump blood to the body69,70 
(Figure 24-15). An additional type of CHD is charac-
terized by heart valve abnormalities. In Ebstein anom-
aly, the tricuspid valve is malformed, displaced, and 
oftentimes does not work properly71 (Figure 24-16). 
Pulmonary atresia is also a heart valve disorder 
wherein the pulmonary valve is missing, trigger-
ing unusual blood flow to the lungs72 (Figure 24-17). 
Finally, some infants are born with numerous heart 
defects. Tetralogy of Fallot is the most common cya-
notic CHD and is a combination of a ventricular septal 
defect, pulmonic stenosis, a misplaced aorta, and right 
ventricular hypertrophy (i.e., thickened ventricular 
walls)73–75 (Figure 24-18).

Risk Factors
Most CHDs are a result of in utero heart development 
complications, the cause of which is typically un-
known. However, there are several environmental and 
genetic risk factors that may play a role. Environmental 
factors, including maternal rubella, gestational dia-
betes, certain medications, alcohol consumption, and 
maternal smoking, have all shown to adversely affect 
heart development.47 Medications known to increase 
the risk of CHDs include thalidomide, angiotensin-
converting enzyme (ACE) inhibitors, statins, anti-
seizure medicines, and lithium.47 Family history can 
also play a role in producing a CHD. Some heart de-
fects have autosomal-dominant inheritance, meaning 
that a parent with a defect has a 50% chance of pass-
ing the condition on to their newborn.47 Research has 
also shown that some types of CHDs can be directly 
related to chromosome abnormalities or single gene 
disorders.47 Genetic testing can help to detect these 
fetal development disorders that are associated with an 
increased risk for CHDs.

Complications
Specific complications depend on the type and severity 
of the particular CHD. There are several conditions that 
can develop as complications of CHDs, including en-
docarditis, developmental delays, pulmonary hyperten-
sion, CHF, and stroke.76 Clinicians should discuss with 
family members ways to minimize the risk for complica-
tions due to CHDs.

Diagnostic Testing
The identification of CHDs is often made before birth 
and is commonly detected via fetal ultrasonography.77 
Prompt diagnosis of CHDs allows for thorough 
monitoring as well as proper planning prior to deliv-
ery. Delivery of these infants should ideally be per-
formed at facilities with dedicated cardiac ICUs and 

experienced ECMO programs. For those infants not 
diagnosed in utero, many diagnostic techniques exist 
to clarify the type, location, and severity of the heart 
defect. These tools include ECGs, CXRs, cardiac cath-
eterization, echocardiogram, cardiac auscultation, 
and Doppler ultrasound (US).78

Treatment and Management
Management of CHDs is mostly supportive; however, 
that does not diminish the significance of the clinician’s 
role. Proper oxygenation and ventilation management 
can significantly impact the cardiovascular system and 
assist in avoiding further complications. Additionally, 
hemodynamic imbalances must be appropriately moni-
tored as they can cause cardiac abnormalities, poor 
tissue perfusion, or even cardiac arrest and are detri-
mental to the infant’s prognosis.79,80 Recognition of pa-
tient deterioration and cautious clinical assessment can 
play a substantial role in proper CHD treatment and 
management. As mentioned previously, some CHDs 
have no long-term consequences and may safely go 
untreated. Certain defects may even correct themselves 
as the patient ages. However, others are very serious 
and require treatment soon after diagnosis. Treatment 
decisions will depend on the type and severity of the 
defect. Options may include cardiac catheterization, 
open-heart surgery, or heart transplant.79,80 Procedures 
using catheterization allow repairs to be done (e.g., fix 
holes or increase areas of narrowing) without surgi-
cally opening the heart. For milder defects, especially 
those found later in life, certain medications could 
help to make the heart function more efficiently. ACE 
inhibitors, angiotensin II receptor blockers, and beta-
blockers are drugs that alleviate strain on the heart 
by decreasing blood pressure, heart rate, and fluid 
retention.79,80 Additionally, some medications can help 
with arrhythmias. In some cases, a combination of 
treatment modalities is required. Additionally, some 
procedures may need to be done in phases, over an 
extent of time, while others may need to be repeated 
as the patient ages.79,80 Some infants with CHDs may 
require long-term treatment throughout their lifetime. 
While outcomes for infants with CHD have improved 
drastically, most patients will require lifelong monitor-
ing and treatment. Follow-up cardiology appointments, 
exercise restrictions, and infection prevention will aid 
in letting infants with CHD grow up to lead healthy 
lives.79,80

Prognosis
Infants diagnosed with CHDs should continue to re-
ceive routine exams throughout their lifetime to reduce 
the risk of heart disease. Furthermore, undetectable 
CHD have the potential to cause disabilities later in life.
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including A, B, C, and D.89 Surfactant deficiency is one 
of the principal causes of respiratory distress in prema-
ture infants. Generally, alveolar type II cells synthesize 
and store surfactant starting at 16 weeks’ gestation.89 
Between weeks 28 and 38 of gestation, surfactant is 
secreted into the alveoli and transfers into the amniotic 
fluid.89 The genes involved in surfactant enhancement 
include surfactant protein B (SP-B) gene, surfactant 
protein C (SP-C) gene, and the ABCA3 gene.90,91 All are 
critical for surfactant production and proper function 
of the infant lung.90 Therefore, infants born prior to 28 
weeks’ gestation may potentially have underdeveloped 
lung structures with little or no surfactant production, 
leading to IRDS susceptibility.91

Epidemiology
Approximately 5,000 infants are born with IRDS each 
year.86 The risk of developing IRDS depends on gesta-
tional age. That is, the closer to term a newborn is, the 
less likely the risk of IRDS. The incidence of IRDS is 
10% in all-preterm infants, with 60% of those infants be-
ing less than 28 weeks’ gestational age.83 Despite clini-
cal advancements, the mortality rates for infants with 
respiratory distress syndrome (RDS) is still reaching 
nearly 10%, making it the fifth leading cause of death in 
infants under 1 year of age.83 IRDS does not affect sex 
and race equally. Males are more often affected than 
females.92 Additionally, the Caucasian race historically 
has a higher incidence of RDS than others.93

Pathology/Pathophysiology
Poor gas exchange, increased chest wall compliance, 
thickened alveolar–capillary (A–C) membranes, in-
adequate vascular processes, and deprived lung fluid 
clearance are all pathophysiologic means that contrib-
ute to the clinical picture of an IRDS preterm infant.89 

Infant Respiratory Distress Syndrome
Infant respiratory distress syndrome (IRDS), also known 
neonatal respiratory distress syndrome, and previously 
called hyaline membrane disease, almost exclusively 
affects premature infants with immature lung devel-
opment81–84 (Figure 24-19). It is a neonatal condition 
caused by an insufficient development of pulmonary 
surfactant and lung structure immaturity.85 The occur-
rence and severity of IRDS are inversely related to the 
gestational age of the newborn.84,86 Immense strides 
in research, clinical practice, and education have been 
made to better understand the pathophysiology and 
management of IRDS, leading to improvements in mor-
bidity and mortality rates.

Clinical Signs and Symptoms
The clinical characteristics of IRDS are consistent with 
the infant’s maturity. Signs of surfactant deficiency and 
increased chest wall compliance are highly depicted in 
this patient. Progressive symptoms of respiratory dis-
tress begin immediately after birth and include tachy-
pnea, expiratory grunting, intercostal and subcostal 
retractions (i.e., “seesaw” pattern), cyanosis, and nasal 
flaring.87,88 Extremely premature infants look distressed 
and may develop apnea events, causing eventual unre-
sponsiveness.87,88 Chest auscultation features decrease 
breath sounds.87,88

Etiology
IRDS develops in premature infants because of impaired 
surfactant synthesis, resulting in insufficient amounts of 
surfactant, leading to adverse effects, including atelec-
tasis, V/Q mismatch, and hypoventilation.89 Surfactant 
is a mixture of lipids and proteins that reduces surface 
tension at the alveolar interface in the lung. It is com-
posed of phospholipids and four surfactant proteins, 
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FIGURE 24-19 Characteristics of immature lung development.
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The etiological significance of surfactant deficiency as 
well as the immature vascular development and ab-
normal surface tension components all impact IRDS 
disease progression89 (Figure 24-20). This disturbance 
of normal surfactant transformation has been identi-
fied in the neonatal population as a cause of respiratory 
distress.90 Surfactant dysfunction in the form of abnor-
mal surfactant quantity, composition, metabolism, and 
inactivation of surfactant has been described in several 
infant acute lung injuries, including IRDS.91 Decreases, 
increases, and no changes in surfactant quantity have all 
been described.91 These inconsistent fluctuations in sur-
factant can lead to interstitial edema, hyaline membrane 
formation, and pulmonary hypertension as a result of 
both respiratory and metabolic acidosis.90 Furthermore, 
the onset of pulmonary hypertension can lead to the 
shunting of blood (as much as 80% of the cardiac out-
put), which can cause greater hypoxemia problems for 
the infant.89 This vicious cycle can continue and may 
even lead to further pathophysiologic suppression. Cli-
nicians must remember that not only these infants have 
immature lungs, but prematurity also puts them at risk 
for both metabolic and cardiac challenges.

Risk Factors
Prematurity is the greatest risk factor for IRDS. Addi-
tional risk factors include maternal diabetes, cesarean 
delivery, and asphyxia.94

Complications
Complications related to IRDS can significantly influ-
ence morbidity outcomes. Some of the complications 
impacting these premature infants include septicemia 
(i.e., blood poisoning), bronchopulmonary dysplasia  
(BPD), pulmonary hemorrhage, hypertension, NEC, 
and susceptibility to other respiratory disorders.95 An 
interruption in regular growth patterns, also known as 
failure to thrive, significantly impacts infants with RDS 
and is perhaps the leading contributor to worldwide 
childhood morbidity and mortality.95 Increased work 
of breathing, decreased lung compliance, and recurring 
oxygen desaturations are also commonly seen in pulmo-
nary tests (PFT) of premature infants surviving IRDS.95 
Future focuses on immunologic processes and chronic 
pathologies related to IRDS will assist in improving the 
outcomes of these patients.
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FIGURE 24-20 Pathogenesis of IRDS versus BPD.
Modified from http://flipper.diff.org/app/items/info/6229.
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Diagnostic Testing
IRDS may coexist with a multitude of conditions and 
therefore complicate diagnostic approach consider-
ations. Clinicians should base their diagnosis on the 
history, patient assessment, CXR, and laboratory evalu-
ation. Infants at risk for IRDS should be evaluated using 
fetal lung maturity tests. The amniotic fluid lecithin-to-
sphingomyelin (L:S) ratio test is a marker of fetal lung 
maturity. Lecithin is the most common phospholipid 
in surfactant. Typically, there is twice as much lecithin 
as sphingomyelin; thus, an L:S ratio of greater than 2:1 
depicts a mature lung.96 Additionally, an increased level 
of phosphatidylglycerol (PG), the second most com-
mon phospholipid in surfactant, near term indicates a 
low risk for IRDS.96 The presence of PG and an L:S ratio 
greater than 2:1 drop the risk of IRDS to nearly 0%.96  
Blood gas analysis typically shows moderate-to-severe 
hypoxemia, varying levels of hypercapnia, and mixed 
respiratory and metabolic acidosis.86 Respiratory acido-
sis is primarily due to alveolar atelectasis and overdis-
tension. On the other hand, metabolic acidosis occurs 
because of lactic acid accumulation (i.e., poor tissue 
perfusion and anaerobic metabolism). CXR of infants 
with IRDS reveal diffuse, bilateral, ground-glass ap-
pearances, air bronchograms, and reduced lung expan-
sion86 (Figure 24-21). Also, the heart may be normal or 
slightly enlarged.86 Using radiographic findings, IRDS 
can be described as stages and is generally correlated 
with disease severity and progression. In the early stages 
(stage 1), air bronchograms are absent and alveolar at-
electasis targets the dependent areas of the lungs.86 In 

infants with mild-to-moderate IRDS (stages 2 and 3),  
the CXR reveals overdistension, the presence of air 
bronchograms, and an increase in dense opacities.86 As 
IRDS progresses (stage 4), large areas of increased lung 
opacity (i.e., “white out”), uniform atelectasis, and air 
bronchograms can be seen on the radiograph.86 When 
IRDS is characterized by excess fluid (e.g., pulmonary 
edema), fluid input and output must be closely moni-
tored. While infrequently used to date, a recent study 
has reported the accurate and reliable use of lung US 
in diagnosing IRDS.86 Ultrasonography can be used to 
find lung consolidations and even diagnose or exclude a 
coinciding pleural effusion.86 Other monitoring devices, 
including end-tidal CO2, cardiopulmonary displays, and 
Doppler flow studies, can be used to monitor patient 
progress.

Treatment and Management
Due to the complexity of IRDS, the preferred treatment 
should always be prevention. If predictive tests (L:S ra-
tio, PG levels) indicate a high IRDS risk, elective cesar-
ean delivery should be stopped and premature delivery 
should be delayed.96 The administration of antenatal 
corticosteroid therapy prior to delivery may accelerate 
lung development and reduce the risk of respiratory dis-
tress.97 However, a recent study concluded that multiple 
courses of antenatal corticosteroids did not improve 
results and were associated with decreases in neona-
tal weight at birth.97 Because research results remain 
unclear, clinical judgment must be used when decid-
ing on repeat doses of administered corticosteroids for 
preterm delivery. The arrival of surfactant replacement 
therapy has reduced morbidity and mortality rates in 
infants with IRDS by nearly 50%.98 Studies have found 
that early surfactant therapy reduces the occurrence 
of pulmonary air leaks as well as the severity of the 
chronic lung disease.98 Another clinical trial targeting 
intubated IRDS patients showed that early surfactant 
therapy combined with rapid extubation to nasal CPAP 
(nCPAP) decreased the need for and duration of me-
chanical ventilation.99 Surfactant replacement therapy 
has the ability to improve survival and lung develop-
ment outcomes in these preterm infants. Oxygen ther-
apy as a treatment modality for IRDS is administered 
via an oxygen hood, nasal cannula, or isolette to the 
infant.99 Providing adequate oxygenation, preventing 
atelectasis, and reducing risk factors for IRDS are the 
main features of this therapy option. When applying 
oxygen therapy, substantial efforts must be made to 
minimize Fio2 levels to no more than what is necessary 
to prevent potential lung damage. Oxygen therapy was 
the principal therapeutic modality for IRDS before the 
introduction of CPAP. If oxygenation fails to improve 
with basic oxygen therapy, CPAP should be started. 
CPAP has the ability to keep the alveoli open at the 

FIGURE 24-21 CXR of IRDS.
Reproduced from Parenchymal lung disease. Auckland District Health Board. http://www 
.adhb.govt.nz/newborn/TeachingResources/Radiology/LungParenchyma.htm. 
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end of expiration, therefore decreasing the opportunity 
for shunts.99 Studies have shown that early nCPAP can 
reduce the need for mechanical ventilation later on.99 
With the ability of CPAP to stabilize the alveoli, surfac-
tant production is allowed to continue without interfer-
ence. Heated and humidified HFNC therapy is another 
respiratory support modality being used in infants 
with IRDS. This device allows for the delivery of 100% 
heated and humidified high-flow oxygen at body tem-
perature.100 Some research has suggested that HFNC 
therapy may be a more effective, better-tolerated treat-
ment method for IRDS.100 Evidence suggests fewer ven-
tilator days, reduced nasal trauma, and improvements 
in weight gain when using HFNC therapy.100 However, 
further research is still required to determine the best 
methods for weaning as well as the long-term effects 
of neonatal treatments. Endotracheal intubation and 
mechanical ventilation may be indicated for a variety of 
reasons. Mechanical ventilation should be initiated in 
infants with IRDS when Fio2 or pressure requirements 
exceed safe thresholds, ABG results display increases 
in respiratory acidosis, or if prolonged apneic episodes 
persist.101 In the very preterm infants, mechanical ven-
tilation may be needed immediately following delivery. 
For these delivery room cases, clinicians should use 
their patient care protocols and physical assessment 
skills to guide decision making. Mechanical ventilation 
may also be indicated in full-term infants if present-
ing with severe respiratory distress or asphyxia.101 
Mechanical ventilation should be considered a physi-
ologic support to the patient while they recover from 
IRDS. Additionally, HFV may be indicated in infants 
struggling while receiving conventional mechanical 
ventilation. An animal study demonstrated that HFV 
promoted uniformity in lung aeration, gas exchange 
improvements, and decreased lung inflammation in pa-
tients with IRDS.101 Nevertheless, HFV clinical trials are 
still awaiting evaluation of short-term and long-term 
patient outcomes.101 Hypothermia may further compli-
cate IRDS. Clinicians must prevent hypothermia and 
care for these patients in a neutral thermal environ-
ment. Routine monitoring and consistent assessments 
are very useful in managing the daily abnormalities of 
these patients.

Prognosis
Prognosis of preterm infants with IRDS has steadily 
improved. In the last 50 years, the mortality rate for 
IRDS has significantly decreased by almost 13%.102 If 
managed effectively, IRDS often gets worse following 
birth and will improve slowly over time. Acute clinical 
problems following diagnosis of IRDS include alveolar 
rupture, infections, AOP, and hemorrhaging.102 Bron-
chopulmonary dysplasia (BPD), ROP, and neurologic 
impairments are possible long-term clinical issues 

following treatment and management of IRDS.102 Des-
pite improved survival rates, oftentimes therapies (e.g., 
mechanical ventilation) needed to treat IRDS are the 
very reasons responsible for prolonged symptoms and 
altered lung development. The major long-term respira-
tory complication of RDS is BPD. Forthcoming altera-
tions in pulmonary function tests (PFT) suggest the 
development of reactive airway disease in these patients 
as a result of BPD diagnosis.102 Fetal care improvements 
have led to better neonatal outcomes.

Bronchopulmonary Dysplasia
BPD is the most common cause of respiratory insuf-
ficiency and ventilator dependence in infants born 
prematurely. BPD affects nearly 10,000–15,000 infants 
every year in the United States.103,104 It is a multifacto-
rial syndrome that affects major organ systems within 
the body. BPD is defined as a clinical, radiographic, and 
pathologic disease process affecting premature infants 
with IRDS, exposed to aggressive ventilatory support 
and high levels of oxygen therapy.103,104 This long-term 
mechanical ventilation and supplemental oxygen re-
quirements cause severe lung derangement resulting in 
poor prognoses. Because of this, infants with BPD have 
an increased risk of pulmonary morbidity and mortal-
ity within the first 2 years of life.103,104 Lung function 
impairment may persist throughout childhood and even 
into adulthood.103,104 The validity and utility of a com-
monly used definition for BPD remains questionable. A 
recent study compared three diagnostic criteria for de-
fining BPD: the original 36-week threshold, the National 
Institutes of Health workshop definition, and the physi-
ologic definition requiring a room air challenge.103,104 
Conclusions stated that a contemporary definition of 
BPD, which correlates with respiratory morbidities in 
childhood, is still needed.105 A diagnostic criterion that 
clearly defines the pulmonary abnormalities of BPD is 
important to identify infants who have different severi-
ties of this lung disease.

Clinical Signs and Symptoms
BPD usually presents with irregular findings on physi-
cal examination, CXR, PFT, and histopathologic exam. 
Infants born with BPD exhibit signs and symptoms 
similar to that of IRDS, including tachypnea, tachycardia, 
increased work of breathing (e.g., nasal flaring, retrac-
tions), and recurrent desaturations.106 BPD patients are 
usually very premature, have very low birth weight, and 
require significant respiratory support to maintain oxy-
genation and ventilation.106

Etiology
BPD is often due to respiratory distress. As previ-
ously stated, IRDS is the result of lung development 
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complications. The insufficient production of surfactant 
occurs because of infant prematurity and prompts the 
need for ventilatory support in these patients.107 Inva-
sive mechanical ventilation has the likelihood of caus-
ing lung damage and may result in the infant requiring 
prolonged support, and a BPD diagnosis. BPD may also 
arise from other adverse medical conditions, including 
congenital lung malformations, pneumonia, or even 
other infections.107 All of these BPD-associated illnesses 
can cause further lung inflammation and scarring to the 
patient. Genetic susceptibility has also recently been 
suggested to contribute to some cases of BPD; how-
ever, follow-up research is still needed to support these 
findings.107

Epidemiology
The epidemiology of BPD has transformed over the 
years following the introduction of new, advanced 
therapies as well as a better clinical understanding of 
the disease progression. Today, severe BPD is less fre-
quent and has been replaced by milder, more frequent 
forms as the survival of premature infants has strik-
ingly increased.108 The most important determinant of 
BPD incidence is the degree of prematurity, with BPD 
largely occurring in infants less than 28 weeks’ gesta-
tional age or below 1,000 g birth weight.108 A recent 
report stated that the incidence of diagnosis of BPD 
had significantly decreased concurrently with improve-
ments in BPD care protocols.108 Nowadays, BPD rarely 
occurs in infants greater than 30 weeks’ gestational age 
or with birth weights greater than 1,200 g.108 African 
American infants generally have a lower occurrence of 
BPD compared with Caucasians.108 Additionally, male 
premature infants with BPD tend to have worsening 
disease progression and outcomes. Noteworthy is the 
challenge in comparing BPD incidence as different pa-
tient classifications, criteria, and management strategies 
are frequently used.

Pathology/Pathophysiology
Four distinct pathologic findings of BPD are generally 
described: acute lung injury, exudative bronchiolitis, 
proliferative bronchiolitis, and obliterative fibroprolifer-
ative bronchiolitis.109 The pathology of BPD is complex, 
and clinicians must be able to recognize the various fac-
tors that lead to lung injury in this patient population. 
Damage to alveolar, bronchial, or vascular development 
can result in significant dysfunction in infants with BPD. 
A thorough comprehension of the alveolar, bronchial, 
and vascular pathology will assist in providing optimal 
care to these preterm infants. Wilson-Mikity syndrome 
describes preterm infants presenting with respiratory 
distress soon after birth.109 Initially, these infants have 
diffuse lung infiltrates, tachypnea, and cyanosis.109 Over 
the course of weeks, some infants recover spontaneously 
while those who die exhibit hyperaeration and reduced 

A–C membrane density.109 The classical description 
of BPD, defined by structural injury, is now commonly 
referred to as “old BPD.” “Old BPD” was described as 
developing in four pathologic stages based on days of 
life (DOL). In stage one, the first through third DOL, the 
appearance of BPD is the same as IRDS with not enough 
surfactant in the lungs.110–112 This stage of BPD involves 
the presence of widespread atelectasis, hyaline mem-
branes, and air bronchograms.110–112 In stage two, the 
4th through 10th DOL, lung destruction occurs. Hyaline 
membranes persist and alveoli begin to merge in a simi-
lar manner as emphysema.110–112 Stage three, the 10th 
through 20th DOL, involves progressive repair of the 
lung. Persistent injury results in air trapping, interstitial 
edema, and ciliary dysfunction.110–112 In stage four, more 
than 1 month of age, the CXR depicts emphysematous 
alveoli. This chronic lung damage causes pulmonary 
hypertension, fibrosis, and prolonged atelectasis.110–112 
Recognizing any of these above stages could assist in the 
diagnosis of BPD. Presently, the “new BPD” defines BPD 
as a developmental delay. The key features of the “new 
BPD” pathology include alveolar hypoplasia, hindered 
A–C development, abnormal pulmonary vasculature, 
and increased interstitial fibrosis.113 It is believed that 
these features manifest as a result of subsequent changes 
in lung development following birth. While there are no 
causative links to “new BPD,” mechanical ventilation and 
oxygenation can still be justifying factors.

Risk Factors
Multiple risk factors exist for the development of BPD. 
Premature infants with very low birth weights are often 
exceptionally susceptible to BPD because of their im-
mature structural and functional respiratory system. 
Premature birth and subsequent events, including 
long-term oxygen exposure, prolonged mechanical 
ventilation, and infection, are the leading causes of lung 
development abnormalities and loss of gas exchange in 
BPD.114 Other risk factors include hypothermia or hy-
potension at admission, preeclampsia, or hypercarbia.114 
Certain risk factors may increase the degree of BPD 
severity, including prolonged acidosis, patent ductus 
arteriosus, oligohydramnios, or an Apgar score of less 
than 6.114

Complications
The complications associated with BPD are relatively 
unpredictable and can vary widely between individual 
patients. Acute complications include bronchiolitis, 
heart problems, and kidney difficulties.115 Long-term 
complications may involve respiratory infections, de-
layed growth, neurologic dysfunction, and coordina-
tion problems.115 Various degrees of obstructive lung 
disease may persist throughout the life span. For some, 
prolonged lung dysfunction will continue to be appar-
ent in abnormalities, including airway hypersensitivity, 
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wheezing, and emphysematous symptoms.115 Frequent 
rehospitalizations for respiratory exacerbations and in-
fections may continue into adolescence and adulthood. 
These chronic health complications can also adversely 
impact the families of these babies.

Diagnostic Testing
ABG analysis in BPD patients may disclose acidosis, hy-
percapnia, and hypoxia with mounting oxygen therapy 
requirements.116,117 End-tidal CO2 monitoring may be 
advantageous in recognizing trends, especially when 
correlated with ABG results.116,117 Continuous oxygen-
ation monitoring may be required because of frequent 
desaturations. Changes in pulmonary mechanics, 
including increased airway resistance, decreased lung 
compliance, increases in functional residual capacity 
(FRC), and increased airway hyperresponsiveness, may 
all appear on PFT.116,117 Infants with BPD can develop 
pulmonary hypertension, increased pulmonary vascular 
resistance, or right ventricular hypertrophy.116,117 Echo-
cardiograms are extremely valuable tools in diagnosing 
injury to the pulmonary circulation. BPD severity levels 
can be determined through the use of CXR. CXRs may 
show diminished lung volumes, atelectasis, pulmonary 
edema, or even PIE118 (Figure 24-22). Today, high-res-
olution imaging (computed tomography or MRI tests) 
can help detect irregularities not commonly seen  
on CXRs.

Treatment and Management
In most cases of BPD, the focus of therapy is on preven-
tion and routine treatment of IRDS. The foundation for 
treating IRDS includes minimal oxygen therapy use, 

surfactant replacement therapy, CPAP, and mechanical 
ventilation.119 Supplemental oxygen therapy is neces-
sary to prevent tissue hypoxia; however, oxygen toxic-
ity should always be avoided. Premature infants have 
a relatively deficient antioxidant defense and therefore 
are at an increased risk of injury due to oxygen free 
radicals.119 Ideal oxygen saturation strategies for infants 
at risk for BPD have not been clearly determined. How-
ever, many clinicians have adopted the consensus of 
targeting oxygen saturation ranges of 90–95% following 
the results of the Surfactant, Positive Pressure, and Pulse 
Oximetry Randomized Trial (SUPPORT) trial.119 Recall 
that surfactant dysfunction occurs in a high percent-
age of preterm infants requiring continued ventilatory 
support. While there is limited evidence regarding the 
usefulness of late surfactant therapy in infants with BPD, 
early surfactant administration has been associated with 
a lower incidence of disease progression.120 The use of 
“gentler ventilation,” described earlier as more aggressive 
CPAP and less-invasive techniques, may eliminate the 
need for advanced therapies and even decrease injury 
to the lungs.121,122 While positive pressure ventilation 
is necessary to recruit alveoli and prevent atelectasis in 
the immature lung, this treatment option is a targeted 
marker for the development of BPD. Early extuba-
tion and favorable use of noninvasive positive pres-
sure ventilation (NIPPV) have the potential to reduce 
BPD severity likelihood.121 Many ventilator modes and 
strategies have been studied in the hopes of reducing 
impending lung injury. Some researchers have adopted 
the term volutrauma, suggesting the occurrence of lung 
injury in regard to low versus high tidal volume (VT) 
approaches.122 Results have been mixed when discuss-
ing which specific mode provides the most optimal 
use of conventional ventilation in regard to improved 
pulmonary outcomes.122 However, minimizing oxygen 
and volume in the lungs is promised to reduce the lung 
injury in BPD diagnoses. Generally, when ventilating 
infants with chronic lung injury, using adequate positive 
end-expiratory pressure levels, stabilizing atelectatic 
alveoli, avoiding overdistension, and targeting reduced 
tidal volume (VT) values have been shown to have clear 
benefits in managing BPD.122 Though HFV is an applic-
able lung-protective ventilatory strategy, most trials have 
not had large enough sample sizes or sufficient evidence 
to support its use. Regardless of the ventilatory strategy 
used, an increase in alveolar recruitment, avoidance of 
hypocapnia, and a decrease in BPD risk factors need to 
be the main focus. While several of these interventions 
are individually effective, ventilator bundle strategies 
have been shown to positively improve management of 
patients with BPD.122 BPD can be further complicated 
by pulmonary edema. Fluid restrictions and diuretics 
are often used to prevent excessive fluid administration 
and treat pulmonary edema.122 Other therapies sug-
gested to manage BPD involve permissive hypercapnia 
(ventilation strategy that allows for un-physiologically 

FIGURE 24-22 CXR of a patient with BPD.
Reproduced from Semple T, Akhtar MR, Owens CM. (2017). Imaging bronchopulmonary 
dysplasia: a multimodality update. Front. Med. 4:88. doi: 10.3389/fmed.2017.00088. 
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high partial pressure of carbon dioxide (Pco2) to permit 
lung-protective tidal volume values123), corticosteroids 
(group of hormones used to improve lung function and 
reduce inflammation124), mast cell stabilizers (block the 
release of mast cells, thereby preventing airway hyperre-
activity125), antioxidants (enzymes that protect the lung 
and prevent deficiency of trace elements126), vitamin A 
(promotes gene regulation necessary for lung growth 
and increases surfactant production127), and inhaled 
nitric oxide (pulmonary vasodilator that improves gas 
exchange and reduces pulmonary vascular resistance); 
however, effectiveness varies and routine use is not com-
monly recommended128).

Prognosis
Survival rates of the most preterm infants have drasti-
cally improved since the introduction of surfactant 
therapy.129,130 Advancements in technology and im-
proved understanding of BPD pathophysiology have led 
to milder BPD disease progression today than in years 
past. Infants who develop severe BPD remain at risk 
for repeated hospital admissions throughout their life 
span.129,130 Irregular neurologic effects, muscular devel-
opment, and long-term respiratory morbidity are com-
mon in infants with BPD.129,130

Transient Tachypnea of the Newborn
Transient tachypnea of the newborn (TTN) is a lung 
condition seen in infants shortly after delivery. Others 
have termed it “wet lungs” or “type II respiratory dis-
tress syndrome.”131,132 It is a disorder that describes mild 
neonatal respiratory problems, which begin after birth 
and last roughly 3 days.131,132 It is a self-limited illness 
(i.e., resolves spontaneously with or without treatment), 
typically correcting within 48–72 hours.131,132 TTN is 
caused by excessive lung fluid due to compromised 
clearance mechanisms.131,132 Signs of respiratory dis-
tress typically become evident within 6 hours of birth. 
At delivery, clinicians may have challenges distinguish-
ing TTN from other causes of respiratory distress, in-
cluding sepsis, aspiration, and pneumonia.131,132

Clinical Signs and Symptoms
Attaining a full history and clinical assessment are cru-
cial to the proper management of these infants. The 
maternal history in TTN consists of cesarean delivery 
or extremely rapid labor.133 Within the first few hours 
of life, tachypnea and signs of respiratory distress (e.g., 
nasal flaring, grunting, retractions, and cyanosis), in-
creased oxygen requirements, and hypoxia without 
associated carbon dioxide retention characterize this 
disease.133 It is important for clinicians to observe 
these infants for signs of clinical deterioration, which 
may suggest the development of respiratory fatigue 
or another diagnosis. This disorder is again transient, 

meaning clinical symptoms will usually resolve within 
72 hours following birth.

Etiology
TTN results from complications during the prenatal 
to postnatal transition period. Delayed absorption of 
fetal lung fluid following delivery causes TTN. The 
subsequent pulmonary edema is a common cause for 
respiratory distress in the immediate newborn. This 
development of fluid accumulation may provoke tachy-
pnea, increased work of breathing, or reduced pulmo-
nary compliance, especially in neonates.134,135

Epidemiology
The exact incidence of TTN is weakly unknown, but 
publications have estimated that roughly 1% of new-
borns have some form of respiratory distress unrelated 
to infection.136,137 Of this 1%, nearly 30–50% have 
TTN.136,137 Despite being one of the most common 
causes of IRDS, many cases go underdiagnosed due to 
coexisting problems.136,137 While TTN is generally a 
self-resolving disorder, it has been correlated with sub-
sequent morbidity.

Pathology/Pathophysiology
TTN results in the admission of neonates to the NICU 
because of failure to clear fetal lung fluid prior to deliv-
ery. The ensuing respiratory distress is characterized by 
the retention of fluid in air spaces, resulting in alveolar 
hypoventilation.138,139 Typically at birth, the mature 
lung switches from fluid secretion to fluid absorption 
in response to traveling catecholamines and other hor-
mones.138,139 The remaining fluid is routinely expelled 
during delivery. Reduced expression of chemical chan-
nels (e.g., Na+, Cl-) contributes to the inability of the im-
mature fetal lung to switch from fluid secretion to fluid 
absorption.138,139 Several studies have demonstrated the 
critical physiologic importance of Na+ transport chan-
nels during delivery. Ineffective Na+ channels have the 
potential to cause respiratory distress in at-risk patients. 
Disruption of this process can lead to liquid filling the 
alveoli and moving into the interstitium.138,139 Mature 
newborns, especially infants delivered by cesarean sec-
tion, are often deprived of these fluid clearance changes 
during labor, making the risk of excessive pulmonary 
fluid much more probable.138,139 Research has also sug-
gested that low lamellar body counts derived from 
infant secretions, consistent with surfactant abnormali-
ties, may be associated with TTN.138,139

Risk Factors
The main risk factors for TTN include cesarean deliv-
ery, low gestational age, male gender, maternal history 
of asthma, macrosomia, and maternal diabetes.131,140 
As more babies are being delivered by elective cesarean 
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section before the onset of labor, the occurrence of 
respiratory distress due to failed transition has in-
creased.131,140 Studies have also shown that gestational 
age is inversely proportional to TTN occurrence due 
to the adverse effects of prematurity factors.131,140 
Likewise, research has found a potential connection 
between TTN and asthma, demonstrating that male 
infants of asthmatic mothers are more likely to develop 
TTN later in life.131,140 Additionally, neonates with TTN 
are at a higher risk for subsequent development of 
asthma.131,140 However, to date, no straightforward cor-
relation with asthma and TTN can be made based on 
the existing literature.131,140

Complications
Few potential complications exist. One study found 
neonatal problems and prematurity difficulties to be 
significantly increased in infants with TTN.141 Some 
infants may develop hypoxia, respiratory fatigue, and 
acidosis as a consequence of RDS.141 In infants with an 
increased work of breathing, air leaks may be occasion-
ally seen.141 Careful monitoring for worsening respira-
tory distress should be performed.

Diagnostic Testing
Most often, infants with TTN are hemodynamically 
stable, but an ABG assessment is essential to establish 
the degree of gas exchange as well as acid–base balance. 
A rising carbon dioxide level may indicate respiratory 
fatigue, impending respiratory failure, or even a pneu-
mothorax.131 Clinicians should continuously monitor 
pulse oximetry for assessment of infant oxygenation. 
Pulse oximetry monitoring allows for oxygen-level 
adjustments needed to maintain adequate saturation 
in these patients. The diagnostic standard for TTN is 
CXR and is characterized by diffuse infiltrates, promin-
ent perihilar streaking secondary to retained lung fluid, 
and small pleural effusions131 (Figure 24-23). Follow-up 
CXRs may be needed if the respiratory status worsens. 
The definitive diagnosis of TTN is often based on the 

remedying of symptoms within a strict time frame (i.e., 
within 72 hours).131 Misdiagnosis of TTN occurs if 
symptoms remain beyond the 72-hour period. Addi-
tional patient evaluation and diagnostic testing must be 
done to determine the true cause of the respiratory dis-
tress. An echocardiogram may be necessary for patients 
with more than 5–6 days of persistent tachypnea to help 
exclude congenital cardiac defects.131

Treatment and Management
Treatment and management of TTN is oftentimes 
in the form of supportive care in that the pulmonary 
system will improve as retained lung fluid is absorbed. 
Supportive care may include both intravenous fluids 
and NG feeding until the respiratory distress decreases 
enough to allow for oral feedings.131 Supplemental oxy-
gen therapy, a state of thermal balance, and minimal 
stimulation are necessary for these patients.131 Repeat 
ABG assessments and CXRs should be performed if 
the infant’s status decompensates. Therapeutic care 
should be given on an as-needed basis for developing 
hypoglycemia, hypothermia, or sepsis, all risk factors 
associated with TTN.131 Additionally, several stud-
ies have evaluated the use of antenatal corticosteroids 
(e.g., dexamethasone) as a management option for fetal 
lung immaturity and reduced expression of chemical 
channels. Results demonstrate a decreased incidence of 
pulmonary adverse outcomes and the greatest impact 
of exposure in the reduction of respiratory morbidity in 
TTN.142 Following resolution of TTN, the clinical focus 
needs to be on routine newborn management.

Prognosis
Prognosis is excellent for infants with TTN. Recall that 
TTN is a self-limiting disease and thus rarely causes 
long-term morbidity and mortality. One study looked 
at TTN characteristics as risk factors for childhood 
asthma. Conclusions revealed that infants with TTN are 
at an increased risk for asthma-related hospitalizations 
during the toddler years.143,144 Additionally, infants with 

FIGURE 24-23 CXR of TTN with perihilar streaking.
Reproduced with permission from Transient Tachypnea of the Newborn Lokesh Guglani, Satyan Lakshminrusimha, Rita M. Ryan. Pediatrics in Review. 2008; 29(11);e59-e65. doi: 10.1542 
/pir.29-11-e59.
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TTN delivered by cesarean section may develop pulmo-
nary hypertension owing to retained lung fluid.143,144 A 
challenging clinical course, potentially requiring ECMO, 
may be required.

Congenital Diaphragmatic Hernia
Congenital diaphragmatic hernia (CDH) is a complex 
congenital disorder with high mortality. The incidence 
of CDH is roughly 1 in 2,500 births.145–147 CDH is a 
major medical concern and is not well known outside 
the realm of neonatology. A primary characterization 
of CDH is a hole in the diaphragm that allows abdomi-
nal organs to move into the chest, thus hindering lung 
development146,147 (Figure 24-24). As a result, CDH 
infants suffer a combination of various degrees of insuf-
ficient lung growth and pulmonary hypertension.146,147

Clinical Signs and Symptoms
The first clinical manifestations of CDH are usually seen 
in prenatal ultrasonography findings. A CDH diagnosis 
can be made as early as 15 weeks’ gestation.148,149 An 
earlier gestational diagnosis oftentimes leads to poten-
tially worse outcomes because this discovery indicates 
a more severe defect or pulmonary dysfunction.148,149 
Prenatal US findings will usually show an improperly 
situated stomach as well as the intestines being located 
next to the heart.148,149 “Liver-up,” or the presence of the 
liver in the thorax, usually depicts a more severe form 
of CDH because it again indicates a larger defect or 
pulmonary dysfunction.148,149 At delivery, infants most 
generally exhibit respiratory distress (e.g., retractions 
and grunting) and cyanosis, although a delayed pre-
sentation is possible.148,149 During the neonatal assess-
ment, CDH infants frequently present with a scaphoid 
abdomen (i.e., sucked inward) and barrel chest.148,149 
Continuing with auscultation of the lungs, the clinician 
will hear poor air entry (i.e., diminished breath sounds) 

on one side and bowel sounds on the affected side.148,149 
A shift in cardiac sounds may also be heard because 
of the incorrect anatomic location of the heart.148,149 
Furthermore, in patients with severe CDH, a pneumo-
thorax may be found.148,149 Hypoxemia is a commonly 
seen clinical characteristic of CDH. Multiple factors, 
including pulmonary vascular abnormalities, the extent 
of lung hypoplasia, and the compression of lung units, 
contribute to worsening hypoxemia.148,149 Ongoing hy-
poxemia, along with right-to-left shunting, may cause 
tissue hypoxia and increases in metabolic acidosis.148,149 
Pulmonary hypertension is another common clinical 
symptom in patients with CDH. Moreover, these ana-
tomic irregularities and pulmonary hypertension can 
both contribute to further cardiac insufficiency.

Etiology
During normal gestation, the diaphragm is fully formed 
by the 12th week. In CDH infants, a part of the dia-
phragm does not form correctly, resulting in a defect 
that causes the abdominal innards to enter the thoracic 
cavity.146 Classification of CDH is based upon the ana-
tomic location of the defect. CDH can be classified as 
a posterolateral, anterior, or central defect.146 Postero-
lateral defects, also termed Bochdalek hernia, make up 
90% of CDH cases, with the remaining 10% comprising 
anterolateral defects (Morgagni hernia) and relatively 
rare forms of total diaphragm absence.150 The majority 
of CDH cases occur on the left side with less frequent 
incidences on the right side or bilaterally.147,150

Epidemiology
CDH occurs in 1 in every 2,000–3,000 newborns and 
accounts for 8% of all major congenital abnormalities.145 
The risk of recurrence in future siblings is approxi-
mately 2%.145 Mortality and morbidity are traditionally 
difficult to calculate and sometimes underestimated 
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FIGURE 24-24 Congenital diaphragmatic hernia.
Printed with permission from Texas Children's Hospital.
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because of the “hidden mortality” in CDH. Hidden 
mortality refers to fetuses with hernias that die in utero 
or shortly after birth.151 Studies have found that hidden 
mortality significantly exists in this condition, with hid-
den CDH deaths at 45%.151 The presence of other ab-
normalities and associations (e.g., prematurity, low birth 
weight, and pneumothorax) has been correlated with 
poor outcome in these patients.

Pathology/Pathophysiology
CDH has a very complex pathophysiology and remains 
weakly understood. Research experiments have demon-
strated that incomplete growth of the lungs (pulmonary 
hypoplasia) occurs prior to diaphragm shortcom-
ings.146 Using this evidence, researchers were able to 
show that lung growth is already affected prior to the 
development of the diaphragmatic hernia.152 This led 
to the “dual-hit hypothesis,” which postulates CDH as 
the result of developmental compromises. The first hit 
or compromise affects both lungs and occurs before 
diaphragm development as a result of genetic and en-
vironmental factors.152 The second hit affects only the 
ipsilateral lung and occurs after development of the 
defect, causing herniation of organs into the thorax.152 
Retinoid (compounds chemically related to vitamin A) 
signaling disturbances may play a significant role in the 
pathophysiology of CDH.146 Additionally, studies have 
shown an increased risk for CDH associated with vari-
ous maternal factors, including alcohol use, smoking, 
low intake of retinol, obesity, and antimicrobial drugs.146 
Genetics is also being associated with congenital ab-
normalities in CDH. Genetic syndromes, chromosome 
abnormalities, and congenital anomalies have all been 
identified in CDH infants.146 Several cardiovascular 
malformations (CVMs) commonly coexist with CDH 
following the birth of these patients, including pulmo-
nary hypoplasia, patent ductus arteriosus (i.e., an open-
ing between two blood vessels leading from the heart), 
patent foramen ovale (i.e., a hole between the two atria 
in the heart), and intestinal malrotation.152

Risk Factors
Risk factors contributing to the onset of CDH remain 
unclear. Studies have found CDH to be associated 
with several demographic risk factors, including male 
fetal gender, higher maternal age, Caucasian race, 
and maternal smoking.153,154 Additionally, maternal 
pre-gestational diabetes and alcohol use are related to 
the occurrence of CDH in infants.153,154 Several of these 
risk factors are modifiable and significant attention 
should be given to patient and family education. There 
are also several clinical characteristics related to poor 
outcomes that have been identified as risk factors in 
infants with CDH, such as low birth weight, size of the 
diaphragmatic defect, a low Apgar score, prematurity, 
air leaks, as well as the presence of other structural 

defects or hereditary abnormalities.153,154 In cases of iso-
lated CDH (the only major health problem), pulmonary 
hypoplasia and PPHN are main causes of morbidity and 
mortality.153,154 Further studies are needed to determine 
a clear etiology and established risk factors of CDH, es-
pecially to help with prevention efforts.

Complications
Neonatal research has documented 
that both pulmonary hyperplasia and 
persistent pulmonary hypertension of the newborn (PPHN) 
are chief complications following the repair of CDH.157 
Histologic research has shown increased musculature 
in the pulmonary vasculature.152 Continued contraction 
of the vasculature can produce chronic constriction of 
the arterioles, resulting in pulmonary hypertension or 
PPHN.152 Good patient assessment and strict follow-up 
is necessary for patients who develop postoperative 
complications. CDH babies are at risk for long-term 
morbidities, including pulmonary diseases, GI disor-
ders, growth failure, neurologic impairment, and chest 
wall deformities.146

Diagnostic Testing
Prenatally, CDH is diagnosed by an US examination. 
Polyhydramnios is commonly present and is the main 
indicator in pregnancies complicated by CDH.155 The 
diagnosis of CDH is confirmed by radiographic imag-
ing. The CXRs may indicate abdominal organs in the 
thorax as well as an abnormal cardiac axis or mediasti-
nal shift in the opposite direction146,155 (Figure 24-25). 
Pulmonary hypoplasia can be measured by the severity 

FIGURE 24-25 Chest and abdominal radiograph showing a CDH.
Reproduced with permission from James A. O'Neill Jr and The American Pediatric Surgical 
Association.
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of fetal breathing movements.155 Postnatal clinical 
symptoms soon after birth also help in the diagnosis 
and management of CDH. The onset of symptoms may 
differ depending on the volume of innards in the thorax 
and the severity of pulmonary hypoplasia present.156  
Undiagnosed patients may present with acute respira-
tory distress, a barrel-shaped chest, concave abdomen, 
the absence of breath sounds, shifted cardiac sounds, 
and bowel sounds in the chest.146 Some CDH infants 
remain asymptomatic and present later in life with CI 
symptoms or some other ailment.155 Prenatal diagnosis 
is advantageous as it can help in better management 
and intervention of the infant and mother, individual-
ized patient education, and planned delivery in a skill-
ful facility.146,155

Treatment and Management
One essential management component of all CDH 
cases is parental counseling. Parents need to properly 
understand the severity of the disorder, disease pro-
cess expectations, and potential outcomes. Further-
more, prenatal management of CDH consists of 
routine US surveillance for potential prenatal com-
plications.146 Postnatal management has evolved to 
include lung-protective ventilation with possible 
permissive hypercapnia, infant stabilization prior to 
surgical repair, inhaled nitric oxide (iNO), HFV, or 
extracorporeal membrane oxygenation (ECMO) thera-
pies.146 In the delivery room, the aim is to achieve ad-
equate oxygenation and ventilation. Infants should 
receive a nasogastric (NG) tube to prevent further 
bowel enlargement.155 Severe CDH infants should be 
immediately intubated and placed on safe mechanical 
ventilation settings. Ventilatory strategies should con-
sist of lung protection principles, maintaining an Spo2 
of at least 85%, allowing for comfortable permissive 
hypercapnia, and stimulating spontaneous breathing.146 
Bag-mask ventilation should be avoided as it can lead to 
bowel distension and further respiratory distress.146,155 
ABG values should be used as ventilatory manage-
ment determinants in infants with CDH.156 Once the 
cardiopulmonary functions are stabilized, usually in the 
first week of life, surgical repair can be accomplished. 
The operating approach consists of open or minimally 
invasive surgical techniques.146 The transabdominal 
approach is preferred and the standard technique for 
repair.157 If the abdominal cavity is inadequate, the 
transthoracic approach is used for good exposure to 
the defect.157 Generally, the closure method depends 
on the size and severity of the defect. Smaller defects 
are repaired with permanent sutures, whereas larger 
defects require a patch.146,155 In recent years, experi-
mental surgical treatment approaches for CDH have 
been developed and used. Fetal tracheal occlusion 
therapy is an improved technique of fetal surgery.146,158 
Outcomes have varied, with some studies reporting 

reduced pulmonary hypoplasia while others failing to 
show improved survival.146,158 HFV and ECMO can be 
used as rescue therapies when conventional ventilation 
fails. Some studies have reported improved survival 
rates with both HFV and ECMO; however, discrepan-
cies exist.146,155 Recent advancements in NICU protocols 
have significantly helped to reduce CDH mortality in 
hospital centers.152

Prognosis
Despite the continuous improvement in knowledge and 
management of this disease, CDH still carries over a 
50% mortality rate.155 Traditional therapies, including 
pulmonary vasodilators, pharmacologic paralysis, HFV, 
and ECMO, have all shown potential but made no note-
worthy impact on the pulmonary hypertension issues 
facing these patients.155 Presently, iNO therapy, a po-
tent pulmonary vasodilator, is the most common treat-
ment for pulmonary hypertension in CDH infants.146 
However, the benefits of blood pressure enhancement 
are debatable. The long-term outcomes and quality 
of life of CDH infants vary. Due to the high morbid-
ity prevalence rates, the importance of close follow-up 
and long-term care among CDH survivors must be 
emphasized.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Cyanotic heart defects are more 
dangerous than acyanotic heart defects.

2. True or False: IRDS is caused by weakness or un-
derdevelopment of the chest muscles.

3. True or False: Positive pressure ventilation sup-
port in infants can lead to BPD.

Pediatrics
The following sections will discuss the etiologic and 
pathophysiologic characteristics of several pediatric 
cardiopulmonary disorders of the respiratory system. 
These will include croup, epiglottitis, bronchiolitis, and 
foreign body obstruction (FBO).

Croup
Croup, also known as acute laryngotracheitis or acute 
laryngotracheobronchitis, is a common pediatric viral 
inflammatory condition.159,160 Croup generally affects 
the subglottic airway (i.e., larynx and trachea) but can 
extend as far as the bronchi.159,160 With this area being 
the narrowest part of the pediatric airway, significant 
airway obstruction is very common in these patients. 
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This respiratory tract disorder is characterized by a 
hoarse voice, cough, acute onset of stridor, and a vary-
ing degree of respiratory distress.159,160

Clinical Signs and Symptoms
There tends to be a wide clinical spectrum of croup. 
Patients with croup initially present with nonspecific 
respiratory symptoms such as a sore throat, cough, 
and runny nose.161,162 Over the course of a few days, 
characteristic signs include low-grade fever, hoarse-
ness, a seal-like barking cough, inspiratory stridor, and 
a variable degree of respiratory distress.161,162 Symptoms 
tend to worsen at night and usually resolve within 3–7 
days but have been seen to last as long as 2 weeks.161,162 
The clinical presentation of stridor has wide variation. 
Some children have stridor only during physical activ-
ity, while others have stridor accompanied by respira-
tory distress at rest.161,162 Substantial degrees of airway 
obstruction can even cause “quiet stridor” in certain 
patients.161,162 Milder cases may present with normal 
respiratory sounds, but more severe cases can have 
inspiratory and expiratory stridor, retractions, or even 
poor air entry.161,162 Fatigue and agitation occur and are 
due to respiratory distress, triggering hypoxemia and 
hypercarbia.161,162 Additional signs of respiratory dis-
tress include tachypnea, tachycardia, cyanosis, and poor 
muscle tone. Additionally, during severe coughing fits, 
respiratory arrest has been known to occur.161,162 Croup 
scoring systems have been created to assist clinicians in 
characterizing the severity of respiratory impairment 
in children with croup. The most widely used clinical 
score, demonstrated by its validity and reliability is the 
Westley croup score.163 The Westley croup score evalu-
ates the severity of croup by considering 5 common 
symptoms: level of consciousness, stridor, cyanosis, air 
entry, and retractions163 (Table 24-3). The score for each 
of the symptoms is totaled. Children with a Westley 
croup score of 0–2 are considered to have mild croup.163 
Those corresponding to a Westley croup score of 3–5 
indicate moderate croup.163 Severe croup is denoted 

by a Westley croup score of 6–11.163 A Westley croup 
score of greater than 11 signifies impending respiratory 
failure.163

Etiology
Croup is caused by viruses spread through direct in-
halation from a cough/sneeze or by contamination of 
hands with consequent touching of the face.164 Parain-
fluenza viruses (Types I, II, III) are the most common 
viral types causing croup outbreaks each year.164 They 
account for nearly 80% of all croup cases.164 Other etio-
logic agents include respiratory syncytial virus (RSV), 
adenovirus, and influenza viruses A and B.164 The chief 
entry points of the virus are the nose and nasophar-
ynx.164 The infection spreads and eventually reaches the 
larynx and trachea. In some cases, the lower airways 
may also be affected and could necessitate additional 
evaluation to address concerns of secondary bacterial 
infections.164

Epidemiology
Croup is the most common pediatric upper airway 
disorder, accounting for nearly 15% of the annual emer-
gency department (ED) visits each year.165 It typically af-
fects infants and toddlers between the ages of 6 months 
and 3 years, with a peak incidence in the second year of 
life.165 Croup occurs most often in early fall and winter 
but may present at any time.165 The male-to-female ratio 
is roughly 1.4:1 for croup.165 While infrequent, croup 
can also be a recurring disorder, with nearly 5% of pa-
tients experiencing more than 1 episode of croup.165

Pathology/Pathophysiology
Recall that the narrowest portion of the pediatric air-
way is the subglottis, just below the vocal cords. This 
anatomic distinction predisposes children to airway 
obstruction and to infectious diseases, such as croup.166 
Inflammation and edema of the subglottic airway are 
cause for concern. The infiltration of inflammatory cells 

Symptom

Score

0 1 2 3 4 5

Stridor None With agitation At rest w/stethoscope At rest w/o stethoscope N/A N/A

Retractions None Mild Moderate Severe N/A N/A

Air Entry Normal Decreased Markedly decreased N/A N/A N/A

Cyanosis on Room Air None N/A N/A N/A With agitation At rest

Level of Consciousness Normal N/A N/A N/A N/A Disoriented

Modified from Li S. The Westley croup score. Acad Emerg Med. 2003;10(3):289. doi:10.1197/aemj.10.3.289.

TABLE 24-3
Westley Croup Score165
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can trigger swelling, which can significantly reduce 
airflow.166 Seal-like coughs, stridor, and chest wall re-
tractions arise from the narrowing of the pediatric air-
way.161,166 Associated hoarseness is due to the reduced 
mobility of the vocal cords secondary to edema.161,166 In 
severe croup cases, hypoxemia may occur from the de-
velopment of even greater airway obstruction, impaired 
alveolar ventilation, or V/Q mismatching.166

Risk Factors
Individuals most at risk of getting croup are children 
between the ages of 6 months and 3 years.167 Prevent-
ing colds and the flu, frequent hand washing, and 
up-to-date vaccinations can help to stop the incidence 
of croup.167 Other risk factors for developing croup in-
clude seasonal variation, prematurity, and other cases of 
viral infections.167

Complications
Complications due to croup are sporadic. In most cases, 
less than 5% of patients diagnosed with croup need 
in-patient hospitalization and less than 2% of those re-
quire intubation tactics.159 Mortality from croup has oc-
curred in as little as 0.5% of intubated patients, provided 
good airway management is carried out.159 A secondary 
bacterial infection, such as pneumonia or tracheitis, 
may result from croup. Additionally, conditions inclu-
ding pulmonary edema, pneumothorax, pneumomedi-
astinum, ear infections, and lymphadenitis (i.e., lymph 
node inflammation) have been reported.159 Poor nutri-
tional status and increased fluid loss can lead to patients 
requiring intravenous fluid hydration.159

Diagnostic Testing
Croup is a clinical diagnosis, with the past medical hist-
ory and physical assessment findings presenting as clues. 
Laboratory tests rarely confirm the diagnosis; however, 
white blood cell (WBC) count and differential can help 
to identify the specific etiologic agent type.164,168 Nasal 
washing can help to determine isolation precautions 
in the hospital setting and to decide whether antiviral 
therapies should be initiated.164,168 Pulse oximetry is use-
ful to assess decompensating respiratory status and the 
demand for supplemental oxygen therapy. ABGs are 
necessary only if respiratory failure arises. Fluid support 
may be required to maintain the needed fluid volume. 
Laryngoscopy is indicated only in unusual cases.164,168 
CXRs can help confirm a presumptive diagnosis or ex-
clude other disorders. Lateral neck films detect haziness 
in the subglottic airway or a distended hypopharynx, 
which contrast epiglottitis findings.169,170 The AP radio-
graph of the neck classically shows subglottic narrowing 
or the steeple sign169,170 (Figure 24-26). While helpful, 
these radiographic findings are seen only in roughly 50% 
of clinical croup cases.169,170

Treatment and Management
Treatment and management recommendations for 
croup are based on the severity of symptoms and any 
corresponding assessments. Most mild croup cases can 
be successfully treated at home using humidified mist, 
anti-fever medications, head elevation, and continued 
parental monitoring.171–173 In the cases of severe respi-
ratory distress, a thorough evaluation should be per-
formed to determine airway patency and maintenance 
of oxygenation and ventilation.171–173 Keeping children 
as comfortable as possible and avoiding painful in-
terventions can prevent agitation, reduce respiratory 
distress, and decrease oxygen therapy requirements. 
Careful monitoring of vital signs and nutritional/
hydration status is important. Due to their antiinflam-
matory capabilities, corticosteroids are beneficial in 
the treatment of croup. Corticosteroids are known to 
decrease laryngeal edema and reduce the inflammatory 
reaction.174 Dexamethasone is the most common corti-
costeroid used for the treatment of croup. Studies have 
shown that if administered within the first 24 hours, 
a single dose of dexamethasone has been effective in 
reducing overall croup severity.174 The route of admin-
istration (i.e., intravenously, intramuscularly, or orally) 
is patient dependent and has shown to have the same 
efficacy toward the presenting illness.174 Nebulized 
racemic epinephrine is typically reserved for croup 
patients with moderate-to-severe respiratory distress. 
Epinephrine works by adrenergic stimulation, leading 
to improvements in laryngeal edema.175 It takes effect 
immediately and has shown to have effective thera-
peutic benefits within the first 30 minutes, lasting up 
to 2 hours.175 Due to the short half-life of epinephrine, 

FIGURE 24-26 Neck radiograph of croup showing steeple sign.
Reproduced with permission from American Academy of Family Physicians.
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a single dose may relieve symptoms, but a repeat dose 
could be required. Clinicians should continue to moni-
tor these patients for the possible return of symptoms, 
which include recurring bronchospasm, worsening 
respiratory distress, and tachycardia.175 A system-wide 
study showed that patients who received corticoste-
roids and single-dose racemic epinephrine were man-
aged differently than those who received multidose 
racemic epinephrine and corticosteroids.174,175 Higher 
rates of hospital admission were seen in patients who 
received only single-dose racemic epinephrine treat-
ments in the ED.174,175 The administration of heliox 
can be a beneficial treatment option for select patients 
with croup. Heliox can be dispensed as 80:20, 70:30, or 
60:40 mixtures; however, patients requiring less than 
40% oxygen will not see the benefits of heliox therapy. 
By using heliox, turbulent airflow is transformed into 
a more laminar flow, thus bypassing obstructions and 
lessening airway resistance.176 This lower density gas 
carries oxygen and medications through the narrowed 
airways, thereby decreasing the work of breathing and 
improving gas exchange.176 High costs and delivery 
setup complexity are some limiting factors to heliox 
therapy. Some recent trials have demonstrated no ad-
vantageous benefits of heliox therapy over traditional 
modalities, while other studies have shown it to be 
equally effective to racemic epinephrine in the treat-
ment of moderate-to-severe croup.176 Heliox has also 
shown to improve symptoms in patients failing to 
improve with racemic epinephrine treatments.176 He-
liox serves as a therapeutic bridge until the underlying 
condition can be treated. Infants experiencing severe 
respiratory distress may require ventilatory support 
due to increasing respiratory fatigue and worsening 
hypercarbia.176 Discharge can occur only if the patient 
demonstrates clinical stability.

Prognosis
The prognosis of croup is excellent. Advancements in 
treatment and management have altered this disorder 
from a once fatal upper airway disease to a somewhat 
self-limiting disorder. The majority of croup cases 
can be treated as outpatients. Patients younger than 6 
months, an unusually long duration of symptoms, and 
those with recurring croup should be evaluated for con-
genital anomalies.160

Epiglottitis
Epiglottitis, also termed supraglottitis, is a bacterial 
inflammation of the structures above the insertion of 
the glottis (i.e., epiglottis, surrounding tissues, and the 
supraglottic larynx).177,178 The epiglottis is the most 
common spot of swelling. As the edema increases, the 
epiglottis is repositioned posteriorly, causing gradual 
airway obstruction.177,178 The anatomic features of the 
epiglottis are significantly different between children 

and adults. The epiglottis is located more anteriorly 
and superiorly, and it is at a greater angle to the tra-
chea in children.177,178 Acute epiglottitis and associated 
life-threatening airway obstruction have substantial 
morbidity and mortality consequences.177,178

Clinical Signs and Symptoms
An abrupt onset of severe respiratory symptoms char-
acterizes epiglottitis. If not quickly recognized, symp-
toms can quickly progress to severe airway obstruction 
or respiratory arrest. Symptoms typically begin with 
fever, followed by stridor, labored breathing, dysphagia, 
hoarseness, refusal to eat, sore throat, and anxiety.161 
The onset of classic epiglottitis is easily identified using 
the clinical triad: drooling, dysphagia, and distress.161 
Upon physical examination, children appear restless, 
irritable, and extremely anxious.161 Children may sit in 
the tripod position (i.e., chin hyperextended and body 
leaning forward), which maximizes airflow entry and 
improves diaphragmatic excursion.161 During an ex-
amination of the oropharynx, a swollen, red epiglottis 
can be seen. Patients may present with stridor, but as 
the epiglottitis progresses, breath sounds may become 
diminished as a result of severe airway obstruction.161 A 
clinician capable of obtaining an airway should attend 
to this patient at all times.

Etiology
Formerly, Haemophilus influenza type b (Hib) was the 
most common cause (>90%) of pediatric epiglottitis 
cases.178 However, since the introduction of the Hib 
vaccine, the main contributing agent of epiglottitis has 
changed. Bacterial causes of epiglottitis include Strep-
tococcus pneumoniae, Staphylococcus aureus, Klebsiella 
pneumoniae, and Haemophilus parainfluenzae.178 While 
viruses do not routinely cause epiglottitis, a previous 
viral infection can increase the chances of a bacterial 
infection occurring. Viral agents, including herpes sim-
plex virus, parainfluenzae virus, human immunodefi-
ciency virus, and varicella (i.e., chickenpox), can cause 
primary or secondary infections to occur.178 Noninfec-
tious etiologies such as trauma or thermal injury may 
also cause epiglottic inflammation.178

Epidemiology
Epiglottitis is a rare condition most commonly seen 
in children between 2 and 5 years old.179 Studies have 
shown a seasonal variation in pediatric epiglottitis inci-
dence.179 A comparative study found a 10-fold decline 
in acute epiglottitis admissions in large U.S. children’s 
hospitals.179 Generally, studies have shown no racial 
predominance for epiglottitis; however, a recent report 
revealed higher incidence in black and Hispanic pa-
tients.179 Epiglottitis is also a male-dominant disorder, 
which remains true even with changing epidemiology.179
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Pathology/Pathophysiology
The pathophysiology of epiglottitis involves the respi-
ratory transmission of bacteria through close contact. 
Infectious pathogens penetrate the mucosa and invade 
the bloodstream, leading to infections of the epiglottis 
and surrounding tissues.180,181 Infection of the epiglot-
tis results in acute swelling of the airways. Respiratory 
distress or ultimately arrest can occur due to severe 
airway obstruction, aspiration of secretions, or mucus 
plugging.180,181

Risk Factors
Several factors increase the risk of a child develop-
ing epiglottitis. Children younger than 1 year of age 
who have not completed the Hib vaccine series are at a 
higher risk for emerging epiglottitis.178 While unclear, 
the male gender is more likely to develop epiglottitis 
than females.178 Increased exposure to respiratory in-
fections (e.g., schools or day care centers) heightens 
the risk of getting epiglottitis.178 Furthermore, a weak-
ened immune system can make it more challenging to 
combat infections, making it easier for epiglottitis to 
develop.178

Complications
During the progression of epiglottitis, other infections 
are possible. The most commonly associated infection 
is pneumonia.182 The two most common complications 
are accidental extubation and respiratory arrest.182 Addi-
tionally, complications related to an inflamed epiglottis 
include airway obstruction as well as aspiration, tracheal 
stenosis, pneumothorax, and epiglottic abscess.182

Diagnostic Testing
The diagnosis of epiglottitis requires a superior clinical 
inkling and careful recognition of the clues provided 
in the patient’s presentation. Securing and maintain-
ing the airway is of utmost importance. In patients 
with mild cases, visualization of the epiglottis may be 
performed via gentle compression of the tongue with 
a tongue depressor.183,184 While laryngoscopy is the 
best way to confirm diagnosis via direct visualization 
of the epiglottis, it is not advised without first securing 
the airway.183,184 Refrain from progressing with diag-
nostic testing until airway maintenance is performed. 
Laboratory test results show an elevated WBC count 
and positive blood cultures for the bacterial etiologic 
agent.183,184 In highly suspected epiglottitis cases, radi-
ography is not indicated. In less clear cases, radiologic 
images can establish the diagnosis and rule out other 
conditions (i.e., croup or FBO).185 A lateral neck radio-
graph may demonstrate the thumb sign, indicating a 
swollen epiglottis protruding from the hypopharynx185 
(Figure 24-27).

Treatment and Management
The typical treatment and management of epiglottitis 
include treating potential hypoxemia, maintaining the 
airway, relieving the airway obstruction, and eradicat-
ing the infectious agent.186,187 Oxygen therapy is used to 
treat hypoxemia in distressed patients while stabilizing 
the airway.186,187 Clinicians should always be prepared 
to evaluate the ABCs (i.e., airway, breathing, and cir-
culation). If epiglottitis is suspected, emergency airway 
management should be performed. Mortality rates for 
children who require, but do not receive, endotracheal 
intubation is as high as 10%.186,187 Because there is no 
underlying lung disease, clinicians should place the 
patient on normal rest ventilator settings. Appropriate 
antibiotic therapy should be tailored to the cause of the 
bacterial infection. Patients recovering from epiglottitis 
may be extubated when an air leak around the endotra-
cheal tube occurs at 24–48 hours.186,187 Children should 
be placed on supplemental oxygen therapy and closely 
monitored. Clinicians must be prepared for emergent 
reintubation situations, as patients with epiglottitis 
have a substantial risk of decompensating following 
extubation.186,187

Prognosis
Patients with epiglottis, and whose airways have been 
properly secured, have a good prognosis. There is a less 
than 1% mortality rate in these patients.186 There are no 
long-term complications associated with epiglottitis and 
discharge usually occurs within a week.186

FIGURE 24-27 Neck radiograph of the epiglottitis showing 
thumb sign.
Case courtesy of Dr Andrew Ho, Radiopaedia.org, rID: 22906.
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Bronchiolitis
Bronchiolitis is an acute, viral inflammation of the 
bronchioles. It is typically a self-limiting disorder with 
a wide spectrum of clinical symptoms. Bronchiolitis is 
characterized by acute swelling, increased mucus pro-
duction, and bronchoconstriction.188,189 It is the most 
common cause of lower respiratory tract infection in 
infants younger than 1 year of age.188,189 Although it 
occurs in children of all ages, severe bronchiolitis has 
a peak incidence in infants between 3 and 6 months of 
age.188,189 Despite the published clinical practice guide-
lines, there are still inconsistencies in the management 
and treatment of patients with bronchiolitis. More 
standardized bronchiolitis care can lead to fewer pa-
tient hospitalizations and shorter length of stays.

Clinical Signs and Symptoms
The past medical history and clinical assessment form 
the finding of bronchiolitis. Initial clinical manifesta-
tions are subtle, including difficult feedings, tachypnea, 
expiratory wheezing, low-grade fever, and nasal conges-
tion.190,191 Feeding intolerance can lead to dehydration 
and trigger thickened secretions. Progression of bron-
chiolitis leads to the development of a cough, dyspnea, 
and profound inspiratory and expiratory wheezing.190,191 
Severe cases result in impending respiratory failure 
secondary to lower respiratory tract obstruction and 
inflammation.190,191 Hypoxia is the best predictor to de-
termine the severity of the disease. This V/Q mismatch 
occurs because of the collapse of the bronchioles and 
atelectasis. Typically, severity worsens over the first 
72 hours, then plateaus, and rectifies over several weeks. 
Though several severity-scoring systems exist, none are 
widely used and few prove predictive validity. While 
rarely lasting longer than a few days, careful monitoring 
is required to detect apneic episodes in these patients. 
Additional clinical signs include retractions, nasal flar-
ing, and cyanosis.190,191

Etiology
Most cases of bronchiolitis are caused by a variety of vi-
ral pathogens, but RSV is the most common.191,192 RSV 
accounts for nearly 80% of all bronchiolitis cases in chil-
dren younger than 2 years.191,192 Other etiologic agents 
include rhinovirus, parainfluenza virus, adenovirus, 
and coronavirus.191,192 Bronchiolitis is highly contagious 
and is spread via direct contact with nasal secretions or 
respiratory droplets.191,192 Once contaminated, RSV can 
survive on the hands for a considerable amount of time, 
making good hand-washing technique and infection 
prevention imperative.

Epidemiology
In the United States, nearly 125,000 hospitalizations 
and 250 infant deaths due to bronchiolitis occur each 

year.193 Of those patients hospitalized, roughly 2–5% 
require mechanical ventilation support.193 Recall that 
RSV is the most common viral cause of bronchiolitis. 
Nearly all children are infected with RSV at least once 
by the age of 2, but peak numbers occur between 2 and 
3 months following birth.193 The highest RSV infections 
occur in winter months, with peak season happening 
from October to February.193

Pathology/Pathophysiology
Once viruses penetrate the bronchioles (i.e., small airways) 
and cause infection, bronchiolar injury and subsequent in-
flammation occur.194,195 A complex inflammatory response 
develops in the epithelium, resulting in necrosis.194,195 The 
release of cytokines amplifies the inflammatory response 
into the airways. Bronchiolar injury is caused by inflam-
mation, edema, and debris in the respiratory tract.194,195 
Adverse effects of bronchiolar injury, including increased 
mucus production, airway obstruction, air trapping, and 
atelectasis, typically begin to appear about 24 hours fol-
lowing infection.194,195 The extent of mucus plugging 
prompts various degrees of airway obstruction, the princi-
pal contributing factor to V/Q mismatching, hypoxemia, 
and, ultimately, respiratory failure.194,195

Risk Factors
Risk factors described with bronchiolitis include 
younger gestational age (i.e., <3 months), low birth 
weight, parental smoking, chronic lung disease, con-
genital heart disease, and airway anomalies.196 Male 
gender, living in crowded environments, attending day 
care, and low socioeconomic status (SES) are additional 
risk factors for the development of bronchiolitis.196 Age 
significantly impacts the severity of bronchiolitis. The 
younger the patient is, the more severe the respiratory 
tract infection seems to be. While the exact reason is 
unknown, severe bronchiolitis occurs more frequently 
in males than in females.196 Lower SES may poorly af-
fect outcomes and increase the probability of hospital-
ization.196 Clinicians should consider hospitalization in 
questionable patients with a history of apnea, difficulty 
feeding, pronounced respiratory distress, and the need 
for supplemental oxygen.196

Complications
Various complications are possible with bronchiol-
itis. Bronchiolitis is most commonly a self-limiting 
 disorder. However, the more severe cases can result in 
acute RDS, bronchiolitis obliterans, CHF, other infec-
tions, or chronic lung disease.196 A quite dangerous 
complication associated with bronchiolitis is apnea, 
predominantly in the premature, low-birth-weight 
infant.196 Neurologic complications, including sei-
zures and encephalopathy, are experienced by both 
healthy children and previously impaired children with 
bronchiolitis.196
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Diagnostic Testing
The most common diagnosis of bronchiolitis is based 
on clinical presentation and physical examination. Few 
laboratory tests are needed if the patient assessment is 
consistent with the suspected diagnosis of bronchiol-
itis. Diagnostic testing is usually used to exclude other 
diagnoses, verify viral etiology, and establish required 
infection controls for the hospital setting.197,198 While 
diagnostic testing is common, the literature does not 
support routine use, largely due to costs and unneces-
sary hospitalizations.197,198 Hospital-based protocols or 
guidelines can assist clinicians in better evaluating the 
proven benefit of diagnostic tests in bronchiolitis. The 
most common diagnostic tests used for bronchiolitis are 
viral testing of nasal secretions, pulse oximetry, ABG 
analysis (in severe patients), and CXR.197,198 RSV is the 
most common pathogen found when viral testing is  
performed.197,198 Though the nasal swab technique is the 
simpler, less traumatic option for sampling mucus,  
the more reliable technique is nasal washing.197,198 
Despite being generally good at detecting viruses, the 
test results rarely impact the clinical management or 
outcome of bronchiolitis. Lower limits of acceptable 
oxygen saturation levels for children with bronchiolitis 
have recently been supported by clinical management 
guidelines.197,198 While CXR are not routinely required, 
if indicated, include both AP and lateral views. CXRs 
are most useful in identifying alternative conditions 
(e.g., pneumonia, CHF, or foreign body aspiration).199 
Radiographic findings of bronchiolitis are variable, but 
most acute cases present with at least one of the follow-
ing: hyperinflation, lobar infiltrates, and atelectasis.199 A 
CXR is warranted in children who appear ill, are clini-
cally deteriorating, or are at high risk.

Treatment and Management
Recall that bronchiolitis is the most common cause of 
hospitalization in children. While management varies 
widely, the mainstay is directed toward maintenance 
care and symptomatic relief. The usual treatment in-
terventions include supplemental oxygen therapy, 
pharmacologic remedies, chest physiotherapy, nasal suc-
tioning, and positive pressure ventilation.197,200,201 Initial 
management involves cardiorespiratory monitoring, 
pulse oximetry, and maintenance of adequate hydration 
status. The use of proper oxygenation administration 
has shown to be the primary indicator of the length of 
stay in bronchiolitis patients.197,200,201 Reduced intuba-
tion rates and decreased escalation of care have been 
seen in infants with bronchiolitis treated using HFNC 
therapy.197,200,201 Fever and tachypnea cause infants with 
bronchiolitis to become dehydrated.197,200,201 It is vital 
to have fluid goal therapies in place to replace deficits 
and maintain adequate requirements. Pharmacology 
plays a restricted role in bronchiolitis management. 
Despite several drugs (e.g., bronchodilators, antivirals, 

corticosteroids, and hypertonic saline) being commonly 
used to treat bronchiolitis, none have shown conclusive 
evidence to support routine use.202 Bronchodilators (e.g., 
B2-adrenergic and alpha-adrenergic) have been recom-
mended only in infants who show documented positive 
clinical improvements; otherwise, discontinuation due 
to adverse side effects is encouraged.202 While once a 
core therapeutic intervention for bronchiolitis, ribavirin 
(i.e., broad-spectrum antiviral medication) is no longer 
supported for routine use because of its inconsistent 
effects on RSV infections.202 Nevertheless, some profes-
sional associations support the use of aerosolized riba-
virin therapy for high-risk infants with RSV disease.202 
Corticosteroids were believed to reduce the edematous 
pathology; however, inconclusive benefits have been 
reported.202 As a safety precaution, experts recommend 
avoiding their use in patients unless a clear clinical 
advantage is seen. Opinions vary when it comes to the 
beneficial use of hypertonic saline therapy. There is ac-
cumulating evidence against the routine practice of neb-
ulized hypertonic saline; however, one trial did find that 
nebulized 3% hypertonic saline was safe, inexpensive, 
and effective in moderately ill infants with bronchiol-
itis.203 Therefore, clinicians should make pharmacologic 
treatment decisions based on clinical presentation and 
disease state progression. Although considered useful 
for patients with severe plugging or atelectasis, chest 
physiotherapy cannot be endorsed for symptomatic 
treatment in patients with bronchiolitis either. Airway 
obstruction is the most recurrent complication in acute 
bronchiolitis. Infants with bronchiolitis may require 
frequent nasal suctioning to clear their passages; how-
ever, no clear evidence supports this therapy. Frequent 
suctioning has several risks, so equipment selection and 
regularity of therapy should be tailored toward maximal 
effectiveness.203 Patients with bronchiolitis experienc-
ing apnea or increased work of breathing may require 
positive pressure ventilation. Clinicians must support-
ively provide adequate oxygenation and ventilation via 
ventilator strategies. Patients must be monitored and as-
sessed regularly and changes in respiratory status should 
regulate alterations in ventilatory management. CPAP 
can increase FRC and improve V/Q matching, leading 
to decreased respiratory distress.204 NIPPV helps to 
splint the bronchioles, reduce airway resistance and gas 
trapping, and recruit underinflated lung units, result-
ing in improved V/Q matching.204 In worsening cases, 
conventional ventilation, HFV, or ECMO may need to 
be initiated. Additionally, heliox therapy has shown to 
be successful in reducing respiratory distress in patients 
with airway compromise.204

Prognosis
Improved prognosis in pediatric bronchiolitis is a 
result of a better clinical understanding of the patho-
physiology behind the viral infection. Bronchiolitis 
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causes mortality in less than 1% of cases.205 Most in-
fants with bronchiolitis recover within 2–5 days, but 
severe cases may be hospitalized or display symptoms 
for a few weeks.205 An increased incidence of recur-
ring wheezing is commonly seen in infants recovering 
from bronchiolitis.205 Furthermore, while bronchiolitis 
is a risk factor for asthma, research has not yet con-
firmed its contributing impact in the development of 
asthma.205

Foreign Body Obstruction
Foreign body obstruction (FBO) is a common experi-
ence in children. It is defined as an aspirated solid lodg-
ing in the larynx or trachea.206 While common, it can 
be a life-threatening emergency. If the aspirated solid 
is large enough to completely obstruct the airway, as-
phyxia and possibly death can occur rapidly. A milder 
degree of obstruction usually results in less severe clini-
cal symptoms. The peak incidence age of obstruction is 
between 1 and 2 years, with the majority of incidences 
occurring before the age of 4 years.206 Food is the most 
often aspirated object, but other items, including small 
toys, coins, and pins, have been observed.

Clinical Signs and Symptoms
In FBO cases, a quick assessment is necessary to allow 
for reversal of symptoms and prevention of complete 
airway obstruction as soon as possible. In nearly com-
plete obstruction, respiratory distress, cyanosis, loss 
of consciousness, and impending death occur quickly, 
unless the object is dislodged.207,208 When the degree 
of obstruction is less serious or the object falls into 
the lower airway, the clinical signs are less dramatic. 
In these milder cases, symptoms sometimes disappear 
until chronic wheezing or recurrent pneumonia brings 
patients to the ED.207,208 Presenting clinical symptoms 
include a cough, dyspnea, fever, chest pain, and he-
moptysis.207,208 Upon physical examination, wheez-
ing, stridor, or diminished breath sounds are normally 
heard.207,208

Etiology
Children are always at an increased risk for putting 
small toys, coins, or food pieces into their mouths. Chil-
dren aged 1–4 years are easily distracted and are often 
not attentive during meals, thus increasing accidents. 
During eating, incomplete incisors cause food frag-
ments to push posteriorly, triggering an impulse aspir-
ation.209 Oftentimes, children are just inquisitive and 
place objects in their mouths, not knowing the detri-
mental health consequences that can ensue.

Epidemiology
The true prevalence of foreign body aspiration is 
unknown because cases are suddenly discovered, 

unobserved, or misdiagnosed.210,211 Literature puts 
choking as the fourth leading cause of uninten-
tional death in the United States.210,211 Morbidity in-
creases with FBO cases the longer the object remains 
lodged.210,211 Younger patients are at an increased risk 
for FBO because of their juvenile behavior and because 
of the way they chew.

Pathology/Pathophysiology
Anatomic and physiologic features increase the risk of 
foreign body aspiration in children. If the object de-
scends into the lower airway, its whereabouts would 
depend on the patient’s age and physical position at 
the time of aspiration.210,212 Equal prevalence of foreign 
body location is seen in infants because the angle of the 
mainstem bronchi is identical until the age of 15.210,212 
Objects may continuously descend or reposition, espe-
cially following unsuccessful attempts at removal. The 
foreign object may cause inflammation, edema, and 
even bleeding to occur, resulting in more difficult ob-
structions. Swelling causes formation of a plug around 
the object, decreasing airflow to the distal airways. Air 
trapping, atelectasis, volume loss, and infection may oc-
cur distally to the obstruction.210,212

Risk Factors
Predisposing factors for FBO include access to un-
suitable foods or objects, active behavior while eat-
ing, and small airway diameters (i.e., prone to easy 
obstruction).213

Complications
The prospect of complications increases the longer the 
airway remains obstructed, making hasty removal of the 
object crucial. Clinical complications include atelectasis 
and post-obstructive infection.213 Recurrent infections 
can eventually lead to bronchiectasis, which should be 
treated after the removal of the foreign object.213 Ma-
jor complications seen following foreign body removal 
include pneumothorax, hemorrhage, and respiratory 
distress or arrest; however, these seldom occur.213

Diagnostic Testing
An ABG analysis to monitor the adequacy of ventila-
tion should be performed in conjunction with a physical 
examination, vital sign monitoring, and pulse oxim-
etry.208,214 On a CXR, hyperinflation, atelectasis, and 
a mediastinal shift can be seen208,214 (Figure 24-28). 
Most foreign objects are radiolucent. The presence of a 
foreign body, its location, shape, composition, position, 
size, and the extent of obstruction must be identified 
prior to removal procedures taking place.208,214 Some 
foreign objects are missed on radiography if they dis-
guise themselves or are completely immersed by sur-
rounding tissues.208,214
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Treatment and Management
Recall that prompt removal of foreign objects is recom-
mended. Bronchoscopy is both a diagnostic and a thera-
peutic tool used in FBO cases. Removal of the foreign 
body can be done with rigid or flexible bronchoscopy.213 
While rigid bronchoscopy usually requires sedation or 
general anesthesia, it is the procedure of choice in chil-
dren, with success rates at more than 98%.213 Regard-
less of which technique is used, it is essential to make 
sure that all fragments of the foreign object have been 
extracted. Removal using direct visualization is compli-
cated but effective in children with partial FBO cases. 
In this treatment option, a laryngoscope and Magill for-
ceps are used to remove the object.213 Careful follow-up 
monitoring and a short course of antibiotics, broncho-
dilators, or steroid therapy may be suggested.213

Prognosis
Prognosis is good for patients who experience FBOs, as 
long as it is treated expeditiously. Almost all FBOs are 
reversible using bronchoscopy. Clinicians should moni-
tor these patients post-procedurally for signs of airway 
irritation, respiratory distress, or the development of 
scar carcinoma.215

Chapter Summary
Precise and timely recognition of pulmonary disorders 
can often make the difference between a neonatal or 
pediatric patient’s survival and death. These respiratory 
system deficiencies illustrate the importance of why 
clinicians must carefully choose appropriate diagnostic 
modalities and properly assess symptoms to effectually 
and appropriately arrive at a positive diagnosis and a 
management care plan.

Key Points
1. Widespread physiologic changes accompany the 

birth process, sometimes exposing neonatal pul-
monary conditions that require proper clinical rea-
soning and decision making to manage.

2. The anticipatory preparation of clinicians in de-
livery room care ensures excellent short- and 
long-term outcomes in neonates.

3. In most cases, AOP will resolve itself with no last-
ing complications; however, some infants require 
pharmacologic or ventilatory support to maintain 
respiratory functionality.

4. Neonates with MAS may have tachypnea, nasal 
flaring, desaturations, abnormal breath sounds, re-
tractions, cyanosis, or visible meconium staining in 
the oropharynx.

5. Infants with CHDs are often at lasting risk for  
other medical troubles and developmental 
complications.

6. The main causes of IRDS are lung structure imma-
turity and a lack of surfactant in the lungs.

7. BPD most commonly develops in neonates who 
require prolonged ventilator support or long-term 
supplemental oxygen therapy, which interrupts 
typical lung development.

8. Once transient TTN resolves, infants recover 
quickly and have no minimal risk for additional re-
spiratory or chronic health problems.

9. The progression of a CDH allows abdominal con-
tents to enter the chest cavity, compressing the in-
fant’s lung and triggering respiratory distress.

10. Clinicians must have powerful problem-solving 
skills to appropriately diagnose, treat, and manage 
pediatric pulmonary disorders.

11. Croup is an acute, viral pediatric respiratory tract 
infection that is usually identified clinically, but 
a neck radiographic film typically shows a classic 
steeple sign, supporting the diagnosis.

12. If epiglottitis is suspected, securing a child’s com-
promised airway is of greatest importance.

13. Indications for bronchiolitis include advancing 
respiratory distress, lethargy, history of apneic epi-
sodes, hypoxemia, and inadequate feedings.

14. FBO occurs very acutely and causes asphyxia in 
children; thus, rapid clinical recognition is the key 
to successful patient outcomes.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Treatment for bronchiolitis al-
most always involves surgery.

2. True or False: The cause of most cases of croup 
is viral.

3. True or False: The type of obstruction typically 
involved with acute epiglottitis is supraglottic.

FIGURE 24-28 CXR of a foreign body aspiration.
Reproduced with permission from Life in the Fast Lane (LITFL.com).
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Chapter Questions
1. True or False: Apnea is a symptom of any number 

of different etiologies.
2. Croup affects what three anatomical areas of the 

infant?
a. Larynx, trachea, and bronchi
b. Larynx, trachea, and esophagus
c. Trachea, esophagus, and bronchi
d. It affects only two anatomical areas: larynx and 

trachea
3. True or False: Acute bronchiolitis is usually bacte-

rial in nature.
4. What are the major factors involved in the patho-

physiology of infant respiratory distress syndrome 
(IRDS)?

I. Surfactant deficiency
II. Increased alveolar surface area

III. Shunting of blood
IV. Deprived lung fluid clearance

a. I, II, III
b. I, III, IV
c. II, III, IV
d. I, II, III, IV

5. What is associated with the ball-valve effect in me-
conium aspiration syndrome?
a. Barotrauma
b. Atelectrauma
c. Volutrauma
d. Biotrauma

6. Which of the following defects is NOT associated 
with tetralogy of Fallot?
a. Ventricular septal defect
b. Pulmonic stenosis
c. Misplaced aorta
d. Right ventricular hypoplasia

7. The most common radiographic finding that 
suggests the presence of epiglottitis is (the) 
___________________________.
a. steeple sign
b. atelectasis
c. thumb sign
d. perihilar streaking

8. The cause of transient tachypnea of the newborn 
(TTN) is believed to be _______________________.
a. delayed clearance of fetal lung fluid
b. pre-eclampsia
c. irregular formation of the heart
d. impaired surfactant production

9. What is the best strategy in the management/treat-
ment of bronchopulmonary dysplasia (BPD)?
a. Extracorporeal membrane oxygenation
b. Prevention
c. HFNC therapy
d. Antibiotics

10. The standard diagnostic tool to confirm the pres-
ence of a congenital diaphragmatic hernia is  
__________________________________.
a. magnetic resonance imaging
b. echocardiogram
c. ABG analysis test
d. chest radiography (CXR)

11. All of the following are included in the clinical pre-
sentation of foreign body obstruction in children, 
EXCEPT ___________________________.
a. cyanosis
b. increased mucus production
c. wheezing
d. respiratory distress

12. True or False: Most congenital heart defects are 
caused by genetics.

13. If a neonate is failing to thrive upon delivery 
examination, clinicians have approximately 
_______________ to complete the preliminary eval-
uation and initiate resuscitative interventions.
a. 30 seconds
b. 60 seconds
c. 2 minutes
d. 5 minutes

14. What is another name for TTN?
a. Fetal asphyxia
b. Fetal hypoxic stress syndrome
c. Wet lungs
d. Hyaline membrane disease

15. What breath sounds are heard in congenital dia-
phragmatic hernia?
a. Diminished with wheezing sounds on the af-

fected side
b. Rhonchi sounds on the affected side
c. Diminished with bowel sounds in the chest 

cavity
d. Rhonchi with bowel sounds in the chest cavity

16. Which information would be most helpful during 
patient/caregiver education about the primary pre-
vention of foreign body aspiration?
a. Most common objects that infants aspirate
b. Signs and symptoms of foreign body aspiration
c. Therapeutic management of foreign body 

aspiration
d. Risks associated with foreign body aspiration

17. True or False: Thinner meconium usually correlates 
with more severe respiratory symptoms.

18. If neonatal breathing is not adequate, the ABCs 
of resuscitation should be followed. What do the 
ABCs stand for?
a. Airway, breathing, and circulation
b. Airway, blood sampling, and CXR
c. ABG analysis, breathing, and corticosteroids
d. Apgar score, bronchodilators, and circulation
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19. Lower gestational age _______________ the inci-
dence of apnea.
a. increases
b. decreases
c. does not affect

20. The position of the pulmonary artery and aorta 
being switched describes the pathophysiology of 
which congenital heart defect?
a. Truncus arteriosus
b. Coarctation of the aorta
c. Ebstein anomaly
d. Transposition of the great arteries
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Introduction
In 1963, the first human lung transplantation was at-
tempted, but it was not until 1986 that Dr. Joel Cooper 
reported the first successful single lung transplant ex-
tending survival at the University of Toronto. In 1968, 
Dr. Denton Cooley and associates were first to attempt 
heart-lung transplantation (HLT) to correct an atrio-
ventricular canal defect and pulmonary hypertension 
in a 2-year-old girl although the patient died 14 hours 
postoperatively.1 It was not until 1981 that the first suc-
cessful heart-lung transplant was performed at Stan-
ford in a 45-year-old woman, with primary pulmonary 

hypertension, who survived more than 5 years follow-
ing the procedure (due mostly to the advent and use 
of cyclosporine).2 In 1988, Dr. Alexander Patterson 
described en bloc double-lung transplantation associ-
ated with tracheal anastomotic complications because 
of poor vascularity, which led to the development of 
bilateral-sequential single lung transplantation (SLT) 
becoming the standard of care for patients requiring 
bilateral lung replacement.2 Knowledge gained from 
early lung transplantations resulted in refinements in 
patient selection, surgical techniques, immunosuppres-
sion, and postoperative care, which have made success-
ful application of lung transplantation possible to a wide 

Case Study
A 42-year-old male and former 10 pack-year smoker 
with severe chronic obstructive pulmonary disease 
(COPD) due to emphysema and alpha-1-antitrypsin de-
ficiency returned to his primary care provider’s office for 
follow-up. He was recently hospitalized in the intensive 
care unit (ICU) for 3 days with an exacerbation of COPD, 
requiring the use of intravenous steroids and antibiot-
ics, nebulized bronchodilators, and noninvasive positive 
pressure support (NIPPV). He had been admitted to the 
hospital several times over the past year. Following a 
brief 3-day stay in the ICU, he is transferred to a step-
down unit, where he remained for 3 additional days. 
While in the respiratory step-down unit, the hospitalist 
caring for him asked him if he was ever asked about 
having a lung transplant, to which he denied. An arterial 
blood gas analysis taken before his hospital discharge 
showed a pH of 7.37, Pco2 of 48, and Po2 of 63 mm Hg.

During a follow-up office visit 10 days following hos-
pital discharge, he reported compliance with his medi-
cal therapy, which included nebulized albuterol every 
4 hours while awake, inhaled tiotropium four times 
daily, and inhaled salmeterol-fluticasone twice daily. 
He continues to wear supplemental nasal oxygen at 3 
L around the clock. On physical exam, the patient ap-
peared cachectic and has mild respiratory distress while 
at rest. With portable nasal oxygen, at 3 L/minute, he 
can walk into the exam room very slowly. His height 
is 5 feet 5 inches; weight is 106 pounds; blood pres-
sure is 100/65; pulse is 110; and the oral temperature 
is 98.0°F. His respiratory rate is 28 and he appeared 
visibly labored and shallow. Pulse oximetry taken in his 
physician’s office measured 91% on 3 L oxygen. HEENT 
examination displays no significant abnormal findings 
other than a slightly deviated nasal septum. His neck is 
supple with no jugular vein distension or thyroid gland 
enlargement. Lungs reveal markedly decreased bilateral 
breath sounds. Cardiac examination reveals distant 
heart sounds with a right ventricular heave noted but 

no audible murmur. The patient’s abdomen is scaphoid 
and without masses or organomegaly. Extremity ex-
amination reveals diminished distal pulses bilaterally. 
Neurologic examination reveals no focal deficits.

Complete pulmonary function testing performed as 
an outpatient before the physician office visit reveals 
an forced expiratory volume in one second (FEV1) of 
<30% predicted with significant elevation of static 
lung volumes and calculated airway resistance. He 
scored 3 on the Modified Medical Research Council 
(MMRC) Dyspnea Scale. See Table 25-1. He is able to 
walk only 100 m during a 6-minute walk test (6MWT). 
His body mass index (BMI) measured 17.6 kg/m2.

During his follow-up office visit, the patient inquires 
as to any other treatment options that might be avail-
able to him, including whether he might be a candi-
date for a lung transplant.

MMRC 
Grade

Degree of Breathlessness Related to the 
Following Activities

0 I get breathless only with strenuous exercise.

1 I get short of breath when hurrying on the level or 
walking up a slight hill.

2 I walk slower than people of the same age on the level 
because of breathlessness, or I have to stop for a 
breath when walking on my own pace on the level.

3 I stop for breath after walking about 100 m or after 
a few minutes on the level.

4 I am too breathless to leave the house, or I am 
breathless when dressing or undressing.

Data from Global Initiative for Chronic Obstructive Lung Disease. Global 
Strategy for The Diagnosis, Management, And Prevention of Chronic 
Obstructive Pulmonary Disease. Global Initiative for Chronic Obstructive 
Lung Disease; 2018. http://goldcopd.org.

TABLE 25-1
MMRC Dyspnea Scale
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variety of advanced lung disorders. Through June 2014, 
the Registry of the International Society for Heart and 
Lung Transplantation has data from 51,440 adult lung 
transplants and 3,820 adult heart-lung transplants.3 This 
offers the prospect of improved functional status and 
QOL for the patients. Despite the growing demand for 
lung transplantation, serious problems persist that limit 
the utility of this procedure. Among those patients who 
make it to the waiting list in the United States, an aver-
age of 300 patients die annually while waiting for lung 
transplants.4 Lung transplantation is severely limited by 
a shortage of donor organs, and furthermore, only 20% 
of potential donor lungs are used.5

Unfortunately, under current lung donor selection 
standards, many potential donors are considered inca-
pable of meeting the demands of the many desperately 
ill patients awaiting transplantation. In the United 
States, an average of 300 patients die annually while 
waiting for lung transplants.4 Some estimates suggest 
that as many as 80% of lungs available for transplanta-
tion are not usable because of injury imposed by the 
inflammatory response to brain death and complica-
tions associated with treatment in the ICU, such as 
barotrauma, neurogenic, and hydrostatic pulmonary 
edema.6 Transplant recipients are also predisposed to 
numerous potential complications arising from the sur-
gical procedure, innate transplant immunology, lifelong 
immunosuppressive medications, and the increased 
risks of developing both common and uncommon in-
fections. Immunosuppressive therapy produces several 
troubling side effects, such as the significant risk of in-
fection and malignancy. Despite the intended therapeu-
tic use of immunosuppressive agents, allograft rejection 
occurs frequently and continually threatens organ func-
tion. Long-term survival utilizing current techniques 
continues to be an arduous goal because only about 
half of lung transplant recipients live beyond 5 years.7 
Optimizing outcomes in the face of these drawbacks 
mandates the judicious selection of candidates and me-
ticulous care of recipients by clinicians competent in 
dealing with the vulnerabilities of posttransplant life.

Lung transplantation (LTx) is a well-established 
therapy for selected patients with end-stage pulmonary 
disease.8 Transplantation is now included as a treatment 
option in selected patients for a diverse range of ad-
vanced pulmonary disorders that affect the airways, pa-
renchyma, and pulmonary vasculature. Although COPD 
exclusive of alpha-1 antitrypsin deficiency was initially 
the most common indication worldwide, currently the 
number of transplants performed for idiopathic pul-
monary fibrosis (IPF) is equal to the number of lung 
transplants for COPD.8 Cystic fibrosis (CF) is the third 
most common indication for lung transplantation, with 
less common indications including emphysema due 
to alpha-1 antitrypsin deficiency, sarcoidosis, non-CF 
bronchiectasis, nontransplant obliterative bronchiolitis, 
and lymphangioleiomyomatosis. Idiopathic pulmonary 
arterial hypertension (IPAH), which at one time was 

considered a significant indication for lung transplan-
tation, currently comprises only about 2% of the total 
number of lung transplantations performed.9 This 
change has occurred as the result of major advances in 
the medical management of these patients. Severe lung 
disorders that are controversial for transplant consider-
ation include conditions involving underlying collagen 
vascular disease because extrapulmonary manifesta-
tions of the systemic disease involving esophageal 
motility and gastrointestinal reflux may compromise 
posttransplant outcomes by potentially increasing the 
risk of aspiration and graft loss. Lung transplantation 
for locally advanced bronchoalveolar carcinoma results 
in a high rate of cancer recurrence, leading most trans-
plant centers to abandon this as a realistic option for 
definitive cure.9

Extending the current long-term survival rate fol-
lowing lung transplantation is dependent upon the 
reduction of several common complications. These 
complications continue to be encountered despite 
vigorous attempts to identify them early and modify 
or extinguish their effects. Primary graft dysfunction 
(PGD), airway complications, acute rejection, 
chronic lung allograft dysfunction (CLAD), and re-
spiratory infection can significantly impact immedi-
ate as well as long-term survival. PGD typically takes 
place in the first few weeks following transplantation, 
whereas acute rejection and airway complications pri-
marily occur within the first posttransplantation year. 
CLAD, on the other hand, usually happens later in the 
posttransplant period. Infections by a wide variety of 
bacteria, fungi, viruses, as well as several opportunistic 
pathogens pose a significant risk of morbidity and mor-
tality at all stages following transplantation.

It is vital that advances in pre- and posttransplantation 
care continue to evolve and have a positive impact on lung 
transplantation,s overall success. Improving lung donor 
availability by utilizing extended criteria has increased the 
number of acceptable lungs for donation. Ex vivo lung per-
fusion serves to “recondition” lungs that previously might 
have been unacceptable and discarded.10 Other develop-
ments include the use of gene therapy to help repair dam-
aged donor lungs previously found unfit for transplant. 
These developments continue to increase the number of 
lungs deemed suitable for transplantation. The introduc-
tion of newer or modified immunosuppressive agents as 
they become available and are capable of improved immu-
notherapy induction, maintenance, or rescue efficacy will 
be welcome additions.

The Transplantation System
In 1984, the U.S. Congress passed the National Organ 
Transplant Act, which established the Organ Procure-
ment and Transplantation Network (OPTN) to maintain 
a national registry for organ matching.11 The U.S. organ 
transplantation system is composed of three distinct yet 
linked divisional sections. The United Network for Organ 
Sharing (UNOS) administers the OPTN and is under 
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Candidate (Recipient) Selection
Referral for transplant and placement on the wait-
ing list are two distinct processes, but there is general 
agreement that referral to a lung transplant program 
should occur early in patients who have a pulmonary 
disease that is amenable to transplant.14 Ideal candi-
dates for lung transplantation are free of comorbidities, 

contract with the Health Resources and Services Admin-
istration of the U.S. Department of Health and Human 
Services. The Organ Procurement Organizations (OPOs) 
are nongovernmental and have two significant roles in 
their service areas, to increase the number of registered 
donors and to coordinate the donation process. There 
are currently 58 OPOs in the United States, each with its 
designated service area.12 Transplant centers represent 
the third arm of the U.S. transplantation system and are 
the focal point within the system where the transplanta-
tion procedures are performed.

Worldwide, organ distribution policies are influ-
enced by medical, ethical, geographic, and political 
factors that vary from country to country. With many 
of the allocation systems in current use, however, po-
tential recipients are placed on a waiting list and must 
be matched for blood group compatibility and lung size 
with an acceptable donor. Most lungs are procured from 
deceased donors after brain death, although studies of 
donation after cardiac death (DCD) suggest using DCD 
donors to expand the available pool.13 Until 2005, patients 
in the United States were transplanted in the order they 
were placed on the waiting list without regard to the se-
verity of illness. Earlier-listed patients were prioritized 
higher based on the length of time they had accrued on the 
waiting list. The rules governing the allocation of organs 
vary between different countries but typically involve a 
time-based or need-based ranking of candidates on the 
waiting list, or some combination of the two.9 Experience 
with other solid organ transplantation made it evident that 
the existing time-based system was inequitable. A more 
valid and consistent priority system could result in lower 
mortality for patients with more significant need and the 
likelihood of not surviving prolonged waiting times.

In May 2005, the United States implemented a lung al-
location scoring (LAS) system that is based on the need for 
transplant and the likelihood of success. The LAS system 
is predicated on an analysis of the comprehensive UNOS 
national database, which identifies a dozen factors inde-
pendently predictive of 1-year survival without and with 
transplantation.4 See Box 25-1. These factors are then used 
to calculate an individual’s lung allocation score (LAS), 
which can range from 0 to 100. The higher the score, the 

higher the preference for transplantation. Because sur-
vival without transplantation is factored into both net 
transplant benefit and medical urgency measures, it has a 
more significant impact on the LAS than posttransplant 
survival.9 With the LAS system, wait time has decreased 
from 2 to 3 years to less than 6 months, and one-quarter 
of patients are waiting less than 35 days. Also, there was a 
significant reduction in the waiting list death rate, one of 
the primary objectives of the new system.9

BOX 25-1 LAS Data
Age
Height
Weight
Lung diagnosis code
Functional status
Diabetes
Assisted ventilation
Required supplemental oxygen
Predicted forced vital capacity (FVC) percentage
6MWT
Pulmonary artery systolic pressure
Mean pulmonary artery pressure
Cardiac index
Central venous pressure
Paco2: current, highest, lowest
Serum creatinine: current, highest, lowest
Total bilirubin: current, highest, lowest

Data from the Organ Procurement and Transplantation Network 
Lung Allocation Score Calculator at https://optn.transplant 
.hrsa.gov/resources/allocation-calculators/las-calculator/.

KNOWLEDGE CHECK QUESTIONS

1. True or False: In the United States, an average 
of 100 patients die every year while waiting for 
lung transplants.

2. True or False: The number of lung transplants 
for IPF equals the amount for COPD.

3. True or False: Donor lungs cannot be re-
conditioned to make them acceptable for 
transplantation.

KNOWLEDGE CHECK QUESTIONS

1. True or False: The current lung allocation sys-
tem in the United States considers both the 
need for transplantation and the likelihood of 
success.

2. True or False: Before 2005, the lung transplan-
tation list did not consider need or success.

3. True or False: The LAS decreased the waiting 
time from 3 years to 1 year.
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that a patient meets the minimum clinical character-
istics that might warrant transplant consideration.14 
Listing for transplantation occurs when the pulmonary 
disease has advanced to a disabling and potentially life-
threatening stage, such that survival with transplanta-
tion is deemed to be more likely than survival without 
transplantation.9

Patients with advanced cardiac and pulmonary 
disease not amenable to either isolated heart or lung 
transplant may be candidates for combined HLT. Most 
commonly, patients with irreversible myocardial dys-
function or congenital defects with irreparable defects 
of the valves or chambers in conjunction with intrinsic 
lung disease or severe pulmonary artery hypertension 
are considered for HLT.14 While these more common 
indications for invasive transplantation procedures are 
life-limiting conditions, candidates for lung transplanta-
tion despite having a severe chronic lung disease that is 

Disease Time of Referral for Lung Transplant Time of Placement on Wait List

IPF At the time of diagnosis • FVC <65% predicted
• DLCO <40% predicted
• 6 MWD <250 m
• ≥10% decline in FVC over 6 m
• ≥15% decline in DLCO over 6 m
• 50 m decline in 6MVD over 6 m
• Spo2 <88% during 6MWT
• Extensive and/or worsening fibrosis on HRCT
• Presence of significant pulmonary hypertension
• Moderate-to-severe and/or worsening dyspnea
• History of respiratory hospitalization

COPD Presence of ≥1:
• BODE index ≥5
• Pao2 <60 mm Hg and/or Paco2 >50 mm Hg
• FEV1 <25% predicted
• Progressive disease despite optimal medical therapy, 

including pulmonary rehabilitation

Presence of ≥1:
• BODE ≥7
• FEV1 <15–20% predicted
• Frequent exacerbations
• Episode of acute hypercapnic respiratory failure
• Moderate-to-severe pulmonary hypertension

CF • FEV1 <30% predicted or rapid decline in FEV1, 
particularly in females

• Increasing frequency of exacerbations
• Exacerbations requiring NIV
• Recurrent or refractory pneumothorax or massive 

hemoptysis
• Worsening nutritional status despite supplementation
• 6 MWD <400 m

• Paco2 >50 mm Hg
• Pao2 <60 mm Hg
• Advanced functional limitation
• Pulmonary hypertension

Pulmonary 
vascular 
diseases

• NYHA Functional Class III or IV with symptoms during 
escalating therapy

• Rapidly progressive disease
• Use of parenteral targeted PAH therapy regardless of 

symptoms or NYHA Functional Class
• Known or suspected PVOD or pulmonary capillary 

hemangiomatosis

• Persistent NYHA Class III or IV despite maximal medical 
therapy

• CI <2 L/minute/m2

• Mean right atrial pressure >15 mm Hg
• 6 MWD <350 m
• Development of significant hemoptysis, pericardial effusion, 

or signs of progressive right heart failure (renal insufficiency, 
increasing bilirubin, brain natriuretic peptide, or recurrent ascites)

TABLE 25-2
Lung Transplantation Guidelines for Disease-Specific Candidate Selection

Data from Weill D, Benden C, Corris P, et al. A consensus document for the selection of lung transplant candidates: 2014—an update from the Pulmonary 
Transplantation Council of the International Society for Heart and Lung Transplantation. J Heart Lung Transplant. 2015;34(1):1-15. doi:10.1016/j.healun 
.2014.06.014; Girgis R, Khaghani A. A global perspective of lung transplantation: part 1—recipient selection and choice of procedure. HYPERLINK "https:// 
www.ncbi.nlm.nih.gov/pubmed/29043255"Glob Cardiol Sci Pract. 2016;2016(1). doi:10.21542/gcsp.2016.5. 

committed to the procedure, and have strong psychoso-
cial support. Given the potential risks, LTx candidates 
should have refractory end-stage lung disease with 
advanced functional limitations and a limited expected 
survival.15

The pulmonary diseases amenable to lung transplan-
tation include a broad spectrum of chronic and severely 
debilitating illnesses involving the airways, lung paren-
chyma, or pulmonary vasculature. The most common of 
these diseases include interstitial lung disease, most spe-
cifically IPF; CF; COPD, including both non-alpha-1 an-
titrypsin deficiency and alpha-1 antitrypsin deficiency; 
and pulmonary vascular diseases.14 Table 25-2 is a sum-
mary of internationally accepted disease-specific candi-
date selection criteria from the International Society for 
Heart and Lung Transplantation (ISHLT). If a patient 
is referred to a transplant center, it is not an automatic 
endorsement of listing that individual. Referral implies 
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unresponsive to medical or surgical therapy should ide-
ally be otherwise in reasonably good health.

Older patients have a significantly worse survival 
rate compared with younger patients who have similar 
risk factors. However, a study by Hayanga et al. sug-
gests that, contrary to findings from previous studies, 
being older than 70 years of age is not an independent 
predictor of death at 1-year post-LTx.16 This study, 
of over 6,500 patients, showed that more recently 
(2006–2012) survival rates for the age group 70–79 
years are higher at 3- and 5-year post-LTx than in pre-
vious years (2000–2005).16 Age needs to be considered 
on a case-by-case basis and in conjunction with other 
factors when assessing a recipient’s candidacy. How-
ever, comorbidities often associated with aging, such 

as diabetes, coronary artery disease, and hypertension, 
increase risk.15

Patients with critical illness resulting from their se-
vere lung disease often have major coexistent organ 
dysfunction or malignancy, persistent infection, obsti-
nate behavioral nonadherence, psychiatric impairments, 
poor nutritional status, or other contraindications to 
transplantation. Each transplant center requires specific 
evaluation requirements that potential lung transplant 
recipients must undergo before a candidate is considered 
suitable for placement on the UNOS national waiting list. 
While all patients considered for transplantation undergo 
a standard assessment of their disease determined by 
each transplant center’s own set of guidelines, transplant 
centers include a meticulous, systematic evaluation to 

BOX 25-2 Testing Components of Lung Transplant Evaluation

Pulmonary Evaluation
1. PA and lateral chest radiograph
2. Spiral CT of the chest with contrast
3. Pulmonary function test with DLCO
4. Arterial blood gases on room air
5. 6MWT with pre- and post-oxygen saturation
6. Ventilation/perfusion scan with differential quanti-

tation for single lung transplant cases
7. Diaphragmatic sniff test: ultrasound or 

fluoroscopy
8. Quantiferon test/T-spot test

Cardiovascular Evaluation
1. ECG
2. Echocardiogram
3. Right heart catheterization
4. Left heart catheterization with coronary angiogra-

phy for patients over age 50 or age 45 with strong 
family history or clinical suspicion.

5. If known coronary artery disease, consider stress 
testing (dobutamine ECHO)

6. Carotid Doppler for high-risk patients over age 60, 
history of a neurologic event, and patients found to 
have coronary artery disease.

7. Lower extremity ankle-brachial index for high risk 
over age 60 or exam suggestive of peripheral vas-
cular disease, diabetes, and patients found to have 
coronary artery disease.

Gastrointestinal Evaluation
1. Spiral CT of abdomen and pelvis with contrast
2. Colonoscopy or CT colonography for patients over 

age 50
3. Cine-esophagogram on all patients

Other Testing
1. 24-hour urine for creatinine clearance if the calcu-

lated glomerular filtration rate is less than 40
2. Bone mineral density
3. Mammogram for women over age 40
4. PAP smear annually
5. Dental clearance
Laboratory Tests
1. Full chemistry panel, CBC with differential, uric 

acid, lipid panel, thyroid function, iron, TIBC, ferri-
tin, vitamin D level, PT/PTT, pre-albumin, Hgb A1C

2. Urine drug screen
3. Blood cotinine level
4. Urinalysis, with micro
5. Urine-albumin-to-creatinine ratio, if diabetic
6. Hypercoagulable workup if there is a personal or 

family history of venous and/or arterial thrombosis
7. Stool for occult blood, if no colonoscopy
8. PSA in males over the age of 40 or younger if family 

history of prostate cancer
9. Sputum Gram stain and culture (routine, fungal, 

and AFB) if productive cough present and in all CF/
bronchiectasis patients

 10. MRSA nasal swab
 11.  Anti-human leukocyte antigens (HLA) antibodies 

(PRA)
 12. Blood type, tissue typing (before listing)
 13.  Serology: cytomegalovirus (CMV) IgG, HIV, viral 

hepatitis, Epstein-Barr virus (EBV), RPR, HSV, vari-
cella-zoster virus (VZV), MMR, toxoplasmosis

Data from Girgis R, Khaghani A. A global perspective of lung  
transplantation: part 1—recipient selection and choice of procedure. 
Glob Cardiol Sci Pract. 2016;2016(1). doi:10.21542/gcsp.2016.5.

676 CHAPTER 25 Lung Transplantation



assess the severity of the disease and detect potential 
risks for a poor outcome.15 See Box 25-2.

Evidence of significant renal, hepatic, or left ven-
tricular dysfunction precludes lung transplantation 
although multiorgan transplantation such as heart-lung 
or lung-liver may be considered in highly select pa-
tients. Because lung transplantation is a complex ther-
apy with a significant risk of perioperative morbidity 
and mortality, it is essential to consider the overall sum 
of contraindications and comorbidities.14 See Box 25-3 
for absolute (inadvisable) and relative (may be done 
with caution if benefits outweigh risk) contraindications 
for lung transplantation.

Controversy continues to exist among transplant 
centers regarding the eligibility of ventilator-dependent 

patients before transplantation in the ICU. This situation 
was recognized as a risk factor for heightened short-
term posttransplant mortality in the past, but it does not 
appear to adversely impact outcomes beyond the first 
posttransplantation year.9 Mechanical ventilation is as-
sociated with increased posttransplant mortality; the risk 
is not prohibitive and should be factored into the entire 
assessment. These patients should already be on a wait-
ing list or have nearly completed their evaluation. Long-
term ventilator dependency causes respiratory muscle 
weakness and infections that are likely to complicate the 
situation. To improve their posttransplant survival rate, 
these patients must have early tracheostomies and mini-
mal sedation, and must participate in aggressive physical 
therapy pre-transplant.15

BOX 25-3 Contraindications to Lung Transplantation

Absolute Contraindications

 � Recent history of malignancy of ≤5 years (except 
non-melanoma localized skin cancer treated 
appropriately)

 � Untreatable significant dysfunction of another ma-
jor organ system unless combined organ transplan-
tation can be performed:

 y Heart

 y Liver

 y Kidney

 y Brain

 � Uncorrected atherosclerotic disease and/or  
coronary artery disease not amenable to 
revascularization

 � Acute medical instability, including, but not limited 
to, acute sepsis, myocardial infarction, and liver 
failure

 � Uncorrectable bleeding diathesis

 � Chronic infection with highly virulent and/or 
resistant microbes that are poorly controlled 
pre-transplant

 � Evidence of active Mycobacterium tuberculosis 
infection

 � Class II or III obesity (BMI ≥35.0 kg/m2)

 � Current nonadherence to medical therapy or 
a history of repeated or prolonged episodes 
of nonadherence to medical therapy that are 
perceived to increase the risk of nonadherence 
posttransplantation

 � Psychiatric or psychologic conditions associated 
with the inability to cooperate with the medical/
healthcare team and/or adhere to complex medical 
therapy

 � Severely limited functional status with poor reha-
bilitation potential

 � Substance abuse or dependence on alcohol, to-
bacco, marijuana, or other illicit substances

Relative Contraindications

 � Age over 65–70 years; case-by-case analysis for 
older patients

 � Class I obesity (BMI 30.0–34.9 kg/m2)

 � Progressive or severe malnutrition

 � Severe, symptomatic osteoporosis

 � Extensive prior chest surgery with lung resection

 � Chronic mechanical ventilation and/or extracorpo-
real life support; case-by-case evaluation

 � Colonization or infection with highly resistant or 
highly virulent bacteria, fungi, and certain strains of 
mycobacteria

 � Uncontrolled HIV

 � Atherosclerotic disease burden is sufficient to put 
the candidate at risk for end-organ disease after 
lung transplantation

 � Other medical conditions not resulting in end-stage 
organ damage must be optimally managed:

 y Diabetes mellitus

 y Systemic hypertension

 y Epilepsy

 y Central venous obstruction

 y Peptic ulcer disease

 y Gastroesophageal reflux

Data from Weill D, Benden C, Corris P, et al. A consensus document 
for the selection of lung transplant candidates: 2014—an update 
from the Pulmonary Transplantation Council of the International 
Society for Heart and Lung Transplantation. J Heart Lung Transplant. 
2015;34(1):1–15. doi:10.1016/j.healun.2014.06.014.
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Some transplant centers chose to restrict transplant 
eligibility to select patients early in respiratory failure 
before the onset of profound debility or intercurrent 
complications of critical illness. Patients receiving non-
invasive ventilatory support in contrast to those requir-
ing invasive ventilation who meet all other criteria are 
eligible to receive lung transplantation. Issues that face 
individual transplant centers in decision making regard-
ing eligibility for lung transplant selection are those can-
didates with prior cardiopulmonary bypass and those 
individuals who received pleurodesis, which increases 
the risk of intraoperative bleeding. Similarly, pleural 
thickening associated with aspergillomas complicates 
native lung removal and carries the additional risk of 
contaminating the pleural space with fungal organisms.

has increased slightly with the use of “extended cri-
teria” donors, with posttransplant outcomes approxi-
mating those achieved with the use of donors meeting 
standard lung transplant criteria. Current studies sug-
gest the benefit of using DCD donors to expand the 
available donor pool.13 Therefore, most centers have 
judiciously relaxed these requirements to expand the 
donor pool.7 See Table 25-3. The decision whether the 
organ is suitable for transplantation or not is deter-
mined after retrieval, interventions to improve donor 
lung function, and close inspection of the parenchyma 
and hilar structures.18 The acceptance of the extended 
donor criteria coupled with improvements in donor 
management has contributed to an increase in lung 
transplantation procedures over the past decade.7  
See Box 25-4.

BOX 25-4 Interventions to Improve 
Donor Lung Function

 � Frequent suctioning to remove secretions

 � Ventilatory manipulation to promote lung ex-
pansion and reverse atelectasis (inspiratory pres-
sures of 25 cm H2O and positive end-expiratory 
pressure of 15 cm H2O for 2 hours)

 � Reverse fluid overload with diuresis and fluid 
restriction

 � Absolute criteria when donor lungs with ex-
tended criteria are utilized:

 y Pao2/Fio2 >300 mm Hg

 y No persistent radiographic infiltrates

 y No copious purulent secretions

 y No bronchoscopic evidence of aspiration

Data from Spahr J, Meyer K. Lung transplantation. In: Hricik D, ed. 
Primer on Transplantation. 3rd ed. Hoboken, NH: Wiley-Blackwell; 
2011 (Table 9.4, p. 214). https://doi.org/10.1002/9781444391770 
.ch9. Accessed April 16, 2018.

KNOWLEDGE CHECK QUESTIONS

1. True or False: All transplant centers uti-
lize a standard set of guidelines for 
pre-transplantation assessment.

2. True or False: Patients with untreatable, signifi-
cant multiorgan disease may not be considered 
for a lung transplant.

3. True or False: Patients over the age of 65 are 
never considered for lung transplantation.

Traditional Donor Criteria Extended Donor Criteria

• Age <50 years
• Minimal tobacco exposure
• Normal chest radiograph
• Pao2 >300 mm Hg with 

PEEP 5 cm H2O and Fio2 
100%

• No evidence of aspiration

• Age up to 65 years
• Smoking up to 20 pack-years
• Unilateral chest trauma or 

infiltrate
• Mechanical ventilation >4 days
• Positive Gram stain on 

tracheobronchial washing and/
or bronchoalveolar lavage

Data from Spahr J, Meyer K. Lung transplantation. In: Hricik D, ed. Primer on 
Transplantation. 3rd ed. Hoboken, NH: Wiley-Blackwell; 2011 (Table 9.4, p. 214). 
https://doi.org/10.1002/9781444391770.ch9. Accessed April 16, 2018. 

TABLE 25-3
Traditional versus Extended Criteria for 
Acceptability of Donor Lungs

Donor Selection
Conventional experience dictates that thoughtful deter-
mination of lung donor selection and meticulous organ 
preservation be essential to transplant success. As a re-
sult, it was traditional and considered crucial that strict 
selection criteria be applied when selecting lung donors. 
Mounting evidence, however, has suggested that these 
standard criteria may, in fact, be too stringent, leading 
to unnecessary wastage of suitable lungs. Given the lim-
ited lung resources available, lung donor criteria have 
become progressively more relaxed. Many centers advo-
cate the use of expanded criteria donors to increase the 
donor pool with similar transplant outcomes.13

The first lung transplantation, in 1963, used a 
cardiac-arrested donor. Since then most of the do-
nated lung came from brain-dead donors (BDDs). 
BDD lungs harvested are exceptionally fragile and fre-
quently compromised by volume overload, contusion, 
aspiration of gastric contents, pneumonia, and prior 
smoking.9 To avoid the use of compromised lungs, 
selection criteria were established around 30 years 
ago that define the standard lung donor. These criteria 
lead to the lowest recovery rates of all the major trans-
plantable organs.9 Today there are little data showing 
that any of the historical criteria for defining the ideal 
lung transplant donor impact either short- or long-
term outcomes.13,17 The number of lungs harvested 
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Another procedure that helps extend the lung donor 
pool, in addition to DCD donor lungs and expanded 
criteria, is the implementation of ex vivo lung perfusion 
(EVLP). EVLP serves to “recondition” lungs that were 
previously unacceptable and discarded.10 General in-
dications for EVLP include (1) low oxygenation rates 
(Pao2/Fio2 or P/F <300); (2) signs of pulmonary edema 
on chest radiograph or during procurement at lung ex-
amination; (3) poor lung compliance at procurement; 
(4) high-risk clinical history, such as history for aspira-
tion or pneumonia of contra-lateral donor lung; and  
(5) cardiac death with >60 minutes between withdrawal 
of life-sustaining therapies and arrest.19 Advantages for 
using EVLP include avoiding exposure to the damaging 
effects of cytokine, which accompanies brain death. Also, 
EVLP allows for re-expansion of atelectasis, clearance of 
secretions vial serial bronchoscopies, clot removal with 
the ex vivo perfusate, maintenance of normothermic 
metabolic function, and closer monitoring of the status 
of the lung through serial evaluations of radiographs, 
blood gases, and lung mechanics.10 See Figure 25-1.

The foundations for EVLP include the gradual warm-
ing up to normothermia, gradual increase in vascular 
flow as the lungs are rewarmed, targeting 49% of the do-
nor predicted cardiac output, protective lung ventilation, 
and acellular perfusate with increased colloid osmotic 
pressure.6 Criteria for lung acceptance or declination for 
transplantation after EVLP appear in Table 25-4.

By the hyper-oncotic withdrawal of fluid out of the 
extravascular space leading to the removal of lung 
edema, EVLP significantly improves oxygenation and 
permits successful transplantation of lungs initially 
deemed unsuitable.19 EVLP also holds promise for phar-
macologic manipulation of the lung, not only using an-
tibiotics but also with agents to enhance fluid clearance, 
as well as gene therapy to promote lung repair.10

FIGURE 25-1 Photo depicting the early stages of EVLP. After the 
acellular perfusate is pumped through the pulmonary artery (yellow) 
and out through the left atrium (green), the lungs are warmed to 32°C, 
the endotracheal tube is unclamped, and protective ventilation begins.
Reproduced with permission from Nathan S. The future of lung transplantation. Chest. 2015; 
147(2):309–316. doi:10.1378/chest.14-1748.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Extended criteria allow donor 
lungs to be mechanically ventilated for more 
than 4 days before harvesting.

2. True or False: EVLP is acceptable for donor’s 
lungs with P/F <300.

3. True or False: Donor lungs with a P/F <400 is 
adequate for transplant after EVLP.

Lung Transplant Procedures
There are three prominent lung transplant surgical 
techniques currently utilized to varying degrees, includ-
ing single lung, bilateral-sequential, and living donor 
bi-lobar transplantation. HLT is sometimes considered 
a fourth form of lung transplantation. Historically, 
HLT was the first surgical lung transplant procedure to 

Acceptance Criteria  
after EVLP

Exclusion Criteria  
after EVLP

P/F ratio >400 P/F ratio <400

Stable or improving pulmonary 
artery pressure

>15% deterioration in 
pulmonary artery pressure

Stable or improving airway 
pressure

>15% deterioration in airway 
pressure

Stable or improving lung 
compliance

>15% deterioration in lung 
compliance

Data from Machuca T, Cypel M. Ex vivo lung perfusion. J Thorac Dis. 
2014;6(8):1054–1062.

TABLE 25-4
Acceptance and Exclusion Criteria after 4–6 hours 
of EVLP

achieve a successful outcome yet presently accounts for 
less than 3% of all current procedures.9 The choice of 
surgical procedure is dictated by certain factors, such as 
the underlying lung disease; associated conditions, such 
as previous thoracic or pleural surgeries; the age of the 
patient, survival, and functional advantages; and institu-
tional practice-specific preferences.

Single lung transplantation (SLT) and bilateral  
lung transplantation (BLT) currently comprise at least 
97% of all procedures performed worldwide.9 SLT  offers 
more efficient use of the limited donor pool and is pre-
ferred when feasible because frail patients better tolerate 
it, technically represents the simplest surgical procedure, 
and usually can be performed without cardiopulmonary 
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bypass. On the downside, SLT provides less functional 
reserve than BLT in the setting of allograft dysfunction. 
Results in SLT may also be hindered by complications if 
the native remaining diseased lung in single lung trans-
plants is not removed in patients with bilaterally infected 
lungs (such as in patients with CF or non-CF extensive 
bronchiectasis). Most patients now receive BLT with 
IPAH as well as those with severe secondary pulmonary 
hypertension, although SLT has been performed success-
fully in carefully selected patients. The shift away from 
single lung transplant use has occurred because SLT 
poses an increased risk of perioperative allograft edema 
resulting from the transplanted lung assuming the en-
tire cardiac output. Although SLT has been the primary 
surgical procedure for the treatment of end-stage COPD 
and IPF awaiting lung transplant, BLT currently accounts 
for two-thirds of all procedures for COPD and more than 
one-half of procedures performed for IPF.9

The living donor lobar lung transplantation repre-
sents a technique established to expedite transplanta-
tion and relieve some of the stress on the UNOS donor 
pool.7 The procedure involves transplantation of lower 
lobes from each of two living, blood group–compatible 
donors. One donor lower lobe is implanted into each 
hemithorax of the recipient in a manner like BLT. The 
donors must be larger than the recipient to allow ad-
equate matching of the donor lobe to the dimensions of 
the recipient thoracic cage.7 Despite an overall low risk 
posed to the donors, living bilateral-lobar transplanta-
tion has not gained widespread acceptance, accounting 
for only 3.5% of annual transplant volume at its peak.

Heart-lung transplantation (HLT), on the other hand, 
is principally restricted to patients with Eisenmenger 
syndrome with surgically uncorrectable cardiac condi-
tions, as well as for coexistent end-stage lung and heart 
disease.20 Interestingly, heart replacement is frequently 
not necessary for cor pulmonale because right ventricu-
lar function tends to recover when pulmonary vascular 
afterload is normalized by lung transplantation. Other 
indications for HLT is in conditions in which there is 
end-stage disease in one organ with poor function in the 
other prohibiting single-organ transplantation, such as 
in primary pulmonary hypertension, congenital heart 
disease with Eisenmenger physiology, fibrotic lung dis-
ease, and CF.20

Posttransplant Management
Routine posttransplant management is concentrated on 
periodic monitoring of the allograft, by modifying im-
munosuppressive therapy as needed and by identifying 
problems or complications promptly. Customary fre-
quent contact with a transplant coordinator, consistent 
physician follow-up, and periodic chest radiographs, 
blood tests, and spirometry especially during the first 
year following transplantation are routine. Surveillance 
bronchoscopies are employed in many transplant pro-
grams. Uncomplicated transplantation typically shows 
rapid improvement in lung function that stabilizes 
within 3–6 months. A sustained FEV1 decline of 10–
15%, on the other hand, signals a potentially significant 
problem.

Immunosuppression
Optimal immunosuppression remains paramount in 
maintaining long-term graft survival and preserving a 
fragile balance between infection and rejection. Immu-
nosuppression therapy strategies target multiple immune 
pathways to decrease both acute and chronic allograft 
rejection. The relatively high required burden of immuno-
suppressant agents adds a cumulative risk of nephrotoxic-
ity, bone marrow depression, and malignancy. Induction 
immunosuppressive agents deplete the recipient immune 
system in the immediate posttransplant period to de-
crease early interaction between recipient immune cells 
and donor allograft antigens to prevent acute rejection. 
Data from the ISHLT registry indicate that about 51% of 
lung transplant patients receive some type of induction 
therapy.21 Induction therapy is administered in the early 
postoperative period when the risk of rejection is the 
highest. The aim is to decrease the incidence of acute re-
jections, which in lung transplantation is one of the high-
est among the solid organ transplantations.18

Despite a shift toward more potent im-
munosuppressive regimens, the occurrence of 
chronic allograft rejection continues to impact long-
term survival of lung transplant recipients negatively. 
Newer and more potent therapies have continued to 
emerge as alternative therapeutic options with some 
success.

Maintenance immunosuppressive therapy (Box 25-5) 
is initiated immediately at the time of transplanta-
tion. Immunosuppressive treatment is lifelong. This 
therapy consists of a three-drug protocol composed of 
a calcineurin inhibitor (cyclosporine or tacrolimus), an 
antimetabolite purine synthesis inhibitor (azathioprine 
or mycophenolate), and corticosteroids (prednisone). 
The calcineurin inhibitor decreases IL-2 production 
and reduces T-cell activation and proliferation. Dos-
ages of the calcineurin inhibitor agents are adjusted 
by blood-level monitoring. The antimetabolite purine 
synthesis inhibitor depletes the number of lymphocytes. 
Corticosteroids are known to suppress prostaglandin 

KNOWLEDGE CHECK QUESTIONS

1. True or False: SLT is better tolerated by frail 
patients.

2. True or False: Living lung donation uses the  
upper lobes of the donor.

3. True or False: An indication for a heart-lung 
transplant is recipient cor pulmonale.
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synthesis, minimize histamine/bradykinin release, de-
crease vascular permeability, and downgrade cytokines. 
These agents metabolized by the hepatic cytochrome 
P450 system are known to interact with other medica-
tions that affect this pathway, which can significantly 
alter the clearance and blood level of these agents. 
Sirolimus, an inhibitor of IL-2-stimulated T-cell pro-
liferation, is the newest immunosuppressive agent to 
be introduced into clinical transplant practice. Be-
cause this IL-2 receptor antagonist lacks the inherent 
nephrotoxicity of the calcineurin inhibitors, sirolimus 
has been successfully substituted for cyclosporine or 
tacrolimus in patients with renal insufficiency, leading 
to the recovery of renal function without undue risk of 
rejection. Sirolimus, however, should not be initiated 
until complete healing of the bronchial anastomosis 
has been documented because this drug impairs wound 
healing and has been associated with life-threatening 
bronchial anastomotic dehiscence when used immedi-
ately following transplantation.

Decision making in the care of transplant recipients 
requires considerable familiarity with the administra-
tion, side effects, and drug interactions of these immu-
nosuppressive agents. Although functioning as a basis 
for current transplant therapeutic immunosuppression, 
the use of calcineurin inhibitors is particularly prob-
lematic, necessitating recurrent monitoring of blood 
levels to ensure appropriate dosing. Adverse effects 

of calcineurin inhibitor agents, as well as of the other 
drugs commonly utilized, are significant and substan-
tially contribute to the morbidity associated with trans-
plantation. Antibody-based induction therapy remains 
relatively common, yet there has been a movement 
away from T-cell-depleting agents, such as anti-thy-
mocyte globulin toward anti-IL-2 receptor monoclonal 
antibodies. Newer immunosuppressive agents have 
also recently been introduced within the past few years. 
Two such immunosuppressive agents are sirolimus and 
everolimus which function by blocking growth fac-
tor–driven cell proliferation. Much remains to be deter-
mined in the process of optimizing immunosuppressive 
therapy.

Infection Prophylaxis
Infectious complications substantially affect morbid-
ity and mortality following lung transplantation and 
account for up to 25% of all posttransplant deaths.3 
Despite significant advances in the overall management 
of lung transplant recipients, these patients remain at 
an increased risk for infections and infectious compli-
cations. The high rate of infection is due to high level 
of immunosuppression required to prevent acute and 
chronic rejection, adverse effects of transplantation on 
local pulmonary host defenses (including loss of lym-
phatics, reduced mucociliary clearance, and decreased 
cough), and continuous environmental exposure allow-
ing various infectious pathogens direct access into the 
allograft. The likelihood and type of infection vary with 
the degree of recipient immunosuppression, duration of 
time since transplantation, type and duration of antimi-
crobial prophylaxis, and environmental microbiology. 
Laboratory testing, history, and physical exam in the 
pre-transplant period pay particular attention to previ-
ous infection or exposure to HIV, hepatitis B, hepatitis 
C, toxoplasmosis, VZV, CMV, and EBV. Coinfection 
with viruses such as EBV, CMV, HIV, and hepatitis C 
virus predisposes transplant patients to bacterial and 
fungal infections.

In the immediate postoperative period in lung trans-
plant, recipients are at high risk of bacterial infections. 
Most of these infections occur in the lower respiratory 
tract (bronchitis and pneumonia). Subsequent occur-
rences of bacterial infections tend to re-emerge as a late 
complication of lung transplantation among patients 
in whom bronchiolitis obliterans develops. Transplant 
centers typically establish their own routine antibiotic 
prophylaxis protocol based on organisms usually recov-
ered at their center. The protocol may be modified to 
the individual patient based on pre-transplant culture 
sensitivities of colonizing organisms acquired from 
the donor lungs and subsequent recipient respiratory 
cultures. Because patterns of bacterial resistance often 
vary from institution to institution, susceptibility testing 
is typically very helpful in designing treatment strate-
gies. Primary immunization should be instituted in the 

BOX 25-5 Posttransplantation 
Immunotherapy

Induction Agents

 � Basiliximab/daclizumab

 � Alemtuzumab

 � Anti-Thymocyte Globulin

 � Muromonab-CD3
Maintenance Agents

 � Glucocorticoids

 � Calcineurin inhibitors

 y Cyclosporine

 y Tacrolimus

 � Nucleotide-blocking agents

 y Mycophenolate mofetil

 y Azathioprine

 � mTOR inhibitors

 y Sirolimus

 y Everolimus

Data from Bhorade S, Kotloff R. Maintenance immunosup-
pression following lung transplantation. In: Trulock E, Holling-
sworth H, eds. Uptodate. Waltham, MA: UpToDate; 2018.  
http://www/uptodate.com. Accessed April 20, 2018.
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pre-transplant period, unless otherwise contraindicated, 
for influenza, Streptococcus pneumonia, tetanus, and 
hepatitis B. Live vaccines should be avoided following 
transplant.

Fungal infections are a frequent complication in lung 
transplant recipients, with a 1-year cumulative inci-
dence of 8.6%.22 Because fungal pathogens can pose a 
substantial risk to their lung transplant recipients, most 
transplant centers utilize either universal or targeted 
antifungal prophylaxis. Although the use of antifungal 
prevention has resulted in a decreased mortality and in-
cidence of fungal disease, the approach to achieving this 
strategy has not been a uniform. Antifungal prophylaxis 
in the form of aerosolized Amphotericin B in the imme-
diate postoperative period and azole antifungals such 
as itraconazole or voriconazole for 1–12 months are 
commonly employed. Treatment of invasive mycoses is 
dependent on the site of infection and the specific or-
ganism causing disease.

CMV is the second most common infection among 
lung transplant recipients, after bacterial pneumonia.23 
CMV prophylaxis is essential because CMV causes 
considerable morbidity and mortality and has been 
identified as a risk factor for chronic rejection in lung 
transplant recipients.24 There are two strategies for 
CMV prophylaxis—universal prophylaxis and preemp-
tive prophylaxis; LTx patients at high risk for CMV 
infection are candidates for universal prophylaxis with 
either intravenous ganciclovir or oral valganciclovir. 
Benefits of antiviral CMV prophylaxis not only reduce 
the incidence of CMV disease but also lessen the effects 
of CMV on allograft and patient survival. Pre-emptive 
prophylaxis approach uses frequent (e.g., weekly) moni-
toring for CMV. If viral replication has reached a certain 
threshold, defined by each institution, the patient re-
ceives either valganciclovir orally or ganciclovir intrave-
nously until the viral load becomes undetectable.24

Trimethoprim-sulfamethoxazole (TMP-SMX) is 
given routinely to all transplant recipients who do not 
have sulfa allergies, to prevent Pneumocystis jiroveci 
pneumonia (PCP). Before the generalized use of pro-
phylaxis, the risk of Pneumocystis infection in solid 
organ transplant recipients was the highest between the 
second and the sixth month posttransplantation, during 
periods of intensified immunosuppression. Since the 
establishment of routine prophylaxis with TMP-SMX, 
PCP within the first year posttransplantation has virtu-
ally been eliminated.25 Also, TMP-SMX also provides 
effective prevention against opportunistic pathogens 
such as Listeria monocytogenes, Toxoplasma gondii, and 
Nocardia. TMP-SMX represents the first-line agent for 
PCP prophylaxis because it is better tolerated, has fewer 
adverse effects, and can potentially treat a wide range 
of infections. Dapsone, pentamidine, and atovaquone 
may be substituted when necessary as second-line al-
ternatives. While some controversy exists regarding the 

duration of time for PCP prophylaxis, most transplant 
centers use between 6 and 12 months as their routine.25

Specific treatment options for most 
community-acquired respiratory viruses are not avail-
able except for influenza virus and possibly respiratory 
syncytial virus (RSV). Therefore, appropriate infec-
tion control strategies are especially important in the 
healthcare setting because transplant recipients appear 
to have prolonged viral shedding following community-
acquired viral infection. As with most infections that 
are acquired during the posttransplant period, sup-
portive care and reduction of immunosuppression, 
when possible, remain basic strategies in community-
acquired respiratory virus treatment. While the use of 
antimicrobial prophylaxis has been effective in decreas-
ing the incidence of both common and opportunistic 
infections following transplantation, this strategy has 
not reduced the need for ongoing vigilance in identify-
ing infections.

Surveillance
A lung transplant patient must be carefully monitored to 
ensure that the lung allograft is functioning properly, im-
munosuppressive medications are properly administered 
and tolerated, and complications are detected early and 
addressed quickly. Transplant programs call for patients 
to return regularly and often for follow-up office visits, 
blood tests (including routine surveillance with serial 
CMV antigenemia testing, and CMV DNA polymerase 
chain reaction), and chest radiographs especially dur-
ing the initial 2–3 months following transplantation. 
Most centers provide and encourage participation in 
an intensive pulmonary rehabilitation program during 
this time. Frequently, posttransplant patients monitor 
and chart their pulmonary function daily with portable 
spirometers. A drop of more than 10% in their FEV1 or 
FVC requires they contact the transplant center. Fiber-
optic bronchoscopy with transbronchial biopsy (TBB) 
helps determine the status of posttransplant allograft 
histopathologic events over time. Bronchoalveolar lavage 
(BAL), which is typically performed in conjunction with 
TBB, is useful for diagnosing subclinical and overt active 
infection.

Some transplant centers rely on the use of manda-
tory bronchoscopy when clinical manifestations of lung 
allograft rejection or infection are suspected. There 
is a consensus among transplant centers that clini-
cally mandated transbronchial lung biopsies enhance 
diagnostic complication precision while providing an 
acceptable risk–benefit analysis in experienced hands. 
Many transplant programs employ frequent surveil-
lance bronchoscopies in their lung transplant population 
utilizing inspection, particularly of anastomotic sites as 
well as transbronchial lung biopsies and BAL, within the 
first posttransplant year as a means of monitoring the al-
lograft. Use of fiberoptic bronchoscopy also allows for the 
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identification and management of mechanical complica-
tions of lung transplantation (such as airway stenosis or 
tracheomalacia) with interventional procedures, such as 
stent placement, balloon dilatation, and laser treatment. 
Utilizing a surveillance bronchoscopy (SB) can frequently 
detect clinically significant infection and rejection with 
very low complication rates.26 SB is also gaining promi-
nence in the management of post-transplant airway 
complications.27 SB reduces healthcare costs and improve 
QOL due to lower hospital admission rates in stable lung 
transplant recipients.

KNOWLEDGE CHECK QUESTIONS

1. True or False: A decline of ≥10–15% in FEV1 sig-
nals a potentially significant problem with the 
transplanted lungs.

2. True or False: Immunosuppressive therapy with 
sirolimus begins immediately following the 
transplant surgery.

3. True or False: CMV is the most common cause 
of infection among lung transplant recipients.

Type of 
Complication Examples

PGD

Allograft rejection • Hyperacute allograft rejection
• Acute allograft rejection
• CLAD

Infections • Bacterial
• Viral
• Fungal
• Mycobacterial
• Pneumocystis species

Coagulation/
thrombotic events

• Hemorrhage
• Hypercoagulability
• Thrombosis of venous anastomoses
• Venous thromboembolism
• Axillary vein thrombosis
• Heparin-induced thrombocytopenia  

with thrombosis

Multisystem organ failure

Airway 
complications

• Bronchial stenosis
• Bronchial dehiscence
• Bronchial necrosis
• Excessive exophytic granulation tissue
• Tracheo-bronchomalacia
• Bronchial fistula
• Vocal fold paralysis

Other pulmonary 
complications

• Pleural effusion
• Phrenic nerve injury
• SLT complications

• Native lung hyperinflation
• Native lung infection
• Native lung pneumothorax

Cardiovascular • Systemic hypertension
• Cardiac rhythm disturbances
• Hyperlipidemia

Neurologic 
complications

• Central nervous system dysfunction
• Tremor

Diabetes mellitus • New onset
• Worsened control of established 

disease

Gastrointestinal 
complications

• Impaired motility
• Diarrhea
• Bezoar

• Colon complications
• Diverticulitis
• Perforation
• Colitis

Musculoskeletal 
complications

• Impaired bone metabolism
• Osteoporosis
• Compression fractures
• Avascular necrosis

• Myopathy
• Myelosuppression

(Continues)

TABLE 25-5
Posttransplant Complications

Common Complications  
of Lung Transplantation
The complications following lung transplantation in-
clude, but are limited to, immediate graft failure, pul-
monary edema, diaphragmatic paralysis, pulmonary 
edema, acute bacterial infection, bleeding, anastomotic 
stenosis, renal failure, and stroke. See Table 25-5. Only 
the most common of the pulmonary complications of 
lung transplantation are included in this section.

Primary Graft Dysfunction
PGD, infection, and late graft failure account for most 
of the deaths in the first year following lung transplant. 
PGD after lung transplantation represents a multifacto-
rial injury to the newly transplanted lung that develops 
within the first 72 hours after transplantation.9 PGD 
reflects the summation of injury inflicted on the donor’s 
lung by the transplant process (retrieval, preservation, 
implantation, and reperfusion) and by other recipient 
factors, such as acid aspiration, pneumonia, and micro-
trauma from mechanical ventilation.28 PGD affecting 
11–25%29 of early transplant recipients is a significant 
cause of early morbidity and is associated with a 30-day 
mortality of nearly 50%30 and inferior long-term sur-
vival.3 Despite its usual early appearance shortly fol-
lowing lung transplantation, the risk of death remains 
excessive even beyond the first year suggesting that PGD 
has enduring life-threatening consequences well after 
resolution of the acute event.9 Those individuals that 
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Preventive strategies used to avert the develop-
ment of PGD are primarily focused on improving lung 
preservation techniques, avoiding donor lung trauma, 
modifying organ preservation solutions, and mini-
mizing organ ischemic times. While no consistently 
effective therapy has been found to date, treatment of 
PGD remains largely supportive. Patients are managed 
similarly to patients with ARDS with low tidal volume 
ventilation and maintenance of patients’ extravascular 
volume status on the “dry” side with diuresis. Inhaled 
nitric oxide (iNO) may improve oxygenation and lower 
mean pulmonary artery pressure. Extracorporeal mem-
brane oxygenation is reserved for patients with severe, 
life-threatening PGD who do not respond to iNO 
therapy.36

Allograft Rejection
Despite advances in immunosuppression, the life expec-
tancy of lung transplant recipients remains limited by 
the occurrence of organ rejection.8 Allograft rejection 
includes hyperacute allograft rejection (HAR), 
acute cellular rejection (ACR), 
antibody-mediated rejection (AMR), and CLAD.

PGD Grade
Infiltrates on Chest 
Radiography Pao2/Fio2 Ratio

0 None ≥300

1 Present ≥300

2 Present 200–300

3 Present <200

Data from Spahr J, Meyer K. Lung transplantation. In: Hricik D, ed. Primer on 
Transplantation. 3rd ed. Hoboken, NH: Wiley-Blackwell (Key Points 9.3, p. 218). 
https://doi.org/10.1002/9781444391770.ch9. Accessed April 16, 2018. 

TABLE 25-6
Classification of PGD

Type of 
Complication Examples

Other 
complications

• Malignancies/lymphoproliferative 
disease
• Posttransplantation 

lymphoproliferative disease
• Primary lung cancer

• Menstrual irregularities
• Hemolytic-uremic syndrome

Data from Spahr J, Meyer K. Lung transplantation. In: Hricik D, ed. Primer on 
Transplantation. 3rd ed. Hoboken, NH: Wiley-Blackwell; 2011 (Table 9.5, p. 219). 
https://doi.org/10.1002/9781444391770.ch9. Accessed April 16, 2018. 

TABLE 25-5
Posttransplant Complications (Continued)

FIGURE 25-2 Bilateral airspace disease with a normal-sized heart, clinically correlating with PGD as seen at day 1, with significant worsening 
by day 3 and remarkable improvement by day 8. PGD, however, is a diagnosis of exclusion, and other etiologies such as pulmonary edema 
hemorrhage, need to be ruled out before making this diagnosis.
Reproduced with permission from Tejwani V, Panchabhai T, Kotloff R, Mehta A. Complications of lung transplantation. Chest. 2016;149(6):1535–1545 (Figure 1; p. 1536). doi:10.1016 
/j.chest.2015.12.019. 

survive PGD tend to experience a prolonged and incom-
plete recovery, longer duration of mechanical ventilation, 
more prolonged hospital stay, decrease in long-term 
pulmonary function, and an increased risk of developing 
bronchiolitis obliterans syndrome (BOS). PGD is char-
acterized by the early development of severe hypoxemia 
manifested by a reduced Pao2/Fio2 ratio; noncardiogenic 
pulmonary edema; the radiographic appearance of dif-
fuse pulmonary opacities or parenchymal infiltrates 
resembling acute respiratory distress syndrome (ARDS) 
without other identifiable cause; and the absence of 
hyperacute rejection, pulmonary venous anastomotic 
obstruction, or infection. PGD is graded based on the se-
verity of gas exchange impairment. See Table 25-6.

Histologically, the pathologic pattern of PGD mani-
fests in diffuse alveolar damage believed to occur sec-
ondary to ischemia/reperfusion injury with damage 
to the pulmonary endothelium and epithelium. Chest 
radiographs are typically nonspecific, showing consoli-
dation or interstitial opacities in the perihilar or basilar 
regions.31 See Figure 25-2. Several risk factors associ-
ated with the development of PGD may be both donor 
and recipient related. See Box 25-6.
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Hyperacute Allograft Rejection
HAR is a highly lethal rejection that occurs within the 
first 24 hours after transplantation as a response to pre-
formed antibodies of recipient origin directed against 
HLA contained on donor tissue (alloantigen). The major 
target of this humoral immune response affecting the lung 
primarily involves the pulmonary microvascular epithe-
lium where complement-mediated along with neutrophil-
mediated destruction occurs. Also, extensive deposition 

of platelet/fibrin thrombi and hemorrhage is taking place, 
resulting in acute loss of vascular integrity. In clinical 
practice, the occurrence of HAR is encountered only when 
a solid organ graft is inadvertently transplanted across 
an ABO blood group barrier. HAR also occurs when the 
recipient was previously sensitized to an alloantigen from 
previous exposures to blood product transfusions, previ-
ous multiple pregnancies, or a failed transplant. Any of 
these causes is likely to expose the potential transplant re-
cipient to foreign HLA proteins, which naturally stimulate 
the production of anti-HLA antibodies.

Because HAR is driven by preformed antibodies, the 
rejection process involving the lung allograft occurs 
within minutes of reperfusion and becomes clinically 
manifest within minutes to hours of establishing perfu-
sion to the freshly implanted lung. Following HAR, the 
allograft often becomes grossly edematous and densely 
opacified on chest x-ray resulting from edema produced 
by the allograft and requiring the initiation of frequent 
suctioning from the endotracheal tube. Additional clini-
cal manifestations include profound graft dysfunction 
with the development of severe hypoxemia along with 
hemodynamic instability often resulting in death.

The current clinical approach to HAR relies on pre-
vention though appropriate cross-matching between 
donor and recipient hyperacute rejection is extremely 
rare.18

Acute Cellular Rejection
ACR is the predominant type of acute lung transplant 
rejection and is mediated by T lymphocyte recognition 
of foreign major histocompatibility complexes, also 
known as HLA, or other antigens.37 Acute rejection oc-
curs when targeted donor antigens are trapped within 
recipient macrophages and cannot be cleared by the 
reticuloendothelial (RE) system. T cells constitute the 
focal constituent responsible for ACR. ACR is often 
accompanied by an acquired antibody response result-
ing in the process sometimes called T cell–mediated 
rejection (TCMR). Multiple TBBs are the gold standard 
for ACR diagnosis. To definitively diagnose ACR, the 
TBBs must show histologic identification of perivascu-
lar or airway lymphocytic variable-emerging infiltrates. 
Perivascular mononuclear infiltrates with or without 
lymphocytic bronchitis/bronchiolitis in the absence 
of infection are the histologic hallmark of ACR.7 The 
diagnosis of ACR relies on the histologic identification 
of perivascular and airway lymphocyte-predominant 
inflammatory changes that receive grades from A0 (nor-
mal) to A4 (severe).

ACR has both short-term and long-term implica-
tions. Short-term implications include an increased 
need for immunosuppressive therapy with consequent 
morbidity and increased cost of care for monitoring and 
treating subsequent acute rejection episodes. ACR has 
an adverse impact on the long-term outcome as an im-
munologic predictor of CLAD.

BOX 25-6 Risk Factors for the 
Development of PGD30,32–35

Donor Risk Factors

 � Smoking history

 � Probable contributors

 y Aspiration

 y Chest trauma/lung contusion

 y Undersized donor lungs compared to 
recipient

 y Heavy alcohol use

 � Possible contributors

 y Age >65

 y Oxygenation

 y Chest radiographic abnormalities

 y Purulent secretions at bronchoscopy

 y Thromboembolism/fat embolism

 y Traumatic brain injury

 y Prolonged mechanical ventilation

 y Consequences of neurologic injury

 y Consequences of brain death
Recipient Risk Factors

 � Female

 � African American descent

 � BMI ≥25 kg/m2

 � Disease before lung transplant

 y IPF

 y Sarcoidosis

 y Pulmonary arterial hypertension

 � Pre-transplant inflammatory state
Operative Event Risk Factors

 � Cardiopulmonary bypass

 � Prior cardiothoracic surgery

 � Transfusion

 � Ischemic time

 � Fio2 during reperfusion (≥40%)

 � Delayed chest closure
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Following the initial posttransplant year, the inci-
dence of ACR declines considerably. For most of the 
cases, ACR typically occurs within the first few weeks to 
months of allograft transplantation but can happen at 
any time. ACR following lung transplantation was 35% 
between 2004 and 2012 for adults within the first year 
of lung transplantation but does not have a high mortal-
ity rate (4% within the first month of transplant and less 
at later time points).31

The clinical manifestations of ACR are often indistin-
guishable from other disorders, such as infectious pneu-
monia, resulting in a relatively low clinical diagnostic 
accuracy. Many incidences of ACR are asymptomatic. 
Clinical manifestations that do arise from ACR are usu-
ally nonspecific and include malaise, low-grade fever, 
dyspnea, cough, leukocytosis, and crackles or rhonchi on 
chest auscultation. Radiographic ground-glass opacities, 
septal thickening, and pleural effusions on CT scans are 
suggestive of ACR, although study sensitivity is estimated 
to be as low as 35% with limited capability of excluding 
other processes.38 Other critical clinical findings sug-
gesting the possible presence of ACR include a decline in 
arterial oxygenation at rest or with exercise and a precipi-
tous fall of greater than 10% in spirometric values on pul-
monary function testing. While clinical manifestations 
may be suggestive of ACR, similar findings accompany 
bouts of infection. Reliance on clinical and radiographic 
criteria without histologic confirmation with transbron-
chial lung biopsy runs the risk of misdiagnosis and the 
needless augmentation of immunosuppression.

Early and frequent surveillance of the allograft by 
some transplant centers utilizing multiple TBB samplings 
and BAL demonstrated that most transplant recipients 
experience at least one episode of ACR in the first year. 
Induction therapy can prevent ACR during the initial 
posttransplantation stages. Often antibody therapies 
serve to extensively deplete or inactivate T cells during 
the immediate postoperative period of engraftment, dur-
ing which time reperfusion injury is most likely to secure 
immune recognition. Immunosuppressive regimens 
are frequently scheduled initially to promote a concen-
trated course of therapy in the immediate postoperative 
period and then tapered to lower, less toxic levels over 
time. Treating established ACR consists of increased im-
munosuppression with corticosteroids. Most transplant 
centers will treat ACR Grade 2 and more severe.38 With 
the development of increasingly more effective immuno-
suppression, allograft loss from ACR is becoming pro-
gressively rarer.

Antibody-Mediated Rejection
A less common type of rejection is the AMR or humoral 
rejection. It is mediated by antibodies directed against 
donor HLA. These antibodies may have been present in 
the recipient at a low level before transplant and rise in 
titer with an anamnestic response after transplantation or 
may develop afterward. About 10–15% of lung transplant 

recipients are presensitized to HLA antigens.38 If HLA 
antibodies are identified in the potential recipient, the 
corresponding HLA antigens are avoided in a donor.

The diagnosis and grading of AMR in lung trans-
plantation is challenging due to the lack of specific 
diagnostic features. AMR is defined as either clinical or 
subclinical. Clinical AMR demonstrates alterations in 
pulmonary physiology, gas exchange properties, radio-
logic features, or deteriorating functional performance, 
whereas in subclinical AMR the lung function is nor-
mal. However, clinical AMR may also be asymptomatic 
with small, but significant changes in pulmonary physi-
ology. Clinical AMR is then subclassified into definite, 
probable, and possible AMR.39 The diagnosis of defini-
tive AMR requires allograft dysfunction in the presence 
of donor-specific HLA antibodies plus positive histol-
ogy suggestive of AMR, sub-endothelial C4d deposition 
(deposition of C4d on vascular endothelium is consis-
tent with AMR) in alveolar capillaries, and exclusion of 
other potential causes of allograft dysfunction.40 Both 
ACR and AMR can occur at the same time.

Plasmapheresis can reduce the circulating antibodies 
from the pulmonary capillaries in lung transplant recip-
ients who do not respond to corticosteroid therapy or 
intravenous immunoglobulin. Other treatments include 
drugs such as rituximab, bortezomib, and carfilzomib.38 
Acute AMR can be a fatal form of lung transplant re-
jection, with the survivors having an increased risk of 
developing CLAD.

Chronic Lung Allograft Dysfunction
Progress in surgical techniques and perioperative man-
agement have improved the short-term survival rate for 
lung transplant recipients. However, the long-term sur-
vival rate for lung transplantation is the poorest among 
all the solid organ transplants. The 10-year survival rate 
for kidney transplantation is 58%, liver transplantation 
is 56%, pancreas transplant is 77%, and the intestine is 
44%. However, lung transplantation survival at 10 years 
is only 27%.41 CLAD develops in approximately 50% of 
lung transplant recipients by 5 years posttransplant rep-
resenting the critical factor limiting the long-term sur-
vival of these patients.42 CLAD is an overarching term 
that embraces all forms of chronic lung dysfunction 
after transplant and encompasses a range of pathologies 
that cause a transplanted lung not to achieve or main-
tain normal function. CLAD manifests as airflow re-
striction or obstruction and is predominantly a result of 
chronic rejection.43 CLAD results in one of three phe-
notypes: BOS, restrictive allograft syndrome (RAS), and 
neutrophilic reversible allograft dysfunction (NRAD). 
Each of these phenotypes is mostly unresponsive to 
changes in immunosuppression.43

Although the term “chronic” connotes a 
long  duration of time, a minimum of 3 weeks 
posttransplantation is sufficient to label allograft dys-
function as “chronic.”44 The overall pathologic process is 
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usually insidious and gradually manifests over a period 
of years. The constant exposure to the external environ-
ment (pathogens, allergens, or pollutants), the potential 
for aspiration, susceptibility to ischemia-reperfusion 
injury-mediated graft dysfunction, and the lung’s pro-
pensity to contain abundant lymphoid tissue in concert 
with allo- and autoimmune responses are thought to 
contribute to CLAD.43

The most common form of CLAD is BOS, with a 
chronic rejection rate of 65–75%.45 BOS is characterized 
by irreversible, progressive airflow obstruction and air 
trapping caused by the presence of obliterative bron-
chiolitis.31 After a diagnosis of BOS, median survival is 
3–5 years with early onset (<2 years posttransplant) or 
high-grade onset (FEV1 decline >35%) having the lowest 
survival rate.45

BOS has a clinically nonspecific presentation, typi-
cally with dyspnea on exertion and a nonproductive 
cough. Symptoms develop insidiously. Chest radio-
graphs are usually unchanged; however, high-resolution 
CT scan may reveal bronchiectasis and air trapping. 
See Figure 25-3. Table 25-7 summarizes the early and 

Early BOS Late BOS

Symptoms Nonproductive cough; 
dyspnea on exertion

Productive 
cough; dyspnea 
at rest

Physical 
examination

Breath sounds clear on 
auscultation

Wheezing

Chest 
radiograph

Clear Bronchiectasis, 
hyperinflation

Pulmonary 
function test

Obstruction; shown mostly in 
mid-flows (forced expiratory 
flow over the middle half of 
the FVC, FEF25-75%) 

Severe 
obstruction

Sputum 
culture

Negative Pseudomonas

Data from Pilewski J. Chronic lung transplant: bronchiolitis obliterans.  
In: Trulock E, Hollingsworth H, eds. Uptodate. Waltham, MA: UpToDate; 2018. 
http://www.uptodate.com. Accessed April 24, 2018.

TABLE 25-7
Clinical Presentation of BOS Post Lung 
Transplantation

Classification Spirometry Measurement

BOS 0 FEV1 >90% of baseline and FEF25-75% >75% 
of baseline

BOS 0-potential FEV1 81–90% of baseline and/or FEF25-75% 
<75% of baseline

BOS 1 FEV1 66–80% of baseline

BOS 2 FEV1 51–65% of baseline

BOS 3 FEV1 <50% of baseline

Data from Aigner C, Klepetko W. Lung transplantation. In: Ziemer G,  
Haverich A, eds. Cardiac Surgery. New York, NY: Springer; 2017:1061 -1077 
(Table 26.3, p. 1073).

TABLE 25-8
Classification of BOS

FIGURE 25-3 CT scan of a chest showing bronchiectasis (A) and air 
trapping (B) in a lung transplant recipient, suggestive of CLAD due to 
BOS. Confirmation of the diagnosis requires a pulmonary function test 
showing airflow obstruction.
Reproduced with permission from Tejwani V, Panchabhai T, Kotloff R, Mehta A. Complications 
of lung transplantation. Chest. 2016;149(6):1535–1545 (Figure 12, p. 1541). doi:10.1016 
/j.chest.2015.12.019.

late clinical presentation of posttransplant patients with 
BOS. BOS classification of severity is based on spirom-
etry. The baseline spirometry is the average of the two 
highest, not necessarily consecutive measurements, ob-
tained at least 3 weeks apart.18 See Table 25-8.

Potential therapies for BOS include adding long-term 
azithromycin, changing the maintenance immunosup-
pressive medications, extracorporeal photopheresis, 
total lymphoid irradiation, plasmapheresis, treatments 
that target antibodies to the allograft (immune globulin, 
rituximab, proteasome inhibitors), and inhaled cyclo-
sporine.37 Extracorporeal photopheresis is a cell-based 
immunomodulatory therapy that involves collect-
ing leukocytes from peripheral blood. These cells are 
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exposed to a photosensitizing agent, 8-methoxypso-
ralen, and are then treated with ultraviolet radiation, 
after which they are re-infused.46 Response to therapy 
is assessed with ongoing spirometry. Treatment usu-
ally slows but does not stop the functional decline of 
the transplant recipient and re-transplantation may be 
considered.

Restrictive allograft syndrome (RAS), sometimes 
called restrictive CLAD (rCLAD), presents as a restric-
tive pulmonary disorder with pulmonary function 
testing and is supported by consistent radiographic in-
filtrates, such as pleural/septal thickening, or predomi-
nant histopathologic findings of parenchymal fibrosis 
and pleural thickening.47 RAS affects 25–35% of CLAD 
patients.45 Pulmonary function testing shows a per-
sistent decline in vital capacity and total lung capacity 
that is accompanied by a decrease in FEV1 of more than 
20%. Two pulmonary function measurements at least 
3 weeks apart showing this decline with other causes 
ruled out clinically identified RAS. High-resolution 
CT scans can be an alternative tool to diagnose RAS 
when pulmonary function testing is inconclusive. On 
thoracic CT scans RAS appears as persistent infiltrates 
with ground-glass opacities, interstitial infiltrates, and 

FIGURE 25-4 A representative case of RAS after lung transplantation of a 28-year-old man with CF who received cadaveric BLT. (A) 
Posttransplant day 215, when the patient was stable. (B) Posttransplant day 374, when the patient underwent the first episode of 
acute exacerbation. CT scan showed extensive bilateral ground-glass opacities, bilateral pneumothorax, and pneumomediastinum. 
TBBs demonstrated diffuse alveolar damage, without apparent rejection or infection. (C) Posttransplant day 535, when the patient was 
recovering from the first episode of acute exacerbation. After steroid pulse and increased prednisone, function partially recovered with 
clearance of ground-glass opacities, although interlobular septal thickening, interstitial reticular shadow, and consolidation remained. 
(D) Posttransplant day 817, when the patient had the second episode of acute exacerbation. CT scan showed reappearance of diffuse 
ground-glass opacities with worsening interstitial shadows. (E) Posttransplant day 1,131, when the patient was recovering from the 
second exacerbation. Although his condition was relatively stable for 2 years after the second episode, the patient’s CT scan showed 
gradual increases in interlobular septal thickening, interstitial reticular shadow, and consolidation. He was listed for re-transplantation. 
(F) Posttransplant day 1,333, when the patient had the third episode of acute exacerbation. CT scan shows further volume loss in the 
transplanted lungs, extensive ground-glass opacities, and worsening consolidation and interlobular septal thickening.
Reproduced with permission from Sato M, Hwang D, Waddell T, Singer L, Keshavjee S. Progression pattern of restrictive allograft syndrome after lung transplantation. J Heart Lung 
Transplant. 2013;32(1):23–30 (Figure 5B -5G, p. 28). doi:10.1016/j.healun.2012.09.026. Erratum: https://vdocuments.site/erratum-58668dd94b057.html.

possibly honeycombing, with fibrotic changes predomi-
nantly in the upper lung zone.44 There are also patients 
with diffuse or basal-dominated infiltrates on CT. These 
patients have a worse outcome compared with patients 
with apical dominated fibrosis.45

As with BOS, RAS causes a persistent pattern of de-
cline in pulmonary function. The reduction is initiated 
by the acute phase, characterized by acute lung injury 
(diffuse alveolar damage) and followed by a resolution 
stage, during which fibrosis further develops.48 Episodes 
of acute exacerbations in RAS share multiple features 
with ARDS in pathologic and radiographic findings.48 
See Figure 25-4.

There is limited experience in treating RAS patients; 
however, successful case reports demonstrate that the 
use of pirfenidone43 and nintedanib45 helps stabilizes 
the disease. Extracorporeal photopheresis therapy does 
not show promise in slowing the progression of RAS. 
Plasmapheresis, intravenous immunoglobulins, and 
rituximab may be useful in reducing the antibody titer.45 

RAS is a relatively new identified complication of lung 
transplantation with no animal studies to date and little 
experience with treatment.43 Clinical trials are needed 
to identify appropriate treatment.
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The third phenotype and most recent addition to the 
CLAD family of diseases is NRAD. This form of chronic 
rejection is characterized by active inflammation and 
neutrophilic infiltration that responds to azithromycin, 
which suppresses inflammation both directly and in-
directly.43 Currently, no exact clinical definition exists, 
and although NRAD responds positively to azithromy-
cin therapy, multiple studies demonstrate that NRAD is 
associated with worse overall survival.43

Infectious Complications
Of all solid organ transplants, lung transplants are the 
most prone to infection. Infectious complications re-
main one of the most important causes of morbidity 
and mortality in lung transplant recipients. There are 
several reasons for the transplanted lung’s heightened 
predisposition to infection. See Box 25-7.

Lung transplant recipients are at high risk for bac-
terial, viral, fungal, and protozoal infections, which 
are the leading causes of death during the early 
posttransplantation period. Pneumonia, particularly 
bacterial pneumonia, is the most common type of 
infection in lung transplant recipients, although blood-
stream, pleural space, and wound infections are also 

common.49 Despite antibiotic prophylaxis, the inci-
dence of bacterial pneumonia is approximately 10–20% 
in the first 30 days following lung transplantation and 
infectious.50 Early posttransplant pneumonias are typi-
cally caused by hospital-acquired bacteria, including 
multidrug-resistant Pseudomonas aeruginosa, Entero-
bacteriaceae, and methicillin-resistant Staphylococcus 
aureus.50 Research findings have demonstrated that 
coinfection with viruses such as EBV, CMV, HIV, and 
hepatitis C virus can predispose transplant patients 
to bacterial and fungal infections. Infection poses an 
ever-present threat to the lung transplant recipient as 
a leading cause of morbidity and both early and late 
death despite attempts to curb this tendency with the 
use of prophylactic antibiotics. Airway colonization 
and recurrent lower respiratory tract infection with 
Pseudomonas aeruginosa are prevalent among lung 
transplant recipients and may have a significant im-
pact on posttransplant follow-up because it is often 
seen presenting in patients with chronic rejection. 
CMV is the second most frequent cause of infectious 
complications following lung transplantation.24 Fun-
gal infections are more common in recipients of lung 
transplants than of most other solid organs and are 
predominantly due to Candida species or Aspergillus, 
and less commonly Cryptococcus neoformans. As-
pergillus remains a predominant cause of pulmonary 
fungal infection in lung transplant recipients.8 Numer-
ous pathogens cause infectious complications after 
lung transplantation. See Table 25-9. For this reason, 
routine posttransplantation prophylactic antimicrobial 
protocols are common.

Sequential measurements of procalcitonin (PCT) 
have been shown to improve the diagnosis of early in-
fectious complications following lung transplantation 
compared with other commonly used markers such as 
serum C-reactive protein (CRP) and leukocyte count. 
Patients with infectious complications present with sig-
nificantly higher levels of PCT as early as the first day 
following transplantation and during subsequent days. 
In contrast, CRP levels and leukocyte counts are unable 
to discriminate between the patients with and without 
infections at any time. It has therefore been suggested 
that measurement of PCT is a useful diagnostic tool in 
detecting early infectious complications in lung trans-
plant patients.

Airway Complications
Airway complications following lung transplanta-
tion are local structural or infectious alterations of 
the airways, which occur early or several months 
posttransplant. After infectious diseases, airway 
complications are another major contributor to the 
morbidity and mortality of lung transplant recipients. 
The incidence of airway complications ranges widely 
between 2% and 33%51 with a mortality rate between 

BOX 25-7 Reasons for Pulmonary 
Infections Following Lung Transplantation

 � Abnormal mucociliary clearance from denerva-
tion of the allograft

 � Continuous and direct exposure to microbial or-
ganisms in outside environment via inhaled air

 � Complications associated with the anastomosis 
site

 � Donor lung predisposed to aspiration

 � Donor lung predisposed to ventilator-associated 
pneumonias

 � Higher levels of immunosuppression needed 
due to an increased propensity for humoral or 
cellular-mediated immune responses

 � Impaired cough reflex from denervation of the 
allograft

 � Impaired lymphatic drainage

 � Infection from the native lung in SLT

 � Passive transfer of occult infection from the  
donor organ

 � Recipient comorbidities (diabetes, renal insuf-
ficiency, malnutrition)

Data from Remund K, Best M, Egan J. Infections relevant to 
lung transplantation. Proc Am Thorac Soc. 2009;6(1):94–100. 
doi:10.1513/pats.200809-113go.
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2% and 5%.52,53 In the early era of lung transplanta-
tion, disruption of the airway anastomosis was one 
of the major causes of death among patients who 
survived at least 2 weeks after transplantation. Lung 
transplantation creates a unique environment that is 
prone to anastomotic airway complications.54 These 
complications are classified according to either the 
time of development or the nature of the structural 
deformities. Airway complications that develop within 
3 months posttransplant are early complications; 
after 3 months they are considered late complica-
tions. The anastomotic airway complications that 
most frequently occur include stenosis, necrosis and 
dehiscence (unraveling of sutures at the site of anas-
tomosis), exophytic granulation tissue development 
(obstructive granulation tissue), bronchomalacia, 
fistula formation, and infection of the anastomosis.54 
When these complications are significant, they re-
quire interventional procedures, such as debridement, 
dilatation, or stent placement. The most significant 
factors responsible for the development of these post-
transplant complications include airway ischemia, 
airway colonization and local infections, surgical 
techniques, and immunosuppressive treatment. These 
factors significantly impair healing of the anastomotic 
site. See Table 25-10.

Management of posttransplant airway complications 
typically often requires a dedicated multispecialty team 
approach, See Table 25-11. Early diagnosis of anasto-
mosis complications and correct management are vital 
to gain satisfactory results and a better survival follow-
ing lung transplantation.52

Infection Type Specific Pathogens Comments

Bacterial infections Pseudomonas aeruginosa Commonly colonizes the lungs of patients with CF

Burkholderia cepacia Commonly colonizes the lungs of patients with CF

Staphylococcus aureus Includes methicillin-resistant S. aureus 

Streptococcus pneumoniae Community-acquired pneumonia typically occurs in late in the posttransplant 
period (>6 months)

Chlamydia pneumoniae Causes upper and lower respiratory tract infections

Nocardia spp. Considered when pneumonia does not respond to empiric therapy

Clostridium difficile Frequently occurs in the early posttransplantation period in patients 
requiring prolonged hospitalization

Mycobacterium tuberculosis May occur due to reactivation

Viral infections CMV Can develop a lifelong latency

EBV Associated with the posttransplant lymphoproliferative disease

Community-acquired viruses Influenza, RSV, parainfluenza virus, and human metapneumovirus

Fungal infections Aspergillus fumigatus Occurs at bronchial anastomosis and in the tracheobronchial tree

Candida spp. Most invasive infections appear during the first month posttransplant

Pneumocystis jirovecii A frequent cause of pneumonia among immunocompromised patients

TABLE 25-9
Most Common Pathogens Relevant to Lung Transplantation25,49,50

Grade Description

1 Complete circumferential primary mucosal healing

2A Complete circumferential primary healing of the airway 
wall without necrosis and with partial primary mucosal 
healing

2B Complete circumferential primary healing of the airway 
wall without necrosis but with no primary mucosal 
healing

3A Limited focal necrosis, extending less than 5 mm from 
the anastomotic line

3B Extensive necrosis

Data from Anile M, Diso D, Rendina E, Venuta F. Airway anastomosis for lung 
transplantation. J Thorac Dis. 2016;8(Suppl 2):S197–S203. doi:10.3978 
/j.issn.2072-1439.2016.01.67.

TABLE 25-10
Anastomotic Healing Classification52
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Lung Transplantation Prognosis
The median survival following lung transplantation had 
steadily improved from 4.0 years in the 1988–1994 era 
to 6.0 years in 2007, and the bilateral lung recipients 
appear to have a better median survival than single 
lung recipients.55 Since the first human lung transplant 
procedure in 1963, improvements have been made 
in surgical techniques, immunosuppressive therapy, 
postoperative management, and donor selection. Lung 

transplantation is now a viable option for individuals 
with various end-stage lung diseases. However, the 
presence of allograft rejection negatively impacts the 
long-term survival rate. The demand for lung transplan-
tation continues to rise as the current 1-year survival 
rate following lung transplantation approaches 80%. 
Unfortunately, the 5-year survival rate has remained es-
sentially unchanged at approximately 50% over the last 
15 years primarily due to lung allograft rejection, and 
the 10-year survival rate is around 27%. PGD, infection, 
and allograft failure account for most of the deaths in 
the first year following lung transplant. Factors suggest-
ing an increased risk of death occurring early following 
lung transplantation include ventilator dependence or 
inotropic support of the recipient before transplanta-
tion, a primary diagnosis of pulmonary fibrosis or IPAH, 
elevated bilirubin, and advanced recipient or donor age. 
The development of CLAD is responsible for causing 
most deaths beyond the first year of lung transplanta-
tion with the lethal consequences of progressive respira-
tory failure and increased susceptibility to infection.

Quality of life (QOL) measures following success-
ful lung transplantation have significantly improved, 
achieving satisfaction levels approximating that of the 
general population. In a randomized controlled trial, 
supervised exercise training initiated immediately fol-
lowing hospital posttransplant discharge increased par-
ticipation in daily activity while improving functional 
recovery and cardiopulmonary morbidity.56  Although 
several QOL measures and performance  status ap-
pear to improve from pre-transplant status, less than 

KNOWLEDGE CHECK QUESTIONS

1. True or False: Most lung transplant recipients 
are presensitized to donor HLA.

2. True or False: CLAD has three phenotypes, of 
which BOS is the most common.

3. True or False: RAS is characterized by diffuse al-
veolar damage and the development of fibrosis.

4. True or False: The lungs are less prone to in-
fection than any of the other solid organs 
transplanted.

5. True or False: Bronchial dehiscence is treated 
with airway stenting and a reduction in cortico-
steroid therapy.

6. True or False: The presence of Aspergillus infec-
tion increases the risk of bronchopleural fistula.

Airway Complication Possible Cause Treatments

Bronchial stenosis Related to ischemia and impaired local microcirculation or 
cellular rejection

Mechanical dilation, balloon bronchoplasty, 
and airway stenting

Bronchomalacia Related to ischemia, infection, or altered response of the 
bronchial wall to immunosuppression

Airway stenting

Bronchial dehiscence Initiation of sirolimus in the immediate postoperative period 
and extreme mucosal necrosis 

Airway stenting for scaffolding, reduction 
in corticosteroid dosing, chest tube for 
associated pneumothorax

Bronchial necrosis Related to ischemia Causes dehiscence

Exophytic granulation 
tissue

Exacerbated by the presence of Aspergillus infection at the 
surgical anastomosis

Airway debridement of granulation tissue at 
the surgical anastomosis

Anastomotic infection Immunosuppression with constant exposure to the external 
environment; devascularization, immunosuppression, 
disruption of lymphatic drainage, and altered alveolar 
phagocyte function make anastomosis susceptible to 
saprophytic infections

Antifungal prophylaxis, broad-spectrum 
therapy

Bronchopleural fistula Prolonged or profound ischemia Drainage of associated empyema, broad-
spectrum antibiotics, surgical closure

TABLE 25-11
Overview of Posttransplantation Airway Complications51,52,54 
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one-half of lung transplant recipients return to the 
workforce.57,58 Several important limitations affecting 
the QOL that have been observed include persistently 
increased levels of depression and anxiety as well as a 
diminished perception of body image.59 Other troubling 
QOL issues arise from the adverse effects of immuno-
suppressive medications as well as the development of 
BOS, which is associated with a significant deteriora-
tion in the QOL measures. QOL measures about es-
sential caregivers of lung recipient patients may also be 
affected. Recent studies by Lefaiver and others found 
these individuals often experience fatigue, depression, 
and the financial impact of the transplant, as well as 
may be adversely affected by a lack of patient family 
support.60

of an organ or a tissue from an animal of one species to 
an animal of a different species), and gene repair of pre-
viously damaged lungs are modalities that may address 
the significant organ shortage in the future.

Key Points
1. The lung allocation system identifies a dozen fac-

tors independently predictive of 1-year survival 
without and with transplantation. These factors are 
then used to calculate an individual’s LAS, which 
can range from 0 to 100. The higher the score, the 
higher the preference for transplantation.

2. Lung transplantation is a viable therapeutic option 
for a broad spectrum of end-stage nonmalignant 
disorders of the airways, lung parenchyma, and 
pulmonary vasculature. Key issues that continue to 
hamper progress in transplantation include donor 
shortage and PGD, which increases both short- and 
long-term mortality.

3. PGD is a devastating form of acute lung injury oc-
curring in patients within the first hours following 
lung transplantation, presumed to be a consequence 
of ischemia-reperfusion injury, mimics adult respi-
ratory distress syndrome, and is often initially fatal. 
PGD represents a significant risk for the develop-
ment of CLAD in those who initially recover.

4. Pulmonary infections are a leading cause of mor-
bidity and mortality in lung transplantation even 
with the use of prophylactic antibiotics. Because 
posttransplant patients tolerate established infec-
tion poorly, strategies aimed at prevention pri-
marily in the healthcare setting are of paramount 
importance.

5. The two significant hurdles that currently limit 
the clinical usefulness of lung transplantation for 
life-threatening lung disorders are the scarcity of 
suitable donor organs and current immunosup-
pressive strategies that unfortunately fail to ensure 
long-term allograft function.

6. ACR is characterized by perivascular lympho-
cytic infiltration that develops in many recipients 
within the first year following transplant. While 
this disorder usually will successfully respond 
to high-dose corticosteroid therapy, its reoccur-
rence represents a significant risk factor for sub-
sequent development of chronic lung allograft 
rejection.

7. CLAD develops in approximately 50% of lung 
transplant recipients by 5 years post-transplant and 
is a major limitation to long-term survival. CLAD 
includes all forms of chronic lung dysfunction oc-
curring after transplant. CLAD manifests as airflow 
restriction or obstruction and presents as one of 
three phenotypes: BOS, RAS, and NRAD.

8. Infection continues to remain a significant cause 
of morbidity and mortality in the lung transplant 
recipient. Strategies used in preventing infectious 

KNOWLEDGE CHECK QUESTIONS

1. True or False: The median survival rate following 
lung transplantation is approximately 9 years.

2. True or False: Single lung recipients have a better 
median survival rate than bilateral lung recipients.

3. True or False: Less than half of lung transplant 
recipients return to the workforce.

Chapter Summary
Advances in surgical transplantation techniques, immu-
nosuppressive therapy, and postoperative management 
have resulted in lung transplantation becoming an estab-
lished therapeutic option for individuals with a variety 
of end-stage lung diseases. While current 1-year survival 
rates following LTx have risen, the 5-year survival rate has 
remained virtually constant at approximately 50% over 
the last 15 years because of acute and chronic lung al-
lograft rejection. Although an assortment of immunosup-
pressive agents are currently available to suppress graft 
rejection, insufficient immunosuppression results in graft 
loss due to rejection, excess immune suppression usually 
results in increased morbidity and mortality from oppor-
tunistic infections and malignancies.

Unfortunately, individuals with life-threatening lung 
conditions awaiting lung transplantation have surpassed 
the availability of organs based on selection criteria es-
tablished in the 1980s that define lung donor standards 
to the present day. Historically, most lung organ donors 
fail to meet these criteria, leading to lung recovery 
rates of only 15–25%, the lowest of all the major trans-
plantable organs. Recent evidence demonstrates that 
adherence to standard criteria is in fact too stringent, 
resulting in significant underuse of viable lungs. Reason-
ably easing donor selection criteria, accepting “mar-
ginal” lungs, and utilizing EVLP may help to address this 
problem. Expanding living donor procedures, use of ar-
tificial lungs or xenotransplantation (the transplantation 
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complications may not only decrease the direct 
consequences of infection but also reduce subse-
quent causes of ultimate allograft failure, including 
both acute and chronic rejection.

9. The 5-year survival associated with lung transplan-
tation has slowly improved over the past several 
years primarily due to the development of CLAD. 
Half of lung transplant recipients surviving to 5 
years develop biopsy-proven CLAD.

Chapter Questions
1. Priority for lung transplantation depends on _____

___________________________.
a. time of diagnosis and severity of the disease
b. severity of the disease and need for transplant
c. likelihood of transplant success and need for 

transplant
d. severity of the disease and likelihood of success

2. A patient diagnosed with ______________ 
_______________ is referred for lung transplant 
at the time of diagnosis.
a. cystic fibrosis
b. idiopathic pulmonary fibrosis
c. pulmonary vascular disease
d. chronic obstructive pulmonary disease (COPD)

3. During ex vivo lung perfusion, the lungs are ______
______________________________.
a. gradually warmed to increase vascular blood 

flow
b. ventilated with high tidal volumes and pressure
c. gradually cooled to preserve the lung tissue
d. quickly warmed to body temperature

4. The first-line pharmacologic agent to 
prevent pneumocystis pneumonia is 
________________________.
a. a calcineurin inhibitor
b. vaccination
c. anti-thymocyte globulin
d. trimethoprim-sulfamethoxazole

5. _________________________ may develop within 
the first 72-hours after lung transplantation.
a. Acute allograft rejection
b. Chronic lung allograft dysfunction (CLAD)
c. Pneumocystis pneumonia
d. Primary graft dysfunction (PGD)

6. Classification of PGD is based on 
__________________________.
a. chest radiography
b. Pao2/Fio2 ratio
c. bronchoscopic findings
d. histologic findings

7. Risk for the development of PGD is increased with 
_______________ recipients.
a. female
b. tobacco smoking
c. cystic fibrosis
d. COPD

8. The type of rejection that occurs within 24 hours of 
lung transplantation is ________________________.
a. acute cellular rejection
b. hyperacute allograft rejection
c. PGD
d. antibody-mediated rejection

9. Bronchiolitis obliterans syndrome and restrictive 
allograft syndrome are two types of _____________
____________________.
a. acute cellular rejection
b. antibody-mediated rejection
c. CLAD
d. PGD

10. Ground-glass opacities and an FEV1 decrease of 
more than 20% are indicative of ________________
______________________.
a. bronchiolitis obliterans syndrome
b. PGD
c. restrictive allograft syndrome
d. hyperacute allograft rejection
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OBJECTIVES
1. Discuss differences between curative (or restorative) 

traditional health care and palliative care.
2. Discuss components of effective comprehensive palliative 

care management.
3. Discuss differences between patient autonomy and medical 

paternalism in palliative care decision making.
4. Review palliative care versus hospice care.
5. Discuss differences between palliative sedation therapy 

(PST) and euthanasia (physician-assisted suicide).
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Palliative of the Respiratory 
Patient

“After we die we hover for a while at treetop level with the mourners beneath us, but we are not separate from them nor they from us. 
They are singing but the words don’t mean anything in our new language.” —Jim Harrison
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Introduction
Palliative care medicine is a specialized discipline of 
health care that distinctively addresses the needs of in-
dividuals who have serious life-threatening illnesses that 
often rapidly terminate in death. This medical discipline 
does not focus on the acute treatment of the patient’s 
underlying disease process but is a patient-centered 
focus on the relief of distressing symptoms while pre-
serving the greatest possible quality of life (QOL) for 
the patient and family members.1 It is also specifically 
intended to simultaneously support the patient’s fam-
ily before and after the death of the patient. Ideally, the 
concept of palliative care is introduced to patients and 
their families when it becomes apparent that curative or 
restorative attempts at treating a serious life-threatening 
condition are no longer possible, inappropriate, or de-
sired by the patient.1 See Figure 26-1. It is during the 
course of a potentially life-threatening respiratory or 
other life-limiting illness that patients and their families 
often face emotional and spiritual issues that are regu-
larly addressed as part of the palliative care practice.

Palliative medicine is a recognized dynamic health-
care specialty with an inherent interdisciplinary nature, 
including medicine, nursing, social work, psychology, 
nutrition, and rehabilitation. This specialty calls for 

skilled practitioners to use their advanced knowledge 
of the pathophysiology of serious illnesses to medically 
manage advanced disease in seriously ill patients and is 
generally considered to be optimally delivered through 
a dedicated interdisciplinary “palliative care team” ap-
proach.2 A major characteristic of palliative care is its 
ability to coordinate and partner with hospice programs 
as each involved patient traverses across the trajec-
tory of disease. While its fundamental principles based 
on multiple national and international guidelines are 
sound, the depth of support available from each disci-
pline varies from institution to institution.

The goals of palliative care are endorsed by several 
medical organizations and related healthcare organiza-
tions that view palliative care as seeking ways to prevent 
and relieve suffering, as well as support the best possible 
QOL for patients and their families, regardless of the 
stage of disease or the need for other therapies. Pallia-
tive care treatment may begin at any stage of a patient’s 
illness and with or without simultaneous life-prolonging 
therapies. It is well established that palliative care can 
appropriately be delivered concurrently with life-pro-
longing (disease-modifying) care or as the focus of care, 
rather than reserving palliative care for patients deemed 
at the “end of life.”

Case Study
A 76-year-old woman with previously diagnosed GOLD 
standard Stage IV chronic obstructive pulmonary dis-
ease (COPD), pulmonary hypertension, congestive heart 
failure, and coronary artery disease presents to the 
emergency room with complaints of worsening short-
ness of breath, increasing weakness and fatigue, pain, 
and lower-extremity swelling. She does not improve 
with bronchodilator therapy, steroids, and diuretics and 
is subsequently admitted. She states that her COPD has 
progressed steadily over the last 15 years, leaving her 
dependent on continuous oxygen and bronchodilator 
therapy over the last 5 years and on oral steroids for 
the last year. She also suffers from symptoms of angina 
treated with nitrates. A recent pathologic rib fracture 
from coughing has caused her pain and dyspnea to 
become even more difficult to control. She describes 
becoming considerably much weaker and is barely am-
bulatory. She requires help with all activities of daily 
living. Constipation, anorexia, and anxiety are active 
concerns. Although her physician has determined that 
she continues to remain mentally competent, both she 
and her family agree that her health has significantly 
declined in the last few weeks.

On physical examination, her temperature was 
99.1°F, pulse was 118, and the respiratory rate was 26, 
visibly labored with the use of accessory, muscles, tri-
pod positioning, and pursed-lip breathing. Her weight 
was 95 lb, height was 5 feet 1 inch, and blood pressure 
was 100/75 mm Hg. On physical examination, the pa-
tient appeared somewhat malnourished. Examination 
of her head and neck was essentially normal. Auscul-
tation of the heart revealed a mild tachycardia of 118 
beats/minute. Chest examination revealed obvious 
barrel chest, while lung auscultation revealed overall 
diminished breath sounds bilaterally. Tenderness was 
noted over the anterior fifth right rib cage. Abdominal 
examination was noncontributory as was examina-
tion of the lower extremities. A posterioranterior 
and lateral chest radiograph taken in the emergency 
department displayed flattened diaphragms with 
increased hyperlucency in bilateral lung fields and a 
nondisplaced fracture of the anterior right fifth rib. 
The cardiac size on portable chest x-ray was consid-
ered to be mildly enlarged. Arterial blood gases on 4 L 
of supplemental nasal oxygen reveal a pH of 7.41, Pco2 
of 74, Po2 of 58, and Hco3 of 49.
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The current meaning and scope of palliative care 
medical practice reflects a significant change from its 
original conception. Initially, the idea of palliative care 
was focused on end-of-life care or the terminal phase 
of a life-limiting disease process when it origins in the 
UK began in the 1960s.3 Since then, a more broad and 
updated definition clarifies the goal of comprehensive 
palliative care as maintaining and improving the QOL 
of all patients and their families during any stage of 
illness, whether acute, chronic, or terminal. The key 
domains of palliative care include symptom manage-
ment, psychosocial-spiritual support, and facilitation 
of medical decision making, commonly referred to as 
goal setting.4 Palliative care services should be available 
and offered to appropriate patients during and after 
life-prolonging treatments, as well as for the family both 
before and following the patient’s death. Because several 
aspects of palliative care are justifiably applicable earlier 
in the course of the illness in conjunction with other 
treatments, palliative care is applicable to respiratory 
patients with life-limiting conditions such as lung can-
cer as well as to patients with advanced lung conditions, 
such as progressive COPD, granulomatous disease, or 
interstitial lung processes.5

Seriously ill patients tend to enter palliative care pro-
grams when faced with advanced-stage malignancies. 
In the United States, the leading primary organ-system 
sites causing cancer deaths include lung, colon-rectal, 
breast, and pancreas.6 Individuals faced with advanced 
cancer confront their own unique difficult decisions 
regarding their treatment, including complex choices 
about end-of-life care. Although cancer-directed thera-
pies have become increasingly more available, only a 
small number of promising new treatments provide a 
cure. Optimal cancer treatment and management in-
cludes access to palliative care throughout the cancer 
care continuum. Early enrollment and implementation 
of palliative care has proven beneficial in increasing the 
QOL for patients dying from cancer.7 For this reason, 
palliative care providers require the skills necessary to 
recognize patients who are hospice-eligible by aptly 
utilizing prognostication and communication skills.8 
This is done in conjunction with appropriate provider–
patient dialogue concerning individual end-of-life 
preferences.

Individuals who face life-limiting nonmalignant 
disorders in addition to advanced pulmonary disease 
experience conditions such as congestive heart failure, 

renal failure, liver failure, dementia, stroke, and HIV/
AIDS.9 Because patients who receive palliative care 
due to a life-limiting disorder share a similar prognosis 
of ultimate death, the focus of care is different from 
that in patients who receive anticipated “curative or 
restorative care” in the typical acute care settings. New 
symptoms arising during the key life-limiting process 
may indicate a secondary disease process that should 
be investigated and treated when appropriate. Unfortu-
nately, the focus of the palliative visit is directed at the 
relief of long-standing symptoms that are considered 
progressive manifestations of the primary disease pro-
cess or simply poorly controlled. It is therefore import-
ant that seemingly atypical manifestations occurring 
within the course of the primary illness prompt a review 
of the patient’s medical history as well as consultation 
with previous treating physicians and consultants when 
feasible. In situations in which the cause of symptoms is 
not obvious, the importance of providing a multidisci-
plinary team approach is crucial to objectively address 
symptom origins. Difficult symptom manifestations 
affecting not only physical but also the psychologic, so-
cial, and spiritual sequelae can have a significant impact 
on a patient’s QOL.

Palliative and hospice care services, though con-
sidered distinct, are closely related because their spe-
cific roles are often included in the course of a serious 
life-limiting illness typically leading to ultimate death. 
These distinctive categories within palliative medical 
care are not synonymous but represent separate por-
tions of a disease course continuum in patients extend-
ing from acute as well as chronic serious illnesses and 
hospice care for those individuals with serious condi-
tions considered near the end of life.10 Therefore, pallia-
tive care as a component of palliative medicine should 
not be a service reserved for patients considered to be 
nearing the end of life who are imminently dying, but 
focuses on consultative services addressing goals of care 
that include symptom management, QOL, and family 
support of care in patients with serious illness and their 
families.11 Ordinarily, interdisciplinary counseling pro-
vides the additional resources to aid the palliative care 
team in addressing the patient’s needs, including the 
continuation of life-extending treatments.

Hospice as a distinct category within the pallia-
tive medicine continuum provides team-based sup-
port services to patient, family, and caregivers in the 
home or an institution when the patient has become 

Life prolonging therapy

Palliative care

Medicare
hospice
benefit

Death
Diagnosis of

serious illness

FIGURE 26-1 Palliative care’s place in the course of illness.
Data from Grant M, Elk R, Ferrell B, et al. Current status of palliative I29:I32.
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terminally ill. The Centers for Medicare and Medicaid 
Services define hospice as a specific patient plan of 
care that is “a comprehensive set of services identi-
fied and coordinated by an interdisciplinary group to 
provide for the physical, psychosocial, spiritual, and 
emotional needs of a terminally ill patient and/or fam-
ily members.”10

Hospice care services characteristically occupy the 
terminal phase of palliative care medicine, focusing spe-
cifically on patient- and family-centered needs to relieve 
suffering and promote comfort specifically during the 
end-of-life transition phase when curative therapy is no 
longer desired and/or a foreseeable option. As a distinct 
portion of the palliative care continuum, hospice care 
is considered more consistent with end-of-life care by 
primarily concentrating on enhancing a dying patient’s 
QOL by providing adequate pain relief, managing physi-
cal symptoms, and providing emotional support to both 
the patient and the family.12 Current support recom-
mends that palliative care should be incorporated into 
the daily clinical management of the seriously ill patient 
regardless of the underlying illness or stage of disease, 
whereas hospice care should be considered when pa-
tients with life-threatening illness face an anticipated 
survival of 6 months or less.11

Coordination and partnerships between palliative 
care and hospice programs are essential components 
across the trajectory of serious disease as an interdis-
ciplinary endeavor, including medicine, nursing, social 
work, psychology, nutrition, and rehabilitation.3 Unfortu-
nately, primary caregivers are often reluctant to discuss 
or recommend hospice because of their lack of training 
in communicating to patients near death or because they 
are unaware of hospice availability for noncancer pa-
tients.13 Patients agreeing to initiate or transition to hos-
pice care (unlike those receiving benefits from a palliative 
care program) are required to give up insurance for life-
prolonging treatment. While the importance of each of 
palliative and hospice care has steadily progressed since 
their early beginnings, the depth of involvement available 
from each discipline continues to vary from institution 
to institution. Nevertheless, it is essential that all pa-
tients with serious illnesses receiving palliative medicine 

services, including hospice care, have clearly defined 
goals for care that are periodically reevaluated and that 
their symptoms are appropriately managed.

Barriers to Effective Palliative Care
In cases in which treatment of a serious 
life-limiting disorder is successful, remission followed 
by recurrence and additional treatment may occur with 
many of these patients. When this occurs, there is usu-
ally multiple physician involvement that introduces 
fragmentation of care as the patient progresses through 
the course of the disease process. Coordination of care 
across these many disciplines is limited and difficult. 
One approach to this problem has been the use of 
familiar lay persons in assisting patients as they prog-
ress through diagnosis, treatment, and follow-up care 
of life-limiting and/or terminal illnesses.14 Examples 
of such persons are nurses, social workers, or case 
managers.

Despite the increasing availability of comprehen-
sive palliative care, including hospice services, there 
are numerous barriers that remain that pose obstacles 
to their timely use. Several studies demonstrate how 
transitioning from curative to palliative care is fraught 
with impeding roadblocks, including poor communi-
cation demonstrated between healthcare givers with 
their patients as well as the limited ability of staff to 
make difficult management decisions. Difficulty and 
discomfort that many caregivers have with candid dis-
cussions about end-of-life care with their patients may 
delay timely initiation of palliative care.15 Some of the 
difficulty experienced by healthcare professionals may 
be related to the apprehension they have that discuss-
ing “palliative or supportive” in their patient’s care and 
management will suggest to their patients that they have 
given up on them or that there are no further treatment 
options available. While this anxiety barrier may be 
present, honest communication with the patient should 
help to instill comfort and trust. Knowing that effec-
tive palliative care works in synchrony with more active 
therapeutic options, including active steps in preventing 
frequent and multiple hospital admissions that many 
patients with chronic lung disease experience, should be 
relayed to each patient.15

One of the most troubling causes of impaired dis-
cussions between caregivers and patients is the mis-
construed, yet persistent, association of palliative and 
hospice care with imminent death. For patients with 
cancer of the respiratory system who are seeking cure 
or life prolongation and for physicians attempting to 
meet their patients’ needs, this perception can limit 
acceptance of appropriate palliative care interventions. 
Fortunately, the acquisition of early consultation with a 
palliative care consultant or team can greatly facilitate 
communication. It is important to convey that pallia-
tive care can be delivered concurrently with anticancer 

KNOWLEDGE CHECK QUESTIONS

1. True or False: Palliative medicine is 
interdisciplinary.

2. True or False: The focus of hospice care is to pre-
vent and relieve suffering during life-prolonging 
therapy.

3. True or False: Palliative care may be given during 
life-extending treatments.
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treatments.16 In fact, the National Comprehensive 
Cancer Network (NCCN) guidelines have defined pal-
liative care as “an organized, highly structured system 
for delivering care to persons with life-threatening or 
debilitating illnesses. Palliative care is patient and family 
centered care . . . . The goal of palliative care is to pre-
vent and relieve suffering and to support the best pos-
sible QOL for patients and their families, regardless of 
the stage of disease or the need for other therapies..”17 In 
many instances, comprehensive palliative medical care 
is delivered in tandem with life-prolonging care or even 
as the main focus of care by providing aggressive pain 
and symptom management, psychosocial support, spiri-
tual care, nutritional support, music or art therapy, as 
well as additional services desired by the patient.14 Care 
can be provided in hospitals, outpatient settings, as well 
as many other healthcare settings because currently 
there are no point-of-care criteria that restrict specific 
access to palliative care services.18 Moreover, national 
and international organizations, including the Institute 
of Medicine, the American Society of Clinical Oncol-
ogy, and the NCCN, have recommended the addition of 
palliative care practices into the cancer care continuum 
beginning at initial diagnosis.

Another potential impediment facing the health-
care provider in initiating early palliative care is the 
limited scope of some palliative medical services in 
some healthcare settings that may not provide access 
to hospice care. Hospice services within the complete 
continuum of palliative medicine should be available to 
patients with a prognosis of 6 months or less who are 
willing to relinquish insurance coverage for curative 
or life-prolonging treatments for focused supportive 
care.11 Healthcare professionals also often fear that by 
mentioning the words “palliative or supportive care,” 
they may unintentionally mislead their patients into 
sensing that they have nothing more to offer them or 
that no further treatment options will be available. The 
art of skillfully discussing how effective palliative or 
supportive care works in synchrony with more active 
therapeutic options must be developed through specific 
training and/or experience.19 Explaining that one of the 
primary purposes of this form of specialized care is to 
prevent the frequent and multiple hospital admissions 
that many patients with chronic lung disease experience 
should help lessen this trepidation. Unfortunately, prog-
nosticating the anticipated survival of patients with ad-
vanced lung diseases other than cancer as well as most 
patients admitted to the ICU is characteristically un-
reliable, perhaps adding more difficulty to a caregiver’s 
ability to initiate early referral. The U.S. reimbursement 
criteria for hospice are subject to Medicare regulations 
over 80% of the time. If a patient’s prognosis is indeter-
minate or if the patient wishes to pursue life-prolonging 
therapies, the patient becomes ineligible for hospice 
care reimbursement.20 Such requirements can place 
the primary caregiver under additional pressures to 

make decisions they may not be able to make in good 
conscience.

Inconsistent and widely varying payment coverage by 
different insurers of patients with terminal illness adds 
to troublesome reimbursement issues. This introduces 
added burdens to providers due to complicated eligibil-
ity requirements, approved length of covered stay, and 
other time-consuming issues.12 Nonpaid services by 
insurers of treatments, including outpatient managed 
care, include such expenses as co-pays and deductibles, 
and nearly all prescription medications (e.g., oral an-
algesics) can present significant financial obstacles to 
effective palliative care services.12 Multifaceted profes-
sional staff as well as family-member caregiver stress 
and burnout can also contribute to suboptimal care. 
Even patients’ attitudes regarding the appropriateness of 
treating symptoms associated with their serious illness 
or their fear and unwillingness to confront the accep-
tance of terminal disease may hinder effective delivery 
of palliative care.

Ineffective Communication
The most common and largest barrier to effective pal-
liative care is ineffective communication and miscon-
ception of what palliative care is, by both healthcare 
professionals and patients.21 Unfortunately, many 
healthcare providers lack the sufficient skills needed to 
implement meaningful discussions concerning goals, 
preferences, and end-of-life care with seriously ill pa-
tients. The inability to communicate effectively has been 
identified in several studies and institutional reports, 
including those of the Institute of Medicine. Not ap-
propriately identifying patient and family concerns and 
wishes leads to persistent gaps in care for persons with 
serious and advanced illness. Specific care deficiencies 
ultimately arise in symptom control and continuity of 
care, and result in unmet spiritual, psychologic, and 
specific informational needs for the dying and their 
loved ones.22

Communication in health care is not a simple, natu-
rally occurring process, but rather a complex endeavor. 
Proper communication requires intense education and 
practice. The need for expert communication skills is 
universal in health care but takes on special impor-
tance during intense times, such as serious illness and 
end-of-life care.23 The ability to communicate well is 
important to good patient care and has been associated 
with greater patient satisfaction, better patient out-
comes, less patient anxiety, better adherence to treat-
ments, and better care at the end of life.8

When specifically asked, patients state their prefer-
ences as to the type of care they wish to receive when se-
rious and life-threatening disease occurs typically include 
pain and symptom control, avoidance of an extended 
dying process, the capability of maintaining a sense of 
self-control, concerns regarding added hardships that 
their illness may have on their family, as well as a desire 
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to strengthen certain personal relationships.24 Such 
communication interactions are often prolonged and 
may require several encounters to sufficiently address 
multiple critical and sensitive issues, such as preferences 
regarding life-sustaining treatments, the use of support-
ive technologies, and desire for home versus hospital 
care. While these topics of personal care seem entirely 
reasonable, the majority of research studies into patient 
goals and requests fail to demonstrate that their prefer-
ences are adequately met. Research findings suggest ap-
proximately 90% of patients specify a preference to die 
at home, yet significant numbers of terminal patients die 
in the hospital (including the ICU, where patients in this 
technology-rich environment are often faced with even 
greater difficulty communicating with their families), 
and 24% die in a skilled nursing facility.25 A change in 
the healthcare approach from disease-centered care to 
patient-centered palliative care early in the course of seri-
ous illnesses can begin to familiarize the patient as well as 
family with palliative care services, permit dialogue to be-
gin earlier in the course of palliative treatment regarding 
sensitive topics such as death, and provide for a window 
of opportunities for discussion of goals of care between 
the physician, patient, and family.

Empathetic and honest dialogue involving the pa-
tient and the palliative care team (including the pri-
mary treating physician and the patient’s family) is an 
important factor in diminishing psychologic distress, 
enhancing patient compliance, developing patient and 
family realistic expectations, and promoting patient 
and family satisfaction. This is especially important at 
critical transition points in the patient’s illness, which 
involve delivering bad news at points of transition in 
the disease course.26 Physician availability to the pa-
tient and family is important, as well as responding to 
a patient’s and family’s feelings with attentive empathy. 
An appropriate physical location should be sought for 
the purpose of uninterrupted discussions. Time spent 
with the patient should also include the presence of ap-
propriate family members so that informed choice and 
autonomy are possible.27 Advance planning of care, con-
tinuity, and clinical guidance can positively impact the 
patient and family throughout this process. Yet, despite 
the combined efforts of a dedicated palliative care team, 
communication remains a significant problem in an 
estimated 20% of cases while analogous problems exist 
between the patient and family members in approxi-
mately 30–40% of cases.

Topics of conversation expressed by patients that are 
consistently absent or receive inadequate discussion in 
many studies include asking about religious beliefs, feel-
ings regarding becoming increasingly more ill, suspected 
uncertainties regarding the dying process, and length of 
time remaining they might be expected to live.23 Because 
of the inherent ambiguity regarding prognosis and chro-
nicity of life-limiting lung disorders, effective commu-
nication skills regarding advance care planning remain 

challenging. This is especially true when caregivers 
begin discussions in response to an acute deterioration 
in the primary disease process or secondary exacerbat-
ing condition. Although the American Thoracic Society/
European Respiratory Society guidelines for respiratory 
patients with advanced disease recommend beginning 
discussions regarding end-of-life care while patients are 
clinically stable, it is estimated that less than one-third 
of these patients have discussed their feelings with their 
healthcare provider or family members.28 If patients with 
advanced lung disease such as COPD or pulmonary fi-
brosis choose to decline aggressive care in the terminal 
phase of their disease, they need to be repeatedly assured 
by all caregivers that those discussions are not intended 
to imply that they will, in any way, be medically or emo-
tionally abandoned. Communication between caregivers 
and the patient should convey that “hope” is relative to 
one’s current situation and should be preserved by setting 
reasonable expectations and goals based on straightfor-
ward prognostic information.20 Successful early discus-
sion before periods of crisis between caregivers and their 
patients and families provides an opportunity to better 
plan the use of time to make informed choices regarding 
specific goals such as hospitalization as well as proce-
dures and treatments.29 While these principles hold true, 
it is important to remember that with each individual 
case, there is no one path, no one speed, no one approach 
that will work for everyone.

KNOWLEDGE CHECK QUESTIONS

1. True or False: The U.S. reimbursement criteria for 
hospice care are subject to Medicare regulations.

2. True or False: The main barrier to palliative care 
is communication.

3. True or False: Most patients discuss their 
feelings regarding end-of-life care with their 
healthcare providers and their family.

Palliative Management Concerns
A key role assumed by a dedicated comprehensive pal-
liative care team is the integration of a patient’s unique 
detailed assessment and subsequent development of 
an often complex treatment plan consistent with the 
patient’s and family’s goals of care. Palliative care in the 
seriously ill typically involves multiple symptom man-
agement. Because such care is by its nature multifaceted 
and progressively more difficult, primary care clinicians 
are often encouraged to seek expert advice from a pal-
liative care specialist and his or her team.30

The appropriateness of laboratory testing in patients 
receiving early palliative care is usually predicted on the 
suspicion of a concurrent acute disease process that will 
warrant additional treatment measures if discovered. 

702 CHAPTER 26 Palliative of the Respiratory Patient



Although a patient receiving palliative care may have 
a high probability of coexisting morbidity, laboratory 
testing may not be necessary or appropriate. A patient 
with end-stage renal disease who presents with a seem-
ingly unrelated symptom, such as a minor soft tissue 
infection, would likely not benefit from confirming the 
presence of an elevated serum creatinine level. It may 
become necessary to recheck renal functions if the need 
arises to subsequently treat requiring the adjustment of 
antibiotic dosing based on current renal function. Ra-
diographic imaging, as with laboratory studies, are typi-
cally reserved for the identification of conditions that 
will change treatment when present. Substantiating the 
presence of a lung mass in a patient with lung cancer 
who presents with complaints unrelated to the chest is 
unnecessary. A patient who presents with a new cough 
associated with an elevated fever may warrant a chest 
radiograph if pneumonia is strongly suspected and the 
patient has indicated that he or she would receive anti-
biotic treatment for pneumonia, if established.

Commonly acceptable procedures for patients 
receiving palliative care include intravenous fluid 
administration for dehydration, thoracentesis for 
symptomatic relief of pleural effusion, paracentesis 
for symptomatic ascites, and urinary catheter place-
ment to maintain hygiene or to prevent obstruction. 
The use of nasogastric (NG) tubes can temporarily 
supplement oral intake although they are usually un-
comfortable and may significantly increase the risk of 
aspiration. In those cases where patients have indicated 
their desire for nutritional support, placement of a 
percutaneous endoscopic gastrotomy (PEG) tube may 
be a reasonable consideration.31 Use of thrombopro-
phylaxis with anticoagulant therapy involving patients 
with advanced life-threatening conditions such as 
cancer may be utilized in accordance with an accept-
able estimate of risks and benefits.32 Determination of 
potential anticoagulant usage is usually predicated on 
the presence of an adequate individual performance 
status determined by the Karnofsky index. Current 
studies suggest that low-molecular-weight heparin be 
employed in patients with an adequate performance 
status who is temporarily at an increased risk of ve-
nous thromboembolism (VTE) and has no substantial 
contraindications.33

The concept and practice of surgical palliative care has 
also evolved over time. Originally considered primarily a 
theoretical deliberation, it has become a more serious con-
sideration in specific conditions. What was initially a lim-
ited practice consisting of a poorly defined set of invasive 
procedures has evolved to the level of an evidence-based 
approach of utilizing surgical means of relieving suffering 
and promoting QOL that may include cure or remission of 
the underlying disease. Thus, the fundamental principles 
guiding the application of surgical palliative care are deeply 
entrenched in surgical tradition.34 Successful palliative sur-
gery intervention, though generally not curative,  

is most likely to provide symptomatic benefit in a patient 
who has pain, ulceration, or bleeding or suffers complica-
tions of obstruction.35 A careful patient selection process 
reflecting a clear understanding of expressed patient goals 
is necessary, given the desired outcome of lasting symp-
tom control without operative morbidity. The American 
College of Surgeons Surgical Palliative Care Task Force 
 defines palliative surgery as “any invasive procedure  
used for treatment when the major goal of treatment is 
_relief or the prevention of symptoms to improve QOL  
for patients with incurable illness. This treatment may or 
may not prolong life, but that is not the primary goal  
of the procedure”34 (https://www.journalacs.org/article 
/S1072-7515(04)01340-7/fulltext).

KNOWLEDGE CHECK QUESTIONS

1. True or False: The placement of a PEG tube, for 
feeding purposes, is appropriate during pallia-
tive care.

2. True or False: Surgical palliative care is generally 
curative.

Management of Common Symptoms
There are numerous respiratory symptoms that are 
encountered with patients who are in the end-of-life 
phase. These include, but are not limited to, cough, 
dyspnea, pain, the adverse effects of opioid treatment, 
constipation, anxiety, depression, fatigue, anorexia, 
delirium, nausea and vomiting, psychological distress, 
and spiritual distress.

Cough
Cough and shortness of breath are among the most 
commonly encountered respiratory symptoms and 
often may become debilitating and result in profound 
reduction in QOL.36 An unrelenting cough may not 
only cause debilitating manifestations in itself, but also 
exacerbate associated symptoms of shortness of breath, 
urinary and fecal incontinence, chest discomfort, and 
insomnia. Because cough receptors are located within 
the small or large airways, cough frequently occurs as 
the result of primary lung malignancy involving these 
locations as well as with any extrathoracic malignancy 
causing pulmonary metastasis.36 In cases involving 
cough due to lung cancer, standard antineoplastic treat-
ment, such as external beam radiotherapy (EBRT) or 
chemotherapy, has been found to be quite effective in 
reducing or halting cancer-induced cough.37

Dyspnea
Intractable dyspnea or breathlessness is a common 
devastating symptom of advanced-stage cancer as well 
as nonmalignant progressive lung disease. It may be 
defined as a subjective experience of difficult, labored, 
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and uncomfortable breathing.38 Dyspnea as a symptom 
disorder is considered by many to be the most troubling 
and debilitating of pulmonary complications causing 
both distress and isolation for patients and their fami-
lies. Controlling dyspnea, therefore, is considered fun-
damental in the palliative care of respiratory patients.39 
As with other distressing symptoms, it is important that 
the underlying cause of dyspnea is identified. Although 
bronchospasm and/or hypoxemia are commonly as-
sociated with symptoms of dyspnea in advanced lung 
disease, a less frequent cause and subsequent form 
of treatment may be required (as in thoracentesis for 
pleural effusion or diuresis for pulmonary edema). This 
is especially true in the elderly population who may 
present with unique challenges, such as hypothyroid-
ism, anemia, and deconditioning, which can exacerbate 
dyspnea.40 Symptom-directed management should be 
focused toward optimal disease-specific treatment.

Unfortunately, efforts to eliminate dyspnea are apt 
to be suboptimal because there is no completely effec-
tive palliative intervention. It is therefore important 
that patients are encouraged early to participate in 
pulmonary rehabilitation programs to hopefully learn 
ways to control their dyspnea and alleviate anxiety.41 
Integrating regular assessment with use of opioids and 
anxiolytics as well as management counseling may pro-
vide considerable relief. The physiologic component of 
dyspnea resulting from hypoxia may be significantly 
relieved with supplemental oxygen, whereas noninva-
sive positive-pressure ventilation can be helpful for hy-
percapnic adult patients.42 Reversible cause of dyspnea 
should be identified and treated, such as pneumonia, 
symptomatic pleural effusion, severe anemia, and as-
cites. In the case of advanced-stage cancer, however, 
persistent breathlessness is significantly more complex 
because its cause is typically multifactorial.43 Severity is 
generally unrelated to measurable pulmonary function 
or disease status and correlates poorly with respiratory 
rate, accessory muscle use, arterial blood gas analysis, 
and oxyhemoglobin saturation. Optimum palliative 
management should be focused on the patient’s needs 
and goals and not be predicated simply on patient en-
durance.41 Most often, management involves pharma-
cologic treatment with opioids given by oral route as a 
first-line therapy for symptomatic control of dyspnea 
in patients with advanced lung disorders. Effective dos-
ages necessary for relief of dyspnea are often lower than 
doses necessary to control pain.38 The majority of ad-
verse effects associated with opioid therapy used for the 
relief of intractable breathlessness are nausea/vomiting 
and constipation, whereas respiratory depression is 
very rare and does not occur when opioids are titrated 
against pain, increased slowly, and dosed according 
to renal and hepatic function.44 In fact, several studies 
have shown that opioid treatment for dyspnea does not 
lead to evidence of decreased respiratory rate, increased 
carbon dioxide retention, or earlier death. Less evidence 

of opioid effectiveness, however, is observed in patients 
with dyspnea caused by cancer.45

Nonpharmacologic interventions, such as the use 
of a directed fan or cool ambient airflow stimulation of 
receptors in the face and nasal passages, may be quite 
helpful for some patients.46 Occasionally, oxygen ther-
apy may benefit patients who do not meet Medicare re-
imbursement criteria for home oxygen therapy. In such 
cases, the Medicare Hospice Benefit covers the oxygen 
therapy costs with patients enrolled in a palliative care 
program. The use of benzodiazepines is particularly 
beneficial in dyspnea worsened by anxiety. The use of 
parenteral opioids and palliative sedation therapy (PST) 
may ultimately be necessary at the end of life when 
appropriate.

While the use of supplemental oxygen therapy can 
reverse hypoxemia, it may not necessarily relieve the 
sensation of dyspnea.39 Although administering oxy-
gen to cancer patients with and without hypoxemia 
can result in improved oxygen saturation, rarely does 
a reduction in dyspnea occur when cancer patients are 
placed on oxygen versus remaining on room air. Despite 
theoretical physiologic benefits associated with oxygen 
therapy, no additional symptomatic relief is likely to 
result when supplemental oxygen compared with room 
air is given to patients with refractory dyspnea due to 
most life-limiting illnesses.47 In nonhypoxemic cancer 
patients, studies reflect no significant difference be-
tween oxygen-administered patients and those admin-
istered room air in reducing dyspnea during exercise. 
Evidence to support the use of oxygen therapy for dys-
pnea in advanced cancer patients remains weak because 
no consistent beneficial effect in relieving the symptom 
of dyspnea is observed in individuals with end-stage 
malignancies or congestive heart failure. Strong evi-
dence exists, however, that does support oxygen therapy 
for dyspnea during exercise in hypoxemic patients with 
COPD, while merely blowing air across the face can also 
improve the sensation of dyspnea.39 Nonpharmacologic 
interventions, such as pulmonary rehabilitation training 
that includes breathing training during exercise, com-
bined with low-impact aerobics and strength training, 
can be effective in relieving breathlessness in advanced 
stages of chronic lung disease.41

Pain
A major area of palliative care concentration involves 
optimizing comfort and reducing physical suffering 
through management of bothersome symptoms, in-
cluding pain.48 While most respiratory disorders are 
more likely to produce respiratory-related symptoms, 
such as a cough or shortness of breath, cancer-related 
respiratory disorders and complications secondary to 
advanced respiratory disorders often result in pain. 
Control of pain normally begins with patient routine 
screening and assessment. Self-described pain assess-
ment scales are used to subjectively quantitate levels 
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or degrees of pain, such as the familiar numeric 0–10 
verbal pain scale. In the elderly, a three-component, 
descriptive scale utilizing mild–moderate–severe levels 
may be more appropriate for describing various intensi-
ties or degrees of pain. Another pain assessment tool 
includes a visual analog scale. The guiding principle 
with assessment scales is matching a suitable scale to 
the individual and using the tool consistently for se-
rial assessment. By consecutively using the same scale 
over time, the level of pain control can be assessed, and 
reasonable goals can be established.49 As with any dis-
tressing symptom, potentially reversible causes of pain 
should be investigated.

Nonnarcotic analgesics, including medications 
such as aspirin, acetaminophen, or nonsteroidal an-
tiinflammatory drugs (NSAIDs), are used for mild 
pain (score of 1–3 on the 0–10 pain intensity scale).49 
Nonopioid adjuvant analgesics (which include agents 
such as NSAIDs, corticosteroids, antiepileptics, an-
tidepressants, anticonvulsants, and local anesthet-
ics) may be used in combination with opioids to treat 
moderate-to-severe pain (moderate pain score of 4–6 
and severe pain score of 7–10 on the 0–10 pain intensity 
scale).49 These agents are used to potentially minimize 
opioid adverse effects while maintaining pain control 
(especially in patients with cancer). Adjuvant drugs are 
particularly useful in the management of neuropathic 
pain (arising from injury to or abnormal stimulation of 
nerves).50 Agents with the lowest adverse-effect profiles 
should be selected initially beginning with the lowest 
dose recommended and progressively increased until 
the desired relief effect is achieved without unfavor-
able effect. Other adjuvant analgesic therapies used for 
the palliation of painful cancer bone metastasis include 
bisphosphonates as well as radiation therapy and radio-
isotopes (such as strontium 89). Tricyclic antidepres-
sants (TCAs) are typically reserved as initial treatment 
of neuropathic pain.49,50 Nortriptyline and desipramine 
are typically preferred over antidepressant drugs such 
as amitriptyline because of their lower adverse effects. 
Other effective treatments of neuropathic pain include 
serotonin–norepinephrine reuptake inhibitors, anticon-
vulsants (e.g., gabapentin, carbamazepine),49,50 and local 
anesthetics.

Opioids are considered the cornerstone of therapy 
for patients with moderate-to-severe cancer pain and/
or intolerable dyspnea. Evidence also exists that opi-
oids are also effective for nonmalignant sources of pain 
originating from painful somatic and visceral stimuli 
(nociceptive) as well as pain originating in the nervous 
system (neuropathic pain).51 The optimal dosage of 
opioid that may be used is the dose that controls the 
patient’s pain with the least amount of adverse effects. 
Based on the “principle of double effect,” the relief of 
suffering adequately justifies using the premise that 
there is “no maximum dose of opioid” that supersedes 
the need to control dyspnea or pain suffering.44 While 

no one form of opioid has been shown to have superior 
analgesic efficacy, oral morphine is the most preferred 
opioid for treating moderate-to-severe pain because of 
its convenience, stable blood levels, overall physician fa-
miliarity, and relative low cost, and because it has been 
studied the most. Various forms and types of opioids 
that are available include immediate and sustained or 
controlled-release oral preparations as well as paren-
teral morphine (given either subcutaneously or by the 
intravenous route). Transdermal or rectal suppository 
administration routes of specific opioid categories can 
be used for those individuals unable to take medications 
by mouth.52 Because the active metabolites of opioids 
are primarily cleared by the kidneys and accumulation 
of these byproducts can therefore occur in renal dys-
function leading to oversedation with respiratory de-
pression, hydromorphone and transdermal fentanyl are 
considered safer choices in patients with renal failure.44 
Meperidine is one opioid generally avoided because of 
its variable oral bioavailability, short duration of action, 
and neurotoxic metabolites. The metabolite normeperi-
dine can accumulate with prolonged meperidine use at 
high doses or in cases of renal failure causing dysphoria, 
agitation, nervousness, and seizures.44

Adverse Effects of Opioid Treatment
Unfortunately, opioid therapy representing the fore-
most pharmacologic treatment of severe pain as well 
as intractable symptoms of dyspnea often produces 
predictable disturbing complications. Previous evidence 
has clearly shown that low-dose oral morphine has the 
best proven efficacy in patients with chronic progres-
sive pulmonary disease and remains the gold standard 
as the pharmacologic agent of choice. Despite its proven 
efficacy, concerns regarding respiratory depression con-
tinue to be common especially when dosage is rapidly 
increased in opioid-naive patients.44 Several studies 
have demonstrated, nevertheless, that the discomfort 
of dyspnea can be palliated safely without adversely de-
pressing the respiratory rate, increasing carbon dioxide 
arterial levels, or causing premature death. Even when 
mild respiratory depression is encountered, individual 
tolerance to respiratory depression develops over time. 
Temporarily withholding the opioid and lowering the 
dose may alleviate mild cases of respiratory depression. 
If respiratory depression becomes more severe, diluted 
naloxone can be titrated to produce the desired respira-
tory response.52

Other predictable opioid adverse side effects in-
clude opioid-induced constipation with scheduled use 
typically requiring concurrent preventative as well as 
active treatment with scheduled stimulant or osmotic 
laxatives. The use of stool softeners is typically ineffect-
ive when exclusively used by themselves.51 Nausea 
and vomiting associated with opioid use is felt to be 
mediated largely by dopamine and is generally tem-
porary. Tolerance to opioid-induced nausea commonly 
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develops within a few days of its use. Because pain 
as well as dyspnea relief is often dependent on this 
medication, anti-dopaminergic antiemetics, such as 
metoclopramide or prochlorperazine, may be given 
because of their effectiveness in opioid-induced nausea. 
Delirium is defined as a group of symptoms caused by 
a disturbance in the normal functioning of the brain 
manifested by a state of mental confusion. Delirium 
typically develops quickly and usually fluctuates in 
intensity with opioid therapy in contrast to individ-
uals with dementia.52 Tolerance to opioid-induced 
delirium usually develops within 3–7 days of begin-
ning treatment. Other reasonable measures to combat 
adverse effects include opioid agent rotation or using a 
sustained-release or transdermal steady-release opioid 
agent. Reducing the opioid dose while simultaneously 
combining the use of adjuvant analgesics may also de-
crease symptoms of delirium. The pharmacologic use of 
low-dose haloperidol has also been found to be effective 
in opioid-induced delirium.52 Sedation commonly occurs 
with opioid agents yet decreases with tolerance. Seda-
tion usually occurs within a few days of use and may 
be reversible with dose reduction or use of a different 
opioid preparation.44 Psychostimulants such as meth-
ylphenidate can sometimes be used to offset persistent 
opioid-induced sedation. Opioid-induced pruritus, 
though rare, results from histamine release. It may be 
treated by switching to a different opioid agent or by 
adding low doses of non-sedating antihistamines to 
counteract symptoms.44 Opioid-induced hyperalgesia 
results in a patient becoming paradoxically more sensi-
tive to pain despite opioid use, and especially in those 
individuals requiring high-dose therapy. Likewise, 
allodynia (referring to pain evoked by a stimulus that 
is not normally painful, such as in the soft touch of a 
bed sheet) may occur in patients receiving high doses 
of opioid agents. Resolution of either hyperalgesia or 
allodynia symptoms may respond to a reduction in 
opioid dose, by rotating the specific type of opioid or 
by using adjuvant analgesics. Myoclonus (consisting of 
involuntary spastic contractions of a muscle or group of 
muscles) is uncommon yet a potential adverse effect of 
opioid therapy, which may respond to low-dose benzo-
diazepines. Other known adverse effects of opioid ther-
apy include urinary retention, which is often self-limited 
but may require intermittent straight catheterizations 
or the temporary placement of a Foley catheter in more 
extreme cases,4 and dry mouth normally treated with 
good-quality oral hygiene and saliva substitutes.

It has been suggested that palliative care pain man-
agement should follow several fundamental guiding 
principles. See Box 26-1 and Figure 26-2.

Constipation
Constipation may be defined as the passage of hard, 
dry stools less frequently than the patient’s usual 
bowel-habit pattern, rather than simply the decrease in 

the number of stools per day or week. While not nor-
mally a symptom that is necessarily associated with re-
spiratory disease, constipation is common in advanced 
progressive illness and prevalence usually increases 
with age and reduced activity.53 The consequences of 
constipation can be substantial, ranging from consider-
able annoyance to nausea and abdominal pain to fecal 
impaction and even death from colon perforation. In 
patients with terminal disease, this disturbing symptom 
almost routinely results when medications such as opi-
oids are employed. While the use of opioids represents 
the most common iatrogenic cause of constipation, 
many other medication types may also contribute, such 
as anticholinergic agents, calcium, and iron. Therefore, 
when the addition of these types of agents is considered 
necessary, the minimum effective dose should be em-
ployed to lessen their pharmacologic contribution to 
constipation.44 Management is often successful when 
a stimulant laxative, such as senna, with or without 

Freedom from cancer pain

Opioid for moderate to severe pain
+/− Non-opioid
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+/− Non-opioid
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Non-opioid
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2
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FIGURE 26-2 The WHO pain relief ladder.
Reproduced with permission from WHO Analgesic Step Ladder. http://www.who.int/cancer 
/palliative/painladder/en.

BOX 26-1 Fundamental Guiding Principles 
for Palliative Care Pain Management

 � Pain medications need to be dispensed on a 
regularly scheduled basis.

 � As needed (PRN) or rescue doses need to be 
available for breakthrough pain or pain not con-
trolled by the standing regimen.

 � Palliative care patients beginning opioid therapy 
need to be routinely started on a prophylactic 
bowel regimen.

 � The World Health Organization (WHO) analge-
sic stepladder approach to the use of analgesic 
drugs should be used as a guide for most pain 
syndromes.
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a stool softener as an adjunct is part of prophylactic 
bowel regime.

The addition of a different laxative class, such as an 
osmotic laxative, should be considered if a prophylactic 
management regime alone is not effective. Laxative dos-
ing ideally should be adjusted to maintain a patient’s 
usual normal bowel habits. Recent evidence suggests 
that gastrointestinal mu-opioid receptor antago-
nists, such as methylnaltrexone, may effectively treat 
opioid-induced constipation that is unsuccessful with 
usual laxative therapy. This agent works by selectively 
blockading peripheral opioid receptors to relieve con-
stipation without precipitating opioid withdrawal.53,54 
A bulk-forming laxative in palliative care is usually not 
recommended because it may exacerbate constipation 
in those individuals who are dehydrated or less mobile. 
Use of laxatives may also cause additional adverse side 
effects, including bloating, abdominal cramping, nau-
sea, and diarrhea. Bisacodyl suppositories or enemas 
may be used in more refractory cases of uncomplicated 
symptomatic constipation. While constipation is a pre-
dictable side effect associated with opioids or other pain 
analgesics in patients with advanced illness, constipa-
tion may be multifactorial, prompting investigation into 
other potentially coexisting reversible causes.53 Respon-
sible medications should be potentially discontinued 
or reduced, toilet facilities made accessible, a bowel 
routine established utilizing the gastrocolic reflex, and 
fluid intake as well as activity encouraged if feasibly 
appropriate.

Anxiety
Anxiety is common in patients with respiratory dis-
orders, especially when facing a life-limiting illness 
and potential premature end of life. Anxiety may oc-
casionally occur as a primary psychiatric disorder, 
such as depression, or more frequently may represent 
a heightened reaction to stress and apprehension.55 
While anxiety can be significantly problematic for pa-
tients, other potential contributors to distress should 
be investigated before considering pharmacotherapy 
treatment. Anxiety may be exaggerated by certain 
medications such as corticosteroids, psychostimulants, 
caffeine, alcohol, beta-agonists, or theophylline, as well 
as drug and/or alcohol withdrawal, delirium, depres-
sion, and insomnia. Approximately 70% of terminally ill 
patients have anxiety.55Although dyspnea is considered 
a cause for anxiety and panic attacks, the opposite is 
also true that anxiety causes dyspnea. Whichever oc-
curs, compromises a patients’ QOL, decreases how 
well a patient responds to emergency therapies during 
acute exacerbations, and subsequently leads to more 
frequent hospitalizations. Anxiety disorders are likely to 
increase requirements for opioids used in the manage-
ment of acute as well as chronic pain. Anxiolytics such 
as short-acting benzodiazepines are often considered 

a useful addition in these patients although adverse 
effects can occur, including paradoxical agitation, se-
dation, and respiratory depression. Other neuroleptic 
agents that may prove beneficial in treatment include 
antidepressants, antipsychotics, and buspirone.28

Depression
Physicians need to be attentive and responsive to the 
fact that patients dealing with life-threatening disorders 
in up to approximately 30% of advanced cases become 
depressed.56 Medications such as chemotherapy, corti-
costeroids, or interferon can also affect depression as 
well as physiologic factors, including pain. Examples 
of psychological factors influencing the development 
of depression include spiritual issues, loss of personal 
control, and/or weak social support. In addition to their 
patients, clinicians should also carefully monitor care-
givers for signs of depression, discuss their potential 
vulnerability, and offer support and referral resources 
when needed. A briefly depressed mood or transient 
depression lasting a few days to a few weeks can be 
normally expected in individuals confronted by serious, 
life-threatening illness. Most experts agree, however, 
that symptoms that endure for several weeks are neither 
normal nor expected.57 Assessment for major depres-
sion should follow persistent warning signs, such as 
sadness, irritability, and distress; withdrawal from daily 
activities; unexplained worsening of physical symptoms 
or disproportionate to the apparent extent of disease; 
feelings of hopelessness or inappropriate guilt; and 
suicidal behavior or refusal of care. Treatment of de-
pression with selective serotonin reuptake inhibitors is 
usually considered safe in most patients presenting with 
persistent symptoms. While psychostimulants, such 
as methylphenidate, are effective in individuals with-
out major contraindications, use of these agents may 
require several weeks to achieve a therapeutic effect.58 
A depressed patient exhibiting active suicidal ideation 
should be assessed immediately and referred to an ap-
propriate mental health or palliative care professional.

Fatigue
Fatigue may be defined as a persistent sense of tiredness 
that is not relieved by sleep or rest. It is an extremely 
common problem among palliative care patients occur-
ring in an estimated 75–90% of patients with cancer, 
causing significant distress.59 The prevalence of fatigue 
is similar to that of patients with other progressive 
chronic diseases, including advanced lung disease. Fa-
tigue negatively impacts the QOL of patients as well as 
their caregivers as a multidimensional problem causing 
physical, emotional, and cognitive difficulties. While 
fatigue may be caused by commonly associated factors, 
such as stress, lack or disruption of sleep, poor diet, or 
excessive workload, palliative care patients are more 
likely to have fatigue from the illness itself, adverse 
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effects of treatment, and/or trying to cope with the huge 
number of issues surrounding the end of life.59

Specific factors that may intensify or aggravate fa-
tigue in palliative care patients include severe dyspnea, 
pain, anemia, nutritional and metabolic deficiencies, 
diminished activity and deconditioning, and the adverse 
effects of various therapies, including radiotherapy. 
Fatigue can also be exacerbated by medications such as 
chemotherapy, corticosteroids, interferon, anticholiner-
gics, sedative-hypnotics, opioids, and antihistamines.60 
Pharmacologic therapies used for the treatment of 
fatigue, such as psychostimulant agents and corticoste-
roids, have shown only modest benefits, whereas hema-
topoietic growth factors can improve fatigue in anemic 
cancer patients undergoing chemotherapy.60 Nonphar-
macologic interventions that may be worth attempting 
in patients in whom a specific reversible mechanism 
remains elusive include various coping strategies, mu-
sic therapy, reflexology, cognitive therapies, behavioral 
therapies, psychotherapy, and exercise.59

Anorexia
The anorexia–cachexia syndrome involving the loss of 
appetite and unintentional weight loss occurs frequently 
in severe advanced respiratory diseases but is most 
commonly described in patients with cancer who often 
lose a desire to eat or drink at the end of life.61 Some 
adult patients, however, deliberately choose to stop eat-
ing and drinking to control and/or accelerate the dying 
process. If an individual with a life-limiting illness who 
retains the capacity to make decisions chooses to forego 
nutrition and hydration, caregivers need to respect the 
decision and support the patient and family by continu-
ing to provide palliative care. Support for this inaction is 
legally and morally justified because there is no compel-
ling evidence that dehydration or foregoing nutrition 
in the dying patient leads to significant suffering.62 If 
the wishes of the patient are known that nutrition and 
hydration are desired to be continued, efforts should 
be made to identify potentially reversible causes of 
anorexia.

Nonpharmacologic intervention to promote nutri-
tion and hydration may be warranted when the overall 
survival prognosis remains uncertain and death is not 
imminent, though typically results in only marginal suc-
cess. Such measures include offering nutritional supple-
ments, such as liquids, puddings, and textures; using 
natural supplements and herbs; and avoiding noxious 
odors. Other techniques include offering small and fre-
quent meals; avoiding forced eating; practicing breath 
control while eating; and controlling pain. Efforts that 
may also be beneficial in some cases include address-
ing accompanying social, psychologic, and spiritual is-
sues.63 Pharmaceutic agents that have some success in 
anorexia–cachexia syndrome are progestins and corti-
costeroids. Progestins such as megestrol and corticoste-
roids such as medroxyprogesterone are equally effective 

in temporarily stimulating appetite and increasing 
weight in patients with cancer, although use of meges-
trol in older nursing home patients has been associated 
with increased mortality without a significant increase 
in weight. These medications have not, however, shown 
a beneficial effect on QOL.64 In fact, several adverse 
effects may occur with the use of progestins, such as 
lower-extremity edema, venous thromboembolic dis-
ease, and gastrointestinal intolerance. Adverse effects 
that are associated with corticosteroids include gastro-
intestinal disturbances, edema, anxiety, steroid psycho-
sis, hyperglycemia, and hypertension.53

Delirium
Delirium is described as a mental state of acute confu-
sion and inattention that normally follows a fluctuating 
course pattern. It is accompanied by either disorganized 
thinking or an altered level of consciousness.65 In pallia-
tive care patients facing end of life, delirium is distress-
ing and should be recognized early and treated. While 
commonly encountered in palliative care, an attempt 
should be made to identify any potentially reversible 
causes of delirium, such as the treatment of underlying 
pain or other symptoms like urinary obstruction, bowel 
impaction, or factors affecting sensory deprivation that 
may be contributing to delirium. While several factors 
can play a role, medications account for the most com-
mon cause of delirium, and therefore, all nonessential 
medications should be eliminated. If possible, reorienta-
tion should be gently encouraged with minimization of 
excessive environmental stimuli. Efforts should also be 
focused at avoiding sleep deprivation to minimize the 
risk of delirium.65

While there is currently little evidence regarding the 
role of pharmacotherapy in the management of delirium 
in the terminally ill, patients can generally be treated 
with low-dose haloperidol as first-line therapy. Agita-
tion and restlessness not responsive to haloperidol are 
likely to respond to the more sedating chlorpromazine. 
Benzodiazepines are typically reserved as second-line 
agents because they are less effective than neuroleptic 
agents and associated with a greater occurrence of para-
doxical reactions, such as agitation, sedation, worsening 
delirium, and respiratory depression. Respiratory pa-
tients with advanced cancer who experience hypoactive 
delirium may benefit from methylphenidate.66

Nausea and Vomiting
Nausea is a subjective, unpleasant awareness of the urge 
to vomit. The action of vomiting represents a neuro-
muscular reflex most often reversibly caused by bowel 
distension from constipation that results in the forceful 
oral expulsion of stomach contents.67 The next most 
frequent reversible cause of nausea and vomiting is nar-
cotic medications primarily occurring when treatment 
is initiated.68 An attempt should always be made to 
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identify other potentially reversible causes of nausea. It 
is estimated that approximately 60% of individuals with 
a life-limiting illness such as cancer, congestive heart 
failure, end-stage renal disease, and AIDS will experi-
ence nausea, and 30% will display vomiting.68 Before 
treating, it is important to identify the likely cause be-
cause symptoms of nausea and vomiting are commonly 
multifactorial, which may include the disease process 
itself and/or various therapies. Identifying a likely physi-
ologic mechanism substantially increases the likelihood 
of choosing an effective antiemetic regimen (consisting 
of one or more medications). Vomiting is mediated via 
neurotransmitter signals (including serotonin, dopa-
mine, acetylcholine, and histamine), as well as other 
stimuli communicated from the chemoreceptor trigger 
zone, the vestibular apparatus, the cerebral cortex, and 
the gut to the brain’s vomiting center.67

A mechanism-based pharmacologic approach 
utilizing neurotransmitter-focused treatment can ef-
fectively relieve nausea and vomiting in up to 90% of 
patients faced with terminal illness. Neurotransmitters, 
including serotonin, dopamine, and substance P, ap-
pear to be particularly important in mediating acute 
chemotherapy-induced nausea. Symptoms may be ef-
fectively treated with combination therapy, including a 
serotonin antagonist, dexamethasone, and aprepitant 
(an adjunctive antiemetic).69 Opioid-induced nausea 
mediated primarily by the neurotransmitter dopamine, 
on the other hand, is usually most effectively treated 
with medications such as metoclopramide, prochlor-
perazine, or haloperidol, although dopamine receptor 
antagonists can be associated with extrapyramidal 
symptoms and akathisia (a feeling or sensation of rest-
lessness and anxiety).51 Those individuals experiencing 
refractory nausea should be scheduled for treatment 
around the clock with multiple agents that target di-
verse neurotransmitter receptors.

Psychologic and Spiritual Distress
Psychologic as well as spiritual distress is generally com-
mon in individuals with lung cancer as well as advanced 
respiratory diseases, particularly as life-sustaining inter-
ventions become increasingly more limited. Although 
serious illness can raise deep-seated spiritual issues for 
patients, spirituality can also often become a significant 
source of comfort. An assessment of patients’ spiritual 
beliefs can be closely evaluated by using a spiritual 
history assessment tool, such as the FICA or SPIRIT 
acronym. See Figure 26-3. A physician’s role in deal-
ing with these disturbances is to recognize the patient’s 
concerns, determine the extent to which the patient is 
able to cope, and provide appropriate resources that 
might be of help.70 At the same time, clinicians should 
carefully monitor caregivers for similar difficulties and 
depression, discuss their vulnerability with them, and if 
needed, suggest support and referral resources to them.

Addressing the psychosocial and spiritual needs of 
patients and families is a core element of palliative care 
as mental suffering may become unbearable to some. 
Often, these disturbances lead to subsequent worsening 
of physical symptoms, such as pain and anxiety.70 It is 
common that spouses demonstrating profound emo-
tional and psychologic distress exhibit increased mor-
bidity and mortality, especially those who have assumed 
an active caregiver role. While sometimes not obvious, 
spiritual and religious beliefs may play a significant 
role in shaping treatment decisions among critically ill 
patients and their families particularly regarding the 
initiation and continuation of life-sustaining therapies.71 
Physician-initiated discussion regarding spiritual or 
religious beliefs that displays respectful listening and 
meaningful compassion is usually appreciated and wel-
comed by most seriously ill patients and their families.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Cancer-induced cough can be al-
leviated via external beam radiotherapy.

2. True or False: Dyspnea due to hypoxemia is not 
treatable during palliative care.

3. True or False: Dyspnea worsened by anxiety may 
be treated with benzodiazepines.

4. True or False: Fatigue causes significant distress 
in cancer patients.

Palliative Care in Chronic 
Progressive Lung Disorders
The American Thoracic Society (ATS) End-of-Life Care 
Task Force has issued practical guidelines for integrat-
ing palliative with standard care for individuals with 
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FIGURE 26-3 Useful acronyms for obtaining a spiritual history.  
(A) FICA where F = faith and beliefs, I = importance of spirituality  
in the patient’s life, C = Spiritual community of support, and  
A = how does the patient wish spiritual issues to be addressed  
in his or her care? (B) SPIRIT where S = spiritual belief system,  
P = personal spirituality, I = integration with a spiritual community, 
R = ritualized practices and restrictions, I = implications for medical 
care, and T = terminal events planning.
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chronic respiratory disease. An official ATS Clinical 
Policy Statement subsequently recognized the WHO 
position on palliative care that aims to prevent and re-
lieve suffering by early identification, assessment, and 
treatment of pain and other types of physical, psycho-
logic, emotional, and spiritual distress symptoms.28

Because most patients have decision-making capac-
ity early in a chronic progressive disease, it is important 
to sensitively determine their immediate and long-term 
goals of care and identify whom they want to make 
decisions on their behalf when they are unable to do 
so.8 Candid communication regarding palliative care 
services should be guided by patients’ articulated goals, 
expressed preferences, and questions. In contrast to the 
acute care setting, such as during ICU care, decision 
making may occur only after several visits in the outpa-
tient setting. By managing distressing symptoms facing 
a chronic significantly ill respiratory patient with a ter-
minal disease process, palliative care can improve QOL 
by offering other support services to patients and their 
families.72 The task force further expands palliative care 
goals originally discussed to ideally include “all patients 
receiving curative or restorative health care should re-
ceive palliative care concurrently, the elements and in-
tensity of which are individualized to meet the patient’s 
and family’s needs and preferences.”28 The policy execu-
tive summary emphasizes the need to include patients 
at all stages of illness whether terminal or not terminal 
that may benefit from palliative care. This is despite an 
acknowledgment that this specialized service was origi-
nally conceived and practiced as end-of-life care before 
evolving to its present position.

Decision making involving patients with advanced 
lung diseases may include several discussions regard-
ing realistic continued active care options, including 
mechanical ventilation, lung transplantation, and Phase 
I or II clinical trials.73 These options need to be thought-
fully addressed with clear, honest, and realistic descrip-
tions of their benefits as well as drawbacks, including 
the potential for reducing time spent with family and 
other loved ones. Individuals with non-neoplastic ad-
vanced lung disease, such as advanced COPD or inter-
stitial pulmonary fibrosis, confront several complexities 
in getting appropriate referral to hospice.73 Unfortu-
nately, palliative care, including hospice services, re-
mains underused in patients with advanced pulmonary 
diseases other than cancer. Because the only curative 
option for selected patients with advanced lung diseases 
is lung transplantation, if transplantation is not a viable 
option, palliation of symptoms and hospice care may 
offer those individuals relief from intolerable symptoms 
and an opportunity to die with dignity and comfort.73

Most patients with lung cancer who are subsequently 
referred to hospice typically die within a 6-month pe-
riod. Prognostication involving noncancer patients with 
advanced lung diseases, however, is significantly more 
difficult to determine because of the lack of reliable 

predictive survival models for these individuals. Pri-
mary care givers more comfortable with providing 
predominately preventative medical care frequently fail 
to recommend hospice care at home or in another set-
ting for nonmalignant patients with terminal disease 
because they are unfamiliar with its availability or eligi-
bility criteria for noncancer patients. Because there has 
been increasing support by home care organizations to 
embrace palliative and hospice care, obstacles to referral 
of patients with life-limiting respiratory disorders have 
at least been partially offset.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Palliative care may be given con-
currently with restorative health care.

2. True or False: Hospice care is routinely recom-
mended to noncancer advanced lung disease 
patients.

Advanced Directives
Studies done regarding accurate and detailed prog-
nostic information on end-of-life options indicate that 
most patients who face life-limiting illness prefer their 
physician initiate discussions about whether they wish 
to know their length of survival prognosis and in what 
level of detail.20 Approximately one in five seriously ill 
patients, however, would rather not personally discuss 
end-of-life options with their health provider despite 
maintaining obvious self-preferences or wishes. This 
usually necessitates the designation of an appropri-
ate proxy (such as a family member) to accomplish 
this task. If feasible, it is important to determine the 
patients’ immediate and long-term goals of care as 
well as whom they want to make decisions on their 
behalf if they become incapable of doing so. Utilizing 
advance directives, the patient or designated surrogate 
on behalf of the patient specifies the patients’ desires 
as to whether/when to discontinue life-prolonging 
interventions and the types/amount of palliative care 
they wish to receive. Although logic would suggest 
that advance directives are vital in maintaining au-
tonomy (patients’ control over one’s self well-being), 
most patients do not have advance directives or do 
not update them.74 Most adult patients who do create 
advance directives, however, rarely if ever change their 
affirmed initial preferences over time, permitting the 
desired and coordinated provision of palliative care to 
preferably begin in an effective way to meet all of the 
needs of the patient and family.74 While critical deci-
sions are ideally addressed in an advance directive, 
physicians as well as patients should be aware that 
specific limitations of advance directives are inherent 
in actual situations.
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All 50 of the United States and the District of Colum-
bia have enacted legislation to recognize the legal right 
of competent adults to responsibly designate advance 
directives. The purpose of these directives is to provide 
guidance for healthcare decision making near the end 
of life should illness, disease, or injury eliminate a pa-
tient’s ability to decide for themselves.1 Although there 
is much common ground among state laws, specific 
legal provisions may vary from state to state, particu-
larly regarding default surrogate decision makers if one 
was not previously specified by the patient.75 Usually 
providing an advance directive appointing a durable 
healthcare power of attorney or healthcare proxy may 
prevent later conflict or confusion. The intent of pro-
viding a legal representative of the patient is not to 
appoint someone to choose or determine the patient’s 
outcome but rather for a representative to embody the 
patient’s expressed wishes when he or she can no longer 
do so if the patient’s condition suddenly deteriorates. 
If possible, discussions regarding interventions that 
no longer achieve the patient’s goals should take place 
when the patient’s functional status and QOL are still 
intact yet may be declining, but before the patient loses 
the ability to express his or her desired preferences.24 
It is only relatively recently that societal pressures have 
encouraged patients to choose healthcare surrogates or 
proxies as well as to establish advanced care planning 
documents. These are exemplified by the expanded use 
of living wills or personally signed do-not-attempt-
resuscitation (DNAR) or DNR orders. While the overall 
intention of instituting these types of documents is to 
protect patients against unwanted treatments and to 
ensure that their wishes are followed as they approach 
death, few studies support that these documents alter 
practice. Yet it has been suggested that caregiver and 
family discussions regarding such documents concern-
ing the patient’s end-of-life care decisions may help pro-
vide comfort to the family that they are respecting their 
loved one’s wishes.

Advanced care planning, including advance direc-
tive documents such as living wills, are theoretically 
based on the ethical principle of patient autonomy. 
They are generally viewed as an opportunity for patients 
to self-direct their care at a future time when illness 
could otherwise render them incapable of speaking on 
their own behalf.24 Unfortunately, as a rule, they are 
characteristically ambiguous. Frequently, such efforts 
in planning cannot reliably predict all eventualities and 
unforeseen options and may be additionally limited by 
inadequate communication and misunderstanding.74 
Even the most ardent efforts at following the content 
of written advance directives in a precise manner are 
not often medically feasible. They, therefore, may fail 
because such advanced planning encompasses a huge 
range of available objective data, provider skills, and 
available technologies, and involves considerable indi-
vidual subjective judgments and values. Even though 

the more recently introduced patient autonomy model 
regarding medical decision making starts from the 
premise that the patient knows what treatment deci-
sion is in line with his or her true sense of well-being, 
physician judgment and combined cultural values of 
the palliative care team will often indirectly drive the 
actions taken with or without advance directives.75 It 
is therefore important to remember that despite seem-
ingly exercised autonomy with the perceived merits of 
having self-directed goals and preferences delineated 
in the form of written advance directives, patients and 
their families often make their decisions based on what 
is said, by whom, what is seemingly being offered, and 
what they have come to subsequently understand and 
believe.24,75 Therefore, it may be argued that in reality 
medical paternalism based on the classic beneficence 
model, although indirect, remains at least a part of 
modern medical decision making.

Several efforts have been made to improve de-
sired outcomes from advance directives fraught 
with potential hazards of ambiguity and limita-
tions despite their completion in accordance with 
state law; patient preferences for care at the end 
of life are not consistently followed by healthcare 
professionals especially in emergency situations. 
Physician Orders for Life-Sustaining Treatment (POLST) 
is a relatively recent program developed that is similar 
yet does not replace an Advance Health Care Directive. 
It is recommended that a seriously ill patient have both 
a signed POLST form and an advance directive for im-
plementing shared, informed medical decision making. 
POLST is designed to effectively translate a patient’s 
goals for care at the end of life into medical orders that 
follow the patient as they move from one residential or 
medical setting to another. Thus, POLST can supersede 
several inherent limitations of traditional advance dir-
ectives, providing a means to assess and transmit the 
wishes of patients with serious life-limiting illness who 
may have a life expectancy of less than 1 year or anyone 
of advanced age or chronic illness as to their wishes for 
end-of-life care.76 See Table 26-1.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Most patients wish to discuss 
end-of-life options with their healthcare 
providers.

2. True or False: Patientsʼ wishes for end-of-life 
care can be specified in advance directives.

3. True or False: Advanced care planning is based 
on the ethical principle of paternalism.

4. True or False: Advance directives is another 
name for POLST.
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Palliative Care in Advanced-Stage 
Lung Cancer
Pulmonary symptoms necessitating palliation in more 
advanced stages of lung cancer patients typically include 
those caused by a primary cancer itself. Symptoms may 
include one or several respiratory manifestations of dis-
ease, including cough, dyspnea, wheezing, hemoptysis, 
chest pain, or symptoms related to regionally localized 
metastases.40,43,77 Complications resulting from lung 
cancer treatment or from comorbid conditions can also 
contribute to adverse respiratory symptoms. Nonspecific 
(constitutional) symptoms such as anorexia, weight loss, 
weakness, and increased fatigability commonly occur and 
subsequently require attention and care as well as symp-
toms attributable to distant metastases that necessitate a 
specific response for optimal symptom control.

In 2018, it is estimated that 234,030 new cases of respi-
ratory system cancer will occur in the United States along 
with approximately 154,050 respiratory cancer-related 
deaths.78 While many life-prolonging treatments continue 
to become available to patients with primary as well as 
metastatic lung cancer, unfortunately most cases cannot 
be cured. It is therefore essential that healthcare providers 
support these patients and their families from the time of 
cancer diagnosis through the dying process by integrating 
palliative care and hospice services into the cancer care 
continuum. Lung cancer as a leading cause of death from 
cancer worldwide is a debilitating disease that typically re-
sults in a high symptom burden and poor QOL.43 It affects 
literally all aspects of daily living for both patients and their 
family members and causes one of the lowest survival out-
comes of any cancer. Despite its devastating effects, many 
distressing symptoms are inadequately palliated or are not 
referred to palliative care services until very late during 
their illness, if at all.

Data obtained from several Phase III randomized 
controlled trials have recently demonstrated substantial 
evidence of the benefits of palliative care in patients 

with metastatic non-small-cell lung cancer and/or high 
symptom burden receiving standard oncology care, in-
cluding symptom improvement, QOL, patient satisfac-
tion, and a decrease in caregiver tasks.79 Findings from 
these studies also strongly suggest that earlier involve-
ment of palliative care also promotes the more fitting 
use of hospice as well as the reduced application of inef-
fectual intensive care.40 This has prompted an expert 
panel of the American Society of Clinical Oncology to 
issue a provisional clinical opinion strongly supporting 
concurrent palliative care and standard oncologic care 
at initial diagnosis of patients with metastatic non-
small-cell lung cancer.80

Despite the increasing availability of palliative care 
and hospice services in the United States, numerous 
barriers remain limiting their timely use. One of the 
most troubling of these is the persistent misconstrued 
association of palliative care with imminent death. For 
patients with cancer who are seeking cure or life pro-
longation and for physicians who seek to meet their 
patients’ needs, this perception can limit the acceptance 
of appropriate palliative care interventions because of 
this fundamental misunderstanding. Palliative care may 
be administered in tandem with life-prolonging care 
or as the main focus of care.79 Palliative care programs 
in the United States are not specifically designed or 
restricted to those patients who are imminently dying. 
For instance, palliative care can and when appropriate 
should be delivered concurrently with life-prolonging 
anticancer treatments.43 The NCCN guidelines define 
palliative care as:

“An organized, highly structured system for delivering care 
to persons with life-threatening or debilitating illnesses. 
Palliative care is patient and family centered care . . . . The 
goal of palliative care is to prevent and relieve suffering and 
to support the best possible QOL for patients and their 
families, regardless of the stage of disease or the need for 
other therapies”17 (https://www.ncbi.nlm.nih.gov/pmc 
/articles/PMC3573467/).

Characteristics POLST Advance Directives

Population For the seriously ill All adults

Time frame Current care Future care

Who completes the form Healthcare professionals Patients

Resulting from Medical orders (POLST) Advance directive

Healthcare agent of surrogate role Can engage in discussion if patient lacks capacity Cannot complete

Portability Provider responsibility Patient/family responsibility

Periodic review Provider responsibility Patient/family responsibility

Reproduced with permission from Bomba PA, Kemp M, Black JS. POLST: an improvement over traditional advance directives. Cleve Clin J Med. 2012;79(7): 
457–464, p. 458.

TABLE 26-1
Differences between POLST and Advance Directives
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The ICU and Palliative Care
Palliative and end-of-life care continues to emerge 
as a comprehensive area of expertise in the ICU that 
demands a similar level of expertise and competence 
as all other areas of ICU practice. Care involving the 
terminally ill includes the prevention or treatment of 
pain, anxiety, and physical symptoms in addition to the 
potential of withholding and withdrawing of life support 
in certain circumstances by either the non-initiation of 
specific interventional technologies or the withdrawal 
of such various modalities of life-sustaining treatment, 
respectively.81,82 Palliative services to patients normally 
involve the use of sedatives, analgesics, and nonpharma-
cologic approaches to easing the suffering of the dying 
process.

While it is estimated that approximately 20% of 
deaths follow admission to an ICU in the United 
States,82,83 ICU management has clearly improved 
survival in appropriately selected patients. Yet despite 
advances occurring in the treatment of patients admit-
ted to the intensive care in recent years, end-of-life 
decision making foregoing life support has become 
a key issue facing critical care practice, especially 
because patients unlikely to benefit from aggressive 
life-sustaining care are still often admitted to an ICU, 
leading to needless suffering and wasted resources.83 
ICU restriction of admission utilizing systems such 
as rationing (the allocation of healthcare resources in 
the face of limited availability) and triage of patients 
 (prioritizing based on their underlying conditions) is 
uncommon in the United States, including patients 
with end-stage illness.83

Admission to the ICU can still occur despite factors 
such as a patient’s wishes to decline extraordinary mea-
sures if medically determined to be terminally ill or in 
a state of permanent unconsciousness. Studies suggest 
that clinicians often display widely dissimilar treatments 
when faced with seriously ill patients ranging from ag-
gressive care to palliation.1 The explanation for this vari-
ability in treatment is unknown but probably affected by 
dissimilarities in individual practice style, access to care, 
and local cultural and religious traditions. Palliative 
along with end-of-life care practice, which can differ 
dramatically among physicians as well as hospitals, adds 
to the apprehension that external factors besides a pa-
tient’s illness and preferences will determine treatment 

and ultimately whether patients will live or die. Despite 
the presence of knowledgeable trained staff, it is also 
well known that inadequate treatment of pain and dys-
pnea is common.84

Problematic consequences to palliative care patients 
can result from mistaken assumptions regarding prog-
nosis and functional status. ICU and its interventional 
technologies may be appropriate for some, but not for 
others. Similarly, even though a patient has prepared 
advance directives or has decided to forego resuscita-
tion efforts should a cardiopulmonary arrest occur, 
it says little about their overall preferences.81 Finally, 
agreement between families and physicians does not 
necessarily ensure that appropriate decisions are 
made. Every major decision requires careful delibera-
tion to maximize the likelihood that critical choices 
are consistent with the patients’ fundamental wishes.85 
Including a palliative care team into the care of a seri-
ously ill patient admitted to the ICU is one strategy 
that at least theoretically can improve overall com-
munication in conflict resolution as well as provide 
greater opportunities for goal setting, advanced care 
planning, and spiritual, cultural, and bereavement sup-
port at the end of life.82,85

KNOWLEDGE CHECK QUESTIONS

1. True or False: Most cancers are still not curable.
2. True or False: Concurrent standard oncologic 

care and palliative care are recommended at the 
initial diagnosis of metastatic non-small-cell 
lung cancer.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Once advance directives are in 
place, admission to the ICU is inappropriate.

2. True or False: Inclusion of the palliative care 
team in end-of-life decisions improves over-
all communication among all involved in the 
decision-making process.

Withdrawing Life Support
Individuals suffering from acute, chronic, or 
acute-on-chronic respiratory failure often experience 
symptoms such as pain and dyspnea along with a high 
incidence of morbidity and mortality. These patients are 
typically treated aggressively when they, their families, 
and their physicians believe that health and QOL can 
be reasonably restored. Treatment goal emphasis typi-
cally changes from restorative to palliative care or “the 
transition from cure to comfort” among those patients 
determined to have reached the end of life.86 Aggressive 
therapeutic interventions, such as mechanical ventila-
tion, which can be effective in reversing respiratory fail-
ure in patients with acute decompensation, are usually 
not considered a sustainable option for the terminally 
ill. Discussions with patients and their families should 
obligate caregivers to provide sufficient reassurance, 
however, that a limitation of life-sustaining treat-
ment does not automatically equate with acceptance 
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of certain death, complacent surrender, or patient 
abandonment.81 When clinically appropriate, as with 
patients in the final process of dying from their underly-
ing illness, withholding as well as the voluntary action 
of withdrawing life-sustaining therapy and medical 
technology, including mechanical ventilatory support, is 
supported as ethically neutral and legally allowable.

Adult patients who sustain their decision-making 
capacity and choose without coercion may voluntarily 
refuse all medical treatments, including life-support in-
terventions, as a function of their individual autonomy 
and the right to make their own independent decisions 
regarding control over their own bodily integrity.85,86 
The ethical principle of autonomy is counterbal-
anced against a previously customary philosophy of 
medical paternalism in which health decisions were not 
self-resolved but “best left in the hands of those provid-
ing health care” for physicians to decide on the behalf of 
their patients in their presumed best interest.87 Because 
concern may arise as to whether patients have sufficient 
understanding regarding their medical circumstances 
and treatment options as well as the probable conse-
quences of their decisions, medical practitioners have 
been empowered by the law to decide whether a patient 
has appropriate decision-making capacity. It has also 
become a generally well-accepted ethical as well as 
legal opinion that a physician who subsequently limits 
or removes life support in response to a dying patient’s 
directive is fulfilling an ethical duty in respecting that 
patient’s autonomy. It is generally acknowledged that 
the underlying life-limiting disease process rather than 
the limitation of life support is considered the direct 
cause of death.87

Discussions regarding the decision to withdraw 
mechanical ventilatory support or other extraordinary 
life-support interventions, such as dialysis, should be 
initiated when a patient or their surrogate(s) mention 
the concern, when primary caregivers believe that con-
tinued life-sustaining provisions are no longer satisfying 
the patient’s expressed goals, and when such necessary 
modalities as mechanical ventilation become more 
problematical than beneficial to the patient.87 Once a 
decision has been made to stop a life-extending inter-
vention, a consensus should be reached on when and 
how this will occur. Withdrawal of mechanical ventila-
tion is certainly more common in the ICU setting but 
may sometimes occur outside the ICU environment, 
such as in a long-term ventilator facility or even at 
home.82,87 As the situation occurs in many instances, 
when a patient lacks decision-making capacity, either 
the patient’s prior desired advance directives or the 
wishes of appointed decision makers identified by the 
patient should be utilized to guide the decision-making 
process. In any case, the family should be realistically 
made aware that it is difficult to predict how long a 
patient will continue to breathe after ventilator with-
drawal and should also be advised as to what to expect 

and hear during the dying process. When a life-ending 
situation does not involve an advance directive, decision 
making is usually a joint process between the patient’s 
family and medical team.87,88 In all potential settings 
following the withdrawal of mechanical ventilatory sup-
port, caregivers should continue to administer opioids 
and benzodiazepines to the patient to maintain satisfac-
tory control of any signs of discomfort or suffering.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Invasive mechanical ventilation 
is not considered an aggressive therapeutic 
intervention.

2. True or False: Removal of life support, including 
mechanical ventilation, is legal and is consid-
ered ethically neutral.

3. True or False: It is the healthcare practitioner’s 
ethical duty to respect patient autonomy.

Hospice and End-of-Life Care
As discussed earlier, hospice care typically occupies 
the terminal stage or end-of-life phase of palliative 
care medicine as the patient with life-limiting disease 
transitions along the lifespan timeline. Eligibility re-
quirements for hospice services currently require that 
the patient’s expected death will occur in less than 
6 months and that the patient agrees to relinquish 
Medicare-reimbursed services for therapies focused 
on cure or life-prolonging treatment.3,11 Consultative 
palliative care (in contrast to hospice services) allows 
for the assessment and treatment of patients anywhere 
along the disease trajectory, regardless of prognosis. 
Because of added requirements for hospice eligibility 
versus palliative services under Medicare and other in-
surers, individuals with non-neoplastic advanced lung 
disease often face added difficulty in meeting hospice 
eligibility requirements. This is primarily because ac-
curately prognosticating a 6-month mortality timeline 
in patients with progressive lung disorders is inherently 
inaccurate. Also, potentially impeding hospice eligibility 
is the fact that standard predictive survival instruments 
such as the BODE (body mass index [BMI], airflow ob-
struction, dyspnea, and exercise capacity) index provide 
prognostic information from 12 to 52 months but are 
not capable of determining a risk of mortality greater 
than 50% at a 6-month period necessary to qualify for 
hospice care.28

Hospice care program criteria for admission of 
adult patients with nonmalignant advanced lung dis-
ease were initially published in 1996. Since that time, 
Medicare and other insurers have integrated these 
recommendations into their own hospice enrollment 
eligibility criteria. See Box 26-2. Consideration for 
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hospice eligibility in addition to those satisfying pre-
dictive survival instrument specifications includes 
the presence of comorbidities and a rapidly declining 
course. Other criteria that have been proposed as jus-
tification for advanced lung disease hospice admission 
include conditions in which

1. “despite optimal treatment, a chronic respi-
ratory disease has progressed to the point 
that the patient may die at any time because 
of a common intercurrent illness such as 
bronchitis;

2. [t]he patient has severely distressing symptoms 
or limited performance status that can be most 
humanely and reasonably managed by hospice 
care; or

KNOWLEDGE CHECK QUESTIONS

1. True or False: Patients who enter hospice care are 
generally expected to die in less than 6 months.

2. True or False: Resting tachycardia is required 
for Medicare to cover patients with advanced 
lung disease who wish to enter hospice care.

3. [t]he patient accepts that death is near and 
wants to avoid needless prolongation of suffer-
ing. There are no comparable criteria suggested 
for enrollment of children with advanced respi-
ratory diseases into hospice.”10

Palliative Homecare
Fortunately, there are no criteria that currently exist 
that restrict access to palliative care services. This 
permits these services to be provided in many health-
care settings, including within the patient’s home en-
vironment.19 There is, however, significant variability 
in the kinds of services that outpatient home pallia-
tive care may be provided to patients who qualify. 
Interdisciplinary palliative care team extenders may 
provide home visits about once per week to address 
physical, psychologic, social, and spiritual needs in-
volved with a patient’s disease process. Recommen-
dations for management are then communicated to 
the patient’s primary care physician.11 Palliative home 
care services aim to facilitate patient autonomy, ac-
cess to information, and choice by eliciting the pa-
tient’s goals of care, focusing on improving the QOL, 
and promoting comfort by therapies that are in line 
with the patient’s goals.

BOX 26-2 Medicare Criteria for Hospice Eligibility of Patients with Advanced Lung Disease
Patients are considered to be in the terminal stage of 
pulmonary disease (life expectancy of 6 months or 
less) if they meet the following criteria. The criteria 
refer to patients with various forms of advanced pul-
monary disease who eventually follow a final common 
pathway for end-stage pulmonary disease (Criteria 1 
and 2 should be present. Criteria 3, 4, and 5 will lend 
supporting documentation):

Criteria 1. Severe chronic lung disease including  
(a) as well as (b):

a. Disabling dyspnea at rest, poorly responsive or 
unresponsive to bronchodilators, resulting in 
decreased functional capacity (e.g., bed-to-chair 
existence), fatigue, and cough. (Documentation 
of FEV1, after bronchodilator, less than 30% of 
predicted is objective evidence for disabling dys-
pnea but is not necessary to obtain.)

b. Progression of end-stage pulmonary disease, 
as evidenced by increasing visits to the emer-
gency department or hospitalizations for 
pulmonary infections and/or respiratory fail-
ure or increasing physician home visits before 
initial certification. (Documentation of serial 

decrease of FEV1 > 40 mL/year is objective 
evidence for disease progression but is not 
necessary to obtain.)

Criteria 2. Hypoxemia at rest on ambient air, as evi-
denced by Po2 less than or equal to 55 mm Hg or 
oxygen saturation less than or equal to 88% on 
supplemental oxygen determined either by arte-
rial blood gases or by oxygen saturation moni-
tors; or hypercapnia, as evidenced by Pco2 > 
50 mm Hg. These values may be obtained from 
recent (within 3 months) hospital records.

Criteria 3. Right heart failure secondary to pulmo-
nary disease (cor pulmonale) (e.g., not second-
ary to left heart disease or valvulopathy).

Criteria 4. Unintentional progressive weight loss of 
greater than 10% of body weight over the pre-
ceding 6 months.

Criteria 5. Resting tachycardia > 100/minute.

Lankin PN, Terry PB, DeLisser HM, et al. on behalf of the ATS  
End-of-Life Care Task Force. An Official American Thoracic Society 
Clinical Policy Statement: Palliative care for patients with respira-
tory diseases and critical illnesses. Am J Respir Crit Care Med. 2008; 
177(8):912–927, p 916.
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Hospice Homecare
Compared to outpatient home palliative care services, 
home-based hospice services provide comprehensive 
patient care through Hospice Medicare Benefit cover-
age. This program provides for interdisciplinary team 
services, including physician and nursing participa-
tion. Many home hospice programs will provide up to 
1–4 hours/day of nursing/certified nursing-assistant 
care up to 5 days a week, depending upon the patient’s 
needs. Home care programs suggest and/or require 
patients to obtain an additional care provider, such as 
a family member and/or friend who can be available 
to provide supplemental home hospice care. Hospice 
Medicare Benefit coverage includes durable medical 
equipment as well as medications related to hospice ser-
vices, including pain and symptom control. While home 
care hospice coverage is not normally extended to pro-
vide 24 hours a day care, the Medicare Hospice Benefit 
includes a continuous-care option that is available dur-
ing periods of crisis and acute symptom control to as-
sist maintaining the patient at home. Inpatient hospice 
services for acute symptom control, on the other hand, 
normally provide 24-hour-a-day personal care as well as 
interdisciplinary services.3,11,17

symptomatology is considered to be refractory to ag-
gressive symptom-specific interventions in providing 
relief, associated with unacceptable morbidity, and/
or are unlikely to provide relief within a reasonable 
period. Despite the development and availability of ag-
gressive, high-quality palliative-symptom management, 
some patients protract symptoms, such as agitated 
delirium, dyspnea, pain, and nausea/vomiting that re-
main refractory to standard therapies. PST is typically 
reserved as an option for those terminally ill patients at 
the very end of life whose intolerable symptoms persist 
in causing intractable suffering.90 Sedative medications 
are specifically and carefully titrated to the patient’s 
comfort for the intent of producing a cessation of 
symptoms by reducing consciousness, and not for eu-
thanasia. See Box 26-3.

The fundamental basis of PST is supported by the 
principle of double effect, which justifies the use of 
drugs given explicitly to relieve intolerable distress in 
the setting of terminal illness, even when they may 
hasten death.90 PST use is generally contingent upon 
evidence of other standard interventions being tried 
and shown to be ineffective. When used appropriately, 
PST is morally justified despite potentially undesired 
side effects, including the unintentional hastening of 
death.89 The concept of double effect provides a dis-
tinction between the intention with which an action 
is performed and the potential serious consequence it 
may produce, characterizing a difference between an 
intended (good) effect and an unintended (bad) effect 

Type of Sedation Explanation

Ordinary sedation The ordinary use of sedative medications 
for the treatment of anxiety, agitated 
depression, insomnia, or related disorders, 
in which the goal of treatment is the relief 
of the symptom without reducing the 
patient’s level of consciousness.

Palliative sedation 
(PS)

The use of sedative medication at least 
in part to reduce patient awareness of 
distressing symptoms that are insufficiently 
controlled by symptom-specific therapies. 
The level of sedation is proportionate 
to the patient’s level of distress, and 
alertness is preserved as much as 
possible.

PS to 
unconsciousness

The administration of sedatives to the point 
of unconsciousness when less extreme 
sedation has not achieved sufficient relief 
of distressing symptoms. This practice is 
used only for the most severe, intractable 
suffering at the very end of life.

Data from American Academy of Hospice and Palliative Medicine  
Position Statement on Palliative Sedation. http://www.aahpm 
.org/positions/sedation.html. 

TABLE 26-2
PST Classifications

KNOWLEDGE CHECK QUESTIONS

1. True or False: Home hospice care is exactly like 
home palliative care.

2. True or False: Family members may be involved 
in home hospice care.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Palliative care is available only 
within a hospital or nursing home setting.

2. True or False: Interdisciplinary palliative care team 
extenders may provide home visits once per week.

Palliative Sedation Therapy
PST (Table 26-2), which is also known as terminal 
or total sedation, is commonly defined as treatment 
employed to “produce relief of otherwise intractable 
pain, dyspnea, delirium, cough, or existential distress 
by the use of medications that intentionally cause 
sedation.”89 Professional support for PST has evolved 
for those patients with severe, intolerable physical 
symptoms in the final stages of the dying process that 
possess a completed DNAR order and the patient 
(or surrogate if the patient lacks decision-making 
capacity) has given informed consent. Appropriate 
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of an intervention. Under the concept or doctrine of 
double effect, an action that has foreseen harmful ef-
fects that may be virtually inseparable from the good 
effect is justifiable if “the nature of the act is itself good, 
or at least morally neutral; the agent intends the good 
effect and not the bad either as a means to the good or 
as an end itself; the good effect outweighs the bad effect 
in circumstances sufficiently grave to justify causing 
the bad effect and the agent exercises due diligence to 
minimize the harm”91

Because sedative effects include additional anxiolytic 
benefits as well as antiepileptic, muscle-relaxant, and 
amnesic properties, midazolam is currently the most 
frequently used sedative medication for PST. Other 
sedatives used include various neuroleptic agents, such 
as chlorpromazine, barbiturates, and general anesthet-
ics such as propofol. Because no evidence exists that 
giving an appropriate sedation dosage shortens life, 
administration of sedative agents may selectively be 
done intermittently (which may allow for periods of 
consciousness) or continuously (providing constant 
sedation).92 Given that the intent of palliative sedative 
therapy is to relieve unbearable suffering rather than 
hasten the process of death, the dosage of therapy used 
is individually titrated to achieve patient’s comfort. 
This may be achieved with only mild sedation in some 
patients because deep and continuous sedation is not 
always necessary for symptom relief, while another per-
son may require greater sedation to relieve suffering.93 
The objective of PS clearly differs from euthanasia or as-
sisted suicide, which is unequivocally intended to cause 
the patient’s death.

Bereavement Counseling
Another essential component of palliative care includes 
bereavement care, which should begin before and con-
tinue after the death of the patient. This includes “care 
for the caregivers” whether they are family members, 
lay caregivers, or healthcare providers.94 It is extremely 

BOX 26-3 Ethical Features Involving PS
1. The clinician’s intent is to relieve suffering.
2. The degree of sedation must be proportionate to 

the severity of suffering.
3. The patient should give informed consent; if 

the patient is not capable of decision mak-
ing, the surrogate decision maker should give 
informed consent consistent with the goals 
of care and values previously stated by the 
patient.

Data from American Academy of Hospice and Palliative  
Medicine Position Statement on Palliative Sedation. http:// 
www.aahpm.org/positions/sedation.html.

KNOWLEDGE CHECK QUESTIONS

1. True or False: PST is typically reserved as an op-
tion for those terminally ill patients at the very 
end of life whose intolerable symptoms persist 
in causing intractable suffering.

2. True or False: The principle of double effect jus-
tifies the use of drugs given explicitly to relieve 
intolerable distress in the setting of terminal ill-
ness, even when they may hasten death.

3. True or False: Midazolam is currently the most 
frequently used sedative medication for PST.

important that palliative care practitioners learn and be 
able to describe to families the normal grieving process 
experience and complex period of mourning following 
the loss of a beloved person. Palliative care providers 
should therefore be familiar with appropriate resources 
for bereavement counseling as sources of support.22 
These may include referrals to religious clergy, health-
care professionals with specialized training and skills 
such as social workers, nurses, bereavement counselors, 
and hospice-sponsored grief recovery support groups 
that can spend significant amounts of time with families 
to assist in this process when clinically indicated.

The majority of those bereaving a loved one’s death 
will normally transition through several stages of the 
normal grief process within several months to 2 years 
depending on the length and closeness of the rela-
tionship. Most people affected do not require formal 
treatment for bereavement though they may choose 
to participate in support groups for recently bereaved 
people or hospice follow-up programs.29 More serious 
forms of bereavement, such as traumatic grief (typically 
resulting from a specific type of event during a traumatic 
situation) and complicated grief (referring to an abnor-
mally intense and prolonged response to bereavement), 
may, on the other hand, take several years to resolve 
even with appropriate treatment.94 While it is probably 
accurate that no two people respond similarly to their 
individual loss associated with the death of a loved one, 
their personal experience may be influenced by factors 
such as ethnic or religious traditions; individual view-
points about life after death; the nature of the relation-
ship that ended with death; the cause of death; the age of 
the person at the time of death; whether the death was 
sudden or anticipated; as well as many other dynamics. 
Because emotional complexity and a diversity of issues 
may shape how a death will affect a family member or 
a close loved one, caregivers often advise those mourn-
ing to trust their own feelings about bereavement, and 
it is important to grieve in the way that seems most 
helpful to them. If the bereavement response to a death 
becomes abnormally intense and likely to represent 
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suffering from traumatic or complicated grief, various 
psychologic inventories or questionnaires may be ne-
cessary to determine whether the condition meets the 
criteria for posttraumatic stress disorder (PTSD), major 
depression, or recognized form of acute stress disorder.95

Studies regarding the use of palliative care have been 
shown to improve patient outcomes, provide lower 
cost of care, and decrease intensive care utilization. 
Outpatient palliative care services provided to patients 
with advanced respiratory disorders receiving standard 
care have improved QOL and mood compared with 
patients receiving only standard care, despite a lack of 
effect on survival. Recent findings, however, involving 
patients with newly diagnosed metastatic non-small-
cell lung cancer who received palliative care in addi-
tion to standard care show better QOL and mood in 
addition to longer survival than patients receiving only 
standard care.

Key Points
1. The percentage of hospice admissions by primary 

diagnosis is predominately due to nonmalignant 
disorders with lung disease accounting for the 
fourth most common noncancer diagnosis.

2. The goal of palliative care is patient-centered relief 
of symptom burdens and providing the best pos-
sible QOL within the limitations of the illness. Bur-
dens may include physical, psychologic, spiritual, or 
social problems that typically require a multidisci-
plinary approach.

3. Palliative care represents a continuum of palliative 
medicine intended to support patients of all ages 
with debilitating and life-threatening illness and 
their families through the full duration of illness 
until cure or death as well as through the bereave-
ment period.

4. Palliative care planning should optimally begin 
early in the care of patients with progressive, de-
bilitating respiratory illnesses such as COPD and 
pulmonary fibrosis.

5. Patients with advanced respiratory disorders re-
quire palliative care management of dyspnea in-
volving the treatment of underlying disease process 
as well as coexisting morbidities such as anemia, 
pleural effusion, congestive heart failure, reversible 
airway obstruction, main stem bronchial compres-
sion or obstruction.

6. Psychosocial factors worsening dyspnea should 
be treated with relaxation techniques, distraction, 
activity modifications, behavioral modifications, 
and treatment for anxiety, and/or cognitive therapy, 
antidepressants, or a combination of both for 
depression.

7. Pain management necessitating opioids requires 
use of a sufficient amount and dosage interval to 
relieve suffering without intolerable adverse effects. 
Individualized dosage titrations are typically higher 
in those individuals who have previously received 
opioids.

8. While advance directives can be useful, they are 
by nature ambiguous, causing serious limitations. 

KNOWLEDGE CHECK QUESTIONS

1. True or False: Bereavement counseling should 
begin at the time of death.

2. True or False: The death of a loved one may 
cause PTSD.

Chapter Summary
While prevention of morbidity and death has always 
been a primary goal of medicine, it is only within the 
past few decades that the capability of providing a 
comfortable and peaceful death has been largely ac-
knowledged as an important end in itself. Even with 
widespread professional acknowledgment of the impor-
tance of palliative care, many patients with respiratory 
disease are profoundly affected by poor QOL, often 
inappropriately undergo unnecessary interventions, 
have pervasive gaps in symptom control and continu-
ity of care, develop avoidable side effects, and die in 
moderate or severe pain. Poorly prepared caregivers 
are frequently unaware of the patients’ unmet desires 
regarding their treatment and end-of-life care, includ-
ing spiritual and psychologic needs. Providing relief 
from seemingly intractable suffering and a reasonably 
high-quality end-of-life care is a difficult and complex 
process. The provision of this level of expertise normally 
requires a diverse healthcare provider skill set necessary 
to provide such care as derived from the perspectives 
of patients with acute as well as chronic life-limiting ill-
nesses, their family members, and team of caregivers.

The ATS policy statement adopted by the ATS Board 
of Directors in 2007 endorses the currently held concept 
that palliative care should be available to patients at all 
stages of chronic respiratory illness and that care should 
be individualized based on the needs and preferences 
of the patient and the patient’s family. It also supports 
the recommendation that caretakers of patients with 
chronic or advanced respiratory diseases and/or critical 
illnesses should be trained in and capable of providing 
several recommended fundamental competencies in 
palliative and end-of-life care. The policy further en-
dorses and supplies criteria for enrollment into hospice 
care in the United States as an appropriate multidisci-
plinary phase of palliative care to patients at the termi-
nal phase of their life available to the patients and their 
families.

718 CHAPTER 26 Palliative of the Respiratory Patient



Such efforts in planning cannot reliably predict all 
eventualities and unforeseen options as well as of-
ten being additionally limited by inadequate com-
munication and misunderstanding.

9. PST is a recognized therapeutic procedure in 
which sedative medications are given to reduce 
consciousness in a gravely ill patient to relieve in-
tolerable pain, dyspnea, agitated delirium, and/or 
nausea/vomiting during the terminal phase of the 
dying process.

10. Approximately 70% of terminally ill patients en-
rolled in palliative care hospice programs eventu-
ally die in their place of residence, with the majority 
dying at their private residence followed by nursing 
home or residential facilities.

Chapter Questions
1. Palliative care focuses on  .

a. moving quickly to the end-of-life phase
b. relief of distressing symptoms
c. curing the patient of disease
d. end-of-life care only

2. Patients receiving palliative care who develop sec-
ondary manifestations  .
a. are transferred immediately to a skilled nursing 

facility
b. typically receive consultations and medical re-

cord reviews
c. are automatically transferred to hospice care
d. receive no additional care

3. Initiation of palliative care is usually delayed due to 
______________________________.
a. poor communication between provider and 

patient/family
b. reduced staffing at the acute care hospital
c. lack of medical coverage
d. refusal by the patient

4. About __________% of chronically ill patients wish 
to die at home.
a. 35
b. 50
c. 75
d. 90

5. ____________________________ is a procedure 
that is not acceptable for patients receiving pallia-
tive care.
a. PEG tube placement
b. Thoracentesis for pleural effusion
c. Bronchoscopy for biopsy
d. Paracentesis for symptomatic ascites

6. The most common and debilitating symptom en-
countered by end-of-life patients is ________.
a. anxiety
b. pain
c. cough
d. depression

7. Most patients with lung cancer who are referred to 
hospice typically die within ___________.
a. 3 months
b. 6 months
c. 9 months
d. 1 year

8. Advance directives are based on the ethical prin-
ciple of __________________________.
a. beneficence
b. veracity
c. paternalism
d. autonomy

9. Hospice home care programs typically provide up 
to __________ hours per day of care.
a. 1–4
b. 4–6
c. 6–8
d. 12

10. Palliative sedation therapy is based on the principle 
of _________________________.
a. paternalism
b. double effect
c. autonomy
d. placebo effect
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OBJECTIVES
1. State the working definition of disease management (DM).
2. Explain the meaning of a chronic illness and provide two 

cardiopulmonary examples.
3. Describe terms associated with DM.
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Care management
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“It is much more important to know what sort of a patient has a disease than what sort of a disease a patient has.”

—William Osler, MD
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Introduction
The number of people with chronic conditions is rap-
idly rising. Between 2000 and 2030, the number of 
Americans with one or more chronic diseases will in-
crease 37%, which is an increase of 46 million people.1 
Currently, about half of the U.S. population has one or 
more chronic conditions, which account for 86% of our 
nation’s healthcare cost. Patients with chronic disease 
account for 81% of hospital admissions, 91% of all pre-
scriptions filled, and 76% of all physician visits.2 The 
U.S. Center for Disease Control and Prevention (CDC) 
reports chronic illnesses account for approximately 75% 
of the national aggregate healthcare spending or an esti-
mated $5,300 per person in the United States each year. 
Healthcare costs for individuals with a chronic condi-
tion average $6,032 annually, which is five times higher 
than those without a chronic condition. Chronic disease 
is the primary cause of premature death and the most 
common costly health problem and among the most 
preventable, and most can be adequately controlled.

Although chronic disease is most common in the 
adult and elderly population, the rate of chronic disease 
in children has increased steadily over the past three 
decades. Research suggests as many as 1 out of 4 chil-
dren in the United States or 15–18 million children age 
17 years and younger suffer from a chronic disease.3,4 
Chronic diseases that occur in children are a result of 
prematurity, congenital anomalies, or acquired. More 
than half of children, ages 8–14, have a chronic disease 
ranging from asthma to ventilator dependence. Some 
sources refer to this group of children as medically frag-
ile and maybe technology dependent. Advances in med-
ical technology have impacted many of these children’s 
lives, who many years ago would not have survived.

These chronic conditions require consistent and 
dedicated self-management and later place unique 

challenges for the child, their parents, families’ health-
care providers, and communities. The economic and 
quality-of-life costs of chronic illness and disability in 
children are equally burdensome and costly. Teach-
ing self-management techniques may prevent or deter 
complications and costs as the child transitions to 
adulthood.

Many children live with chronic disease. Examples 
of chronic childhood diseases include asthma, obesity, 
diabetes, cystic fibrosis, and cancer. Chronic childhood 
diseases vary based on the etiology, symptoms, and 
treatment plans. Children and families are affected by 
the chronic illness and challenges placed upon them. 
As a result, it may be difficult for the child, parents, 
siblings, and other family members. Self-management 
for chronic diseases that affect children must be active, 
and address psychosocial and environmental aspects of 
the child’s life to include the cultural norms, values, and 
practices.

Healthcare System
Health care focuses on the acute, episodic model that 
no longer meets the needs of patients with chronic 
diseases. In the past, the acute disease was the primary 
cause of illness, and patients were the passive recipients 
of care. Currently, the approach to healthcare cost con-
tainment involves controlling individual components of 
care, such as drug, hospitalization, or laboratory testing 
costs. This has been the primary method for deliver-
ing health care since the 1980s. This model focuses on 
controlling costs by limiting the use of resources or ser-
vices. This model results in low quality of care and poor 
clinical outcomes and does not control costs. Each as-
pect of care requires separate management with no co-
ordination of services. The lack of coordinated services 
results in higher costs and more acute care or physician 

Case Study
Mrs. Taylor is a 61-year-old female who has had eight 
visits to the emergency department and three hospi-
tal admissions in the past 6 months, all due to acute 
exacerbations of her chronic obstructive pulmonary 
disease (COPD). She received the COPD diagnosis 
8 years ago and currently is in Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) Stage 
III. During each of her admissions, Mrs. Taylor was 
treated with standard pharmacotherapeutics in the 
hospital and discharged home with prescriptions for 
albuterol and an antibiotic after 2 days. Mrs. Taylor 
did not receive any other services at home. However, 
in addition to managing this patient’s acute exacer-
bations, she requires ongoing treatment to prevent 

future exacerbations. After the last hospitalization, 
Mrs. Taylor was enrolled in a COPD disease manage-
ment (DM) program and received prescriptions for 
a long-acting beta-agonist and a long-acting mus-
carinic antagonist. The patient’s modified Medical 
Research Council (mMRC) dyspnea score , GOLD 
stage, exacerbation occurrences, and risk factors put 
her into GOLD Category D. In the COPD DM program 
(DMP), Mrs. Taylor receives a review of her therapy. 
She also receives self-management education, a 
recommendation for influenza and pneumococcal 
vaccination, a referral for pulmonary rehabilitation, 
a smoking cessation program referral, and a support 
group referral.
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office visits. This type of care focuses on reactive care 
instead of proactive or preventive care.

Increased collaboration among different healthcare 
systems to prevent and manage chronic disease is the 
current trend. The Institute of Medicine published 
a national report called “Primary Care and Public 
Health: Exploring Integration to Improve Population 
Health.” This report recognized the need and identified 
opportunities for health care to improve population 
health.5 The Patient Protection and Affordable Care Act 
emerged in the report as an essential vehicle for health 
systems to achieve increased collaboration.

Now chronic diseases have become a major medical 
issue, and the patient must be a partner in managing 
their disease by contributing to their care and decisions. 
Healthcare systems must maximize resources for these 
patients with chronic diseases. Health care is delivered 
more efficiently when patients are part of the process. 
Today, chronic illness is the primary reason people seek 
medical care and consume about 70% of the healthcare 
spending.6 This means communication must take place 
across settings and health providers and across time 
from the initial diagnosis to the current time being seen 
by a healthcare provider. Coordinating care across dif-
ferent healthcare settings and community resources and 
providing methods for self-management will leverage 
healthcare services. The outcomes of this type of care 
improve health and patient experiences.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Higher healthcare cost is directly 
related to lack of coordinated care.

2. True or False: Patient health improves when pa-
tients contribute to their care coordination.

Etiology of Chronic Disease
A chronic disease is a condition that lasts 12 months 
or longer and requires ongoing medical attention and 
limits a person’s daily activities. Racial, ethnic, and geo-
graphic disparities exist with chronic disease. The likeli-
hood of having a chronic disease increases with age. 
However, some chronic diseases begin in childhood or 
adolescence, such as asthma or cystic fibrosis. There are 
numerous people with multiple chronic diseases; these 
are comorbidities. Being able to describe the difference 
between acute and chronic disease is essential for res-
piratory therapists (RTs). See Table 27-1.

An acute disease usually has a treatment that re-
turns the person to a healthy state, whereas with a 
chronic illness, there is a permanent change in the 
patients’ life. The chronic illness has patterns that re-
quire continuous and complex DM plans. The change 
in the patterns of the illness and its treatments lead 

Characteristic Acute Disease Chronic Disease

Onset Abrupt Gradual and often subtle

Appearance of 
symptoms

Sudden Usually progressive

Duration of 
symptoms

Limited, short, 
a few days to a 
week or two

Lengthy or indefinite, 
extended period of months 
to years

Cause Typically, a 
single cause

Typically, multiple causes 
with changes over time

Diagnosis and 
prognosis

Accurate Uncertain in early stages

Technological 
intervention

Usual effective Often indecisive, adverse 
effects are common

Outcome Cure is possible No cure

Uncertainty Minimal Pervasive

Knowledge Professionals 
are 
knowledgeable; 
patients are 
inexperienced

Practitioners and patients 
have complementary 
knowledge and experience

Modified from Holman H, Lorig K. Patients as partners in managing chronic 
disease partnership is a prerequisite for effective and efficient health care. 
BMJ. 2000;320(7234):526–527. doi:10.1136/bmj.320.7234.526.

TABLE 27-1
Acute versus Chronic Diseases

to uncertain outcomes that create uncertainty in the 
prognosis. The key to managing the chronic disease is 
understanding the trends of the illness, the goal being 
maintenance, not cure.

With chronic disease, patients know the trends of the 
disease better than the healthcare practitioner and can 
provide information and preferences that will comple-
ment the healthcare providers’ knowledge. Together 
they are necessary to manage the chronic disease.

Approximately 1.2 billion people in the United States 
live in extreme poverty and are less healthy, exposed to 
risks associated with illness than their peers. Individuals 
who are poor are at an increased risk of experiencing 
chronic disease. Once a diagnosis is made, the econom-
ically disadvantaged experience barriers to care and lack 
a source of health care. They often have a vicious cycle 
that spirals down to poor health. Factors that impact 
health in the socioeconomically disadvantaged include 
prenatal factors, socioeconomic status, and lack of 
education, unemployment, and the living environment. 
These impact access to care, which exacerbates the 
chronic diseases.

Many chronic diseases are linked to lifestyle choices. 
Some of the most common chronic conditions include 
heart disease, hypertension, stroke, cancer, COPDs, 
diabetes, asthma, and arthritis. Many of these chronic 
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diseases are attributable to common risk factors, and 
most U.S. adults have more than one risk factors.2 See 
Box 27-1.

Some chronic diseases can be prevented or lessened 
by many of the same interventions and strategies. The 
risk factors for chronic disease must need addressing at 
both the individual level and the population level. The 
CDC leads U.S. efforts to prevent and control chronic 
disease and associated risk factors through the National 
Center for Chronic Disease Prevention and Health Pro-
motion (NCCDPHP). NCCDPHP focuses on four key 
 domains.2 See Box 27-2.

Many chronic diseases are genetic or idiopathic and 
cannot be avoided by similar interventions. These in-
clude cystic fibrosis, asthma, amyotrophic lateral sclero-
sis, Alzheimer disease, arthritis, and cancer.

Regardless of the cause of the chronic disease, the 
patterns of illness and care are consistent. Because 
the chronic disease does not have a cure, the goal is 
to control the disease as best as possible to prevent it 
from worsening. Therefore, individuals with chronic 
diseases need to be proactive, not reactive, toward their 
disease. This prevents exacerbations of disease, result-
ing in emergency room or hospital stays. Patients with 

BOX 27-1 Multiple Risk Factors for U.S. 
Adults

High blood pressure
Tobacco use and second-hand exposure
Obesity (high body mass index)
Physical inactivity
Excessive alcohol use
Diets low in fruits and vegetables
Diets high in sodium and saturated fats

BOX 27-2 National Center for Chronic 
Disease Prevention and Health 
Promotion Key Domains

I. Epidemiology and surveillance to monitor 
trends and track progress

II. Environmental approaches to promote health 
and support healthy behaviors

III. Healthcare system interventions that help doc-
tors diagnose health threats earlier and man-
age them better

IV. Community programs linked to clinical services 
that help people prevent and manage their 
chronic disease and improve their quality of life

chronic diseases must understand their disease. They 
must recognize signs and symptoms of potential exac-
erbations, develop problem-solving skills to identify and 
act promptly to symptoms and signs of worsening of 
the condition, seek health care when it is needed, and 
develop abilities to communicate with the healthcare 
providers and to stay healthy as long as possible.

KNOWLEDGE CHECK QUESTIONS

1. True or False: The goal of chronic DM is to cure 
the disease.

2. True or False: Lack of education is a factor that 
affects health negatively.

Disease Management
Once a person receives a diagnosis of a chronic con-
dition, that person requires ongoing management 
over a period of years or decades. Regardless of the 
chronic disease, COPD or cardiovascular disease, 
while different, are persistent and require some level 
of healthcare management across time. One of the 
greatest challenges facing health care today is meeting 
the complex needs of patients with chronic disease. 
Chronic diseases require a change in healthcare de-
livery, which must be proactive and patient centered. 
Therefore, everyone on the interdisciplinary health-
care team requires skills to work with patients to 
change behavior.

People with chronic disease may think they are free 
from the chronic illness when they have no symptoms. 
Having no symptoms does not mean that chronic illness 
has disappeared. It may mean the chronic disease is 
under control via various ways, such as controller medi-
cations, exercise, and proper nutrition.

One of the solutions is the development of DMP. 
High-quality coordinated care enhances the patients’ 
health, reduce hospitalization rates, and lower treatment 
costs.7 Disease management (DM) is the concept of re-
ducing healthcare costs and improving the quality of life 
for individuals with chronic conditions by preventing or 
minimizing the effects of the disease through integrated 
care.

What Is DM?
DM grew out of the 1990s as a means to deal with the 
rising healthcare costs of people with chronic disease 
and to improve the quality of care. Years ago people re-
ferred to the term disease management loosely to refer 
to general public health campaigns to promote exercise 
or vaccinations or to case management programs tai-
lored to individual patients. Primary prevention and 
health promotion are not covered in this chapter.
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DMP focus on specific groups of patients who all 
have the same chronic condition, use evidence-based 
intervention with the goal to enhance the patients’ 
health and quality of life, reduce hospitalizations, and 
lower healthcare spending. A DMP is designed to iden-
tify and treat the chronic conditions more quickly, thus 
slowing the progression of the disease. A DMP coor-
dinates healthcare interventions and communications 
for defined patient populations with conditions where 
implementation of self-care efforts are possible. DMPs 
empower individuals to manage their disease and pre-
vent complications.8

DM concentrates on people with chronic conditions 
who require long-term care and close monitoring to 
prevent complications or acute exacerbations of the 
chronic disease. Health insurance companies and large 
self-ensured employers can use DM to deal with the 
spiraling costs of health care. DM is a multidisciplin-
ary effort to improve the quality and cost-effectiveness 
of care for patients suffering from one or more chronic 
conditions using evidence-based guidelines and treat-
ment plans.9

The Population Health Alliance, formerly the Dis-
ease Management Association of America, defines DM 
as a system of coordinated healthcare interventions 
and communication for populations with conditions 
in which patient self-care efforts are significant.10 This 
definition has gained widespread acceptance and has 
contributed to increased standardization of the ter-
minology and has been used by CMS and other payers. 
Currently, there is no DM certification. Many disease 
managers take the case management exam given by the 
Commission on Case Management Certification.

DM supports the healthcare practitioner–patient 
relationship and plan of care. It emphasizes preven-
tion of exacerbations and complications utilizing 
evidence-based practice guidelines and patient empow-
erment strategies. It also evaluates clinical humanistic 
and economic outcomes on an ongoing basis with the 
goal of improving overall health.

Some investigators and literature searches use  
all closely related terms when discussing DM. See 
Box 27-3. Collaboration among health professionals 
results in problem solving and decision making and 
achieves better patient care by working together than 
if working alone. Multidisciplinary teams include in-
dividuals from different disciplines who contribute 
specialized knowledge on hierarchical relationships 
and who act according to situational demands. The 
continuity of care or care transition occurs when there 
is effective information exchange within a patient– 
clinician relationship.

Interprofessional Collaboration
The basis for health professional collaborative inter-
actions is shared power and authority with mutual 
respect for the unique abilities of each member. The 

relationships result in cooperative problem solving and 
decision making, where participants achieve better 
patient care by working together than would have been 
possible individually.11

Case Management
The Case Management Society of America defines case 
management as “a collaborative process of assessment, 
planning, facilitation and advocacy for options and 
 services to meet an individual’s health needs through 
communication and available resources to promote 
quality cost-effective outcomes.”12 Case management is 
a collaborative process of assessment, planning, facili-
tation, and advocacy for options and services to meet 
individuals’ health care through communication and re-
sources to promote quality cost-effective outcomes.

Care Management
This term is used interchangeably with care coordination. 
The aim of care management is to manage the needs 
of the whole person across a range of health and social 
settings from home to hospital to acute care. Care man-
agement programs apply systems, science, incentives, 
and information to improve medical practice and help 
patients manage medical conditions more effectively. 
Evidence demonstrates that care management improves 
outcomes for the patient with chronic disease. The goal 
of care management is to improve patient health status 
and reduce the need for expensive medical services.13

Demand Management
The Center for Medicare and Medicaid Service (CMS) 
will penalize hospitals for high readmission rates for 

BOX 27-3 Terminology Related to DM
Care coordination
Care management programs
Case management
Chronic DM
Comprehensive health care
Continuity of patient care
Continuous healthcare improvement
Critical pathways
Disease state management
Interprofessional collaboration
Multidisciplinary teams
Patient care navigator
Patient care planning
Patient care team
Population-based care
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patients who return within 30 days of discharge. Pa-
tients with chronic disease are frequent consumers of 
health care. These patients can make decisions about 
their care. This mode would reduce the use of costly, 
unnecessary medical services and interventions. The 
demand management model uses protocols or path-
ways to enable the healthcare provider to achieve better 
outcomes. Patients can have care when they need it 
based on the protocol and to reduce unnecessary medi-
cal spending.

Integrated Care
Integrated health care means different things to differ-
ent people, and the World Health Organization (WHO) 
defines one working definition that provides the right 
care in the right place and defines integrated care as 
“the organization and management of health services so 
the people get the care they need, when they need it in 
ways that are user-friendly, achieve the desired results 
and provide value for the money.”14

Continuum of Care
A continuum of care is linking healthcare services 
across the delivery setting and sites of care. The con-
tinuum of care for chronic disease includes prevention, 
long-term maintenance treatment, and management of 
acute symptom exacerbation, rehabilitation, and pallia-
tive or hospice care. Some patients require ongoing so-
cial services in the community. This is important not to 
duplicate services. These patients with chronic diseases 
use healthcare services on a regular and expected basis, 
as compared to unpredictable needs of patients with 
acute problems.

Chronic disease can be effectively prevented and 
managed using the community as well as having the pa-
tient to be involved in the management of their disease. 
Addressing the causes of the chronic disease is central 
to attempt to prevent the future epidemics. A decreased 
exposure to the risk factors, such as tobacco use and un-
healthy diet, leads to a reduction in blood pressure and 
body weight. Interventions are required to address the 
underlying causes of chronic disease. Interventions that 
focus on people at high risk for chronic disease reduce 
the risk of developing chronic disease, reduce complica-
tions, and improve the quality of life.15

The model states effective chronic illness care re-
quires an appropriately organized delivery system 
linked with complementary community resources 
available outside the organization and is sustained by 
interactions between multidisciplinary primary care 
teams and activates patients to participate. The team 
is responsible for organizing and coordinating care 
through activities that include patient assessment, set-
ting goals with patients, solving problems for improved 
self-management, and applying clinical and behavioral 
interventions that prevent complications and optimize 
disease control and patient well-being. To achieve 
effective patient management, the CCM promotes 
comprehensive system change encompassing six areas: 
community resource links, the healthcare organization 
systems, self-management support, delivery system 
redesign, decision support, and clinical information 
 systems.16 The more recent updates include patient 
safety, cultural competency, care coordination, com-
munity policies, and case management for the CCM. 
Improved patient outcomes are the ultimate goal of the 
model (Figure 27-1).16

Patient or Care Navigator
The patient navigator does not have a standard defi-
nition yet is “someone who helps assist patients to 

KNOWLEDGE CHECK QUESTIONS

1. True or False: DM and case management have 
the same goals.

2. True or False: The goal of care management is to 
improve patient health and reduce the need for 
expensive medical services.

3. True or False: The reduction of unnecessary 
medical spending utilizing protocols or clinical 
pathways is demand management.

The Chronic Care Model
The Chronic Care Model (CCM) was created by Wag-
ner et al. as a model for managing chronic disease.15 
This model takes the proactive approach to managing 
the chronic disease. Instead of managing sickness, the 
model attempts to keep people well and moves the 
healthcare provider from focusing on those who are sick 
to a proactive approach that works with the patient to 
keep him/her healthy for as long as possible.

Informed,
activated
patient

Prepared,
proactive

practice team

Improved
outcomes

Productive
Interactions

Community
Resources and Policies

Self-management
support

Health Systems
Organization of Health Care

Delivery
system
design

Decision
support

Clinical
information

systems

FIGURE 27-1 The CCM supports patients in the self-management 
of their condition by enhancing their skills. This requires engaging 
a broader team that includes links with community care agencies, 
tracking systems to monitor patient progress, and delegation of the 
central organizational role from physician to a case manager.
Reproduced with permission from Wagner E. Chronic disease management: what will it take 
to improve care for chronic illness? Eff Clin Pract. 1998;1:2–4.
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overcome barriers to care.”14 The patient navigator 
offers assistance to patients to navigate through the 
complex healthcare system to overcome the obstacles 
to accessing care and treatment. The patient navigator 
is a patient-centered model of care, and the navigator 
is someone who understands the patient’s fears and 
hopes, removes the barriers to care by coordinating 
services, and increase the quality of life. The patient 
navigator is useful for the underserved patient with 
multiple chronic conditions.

It is important to note that a person who will be a 
disease manager must have knowledge of the disease 
process, treatment, expected outcomes, and self-care 
skills needed. The disease manager needs to be an ex-
cellent communicator, have the ability to call patients, 
conduct telephonic interviews and assessments, identify 
the patients at risk, and be able to coach or counsel the 
patient. The disease manager must be able to partici-
pate in the decision making regarding interventions, 
behavior modification, outcome identification, and goal 
achievement.

Mary Hart created an asthma navigator program 
that identified the patients who were high healthcare 
utilizers with repeat emergency and hospitalizations. 
Most of the patients in this program are minorities. 
This program identified some barriers to accessing 
health care. The physicians within the hospital in the 
emergency room were champions of this program. The 
respiratory therapist was an RRT, with the AE-C, and 
was able to follow the patient from the entrance to the 
ER to home. The patients received the self-management 
tools to manage asthma. This, in turn, led to a decrease 
in healthcare utilization and increased quality of life and 
goal attainment.17

KNOWLEDGE CHECK QUESTIONS

1. True or False: The team approach to DM is em-
bodied in the CCM.

2. True or False: The patient navigator is most use-
ful in assisting chronically ill patients with no 
comorbidities.

Disease Management Programs
DMPs vary based on the focus, population, location, 
and other factors. Some are clinic focused or prevention 
oriented or broad based. Therefore, it is hard to deter-
mine a true “model” or common elements of a program. 
The best practices of successful DMP have objective 
data that demonstrate health improvement/behavior 
change, cost savings or cost neutrality and achievement 
of program goals, duration of the program exceeds 3 
years and the ability to replicate the program is possible. 
See Table 27-2.

Essential 
Element Explanation

Define problem 
and program 
objective

Identify and clearly describe the problem, 
program objective, and target population 
using relevant, reputable data. Success is 
defined at inception and measures included 
in plans.

Tailor program 
to the target 
population

Program and its resources are tailored 
to achieve objectives within the target 
population. Program materials and approach 
must reflect cultural sensitivity and health 
literacy level and be relevant to the target 
population.

Engage 
leadership

An individual group is responsible for the 
program and its success. Leaders promote 
participation, shepherd resources, and 
provide ongoing support.

Coordinate 
among 
stakeholders and 
across settings

Engages the target population and those 
who can help achieve program goals and 
success. Collaboration, communication, 
transparency of program processes, data, 
and goals.

Integrate 
throughout the 
organization or 
community

Program is part of the culture, messages, 
activities, and the target population.

Empower target 
population

Program engages with the target population 
to develop the knowledge needed to achieve 
the desired results.

Motivate target 
population

Program engages regularly, encourages, 
assists, rewards, recognizes, and equips the 
target population to foster their involvement. 
Encourages participation by managing 
resistance to change, building individual 
accountability, regular communication, 
achievement, and success.

Sustain and 
institutionalize 
program

Program is sustainable and continues over 
time and change to policy is achieved.

Measure, 
evaluate, and 
refine program

The program includes ongoing evaluation, 
assessment of gaps between outcomes, 
and goals. Evolves to improve outcomes, 
achieve goals, and needs.

TABLE 27-2
Elements of a Successful DMP

DMP require certain components to be successful. 
See Box 27-4.

DM is a proactive multidisciplinary, systematic ap-
proach to healthcare delivery. The DMP includes all 
members with chronic disease and supports the pro-
vider–patient relationship and plan of care. The DMP 
optimizes patient care through prevention and proactive 
interventions based on evidence-based guidelines. A 
successful DMP incorporates patient self-management 
and contiguously evaluates each patient’s health status. 
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BOX 27-4 DM Components

 � Evidence-based practice guidelines

 � Population identification process

 � Collaborative practice models to include physi-
cian support service providers

 � Patient self-management education (may in-
clude primary prevention, behavior modification, 
and compliance surveillance)

 � Process and outcome measurement, evaluation 
and management

 � Routine reporting/feedback loop

Outcomes are carefully measured to improve overall 
health and the quality of life and lower the cost of care.

Identify the Target Population
To begin a DMP, the director needs to use data to iden-
tify a health issue, target population, and program plan. 
The director develops measurable objectives and goals 
to define success at the beginning of the program. The 
director determines milestones to track the progress 
of achieving the goals and methods to measure them. 
Therefore, define What? Why? Who? How/When? Poof!

For example, a county determines there is an issue 
with school-age children and uncontrolled asthma. The 
children missed more school and were behind in classes. 
The DMP defined uncontrolled asthma based on the 
National Asthma Education and Prevention Program 
guidelines. The population was defined as the elementary 
children between the ages of 5 and 12 years who were 
diagnosed with asthma and majority of the district had 
families living below the federal poverty level. The fam-
ily and child were invited to participate in the asthma 
program. The program was designed to identify indoor 
asthma triggers such as dust, pests, indoor tobacco use, 
and humidity. The RT made a home assessment that 
utilized a questionnaire, conducted visual inspection of 
the home, and measured environmental measurements. 
The RT provided education to the family to identify the 
asthma triggers, remove the triggers, and use proper 
medication. Over the school year, the RT measures prog-
ress to reduce asthma triggers, and the families that par-
ticipated in the program had fewer urgent health services 
and fewer days with asthma symptoms.

Program Materials and Approach
The successful programs tailor the education program 
and materials to the cultural preferences and needs of 
the target population. The DMP may vary based on age, 
sex, race, and geographic location. Also, the program 
needs to address health literacy of the participants.

The educational materials, for the program men-
tioned earlier, were made available in Spanish; at least 

one person in the group assessing the home was bi-
lingual. The cultural norms were addressed as part of 
the education based on the responses of the family. 
For example, candles are used as part of the Hispanic 
culture on a weekly basis. Many candles exude a scent, 
and the smoke is an asthma trigger. Therefore, wickless 
battery-operated candles were a solution to continue 
with the culture yet with an asthma-friendly solution.

Commitment by the Leadership
Having a strong leader who can make the connections 
with the community stakeholders creates networks, mo-
bilizes resources, and sustains the DMP. Join forces with 
other programs with similar goals. The program, being 
discussed, did not initially have a pharmacist. The group 
partnered with a pharmacy school that provided phar-
macy faculty and students. This group was able to make 
house assessment, ensure medications were available, 
and, if there was a comorbidity, share the information 
about multiple medications.

Program Coordination
Being able to coordinate groups of stakeholders across 
the community expands the program. It allows the cir-
cle of influence to grow and decrease barriers to reach 
the goals. The DMP is integrated into the commun-
ity, health plan, physician offices, and workplaces. The 
integration reinforces the message and goals to reach 
success. The program is a part of all the activities of the 
target population.

Engaging and Motivating the Target Population
The DMP engages the people to assume responsibility for 
their chronic disease and the behaviors associated with 
the disease. People are educated about consequences of 
the disease and methods to manage the illness to prevent 
exacerbations. This teaches the person the methods to 
remove the barriers to achieving the best health. The 
DMP incorporates technology to monitor the progress 
of the participants using cell phone apps or follow-up 
phone calls or telemedicine. The technology facilitates 
the use of evidence-based guidelines for the chronic 
disease. Using a secure email, web-based interactions, or 
online surveys allow communication to take place.

DMPs motivate participants by recognizing the will-
ingness to change and incentivize people to make the 
change. For example, some health plans will provide gift 
certificates for completing certain screening and vacci-
nations. Also, some plans will provide a reduced copay-
ment to the insured or a rebate.

Sustaining the DM Program
A plan for sustainability needs to be used for a DMP to be 
successful. The DMP must not be a one-time shot and no 
follow-up. Therefore, ensuring the population is engaged 
and the plans are involved will follow the sustainability.
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Evaluating the DM Program
The DMP outcomes must be identified at the beginning 
of the program. These outcomes/goals and objectives 
must be established at the beginning and then measured 
again over the course of the program at various inter-
vals and again at the end of the program. This could be 
looking at health claims, healthcare utilization, phar-
macy renewals, and quality-of-life measures.18

The Patient and the Caregiver
Chronic diseases require patients take a role for the 
responsibility in managing their health. This requires 
more time in the healthcare provider’s office. This group 
of patients must make behavior and lifestyle changes, 
develop new skills, increase compliance with therapies, 
and learn to interact with the healthcare system to suc-
cessfully manage their chronic disease. This means the 
patient must participate in the care and the healthcare 
provider must support the patient’s efforts. The litera-
ture demonstrates patients with chronic conditions 

who participate in interventions that promote patient 
engagement are associated with improved health 
outcomes. When patients take an active role in their 
chronic disease on a daily basis (e.g., medication man-
agement and adherence, tobacco cessation, and proper 
eating, sleep, and exercise), it influences their health.

In 2010, the American Association for Respiratory 
Care published an expert panel reference-based clinical 
practical guideline that suggests that RTs take an active 
role in educating the patient, family, and caregivers 
in the management of their cardiopulmonary disease 
state. This guideline demonstrates that RTs can provide 
patient-centered care and information to and elicit 
input from the patient and caregiver to improve the 
patient understanding of the chronic disease. The RT 
impacts a positive change in the patient’s and caregiver’s 
behavior and better manages the disease.19

Also, the RT can assess the learning needs of 
a patient who can benefit from self-management. 
Self-management education needs to be documented 
and reassessed on a frequent basis. See Table 27-3.

Indications • Patients with the need to increase knowledge and understanding of health status
• Patients with the need to improve skills needed for performing therapy
• Patients with the need to improve adherence to therapy and know the answers to the “ask me 3.” (1. What is my 

main problem? 2. What do I need to do? 3. Why is it important for me to do this?)

Contraindications None

Complications • Omission of essential steps in care, inconsistency in the information presented
• Failure to validate the learning process can lead to poor results
• Lack of cultural sensitivity, lack of information appropriate for the language needs of the patient
• Lack of trust by the patient or caregiver of the medical team

Limitation of 
method

Patient limitations: Lack of motivation, impairment, inability to understand instruction, literacy, language barriers, 
religious, and/or cultural beliefs are at odds with the education materials.

Respiratory therapist limitations: Lack of positive attitude, limited knowledge of skills being taught, inadequate 
assessment of patient’s readiness to learn, cultural or religious practices may affect learning, the inability to 
personalize the material, insufficient time, inadequate communication skills, and inadequate knowledge of cultural or 
religious practice

System limitations: Hospital stays too brief, the absence of interdisciplinary cooperation and communication, 
inconsistent information, lack of community-based interpreters

Other limitations: Lack of patient support system; reimbursement issues; interruptions, distractions, or noise; 
inadequate lighting, heat, or space; poorly chosen resources, including inappropriate reading level and vocabulary

Assessment of 
need

Determine patient’s knowledge base and the gap between what the patient knows and what the patient needs to 
know. Apply this to all learning domains.

Assessment of 
outcome

Evaluate the knowledge gained and skills mastered. The patient should return demonstration without assistance. 
Reassess patient outlook, attitude, and lifestyle changes.

Resources • Access to trained interpreters
• Written material at fifth to sixth grade level in a variety of formats
• Utilize demonstration models for hands-on training and practice

Monitoring • Patient verbal and nonverbal responses to material
• Document instruction and outcome
• Track adherence
• Ability to demonstrate and participate frequently

Reproduced with permission from AARC Clinical Practice Guideline. Providing patient and caregiver training 2010. Respir Care. 2010;55(6):765–769.

TABLE 27-3
Excerpts from Providing Patient and Caregiver Training, 2010
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Promoting healthy behaviors through education 
is important. The healthcare professionals should 
model the healthy behaviors and be active in the 
promotion of disease prevention and wellness. RTs 
are well positioned to provide DM for a range of 
chronic lung disease patients, including those who 
have asthma, COPD, emphysema, bronchitis, pul-
monary hypertension, cystic fibrosis, and pulmonary 
fibrosis.17

The potential for success is highest when patients 
are informed and equipped to manage their disease. 
This patient population consumes significant acute care 
resources because of poor disease control. Patient edu-
cation and intervention result in better understanding 
of the disease and greater rapport with the healthcare 
provider and maximize the ability of the patient to care 
for himself/herself.19

Self-care
The WHO defines self-care as “the activities individ-
uals, families and communities undertake with the in-
tention of enhancing health, preventing disease, limiting 
illness and restoring health.”20 This means taking action 
for oneself, one’s children, or family to stay fit and main-
tain good physical and mental health, meet social and 
psychologic needs, prevent illness or accidents, care for 
minor ailments and long-term conditions, and maintain 
health. Self-care skills and knowledge is part of daily 
living that include behavior change to encompass the 
chronic disease.

Self-Management
Patients with chronic disease need to become effective 
managers of their health. It is essential they have an under-
standing of the skills to manage the disease, ongoing sup-
port, and information about the disease. Self-management 
involves information giving and collaborative partner-
ship between patient and healthcare providers. The self- 
management education takes place with patient education 
and includes a plan that provides the patient with problem-
solving skills to address changes in the disease. The patient 
is the expert about their lives, and the healthcare provider 
is the expert about the disease and treatment plans.

The patient is empowered to accept the responsibil-
ity to manage their chronic disease and encouraged 
to solve their problems with the information from the 
healthcare professional.

There is internal motivation, which is more effective 
to assist with lifestyle change than external motivation 
and create a better outcome. This is more of a collabor-
ative care model. Table 27-4 compares traditional and 
collaborative care in chronic disease.

KNOWLEDGE CHECK QUESTIONS

1. True or False: DMP use evidence-based practice 
guidelines.

2. True or False: A DMP usually does not exceed a 
duration of 3 years.

Issue Traditional Care Self-Management Collaborative Care

What is the relationship 
between patient and health 
professionals?

Professionals are the experts who 
tell patients what to do. Patients are 
passive.

Shared expertise with active patients. Professionals are experts 
about the disease, and patients are experts about their lives.

Who is the principal caregiver?
Who is the problem solver? Who 
is responsible for outcomes?

The healthcare professional The patient and professionals are the principal caregivers; they 
share responsibility for solving problems and for outcomes.

What is the goal? Compliance with instructions, 
noncompliance, is a personal deficit 
of the patient.

The patient sets goals, and the professional helps the patient 
make informed choices. Lack of goal achievement is a problem 
to be solved by modifying strategies.

How is behavior changed? External motivation Internal motivation. Patients gain understanding and confidence 
to accomplish new behaviors.

How are problems identified? By the professional, for example, 
changing unhealthy behaviors

By the patient, for example, pain or inability to function, and by 
the professional.

How are problems solved? Professionals solve problems for 
patients.

Professionals teach the problem-solving skills and help patients 
in solving problems.

Data from Bodenheimer T, Lorig K, Holman H, Grumbach K. Patient self-management of chronic disease in primary care. JAMA. 2002;288(19):2469.  
doi:10.1001/jama.288.19.2469.

TABLE 27-4
Comparison of Traditional and Collaborative Care in Chronic Disease
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Self-management education teaches the patient 
problem-solving skills and allows the patient to iden-
tify the problems and provides techniques to help the 
patient make decisions and take appropriate actions; 
later these actions encounter changes in circumstances 
or disease. See Table 27-5. People with chronic disease 
face three issues that need to be addressed: (1) medical 
management of the chronic condition, including taking 
medications, modifying diet, or self-monitoring;  
(2) creating and maintaining new meaningful life roles 
regarding the person’s job, family, and friends; and  
(3) coping with anger, fear, frustration, and sadness of 
having a chronic disease.21

Self-management for children with chronic disease 
requires the patient/family take an active role in their 
care. The education supports the needs, concerns, 
and problems identified by the patient and family.21 
Box 27-5 shows self-management skills necessary for all 
chronic disease populations.

The goal of self-management includes optimizing 
health status and quality of life. The CCM may serve 
as a framework for organizing and delivering the care 
across the continuum of care.

One of the important pieces of self-management 
education is the patient-generated action plan. The ac-
tion plan should be realistic, proposing behavior change 
the patient is confident in accomplishing. Figure 27-2 
is an example of an asthma action plan for schools and 
families. To be effective, a written chronic disease ac-
tion plan must be embedded in the total healthcare 
package. Fundamental to an action plan is the ability of 

What is taught? Skills on how to act on problems.

How are problems 
formulated?

The patient identifies problems he/she 
experiences that may or may not be 
related to the disease.

Relation of education 
to the disease

Education provides problem-solving skills 
that are relevant to the consequences of 
chronic conditions in general.

What is the theory 
underlying the 
education?

Greater patient confidence in his/her 
capacity to make life-improving changes 
(self-efficacy) yields better clinical 
outcomes.

What is the goal? Increased self-efficacy to improve clinical 
outcomes.

Who is the educator? A health professional peer leader or 
other patients often in group settings.

Data from Bodenheimer T, Lorig K, Holman H, Grumbach K. Patient  
self-management of chronic disease in primary care. JAMA. 2002;288(19): 
2469. doi:10.1001/jama.288.19.2469.

TABLE 27-5
Self-Management Education BOX 27-5 The Five Self-Management 

Skills for All Populations with Chronic 
Disease
1. Problem solving
2. Decision making
3. Accessing appropriate resources
4. Forming a partnership with the healthcare 

provider
5. Taking action toward health goals

the patient to recognize early warning signs of the dete-
rioration of disease control and the knowledge of when 
to seek medical advice. Objective measurements are im-
portant because patients are often unable to recognize 
and interpret subjective symptoms.

A confidence scale can be used to measure the pa-
tient’s confidence to make behavior changes based on 
a scale of 1–10. When the answer is 7, or higher, the 
action plan is likely to be accomplished; however, if the 
answer is less than 7, the action plan should be modified 
to be realistic and avoid failure. See Figure 27-3  
and Box 27-6.

Confidence is necessary for a patient to be able to 
carry out a behavior necessary to reach a set goal. Ac-
tion plans, developed by the patients and health prac-
titioners, document these goals and these goals are 
necessary to keep the chronic disease manageable.

Any chronic disease requires a long-term man-
agement strategy, of which self-management is a 
key component. The literature demonstrates asthma 
self-management education improves outcomes, es-
pecially in those with severe asthma.22–27 Asthma 
self-management skills are more effective than provid-
ing information only in improving clinical outcomes 
and reducing costs for asthma.

Strategies for teaching chronic disease self- 
management include the establishment of the agenda 
“Ask-Tell-Ask” collaborative communication, assessment 
of readiness to change, goal setting, and closing the 
loop.28 See Table 27-6.

The first three strategies set the stage for collaborative 
communication. A shared agenda can be set by simply 
asking the patient, “What would you like to discuss to-
day?” Then a collaborative decision can be made about 
what concerns take priority. This reassures the patient 
that the practitioner is listening to them.29 The “ask-tell-
ask” strategy is a way of shifting the educational mes-
sage from a directive to a collaborative partnership. It 
also provides a way for the practitioner to structure the 
information to the patient’s needs. This entails asking 
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as possible
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FIGURE 27-3 Confidence scale. See text for explanation.

FIGURE 27-2 Asthma action plan for schools and families.
Reproduced from California Asthma Public Health Initiative. Asthma Action Plan for Schools and Families. Available at: http://www.betterasthmacare.org. Courtesy of the California Asthma Public 
Health Initiative.

the patient what is already known or what they want to 
know about the illness. Then tell the patient what he or 
she wants to know and ask to restate the information. 
This keeps the patient involved in the conversation.29

To assess the patient’s readiness to change, the prac-
titioner can ask two simple questions. The first is “How 
important is it to you to make this change, on a scale 
of 0–10, with 10 being extremely important?” This puts 
the practitioner and the patient on the same page con-
cerning goals.29 The second question is to ask about the 
patient’s confidence about making a change.  
See Figure 27-3.

The next step is collaborative goal setting. This 
can be done using the transtheoretical model, which 
is based on stages of change. These stages include 
pre-contemplation, where the patient is not thinking 
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BOX 27-6 Examples of Possible 
Dialogue for Addressing Importance of 
Confidence
1. If you were to decide to begin dieting now, how 

confident are you that you would succeed?
2. On a scale of 0–10, with 0 being not at all con-

fident and 10 being extremely confident, how 
confident are you that you could change your 
eating habits?

3. Tell me why you are at a (use client’s chosen 
score) and not a 10? Encourage change talk, 
rather than resistance where the person must 
defend his/her current behavior or position.

4. Listen carefully at this point as one will begin to 
identify strengths on which to build and possible 
motivating factors that might influence behavior 
change.

5. What would need to happen for you to go from a 
chosen number to a higher number?

6. How can we help you go from a chosen number 
to a higher number?

Miller W, Rollnick S. Motivational Interviewing. 3rd ed. New York, 
NY: Guilford Publ.; 2012:225.

Setting the stage Taking action

Set a shared agenda Set self-management goals

Ask-tell-ask Close the loop

Assess readiness to change

Reproduced with permission from Boxer H, Snyder S. Five communication 
strategies to promote self-management of chronic illness. Fam Pract 
Manag. 2009;16(5):12–16. https://www.aafp.org/fpm/2009/0900/p12 
.html. Accessed September 28, 2016.

TABLE 27-6
Five Communication Strategies for Teaching 
Self-Management

BOX 27-7 Setting SMART Goals

S Specific, significant

M Measurable, meaningful, motivational

A Achievable, attainable, agreed upon

R Realistic, relevant, reasonable

T Timely, tangible

KNOWLEDGE CHECK QUESTIONS

1. True or False: Patients play a passive role in their 
care in a self-management program.

2. True or False: Learning problem-solving skills is 
part of a self-management program.

KNOWLEDGE CHECK QUESTIONS

1. True or False: Caseload and staffing ratios are 
used to evaluate patient-related process meas-
ures of a DM intervention.

2. True or False: Long-term patient outcome mea-
sures for a DMP include assessing patient qual-
ity of life and well-being.

about changing the behavior. The contemplation stage is 
where the patient is thinking about changing the behav-
ior but has not taken any action steps. The preparation 
stage is where the patient is committed to changing the 
behavior and may have made an attempt in the recent 
past. In the action stage, the patient is in the process 
of making an overt lifestyle change. The maintenance 
stage is where the patient has established the new habit 
and the focus is on maintaining the behavior changes.29 
Goals need to follow the SMART acronym (Box 27-7).

Closing the loop means to have the patient repeat 
the important points and instructions to ensure correct 

understanding. Verbalization of key instructions allows 
the practitioner to correct any misunderstandings be-
fore they become errors.29

Evaluation of the DM Process
Health outcomes affect the quality of life and health-
care services. DMPs are evaluated based on defined 
outcome measures. Evaluation measures for DM 
interventions vary. Some of these are included in 
Table 27-7. Evaluation reviews, baseline data, per-
formance indicators, and outcome measures analyze 
them to determine if the program achieved its goal 
or provided quality improvement. The performance 
indicators assess the performance compared to pre-
defined indicators. Outcome measures determine 
the result of an action or intervention. Meaning-
ful outcomes improve the quality of the program. 
These outcomes include clinical outcomes, health-
care utilization, and humanistic or quality of life. 
Patient assessment of program impact on physical, 
social, and emotional well-being is measured. Also, 
the economic outcome is calculated as the cost of 
the intervention less any savings from the health 
improvement.8
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Evaluation 
Measure Variable Example

Input Measures

Structure  
of DMP

Caseload size; staffing ratios; staff qualifications; hours of training; organizational supports

Process Measures

Patient related • Reach of program
• Patient education
• Patient coaching

• Initial contact rate; enrollment rate; referral rate; targeted populationEducation sessions; 
content covered

• Contact frequency; call duration; call content; written action plan; smoking cessation 
counseling

Organization 
related

Frequency of disease-specific diagnostic testing and/or follow-up (e.g., AbA1c tests; 
blood pressure tests); procedures performed (e.g., bronchoscopy, perfusion imaging); 
adherence to clinical practice guidelines; prescription rates

Organizational Output Measures

Utilization Utilization Hospital admissions; emergency department visits; primary care practitioner visits; urgent 
care visits; length of stay; scheduled primary care practitioner visits; readmission rate; 
number of insurance claims for medication; waiting times; discharge rates

Patient Outcome Measures

Immediate Knowledge Participant knowledge (general and disease specific); beliefs (general and disease specific)

Intermediate 1. Self-care behavior
2. Self-efficacy

1. Administration of medication; adherence to diet/exercise; peak flow self-monitoring; 
symptom self-monitoring; glucose self-monitoring

2. Self-efficacy; health locus of control; psychosocial adaption and coping skills

Post-
intermediate

1. Clinical
2. Satisfaction

1. Physiologic measures (e.g., FEV1/FVC; FEV1; blood pressure, HbA1c); weight; self-
reported severity of symptoms; shortness of breath; smoking rate; quantity and 
frequency of exercise; adherence to medication

2. Program satisfaction; perceptions of DM; participant satisfaction with care

Long term Quality of life and well-being; health status; functional ability (emotional well-being, daily 
work, social and physical activities); self-reported health; fatigue; pain; disability; mortality

Impacts

Financial Overall healthcare costs (direct and/or indirect); project cost savings; detailed financial 
performance measures; return on investment, cost-effectiveness; cost-benefit; and 
cost-consequences.

Socioeconomic Absenteeism rate; return to work; productivity; (corporate) “image.”

Reproduced with permission from Conklin A & Nolte E. (2011). Disease management evaluation: A comprehensive review of current state of the art. Rand health 
quarterly:1(1).

TABLE 27-7
Evaluation Measures for DM Interventions

As the number of people with chronic disease 
continues to increase, healthcare providers with 
knowledge of the disease, methods for teaching 
self-management, assessment, and follow-up are 
essential. RTs are in a unique situation to take on 
respiratory DM. RTs already work on ensuring ap-
propriate therapy and follow the evidence-based 
guidelines. They collaborate with the patient and 
family to ensure needs are met and communication 

Chapter Summary
DM is an approach to patient care that seeks to limit 
preventable events by maximizing patient adherence to 
prescribed treatment and health promotion behaviors. 
DM plans produce significant clinical improvements, as 
well as financial savings. The DM process provides op-
portunities to improve patient outcomes. True DM can 
be achieved only with the complete commitment of the 
healthcare team.8

736 CHAPTER 27 Disease Management



disease, limiting illness, and restoring health is 
___________________.
a. case management
b. self-care
c. care management
d. demand management

7. Learning problem-solving skills is a key part of 
________________.
a. care management
b. self-management
c. demand management
d. case management

8. An asthma action plan helps patients to 
_____________.
a. identify early warning signs of deterioration
b. measure the patient’s confidence
c. know how to speak to their physician
d. remember long-term management strategy

9. The “ask-tell-ask” strategy __________________.
a. assesses a patient’s readiness to change
b. creates a collaborative partnership for learning
c. sets up the goal setting process
d. allows patients to take a passive role in their 

care
10. An organizational output measure that assesses 

disease management program utilization includes 
_____________.
a. the number of procedures performed
b. prescription rates
c. case load size
d. number of emergency department visits
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A
abdominal paradox Opposite to normal movement of the 
abdomen as related to the chest. On inspiration the abdomen 
moves inward and on expiration the abdomen moves outward as 
a compensatory mechanism for the use of accessory inspiratory 
muscles.

acid-fast bacilli (AFB) A bacterium that holds the acid-fast 
stain.

acinus Any small, saclike structure. Refers to the functional 
unit of the lung.

active cycle of breathing A breathing technique that in-
cludes abdominal breathing, thoracic expansion exercises, and 
forced expiratory technique to promote airway clearance in indi-
viduals’ copious amounts of secretions. 

acute cellular rejection (ACR) Lung transplant rejection 
mediated by T-lymphocyte recognition of human leukocyte 
antigens.

acute disease A medical condition that occurs suddenly.

acute hypercapnic respiratory failure Life-threatening 
abnormalities in ventilation, ventilatory failure, and Type II res-
piratory failure.

acute hypoxemic respiratory failure Life-threatening 
abnormalities in oxygenation, oxygenation failure, and Type I 
respiratory failure.

acute pericarditis A rapidly developing inflammation of the 
pericardium.

acute respiratory distress syndrome Respiratory failure 
of sudden onset in adults or children that follows injury to the 
endothelium of the lung and results in accumulation of protein-
rich fluid and the collapse of alveoli, leading to difficult, rapid 
breathing and very low oxygen levels in the blood. 

acute-on-chronic respiratory failure (ACRF) Chronic re-
spiratory failure complicated by an acute respiratory acidosis and 
worsening hypoxemia.

adaptive servo-ventilation (ASV) A type of PAP therapy that 
adjusts the airflow to maintain a preset minute ventilation.

adenocarcinoma A type of non-small-cell lung carcinoma 
that arises from secretory cells in the peripheral bronchi and is 
gland-like in appearance. It is commonly found in never smokers.

adenosine triphosphate binding cassette (ABC) A type 
of cellular pump that uses energy released by adenosine triphos-
phate hydrolysis to move ions across membranes. 

adjuvant chemotherapy Chemotherapy used after the initial 
treatment, usually surgery, for cancer.

adjuvant drugs Drugs helpful in the management of a certain 
illness that are not primarily used for that particular illness, such 
as antidepressants used for the treatment of pain.

adventitious breath sounds Abnormal lung sounds due to 
pulmonary pathologies.

aerobic Bacteria that require oxygen to exist.

aerobic metabolism Using oxygen to produce energy.

afterload The amount of resistance the heart needs to over-
come to open the aortic valve and pump blood volume into the 
systemic circulation.

air bronchograms A tubular outline of an airway made vis-
ible by filling of the surrounding alveoli by fluid or inflammatory 
exudates. 

airflow limitation Decrease in the volume of exhaled air.

alcohol septal ablation (ASA) The injection of 1–3 mL 
of desiccated ethanol into the artery feeding a hypertrophied 
septum. This will cause localized muscle death and shrink the 
hypertrophied septum.

alcoholic dilated cardiomyopathy An abnormally enlarged 
heart muscle caused by alcohol abuse.

allele One of two or more versions of a gene.

allodynia Extreme pain sensations caused by something that is 
ordinarily painless.

allograft Tissue taken from a donor and given to a recipient. 
 Allografts can be bone, ligament, cartilage, tendon, tissue, or skin.

allograft rejection Rejection of the donor tissue by the 
recipient.

alpha-1-antitrypsin (AAT) A protein that protects the lungs 
from damage by neutrophil elastase.

alpha-1-antitrypsin (AAT) deficiency (AATD) Deficiency 
in a specific protein called alpha-1 antitrypsin, which inactivates 
neutrophil elastase.

alveolar dead space Refers to the volume of ventilation re-
ceived by the alveoli that are ventilated but receive no perfusion.

alveolar macrophages (AMs) A cell located within the al-
veoli of the lungs that phagocytizes foreign bodies that enter the 
lung. It is part of the respiratory tract defense mechanism.

alveolar-to-arterial oxygen tension gradient [P(A-a)o2]  
An oxygen evaluation tool that looks at the difference between 
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the alveolar oxygen partial pressure and the arterial oxygen par-
tial pressure. [Fio2 × (PB − 47) − (Paco2 × 1.25)] − Pao2

American Heart Association/American College of  
Cardiology Foundation classification system A classifica-
tion system for heart failure that uses risk factors.

amyotrophic lateral sclerosis (ALS) Disease process that 
involves progressive degeneration of nerve cells that control 
muscle movements.

anaerobic Bacteria that can exist only without oxygen. These 
organisms are also called obligate anaerobes.

anaerobic metabolism Producing energy without the use  
of oxygen.

anaphylactoid reaction A serious, life-threatening allergic 
reaction from a non-immunoglobulin E.

anaphylaxis A serious, life-threatening allergic reaction from 
an immunoglobulin E.

anastomosis A surgical connection.

anatomic dead space Refers to the volume of gas in the con-
ducting airways.

anatomic shunt A normal bypassing of the ventilated alveoli 
that occurs due to anatomic structures, such as the bronchial 
veins, Thebesian veins, and pleural veins.

anemia Low hemoglobin level.

anemic hypoxia Pao2 is normal; however, insufficient oxygen 
is delivered to the tissue because there is less hemoglobin avail-
able to carry O2.

angina pectoris Chest pain that is most often the first sign of 
a myocardial ischemia.

angioedema Localized swelling in the dermis, subcutaneous 
tissue, mucosa, and/or submucosa due to vascular permeability 
and leakage.

anion gap A measurement of the difference between the sum 
of the positive electrolytes and the sum of the negative electro-
lytes routinely measured by clinical chemistry.

ankylosing spondylitis (AS) A chronic inflammatory rheu-
matic disease that can affect the axial skeleton.

anorexia–cachexia syndrome A syndrome that includes 
loss of appetite, weight loss, and nutritional deficiencies.

anterior–posterior (A–P) diameter Measurement of the dis-
tance between the anterior thorax and the posterior thorax.

antibody-mediated rejection (AMR) A type of tissue rejection 
caused by antibodies focused against human lymphocyte antigens.

anticholinergic bronchodilator A drug that blocks 
the effects of the parasympathetic nervous system, causing 
bronchodilation. 

antidromic Refers to a type of atrioventricular re-entrant 
tachycardia in which impulses are conducted anterogradely 
down the accessory tract and retrogradely up the AV node.

aortic insufficiency (AI) The inability of the aortic valve to 
close properly, allowing the blood to regurgitate back into the left 
ventricle during diastole.

aortic stenosis (AS) The opening between the left ventricle 
and the aorta is narrow.

Apgar score  A newborn assessment used to report the status 
of a newborn. It is done after delivery and scores are recorded 
1–5 minutes after birth. A = appearance, P = pulse, G = Grimace, 
A = activity, R = respirations. Each is scored on a scale of 0–2, 
with 2 being the best score.

apnea Cessation of breathing.

apnea of prematurity (AOP) Cessation of breathing in a 
premature newborn. The more premature an infant is, the more 
likely the infant will have apnea.

apnea threshold The Paco2 level below which respiratory out-
put ceases, primarily resulting in a central apneic event. 

apneic time The amount of time for breath holding during the 
drowning process.

apoptosis Programmed cell death that occurs in multicellular 
organisms.

ARDSNet protocol An evidence-based guide to the mech-
anical ventilation management of ARDS, which uses low-tidal-
volume ventilation. 

ARISCAT risk index Assess Respiratory Risk in Surgical 
 Patients in Catalonia risk index predicts the overall incidence of 
postoperative pulmonary complications (of any severity), by as-
signing a weighted point score to seven independent risk factors.

Arozullah respiratory failure index An assessment index 
used to identify patients at risk for developing postoperative res-
piratory failure and for guiding perioperative respiratory care.

arrhythmia An abnormal heart rhythm.

arterial blood oxygen content (Cao2) An oxygen evalua-
tion tool that assesses the total amount of oxygen that is carried 
by the hemoglobin and in the plasma. (Hb × 1.34 × Sao2) + 
(Pao2 × 0.003)

arterial oxygen tension to oxygen concentration ratio  
(P/F ratio) An oxygen evaluation tool that compares the arte-
rial oxygen partial pressure with the oxygen concentration being 
breathed. 

arterial to alveolar oxygen tension ratio (Pao2/PAo2 or  
a/A ratio) An oxygen evaluation tool that compares the arterial 
oxygen partial pressure with the alveolar oxygen partial pressure.

ask-tell-ask A motivational interviewing technique that en-
sures the patient understands the information given.

asthma-COPD overlap syndrome (ACOS) A syndrome that 
has the clinical features of both asthma and chronic obstructive 
pulmonary disease.

asystole No electrical activity in the heart.

atelectasis Collapse of the expanded lung; also: defective ex-
pansion of the pulmonary alveoli at birth.

atelectrauma Alveolar injury due to shearing forces as 
adjacent alveoli collapse and re-expand during mechanical 
ventilation.

atherosclerosis A build-up of plaque in the coronary  
arteries.
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atrial fibrillation (AF) A cardiac arrhythmia characterized by 
disorganized electrical activity in the atria, resulting in a loss of 
 coordinated atrial contractions.

atrial flutter A cardiac arrhythmia characterized by rapid, 
regular atrial activity due to an ectopic pacemaker that results in 
a heart rate of 250–350 beats/minute.

atrial gallop The S4 heart sound that occurs when atrial 
 contraction forces blood into a noncompliant left ventricle.

atrial septal defects (ASD) Persistent openings in the heart 
between the left and the right atria.

Atrioventricular nodal re-entrant tachycardia (AVRT) A 
re-entry cardiac arrhythmia caused by an alternate pathway 
within the atrioventricular node. 

atrioventricular node A collection of specialized cells that 
function to slow down electrical conduction from the atria to the 
ventricles to allow for atrial contraction.

atrioventricular re-entrant tachycardia (AVRT) A reentry car-
diac arrhythmia caused by an accessory pathway in the left or right 
atrioventricular septum or lateral walls of the right or left atrium. The 
pathway allows the electrical signal to bypass the AV node.

atypical pneumonia Pneumonia caused by bacteria not nor-
mally associated with pneumonia. This type of pneumonia oc-
curs most often in people with comorbidities.

autonomic conflict The activation of both sympathetic and 
parasympathetic nervous systems due to cold water immersion.

autonomy The right of a patient to make their decisions about 
their own medical care.

auto-titrating positive airway pressure (APAP) A newer 
mode of positive airway pressure delivery designed to act in 
response to changes in upper airway resistance by making auto-
matic pressure changes within a set parameter.

average volume-assured pressure support (AVAPS) A 
type of pressure support mode that automatically changes pres-
sure support level to guarantee a set tidal volume.

B
Bacille Calmette–Guérin (BCG) A vaccine for tuberculosis 
that uses a live, attenuated strain of Mycobacterium bovis.

bacteremia Bacteria in the blood.

bacteremic septicemia A bacterial infection in the blood 
causing sepsis.

bare-metal stent (BMS) A stent made of metal that contains 
no  coating or medication.

barotrauma Trauma to the lungs due to invasive mechani-
cal ventilation pressures rupturing alveoli and causing air leaks, 
 resulting in conditions including pneumothorax, pneumomedi-
astinum, pneumoperitoneum, and subcutaneous emphysema.

basic metabolic panel (BMP) A clinical chemistry panel of 
measurements that include calcium, creatinine, electrolytes, and 
glucose in the blood.

Beck triad Three physical signs that are indicative of cardiac 
tamponade. They are venous pressure elevation, decline in arte-
rial pressure, and muffled heart tones. 

Becker muscular dystrophy A neuromuscular disease 
caused by progressive muscle wasting and weakness due to the 
degeneration of skeletal, smooth, and cardiac muscle.

benign Noncancerous.

Berlin Questionnaire A survey instrument used to identify 
risk factors associated with sleep apnea.

beta-adrenergic agonists A drug that stimulates the sympa-
thetic nervous system, causing bronchodilation.

bilateral lung transplantation Transplantation of both lungs.

bi-level positive airway pressure (BPAP) A noninvasive 
ventilator mode that provides two different pressures: inspiratory 
positive airway pressure and expiratory positive airway pressure.

biofilm A group of microorganisms that stick to one another 
and often also to a surface.

biomass fuel The burning of substances like wood for cooking 
and heating.

Biot respiration A breathing pattern characterized by a short 
burst of uniform, large tidal volume breaths followed by periods 
of apnea.

blunt force trauma Non-penetrating trauma, typically due to 
an acceleration or deceleration injury, to the chest (or any body 
part) caused by an impact. 

BODE index An assessment tool used to predict survival in 
COPD patients.

body mass index (BMI) A measurement of a person’s weight 
as it relates to the person’s height. It is used to identify obesity.

booster phenomenon Initially negative TST turns positive 
in an individual who was infected many years before because 
the TST triggered the memory of the immune system causing a 
reaction.

botulism A neuromuscular disease process that occurs when a 
patient is affected by one of the neurotoxins A-G.

bradycardia Slower than normal heart rate, less than  
60 beats/minute.

bradypnea Slower than normal respiratory rate, less than  
10 breaths/minute.

brain-dead donors (BDDs) Donors who have lost all brain 
function and are being maintained by mechanical ventilation 
and medications so their organs may be recovered for donation.

bronchial anastomotic dehiscence A rupture of the surgi-
cal connection between the donor bronchus and the recipient 
bronchus.

bronchial challenge A test that utilizes a provoca-
tions substance, such as methacholine, to assess bronchial 
hyperresponsiveness.

bronchial hyperresponsiveness (BHR) An increased sensi-
tivity to stimuli that cause bronchospasm.

bronchial thermoplasty A procedure that utilizes thermal 
energy to decrease the airway smooth muscles that spasm. It is 
used for patients with severe chronic asthma to improve quality 
of life and reduce asthma exacerbations.
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bronchiectasis severity index A method of determining 
the severity of bronchiectasis by assigning points to several 
clinical, radiologic, and microbiologic features. It is also used to 
predict mortality, hospital admissions, exacerbations, and qual-
ity of life. 

bronchiolitis Inflammation of the bronchioles that typically 
occurs with infants and is usually caused by a viral infection, 
most commonly respiratory syncytial virus.

bronchiolitis obliterans syndrome (BOS) An irreversible, 
progressive obstructive disease that is the most common form of 
chronic lung allograft dysfunction.

bronchoalveolar carcinoma A unique type of adenocarci-
noma that has no invasive component and presents as an inter-
stitial lung disease on chest radiography.

bronchoalveolar lavage A technique used to obtain cells and 
fluid from the bronchioles and alveoli using a saline wash using 
either a bronchoscope or a specialized catheter. Specimens are 
sent for cytologic analysis.

bronchogenic carcinoma Malignant neoplasms that origin-
ate in the airways or lung parenchyma.

bronchoplasty Endoscopic airway dilation with a rigid or 
flexible bronchoscope. A rigid bronchoscope can be advanced 
through the stenotic airway opening, which has a “coring” effect 
instead of balloon dilation.

bronchopneumonia A multifocal pneumonia (lobular pneu-
monia) that involves both airways and lung parenchyma, caused 
by aspiration of secretions from a colonized trachea seen typ-
ically in hospital-acquired pneumonia.

bronchopulmonary dysplasia (BPD) A form of chronic 
lung disease that develops in premature neonates who are treated 
with positive pressure ventilation and supplemental oxygen.

bronchoscopy Therapeutic or diagnostic examination of the 
airways using a bronchoscope.

bronchovesicular breath sound A combination of tracheal 
and vesicular breath sounds heart over the upper part of the ster-
num between the first and second intercostal spaces.

Bruce protocol A common type of exercise stress test using a 
treadmill.

bundle of His A bundle of specialized cardiac muscle cells that 
connect the atrioventricular node to the right and left bundle 
branches.

burn shock A unique type of shock that is a combination 
of distributive and hypovolemic shock, which occurs in burn 
patients.

C
cachectic Loss of weight and muscle mass due to disease.

cachexia Generalized weakness and malnutrition caused by a 
chronic disease such as lung cancer. 

canals of Lambert Accessory connections between bronchi-
oles and adjacent alveoli, which facilitate collateral ventilation 
within the smallest parts of the lung. 

capillary refill time The amount of time required for the 
return of color to a nail bed after the application of blanching 
pressure.

capnography A noninvasive technique to measure end-tidal 
carbon dioxide.

carbonaceous particles Burnt matter, often called soot, that 
is a by-product of combustion.

carboxyhemoglobin (COHb) Carbon monoxide attached to 
the hemoglobin in red blood cells.

carboxymyoglobin Carbon monoxide attached to myoglobin.

carcinoma A cancer that begins in the tissues that cover body 
organs.

cardiac catheterization The process of inserting a catheter 
into the heart to evaluate the heart structure, patency of the coro-
nary arteries, and cardiac function.

cardiac enzymes A group of proteins that are found in myo-
cardial tissue and are released in the serum when cardiac cells 
are injured, as in myocardial infarction.

cardiac tamponade A lift-threatening condition caused by 
the accumulation of pericardial fluid under pressure, compress-
ing the heart and severely limiting the filling of its chambers.

cardiac troponins Include troponin I (cTnI) and troponin  
T (cTnT), which are released into the blood after cardiac 
damage.

cardiogenic pulmonary edema The accumulation of fluid 
with a low protein content in the lung interstitium and alveoli as 
a result of cardiac dysfunction. 

cardiogenic shock (CS) Shock that results from pump failure 
(heart), and is classified as a circulatory shock.

cardiopulmonary exercise testing (CPET) A full range of 
testing that provides exercise capacity and prognostic informa-
tion and is used for therapeutic decisions.

care management A type of interdisciplinary management 
system that assists patients in managing medical conditions and 
coordinating care activities.

carotid bruit A sound caused by turbulent blood flow in the 
carotid artery resulting from stenosis of the artery.

case management A collaborative process that plans, imple-
ments, coordinates, monitors, assesses, and evaluates healthcare 
options to meet patients’ needs, using communication and avail-
able resources to promote positive patient outcomes.

Center for Medicare and Medicaid Service (CMS) The 
branch of the U.S. Department of Health and Human Services 
that administers Medicare and Medicaid programs.

central airway obstruction (CAO) Obstruction of the air-
flow through the trachea and the mainstem bronchi.

central apnea Cessation of breathing caused by a lack of sig-
naling from the respiratory center in the brain.

central nervous system The part of the nervous system that in 
vertebrates consists of the brain and spinal cord, to which sensory 
impulses are transmitted and from which motor impulses pass out, 
and which coordinates the activity of the entire nervous system.
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cold shock A sympathetically mediated response to sudden 
immersion in cold water, causing tachycardia, uncontrollable hy-
perventilation, hypertension, and increases in plasma catechol-
amine levels.

community-acquired pneumonia (CAP) Pneumonia that 
develops while the person is not in a hospital or other healthcare 
setting with the onset of symptoms in the community.

comorbidity More than one disease in an individual.

complete blood count (CBC) An overall assessment of the 
kinds and numbers of cells in the blood. It includes WBC count 
and differential, RBC count, hematocrit, hemoglobin, platelet 
count, and mean platelet volume.

complete heart block A cardiac arrhythmia characterized by a 
complete failure of electrical conduction between the atria and ven-
tricles of the heart. Also known as third-degree atrioventricular block.

comprehensive metabolic panel (CMP) A clinical chem-
istry panel of measurements that include bilirubin, calcium, 
creatinine, electrolytes, glucose, liver enzymes, and proteins in 
the blood.

computed tomographic pulmonary angiography (CTPA)  
A diagnostic test that uses computed tomography to obtain an 
image of the pulmonary arteries. It is the method of choice for 
imaging the pulmonary vasculature in patients with suspected 
pulmonary embolism. 

computed tomography (CT) A radiographic technique that 
produces a film representing detailed cross sections of tissues in 
1- to 2-mm thickness.

concentric hypertrophy A thickening of myocytes causing 
increased ventricular wall thickness.

congenital central hypoventilation syndrome (CCHS) A 
syndrome that causes very decreased ventilatory response during 
sleep, but is normal during wakefulness.

congenital diaphragmatic hernia (CDH) A birth defect 
that causes a malformation (hole) of the diaphragm allowing the 
contents of the abdomen to migrate into the chest area.

congenital heart defect (CHD) An abnormality of the heart 
that develops in utero. The defect can involve the walls of the 
heart, the arteries and veins going to and from the heart, or the 
valves of the heart.

connective tissue diseases (CTDs) A group of autoimmune 
diseases affecting the connective tissue of the body.

consolidation A radiologic sign showing lung tissue filled with 
dense material or liquid.

constrictive pericarditis A rigid pericardium, caused by 
marked inflammation, that does not allow the heart to stretch 
and fill appropriately during diastole.

continuous mandatory ventilation (CMV) A mode of posi-
tive pressure mechanical ventilation that provides both manda-
tory breaths and assisted breaths at a set respiratory rate and tidal 
volume. The set tidal volume is applied for both the set respira-
tory rate and the patient’s spontaneous respiratory rate. 

continuous positive airway pressure (CPAP) A noninva-
sive mode where the expiratory pressure is maintained at above 
atmospheric pressure and the patient breathes spontaneously.

central sleep apnea (CSA) Cessation of breathing due to 
failure of stimulation of the respiratory system by medullary re-
spiratory centers, characterized by lack of effort.

central venous pressure (CVP) The pressure exerted by 
blood in the right atrium.

centrilobular emphysema Emphysema that affects the prox-
imal respiratory bronchioles mostly in the upper portions of the 
lungs and is the most common form of emphysema.

cerebral hypoxia Lack of oxygen in the brain.

channels of Martin Interbronchiolar pathways that facilitate 
collateral ventilation in the lungs. 

Cheyne–Stokes respirations A repeating pattern of breath-
ing in which the rate and depth of breathing increases to a peak, 
followed by a decrease in the rate and depth of breathing, fol-
lowed by a period of apnea.

chief complaint (CC) The problem or group of symptoms that 
brings a patient to the practitioner or hospital for health care.

chronic care model (CCM) A proactive approach to chronic 
disease care that promotes comprehensive system change to 
achieve improved patient outcomes.

chronic disease A medical condition that has developed over 
a long period of time.

chronic lung allograft dysfunction (CLAD) A type of lung 
rejection that manifests as either airflow obstruction or restric-
tion and includes bronchiolitis obliterans syndrome, restric-
tive allograft syndrome, and neutrophilic reversible allograft 
dysfunction.

chronic obstructive pulmonary disease (COPD) Two 
long-term lung diseases—chronic bronchitis and emphysema—
that often occur together.

chronic respiratory failure (CRF) Long-term respiratory 
failure involving inappropriate levels of minute ventilation or in-
creases in dead space, also known as chronic ventilatory failure.

circadian rhythm A person’s 24-hour internal clock.

cisatracurium A nondepolarizing skeletal muscle relaxant/
paralyzing agent. 

class 1 patient Asymptomatic drowning victim showing no 
evidence of inhalation of liquid.

class 2 patient Asymptomatic or symptomatic drowning vic-
tim showing clinical evidence of liquid aspiration with adequate 
ventilation.

class 3 patient Symptomatic drowning victim showing clini-
cal evidence of liquid aspiration with inadequate ventilation.

class 4 patient Drowning victim in both ventilatory and car-
diac arrest.

clinical chemistry An analysis of the noncellular components 
of the blood present in the plasma. It includes bilirubin, calcium, 
creatinine, electrolytes, glucose, liver enzymes, proteins, and urea 
nitrogen.

Cobb angle The angle between the upper and lower por-
tions of a spinal curvature used to quantify the severity of 
scoliosis.
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continuum of care Healthcare services of chronic disease that 
includes prevention, long-term maintenance treatment, manage-
ment of acute symptom exacerbation, rehabilitation, and pallia-
tive care.

contractility The internal strength of the ventricle to squeeze 
the blood out of its chamber.

co-oximetry A technique (a type of blood gas analyzer) that 
measures the actual oxygen saturation of blood and all types of 
hemoglobin (i.e., concentrations of deoxyhemoglobin, oxyhemo-
globin, methemoglobin, and carboxyhemoglobin).

COPD Assessment Test (CAT) An eight-item survey to as-
sess the health status impairment of COPD.

coronary artery bypass grafting (CABG) A surgical pro-
cedure to bypass a closed-off coronary artery with either the left 
internal mammary artery or the saphenous vein as the graft.

coronary artery disease (CAD) Another name for ischemic 
heart disease or coronary heart disease.

coronary heart disease Another name for ischemic heart 
disease or coronary artery disease.

crackles Adventitious breath sound due to popping open of al-
veoli, air passing through fluid-containing bronchi, or air passing 
through fluid in the small airways and alveoli.

C-reactive protein (CRP) A substance that is produced by the 
liver in response to inflammation within the body.

creatine kinase (CK-MB) The standard chemical marker for 
evaluating myocardial injury.

croup Also known as laryngotracheobronchitis. It is an upper 
airway infection affecting the trachea by causing swelling below 
the vocal cords, making it difficult to breathe.

cryobiopsy A procedure, done through a flexible bronchoscope, 
that uses a freeze–thaw cycle to extract pieces of tissue from the 
lung. It is used as a less invasive form of lung tissue biopsy.

cryotherapy Local ablation using repeated freeze/thaw cycles 
via bronchoscopy.

crystalloid solution A fluid used to replenish body fluid loss 
caused by shock. The most common solutions are isotonic saline 
and Ringer’s lactate.

CT pulmonary angiography A radiographic technique that 
uses a combination of CT scans and intravenous contrast media 
to detect pulmonary emboli.

CURB-65 An index used to stratify patients into mortality risk 
groups based on the presence of five factors: confusion, urea, res-
piratory rate, blood pressure, and age 65 or more.

cyanosis A bluish discoloration of the skin and mucous mem-
branes due to desaturated hemoglobin of 5 g or more.

ciliary dyskinesia A disease that impairs the cilia lining the 
airways and makes them unable to move mucus up the mucocili-
ary escalator.

cystic fibrosis transmembrane conductance  
regulator (CFTR) CFTR is a protein that helps to balance salt 
and water in the lungs and other organs. When CFTR does not 
work, chloride remains trapped in the cells and water cannot 

hydrate the lining of the airways, making the layer of mucus 
thick and tenacious.

cytokines Cellular signaling molecules that stimulate the 
movement of different cells toward sites of inflammation, infec-
tion, and trauma. It is also an inflammatory mediator released by 
various cells in the asthma inflammatory cascade.

D
D-dimer A degradation product of cross-linked fibrin. Plasma 
levels of D-dimer increase in the setting of venous thrombosis 
and various other conditions, including myocardial infarction, 
pneumonia, sepsis, and inflammation.

dead space V/Q = ∞, ventilation without perfusion.

decerebrate posturing An abnormal neurologic response to 
painful stimuli that causes internal rotation and extension of the 
arms, with the wrists pronated, fingers flexed, and the legs extended.

decorticate posturing An abnormal neurologic response to 
painful stimuli that causes arms to adduct and elbows, wrists, 
and fingers to flex toward the chest with stiffly extended legs 
rotated internally.

deep vein thrombosis (DVT) A blood clot that develops in 
deep vein, usually in a leg.

deglutition muscles Muscles used for swallowing.

delirium A disturbance of mental abilities that results in con-
fused thinking and a reduction in awareness of the environment.

demand management A program designed to guide health-
care consumers to the most appropriate care by involving the 
patient. 

dermis The thickest of the three layers that makes up skin. It 
contains capillaries, nerves, sweat glands, hair follicles, and other 
structures.

diastolic blood pressure The amount of pressure remaining 
in the arteries during ventricular relaxation.

diffusion The movement of oxygen and carbon dioxide across 
the alveolar air sac and capillary wall.

dilated cardiomyopathy (DCM) Heart enlargement caused 
by myocyte damage due to a variety of causes.

disease management (DM) A proactive, patient-centered 
program that aids in the management of high-risk, high-cost pa-
tients with chronic conditions 

disseminated intravascular coagulation (DIC) Excessive 
bleeding due to increased clotting within the bloodstream, which 
depletes both platelets and clotting factors.

disseminated intravascular coagulation A condition in 
which small blood clots develop throughout the bloodstream, 
blocking small blood vessels, which ultimately depletes platelets, 
thus causing excessive bleeding. 

distributive shock A category of shock that is a result of mas-
sive systemic vasodilatation.

Dittrich plugs Sputum that contains masses of foul-smelling 
bacteria and fatty acid crystals that are yellow to gray in color.
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diving response A parasympathetically mediated response to 
cold water on the face, causing bradycardia.

donation after cardiac death (DCD) Donation of an organ  
by a deceased person who died from cardiac arrest.

driver mutations The type of mutation that pushes cell toward 
becoming cancerous.

droplet nuclei An airborne pathogenic particle of 1–5 µm that 
carry Mycobacterium tuberculosis.

drowning The process of experiencing respiratory impairment 
from submersion/immersion in liquid.

drug-eluting stent (DES) A stent made with a metal platform, 
a polymer, and an anti-restenotic drug.

Dual antiplatelet therapy (DAPT) Therapy with two blood 
thinners used following stent deployment to reduce the risk of 
clot formation. 

DUBBS Dangerous underwater breath-holding behaviors like 
static apnea or intentional hyperventilation.

Duchenne muscular dystrophy (DMD) A severe form of 
muscular dystrophy due to the absence of dystrophin protein; is 
more likely to occur in boys.

dyshemoglobins Hemoglobin molecules that are saturated 
with carbon monoxide (carboxyhemoglobin) or have oxidized 
iron (Fe3+) (methemoglobin).

dyslipidemia A disorder of lipoprotein metabolism, either 
overproduction or deficiency.

dyspnea A term used to describe the uncomfortable awareness 
of difficult or labored breathing associated with feeling short of 
breath.

E
eccentric hypertrophy Elongation of myocytes, leading to 
enlargement of the ventricle chamber and thickening of its walls.

ECG telemetry Wireless continuous electrocardiogram 
monitoring.

echocardiography A specific type of ultrasonography that 
uses sound waves to assess the heart structures.

eFAST (extended focused assessment with sonography for 
trauma) Ultrasonography used to assess a trauma patient for  
life-threatening injuries.

endobronchial electrocautery Contact electrical thermal 
injury administered via flexible bronchoscope.

electroencephalogram (EEG) A method of monitoring 
and recording brain electrical activity. This method is also 
used to measure brain wave activity through the scalp during 
polysomnography.

electromyogram (EMG) A method of monitoring and re-
cording skeletal muscle electrical activity and muscle activity 
used during polysomnography.

electrooculogram (EOG) A method of monitoring and re-
cording eye movement during sleep to identify the difference 
between nonrapid eye movement and rapid eye movement sleep 

stages. This method is used during polysomnography to indicate 
REM or NREM sleep.

electrophysiologic studies (EPS) A group of minimally 
invasive tests performed to evaluate abnormal electrical activity 
of the heart.

electrophysiologic test (EP) A study of the heart’s electrical 
system to recognize the nature of cardiac arrhythmias.

embolus A piece of a thrombus that breaks off and travels 
through blood vessels.

empirical antimicrobial treatment Use of certain antibiot-
ics, typically based on local microbiology and antimicrobial re-
sistance patterns, without knowing the causative organism (while 
the results of bacterial culture and other tests are pending).  

empyema A collection of pus in the pleural space.

empyema necessitans A spontaneous abscess caused by an 
empyema.

end-tidal carbon dioxide (etco2) The measurement of 
exhaled carbon dioxide made at the end of exhalation used to 
assess the adequacy of ventilation and the effectiveness of cardio-
pulmonary resuscitation.

endemic Pertains to a certain area, common to a certain 
region.

endobronchial laser therapy Thermally ablative noncontact 
technique performed using a rigid or flexible bronchoscope.

endobronchial ultrasound (EBUS) An ultrasound that uses 
a flexible bronchoscope to evaluate endobronchial lesions and 
airway wall and adjacent structures.

endothelin receptor antagonists (ERAs) A type of drug 
used in the treatment of pulmonary arterial hypertension. They 
prevent binding of endothelin to the endothelin receptor sites 
promoting vasodilation.

endothelium-derived relaxing factors (EDRF) A group 
of vasoactive compounds that are responsible for maintaining 
the tone of the pulmonary vasculature. Includes acetylcholine, 
bradykinin, histamine, thrombin, serotonin, adenosine triphos-
phate, and nitric oxide.

eosinophils A type of white blood cell that, when stimu-
lated in the asthma inflammatory cascade, release cytokines, 
toxic oxygen radicals, and chemotactic factors contributing to 
inflammation.

epidermis The outermost layer of skin.

epidural anesthesia An injection of local anesthetic into the 
epidural space to anesthetize the spinal nerve roots, most com-
monly used for abdominal, pelvic, and lower extremity proce-
dures and, less commonly, thoracic procedures.

epiglottis A swelling of the epiglottis, typically caused by a 
rapidly progressive bacterial infection, which can lead to a poten-
tially life-threatening upper airway obstruction.

epistaxis Nose bleed.

Epworth Sleepiness Scale (ESS) A self-administered 
eight-item subjective sleep questionnaire used to assess daytime 
sleepiness.
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erythrocytes The name for red blood cells.

eschar A thick coagulated crust cover an area of skin that was 
burned.

escharectomy A surgical procedure to remove eschar.

escharotomy An incision into the inelastic burned tissue 
to relieve underlying pressure, increase perfusion, and allow 
movement.

ex vivo lung perfusion (EVLP) A procedure used to recondi-
tion lungs so as to make them suitable for donation.

exacerbation A flare-up of symptoms.

excessive daytime sleepiness (EDS) A feeling of sleepiness 
and lack of energy during daytime hours.

excessive daytime sleepiness (EDS) Daytime lethargy, 
usually due to sleep-disordered breathing.

expanded criteria donors More relaxed guidelines that 
include organ donors who may not meet the strict guidelines in 
order to increase the donor pool.

extracellular matrix (ECM) A collection of molecules that 
are secreted by cells that provide support.

extracorporeal membrane oxygenation (ECMO) A tech-
nique, similar to heart–lung bypass, in which blood oxygenation 
and cardiac function are performed by a mechanical pump and 
oxygenator outside the body.

extracorporeal photopheresis A cell-based immunomodu-
latory therapy that involves collecting leukocytes from peripheral 
blood used to treat bronchiolitis obliterans syndrome.

extrathoracic airways Those airways that are outside of the 
thoracic cage and superior to the  thoracic inlet.

exudative Fluid that contains fibrin and white blood cells. In 
the case of a pleural effusion, it is caused by an inflammatory 
process.

F
FACED FEV1; Age; Colonization; Extent; Dyspnea.

facultative anaerobes Bacteria that can exist with or without 
oxygen and have the capacity to use fermentation.

fatty streak The athersclerotic lesion developed from macro-
phage ingestion of modified LDL.

fetal heart rate (FHR) A measurement of heart rate of a baby 
in utero.

fetal hypoxic stress In utero reduction in the supply of oxy-
gen to the fetus caused by several factors such as maternal smok-
ing, prolapsed umbilical cord, and placental infarction.

fetal ultrasonography High-frequency sound waves used to 
produce an image of the fetus.

fibrillation A type of cardiac arrhythmia that causes the heart 
muscle, either the atria or the ventricles, to quiver and not 
contract.

fibrinolysis The enzymatic breakdown of the fibrin in blood clots.

fibroblastic foci Dense collections of myofibroblasts and scar 
tissue.

fibroblasts The cells that are responsible for synthesizing the 
extracellular matrix and collagen.

Fick method A method of determining cardiac output using 
analysis of both arterial and mixed venous blood withdrawn 
from a pulmonary artery catheter and oxygen consumption 
measured via indirect calorimetry.

fine needle aspiration A biopsy sampling technique that 
uses a fine needle inserted into an area of abnormally appearing 
tissue.

first-degree atrioventricular block A cardiac arrhythmia 
caused by the prolongation of the normal delay of electrical sig-
nal within the atrioventricular node, causing an increase in the 
PR interval.

first heart sound (S1) The heart sound produced when the 
mitral and tricuspid valves snap shut simultaneously at the be-
ginning of systole. 

fixed obstruction An airway obstruction that is minimally 
affected by the airway pressure changes during inspiration and 
expiration.

flail chest Two or more ribs broken in two or more places, 
creating a separate piece of chest wall that does not ventilate 
physiologically.

flow-directed pulmonary artery catheter A pulmonary ar-
tery catheter that is used to measure pulmonary artery pressure 
and pulmonary capillary wedge pressure and sample blood from 
the pulmonary artery. It is also known as a Swan-Ganz catheter.

fluid resuscitation The parenteral replacement of lost volume.

forced expiratory volume in 1 second (FEV1) A spirom-
etry test that shows the presence of airflow limitation. It is used 
to assess for asthma severity and the amount of reversibility fol-
lowing administration of a short-acting beta-agonist medication. 
Also measure of volume expired over the first 1 second of an 
FVC maneuver.

forced vital capacity (FVC) The maximum volume of gas 
that can be expired when a patient exhales as forcefully and rap-
idly as possible after a maximal inspiration.

foreign body aspiration The inhalation of a foreign body 
into the lungs, which can obstruct the airway.

foreign body obstruction (FBO) A blockage of the upper 
airway that leads to respiratory distress and has the potential to 
be life threatening. 

fractional exhaled nitric oxide (FENO) A test that measures 
the amount of nitric oxide exhaled, which is a biomarker of air-
way inflammation.

fractional flow reserve (FFR) The calculation of blood 
flow across a stenosis in the coronary arteries, used to guide 
treatment. 

fremitus Vibration.

full-thickness graft A graft of skin, both epidermal and 
dermal layers, that contains all the elements contained in the 
dermis.
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fungi A kingdom of eukaryotic microorganisms, comprised of 
hyphae, except for yeast, that live by decomposing and absorbing 
organic material on which they live.

G
gallops Abnormal heart sounds, S3 and S4.

gamma globulin A portion of the blood made up of immu-
noglobulin antibodies that are secreted by the plasma cells in 
response to an antigen.

gastric washing A sample taken from the stomach used for 
the identification of Mycobacterium tuberculosis in children who 
are unable to produce a sputum sample.

general anesthesia Anesthesia delivered either intravenously 
or by gas to medically induce a coma, not sleep, during a surgical 
procedure. These drugs keep a patient unresponsive, uncon-
scious, and unable to feel pain. 

Ghon focus A primary lesion in the lungs caused by Mycobac-
terium tuberculosis.

Glasgow Coma Scale A scoring system that assesses a pa-
tient’s neurologic state. The scores range between 3, the worst, 
and 15, the best using three parameters: best eye response, best 
verbal response, and best motor response 

Global Initiative for Chronic Obstructive Lung Disease  
(GOLD) Works with healthcare professionals and public health 
officials to raise awareness about chronic obstructive pulmonary 
disease (COPD) and to improve prevention and treatment.

glottis The space or opening between the vocal cords.

golden minute The first 60 seconds after birth within which  
a baby should be breathing or should be ventilated with a bag 
and mask.

graduated compression stockings (GCS) Stockings that 
exert compression at the ankle and gradually decrease compres-
sion up the garment. 

Gram staining A microbiologic staining technique used to 
distinguish distinct differences in the cell wall structure of vari-
ous bacteria. 

gram-negative Bacteria that are gram-negative appear pink, 
under microscopy, because their thin peptidoglycan cell wall 
layer is covered by a lipopolysaccharide and protein layer that 
does not retain the crystal violet stain.

gram-negative pneumonia A pneumonia caused by gram-
negative bacteria predominantly in individuals who are debili-
tated, immunocompromised, or recently hospitalized.

gram-positive Bacteria that are gram-positive appear purple, 
under microscopy, due to their thick peptidoglycan cell wall that 
retains the crystal violet dye in the stain.

granulomas Nodular-like lesions formed by collections of 
activated T cells and macrophages that limit the multiplication 
and spread of an organism, such as Mycobacterium tuberculosis. 
Also small masses of inflamed tissue that are typically a result of 
inflammation.

grunting An adventitious breath sound heard when a newborn 
exhales against a partially closed glottis.

guanylate cyclase stimulators A type of drug used in the 
treatment of pulmonary arterial hypertension. Stimulates soluble 
guanylate cyclase, an enzyme in the cardiopulmonary system and 
the receptor for nitric oxide (NO).

Guillain–Barre syndrome A peripheral motor nerve disorder in 
which the immune system mistakenly attacks the peripheral motor 
neurons. The syndrome includes several pathologic subtypes, of 
which the most common is a multifocal demyelinating disorder of 
the peripheral nerves in close association with macrophages.

Gupta calculator for postoperative pneumonia An 
assessment index that provides a risk estimate for postop-
erative pneumonia and aids in surgical decision making and 
informed consent.

H
Hampton hump A radiologic sign that shows a wedge-shaped 
or rounded pleural-based infiltrate with the apex pointed toward 
the hilum. It is frequently located adjacent to the diaphragm and 
typically seen with a pulmonary infarction.

heart block A block in the heart’s normal conduction pathway.

heart disease Any condition that affects the heart and pre-
vents it from functioning properly.

heart failure (HF) The inability of the heart to pump enough 
blood to support the body’s needs.

heart murmurs The “whooshing” sounds created when blood 
travels backward through a leaky valve.

heart-lung transplantation Transplantation of both heart 
and lungs from donor to recipient.

Heimlich maneuver An abdominal thrust given in an effort to 
clear a foreign body from the upper airway.

heliox A mixture of helium and oxygen that can be adminis-
tered to patients during an acute exacerbation to help decrease 
the work of breathing and improve ventilation. The mixture is 
typically either 70% helium and 30% oxygen or 80% helium and 
20% oxygen.

hematology The study of blood in health and disease.

hemodynamics A branch of physiology dealing with the study 
of the circulation of blood through the body.

hemopneumothorax A combination of air and blood in the 
pleural space.

hemoptysis The presence of frank blood in the sputum.

hemorrhagic shock Shock due to intravascular blood loss.

hemothorax A collection of blood in the pleural space, usually 
due to trauma.

heterogeneous Varying clinical manifestations or presentations. 

high-density cholesterol (HDL) Is considered the “good 
cholesterol,” and when elevated appears to protect against 
atherosclerosis.

high-frequency chest wall compression An airway clear-
ance modality that externally compresses the chest wall, using a 
vest or wrap, to deliver short expiratory flow pulses.
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high-density lipoprotein (HDL) The “good” cholesterol.

histamine An inflammatory mediator released by various cells 
in the asthma inflammatory cascade. 

history of present illness (HPI) Detailed information perti-
nent to the chief complaint of a patient.

histotoxic hypoxia Oxygen is received at the cellular level but 
the cells are unable to utilize the oxygen.

holosystolic murmur A heart sound that is caused by the 
“swishing” through a hole. It is indicative of a septal defect.

home sleep apnea testing (HSAT) Testing for sleep-
disordered breathing at home using a portable system to record 
airflow, respiratory effort, and pulse oximetry.

homeostatic sleep regulation An internal body function 
that generates the drive to sleep and regulates sleep intensity.

homogeneous Uniform structure or composition throughout. 

homozygous A genetic term that pertains to two copies of the 
same allele for a particular trait located at similar positions on 
paired chromosomes.

honeycomb The characteristic appearance of different sized 
cysts in the background of fibrotic lung tissue.

Horner syndrome A neurologic syndrome consisting of mio-
sis, ptosis, and anhidrosis of the eyes. It can be a complication of 
regional lung carcinoma spread.

hospice A specialized type of care for patients with life-limiting 
illnesses, their families, and caregivers.

hospital-acquired pneumonia (HAP) A pneumonia that oc-
curs at least 48 hours after a hospital admission and is not associ-
ated with mechanical ventilation. 

hyaline membrane A membrane composed of dead cells  
and proteins lining the alveoli, which makes gas exchange 
difficult. 

hyperacute allograft rejection (HAR) A highly lethal rejec-
tion that occurs within the first 24 hours after transplantation as 
a response to pre-formed antibodies of recipient origin directed 
against human leukocyte antigens (HLA) contained on donor 
tissue (alloantigen). 

hyperacute phase The early phase of an acute myocardial 
infarction that may not be visible on ECG.

hyperalgesia Increased sensation of pain.

hyperbaric oxygen therapy Therapy used to treat carbon 
monoxide poisoning by using increased atmospheric pressure 
with 100% oxygen.

hypercarbia Abnormally elevated levels of carbon dioxide in 
the blood. 

hyperemia An increase in blood flow in the coronary arteries.

hyperpnea A fast and deep breathing pattern.

hypertension A state of sustained elevated blood pressure.

hyperthermia Elevated body temperature due to excessive 
heat production or inadequate heat dissipation from heavy exer-
tion in a hot, humid environment.

hypertonic saline (HTS) A solution that contains more than 
0.9% sodium chloride, or the salinity of body fluids. 

hypertrophic cardiomyopathy A genetic cardiac disease  
that causes the hypertrophy of the left ventricle of more than  
1.5 cm.

hypertrophic obstructive cardiomyopathy (HOCM) A 
genetic cardiac disease that causes the asymmetric hypertrophy 
of the upper interventricular septum, which causes a transient 
obstruction of the left outflow tract during systole.

hypodermis The layer of skin that is directly below the der-
mis, connecting the skin to the fibrous tissue of the bones and 
muscles.

hypopnea Slow or shallow breathing.

hypothermia A body temperature below normal.

hypovolemia Low fluid and blood volume.

hypovolemic shock Shock as a result of fluid or blood loss.

hypoxemia Deficient oxygen of the blood.

hypoxemic hypoxia Insufficient oxygen at the tissue level due 
to low Pao2.

I
idiopathic dilated cardiomyopathy An abnormally en-
larged heart muscle of unknown etiology.   

idiopathic pulmonary fibrosis (IPF) A lung disease of un-
known origin that causes scarring in the lung parenchyma.

immersion When part of the body is within a liquid.

immunoglobulin E (IgE) A type of immunoglobulin or anti-
body produced in response to an allergen.

immunomodulator A drug that helps regulate the immune 
system response in asthma. 

immunoreactive trypsinogen (IRT) test A screening test 
for cystic fibrosis that is given to all neonates.

immunosenescence Age-related decline of a person’s 
 immune system.

implantable cardioverter defibrillator An internally placed 
device that is capable of delivering electrical shocks to the heart 
to stop life-threatening arrhythmias.

indeflator The device that is used to inflate the balloon during 
an angioplasty or a stent deployment.

infant respiratory distress syndrome (IRDS) A breathing 
disorder of premature newborns caused by insufficient amounts 
of pulmonary surfactant. It is also known as hyaline membrane 
disease.

infiltrates A substance denser than air, such as pus, blood, or 
protein, present in the parenchyma of the lung.

infraglottic That portion of the larynx inferior to the glottis.

inhalation injury Refers to damage to the respiratory tract or 
parenchyma caused by heat, smoke, or chemical irritants brought 
into the airways during inspiration.
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inhaled corticosteroid (ICS) An inhaled antiinflammatory 
drug that is used to control asthma. 

inhaled prostaglandins Promote pulmonary vasodilation 
in patients with pulmonary hypertension via cyclic adenosine 
monophosphate-mediated release of intracellular calcium. The 
result is pulmonary vasodilation, and improved ventilation and 
perfusion mismatch. 

inoculum A small amount of microorganism containing ma-
terial from a pure culture that is used to begin a new culture or 
to inject into a person to induce immunity to the disease that the 
microorganism causes.

inspiratory muscle training The use of inspiratory resistance 
via flow-resistive loading or threshold loading to provide breath-
ing exercise.

integrated health care The organization and management of 
health care so that patients receive the care they need in a user-
friendly manner, so that the desired results are achieved while 
providing value for the money.

interferon-g release assays (IGRAs) A type of blood test 
that identifies the presence of Mycobacteria tuberculosis by mea-
suring the immune response to the tuberculosis proteins in whole 
blood. 

interstitial lung diseases (ILDs) A heterogeneous group of 
diffuse parenchymal lung diseases that have various causes both 
known and unknown that are caused by various degrees of in-
flammation and fibrosis.

interstitial macrophages (IMs) Phagocytes that are located 
in the interstitium of the lung.

interstitial pneumonia Pneumonia commonly caused by 
viruses.

intima Inside layer of the artery.

intractable dyspnea Breathlessness that is unrelated to 
measurable pulmonary function and not relieved by traditional 
management.

intrapulmonary shunt Unoxygenated blood returns to the 
 arterial system after perfusing non-ventilated alveoli. Also 
known as physiologic shunt.

intrathoracic airways All the conducting airways from the 
trachea, at the thoracic inlet, to the terminal bronchioles.

ischemic Lack of oxygen to a body tissue.

Ischemic dilated cardiomyopathy An abnormally 
 enlarged heart muscle caused by ischemia due to coronary 
 artery disease.

ischemic heart disease (IHD) A heart disease caused by a 
lack of sufficient blood (not getting enough oxygen) to the heart 
muscle.

IVUS A procedure that uses a special catheter to perform an ul-
trasound of the inside of a coronary artery.

J
jugular vein distension Bulging of the jugular veins of the 
neck.

K
Karnofsky index A scale used to determine the functional 
status of a patient, including needs, abilities, and prognosis.

keratin pearls Fibrous protein “balls” found deep in cancerous 
clusters of squamous cell lung carcinoma seen with histologic 
staining. 

Kussmaul sign The distension of the jugular veins that in-
creases with inspiration.

kyphoscoliosis A combination of anteroposterior curvature of 
the thoracic spine (kyphosis) and lateral curvature of the lumbar 
spine (scoliosis).

kyphosis Also known as “dowager hump or hyperkyphosis,” it 
is an anteroposterior curvature of the thoracic spine (abnormal 
forward curvature of the spine).

L
large cell lung carcinoma (LCLC) A type of non-small-cell 
lung carcinoma that appears larger than normal cells and lack 
the classic glandular or squamous morphology.

laryngeal reinnervation A surgical procedure that brings a 
new nerve supply to the injured vocal cord.

laryngopharynx The area that extends below the epiglottis to 
the level of the cricoid cartilage.

laryngospasm Closure of the larynx due to laryngeal muscle 
spasm.

latent tuberculosis infection (LTBI) Suppression of the My-
cobacterium tuberculosis infection into an inactive state.

lateral decubitus A chest radiographic view in which the pa-
tient is lying on either the right or the left side.

left heart catheterization An invasive diagnostic test that 
uses a catheter to inject contrast directly into the coronary arter-
ies of the left side of the heart.

left heart failure Failure of the left ventricle to pump properly.

left shift Referring to white blood cell count, it is a phrase 
that means there are a high number of young, immature white 
blood cells present in the blood. This corresponds to infection or 
inflammation.

left ventricular ejection fraction (LVEF) The percentage 
of blood pumped out of the left ventricle with each contraction.

left ventricular hypertrophy (LVH) Thickening of the 
walls of the left ventricle due to chronic pressure or volume 
overload.

left ventricular outflow tract (LVOT) The portion of the left 
ventricle through which blood passes to enter the aorta.

leukocytes The name for white blood cells.

leukotriene receptor antagonist (LTRA) A drug that inhib-
its the leukotriene pathway to inflammation.

leukotrienes An inflammatory mediator released by mask cells 
in the asthma inflammatory cascade.
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life-extending treatments Medical care administered to pro-
long life, not cure the illness.

life-limiting disorder An illness where the patient is expected 
to die as a direct consequence of the specific disorder.

living donor lobar lung transplantation A technique that 
involves transplantation of lower lobes from each of two living, 
blood group–compatible donors.

lobar pneumonia Also called alveolar pneumonia, it involves 
one or more of the five major lobes of the lungs.

long-acting beta-agonist (LABA) A type of beta-agonist 
drugs that are secondary asthma maintenance medications. They 
are not to be used alone for maintenance, nor are they used for 
acute bronchospasm.

loop gain An engineering concept used to understand the 
 chemoreceptor feedback system between the brain and the  
lungs.

lordosis Abnormal posterior curvature of the spine.

low-density cholesterol (LDL) Is considered the “bad choles-
terol” and, when elevated, correlates with an increased incidence 
of atherosclerosis and coronary artery disease.

low-tidal-volume ventilation A ventilatory strategy that uses 
tidal volumes between 4 and 8 mL/kg/IBW as a method of pro-
tecting the lungs from volutrauma. 

low-density lipoprotein (LDL) The bad cholesterol that is re-
sponsible for atherosclerosis.

lung allocation score (LAS) A method used to prioritize 
lung transplant candidates, based on urgency and post-trans-
plant survival, for the waiting list. 

lung volume reduction surgery (LVRS) Surgical removal of 
damaged parts of the lung, so the healthier portion can expand 
to improve gas exchange.

M
magnetic resonance imaging (MRI) A radiographic tech-
nique that uses a powerful magnetic field to align the nuclear 
magnetization of hydrogen atoms in the water of the body to 
produce images.

mainstream capnograph sensor A type of capnograph 
sensor that measures co2 at the patient interface and sends an 
electronic signal to the capnograph.

malignant Cancerous.

mandibular advancement devices (MADs) A device that 
is placed in the mouth to reposition the lower jaw forward and 
downward to reduce upper airway obstruction during sleep.

massive pulmonary embolism A pulmonary embolism 
that is accompanied by hypotension or shock, severe hypoxemic 
respiratory failure, acute right-sided heart dysfunction, and/or a 
pulmonary vasculature obstruction exceeding 50%.

mast cells A type of cells that, when stimulated in the asthma 
inflammatory cascade, release histamine, cytokines, prostaglan-
dins, and leukotrienes.

maximum oxygen uptake (Vo2max) The primary param-
eter for evaluating cardiorespiratory fitness, representing the 
functional limitation of the cardiovascular system and a measure 
of aerobic fitness.

mean airway pressure (mPaw) The average airway pressure 
applied during mechanical ventilation. 

mean arterial pressure The pressure that drives the blood 
through the systemic vascular system.

mechanical ventilation An artificial device connected to a 
patient via artificial airway, which moves ambient air and/or 
 oxygen to the lungs.

meconium A dark green stool of newborns composed of ma-
terials ingested during gestation.

meconium aspiration syndrome (MAS) The aspiration of 
meconium stained amniotic fluid, which can occur prior to, dur-
ing, or immediately following birth, causing airway obstruction, 
surfactant dysfunction, chemical pneumonitis, and pulmonary 
hypertension.

medialization laryngoplasty A procedure that moves the 
paralyzed vocal cord to the middle to meet the nonparalyzed vo-
cal cord and restore vocal quality.

mediastinoscopy An invasive procedure to examine the me-
diastinum through an endoscope inserted through an incision 
above the sternum.

medical paternalism Physician-directed care without the 
patient’s consent.

meshing Creating a matrix of small holes in a skin graft, which 
allows it to be stretched.

mesothelium A layer of flat cells that covers the surface of the 
pleura.

metabolic equivalent (MET) The standard workload meas-
ure for exercise testing. One MET is defined as the average rest-
ing oxygen uptake of 3.5 mL/kg/minute.

metastasize Spread beyond the original or primary tumor 
lesion.

methacholine One type of drug used in the bronchial chal-
lenge test to stimulate bronchospasm.

methylxanthine A class of medications that may be used as 
an alternative therapy in the treatment of asthma. This class of 
medications has mild-to-moderate bronchodilator and mild an-
tiinflammatory effects.

microaspiration The inhaling of small volumes of oropharyn-
geal secretions or gastric fluid into the lungs.

microbiome An ecosystem of nonpathogenic bacteria that ex-
ists in the human body.

microbiota Another term for microbiome.

mild hypothermia Core body temperature between 32 and 
35°C.

mitral regurgitation (insufficiency) A common valve prob-
lem resulting in the backward movement of blood between the 
left ventricle and the left atrium during systole.
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mitral stenosis (MS) The opening between the left atrium 
and left ventricle is narrow.

mixed apnea Cessation of breathing cause by obstruction and 
central sleep apneas.

Mobitz I A second-degree atrioventricular block characterized 
by a progressive lengthening of the PR interval until a QRS com-
plex fails to appear following a P wave (dropped beat). It is also 
known as Wenckebach.

Mobitz II A second-degree atrioventricular block character-
ized by a complete block of electrical conduction in one bundle 
branch and an intermittent block in the other, producing AV 
conduction ratios of 4:3 or 3:2.

moderate hypothermia Core body temperature between  
30 and 32°C.

Modified Medical Research Council (mMRC) Dyspnea  
Scale Is best used to establish baseline functional impairment 
due to dyspnea attributable to respiratory disease.

mucociliary escalator A physiologic process that continu-
ously moves a thin layer of mucus toward the airway opening to 
clear foreign particles from the airways.

mucolytics A type of drug that works to loosen and thin mu-
cus, which can make it easier to eliminate the mucus.

mucopurulent Refers to secretions that contain mucus and 
pus.

multidrug-resistant organism (MDRO) Bacteria that are re-
sistant to several antibiotics, such as methicillin-resistant Staphy-
lococcus aureus (MRSA), vancomycin-resistant Enterococcus 
(VRE), and resistant Acinetobacter.

multiple chronic conditions Having more than one chronic 
condition.

multiple drug–resistant tuberculosis (MDR-TB) A strain 
of Mycobacterium tuberculosis that is not susceptible to at least 
isoniazid and rifampin.

multiple organ dysfunction syndrome A failure of multiple 
organs due to an uncontrolled inflammatory state.

muscular dystrophy (MD) Defined as one of a group of 
genetic diseases characterized by progressive weakness and 
degeneration of the skeletal or voluntary muscles that control 
movement.

myasthenia gravis (MG) Disease characterized by progres-
sive weakness and exhaustibility of voluntary muscles without 
atrophy or sensory disturbance and caused by an autoim-
mune attack on acetylcholine receptors at the neuromuscular 
junction.

mycobacterium tuberculosis (MDR-TB) Rod-shaped, non-
spore-forming, aerobic bacterium that causes tuberculosis.

myoclonus A sudden, involuntary muscle jerk, shake, or 
spasm.

myofibroblasts Cells that are primarily involved in the process 
of fibrosis or scaring.

N
nasal flaring The flaring outward of the external nares during 
inhalation.

nasogastric tube decompression A nasogastric tube is 
connected to suction to removing stomach contents and thereby 
decompress it.

nasopharynx The space that occupies that portion below the 
nasal passage and above the soft palate of the mouth.

necrosis Tissue or organ death.

neoplasm A mass of abnormal tissue that is proliferated due 
to rapid division into the tissue surrounding it. Neoplasms are 
either benign or malignant.

neuroendocrine cells Cells located in the lungs, and other 
organs, that release hormones to regulate numerous physiologic 
processes.

neuroendocrine markers A type of biomarker that is se-
creted by small-cell lung carcinoma cells.

neuroendocrine progenitors A cell that will become a neu-
roendocrine cell when mature.

neurogenic shock Shock due to cervical or high thoracic spi-
nal cord injury that causes profound vasodilation.

neuromuscular blockade The blockade of transmission 
through the myoneural junction at nicotine receptors, decreas-
ing skeletal muscle tone and resulting in muscle weakness and/
or paralysis. 

neuropathy Described as an abnormal and usually degenera-
tive state of the nervous system or nerves.

neutrophil elastase (NE) An enzyme secreted by neutrophils 
in response to infection or irritants that digests damaged tissue 
in the lungs.

neutrophil proteases Enzymes that play a role in the mi-
gration of neutrophils toward a site of inflammation and deg-
radation of proteins from invading microorganisms or other 
substances from an inflammatory response.

New York Heart Association (NYHA) Functional  
Classification  A classification system for heart failure that 
uses symptoms.

nitric oxide (NO) A potent inhaled pulmonary vasodilator 
currently approved for use in babies with pulmonary hyperten-
sion of the newborn. It is also the predominant endothelium-
derived relaxing factors in the pulmonary vasculature.

nondepolarizing neuromuscular blocking  
agents (NMBAs) A pharmacologic agent used to induce pro-
longed paralysis in patients in the intensive-care unit to facilitate 
optimal oxygenation and ventilation via mechanical ventilation.

nonfatal drowning Survival after drowning, further classified 
as nonfatal (survival) with morbidity or no morbidity.

non-hemorrhagic shock Hypovolemic shock due to loss of 
intravascular volume due to gastroenteritis or extensive cutane-
ous burns.
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nonimmune anaphylaxis An anaphylactic-like reaction trig-
gered by direct activation of the mast cells and not by an IgE-
mediated response. 

nonnarcotic analgesics Nonprescription medications used 
to control pain, such as acetaminophen, aspirin and ibuprofen.

nonrapid eye movement (NREM) sleep A sleep stage dur-
ing which there is no eye movement, a slower heart rate, and 
reduced respiratory rate. It is the stage of sleep characterized by 
slow-wave, restorative sleep.

nonrestrictive VSD A large ventricular septal defect that does 
not cause resistance to blood flow.

non-small-cell lung carcinoma (NSCLC) A major his-
tologic type of lung cancer of which all types behave similarly. 
Non-small-cell lung carcinoma includes adenocarcinoma, squa-
mous cell lung carcinoma, and large cell lung carcinoma.

nonsteroidal anti-inflammatory drug (NSAID) A class of 
medications that are used to decrease fever and reduce pain and 
inflammation. 

non-traumatic hemorrhagic shock Shock due to internal 
blood loss, for example, from gastrointestinal bleeding or an ab-
dominal aortic aneurysm.

normal sinus rhythm (NSR) The normal rhythm of the heart.

nosocomial Originating in a hospital setting.

nucleic acid amplification (NAA) A test that amplifies the 
DNA and RNA segments of mycobacterium, thereby allowing 
for the rapid identification of Mycobacterium tuberculosis.

O
obstructive sleep apnea (OSA) An abnormal sleep condi-
tion characterized by recurrent episodes of complete or partial 
interruption of airflow resulting from upper airway collapse and 
obstruction during sleep despite continued efforts in breathing.

OCT A procedure that uses a special catheter to perform an op-
tical view of the inside of a coronary artery.

open lung approach A mechanical ventilatory strategy that 
uses low tidal volumes and applied PEEP to recruit and stabilize 
alveoli. 

open pneumothorax Also known as a “sucking chest wound,” 
it occurs when an object penetrates the chest wall leaving a hole 
that communicates with the atmosphere.

opioid-induced delirium Mental disturbances caused by 
opioids.

opioid-induced pruritus Itching caused by opioids. A com-
mon side effect of opioids.

opportunistic Refers to an organism that is normally non-
pathogenic, but when the host’s resistance is reduced, it will 
cause disease. An opportunistic infection is caused by an organ-
ism that takes advantage of a weakened immune system to cause 
a disease.

organizing pneumonia A pathologic presence of granulation 
tissue in the distal air spaces progressing from fibrin exudates to 
loose collagen-containing fibroblasts.

oropharynx The area between the soft palate and the epiglottis,

orthodromic Refers to a type of atrioventricular re-entrant 
tachycardia in which impulses are conducted anterogradely 
down the AV node and retrogradely up the accessory pathway.

orthopnea Difficulty breathing in the lying-down position.

ostium An opening.

ostium primum defect An atrial septal defect caused by an 
opening in the lower right portion of the interatrial septum.

ostium secundum defect An atrial septal defect caused by an 
opening in the area of the foramen ovale.

oxygenation index (OI) A comprehensive indicator of oxy-
genation status used for patients receiving invasive mechanical 
ventilation.

P
P/F ratio The ratio of arterial oxygen partial pressure to frac-
tional inspired oxygen.

pack-year A unit used to express a person’s cumulative expo-
sure to cigarette smoking. One pack-year is equivalent to smok-
ing one pack per day for one year.

palliative care medicine A branch of medicine that special-
izes in providing relief from the symptoms and stress of serious 
illness. Palliative care may be provided at the same time as cura-
tive treatments.

palliative sedation therapy (PST) The use of pharmacologic 
agents to treat intolerable and refractory symptoms for those di-
agnosed with an advanced progressive illness.

Pancoast syndrome A tumor in the superior pulmonary sul-
cus adjacent to the subclavian vessels commonly caused by non-
small-cell lung carcinoma.

panlobular emphysema Emphysema that affects the bases of 
the lungs. It is common with alpha-1 antitrypsin deficiency.

papillomatosis Nonmalignant tumors in the airway or diges-
tive tract.

paradoxical breathing The chest wall moving inward during 
inspiration and outward during expiration.

paradoxical chest movement During inspiration the chest 
moves inward and during expiration the chest moves outward.

parapneumonic effusion A pleural effusion associated with 
a pneumonia.

parietal pleura The outer layer of the pleura that is just inside 
the thoracic wall.

pathogens A disease-producing microorganism.

pathologic Q wave A permanent or deeper Q wave seen on 
ECG resulting from cardiac tissue death.

patient navigator A person that assists patients in coordinat-
ing healthcare services for the diagnosis or treatment of chronic 
disease.

peak expiratory flow rate (PEFR) The maximum flow rate 
generated during a forceful expiration, starting from full lung 
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inflation. It is used to monitor airway obstruction and response 
to therapy in asthma. On a mechanical ventilator it is used to es-
tablish the set time-low in airway pressure release ventilation. 

pectus carinatum (PC) Also known as pigeon chest, it is 
the abnormal protrusion of the sternum and adjacent costal 
cartilages.

pectus excavatum (PE) Also known as funnel chest, it is a 
posterior depression in the sternum and lower costal cartilage.

pedal edema Swelling of the ankles due to fluid accumulation 
in the interstitial space.

percutaneous coronary angioplasty Insertion of a special 
catheter into a coronary artery to perform an angioplasty to re-
duce the size of a lesion.

percutaneous coronary intervention (PCI) A cardiac 
catheterization of the left heart used to guide angioplasty and/or 
stenting of coronary arteries.

percutaneous endoscopic gastrostomy (PEG) tube A 
feeding tube placed directly into the stomach through the skin 
(percutaneously) using an endoscope.

pericardial effusion Fluid accumulation in the pericardial 
sac.

pericarditis Inflammation of the pericardium.

perioperative The term that refers to all three phases of sur-
gery: preoperative, intraoperative, and postoperative. 

peripheral nervous system Consists of various parts of 
the nervous system that is outside the brain and the spinal cord 
system.

persistent hypotension Systolic blood pressure less than 
80–90 mm Hg or mean arterial pressure 30 mm Hg lower than 
baseline.

persistent pulmonary hypertension (PPHN) Failure of the 
circulatory transition that occurs after birth, characterized by 
marked pulmonary hypertension that causes hypoxemia due to a 
right-to-left shunting of blood through the ductus arteriosus and 
foramen ovale.

phenotype The expression of a specific trait or disease process 
that has the potential to cause asthma exacerbations. 

phosphodiesterase Type 5 inhibitors (PDE-5i) A type of 
drug used in the treatment of pulmonary arterial hypertension. 
Prevent the breakdown of cGMP, which has vasodilatory and an-
tiproliferative effects on the pulmonary vasculature.

photodynamic therapy Non-thermal light modality adminis-
tered via bronchoscope following intravenous administration of 
a photosensitizing agent.

Physician Orders for Life-Sustaining Treatment (POLST)  
A medical order for the specific medical treatments a patients 
wants during a medical emergency. 

physiologic dead space Refers to the total functional dead 
space and consists of the alveolar dead space plus the anatomic 
dead space.

plasmapheresis Process that directly removes AChR from the 
circulation and shows quick improvement for the patient.

plateau pressure The pressure applied to the small airways 
and alveoli during positive pressure mechanical ventilation. Also 
known as an inspiratory hold/pause. 

platypnea Difficulty breathing in the upright position, which 
improves by lying down.

pleural effusion Fluid accumulated in the pleural space that 
can be caused by various disorders.

pleural space The potential space created by the two layers 
of the pleura that contain a minute amount of fluid to allow for 
lung movement.

pleurodesis A surgical procedure that is used to cause the 
visceral and parietal pleura to adhere to each other. It is used to 
treat and prevent pleural effusions.

plexiform lesions (PLs) Complex vascular formations that 
originate from the remodeling of pulmonary arteries.

pneumatic compression devices (PCD) A therapeutic de-
vice that uses an air pump and inflatable limb sleeve, designed to 
intermittently compress the limb to improve venous circulation.

pneumatocele A cavity in the lung tissue that is filled with air. 
An air-filled cyst.

pneumomediastinum Air in the mediastinal area of the chest.

pneumonia An acute infection of the lung tissue caused by one 
or more pathogens.

pneumonia severity index (PSI) An index used to predict 
the severity of pneumonia utilizing certain physical findings, pa-
tient characteristics, and lab values.

pneumothorax Air in the pleural space.

point of maximal impulse The apex of the heart beating 
against the chest wall.

polycythemia Elevated hemoglobin level.

polymicrobial infection An infection caused by more than 
one microorganism.

polymorphic ventricular tachycardia A ventricular cardiac 
arrhythmia characterized by continually changing QRS complex 
shape and ventricular rate due to multiple ectopic foci or a con-
tinually changing reentry pathway.

polysomnography (PSG) A sleep study used to identify vari-
ous sleep disorders by monitoring brain waves, eye movement, 
leg movement, breathing, oxygen level in blood, and heart rate.

polysomnography (PSG) The technique creating a continu-
ous record of physiologic variables, including respiratory, car-
diac, brain, and muscle activity, during sleep.

pores of Kohn Also known as alveolar connections, these are 
discrete holes of the walls of adjacent alveoli that allow for col-
lateral ventilation. 

positive airway pressure (PAP) therapy Positive pressure 
applied to the upper airways to prevent the collapse of the upper 
airway during sleep.

positive end-expiratory pressure (PEEP) A pressure  
applied during mechanical ventilation at the end of expiration, 
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which increases functional residual capacity. The ideal result is 
alveolar recruitment and stabilization. 

positron emission tomography (PET) A type of nuclear 
medicine imaging that uses a radioactive tracer injected into 
the bloodstream. The tracer material accumulates in areas of 
cancerous cells due to the high metabolic rate of those cells. This 
technique produces a three-dimensional image showing anatomic 
structure and metabolic activity of the tissues and organs scanned.

postoperative pulmonary complication (PPC) Pulmonary 
complications that develop after surgery that are common and 
costly, and increase patient  morbidity and mortality.

postthrombotic syndrome A delayed complication that 
causes the venous valves of the leg to become incompetent and 
exude interstitial fluid, causing chronic leg pain, swelling, and 
heaviness. Also known as chronic venous insufficiency. 

preload The amount of ventricular stretch at the end of dias-
tole, just prior to ventricular contraction. It is measured using 
left ventricular end-diastolic pressure.

prematurity A baby born at less than 37 weeks of gestation.

primary graft dysfunction (PGD) A multifactorial  injury to 
newly transplanted lung that develops within the first 72 hours 
post-transplant.

primary spontaneous pneumothorax Air in the pleural 
space that typically occurs with tall, thin individuals who smoke 
and are between the ages of 18 and 40.

primary survey The initial observation of a trauma patient, 
which typically follows the ABCDE of trauma to assure that the 
patient has no critical or life-threatening injuries.

primary tuberculosis TB disease that occurs just after the ini-
tial infection with Mycobacteria tuberculosis. It occurs most often 
in immunocompromised individuals or children.

principle of double effect An ethical criterion that permits 
an action that causes serious harm as a side effect of promoting 
some good end.

Prinzmetal angina Angina caused by coronary artery spasms. 
Also called variant angina.

procalcitonin (PCT or ProCT) A biomarker used in the diag-
nosis of bacterial infections and sepsis. Demonstrates specificity 
for proinflammatory markers such as cytokines. 

proinflammatory cytokines A type of signaling molecule 
secreted from immune cells, macrophages, and other cell types, 
which increase inflammation in the face of infection, inflamma-
tion, trauma, and immune response. 

prone position A position in which a person is horizontal, 
with the head and torso facing down and the back/dorsal region 
facing upward. 

prostacyclin analogues A type of drug used in the treatment 
of pulmonary arterial hypertension. Promote direct arterial vaso-
dilation and inhibit platelet aggregation.

prostacyclin receptor agonists A type of drug used in the 
treatment of pulmonary arterial hypertension. Relax vascular 
smooth muscle, inhibit platelet aggregation, and have an antipro-
liferative effect on vascular smooth muscle.

prostaglandin D2 An inflammatory mediator released by 
mast cells in the asthma inflammatory cascade. 

ptosis Drooping of one or both eyelids.

pulmonary arterial hypertension (PAH) A subset of pul-
monary hypertension requiring a mean pulmonary artery pres-
sure ≥25 mm Hg, a pulmonary artery wedge pressure ≤15 mm 
Hg, and a pulmonary vascular resistance >3 Wood units.

pulmonary artery pressure (PAP) Blood pressure from 
within the pulmonary artery reflecting the pulmonary vascular 
resistance.

pulmonary artery wedge pressure (PAWP) An indirect 
estimate of left atrial pressure using a pulmonary artery catheter.

pulmonary capillary wedge pressure (PCWP) A pressure 
measurement from a pulmonary artery catheter that provides an 
estimate of left atrial and left ventricular end-diastolic pressure.

pulmonary compliance A measure of the lung’s ability to 
stretch and expand. 

pulmonary contusion Bruising of the lung that results in the 
release of inflammatory mediator and at times can lead to acute 
respiratory distress syndrome.

pulmonary embolism (pulmonary thromboembolism)  
Occlusion of one or more branches of the pulmonary 
 artery by a substance, mostly blood clots, carried in the 
bloodstream.

pulmonary function tests (PFTs) The primary diagnostic 
tool for evaluating patients with respiratory symptoms and 
for guiding the management of such patients’ diagnosed lung 
disease. 

pulmonary hypertension (PH) An increase in mean pul-
monary artery pressure ≥25 mm Hg as assessed by right heart 
catheterization.

pulmonary shunt A condition in which the alveoli receive 
blood flow, but no ventilation, such as in alveolar collapse. 

pulmonary stenosis (PS) A narrowing of the opening be-
tween the right ventricle and the pulmonary artery.

pulmonary tuberculosis disease Active TB disease of the 
lungs.

pulmonary vascular resistance (PVR) The resistance to 
flow that must be overcome to push blood through the pulmo-
nary vascular.

pulmonary vasoconstriction A reflex contraction of vascular 
smooth muscle in the pulmonary circulation in response to low 
regional partial pressure of oxygen. 

pulmonic regurgitation (insufficiency) (PI) A leaky valve 
between the right ventricle and the pulmonary artery causing 
backward flow into the right ventricle.

pulse oximetry A noninvasive technique using optical sensor 
(spectrophotometry) to estimate the functional arterial oxygen 
saturation (Spo2). 

pulse pressure The difference between the systolic and dia-
stolic blood pressure.
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pulseless electrical activity (PEA) Cardiac electrical activity is 
present, but cardiac contractions are weak, resulting in no systolic 
pulse.

pulsus paradoxus A pulse that weakens abnormally during 
inspiration due to an abnormally large decrease in systolic blood 
pressure during inspiration. It occurs in moderate to severe 
asthma exacerbations.

Purkinje fibers Fibers within the ventricle endocardium that 
initiate the ventricular depolarization cycle.

pursed-lips breathing A pattern of exhaling through 
 puckered lips to create resistance to exhalation  adopted by 
 individuals with COPD.

pyrexia Elevated body temperature above normal.

Q
Quick Sequential Organ Failure Assessment Score  
A rapid assessment tool used to identify adult patients with 
 suspected infection who may develop septic shock.

R
radio frequency catheter ablation (RFCA) A minimally 
invasive technique using a specialized catheter to burn the myo-
cardium that is causing a cardiac arrhythmia.

radiolucent The black areas on a radiograph produced by  
low-density tissue, such as air-filled structures.

radiopaque The white areas on a radiograph produced by 
high-density tissue, such as bones or the heart.

rapid eye movement (REM) sleep A stage of sleep charac-
terized by increased brain activity, rapid eye movements, dream-
ing, increased heart and respiratory rates, and partial paralysis of 
skeletal muscles.

renin-angiotensin-aldosterone system (RAAS) A system 
that plays an important part in regulating blood volume and 
 systemic vascular resistance, increasing or decreasing cardiac 
output and arterial blood pressure.

resonance The natural frequencies of vibration through 
 normal, air-filled lungs.

respiration A rapid and deep breathing associated with meta-
bolic acidosis, usually diabetic ketoacidosis.

respiratory events Breathing events indicative of sleep- 
disordered breathing, including apnea and hypopnea.

respiratory failure Inadequate gas exchange by the pulmo-
nary system, resulting in abnormal blood oxygen levels and/or 
carbon dioxide levels. 

respiratory syncytial virus (RSV) A virus that is responsible 
for bronchiolitis and pneumonia in children.

restenosis The recurrence of narrowing of an coronary artery 
after a corrective procedure.

resting scan The radiologic scan of the heart done at rest.

restrictive allograft syndrome (RAS) A form of chronic 
lung allograft rejection that is predominantly restrictive and is 
characterized by diffuse alveolar damage causing fibrosis.

restrictive cardiomyopathy (RCM) Abnormally rigid ven-
tricles caused by fibrosis or scarring of the endo-myocardium or 
infiltration of the myocardium resulting in diastolic failure.

reticular A type of radiologic pattern that is seen as a  network 
of curvy and straight opacities seen with interstitial lung 
diseases.

review of systems A review of all of the patient symptoms 
categorized by body systems.

rhabdomyolysis A breakdown of muscle tissue that releases a 
damaging protein into the blood.

rhonchi A deep rumbling adventitious breath sound produced 
by air passing through partially obstructed airways.

right heart failure Failure of the right ventricle to pump 
properly.

rotational atherectomy A procedure that uses an oval shaped 
burr tip catheter to grind hard plaque down.

round pneumonia Pneumonia that appears as a rounded 
opacity on chest radiograph.

rule of nines A method for estimating burn size by percentage 
of total body surface area, necessary for determining the amount 
of fluid resuscitation required and whether the patient needs to 
be transferred to a burn center.

S
saddle pulmonary embolus A large embolism that has 
lodged at the bifurcation of the main pulmonary artery.

sarcoidosis A rare inflammatory disease in which clumps of 
inflammatory cells, known as granulomas, collect in various or-
gans, including the lungs.

scalp blood sampling Sampling of blood taken from the scalp 
of a fetus during labor to assess oxygenation and ventilation.

sclerotherapy Instillation of pharmaceutical agents, such  as 
bleomycin, into the pleural space to relieve malignant pleural 
effusions.

scoliosis Abnormal lateral curvature of the spine.

second heart sound (S2) The heart sound produced 
when the aortic and pulmonic valves close during ventricular 
relaxation.

secondary spontaneous pneumothorax Air in the pleural 
space due to parenchymal lung diseases.

secondary survey A second inspection of the trauma patient 
that looks for critical issues not found in the primary survey.

secondary tuberculosis Reactivation of a previous infection 
that usually occurs when an individual’s health declines. 

second-degree atrioventricular block A group of cardiac 
arrhythmias that are characterized by a delay or interruption of 
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atrial impulse conduction to the ventricles through the atrioven-
tricular node.

self-care The activities individuals, families, and communities 
do to enhance health, prevent disease, limit illness, and restore 
health.

self-management Includes information giving and a collab-
orative partnership between patients and healthcare providers.

sepsis A life-threatening organ dysfunction due to dysregu-
lated host response to infection.

septal myomectomy A surgical intervention that removes the 
septal wall to open the left ventricular outflow tract.

septic shock The presence of sepsis with persistent hypoten-
sion requiring vasopressors to maintain mean arterial pressure of 
65 mm Hg or higher and a serum lactate level >18 mg/dL despite 
adequate volume resuscitation.

Sequential (Sepsis-Related) Organ Failure Assessment  
Score A series of diagnostic tests completed to identify septic 
shock. The tests include arterial blood gas, platelet count, biliru-
bin, arterial blood pressure, Glasgow coma score, creatinine, and 
urinary output.

serum lactate A measure of the amount of lactic acid in the 
blood. It is a marker of strained cellular metabolism and is used 
to identify shock.

severe hypothermia Core body temperature less than 30°C.

shock A critical condition that is brought on by a sudden drop 
in blood flow through the body.

Short-acting beta-adrenergic agonists (SABAs) A fast-
acting drug that stimulates the activity of the beta receptors 
within the smooth muscles of the bronchioles.

shunt V/Q = 0, perfusion without ventilation.

shunting The process of developing perfusion without 
ventilation.

side-stream capnograph sensor A type of capnograph sen-
sor that aspirates exhaled gases through a small sampling tube 
and brings the gas to the capnograph for measurement.

silent heart attack A heart attack that occurs without the 
typical anginal symptoms.

simple pneumothorax A collection of air in the pleural space 
that is trapped and not expanding.

single-fiber electromyography (SFEMG) Selective EMG 
recording technique that allows identification of action poten-
tials (APs) from individual muscle fiber.

single lung transplantation Transplantation of a single lung, 
which is better tolerated by frail patients.

sinoatrial (SA) node The heart’s normal pacemaker.

sinus bradycardia (SB) A cardiac arrhythmia characterized 
by normal sinus rhythm with a heart rate of <60 beats/minute.

sinus tachycardia (ST) A type of cardiac arrhythmia that 
originates in the sinoatrial node, and has normal P waves and 
QRS complexes with a heart rate typically between 100 and  
180 beats/minute.

sinus venosus defect An atrial septal defect caused by an 
opening high in the atrial septal wall.

six-minute walk test (6MWT) A simple exercise test for func-
tional limitation that measures the distance a patient can walk on 
a flat, hard surface in a period of 6 minutes. This technique is used 
to assess exercise tolerance, response to therapy, and provide prog-
nosis for a wide range of chronic cardiopulmonary conditions.

sleep-disordered breathing (SDB) A sleep disorder that is 
characterized by snoring due to periods of apnea or hypopnea. 

sleep-related breathing disorders (SRBDs) A sleep disor-
der that causes respiratory events to occur during sleep.

small-cell lung carcinoma (SCLC) A major histologic type 
of lung cancer that is aggressive and is commonly associated with 
smoking.

smoking history Number of packs smoked per day  
multiplied by the number of years of smoking, expressed as 
pack-years.

spinal anesthesia Anesthetic medicine injected directly in the 
cerebrospinal fluid that surrounds the spinal cord to numb the 
body below and sometimes above the site of the injection. 

spirometry A part of a pulmonary function testing that mea-
sures how an individual inhales or exhales volumes of air as a 
function of time.

split-thickness graft A piece of skin shaved to contain 
 epidermis and various layers of dermis, typically between 0.15 and 
0.45 mm thick. It does not contain all the elements of the dermis.

spontaneous coronary artery dissection (SCAD) A rare 
type of CAD that causes sudden death or MI.

spontaneous pneumothorax Air in the pleural space not 
caused by trauma or underlying lung disease.

sputum cytologic studies The diagnostic testing of lung 
 secretions to observe, under microscopy, for cancerous cells.

sputum smear A sample of thick fluid brought up from the 
lungs, usually by coughing, to be stained and viewed under 
 microscopy for acid fast bacilli. 

squamous cell lung carcinoma (SQCLC) A type of non-
small-cell lung carcinoma that arises in the main bronchi and has 
a flat appearance.

squamous metaplasia Is characterized by the replacement of 
Type I and Type II pneumocytes by squamous epithelium. 

stable angina Chest pain (angina) that occurs during exertion 
and subsides at rest.

stage N1 of NREM The initial stage of “light sleep.”

stagnant hypoxia Blood flow is inadequate to maintain oxy-
genation to the tissues.

static apnea Breath holding underwater with no swimming.

stenosis Abnormal narrowing.

sternal retractions The inward movement of intercostal 
spaces during inspiration.

stress scan The radiologic scan of the heart done as soon as 
the stress test is ended.
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stridor A high-pitched loud sound typically caused by an up-
per airway obstruction. It is produced by high velocity airflow 
through a narrowed larynx and trachea.

subacute pericarditis A prolonged inflammation of the peri-
cardial sac. Usually, a prolongation of acute pericarditis.

subglottic suctioning Removal of subglottic secretions pooling 
around the artificial airway cuff using a syringe or wall suction.

subglottic Pertaining to the part of the larynx just below the 
vocal cords and above the upper part of the trachea.

submersion The entire body, including the airway, is within a 
liquid.

supine position A position in which a person is horizontal 
with the head and torso facing up and the back/dorsal region 
facing downward. 

supraglottic Pertaining to a part of the larynx above the  
vocal cords.

supraventricular tachycardias (SVTs) A group of cardiac 
arrhythmias that result either from an ectopic focus above the 
bundle of His or from a reentry circuit.

surface marker expression Proteins secreted by and on the 
surface of specific cell types that identify them.

surfactant  A surface active agent, a mixture of proteins and 
lipids secreted by Type II alveolar cells that reduces surface ten-
sion of the air/liquid interface within the alveoli of the lung. 

surfactant replacement therapy Administration of exog-
enous surfactant directly into the trachea of a neonate to treat or 
prevent infant respiratory distress syndrome.

surgical palliative care Surgery used to relieve suffering and 
improve quality of life of the patient with an advanced disease.

sweat chloride test A test used to diagnose cystic fibrosis by 
measuring the amount of chloride in sweat. 

synchronized direct-current (DC) cardioversion The 
delivery of an electrical shock on the “R” wave of an ECG in an 
effort to convert an arrhythmia to normal sinus rhythm.

systemic corticosteroid A type of antiinflammatory drug 
given by mouth or parentarally. 

systemic inflammatory response syndrome (SIRS) Clin-
ical manifestations that result from the systemic response to 
infection, trauma, or pancreatitis.

systemic vascular resistance (SVR) Resistance in the 
systemic vascular bed, which provides a measure of left heart 
afterload.

systole Pressure generated by the force of the left ventricle re-
quired to move blood forward in the systemic vascular system.

systolic blood pressure Pressure in the arteries caused by 
ventricular contraction.

T
T lymphocytes A type of white blood cell that, when stimu-
lated, in the asthma inflammatory cascade, release cytokines 
contributing to inflammation.

tachycardia A rapid heart rate, greater than 100 beats/minute.

tachypnea A rapid respiratory rate, greater than 20 breaths/
minute.

tenacious Referring to mucus; it means thick and sticky.

tension pneumothorax Life-threatening positive pressure in 
the pleural space accumulating from an air leak out of the lung 
parenchyma, requiring immediate decompression. If not treated, 
a tension pneumothorax will compress the underlying lung and 
shift the mediastinum to the opposite side, causing shock.

tetanus Caused by Clostridium tetani, which is a gram-positive 
bacillus bacterium that can result in respiratory paralysis and 
tonic clonic spasms and rigidity of the voluntary muscles.

thermodilution method A method of determining cardiac out-
put that uses a special thermistor-tipped pulmonary artery catheter. 

third-degree atrioventricular block A cardiac arrhythmia 
characterized by a complete failure of electrical conduction be-
tween the atria and ventricles of the heart. Also known as com-
plete heart block.

thoracentesis A procedure used to remove fluid from the 
pleural space.

thoracoscopy An invasive procedure to examine the lungs through 
an endoscope inserted through an incision in the chest wall.

thrombocytes The name for platelets.

thrombocythemia An excessive amount of platelets.

thrombocytopenia A decreased platelet count that may lead 
to excessive bleeding.

thrombus A solid mass of platelets, fibrin, and other blood 
components that is located in the vessel within which it formed.

thymectomy removal of the thymus gland surgically.

time interval The time between the initial airway compromise 
and return of ventilatory efforts.

tongue-retaining devices (TRDs) A device used to keep the 
tongue in place, thereby preventing the occlusion of the upper 
airway by the tongue. 

torsades de pointes Literally means the twisting of points, 
and is a form of polymorphic ventricular tachycardia that pres-
ents as varying amplitudes of the QRS complexes.

total body surface area (TBSA) The total amount of surface 
area of a human, estimated to determine the percentage of body 
surface that is burned.

tracheal (bronchial) breath sound A high-pitched, loud-
intensity sound made by bulk air movement through the trachea 
and mainstem bronchi.

tracheal deviation A trachea that is not midline in the neck. 
This can be caused by a life-threatening tension pneumothorax, 
atelectasis, cervical tumors, etc.

tracheal stenosis A decrease in the diameter of the trachea 
due to scarring caused by tracheal wall damage.

tracheomalacia (TM) An upper airway obstructive disorder 
that is characterized by weakness of the supporting structures of 
the trachea.
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transbronchial needle aspiration A biopsy sampling 
technique that is performed using endobronchial ultrasound 
to remove cancerous cells from within the lungs through a 
bronchoscope.

transesophageal echocardiography (TEE) A type of echo-
cardiography that looks at the heart from within the esophagus, 
which sits just behind the left atrium. 

transient tachypnea of the newborn (TTN) It is a com-
mon self-limited disease of term newborns that results from the 
newborn’s inability to expel or absorb amniotic fluid during and 
following delivery.

translesional pressure The difference in pressure across a 
lesion in a coronary artery used to calculate the fractional flow 
reserve.

transpulmonary pressure The difference between airway 
pressure and pleural pressure. Separates the pressure to the lung 
from the pressure acting on the chest wall and abdomen. 

transthoracic echocardiography (TTE) A type of echocar-
diography that looks at the heart through the anterior chest. The 
sound waves must pass through bones, muscles, and the lungs, 
which may alter the quality of the image.

transthoracic needle aspiration (TTNA) A biopsy sampling 
technique that is performed with imaging guidance (computed 
tomography or fluoroscopy) to remove cancerous cells from in-
side the body using a needle inserted through the thoracic wall.

transudative Fluid that has low protein content. In the case of a 
pleural effusion, it is caused by fluid leaking into the pleural space.

traumatic hemorrhagic shock A traumatic cause of hemor-
rhagic shock that includes blunt or penetrating trauma leading to 
massive blood loss.

traumatic pneumothorax  A traumatic injury (penetrating 
or blunt trauma) to the chest that causes a partial or complete 
lung collapse.

treatment-emergent central sleep apnea A form of cen-
tral sleep apnea that becomes apparent during the titration of 
CPAP in patients with obstructive sleep apnea.

tricuspid regurgitation (TR) A malfunction of the tricuspid 
valve that allows blood to flow backward from the right ventricle 
into the right atrium.

tricuspid stenosis (TS) A narrowing of the opening between 
the right atrium and the right ventricle, obstructing blood flow 
during diastole.

trigger Stimuli that initiate asthma symptoms, such as aller-
gens, strong odors, exercise, and cold air.

trypsin The activated form of trypsinogen that is necessary for 
the breakdown of proteins in the digestive tract.

tuberculin skin test (TST) Done to identify individuals ex-
posed to Mycobacterium tuberculosis.

tuberculoma A calcified caseating granuloma.

Type I atrioventricular block See Mobitz I.

Type I LM A collapse of the bodies of the arytenoid cartilages 
over the laryngeal inlet.

Type I respiratory failure Failure of the lungs to provide oxy-
gen to the blood, Pao2 <60 torr or a Sao2 <90%.

Type II atrioventricular block See Mobitz II.

Type II LM Short aryepiglottic folds cause the anteroposterior 
dimension of the airway to be significantly reduced.

Type II respiratory failure Failure of the lungs to remove car-
bon dioxide from the blood.

Type III LM Pronounced narrowing of the laryngeal lumen 
caused by abnormal degrees of posterior deflection of the epi-
glottis during inspiration.

U
ultrasonography A type of diagnostic imaging that produces 
images using the echoes of an ultrasound beam from interfaces 
between tissues with differing acoustic properties. 

unstable angina Chest pain (angina) that occurs during rest 
and does not subside.

upper airway obstruction (UAO) Obstruction of the airflow 
between the mouth and the trachea at the level of the carina.

urinothorax Leakage of urine into the pleural space.

urticaria A dermatologic disorder known as hives, associated 
with angioedema.

usual interstitial pneumonia (UIP) A type of interstitial lung 
 disease that is characterized by progressive scarring of both lungs.

uvulopalatopharyngoplasty (UPPP, or U3P) A common 
surgical procedure used to treat obstructive sleep apnea in 
 certain patients.

V
variable extrathoracic obstruction An obstruction that 
occurs in the extrathoracic airway that causes reduced flow rates 
during forced inspiration.

variable intrathoracic obstruction An obstruction in the 
airways within the thoracic cage that collapses during a forced 
expiration.

variant angina Chest pain caused by coronary artery spasms, 
often due to exertion or emotional stress.

venous thromboembolism (VTE) A blood clot that develops 
in a vein.

ventilation/perfusion (V/Q) mismatch A condition in 
which one or more areas of the lungs receive oxygen but no 
blood flow,  or the lungs receive blood flow and no oxygen. 

ventilation/perfusion ratio (V/Q) The ratio of pulmonary 
alveolar ventilation to pulmonary capillary perfusion.

ventilation–perfusion scanning (V/Q scan) A nuclear-
medical scan that uses tiny amounts of radioactive material gas 
to examine ventilation and blood flow in the lungs.

ventilator-associated pneumonia (VAP) Pneumonia that 
becomes symptomatic more than 48–73 hours after endotracheal 
intubation.
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ventricular fibrillation (VF) A life-threatening cardiac ar-
rhythmia characterized by a lack of organized ventricular 
contraction.

ventricular septal defect (VSD) An abnormal opening in 
the intraventricular septal wall.

ventricular tachycardia (VTach) A cardiac arrhythmia 
originating from an ectopic pacemaker below the level of the 
bundle of His creating a heart rate between 100 and 200 beats/
minute and a series of three or more premature ventricular 
beats.

vesicular breath sound A low-pitched, soft sound heard over 
most of the lungs.

video-assisted thoracoscopy (VAT) An invasive procedure 
to examine the lungs with a video camera through and endo-
scope inserted through an incision in the chest wall. This tech-
nique is also used to perform minimally invasive surgery.

video-laryngostroboscopy A diagnostic test that visualizes 
and documents the vocal cord movement.

Virchow triad The three risk factors that all cause micro-
thrombi to grow and propagate, blood vessel endothelial wall 
damage, abnormal blood flow in the form of stasis, and a state of 
increased coagulability.

virulence The ability of a microorganism to cause disease.

virus A submicroscopic infectious organism that contains a 
core of either RNA or DNA surrounded by a coat of antigenic 
protein.

visceral pleura The inner layer of the pleura that is next to  
the lungs.

volutrauma Lung injury due to excessive tidal volumes used 
during invasive mechanical ventilation. 

W
Wenckebach See Mobitz I.

wheeze A musical breath sound heard over lungs with nar-
rowed airways.

Wolff–Parkinson–White The most common type of atrio-
ventricular reentry tachycardia caused by an accessory pathway 
called the bundle of Kent.

X
xenograft A temporary, non-vascularizing, wound cov-
ering usually for partial-thickness burns after superficial 
debridement.

Z
zone of coagulation The center of the burn wound within 
which no viable cells exist.

zone of hyperemia The outermost area of a burn that con-
tains viable cells and vasodilation caused by inflammatory me-
diators. This zone typically recovers fully unless complicated by 
infection or severe hypoperfusion.

zone of stasis A zone of tissue surrounding the center of a 
burn that contains both viable and nonviable cells with capillary 
vasoconstriction and ischemia. This zone can convert to an area 
of necrosis without proper wound care management.
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AAT. See alpha-1 antitrypsin
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acinetobacter species, 603t
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ACM. See alcoholic dilated cardiomyopathy
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ACRF. See acute on chronic respiratory failure
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acute cellular rejection (ACR), 684
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acute hypercapnic respiratory failure, 77–80
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assessment, 79–80
causes, 78–79
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neuromuscular system, impairment of, 78
spinal cord, impairment of, 78
thorax, impairment of, 78
upper airway, impairment of, 78–79

acute hypoxemic respiratory failure, 70–76
vs. acute hypercapnic, 81
alveolar hypoventilation, 72
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acute motor-sensory axonal neuropathy 

(AMSAN), 99
acute on chronic respiratory failure (ACRF), 

83–86

assessment, 84–85
causes, 84, 86t
definition, 84
management, 85–86

acute pericarditis, 427
acute respiratory distress syndrome (ARDS), 

523–539
clinical manifestations, 526, 527f

hemodynamics, 526
oxygenation and ventilation, 526
radiographic imaging, 526

definition/diagnosis, 524
AECC definition, 524
Berlin definition, 524

description of, 524
extracorporeal life support, 533–534

complications, 534t
indications and contraindications, 534t
types, 534t

pathology/pathophysiology, 525
pharmacologic treatment, 534–536
prone positioning, 531–533

complications, 533t
risk factors, 524–525
treatment and management, 527–531

airway pressure release ventilation, 528
high-frequency oscillatory ventilation, 

530, 531t, 532t
mechanical ventilation/lung protective 

strategy, 527–531
oxygenation, 530–531

acute respiratory failure, 578
acyanotic defects, 638
adaptive servo-ventilation (ASV), 185
adenocarcinoma, 294, 297
adenosine triphosphate-binding cassette 

(ABC), 248
adenovirus, 657
adjuvant chemotherapy, 305
adjuvant drugs, 705
adventitious breath sound, 19–20
AECs, 577t
aerobic

form of bacteria, 317
metabolism, 445

AF. See atrial fibrillation
afterload, ventricular function, 395
AHA/ACC classification system, 393
AI. See aortic insufficiency
AIDP. See acute inflammatory demyelinating 

polyradiculoneuropathy
air bronchograms, 526
airflow limitation, 228
air in the pleural space, 136–139

clinical signs and symptoms, 136–137
complications, 138

definition/diagnosis, 136
diagnostic testing, 138–139
epidemiology, 137
etiology, 137
pathology/pathophysiology, 137
pneumomediastinum, 137b, 138b
pneumothorax, 137b, 138b
prognosis, 139
risk factors, 137
treatment and management, 139

airway pressure release ventilation 
(APRV), 528

akathisia, 709
alcoholic dilated cardiomyopathy (ACM), 

406–407
alcohol septal ablation (ASA), 409
allele, 246
allodynia, 706
allograft rejection, 684–689

acute cellular rejection, 685–686
antibody-mediated rejection, 686
chronic lung allograft dysfunction, 

686–689
hyperacute, 685

allografts, 281
alpha-1 antitrypsin (AAT), 256
alpha-1-antitrypsin deficiency (AATD), 228
ALS. See amyotrophic lateral sclerosis
alveolar dead space, 78
alveolar filling, histopathologic patterns for 

ILD, 585b
alveolar macrophages (AMs), 576
alveolar-to-arterial oxygen tension gradient 

[P(A-a)o2], 73
AMAN. See acute motor axonal neuropathy
American Association for Respiratory 

Care, 731
American College of Surgeons’ National 

Surgical Quality Improvement 
Program, 595

American College of Surgeons Surgical 
Palliative Care Task Force, 703

American-European Consensus Conference 
(AECC), 524

American Heart Association neonatal 
resuscitative algorithm, 632, 633f

American Thoracic Society (ATS), 583
End-of-Life Care Task Force, 709

American Thoracic Society/European 
Respiratory Society/Japanese 
Respiratory Society, and the Latin 
American Thoracic Association 
(ATS/ERS/JRS/ALAT), 586

aminophylline, 635
amitriptyline, 705
Amphotericin B, 682
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AMs. See alveolar macrophages
AMSAN. See acute motor-sensory axonal 

neuropathy
amyotrophic lateral sclerosis (ALS), 96–98, 97t

definition, 96
etiology, 96
treatment and management, 96–98

anaerobic
form of bacteria, 318
metabolism, 445
species, 603t

anaphylactic shock, 508–511
clinical signs and symptoms, 509
complications, 510–511
definition/diagnosis, 508–509
diagnostic testing, 511
epidemiology, 509
etiology, 509
pathology/pathophysiology, 509–510
prognosis, 511
risk factors, 510
treatment and management, 511

anaphylactoid reaction, 509
anaphylaxis, 508
anastomosis, 681

healing classification, 690t
infection, 691t

anatomic dead space, 78
anatomic shunt, 72
anemia, 47
anemic hypoxia, 74
anesthesia

duration of surgery and, 606
type of, 606

angina pectoris, 444
angioedema, 155–157

fixed UAO and, 155–157
angioplasty, ischemic heart disease, 452–453
angiotensin converting enzyme (ACE) 

inhibitors, 645
anion gap, 48
ankylosing spondylitis (AS), 122
anorexia, 616, 708
anorexia-cachexia syndrome, 708
anterior–posterior (A–P) diameter, 234
anteroseptal ischemia, 440
antibody-mediated rejection (AMR), 684
anticholinergic bronchodilator, 218
anticonvulsants, 705
antidromic AVRT, 373
antimetabolite purine synthesis inhibitor, 680
antiseizure medicines, 645
anxiety, 707
aortic insufficiency (AI), 412–414
aortic stenosis (AS), 414–415, 639t, 641f
APAP. See auto-titrating positive airway pressure
Apgar scores, 635
apnea, 170
apnea of prematurity (AOP), 632–634

clinical signs and symptoms, 634
complications, 634–635
diagnostic testing, 635
epidemiology, 634
etiology, 634
pathology/pathophysiology, 634
prognosis, 635
risk factors, 634
treatment and management, 635

apneic threshold, 190
apneic time, 549
apoptosis, 574
APRV. See airway pressure release  

ventilation
ARDS. See acute respiratory distress  

syndrome
ARDSNet Protocol, 528
ARISCAT Risk Index, 598
Arozullah Respiratory Failure Index, 598
arrhythmia. See individual entries
arterial blood gas

analysis, 45b
studies, 44–45

arterial blood oxygen content (Cao2), 73
arterial-to-alveolar oxygen tension ratio  

(Pao2/Pao2 or a/A ratio), 73
AS. See aortic stenosis
ASA physical status classification system 

(ASAPS), 593, 594t
ASD. See atrial septal defects
Ask-Tell-Ask, 733, 734f, 735t
asphyxia, 634
aspirin, 705
assessment. See cardiopulmonary assessment
asthma, 203–223, 595

airway microscopy findings, 209t
clinical signs and symptoms, 206–207
complications, 213–214
death and, 214b
definition/diagnosis, 205–206
description of, 204–205
diagnostic testing, 214–218

allergy tests, 216
chest radiograph, 216
classification of asthma severity, 

217–218
exhaled nitric oxide, 216
laboratory blood tests, 216
pulmonary function testing, 215–216

epidemiology, 208–209
etiology, 208
pathology/pathophysiology, 209–213
phenotypes, 212–213
prognosis, 222
pulmonary function test findings, 215t
risk factors, 213
signs, symptoms, and severity, 207t
spirometry measurements for, 206t
treatment and management,  

218–221, 219t
acute exacerbation treatment,  

218–219
long-term management, 219–221

triggers, 212t
asthma–COPD overlap syndrome 

(ACOS), 205
ASV. See adaptive servo-ventilation
asystole, 366–368

clinical manifestation, 367
complications, 368
definition, 366
diagnostic testing, 367–368
epidemiology, 367
etiology, 366–367
pathophysiology, 367
risk factors, 368
treatment and management, 368

ataxic breathing, 93
atelectasis, 524, 526, 531, 599–600
atelectrauma, 606
atherosclerosis, 441

development of, 443f
atovaquone, 682
atracurium, 600
atrial fibrillation (AF), 376–379
atrial flutter (A-flutter), 379–381
atrial septal defects (ASD), 425–427,  

638t, 641f
atrioventricular (AV) node, 357
atrioventricular nodal re-entry tachycardia 

(AVNRT), 369, 371–373
atrioventricular re-entry tachycardia (AVRT), 

369, 373–376
atrioventricular septal defects, 638t, 641f
ATS. See American Thoracic Society
atypical pneumonias, 319
autonomic conflict, 551, 552f
autonomy, 714
auto-titrating positive airway pressure 

(APAP), 185
AVAPS. See average volume-assured pressure 

support
average volume-assured pressure support 

(AVAPS), 197
AV node. See atrioventricular node
AVNRT. See atrioventricular nodal re-entry 

tachycardia
AVRT. See atrioventricular re-entry 

tachycardia
azathioprine, 586, 680

B
bacille Calmette–Guérin (BCG) vaccine, 621
bacteremia, 324
bacteremic septicemia, 322
bacterial pneumonia, 317–330, 689

atypical pneumonia, 319, 322t
clinical signs and symptoms, 318–319
complications, 324–325
definition/diagnosis, 317–318
diagnostic testing, 325–326, 327t
epidemiology, 320–321
etiology, 319–320
gram-negative organisms and, 321t
gram-positive organisms and, 320t
pathology/pathophysiology, 321–324
predisposing host factors, 324b
risk factors, 324
treatment and management, 326–330

bacteriological examination, 623–624
BAL. See bronchoalveolar lavage
ball-valve effect, 636, 636f
barbiturates, 717
bare-metal stent (BMS), 455
barotrauma, 606
basic metabolic panel (BMP), 47
Becker muscular dystrophy, 103
Beck triad, 121
bereavement counseling, 717–718
Berlin definition of ARDS, 524t
Berlin Questionnaire, 38f
BHR. See bronchial hyperresponsiveness
bilateral lung transplantation (BLT), 679–680
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small airway obstruction, management 
of, 283

burn shock, 275

C
CABG. See coronary artery bypass grafting
cachectic appearance, 230
cachexia, 295
CAD. See coronary artery disease
Caffeine, 635
CAGE questionnaire, 5b
calcineurin inhibitor, 680
canals of Lambert, 529
candida albicans, 277
CAO. See central airway obstruction
CAP. See community-acquired pneumonia
capillary endothelial cells, 577t
capillary refill time, 14–15
capnography, 41–43, 41t, 42b
carbamazepine, 705
carbonaceous particles, 271
carboxyhemoglobin (COHb), 265
carboxymyoglobin (MbCO), 276
cardiac arrest arrhythmias, 358–368

asystole, 366–368
clinical manifestation, 367
complications, 368
definition, 366
diagnostic testing, 367–368
epidemiology, 367
etiology, 366–367
pathophysiology, 367
risk factors, 368
treatment and management, 368

pulseless electrical activity, 364–366
clinical manifestations, 365
definition, 364
diagnostic testing, 365–366
epidemiology, 365
etiology, 364–365
pathophysiology, 365
prognosis, 366
risk factors, 366
treatment and management, 366

ventricular fibrillation, 358–361
causes of, 359b
clinical manifestations, 359
complications, 361b
definition, 358
diagnostic testing, 359–360
etiology, 358–359, 360t
pathophysiology, 359
prognosis, 361
risk factors, 359b, 361
treatment and management, 360–361

ventricular tachycardia, 361–364
clinical manifestations, 362
complications, 364
definition, 361
diagnostic testing, 363
epidemiology, 362
etiology, 362
pathophysiology, 362
prognosis, 364
risk factors, 364b
treatment and management, 363–364

bronchoalveolar lavage (BAL), 34, 326,  
582–583, 682

for cystic fibrosis, 252
bronchodilators, 662
bronchogenic carcinoma. See lung carcinoma
bronchomalacia, 691t
bronchoplasty (balloon dilation), 153
bronchopleural fistula, 691t
bronchopneumonia, 322, 339–340
bronchopulmonary dysplasia (BPD)

clinical signs and symptoms, 649
complications, 650–651
diagnostic testing, 651
epidemiology, 650
etiology, 649–650
pathology/pathophysiology, 650
prognosis, 652
risk factors, 650
treatment and management,  

651–652
bronchoscopy, 33–34, 34t
bronchospasm, 600–601
bronchovesicular breath sounds, 19
Bruce protocol, 446
B (SP-A, SP-B), 579
bulk-forming laxative, 707
bundle of His, 358
bupropion hydrochloride, 596
burn center referral criteria, 286b
burns and inhalational injuries, 263–287

ABCDE for adults, 265b
clinical characteristics, 267t
clinical signs and symptoms, 266–271

carbon monoxide poisoning,  
270–271

cutaneous burns, 266–268
inhalation injury, 268–270

complications, 277–279
definition/diagnosis, 264–266
degrees of burns severity, 266f
description of, 264
diagnostic testing, 279
epidemiology, 271–273
etiology, 271
pathology/pathophysiology, 273–276

carbon monoxide poisoning, 276
cutaneous burns, 273–275
inhalation injury, 275–276

phases of burn care, 280t
prognosis, 286–287
risk factors, 276–277
TBSA, determination of, 269b
treatment and management, 280–286

acute upper airway obstruction, 
management of, 282–283

bronchospasm, management of, 283
burn center referral criteria, 286
carbon monoxide poisoning, 

management of, 285
cutaneous burns, management of, 

280–281
hydrogen cyanide poisoning, 

 management of, 286
inhalation injury, management of, 282
pulmonary infection, management 

of, 283
respiratory failure, management of, 

283–285

bi-level positive airway pressure (BPAP), 185
ventilatory support, 608

biofilm, 603
biomass fuel, 233
biot respiration, 10
bisacodyl suppositories, 707
blood pressure, vital signs, 10–11
blunt force trauma, 115
BMI. See body mass index
BMP. See basic metabolic panel
BMS. See bare-metal stent
BODE index, 241
body mass index (BMI), 170
booster phenomenon, 622
botulism, 101–102, 102f
BPAP. See bi-level positive airway pressure
bradycardia, 9

arrhythmias, 360
bradypnea, 9–10
brain-dead donors (BDDs), 678
bronchial anastomotic dehiscence, 681
bronchial breath sounds. See tracheal breath 

sounds
bronchial challenge, 215
bronchial dehiscence, 691t
bronchial hyperresponsiveness (BHR), 205
bronchial necrosis, 691t
bronchial stenosis, 691t
bronchial thermoplasty, 221
bronchiectasis, 254–260, 620

causes of, 255b
clinical signs and symptoms, 254–255
complications, 256
cystic, 256f
diagnosis, 254
diagnostic testing, 256–257

alpha-1 antitrypsin level, 256
chest radiograph, 256
computed tomography, 256
immunoglobulin level, 257
pulmonary function tests, 257
sputum analysis, 257

epidemiology, 255
etiology, 255
pathophysiology, 255–256
prognosis, 258–259, 260t
representative categories and causes of 

non- cystic bronchiectasis, 254t
risk factors, 256
treatment and management, 257–258

nonpharmacologic management, 
258, 259f

pharmacologic management, 258, 258b
surgical management, 258

bronchiolitis, 660–661
clinical signs and symptoms, 661
complications, 661
diagnostic testing, 662
epidemiology, 661
etiology, 661
pathology/pathophysiology, 661
prognosis, 662–663
risk factors, 661
treatment and management, 662

bronchiolitis obliterans syndrome (BOS), 684
classification of, 687t
clinical presentation of, 687t

bronchoalveolar carcinoma, 297
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etiology, 115
Glasgow Coma Scale, 114f
injuries, 118t
pathogenesis/pathophysiology, 116–118
penetrating chest trauma, 115t
primary survey signs, 112b, 113f
prognosis, 121
risk factors, 118
treatment and management, 120–121

chest wall deformities, 121–128, 125f, 127f
ACRF and, 126b
clinical signs and symptoms, 122–123
complications, 125–126
definition/diagnosis, 121–122
diagnostic testing, 126–127
epidemiology, 124
etiology, 123–124
pathogenesis/pathophysiology, 124–125
prognosis, 128
risk factors, 125
treatment and management, 128
ventilatory pump abnormalities, 123b

chest wall, disorders of, 111–128, 111f
chest trauma. See chest trauma
chest wall deformities. See chest wall 

deformities
Cheyne–Stokes breathing, 10, 93
chief complaint (CC), 4
chlorpromazine, 717
chronic allograft rejection, 680
Chronic Care Model (CCM), 728–729
chronic disease, 724

five self-management skills for, 733b
traditional and collaborative care in, 732b

chronic lung allograft dysfunction (CLAD), 
673, 686–689

chronic obstructive pulmonary disease 
(COPD), 227–242, 594–595

ABCD assessment tool, 238b
BODE index for, 242t
clinical signs and symptoms, 230
complications, 234
definition/diagnosis, 229
description of, 228
diagnostic testing, 234–237
epidemiology, 231
etiology, 230–231
indications for invasive mechanical 

ventilation, 241b
indications for NIPPV, 241b
medications for, 238b
mMRC dyspnea scale, 236t
pathology/pathophysiology, 232–233
prognosis, 241
pulmonary function test results, 236t
risk factors, 233, 234b
treatment and management, 238–241

long-term treatment, 238–240
pharmacologic and nonpharmacologic 

methods for treating tobacco 
dependence, 240b

treatment of exacerbations, 240–241
chronic respiratory failure (CRF), 82–83

assessment, 82–83
causes, 82, 83t
definition, 82
management, 83
mechanisms of, 82t

care management, 727
carotid bruit, 440
case management, 727
CAT. See COPD Assessment Test
CC. See chief complaint
CCHS. See congenital central hypoventilation 

syndrome
CCM. See Chronic Care Model
cellular infiltrates, histopathologic patterns for 

ILD, 585b
Center for Medicare and Medicaid Service 

(CMS), 700, 727
central airway obstruction (CAO), 146
central apnea, 633
central nervous system disorders, 94–96

drug overdose, 95–96
clinical sign and symptoms, 95–96
definition, 95
etiology, 95
treatment and management, 96

poliomyelitis, 94
clinical signs and symptoms, 94
definition/diagnosis, 94
etiology, 94
treatment and management, 94

post-polio syndrome
clinical signs and symptoms, 95
definition/diagnosis, 94–95
etiology, 94–95
treatment and management, 95

central sleep apnea (CSA) syndromes, 189–194
clinical signs and symptoms, 189
complications, 192
definition/diagnosis, 189
diagnostic tests, 192–193, 193t
epidemiology, 190
etiology, 189–190
medical disorders that may cause CSA 

without CSB, 190b
pathology/pathophysiology, 190–192
positive airway pressure therapy and, 193
prognosis, 194
risk factors, 192
treatment and management, 193, 194b

central venous pressure (CVP), 61
centrilobular (centriacinar) emphysema, 232
cerebral hypoxia, 549
CFTR. See cystic fibrosis transmembrane 

conductance regulator
channels of Martin, 529
chemical pneumonitis, 601–602
chemistry panels, 47–49
chest radiograph (CXR), 50–52, 580, 581–582f, 

581t, 598
for asthma, 217
for bronchiectasis, 256
meconium aspiration syndrome, 637, 637f
tuberculosis, 622, 622f

chest trauma, 111–121
ABCDEs of trauma care, 112b
blunt chest trauma, 115t, 119f, 120b
cardiac tamponade, 119f
clavicle fractures, 119f
clinical signs and symptoms, 112–115
complications, 118
definition/diagnosis, 111–112
diagnostic testing, 118–120
epidemiology, 115–116

cardiac arrhythmias. See cardiac arrest 
arrhythmias; non-arrest 
arrhythmias

cardiac assessment, 580
cardiac auscultation, 22b
cardiac catheterization, 59
cardiac diagnostic tests and monitoring, 56–62

arterial blood pressure monitoring, 61
cardiac catheterization, 59
cardiac output, 61
cardiopulmonary exercise testing, 57–59, 

58b, 58t
central venous pressure, 61
echocardiography, 56–57, 57f
hemodynamic monitoring, 59
pulmonary artery pressure, 61–62
pulmonary capillary wedge pressure, 

61–62, 62f
12-Lead Electrocardiogram, 56, 56f

cardiac enzymes, 49
cardiac examination, essential elements of, 

21–23
auscultation, 21–23

abnormal heart sounds, 22–23, 23t
normal heart sounds, 21–22, 22t
systolic murmurs, 23b

inspection, 21
observation, 21

jugular venous distension, 21
palpation, 21

cardiac rehabilitation, ischemic heart disease, 
455–456

cardiac tamponade, 113, 430–431
cardiac troponins, 49
cardiogenic pulmonary edema, 524
cardiogenic shock (CS), 497–503

characteristics of patients with, 498t
clinical signs and symptoms, 498–499
complications, 501b
definition/diagnosis, 497–498
diagnostic testing, 501
epidemiology, 499
organs affected by, 499f
pathology/pathophysiology, 499–501
prognosis, 503
risk factors, 501
treatment and management, 501–503

cardiomyopathies, 404–412
dilated, 404–407

alcoholic, 406–407
idiopathic, 407
ischemic, 406

hypertrophic, 407–410
hypertrophic obstructive 

cardiomyopathy, 407–410
restrictive, 410–411
summary of, 411

cardiopulmonary assessment, 1–28
cardiac examination. See cardiac 

 examination, essential elements of
history taking, 2–8
introduction, 2
neurologic assessment. See neurologic 

assessment
pulmonary examination. See pulmonary 

examination, essential elements of
vital signs, 6, 8–11

cardiopulmonary exercise testing, 57, 487
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epidemiology, 248
etiology, 248
pathophysiology, 248–249
prognosis, 253–254
risk factors, 249
signs and symptoms, 247b
treatment/management, 252

airway clearance, 253
lung transplantation, 253
medications, 252–253
nutritional support, 253
physical activity, 253

vicious cycle of, 250f
cystic fibrosis transmembrane conductance 

regulator (CFTR), 249
cytokines, 209, 255

D
dangerous underwater breath-holding 

behaviors (DUBBS), 547
Dapsone, 682
DBP. See diastolic blood pressure
DCM. See dilated cardiomyopathy
D-dimer, 472–473
dead space, 69

alveolar, 78
anatomic, 78
physiologic, 78

decerebrate posturing, 26
decorticate posturing, 26
deep vein thrombosis (DVT), 466
deglutition muscles, 149
delirium, 708
delivery room care, 632, 633f
delta wave, 373
demand management model, 728
depression, 707
dermis, 273
description of, 110
desipramine, 705
dexamethasone, 658
diabetes, diagnosis of, 49t
diagnostic imaging, 50–56

chest radiography, 50–52, 51f, 52f
computed tomography, 52, 54–55
magnetic resonance imaging, 55
positron emission tomography, 55
ultrasonography, 55
ventilation–perfusion scan, 55–56

diagnostic laboratory tests, 44–50
arterial blood gas studies, 44–45
cardiac enzyme studies, 49–50
chemistry panels, 47–49
hematology, 47
interpretation of acid–base balance, 45–46
interpretation of oxygenation status, 46–47

diagnostic testing and monitoring, 31–63
cardiac diagnostic tests and monitoring, 

56–62
arterial blood pressure monitoring, 61
cardiac catheterization, 59
cardiac output, 61
cardiopulmonary exercise testing, 

57–59, 58b, 58t
central venous pressure, 61
echocardiography, 56–57, 57f

congestive heart failure (CHF), 597
connective tissue diseases (CTDs), 571
consolidation, 316
constipation, 706–707
constrictive pericarditis, 428
continuous mandatory ventilation (CMV), 530
continuous positive airway pressure 

(CPAP), 184
continuum of care, 728
contractility, ventricular function, 395
Cooley, Denton, 672
co-oximetry, 47, 285
COPD. See chronic obstructive pulmonary 

disease
COPD Assessment Test (CAT), 236
coronary angiograms, 449–450
coronary artery bypass grafting (CABG), 

452, 455
coronary artery disease (CAD), 440
corticosteroids, 680
cough, 615, 703
CPAP. See continuous positive airway pressure
crackles, 19
c-reactive protein (CRP), 326
creatine kinase (CK-MB), 49
CRF. See chronic respiratory failure
croup, 656–657

clinical signs and symptoms, 657
complications, 658
diagnostic testing, 658
epidemiology, 657
etiology, 657
pathology/pathophysiology, 657–658
prognosis, 659
risk factors, 658
treatment and management, 658–659

cryobiopsy, 581
cryotherapy, 153
crystalloid solutions, 507
CS. See cardiogenic shock
CSA syndromes. See central sleep apnea 

syndromes
CT. See computed tomography
CTDs. See connective tissue diseases
CTPA. See computed tomographic pulmonary 

angiography
CURB-65, 326
cutaneous burns

causes of, 271b
clinical signs and symptoms, 266–268
pathology/pathophysiology, 273–275
treatment and management, 280–281

CVP. See central venous pressure
CXR. See chest radiograph
cyanosis, 12
cyanotic defects, 638
cyclophosphamide, 586
cyclosporine, 680
cystic fibrosis (CF), 246–254, 673

complications, 249–251, 250b
definition/diagnosis, 246–247
description of, 246
diagnostic testing, 251–252

bronchoalveolar lavage, 252
genetic screening test, 250
immunoreactive trypsinogen, 251–252
pulmonary function tests, 251
sweat chloride test, 250

cigarette smoking, 578
ciliary dyskinesia, 254
circadian rhythm, 175
cisatracurium, 535
class 1 patient, 545
class 2 patient, 545
class 3 patient, 545
clinical chemistry, 47
CMP. See comprehensive metabolic panel
CMV prophylaxis, 682
coarctation of the aorta, 639t, 642f
Cobb angle, 123
cold shock, 551
community-acquired pneumonia (CAP), 319, 

341–346
clinical signs and symptoms, 341
complications, 343–344
criteria for severe, 341b
definition/diagnosis, 341
diagnostic testing, 344
empiric antibiotic recommendations, 345t
epidemiology, 342
etiology, 342
pathology/pathophysiology, 342–343
prognosis, 345–346
risk factors, 343
treatment and management, 344–345

comorbidity, 730
complete blood count (CBC), 47

components of, 48t
complete heart block. See third-degree AVB
complicated grief, 717
comprehensive metabolic panel (CMP), 48
computed tomographic pulmonary 

angiography (CTPA), 473
computed tomography (CT), 52, 54–55, 254

for bronchiectasis, 256
for ischemic heart disease, 448

concentric hypertrophy, 431
confusion assessment method, 25, 26f
congenital central hypoventilation syndrome 

(CCHS), 192
congenital diaphragmatic hernia (CDH)

clinical signs and symptoms, 654
complications, 655
diagnostic testing, 655–656
epidemiology, 654–655
etiology, 654
pathology/pathophysiology, 655
prognosis, 656
risk factors, 655
treatment and management, 656

congenital heart defects (CHD), 638–639t, 
640–641f, 641–642t, 643–644f

clinical signs and symptoms, 644
complications, 645
diagnostic testing, 645
epidemiology, 644
etiology, 644
pathology/pathophysiology, 644–645
prognosis, 645
risk factors, 645
treatment and management, 645

congenital heart disease, 424–427
atrial septal defect, 425–427

summary of, 427t
ventricular septal defects, 424–425

summary of, 426t



766 Index

DUBBS. See dangerous underwater breath-
holding behaviors

Duchenne muscular dystrophy, 103
DVT. See deep vein thrombosis
dyspnea, 4, 230, 616, 703–704

associated with septic shock, 17

E
Ebstein anomaly, 642t, 643f
EBUS. See endobronchial ultrasound
eccentric hypertrophy, 431
ECG telemetry, 39–40, 40t
echocardiogram, for ischemic heart 

disease, 447
echocardiography, 56–57
ECM. See extracellular matrix
EDS. See excessive daytime sleepiness
EEG. See electroencephalogram
eFAST, 119
electrical activity, heart, 365f, 387
electroencephalogram (EEG), 35, 171
electromyogram (EMG), 171
electrooculogram (EOG), 36, 171
electrophysiologic studies, 360
electrophysiologic test (EP), 59
El Escorial criteria, 96
embolus, 466
EMG. See electromyogram
empirical antimicrobial treatment, 326
empyema, 121, 131t, 132b
empyema necessitans, 133
endemic fungi, 334
endobronchial electrocautery, 153
endobronchial laser therapy, 153
endobronchial therapy, UAO and, 165t
endobronchial ultrasound (EBUS), 155, 300
endobronchial ultrasound-guided 

transbronchial needle aspiration 
(EBUS-TBNA), 583

endothelin receptor antagonists (ERAs), 488
endothelium-derived relaxing factors 

(EDRFs), 465
end-tidal carbon dioxide (ETCO2), 41
enemas, 707
EOG. See electrooculogram
eosinophils, 209
epidermis, 273
epidural anesthesia, 606
epiglottitis

clinical signs and symptoms, 659
complications, 660
diagnostic testing, 660
epidemiology, 659
etiology, 659
pathology/pathophysiology, 660
prognosis, 660
risk factors, 660
treatment and management, 660

epistaxis, 34
Epworth Sleepiness Scale (ESS), 36, 37f, 170
erythrocytes, 47
eschar, 265
escharectomy, 281
escharotomy, 278
ESS. See Epworth Sleepiness Scale
ethambutol (EMB), 624

double aortic arch, 639t, 642f
double effect, principle of, 705
driver mutations, 295
droplet nuclei, 614
drowning injury, 541–565

causes of, 546t
clinical signs and symptoms, 544–546

asymptomatic patient, 545
initial assessment, 544–545
symptomatic patient, 545–546

complications, 556
criteria for 6-hour discharge, 559b
definition/diagnosis, 543
diagnostic testing, 556–557

laboratory studies, 557
radiologic imaging, 556–557

epidemiology, 547–548
etiology, 546–547
introduction, 541–542
pathophysiology

blood volume and electrolyte 
effects, 552

cardiovascular dysfunction, 550–551
drowning process, 549
hypothermia, 551, 553t
neurologic injury, 553
pulmonary injury, 550
renal injury, 553
summary of, 554t

prevention of, 556
process of drowning, 543–544
prognosis, 563
risk factors, 554–556

age, 554
alcohol, 555
behavioral, 555
environmental risk factors, 555–556
gender, 554
geographic and climate conditions, 556
host risk factors, 554–555
parental supervision, 555–556
place of occurrence, 555
seizure disorders, 555
socioeconomic status, 555
swimming ability, 555

severity classification system for 
prehospital victims, 546t, 558t

treatment and management, 557–562, 563t
class 1 (no evidence of inhalation of 

liquid), 558, 559b
class 2 (clinical evidence of inhalation 

of liquid with adequate ventilation), 
558–559

class 3 (clinical evidence of inhalation 
of liquid and inadequate 
ventilation), 559, 560b

class 4 (absent ventilation and 
circulation), 559–560

hospital treatment, 557–560
hypothermia, 560
post-drowning patients, summary of, 560
prehospital treatment, 557, 558t

WHO terminology for drowning, 544t
drug-eluting stents (DES), 455
drug overdose, CNS disorders and, 95–96
drug-resistant TB disease, 625
dual antiplatelet therapy (DAPT), 455
dual-hit hypothesis, 655

diagnostic testing and monitoring (Continued)
hemodynamic monitoring, 59
pulmonary artery pressure, 61–62
pulmonary capillary wedge pressure, 

61–62, 62f
12-Lead Electrocardiogram, 56, 56f

description of, 32
diagnostic imaging, 50–56

chest radiography, 50–52
computed tomography, 52, 54–55
magnetic resonance imaging, 55
positron emission tomography, 55
ultrasonography, 55
ventilation–perfusion scan, 55–56

diagnostic laboratory tests, 44–50
arterial blood gas studies, 44–45
cardiac enzyme studies, 49–50
chemistry panels, 47–49
hematology, 47
interpretation of acid–base balance, 

45–46
interpretation of oxygenation status, 

46–47
noninvasive monitoring, 36–44

capnography, 41–43, 41t, 42b
ECG telemetry, 39–40, 40t
exhaled nitric oxide, 43–44
pulse oximetry, 40–41, 41t

pulmonary diagnostic tests, 33–36
bronchoscopy, 33–34, 34t
polysomnography, 35–36, 39t
pulmonary function testing, 34–35, 35t
skin testing, 33
sputum examination, 33

diastolic blood pressure (DBP), 10
DIC. See disseminated intravascular 

coagulation
diffusion, 68
digital clubbing, 13, 14f
dilated cardiomyopathy (DCM), 404–407

alcoholic dilated cardiomyopathy, 406–407
idiopathic dilated cardiomyopathy, 407
ischemic dilated cardiomyopathy, 406

disease management (DM)
Chronic Care Model, 728–729
etiology of chronic disease, 725–726
evaluation of, 735, 736t
healthcare system, 724–725
introduction, 724
overview of

care management, 727
case management, 727
continuum of care, 728
definition of, 726–727
demand management, 727–728
integrated care, 728
interprofessional collaboration, 727

programs, 729–732
self-management, 732–735

disseminated intravascular coagulation (DIC), 
325, 525

distributive shock, 497
Dittrich plugs, 257
diving response, 550
DLCO. See Reduction diffusing capacity
donation after cardiac death (DCD), 674
do-not-attempt resuscitation (DNAR), 711
dopamine, 709
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Hampton hump, 474
HAP. See hospital-acquired pneumonia
HCM. See hypertrophic cardiomyopathy
HDL. See high-density lipoprotein
heart blocks, 367
Heart Cath, 59
heart failure (HF), 392–404, 452

causes of, 395b
clinical manifestations, 398–399
complications, 404
definition and diagnosis, 393–395
diagnostic testing, 399–401

chest radiography, 399
echocardiography, 400
electrocardiography, 400
laboratory tests, 400, 401t

epidemiology, 395
etiology, 395
medications used for, 403t
pathophysiology, 395–398, 398t
risk factors, 403–404
signs and symptoms, 398t
treatment and management, 403

goals of treatment, 403b
heart-lung transplantation (HLT), 672, 680
heart murmurs, 23, 23b
heart rate, vital signs and, 9

in adults, 9f
in infants and children, 10t

Heimlich maneuver, 147
heliox, 219, 659
hematology, 47
hemodynamics, 59
hemopneumothorax, 116
hemoptysis, 322, 616, 620
hemorrhagic shock., 504
hemothorax, 115
heterogeneous disease, 205
HF. See heart failure
HFCWO. See high-frequency chest wall 

oscillation
HFOV. See high-frequency oscillatory 

ventilation
high-density cholesterol, 49
high-density lipoprotein (HDL), 442
high-flow nasal cannula (HFNC) oxygen 

therapy, 635
high-frequency chest wall oscillation 

(HFCWO), 253
high-frequency oscillatory ventilation 

(HFOV), 530, 531t, 532t
histamine, 209
history of present illness (HPI), 4
histotoxic hypoxia, 74
hoarseness, 658
HOCM. See hypertrophic obstructive 

cardiomyopathy
holosystolic murmur, 425
homeostatic sleep regulation, 175
home sleep apnea testing (HSAT), 176
homozygous, 253
honeycomb, 570
Horner syndrome, 298
hospice care

and end-of-life care, 714–715
homecare, 716
services, 699–700

Hospice Medicare Benefit, 716

complications, 663
diagnostic testing, 663, 664f
epidemiology, 663
etiology, 663
pathology/pathophysiology, 663
prognosis, 664
risk factors, 663
treatment and management, 664

fractional exhaled nitric oxide (FENO),  
43–44, 216

fractional flow reserve (FFR), 450
fremitus, 15
full thickness grafts, 281
functional residual capacity (FRC), 594
fungal pneumonia, 334–338

clinical signs and symptoms, 334–335
complications, 336
definition/diagnosis, 334
diagnostic testing, 336, 337t
epidemiology, 335
etiology, 335
pathology/pathophysiology, 335–336
prognosis, 338
risk factors, 336
treatment and management,  

336–338
fungi, 334
FVC. See forced vital capacity

G
gabapentin, 705
gallops, 22
gamma globulin, 257
gastric washing, 615
GCS. See Glasgow Coma Scale
general anesthesia, 606
genetic screening test, for cystic fibrosis, 250
Ghon focus, 618
Ghon lesion, 618
Glasgow Coma Scale (GCS), 24t, 113, 114f
Global Initiative for Chronic Obstructive Lung 

Disease (GOLD), 235
glottic stenosis, 148
glottis, 146
GOLD. See Global Initiative for Chronic 

Obstructive Lung Disease
golden minute, 632
graduated compression stockings (GCS), 477
gram-negative, 318

pneumonias, 319
gram-positive, 318
gram staining, 318
granulomas, 335, 618
granulomatous ILD, 573
grunting, 20
guanylate cyclase stimulators, 488
Guillain–Barre syndrome, 99–100
Gupta calculator, 598

H
Haemophilus influenza Streptococcus 

pneumoniae, 603t
Haemophilus influenza type b (Hib), 659
haloperidol, 709

exacerbations, 204
excessive daytime sleepiness (EDS), 36, 177
exercise stress testing, for ischemic heart 

disease, 446–447
exhaled nitric oxide, 43–44
exophytic granulation tissue, 691t
expanded criteria donors, 678
extracellular matrix (ECM), 574
extracorporeal membrane oxygenation 

(ECMO) therapy, 656
extracorporeal photopheresis, 687
extrathoracic airways, 150
exudative pleural effusions, 130
ex vivo lung perfusion (EVLP), 679

F
facultative anaerobes, 318
failure to thrive, 647
family history, 6
fatigue, 707–708
fatty streak, 443
feeding intolerance, 661
FENO. See fractional exhaled nitric oxide
fetal heart rate (FHR) monitoring, 632
fetal hypoxic stress, 635
fetal tracheal occlusion therapy, 656
fetal ultrasonography, 645
FEV1. See forced expiratory volume in 

1 second
FFR. See fractional flow reserve
fibrinolysis, 476
fibroblastic foci, 574
fibroblasts, 574, 577t
fibrocytes, 577t
fibrosis, histopathologic patterns for ILD, 585b
FICA, 709, 709f
Fick method, 61
fine-needle aspiration, 300
finger clubbing, 13, 14f
first-degree AVB, 381–382
fixed obstruction, 150
flail chest, 115
flow-directed pulmonary artery catheter, 61
fluid in the pleural space, 129–136, 129f. See 

also pleural effusion
causes of pleural effusion/empyema, 132b
clinical signs and symptoms, 130
complications, 133
diagnosis/definition, 129–130
diagnostic testing, 133–136
empyema, 132b
epidemiology, 131
etiology, 131
pathology/pathophysiology, 131–133
physical findings for pleural effusion, 131t
pneumomediastinum, 137b, 138b
pneumothorax, 137b, 138b
treatment and management, 136

fluid resuscitation, 264
fluoroquinolones, 624
forced expiratory volume in 1 second 

(FEV1), 215
forced vital capacity (FVC), 230
foreign body aspiration, 663
foreign body obstruction (FBO)

clinical signs and symptoms, 663
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intima, 441
intractable dyspnea, 703–704
intraoperative strategies, 605–606

anesthesia, type of, 606
duration of surgery and anesthesia, 606
lung protective strategies, 606
neuroblocking agents, 605–606
surgery, type of, 606

intrapulmonary shunt, 72
intrathoracic airways, 150
intravascular ultrasound (IVUS), 451–452
IPF. See idiopathic pulmonary fibrosis
ischemia, 7
ischemic dilated cardiomyopathy (ICM), 406
ischemic heart disease (IHD), 392–393, 

439–459
cardiac rehabilitation, 455–456
clinical manifestations, 444
complications, 457
coronary artery bypass grafting, 455
definition and diagnosis, 441
epidemiology, 442
etiology, 441
introduction, 440
invasive diagnostic testing, 449–452

coronary angiograms, 449–450
fractional flow reserve, 450
intravascular ultrasound/optical 

coherence tomography,  
451–452, 452f

noninvasive diagnostic testing, 444–448
computed tomography, 448
echocardiogram, 447
exercise stress testing, 446–447
pharmacologic (chemical) stress test, 

447
radiological imaging, 447–448
twelve lead electrocardiogram, 

445–446
pathology/pathophysiology, 442–444
prevention, 456–457
prognosis, 458
risk factors, 456

uncontrollable and controllable, 440t
treatment and management, 452–455

angioplasty, 452–453
bare-metal stent, 455
drug-eluting stents, 455
plain old balloon angioplasty, 453–454
rotational atherectomy, 454
stents, 454–455

isoniazid (INH), 624
IVUS. See intravascular ultrasound

J
Jackson’s burn zones, 274f
jugular vein distension (JVD), 12, 13f
JVD. See jugular vein distension

K
Karnofsky index, 703
keratin pearls, 297
Kerbs von Lungren (KL)-6, 579
Kussmaul respiration, 10

idiopathic interstitial pneumonias, 573
idiopathic pulmonary arterial hypertension 

(IPAH), 673
idiopathic pulmonary fibrosis (IPF), 571
IgE. See immunoglobulin E
IHD. See ischemic heart disease
ILDs. See interstitial lung diseases
imaging. See diagnostic imaging
immature respiratory control system, 634
immersion, 543
immunoglobulin E (IgE), 208
immunomodulator, 218
immunoreactive trypsinogen (IRT) test, 

250–251
immunosenescence, 330
immunosuppression, 680–681
impedance pneumography, 635
implantable cardioverter defibrillator 

(ICD), 360
IMs. See interstitial macrophages
indeflator, 454
ineffective communication, 701–702
infant respiratory distress syndrome (IRDS), 

646–649
clinical signs and symptoms, 646
complications, 647
diagnostic testing, 648
epidemiology, 646
etiology, 646
pathology/pathophysiology, 646–647
prognosis, 649
risk factors, 647
treatment and management, 648–649

infection prophylaxis, 681–682
influenza viruses, 657
infraglottic, 149
inhalational injuries. See also burns and 

inhalational injuries
clinical manifestations, 270b
clinical signs and symptoms, 268–270
description, 265
pathology/pathophysiology, 275–276
treatment and management, 282
types and locations of, 275b

inhaled corticosteroid (ICS), 204
inhaled nitric oxide (iNO), 684
inhaled prostaglandins, 535
inspiratory muscle training, 605
integrated health care, 728
interferon-γ release assays (IGRAs), 620–621
interstitial lung diseases (ILDs)

clinical signs and symptoms, 571–572
complications, 578
definition/diagnosis, 571
diagnostic testing, 579

cardiac assessment, 580
laboratory tests, 579
lung function tests, 579–580
radiography, 580

epidemiology, 574
etiology, 572–573
introduction, 570–571
pathogenesis, 574–577
prognosis, 587
risk factors, 578
treatment and management, 585–587

interstitial macrophages (IMs), 576
interstitial pneumonia, 338, 340

hospital-acquired pneumonia (HAP), 319, 346. 
See also under pneumonia

HPI. See history of present illness
HRCT, 580, 582–583f, 582t
HSAT. See home sleep apnea testing
HTS. See hypertonic saline
hyaline membrane, 525
hyperacute allograft rejection (HAR), 684
hyperacute phase, 445
hyperbaric oxygen (HBO) therapy, 285
hypercapnia, 580

common mechanisms of, 79t
signs and symptoms of, 80t

hypercarbia, 526
hyperemia, 450
hyperoxia, 635
hyperpnea, 10
hypertension, 10, 11t
hyperthermia, 9
hypertonic saline (HTS), 252
hypertrophic cardiomyopathy (HCM), 

407–410
hypertrophic obstructive cardiomyopathy 

(HOCM), 407–410
hyperventilation, 46b
hypodermis, 273
hyponatremia, 616
hypoplastic left heart syndrome, 641t, 643f
hypopnea, 170
hypothermia, 9

and drowning injury, 551, 553t, 560
mild, 551
moderate, 551
severe, 551

hypoventilation, 45b
hypovolemia, 501
hypovolemic shock, 497, 504–508

causes of, 505t
classification of hemorrhagic, 505t
clinical signs and symptoms, 504
complications, 506
definition/diagnosis, 504
diagnostic testing, 506–507
epidemiology, 505
etiology, 504
laboratory tests for, 507b
pathology/pathophysiology, 505–506
prognosis, 508
resuscitation of, 507t
treatment and management, 507–508

hypoxemia, 524, 600, 654
assessment of severity of, 71b
common mechanisms in respiratory 

failure, 73t
hypoxia, 661

hypoxemic, 74
mechanisms of, 75t
signs and symptoms of, 74t

I
ICM. See ischemic dilated cardiomyopathy
ICS. See inhaled corticosteroid
ICU and palliative care, 713
IDCM. See idiopathic dilated cardiomyopathy
idiopathic dilated cardiomyopathy 

(IDCM), 407
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massive pulmonary embolism, 471
mast cells, 209, 577t
maximum oxygen uptake (Vo2max), 58
MD. See muscular dystrophy
MDT. See multidisciplinary diagnosis team 

approach
mean airway pressure (mPaw), 530
mean arterial pressure (MAP), 10
mechanical activity, heart, 387
mechanical ventilation, 526–528, 713
meconium, 247
meconium aspiration syndrome (MAS)

clinical signs and symptoms, 635–636
complications, 637
diagnostic testing, 637
epidemiology, 636
etiology, 636
pathology/pathophysiology, 636
prognosis, 638
risk factors, 637
treatment and management, 637–638

medialization laryngoplasty, 157
mediastinoscopy, 301
medical paternalism, 714
Medicare, 714

criteria for hospice eligibility, 715b
Medicare Hospice Benefit, 704
medication history, 4–5
medroxyprogesterone, 708
megestrol, 708
meperidine, 705
meshing, 281
mesothelium, 129
metabolic acidosis, 46b
metabolic alkalosis, 46b
metabolic equivalent (MET), 58
metastasize, 294
methacholine, 215
Methicillin-resistant Staphylococcus aureus 

(MSRA), 603t
methylphenidate, 707
methylxanthine, 218
metoclopramide, 709
MG. See myasthenia gravis
microaspiration, 341
microbiome, 317
microbiota, 317
midazolam, 717
mild hypothermia, 551
Miller–Fisher syndrome (MFS), 99
minimal changes, histopathologic patterns for 

ILD, 585b
mitral regurgitation (MR), 416–418
mitral stenosis (MS), 418–419
mixed apnea, 633
mMRC dyspnea scale. See modified Medical 

Research Council dyspnea scale
Mobitz I, 382
Mobitz II, 382
moderate hypothermia, 551
Modified Medical Research Council (mMRC) 

dyspnea scale, 236, 672, 672t
monocyte chemoattractant protein-1  

(MCP-1), 579
morbid obesity, 595
mPaw. See mean airway pressure
MR. See mitral regurgitation
MRI. See magnetic resonance imaging

modifiable and nonmodifiable risk 
factors, 298t

pathologic stages, 305b
pathophysiology, 296–297
prognosis, 308–309
risk factors, 297–298
squamous cell lung carcinoma, 297
staging, 301–304, 303t
treatment and management, 305–306

protein biomarkers, 302t
small cell lung carcinoma, 306–310

clinical signs and symptoms, 306–307
complications, 307
definition/diagnosis, 306
diagnostic testing, 307–309
epidemiology, 307
etiology, 307
pathophysiology, 307
prognosis, 310
risk factors, 307
staging, 309
treatment and management, 309–310

types of, 294t
lung function tests, 579–580
lung protective strategies, 606
lung transplantation

candidate (recipient) selection, 674–678
common complications of, 683–684t

airway complications, 689, 691t
allograft rejection, 684–689
infectious complications, 689, 690t
primary graft dysfunction,  

683–684, 685b
contraindications to, 677b
donor selection, 678–679
introduction, 672–673
pathogens relevant to, 690t
posttransplant management, 680

immunosuppression, 680–681
infection prophylaxis, 681–682
surveillance, 682–683

procedures, 679–680
prognosis, 691–692
system, 673–674
testing components of, 676b

lung volume reduction surgery (LVRS), 240
LVEF. See left ventricular ejection fraction
LVH. See left ventricular hypertrophy
LVRS. See lung volume reduction surgery
lymphocytes, 577t

M
macrophages, 577t
MADs. See mandibular advancement devices
magnetic resonance imaging (MRI), 55
magnetic resonance pulmonary angiography 

(MRPA), 474
mainstream capnography sensor, 41
maintenance immunosuppressive therapy, 

680, 681b
malaise, 616
Mallampati classification, 178
mandibular advancement devices 

(MADs), 187
Mantoux tuberculin skin test, 620
MAP. See mean arterial pressure

Kussmaul sign, 429
kyphoscoliosis, 14, 122
kyphosis, 14, 15f, 122

L
LABAs. See long-acting beta-agonists
laboratory tests, 579, 579t, 580t. See also 

diagnostic laboratory tests
large cell lung carcinoma (LCLC), 294, 297
laryngeal re-innervation, 157
laryngeal stenosis, 159–160
laryngomalacia (LM), 160–161
laryngopharynx, 146
laryngospasm, 544
larynx, UAO and, 149, 150f
latent tuberculosis infection (LTBI), 617

vs. TB disease, 619t
testing for, 620–622

lateral decubitus, 51
LCLC. See large cell lung carcinoma
LDL. See low-density lipoprotein
lecithin, 648
left heart catheterization, 449
left heart failure, 393
left shift, 333
left ventricular ejection fraction (LVEF), 393
left ventricular hypertrophy (LVH), 431–432

causes, 432t
treatment, 432t

left ventricular outflow tract (LVOT), 408
leukocytes, 47
leukotriene receptor antagonists (LTRA), 218
leukotrienes, 209
levels of consciousness, 24–25, 24t
levofloxacin, 626
life-extending treatments, 699
life-limiting disorder, 700
lithium, 645
living donor lobar lung transplantation, 680
LM. See laryngomalacia
lobar pneumonia, 338
long-acting beta-agonists (LABAs), 218
loop gain, 190
lordosis, 14
Lou Gehrig disease. See amyotrophic lateral 

sclerosis
low-density cholesterol, 49
low-density lipoprotein (LDL), 442
low tidal volume ventilation, 529
LTRA. See leukotriene receptor antagonists
Lund–Browder chart, 268f
lung allocation score (LAS), 674, 674b
lung carcinoma, 293–313, 712

description of, 294–295
non-small cell lung carcinoma, 295–309

adenocarcinoma, 297
biopsy, 300–301
clinical signs and symptoms, 295
complications, 298–299
definition/diagnosis, 295
diagnostic testing, 299–306
epidemiology, 296
etiology, 295–296
histopathology, 303–304
imaging, 299
large cell lung carcinoma, 297
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atrial fibrillation, 376–379
atrial flutter, 379–381
first-degree AVB, 381–382
second-degree AVB, 382–383
second-degree AVB Type I (Mobitz I or 

Wenckebach), 383–384
second-degree AVB Type II  

(Mobitz II), 385
supraventricular tachycardia, 369–376

atrioventricular nodal re-entry 
tachycardia, 371–373

atrioventricular re-entry tachycardia, 
373–376

definition, 369
epidemiology, 369
etiology, 369
sinus tachycardia, 369–371
types of, 369t

third-degree AVB, 384–387
nondepolarizing neuromuscular blocking 

agents (NMBAs), 605
nonfatal drowning, 548
nonhemorrhagic shock, 504
nonhypoxemic cancer patients, 704
nonimmune anaphylaxis, 509
noninvasive positive pressure ventilation 

(NIPPV), 651
nonnarcotic analgesics, 705
nonrapid eye movement (NREM) sleep, 

36, 171
stage N1 of, 171

nonresident circulating macrophages, 577
nonrestrictive VSDs, 425
non-small cell lung carcinoma (NSCLC), 

295–309
clinical signs and symptoms, 295
complications, 298–299
definition/diagnosis, 295
diagnostic testing, 299–306

biopsy, 300–301
histopathology, 301
imaging, 299
staging, 301–304, 303t

epidemiology, 296
etiology, 295–296
modifiable and nonmodifiable risk factors, 

298t
pathologic stages, 305b
pathophysiology, 296–297

adenocarcinoma, 297
large cell lung carcinoma, 297
squamous cell lung carcinoma, 297

prognosis, 306
risk factors, 297–298
treatment and management, 305–306

nonsteroidal anti-inflammatory drugs 
(NSAIDs), 204, 705

nontraumatic hemorrhagic shock, 504
non-vigorous infants, 637
normal sinus rhythm (NSR), 356

criteria for, 357b
nortriptyline, 705
nosocomial Candida infection, 336
NREM sleep. See nonrapid eye movement 

sleep
NSAIDs. See nonsteroidal anti-inflammatory 

drugs
NSCLC. See non-small cell lung carcinoma

epidemiology, 518
etiology, 518
pathology/pathophysiology, 518–519
prognosis, 519
risk factors, 519
treatment and management, 519

neurologic assessment, 23–26
level of consciousness, 24–25

confusion assessment method, 25, 26f
Glasgow Coma Scale, 24
Ramsay Sedation Scale, 24–25, 25t
Richmond Agitation–Sedation Scale, 

25t
posturing, 26
pupillary dilation, 26, 27f

neurologic injury, and drowning injury, 553
neuromuscular blockade (NMB), 534
neuromuscular diseases, 89–106

assessment of patients with, 92–93
central nervous system disorders, 94–96

drug overdose, 95–96
poliomyelitis, 94
post-polio syndrome, 94–95

components of respiratory failure, 93f
description of, 90–91
effects on respiratory system, 91–92
muscular disorders, 103–105

muscular dystrophy, 103–105
neuromuscular junction disorders, 

100–103
botulism, 101–102, 102f
myasthenia gravis, 100–101, 100f
tetanus, 102–103

pathophysiology of respiratory failure, 91f
peripheral motor nerve disorder,  

99–100
Guillain–Barre syndrome, 99–100

prognosis for, 105
spinal cord disorders, 96–99

amyotrophic lateral sclerosis, 96–98
spinal cord injury, 98–99

neuromuscular junction disorders, 100–103
botulism, 101–102, 102f

clinical signs and symptoms, 102
definition, 101
etiology, 101–102
treatment and management, 102

myasthenia gravis, 100–101, 100f
clinical signs and symptoms,  

100–101
definition, 100
etiology, 100
treatment and management, 101

tetanus, 102–103
clinical signs and symptoms, 103
definition, 102
etiology, 102–103
treatment and management, 103

neutrophil elastase (NE), 230
neutrophilic proteases, 255
neutrophils, 577t
New York Heart Association (NYHA) 

functional classification, 393
nicotine replacement therapy (NRT), 596
nintedanib, 688
nitric oxide (NO), 465, 536
non-albicans Candida infection, 336
non-arrest arrhythmias, 368–387

MRPA. See magnetic resonance pulmonary 
angiography

MS. See mitral stenosis
mucolytics, 252
mucopurulent, 254
multidisciplinary diagnosis team (MDT) 

approach, 585
multidrug-resistant organisms (MDROs), 319
multiple chronic conditions, 729
multiple-drug-resistant TB (MDR-TB), 624
multiple organ dysfunction syndrome, 278
muscular disorders, 103–105
muscular dystrophy (MD), 103–105

clinical signs and symptoms, 104
etiology, 103–104
treatment and management, 104–105

myasthenia gravis (MG), 100–101
Mycobacterium tuberculosis, 614, 614f
mycophenolate, 586, 680
myoclonus, 706
myofibroblasts, 574, 577t

N
nasal flaring, 12
nasal passage, UAO and, 149
Nasal thermistor, 635
nasogastric tube decompression, 608
nasopharynx, 146
National Asthma Education and Prevention 

Program, 730
National Center for Chronic Disease 

Prevention and Health Promotion 
(NCCDPHP), 726

key domains, 726b
National Comprehensive Cancer Network 

(NCCN) guidelines, 701
palliative care as, 712

natural killer cells, 577t
nausea, 708–709
NE. See neutrophil elastase
nebulized racemic epinephrine, 658
necrosis, 322
neonatal pulmonary disorders

apnea of prematurity, 632–635
bronchopulmonary dysplasia, 649–652
congenital diaphragmatic hernia,  

654–656
congenital heart defects, 638–645
delivery room care, 632, 633f
infant respiratory distress syndrome, 

646–649
meconium aspiration, 635–638
transient tachypnea of newborn,  

652–654
neoplasms, lung, 294

benign, 294
malignant, 294

neuroblocking agents, 605–606
neuroendocrine cells, 307
neuroendocrine markers, 307
neuroendocrine progenitors, 307
neurogenic shock, 497, 518–519

clinical signs and symptoms, 518
complications, 519
definition/diagnosis, 518
diagnostic testing, 519
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PCWP. See pulmonary capillary wedge 
pressure

PE. See pulmonary embolism
PEA. See pulseless electrical activity
peak expiratory flow rate (PEFR), 204
pectus carinatum (PC), 14, 15f, 121
pectus excavatum (PE), 14, 15f, 121
pedal edema, 14
pediatrics pulmonary disorders

bronchiolitis, 660–663
croup, 656–659
epiglottitis, 659–660
foreign body obstruction, 663–664

PEEP. See positive end expiratory pressure; 
positive end-expiratory pressure

PEFR. See peak expiratory flow rate
pentamidine, 682
percussion, 16–17, 16f
percutaneous coronary angioplasty, 452
percutaneous coronary intervention (PCI), 59
percutaneous endoscopic gastrotomy (PEG) 

tube, 703
pericardial diseases, 427–431

cardiac tamponade, 430–431
clinical manifestations, 431b

pericardial effusion, 429
pericarditis, 427–429

causes of acute, 428b
ECG stages, 428t

pericardial effusion, 429
pericarditis, 427–429
pericytes, 577t
peripheral motor nerve disorder, 99–100

Guillain–Barre syndrome, 99–100
clinical signs and symptoms, 99
definition/diagnosis, 99
etiology, 99
treatment and management, 99–100

persistent hypotension, 513
persistent pulmonary hypertension of the 

newborn (PPHN), 655
PET. See positron emission tomography
P/F ratio, 73, 524
PFTs. See pulmonary function tests
PH, 578
pharynx, UAO and, 149
phenotype, asthma, 208
phosphatidylglycerol (PG), 648
phosphodiesterase Type 5 inhibitors 

(PDE-5i), 488
photodynamic therapy, 153
Physician Orders for Life-Sustaining 

Treatment (POLST), 711, 712t
physiologic dead space, 78
pilocarpine, 251
pirfenidone, 688
placental insufficiency, 636
plain old balloon angioplasty, ischemic heart 

disease, 453–454
plasmapheresis, 101
platypnea, 4
pleura, disorders of, 129–139

air in pleural space, 136–139
clinical signs and symptoms, 136–137
complications, 138
definition/diagnosis, 136
diagnostic testing, 138–139
epidemiology, 137

ostium, 356
ostium primum defect, 426
ostium secundum defect, 425
oxygen assessment values, 74t
oxygenation, assessment of, 598
oxygenation index (OI), 73
oxygenation status, interpretation of, 46–47
oxygen therapy, 660

P
pack-year exposure, 596
PAH. See pulmonary artery hypertension
pain, 704–705
palliative care medicine, 698, 699f
palliative care of respiratory patient

advanced directives, 710–711, 712t
in advanced-stage lung cancer, 712
barriers to effective, 700–702
bereavement counseling, 717–718
in chronic progressive lung disorders, 

709–710
common symptoms, management of, 703

anorexia, 708
anxiety, 707
constipation, 706–707
cough, 703
delirium, 708
depression, 707
dyspnea, 703–704
fatigue, 707–708
nausea and vomiting, 708–709
opioid treatment, adverse effects of, 

705–706
pain, 704–705
psychologic and spiritual distress, 709

homecare, 715
hospice and end-of-life care, 714–715
hospice homecare, 716
ICU and, 713
introduction, 698–700
management concerns, 702–703
palliative sedation therapy, 716–717
withdrawing life support, 713–714

palliative sedation therapy (PST), 704, 
716–717

classifications, 716t
ethical features involving, 717b

Pancoast syndrome, 298
panlobular (panacinar) emphysema, 232
PAOP. See pulmonary artery occlusion 

pressure
PAP. See pulmonary artery pressure
paradoxical breathing, 13
paradoxical chest movement, 117
parapneumonic effusion, 130
parietal pleura, 129
past medical history (PMH), 4
patent ductus arteriosus, 655
patent foramen ovale, 655
pathogens, 316
pathologic Q wave, 446
patient navigator, 728–729
patterns of respiration, 11f
Patterson, Alexander, 672
PAWP. See pulmonary artery wedge pressure
PCI. See percutaneous coronary intervention

NSR. See normal sinus rhythm
nucleic acid amplification (NAA), 623
nutritional status, 595

O
obesity, 605
obesity hypoventilation syndrome, 194–197

characteristics of, 195t
clinical signs and symptoms, 194–195
complications, 196
definition, 194
diagnostic tests, 196, 197t
epidemiology, 195
etiology, 195
pathology/pathophysiology, 195–196
prognosis, 197
risk factors, 196
treatment and management, 196–197, 197t

obstructive apnea, 633
obstructive sleep apnea (OSA), 176–188, 

595–596, 596t
alternative therapies, 187–188
clinical signs and symptoms, 176–178
complications, 179–181
definition/diagnosis, 176
diagnosis of, criteria for, 176b
diagnostic testing, 181
epidemiology, 178–179
etiology, 178
home sleep apnea testing and, 181
lifestyle modifications and, 184–185
oral appliance devices and, 187
pathology/pathophysiology, 179, 180f
pharmacologic treatment and, 187–188
physical findings, 178t
polysomnography and, 181, 182t, 183f
positive airway pressure therapy and, 

185–187, 185f
prognosis, 188
risk factors, 179, 181b
surgical treatment and, 188, 188t
symptoms of, 177b
treatment and management, 181–184

occupational and environmental history, 5–6
OCT. See optical coherence tomography
oligohydramnios, 636
Ondine’s curse, 192
open-lung approach, 529
open pneumothorax, 115
opiates, 600
opioid-induced delirium, 706
opioid-induced hyperalgesia, 706
opioid-induced pruritus, 706
opioid treatment, adverse effects of, 705–706
opportunistic infections, 334
optical coherence tomography (OCT), 

451–452
organizing pneumonia, 574
Organ Procurement and Transplantation 

Network (OPTN), 673
Organ Procurement Organizations (OPOs), 

674
oropharynx, 146
orthodromic AVRT, 373
orthopnea, 4
osmotic laxative, 707
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common, 598–599
atelectasis, 599–600
bronchospasm, 600–601
chemical pneumonitis, 601–602
pleural effusion, 602
pneumothorax, 602
respiratory failure, 602
respiratory infection, 602–603

complication risk factors, 593–594
age, 594
asthma, 595
chronic obstructive pulmonary disease, 

594–595
congestive heart failure, 597
nutritional status, 595
obstructive sleep apnea, 595–596
poor general health (ASA class 2), 597
smoking, 596–597

introduction, 592–593
preoperative assessment for, 597

assessment of oxygenation, 598
chest radiography, 598
pulmonary function testing, 597
risk prediction tools, 598

strategies to reduce, 604
intraoperative, 605–606
postoperative, 606–608
preoperative, 604–605

postoperative strategies, 606–607
adequate analgesia, 607–608
early mobilization, 607
lung expansion techniques, 607
nasogastric tubes, restricted use of, 608
postoperative respiratory support, 608

Post-Polio syndrome (PPS), 94–95
postthrombotic syndrome, 471
posttraumatic stress disorder (PTSD), 718
PP. See pulse pressure
PPCs. See postoperative pulmonary 

complications
PPS. See Post-Polio syndrome
prednisone, 680
preeclampsia, 636
preemptive prophylaxis, 682
preload, ventricular function, 395
prematurity, 647
preoperative exercise, 605
preoperative strategies, 604–605

patient education, 604–605
preoperative exercise and pulmonary 

rehabilitation, 605
presurgical weight reduction, 605
smoking cessation, 605

presurgical weight reduction, 605
Primary Care and Public Health: Exploring 

Integration to Improve Population 
Health, 725

primary graft dysfunction (PGD), 673,  
683–684, 685b

primary spontaneous pneumothorax 
(PSP), 137

primary survey, chest wall disorder and, 112
primary TB, 615
principle of double effect, 705
prinzmetal angina, 444
procalcitonin (PCT), 326, 689
prochlorperazine, 709
proinflammatory cytokines, 525

risk factors, 343
treatment and management, 344–345

defined, 316
description of, 316
fungal pneumonia, 334–338

clinical signs and symptoms, 334–335
complications, 336
definition/diagnosis, 334
diagnostic testing, 336, 337t
epidemiology, 335
etiology, 335
pathology/pathophysiology, 335–336
prognosis, 338
risk factors, 336
treatment and management, 336–338

interstitial pneumonia, 340
lobar pneumonia, 339
radiologic patterns of, 339f
ventilator-associated pneumonia/hospital-

acquired pneumonia, 346–350
clinical signs and symptoms, 346
common organisms associated 

with, 346t
complications, 348
definition/diagnosis, 346
diagnostic testing, 348
epidemiology, 347
etiology, 346–347
pathology/pathophysiology, 347
prevention of, 349b
prognosis, 350
risk factors, 347–348
treatment and management, 349–350

viral pneumonia, 330–334
clinical signs and symptoms, 330
common viruses causing, 331t
definition/diagnosis, 330
diagnostic testing, 333
epidemiology, 332
etiology, 331–332
pathology/pathophysiology, 332
prognosis, 333–334
risk factors, 332–333
treatment and management, 333, 334t

Pneumonia Severity Index (PSI), 326
pneumothorax, 115, 137b, 138b, 602. See also 

air in the pleural space
point of maximal impulse, 21
polycythemia, 47
polymicrobial infection, 319
polymorphic ventricular tachycardia, 364
polymorphonuclear cells, 577t
polysomnography (PSG), 35–36, 39t, 171

obstructive sleep apnea and, 181, 182t
poor general health (ASA class 2), 597
Population Health Alliance, 727
pores of Kohn, 529
positive airway pressure therapy

CSA syndromes and, 193
obstructive sleep apnea and, 185–187, 185f

positive end-expiratory pressure (PEEP), 76, 
526, 599

positron emission tomography (PET), 55, 300
posterolateral defects, 654
postoperative atelectasis, 20
postoperative pneumonia (PP), 602
postoperative pulmonary complications 

(PPCs)

pleura, disorders of (Continued)
etiology, 137
pathology/pathophysiology, 137
physical signs of pneumothorax, 137b
pneumomediastinum, 137b, 138b
prognosis, 139
risk factors, 137, 138b
treatment and management, 139

fluid in pleural space, 129–136, 129f
causes of pleural effusion/

empyema, 132b
clinical signs and symptoms, 130
complications, 133
diagnosis/definition, 129–130
diagnostic testing, 133–136
empyema, 132b
epidemiology, 131
etiology, 131
pathology/pathophysiology, 131–133
physical findings for pleural 

effusion, 131t
treatment and management, 136

pleural effusion (PE), 602. See also fluid in the 
pleural space

pleural friction rub, 20
pleural mesothelial cells, 577t
pleural space, 129
pleurodesis, 136
plexiform lesions (PLs), 482
PMH. See past medical history
pneumatic compression devices (PCD), 477
pneumatoceles, 325
Pneumocystis jiroveci pneumonia (PCP), 682
pneumomediastinum, 136, 137b, 138b. See 

also air in the pleural space
pneumonia, 315–351

bacterial pneumonia, 317–330
atypical pneumonia, 319, 322t
clinical signs and symptoms, 318–319
complications, 324–325
definition/diagnosis, 317–318
diagnostic testing, 325–326, 327t
epidemiology, 320–321
etiology, 319–320
gram-negative organisms and, 321t
gram-positive organisms and, 320t
pathology/pathophysiology, 321–324
predisposing host factors, 324b
risk factors, 324
treatment and management, 326–330

bronchopneumonia, 339–340
classification

by anatomic location, 338–340
by causative microorganism, 316–338
by origin of development, 341–350

community-acquired pneumonia,  
341–346

clinical signs and symptoms, 341
complications, 343–344
criteria for severe, 341b
definition/diagnosis, 341
diagnostic testing, 344
empiric antibiotic 

recommendations, 345t
epidemiology, 342
etiology, 342
pathology/pathophysiology, 342–343
prognosis, 345–346
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diagnostic testing, 485–487
epidemiology, 481
etiology, 480–481
hemodynamic definitions, 478t
modifiers, 483b
pathology/pathophysiology, 481–484
prognosis, 487–489
risk factors, 484
treatment and management, 487–489
WHO functional classification of, 487t

pulmonary embolism, 466–477
causes of, 469b
clinical signs and symptoms, 467–468
complications, 471–472
definition/diagnosis, 466–467
diagnostic testing, 472–475
epidemiology, 469
etiology, 468–469
pathology/pathophysiology, 469–471
prognosis, 477
risk factors, 471, 472b
treatment and management, 475–477

pulmonary vascular resistance (PVR), 62, 
232, 478

pulmonary vasoconstriction, 526
pulmonic regurgitation (insufficiency), 

420–421
pulmonic stenosis, 639t, 641f
pulseless electrical activity (PEA), 364–366

clinical manifestations, 365
definition, 364
diagnostic testing, 365–366
epidemiology, 365
etiology, 364–365
pathophysiology, 365
prognosis, 366
risk factors, 366
treatment and management, 366

pulse oximetry, 40–41, 41t
pulse pressure (PP), 10
pulsus paradoxus, 207
Purkinje fibers, 357
pursed-lip breathing, 12
PVR. See pulmonary vascular resistance
pyrazinamide (PZA), 624
pyrexia, 8

Q
qSOFA. See Quick Sequential Organ Failure 

Assessment Score
qualitative pulse assessment, 9
Quality of life (QOL), 691–692
QuantiFERON®-TB Gold In-Tube test  

(QFT-GIT), 621
quantitative pulse assessment, 9
Quick Sequential Organ Failure Assessment 

Score (qSOFA), 514

R
radio frequency catheter ablation (RFCA), 360
radiolucent, 51
radiopaque, 51
Ramsay Sedation Scale, 24–25, 25t
rapid eye movement (REM) sleep, 36, 171

venous doppler, 474
ventilation–perfusion scan imaging, 

473–474
epidemiology, 469
etiology, 468–469
pathology/pathophysiology, 469–471
prognosis, 477
risk factors, 471
treatment and management, 475–477

nonpharmacologic prevention, 477
nonpharmacologic treatment, 477
pharmacologic treatment, 476–477

pulmonary examination, essential elements 
of, 11–20

auscultation of breath sounds, 17–20
adventitious breath sounds, 19–20
normal breath sounds, 18t, 19

inspection, 12–14, 12t
accessory muscle use, 13
chest configuration, 13–14
finger clubbing, 13
jugular vein distension, 12, 13f
paradoxical breathing, 13
pedal edema, 14
tracheal position, 12–13

observation, 12
palpation, 14–16, 15t

capillary refill time, 14–15
chest wall expansion, 16
peripheral skin temperature, 14
subcutaneous emphysema, 16
tactile fremitus, 15–16

percussion, 16–17, 16f
dull percussion note, 16
hyperresonant percussion note, 16–17

pulmonary fibrosis, 571
pulmonary function tests (PFTs), 34–35, 

35t, 597
for asthma, 215–216
for bronchiectasis, 257
for cystic fibrosis, 251

pulmonary hypertension, 526, 654
pulmonary injury, and drowning injury, 550
pulmonary rehabilitation, 605
pulmonary stenosis (PS), 421
pulmonary thromboembolism. See pulmonary 

embolism
pulmonary tuberculosis (TB). See also 

tuberculosis (TB)
clinical signs and symptoms, 615–616
complications, 620
definition/diagnosis, 615
diagnostic testing, 620–624
epidemiology, 616–617
etiology, 616
introduction, 614
pathology/pathophysiology, 617–619
prognosis, 626
risk factors, 619, 620t
treatment and management, 624–626

pulmonary vascular diseases, 463–490
introduction, 464–466
pulmonary artery hypertension,  

478–489
classifications, 479t
clinical signs and symptoms, 480
complications, 485
definition/diagnosis, 478–480

prophylactic nasal CPAP (nCPAP), 608
propofol, 717
prostacyclin analogues, 488
prostacyclin receptor agonists, 488
prostaglandin D2, 209
PS. See pulmonary stenosis
pseudomonas aeruginosa, 277, 603t, 689
PSG. See polysomnography
PSI. See Pneumonia Severity Index
PSP. See primary spontaneous pneumothorax
psychologic distress, 709
ptosis, 93
pulmonary angiography, 473
pulmonary artery hypertension (PAH), 

478–489
classifications, 479t
clinical signs and symptoms, 480
complications, 485
definition/diagnosis, 478–480
diagnostic testing, 485–487

echocardiography, 485–486
electrocardiogram, 486
laboratory findings, 486–487
polysomnography, 486
pulmonary function assessments, 486
radiographic imaging, 486
right heart catheterization, 487
ventilation/perfusion lung scan, 486

epidemiology, 481
etiology, 480–481
hemodynamic definitions, 478t
modifiers, 483b
pathology/pathophysiology, 481–484
prognosis, 487–489
risk factors, 484
treatment and management, 487–489
WHO functional classification of, 487t

pulmonary artery occlusion pressure 
(PAOP), 61

pulmonary artery pressure (PAP), 61
pulmonary artery wedge pressure (PAWP), 524
pulmonary atresia, 642t, 643f
pulmonary capillary wedge pressure 

(PCWP), 61
pulmonary compliance, 526
pulmonary contusion, 115, 524
pulmonary diagnostic tests, 33–36

bronchoscopy, 33–34, 34t
polysomnography, 35–36, 39t
pulmonary function testing, 34–35, 35t
skin testing, 33
sputum examination, 33

pulmonary embolism (PE), 466–477
clinical signs and symptoms, 467–468
complications, 471–472
definition/diagnosis, 466–467
diagnostic testing, 472–475

arterial blood gas findings, 475
cardiac biomarkers, 475
computed tomographic pulmonary 

angiography, 473
D-dimer, 472–473
echocardiography, 474
electrocardiogram, 474
magnetic resonance pulmonary 

angiography, 474
pulmonary angiography imaging, 473
radiologic imaging, 474
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SFEMG. See single-fiber electromyography
shock. See also anaphylactic shock; cardiogenic 

shock; hypovolemic shock; 
neurogenic shock; septic shock

introduction, 497
types of, 498b

short-acting benzodiazepines, 707
short-acting beta-adrenergic agonists 

(SABAs), 218
shunt, 72, 527

anatomic, 72
intrapulmonary, 72

sidestream capnography sensor, 41
silent heart attack, 441
simple pneumothorax, 115
single-fiber electromyography (SFEMG), 101
single lung transplantation (SLT), 679–680
sinoatrial (SA) node, 357
sinus bradycardia (SB), 356
sinus tachycardia (ST), 369–371
sinus venosus defect, 426
sirolimus, 681
SIRS. See systemic inflammatory response 

syndrome
six-minute walking test (6MWT), 59, 487
6MWT. See six-minute walk test
skin

anatomy of, 273f, 274t
testing, 33

sleep-disordered breathing (SDB), 36
sleep-related breathing disorders (SRBDs), 

169–198
CSA syndromes, 189–194

clinical signs and symptoms, 189
complications, 192
definition/diagnosis, 189
diagnostic tests, 192–193, 193t
epidemiology, 190
etiology, 189–190
medical disorders that may cause CSA 

without CSB, 190b
pathology/pathophysiology, 190–192
positive airway pressure therapy 

and, 193
prognosis, 194
risk factors, 192
treatment and management, 193, 194b

definitions, 175–176, 176t
description of, 170
EEG waveforms in sleep, 171t, 172f
normal physiologic changes during 

sleep, 173t
normal respiration during sleep,  

171–175
obesity hypoventilation syndrome, 

194–197
characteristics of, 195t
clinical signs and symptoms, 194–195
complications, 196, 196t
definition, 194
diagnostic tests, 196, 197t
epidemiology, 195
etiology, 195
pathology/pathophysiology, 195–196
prognosis, 197
risk factors, 196
treatment and management,  

196–197, 197t

review of symptoms (ROS), 6–7t
RFCA. See radio frequency catheter ablation
rhabdomyolysis, 557
rhonchi, 19
ribavirin, 662
Richmond Agitation–Sedation Scale, 25t
rifampin (RIF), 624
right heart failure, 393
right ventricular failure, 578
risk prediction tools, 598
ROS. See review of symptoms
rotational atherectomy, 454
round pneumonia, 339
Rule of Nines (Wallace), 267, 269f

S
SABAs. See short-acting beta-adrenergic 

agonists
saddle pulmonary embolism, 469
SA node. See sinoatrial node
Sarcoidosis, 571

incidence for, 574
SB. See sinus bradycardia
SBP. See systolic blood pressure
SCAD. See spontaneous coronary artery 

dissection
scalp blood sampling, 632
SCLC. See small cell lung carcinoma
sclerotherapy, 136
scoliosis, 14, 15f, 122
SDB. See sleep-disordered breathing
secondary (reactivation) TB, 615
secondary spontaneous pneumothorax 

(SSP), 137
secondary survey, chest wall disorder and, 112
second-degree AVB, 382–383
second-degree AVB Type I (Mobitz I or 

Wenckebach), 383–384
second-degree AVB Type II (Mobitz II), 385
second heart sound (S2), 21–22
self-care, 732
self-management, 724

education, 731, 731b, 733t
sepsis, 501, 524
septal myomectomy, 409
septic shock, 512–518

clinical signs and symptoms, 513–514
complications, 515b
definition/diagnosis, 512–513
diagnostic testing, 515–516
dyspnea and, 17
epidemiology, 514
etiology, 514
pathology/pathophysiology, 514–515
prognosis, 517–518
risk factors, 515
treatment and management, 516–517

Sequential (Sepsis-Related) Organ Failure 
Assessment (SOFA) Score, 515

serotonin, 709
serotonin-norepinephrine reuptake 

inhibitors, 705
serum albumin, 595
serum C-reactive protein (CRP), 689
serum lactate, 497
severe hypothermia, 551

ratio of arterial oxygen tension to oxygen 
concentration (P/F ratio), 73

RCM. See restrictive cardiomyopathy
Reduction diffusing capacity (DLCO), 580
REM sleep. See rapid eye movement sleep
renal injury, drowning and, 553
renin–angiotensin–aldosterone system 

(RAAS), 396
resonance, 16
respiratory acidosis, causes of, 45b
respiratory alkalosis, causes of, 46b
respiratory events, 176
respiratory failure, 67–87, 526, 602

acute hypercapnic respiratory failure, 
77–80

vs. acute hypoxemic, 81
assessment, 79–80
causes, 78–79
CNS, impairment of, 78
definition, 77–78
fatigue, 79
neuromuscular system, impairment 

of, 78
spinal cord, impairment of, 78
thorax, impairment of, 78
upper airway, impairment of, 78–79

acute hypoxemic respiratory failure, 70–76
vs. acute hypercapnic, 81
alveolar hypoventilation, 72
assessment, 73–75
causes, 70, 72–73
decreased fraction of inspired 

oxygen, 72
definition, 70
diffusion impairment, 72
intrapulmonary shunting, 72–73
reduced oxygen in mixed venous 

blood, 73
ventilation–perfusion mismatch, 70, 72

acute on chronic, 83–86
assessment, 84–85
causes, 84
definition, 84
management, 85–86

chronic, 82–83
assessment, 82–83
causes, 82, 83t
definition, 82
management, 83
mechanisms of, 82t

definition, 68
description of, 68–70
hypoxemia, common mechanisms of, 73t
prognosis for, 85
types of, 69
ventilatory supply-and-demand causes 

of, 70b
respiratory infection, 602–603
respiratory rate, vital signs and, 9–10

by age, 10t
respiratory syncytial virus (RSV), 657, 682
restenosis, 453
resting scan, 448
restrictive allograft syndrome (RAS), 688
restrictive cardiomyopathy (RCM), 410–411
restrictive VSDs, 425
reticular abnormality, 585
retinopathy of prematurity (ROP), 635
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systemic vascular resistance (SVR), 62
systole, 9
systolic blood pressure (SBP), 10

T
tachycardia, 9, 362
tachypnea, 9–10, 11f
tacrolimus, 680
TBB. See transbronchial biopsy
TBSA. See total body surface area
temperature, vital signs and, 8–9
tenacious sputum, 249
tension pneumothorax, 115
tetanus, 102–103
tetralogy of Fallot, 642t, 644f
thalidomide, 645
theophylline, 635
thermodilution method, 61
third-degree AVB, 384–387
thoracentesis, 131
thoracic surgery, 606
thoracoscopy, 301
thrombocytes, 47
thrombocythemia, 47
thrombocytopenia, 47
thrombus, 466
thymectomy, 101
tissue sampling, 580–585
T lymphocytes, 209
tongue-retaining devices (TRDs), 187
torsades de pointes, 362
total anomalous pulmonary venous return, 

641t, 643f
total body surface area (TBSA), 265
TR. See tricuspid regurgitation
tracheal breath sounds, 19
tracheal deviation, 113
tracheal stenosis, fixed UAO and, 152–154
tracheal tumors, fixed UAO and, 154–155
trachea, UAO and, 150–151
tracheomalacia, 162–163, 162t
transbronchial biopsy (TBB), 583, 682
transbronchial needle aspiration, 300
transesophageal echocardiography (TEE), 57
transient tachypnea of the newborn (TTN)

clinical signs and symptoms, 652
complications, 653
diagnostic testing, 653
epidemiology, 652
etiology, 652
pathology/pathophysiology, 652
prognosis, 653–654
risk factors, 652–653
treatment and management, 653

translesional pressure, 450
transposition of the great arteries, 641t, 643f
transthoracic echocardiography (TTE), 57
transthoracic needle aspiration, 300–301
transudative pleural effusions, 130
traumatic grief, 717
traumatic hemorrhagic shock, 504
traumatic pneumothorax, 115
TRDs. See tongue-retaining devices
treadmill stress test, 447f
treatment-emergent CSA, 192
tricuspid regurgitation (TR), 421–423

spontaneous coronary artery dissection 
(SCAD), 444

spontaneous pneumothoraces, 136
sputum, 615

cytologic studies, 300
examination, 33
methods of obtaining, 615b
smears, 615

squamous cell lung carcinoma (SQCLC), 
294, 297

squamous metaplasia, 526t
SRBDs. See sleep-related breathing disorders
SSP. See secondary spontaneous 

pneumothorax
ST. See sinus tachycardia
stable angina, 441
stagnant hypoxia, 74
staphylococcus aureus, 277, 603t
static apnea, 547
statins, 645
stents, ischemic heart disease and, 454–455
sternal retractions, 13
stress scan, 448
stridor, 20, 152
subacute pericarditis, 428
subglottic, 146
subglottic suctioning, 603, 604f
submersion, 543
substance P, 709
supine position, 531
supplemental oxygen therapy, 704
supraglottic region, 146
supraventricular tachycardia, 369–376

atrioventricular nodal re-entry tachycardia, 
371–373

atrioventricular re-entry tachycardia, 
373–376

causes of, 370b
definition, 369
epidemiology, 369
etiology, 369
sinus tachycardia, 369–371
types of, 369t

surface marker expression, 576
surfactant, 525
Surfactant, Positive Pressure, and Pulse 

Oximetry Randomized Trial 
(SUPPORT) trial, 651

surfactant protein A, 579
surfactant protein B (SP-B) gene, 646
surfactant protein C (SP-C) gene, 646
surfactant replacement therapy, 648
surfactant therapy, 638
surgery

and anesthesia, duration of, 606
type of, 606

surgical lung biopsy, indications for, 584b
surgical palliative care, 703
surveillance bronchoscopy (SB), 683
SVR. See systemic vascular resistance
swallow physiology, 608
sweat chloride test, for cystic fibrosis, 250, 

251f, 251t
stages of, 251b

synchronized direct-current cardioversion, 363
systemic corticosteroids, 218
systemic inflammatory response syndrome 

(SIRS), 500

obstructive sleep apnea, 176–188
alternative therapies, 187–188
clinical signs and symptoms,  

176–178
complications, 179–181
definition/diagnosis, 176
diagnosis of, criteria for, 176b
diagnostic testing, 181
epidemiology, 178–179
etiology, 178
home sleep apnea testing and, 181
lifestyle modifications and, 184–185
oral appliance devices and, 187
pathology/pathophysiology, 179, 180f
pharmacologic treatment and,  

187–188
physical findings, 178t
polysomnography and, 181, 182t, 183f
positive airway pressure therapy and, 

185–187, 185f
prognosis, 188
risk factors, 179, 181b
surgical treatment and, 188, 188t
symptoms of, 177b
treatment and management, 181–184

sleep-related hypoventilation disorders, 
194–197

sleep-related hypoventilation disorders, 
194–197

slow-wave sleep, 36
small cell lung carcinoma (SCLC), 306–310

clinical signs and symptoms, 306–307
complications, 307
definition/diagnosis, 306
diagnostic testing, 307–309
epidemiology, 307
etiology, 307
pathophysiology, 307
prognosis, 310
risk factors, 307
staging, 309
treatment and management, 309–310

smoking, 578, 596–597
cessation, 605

strategies for, 596b
history, 5

social history, 5
SOFA Score. See Sequential (Sepsis-Related) 

Organ Failure Assessment Score
sonorous wheezes. See rhonchi
spinal anesthesia, 606
spinal cord disorders, 96–99

amyotrophic lateral sclerosis, 96–98
definition, 96
etiology, 96
treatment and management, 96–98

spinal cord injury, 98–99
clinical signs and symptoms, 98
definition/diagnosis, 98
treatment and management, 98–99

spinal cord injury, 98–99
clinical signs and symptoms, 98
definition/diagnosis, 98
treatment and management, 98–99

SPIRIT, 709, 709f
spiritual distress, 709
spirometry, 35, 228
split thickness grafts, 281
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epidemiology, 362
etiology, 362
pathophysiology, 362
prognosis, 364
risk factors, 364b
treatment and management, 363–364

verbal pain scale, 705
vesicular breath sound, 19
Veterans Affairs Surgical Quality Improvement 

Program, 605
VF. See ventricular fibrillation
video-assisted thoracoscopy (VAT), 301
videolaryngostroboscopy, 158
viral pneumonia, 330–334

clinical signs and symptoms, 330
common viruses causing, 331t
definition/diagnosis, 330
diagnostic testing, 333
epidemiology, 332
etiology, 331–332
pathology/pathophysiology, 332
prognosis, 333–334
risk factors, 332–333
treatment and management, 333, 334t

Virchow triad, 469f
virulence, 317
visceral pleura, 129
visual analog scale, 705
vital signs

blood pressure, 10–11
heart rate, 9
respiratory rate, 9–10
temperature, 8–9

vocal cord dysfunction, 158–159
vocal cord paralysis (VCP), 157–158, 157f
volutrauma, 606, 651
vomiting, 709
VSD. See ventricular septal defects
VTach. See ventricular tachycardia
VTE. See venous thromboembolism

W
Wallace Rule of Nines, 267, 269f
Wasting, 616
Well’s prediction rule, 467t
Wenckebach, 382
Westley croup score, 657, 657t
wheezing, 19–20, 572
Wilson-Mikity syndrome, 650
Wolff–Parkinson–White (WPW), 374

X
xenografts, 281

Z
zone of coagulation, 273
zone of hyperemia, 273
zone of stasis, 273

variable intrathoracic UAO, 162–163
tracheomalacia, 162–163, 162t

urinothorax, 135
urticaria, 148
usual interstitial pneumonia (UIP) pattern, 

584f
uvulopalatopharyngoplasty, 188

V
valvular heart diseases, 412–424

aortic insufficiency, 412–414
summary of, 414t

aortic stenosis, 414–415
classifications, 415t
summary of, 416t

mitral regurgitation, 416–418
summary of, 418t

mitral stenosis, 418–419
summary of, 420t

pulmonary stenosis, 421
summary of, 421t

pulmonic regurgitation, 420–421
summary of, 421t

tricuspid regurgitation, 421–423
causes of, 422t
summary of, 423t

tricuspid stenosis, 423–424
causes of, 423b
signs and symptoms, 423b
summary of, 424t

VAP. See ventilator-associated pneumonia
varenicline tartrate, 596
variable extrathoracic obstruction, 150
variable intrathoracic obstruction, 150
variant angina, 444
VAT. See video-assisted thoracoscopy
venous Doppler, 474
venous thromboembolism (VTE), 466
ventilation-perfusion mismatch, 527
ventilation-to-perfusion ratio (V/Q), 68, 232

scanning, 55–56, 473–474
ventilator-associated pneumonia (VAP), 

319, 346, 350b. See also under 
pneumonia

ventricular fibrillation (VF), 356, 358–361
causes of, 359b
clinical manifestations, 359
complications, 361b
definition, 358
diagnostic testing, 359–360
etiology, 358–359, 360t
pathophysiology, 359
prognosis, 361
risk factors, 359b, 361
treatment and management, 360–361

ventricular septal defects (VSD), 424–425, 
638t, 641f

summary of, 426t
ventricular tachycardia (VTach), 358, 361–364

clinical manifestations, 362
complications, 364
definition, 361
diagnostic testing, 363

tricuspid stenosis (TS), 423–424
tricyclic antidepressants (TCAs), 705
triggers, 204
trimethoprim-sulfamethoxazole 

(TMP-SMX), 682
truncus arteriosus, 641t, 643f
trypsin, 251
TS. See tricuspid stenosis
T-Spot®.TB test, 621
TST. See tuberculin skin test
tuberculin purified protein derivative 

(PPD), 620
tuberculin skin test (TST), 33, 620
tuberculoma, 618
tuberculosis (TB), 614
tubocurarine, 600
twelve lead electrocardiogram, for ischemic 

heart disease, 445–446
type I AVB, 382
type II AVB, 382
type I LM, 161
type II LM, 161
type III LM, 161
type I respiratory failure, 68
type II respiratory failure, 68

U
UAO disorders. See upper airway obstruction 

disorders
UIP. See usual interstitial pneumonia pattern
ultrasonography, 55
United Network for Organ Sharing 

(UNOS), 673
universal prophylaxis, 682
unstable angina, 441
upper airway obstruction (UAO), disorders of, 

145–166
anatomy of UAO, 146f
clinical signs and symptoms, 148, 148b
definition/diagnosis, 147
description of, 146–147
diagnostic testing, 152–153
endobronchial therapy, 165t
epidemiology, 148–149
etiology, 148, 148t
fixed UAO, 152–156

angioedema, 155–157
tracheal stenosis, 153–154
tracheal tumors, 154–155

pathology/pathophysiology, 149–152
fixed vs. variable UAO, 150–152, 151b
intrathoracic vs. extrathoracic UAO, 

150–152, 150f
larynx, 149, 150f
nasal passage, 149
pharynx, 149
stridor vs. wheeze, 152b
trachea, 150–151

variable extrathoracic UAO, 157–161
laryngeal stenosis, 159–160
laryngomalacia, 160–161
vocal cord dysfunction, 158–159
vocal cord paralysis, 157–158, 157f
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