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To every student who wants to learn how body systems interact in  
health and disease.
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vi

  This fourth edition uses a conceptual approach to 
learn pathophysiology. By teaching pathophysiology 
through the lens of body function, you understand 
what happens when function is altered through 
injury or disease. The text then illustrates these con-
cepts through select diseases, noted as clinical mod-
els. By explaining the core concepts of altered human 
function, you can apply a deeper understanding to 
a range of diseases, rather than trying to memorize 
facts about specifi c conditions. Because people learn 
best through application, topics are presented in a 
manner that would be familiar in a healthcare set-
ting so that future health professionals have ample 
opportunity to practice what they have just learned. 
This approach also allows you to gain valuable 
insight into disease processes. 

 At its core, this edition continues to emphasize 
student learning, application of knowledge, active 
learning strategies, critical thinking, and evidence-
based practice through the many features and learn-
ing resources that accompany this text. Now is an 
exciting time to enter a health-based profession, 
keeping in mind that this fi eld is constantly expand-
ing in research-based knowledge. 

   Learning Resources  

 The supplemental material that accompanies this 
book provides numerous online opportunities to 
reinforce learning. 

 You can also purchase the study guide, a sup-
plement tailored specifi cally to the approach and 
content of pathophysiology. It contains test-taking 
strategies, concept-mapping exercises, case studies, 
and quiz questions to further ensure comprehension. 

 Instructor resources are available at the web-
site  http://connection.lww.com/Nath4e . Included in 
the instructor resources are the following valuable 
assets: 

●    PowerPoint presentations by chapter  
●   Test generator  
●   Image bank  
●   Additional case studies  
●   Answers to chapter exercises  
●   Additional learning activities  
●   Conversion tools   

 Detailed lesson plans are also available to help 
instructors transition from a standard body systems 
approach to the conceptual approach presented here. 

Applied Pathophysiology: A Conceptual Approach
is focused on functional alterations in health. Learn-
ing pathophysiology can be fascinating and challeng-
ing at the same time. The goal of this text is to focus 
on the fascinating to provide you with necessary 
skills to make pathophysiology less challenging.  

 PREFACE 
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 USER’S GUIDE 

LEARNING OBJECTIVES
Highlight important concepts—helping 

you organize and prioritize learning.

CONCEPT MAPS

Visually illustrate the important 
interrelationships of key concepts.

  In today’s healthcare careers, a thorough understand-
ing of pathophysiology is more important than ever. 
Applied Pathophysiology: A Conceptual Approach
not only provides the conceptual knowledge you 
will need but also teaches you how to apply it. This 
User’s Guide introduces you to the features and tools 
of this innovative textbook. Each feature is specifi -
cally designed to enhance your learning experience 
to prepare you for a successful career as a health 
professional. 

 Take a few minutes to look through the text and 
get acquainted with its organization. The table of 
contents of  Applied Pathophysiology: A Conceptual 
Approach  is structured around concepts of altered 
human function. The categories, devised by a group 

of health educators, were selected by analyzing and 
clustering human health conditions with high prev-
alence, incidence, and severity. Clusters were formed 
by looking at common effects and ultimate results of 
different groups of human diseases. 

 This approach shows you how diseases are rarely 
confi ned to one body system and challenges you to 
build on previously gained knowledge. An integra-
tive study at the end of the book emphasizes the 
practical nature of the material by helping you apply 
the complex pathophysiologic concepts that you have 
learned to a common condition—diabetes mellitus. 

 Next, look at the chapters themselves. Impor-
tant tools to help you learn about pathophysiology 
and apply your new knowledge have been included. 

 vii

RESEARCH NOTES
Identify key topics currently under 

investigation.
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viii User’s Guide

  DISCUSSION AND APPLICATION     

1.  latnempoleved dna citeneg tuoba wonk I did tahW   
         ?yadot erofeb sredrosid

2.  dna citeneg yb detceffa era sessecorp ydob tahW   
developmental disorders? How do genetic and 

         ?sessecorp esoht tceffa sredrosid latnempoleved

3.  dna citeneg rof seigoloite laitnetop eht era tahW   
developmental disorders? How do genetic and 

         ?poleved sredrosid latnempoleved

STOP AND CONSIDER 
Challenges you to think beyond 

the information presented in 
the textbook as you proceed 

through the chapter.

SUMMARY
Provides a concise review of the chapter, 
highlighting the key points you should 
understand after reading the chapter.

CASE STUDIES
Case studies and related questions help you build 

critical thinking skills and apply the chapter 
material to real-world clinical scenarios. 

You are encouraged to search the internet for 
relevant journal articles and websites to 

con� rm your predictions.

PRACTICE EXAM QUESTIONS

Provide practice and review for the types 
of questions to expect on an exam.

 As you can see, all the chapter features are designed to hone critical thinking skills and  clinical 
judgment, build topical profi ciency, and promote comprehension and retention of the material by 
applying pathophysiologic knowledge, rather than merely memorizing facts and fi gures. 

DISCUSSION AND APPLICATION

Help you gauge your understanding 
of what you have learned.
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User’s Guide ix

   Lippincott CoursePoint and 
CoursePoint+  

Lippincott®    CoursePoint  is an integrated learning 
solution for nursing education that combines trusted 
content, tested technology, in-depth reporting, and an 
intuitive platform design to prepare nursing students 
for practice. This easy-to-use digital learning solution 
of  Lippincott® CoursePoint , combined with unmatched 
support, gives instructors and students everything they 
need for course and curriculum success! 

Lippincott® CoursePoint  includes the following: 

●    Course content and learning tools to engage stu-
dents of all learning styles  

●   Adaptive and personalized approach to help stu-
dents learn the critical thinking and clinical 
judgment skills needed to help them become prac-
tice-ready nurses  

●   Unparalleled reporting that provides in-depth 
dashboards with several data points to track stu-
dent progress and help identify strengths and 
weaknesses  

●   Unmatched support with training coaches, prod-
uct trainers, and nursing education consultants to 
help educators and students implement Course-
Point with ease    

   Lippincott CoursePoint and 
CoursePoint+  

Lippincott® CoursePoint  is an integrated, digital 
curriculum solution for nursing education that pro-
vides a completely interactive experience geared to 
help students understand, retain and apply their 
course knowledge, and be prepared for practice. 
The time-tested, easy-to-use, and trusted solution 
includes engaging learning tools, evidence-based 
practice, case studies, and in-depth reporting to meet 
students where they are in their learning, combined 
with the most trusted nursing education content on 

the market to help prepare students for practice. 
This easy-to-use digital learning solution of  Lippin-
cott® CoursePoint+ , combined with unmatched sup-
port, gives instructors and students everything they 
need for course and curriculum success! 

Lippincott® CoursePoint+  includes the following: 

●    Leading content provides a variety of learning 
tools to engage students of all learning styles.  

●   A personalized learning approach gives students 
the content and tools they need at the moment 
they need it, giving them data for more focused 
remediation and helping to boost their confi dence 
and competence.  

●   Powerful tools, including varying levels of case 
studies, interactive learning activities, and adap-
tive learning powered by PrepU, help students 
learn the critical thinking and clinical judgment 
skills to help them become practice-ready nurses.  

●   Preparation for Practice improves student compe-
tence, confi dence, and success in transitioning to 
practice.
●    vSim® for Nursing: Codeveloped by Laerdal 

Medical and Wolters Kluwer, vSim® for Nurs-
ing simulates real nursing scenarios and al-
lows students to interact with virtual patients 
in a safe, online environment.  

●   Lippincott® Advisor for Education: With over 
8,500 entries covering the latest evidence-
based content and drug information, Lippin-
cott® Advisor for Education provides students 
with the most up-to-date information possible, 
while giving them valuable experience with the 
same point-of-care content they will encounter 
in practice.     

●   Unparalleled reporting provides in-depth dash-
boards with several data points to track student 
progress and help identify strengths and weak-
nesses.  

●   Unmatched support includes training coaches, 
product trainers, and nursing education consul-
tants to help educators and students implement 
CoursePoint with ease.   
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in 1 second (FEV1)   
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   gastroesophageal refl ux   
   hemoptysis   
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 hyaline membrane 
   hypercapnia   
   hypoxemia   
   hypoxia   
   impaired diffusion   
   insidiously   
   inspiration   
   mechanical ventilation   
   mucus plugs   
   nosocomial   
   orthopnea   
   oxygen saturation (SaO 2 )   
   oxyhemoglobin (HbO 2 )   
   PaO 2
   PaCO 2
   panacinar emphysema   
   partial pressure   
   perfusion   

   peripheral cyanosis   
   phlegm   
   pleural effusion   
   pleural friction rub   
   pneumonia   
   pneumothorax   
   pulmonary edema   
   pulmonary embolus   
   pulsus paradoxus   
   pursed lip breathing   
   residual volume (RV)   
   resistance   
   respiration   
   respiratory failure   
   retractions   
   sepsis   
   sputum   
   status asthmaticus   
   surfactant   
   systemic infl ammatory 

response syndrome 
(SIRS)   

   tidal volume (TV)   
   total lung capacity (TLC)   
   type I alveolar cells   
   type II alveolar cells   
   typical pneumonia   
   ventilation   
   ventilation–perfusion 

(V/Q) mismatching   
   vital capacity (VC)     

 Altered Ventilation 
and Diffusion  

   Introduction  
 The respiratory system is responsible for providing cells with necessary oxygen and 
ridding the body of carbon dioxide waste. It is made up of an upper respiratory tract 
and a lower respiratory tract. The two lungs are housed within the thoracic cavity. 
Gas exchange depends on the partial pressures and diffusion of dissolved gases. 
Respiratory function changes with age and disease. 

   Key Terms  

 15  
    CHAPTER 

   LEARNING OUTCOMES  

1.    Define and use the key
terms listed in this
chapter.  

2.   Explain the role of
ventilation and diffusion
in oxygen/carbon dioxide
gas exchange.  

3.   Describe the processes 
that can impair
ventilation and diffusion.

4.   Recognize the effects of
impaired ventilation and
diffusion.  

5.   Identify the common 
signs and symptoms of
altered ventilation and
diffusion.  

6.   Describe diagnostic tests 
and treatments relevant
to disordered ventilation
and diffusion.  

7.   Apply the concepts of
altered ventilation and
diffusion to select clinical
models.    
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372 Chapter 15: Altered Ventilation and Diffusion

 Take a deep breath. Exhale. Oxygen (O 2 ) from 
the air goes in; carbon dioxide (CO 2 ) goes out. When 
you breathe, four major processes are occurring as 
your chest rises and falls: ventilation, diffusion, per-
fusion, and respiration.  Ventilation  is the process 
of moving air into and out of the trachea, bronchi, 
and lungs.  Diffusion  is the process of moving and 
exchanging the oxygen acquired during ventilation 

with carbon dioxide waste across the alveolar–capil-
lary membranes.  Perfusion  is a process of supply-
ing oxygenated blood to the lungs and organ systems 
via the blood vessels.  Respiration  is a process in 
which cells throughout the body use oxygen aerobi-
cally to make energy. As a healthcare provider, it is 
critically important to recognize problems associ-
ated with altered ventilation and diffusion.  

 The pulmonary, or respiratory, system is responsi-
ble for ventilation and diffusion. The major function 
is the exchange of gases between the environment 
and the blood. The pulmonary system comprises 
the lungs, airways, chest wall, and pulmonary cir-
culation (  Fig. 15.1  ). The structural path of the pul-
monary system is often divided into the upper and 
lower airways. The upper airway comprises the nose, 
mouth, nasopharynx, and oropharynx. The laryngeal 
pharynx connects the upper and lower airways. The 
lower airway comprises the trachea, bronchi, and 
bronchioles. The branching anatomic structure of 
the pulmonary system is ideal for maximizing sur-
face area to allow for optimal gas diffusion, or move-
ment of gases across the alveoli.  

 Because the pulmonary system is vulnerable 
to the external environment, defense mechanisms 
are needed to protect the lungs from environmental 
injury. These defense mechanisms are highly effec-
tive and include: 

● Protective structures,  such as hairs and turbinates 
(shell-shaped structures) in the nose and cilia 
in the upper and lower airways, which trap and 
remove foreign particles from the air  

● Mucosal lining  of the upper and lower airways, 
which warms and humidifi es air  

● Irritant receptors  throughout the nose and air-
ways, which recognize injurious agents and 
respond by triggering a sneeze or cough refl ex to 
remove foreign particles  

● Immune protections , such as an immune coating 
in the respiratory tract mucosa and macrophages 
in the alveoli, which ingest and remove bacteria 
and other foreign materials via phagocytosis     

  STOP AND CONSIDER  
 How are defense mechanisms  affected in the person 
who is a mouth breather?  

 Intercostal muscles and ribs surround the lungs, 
providing protection against injury. The muscles 
of the chest cavity and the diaphragm perform the 
muscular work of breathing. Two major membrane 
layers line the lungs and chest cavity: the (outer) 
parietal pleura and (inner) visceral pleura. These 
layers are separated by a pleural space, which is 
fi lled with a lubricating fl uid, secreted by the pleura, 
that allows the two layers to slide over each other 
with minimal friction. 

 The pulmonary circulation is responsible for 
delivering oxygen and other nutrients to the lung 
tissues. It is also responsible for fi ltering clots, air, 
or other foreign materials from the circulation. The 
capillaries of the lungs near the alveoli facilitate 
the exchange of oxygen and carbon dioxide.   

   Ventilation  

 The process of ventilation involves both acquiring 
oxygen (inspiration) and removing carbon dioxide 
(expiration) from the blood. The transport of oxygen 
through the lungs is the  only  mechanism for acquir-
ing oxygen. Oxygen is necessary for cellular metabo-
lism, which means that for the cell to expend energy 
effi ciently and perform its designated function, oxy-
gen must be present. The release of carbon dioxide 
is equally as important. Optimal cell functioning 
occurs within a very narrow pH range. The release 
and retention of carbon dioxide is one mechanism for 
maintaining this balance. 

 The rate and volume of ventilation is regulated 
by the following components: 

●     Respiratory control centers in the brain  
●   Lung receptors  
●   Chemoreceptors   

 The drive to ventilate is stimulated by the respi-
ratory control center in the brainstem in response to 

Pulmonary Structure and Function1
MODULE 
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15

chemical messages in the body.  The respiratory control 
centers comprise neurons in the pons and medulla, 
which send neural impulses to the diaphragm, inter-
costal muscles, sternocleidomastoid muscles, and other 
accessory muscles, causing them to contract or relax. 
The autonomic nervous system (ANS) also inner-
vates the lungs and acts on the smooth muscles of the 
conducting airways to promote airway constriction 
(parasympathetic division) or dilation ( sympathetic 
division). The activity of the ANS will increase or 

decrease the diameter of the airways and affect the 
amount of air that is able to get in and out of the lungs. 

 Neural impulses are directed by lung receptors 
that map the current state of breathing and lung 
function. Lung receptors are located in the epithe-
lium and smooth muscle of the airways, and they are 
near the alveolar–capillary junctions. Specifi c lung 
receptors have particular roles. For example, lung 
receptors located in the epithelium of the conduct-
ing airways are responsible for sensing irritants in 
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▲     Figure   15.1.      Anatomy of the airways. 
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the lungs and stimulating the cough reflex. Lung 
receptors in the smooth muscles of the airways are 
activated to promote expiration in order to prevent 
excessive lung inflation. Lung receptors in the cap-
illaries detect increases in capillary pressure and 
stimulate a reduction in this pressure.

Chemoreceptors detect gas exchange needs 
based on the partial pressures of oxygen (PaO2) and 
carbon dioxide (PaCO2), along with the pH levels in 
the blood and cerebrospinal fluid (CSF). Central che-
moreceptors are located near the respiratory con-
trol center and respond to pH changes in the CSF. 
Because CO2 diffuses across the blood–brain barrier 
until both the arterial PaCO2 and CSF PaCO2 are 
equal, the CO2 levels detected by the central chemo-
receptors reflect that in the blood. The central chemo-
receptors then alter the rate of breathing to adapt to 
the higher or lower levels of CO2 in the body. Recall 
that carbon dioxide is acidic. If the blood is more 
acidic, the respiratory centers increase the rate and 
depth of breathing to release or “blow off” excess car-
bon dioxide. If the blood is more alkaline, the respira-
tory centers decrease the rate and depth of breathing 
to retain carbon dioxide. Peripheral chemorecep-
tors, which are most sensitive to oxygen levels in the 
arterial blood (PaO2), are located in the aorta and 
carotid arteries. Peripheral chemoreceptors trigger 
an increase in ventilation in response to low oxygen 
levels in the blood. Cervical and thoracic nerves are 
then stimulated to adapt breathing as necessary.

STOP AND CONSIDER
How does your breathing change when you exer-
cise? Why do you think this happens?

The messages sent by the lung and chemore-
ceptors are sent to the cervical and thoracic nerves, 
which act on the pulmonary system to adapt the 
breathing pattern to maintain homeostasis. The work 
of breathing is improved with strong muscles of ven-
tilation, such as the intercostal muscles, diaphragm, 
and sternocleidomastoid muscles, along with proper 
lung compliance (allows maximal inspiration), elas-
tic recoil (promotes expiration), and low airway resis-
tance. Compliance is distensibility, or expandability, 
of the lung tissue and chest wall. Airway resistance 
is based on the area of the inner lumen of the airway 
and on properties, such as viscosity and velocity, of 
the gas moving through that airway.

INSPIRATION

Inspiration is the process of breathing in to acquire 
oxygen. Similar to inflating a balloon, movement of air 
is always unidirectional and travels from an area of high 
pressure to low pressure. In this example, the pressure 
inside the balloon (the “lungs”) is lower than that of the 
person blowing air into the balloon (the “atmosphere”). 

A major difference is that the chest cavity changes size 
to alter the pressure gradient, thereby drawing air into 
the lungs, as opposed to the air moving in and chang-
ing the size, as you would see with a balloon. Neural 
stimulation and the movement of the diaphragm down-
ward and external intercostal muscles outward allow 
this increase in chest cavity size, reduce pressure inside 
the lungs, and pull air into the lungs.

EXPIRATION

Expiration, the process of removing carbon diox-
ide out of the body through the lungs, is also regu-
lated within the respiratory centers of the brain. In 
expiration, the diaphragm and external intercostal 
muscles relax. The chest wall moves inward and the 
diaphragm moves upward. The intrathoracic (inside 
the thoracic cavity) pressure becomes greater than 
the atmospheric pressure. This stimulates air to flow 
passively out into the atmosphere. Exhalation can 
also be forced if the abdominal and intercostal mus-
cles are contracted voluntarily, thereby increasing 
pressure to move the diaphragm upward and pull the 
ribs inward. The idea is to compress the lungs and 
increase the pressure inside the airways. Air then 
moves from the region of higher to lower pressure, 
or, in this example, from the lungs to the atmosphere.

MEASUREMENT OF VENTILATION

Lung volume measurements can determine the effec-
tiveness of inspiration and expiration. Measurements 
are done by breathing in or out through a spirometer 
where measurement of air volume occurs. Changes in 
lung volumes or pulmonary function can be an early 
sign of impaired ventilation. Predicted values (the 
measurement readings that are expected) vary based 
on age, height, and sex. The following are examples of 
major measurements of ventilatory capacity:

●● Tidal volume (TV) is the amount of air that is 
exhaled after passive inspiration; this is the vol-
ume of air going in and out of the lungs at rest; in 
adults, this volume is approximately 500 mL.

●● Vital capacity (VC) is the maximal amount of 
air that can be moved in and out of the lungs with 
forced inhalation and exhalation.

●● Forced vital capacity (FVC) is the maximal 
amount of air that is exhaled from the lungs dur-
ing a forced exhalation.

●● Forced expiratory volume in 1 second (FEV1) 
is the maximal amount of air that can be expired 
from the lungs in 1 second.

●● Residual volume (RV) is the volume of air that 
remains in the lungs after maximal expiration.

●● Total lung capacity (TLC) is the total amount 
of air in the lungs when they are maximally 
expanded and is the sum of the VC and RV.
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   Diffusion  

 Oxygen and carbon dioxide are exchanged at the alve-
olar–capillary junctions in the process of diffusion. 
The alveolar–capillary junction is a thin membrane 
composed of a layer of alveolar epithelial cells with 
a basement membrane and the capillary epithelium 
with a basement membrane. These are separated by a 
narrow interstitial space and are supported by connec-
tive tissue. Between the alveolus and capillary, oxygen 
moves into the bloodstream and carbon dioxide moves 
out to the atmosphere.   Figure 15.1   shows the prox-
imity of the alveolus and capillary. The alveoli that 
comprise the alveolar portion of this junction are com-
monly designated  type I alveolar cells  (those that 
provide structure and air exchange) or  type II alveo-
lar cells  (those that secrete surfactant).   Surfactant
is a lipoprotein lubricant that coats the inner portion 
of the alveolus, promotes ease of expansion, and repels 
fl uid accumulation. Surfactant is essential to main-
tain the integrity, air exchange, and diffusion function 
of the pulmonary system. Without surfactant, infl a-
tion of the alveoli would be almost impossible and 
would make breathing diffi cult. 

 During diffusion, two major processes are occur-
ring simultaneously: (1) Oxygen is trying to get to 
all cells and (2) carbon dioxide is trying to escape 
the body through the lungs. The effectiveness of this 
transaction depends on: 

●    Pressure: The amount of partial pressure of the 
oxygen or carbon dioxide in the blood.  

●   Solubility: Carbon dioxide is much more soluble 
than oxygen; therefore, carbon dioxide is able to 
diffuse at a greater rate than oxygen.  

●   Membranes: The thickness and surface areas of 
the alveolar and capillary membranes.   

   PARTIAL PRESSURE  

 Oxygen and carbon dioxide are composed of count-
less particles in constant collision. The force of these 
collisions results in the formation of pressure. With 
oxygen, approximately 1% to 13% is carried in the 
bloodstream as a dissolved gas in the plasma. This 
portion creates a pressure in the plasma, which is 
referred to as the  partial pressure  and is reported 
in millimeters of mercury  mmHg). The symbol for 
the partial pressure of oxygen in the arterial blood is 
PaO2 . PaO 2  is measured as part of the arterial blood 
gas panel by drawing blood from a small artery. 
Because there is no direct method to measure oxy-
gen concentrations in the body, the PaO 2  gives a  
reasonable estimate of the presence of oxygen in the 
blood based on the pressure exerted by this gas. PaO 2
is infl uenced by several factors, such as the presence 

and concentration of oxygen, altitude, or even aging. 
Similar to oxygen, the dissolved CO 2  in the plasma 
forms a partial pressure. The symbol for the par-
tial pressure of carbon dioxide in arterial blood is 
PaCO2 . PaCO 2  is also part of the arterial blood gas 
panel. It is measured through an arterial blood sam-
ple and is reported in  mmHg.  

   OXYGEN DIFFUSION AND TRANSPORT  

 After inspiration and diffusion across the  alveolar–
capillary junction occur s, oxygen dissolves in the 
plasma, forming a partial pressure (PaO 2 ). As the 
PaO 2  increases, oxygen dissociates from the plasma 
and connects with hemoglobin molecules in red 
blood cells. The oxygen–hemoglobin combination is 
now called  oxyhemoglobin (HbO2) . The connec-
tion to hemoglobin is based on oxygen’s attraction 
to iron. Iron is the magnet that pulls oxygen onto 
the hemoglobin molecule. The oxygen then circu-
lates throughout the body. When the oxygen is on 
the hemoglobin, it is  not  accessible to the cell.   

  STOP AND CONSIDER  
 What happens to your oxygen-attracting ability if 
you eat a diet low in iron?  

 This binding by attraction to hemoglobin contin-
ues until the hemoglobin molecules are completely 
saturated with oxygen.  Oxygen saturation (SaO2 ) 
refers to the amount of oxyhemoglobin; that is, the 
amount of hemoglobin that is combined, or satu-
rated, with oxygen. Four oxygen molecules can ride 
on each hemoglobin vehicle. When all four seats are 
fi lled, the hemoglobin is termed fully saturated or 
100% saturated. Less than this amount indicates 
a reduction in oxygen or carrying capacity of the 
hemoglobin vehicle. SaO 2  is  not  affected by blood vol-
ume or hemoglobin level. The SaO 2  is simply saying 
that for the hemoglobin present, this percent is satu-
rated with oxygen. It is possible that an individual 
could have a severe hemorrhage and still measure 
an SaO 2  of 100%. 

 Once saturation has been achieved, oxygen con-
tinues to diffuse and dissolve in the plasma until the 
partial pressure in the arteries is equal to that of the 
partial pressure of the oxygen in the alveoli. Diffu-
sion across the alveoli ceases until the need for oxy-
gen is again detected by changes in the PaO 2 . The 
dissolved oxygen in the plasma is diffused into and 
used by the cells for cellular metabolism. Oxygen is 
much less soluble than carbon dioxide; therefore, at 
any time, approximately 87% to 99% of the oxygen is 
combined with hemoglobin; the remainder is found 
dissolved in the blood plasma.  
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CARBON DIOXIDE DIFFUSION AND TRANSPORT

A major waste product of cellular function and res-
piration is carbon dioxide. If the cell is forced into 
anaerobic respiration, acidic metabolic wastes are pro-
duced in addition to CO2. One mechanism for ridding 
the body of this excess acid is to free the CO2 into the 
bloodstream, where it then travels to the alveoli and 
through the lungs for exhalation. Carbon dioxide dif-
fuses much more readily than oxygen and moves easily 
across the alveolar–capillary junctions. Like oxygen, 
carbon dioxide is transported through the bloodstream 
in three ways:

●● Dissolved in the plasma (approximately 10% of 
the CO2)

●● Bound to hemoglobin (approximately 20% to 30% 
of the CO2)

●● Diffused into the red blood cells as bicarbonate 
(approximately 60% to 70% of the CO2)

STOP AND CONSIDER
What happens to oxygen and carbon dioxide trans-
port if there is a lack of red blood cells, such as 
occurs in severe hemorrhaging?

The major portion of the CO2 found diffused 
into the red blood cell is converted through the 
buffering systems to either carbonic acid (H2CO3) 
or bicarbonate ions (HCO3

−). Next, the carbonic 
acid or bicarbonate continues in the plasma to 
help regulate blood pH. Excess CO2 is released 
easily from the hemoglobin, diffuses readily 
through the alveolar–capillary junction, and is 
exhaled through the lungs. Conditions that can 
decrease expiratory efficiency, such as fibrosis 
and air trapping in the alveoli, greatly affect CO2 
transport. The CO2 will not be able to cross the 
alveolar membrane, will be retained in the body, 
and will lead to acidosis.

Oxygen saturation (oxyhemoglobin; SaO2) is 
often measured using pulse oximetry, a nonin-
vasive method of determining hypoxemia even 
before clinical signs and symptoms are noted. 
The principle of pulse oximetry is based on red 
(600- to 750-nm wavelength) and infrared (850- to 
1,000-nm wavelength) light absorption levels for 
oxygenated and deoxygenated hemoglobin. Oxy-
genated hemoglobin absorbs more infrared light 
and allows more red light to pass through. Deox-
ygenated hemoglobin absorbs more red light and 
allows more infrared light to pass through. A sen-
sor is placed on the finger, toe, nose, earlobe, or 
forehead (Fig. 15.2). Both red and infrared light 
are transmitted to a photodetector. The sensor 
measures the amount of red and infrared light 
absorbed by hemoglobin. The expected range of 

SaO2 is generally 95% to 100%. An SaO2 below 
70% may be life-threatening.

DIFFUSING CAPACITY

The ability of the alveolar–capillary junction to 
exchange oxygen and carbon dioxide between the 
atmosphere and the blood can be measured quan-
titatively. The diffusing capacity is defined as a 
measurement of carbon monoxide (CO), oxygen, or 
nitric oxide transfer from inspired gas to pulmonary 
capillary blood and reflects the volume of a gas that 
diffuses through the alveolar–capillary membrane 
each minute. This volume is determined most com-
monly by comparing how much carbon monoxide at 
nontoxic levels is taken up by the blood and divid-
ing this by the pressure across the alveolar–capil-
lary membrane. Individuals with alveolar fibrosis 
or obstruction would be appropriate candidates for 
undergoing an analysis of diffusing capacity. During 
the test, the individual breathes in a gas containing 
CO and one or more tracer gases to determine the 
gas-exchanging capability of the lungs. For exam-
ple, the oxygen-diffusing capacity in a state of rest 
averages about 21 mL per minute per mmHg. If the 
average pressure difference between the alveoli and 
arterial blood is 11 mmHg, the amount of oxygen 
that diffuses per minute would average 21 × 11 = 
230 mL.

STOP AND CONSIDER
Based on what you know about why and how SaO2, 
PaO2, and PaCO2 are measured, what factors do you 
think would affect these readings?

▲▲ Figure 15.2.  A fingertip oximeter sensor (adult). (Reprinted 
with permission from Evans-Smith, P. (2004). Taylor’s clini-
cal nursing skills. Lippincott Williams & Wilkins.)
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 Impaired ventilation is a problem of blocking airfl ow 
in and out of the lungs, thereby restricting oxygen 
intake and carbon dioxide removal from the body. 
Two major mechanisms are implicated: (1) compres-
sion or narrowing of the airways and (2) disruption 
of the neural transmissions needed to stimulate the 
mechanics of breathing. Compression or narrowing 
of the airways anywhere from the nose or mouth to 
alveoli increases airway resistance and leads to dif-
fi culties with airway clearance. This occlusion can 
be partial or complete. Processes that contribute to 
ineffective airway clearance include infl ammation, 
edema, and exudate accumulation from an infec-
tious process; a structural narrowing of the passage-
way; strangulation; or the presence of a foreign body. 
In these cases, air is restricted from moving in and 
out of the body. 

 Disruption of neural transmission to the lungs 
also alters ventilatory capacity by ignoring the mes-
sages sent by chemoreceptors and lung receptors and 
interrupting the mechanics of breathing. Overseda-
tion during a surgical procedure or a drug overdose 
can promote a loss of  neural stimulation in the respi-
ratory center s. Damage to the respiratory center s of 
the brain, cervical nerves, or thoracic nerves leads 
to an unresponsive or ineffective breathing pattern 
that does not adapt to oxygen intake needs and car-
bon dioxide removal needs of the body. For example, 
severing the cervical nerves results in cessation of 
spontaneous lung function and requires external 
mechanical ventilation .   Table 15.1   highlights 
effective and ineffective breathing patterns related 
to select physiologic and pathophysiologic processes. 
When a person’s breathing pattern is responsive, 

Impaired Ventilation2
MODULE

  Table   15.1      Adaptations in Breathing Patterns 

       Type of 
Breathing 
Pattern Description of Pattern Diagram of Pattern Reason for Occurrence  

  Eupnea The expected pattern of 
breathing characterized by 
a rate between 10 and 20 
breaths/min in adults, 500 
and 800 mL in depth, and 
a regular rhythm.

Effective and responsive gas 
exchange. 

 Tachypnea Rapid, shallow breathing 
characterized by a rate 
of breathing above 24 
breaths/min in adults.

The body needs to release 
excess carbon dioxide and 
responds by increasing the 
rate of breathing. This is 
an expected response to 
fever, fear, or exercise; can 
also occur with respiratory 
insuffi ciency pneumonia, or 
injury to respiratory center s. 

 Apnea Cessation of breathing 
for 10 seconds or longer, 
usually interspersed with 
another breathing pattern 
described in this table.

Can result from brain injury, 
premature birth, or as an 
obstructive process during 
sleep. 

 Hyperpnea 
(Kussmaul 
respirations), 
hyperventilation

Increase in the rate and 
the depth of breathing. 
Hyperpnea is responsive to 
PaO 2 /PaCO 2  requirements; 
hyperventilation occurs in 
excess of what is needed to 
maintain PaCO 2 .

Excess carbon dioxide 
needs to be released. This 
can occur with extreme 
exertion, fear, or anxiety, or 
with diabetes ketoacidosis, 
aspirin overdose, or brain 
injury. Hyperventilation 
blows off excessive CO 2 , 
causing a decreased level in 
the blood. 

(Continued)
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the rate, depth, and rhythmic pattern of breathing 
adapt to physiologic changes occurring in the body. 
Breathing patterns become ineffective when these 
qualities (rate, depth, and rhythm) do not success-
fully maintain homeostasis, particularly in main-
taining acid–base balance. All of the clinical models 
in this chapter demonstrate some level of ineffective 
airway clearance and modifi cation in breathing pat-
terns related to obstructive, restrictive, or altered 
neural processes.    

  STOP AND CONSIDER  
 How long can you hold your breath? How do you 
feel while you are holding your breath? When you 
cannot hold your breath any longer and you start to 
breathe, how does your body respond?  

   Impaired Ventilation–Perfusion 
Matching  

 A second mechanism for impairing gas exchange is 
termed  ventilation–perfusion (V/Q) mismatch-
ing . This means either that areas of the lung are 
ventilated but not perfused or that the lung is 

 perfused but not ventilated. With impaired ventila-
tion, inadequate oxygen comes into the lungs even 
though the blood fl ow is ready and able to carry the 
oxygen that is present. If the perfusion aspect is 
impaired, the blood fl ow to the lungs is restricted in 
one or more areas. Oxygen may be coming into the 
body but there is no blood fl ow to carry this away to 
other body cells.    

   Impaired Diffusion  

Impaired diffusion  is a process of restricting the 
transfer of oxygen or carbon dioxide across the alve-
olar–capillary junction. Because the rate of diffu-
sion depends on the solubility and partial pressure 
of the gas,  and  on the surface area and thickness 
of the membrane, impaired gas exchange can occur 
with changes in any of these properties. All of the 
clinical models in this chapter demonstrate some 
level of impaired gas exchange related to a decrease 
in the functional alveolar–capillary junction surface 
area. 

 Partial pressure is increased when more mole-
cules are packed into a space, when the temperature 
increases (promoting an increase in particle colli-
sions), and when the barometric pressure increases. 

       Type of 
Breathing 
Pattern Description of Pattern Diagram of Pattern Reason for Occurrence  

 Bradypnea, 
hypoventilation

Slow breathing with 
regular depth and rate. 
Hypoventilation refers to 
decreased and inadequate 
ventilation.

Drug-induced depression 
of the respiratory center s, 
increased intracranial 
pressure, diabetic coma. 

 Cheyne-Stokes A breathing pattern that 
alternates hyperpnea in 
a crescendo–decrescendo 
pattern and periods of 
apnea.

Increased intracranial 
pressure, bilateral damage 
to breathing areas in the 
cerebral hemisphere or 
diencephalon, drug-induced 
respiratory depression, heart 
failure, uremia. 

 Ataxic breathing A breathing pattern of 
unpredictable irregularity. 
Can combine any or all 
breathing patterns above.

Severe head trauma and 
damage to respiratory 
center s, brain abscess, heat 
stroke, spinal meningitis, 
encephalitis. 

 Obstructive 
breathing

Prolonged and incomplete 
expiration to overcome 
increased airway 
resistance and air 
trapping.

Chronic obstructive lung 
disease, asthma, chronic 
bronchitis.   

Table 15.1 Adaptations in Breathing Patterns (Continued)

  Reprinted with permission from (2021). Eupnea, tachypnea, apnea, bradypnea, and Cheyne–Stokes; Radiation Implant Therapy. In  Lippincott 
nursing procedures  (8th ed., p. 668). Lippincott Williams & Wilkins; Reprinted with permission from (2003). Hyperpnea, ataxic breathing, and 
obstructive breathing. In Bickley, L. S., Szilagyi, P. (Eds.).  Bates’ guide to physical examination and history taking  (8th ed.). Lippincott Williams 
& Wilkins    .  
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A loss of partial pressure, and subsequent decrease 
in oxygen, can occur during a state of oxygen depri-
vation, during hypothermia, or when the body is 
responding to changes in atmospheric pressure 
(high altitude). The partial pressure of oxygen gen-
erally increases during the administration of high 
concentrations of oxygen and potentially during 
a fever. The partial pressure of carbon dioxide is 
increased during states of greater tissue metabo-
lism, such as occurs with fever or strenuous exer-
cise. This results in higher levels of carbon dioxide 
in the blood. 

 Changes in the alveolar–capillary membrane 
also impair diffusion. Damage to the alveoli or capil-
laries limits the accessible and usable surface area 
and restricts oxygen and carbon dioxide transport. 
Many disease processes, such as pneumonia, pul-
monary edema, and acute respiratory distress syn-
drome (ARDS), fi ll the alveolar–capillary junction 
with the products of infl ammation or infection. This 
obstructs the passage of gases needed for cell func-
tion and for the maintenance of optimal pH in the 
blood. Chronic injury to the alveoli, such as with 
emphysema, can lead to  fi brosis , or thickening 
of the  alveolar–capillary membrane, and can also 
impair gas exchange.  

   The Effects of Impaired Ventilation 
and Diffusion  

 Many conditions, even diseases outside of the respi-
ratory system, can challenge the ventilatory and dif-
fusion capabilities of the body. Any situation that 
presents a demand for higher levels of oxygen or an 
increase in cellular metabolism requires pulmonary 
adaptation to maintain homeostasis. For example, 
strenuous exercise requires extensive adaptation 
to provide adequate oxygen to cells and to remove 
the excess carbon dioxide (as a  byproduct of cellu-
lar metabolism). When the body is unable to keep up 
with the demands, either because the demands are 
too great or the ventilation or diffusion capabilities 
are restricted, this can lead to: 

1.    Hypoxemia  
2.   Hypoxia  
3.   Hypercapnia   

 These three effects directly result from 
decreased oxygen presence or utilization, or the 
retention of carbon dioxide. Basically, the body is 
unable to take in enough oxygen or is unable to 
release enough carbon dioxide. These basic effects 
directly apply to the selected clinical models in this 
chapter and all other conditions that affect ventila-
tion and diffusion.  

   Hypoxemia and Hypoxia  

Hypoxemia  is decreased oxygen in the arterial 
blood leading to a decrease in the partial pres-
sure of oxygen (PaO 2 ). The major causes of hypox-
emia include oxygen deprivation, hypoventilation, 
problems with adequate diffusion, and inadequate 
uptake of oxygen in the blood. Hypoxemia can 
range from mild to severe and becomes problem-
atic when cells are deprived of adequate oxygen, 
a condition referred to as  hypoxia . When hypox-
emia leads to hypoxia, the effects are widespread. 
All cells that depend on oxygen for effi cient cellu-
lar metabolism are vulnerable, particularly cells 
within the vital organs (brain, heart, and lungs). 
The brain has an incredibly high demand for oxy-
gen and has minimal storage capacity. Oxygen 
deprivation throughout the body results in reduced 
cell metabolism and function. This, in turn, forces 
the cell to use anaerobic metabolism. Anaerobic 
metabolism leads to the rapid development of met-
abolic acidosis. The body needs to maintain a rel-
atively constant pH for optimal cell functioning. 
Cellular death results from extreme or prolonged 
hypoxia. The cerebral effects of chronic hypoxia 
can range from restlessness (an early sign, partic-
ularly in children) to lethargy, coma, and, eventu-
ally, death. 

 Although hypoxemia can lead to hypoxia, 
hypoxia can result even when there is adequate arte-
rial oxygen. For example, a reduction in circulation 
caused by an arterial blockage can deprive cells dis-
tal to the blockage of oxygen even though the total 
amount of circulating oxygen is adequate. In this 
case, cell death results only in those cells deprived of 
oxygen.  

   Hypercapnia  

Hypercapnia  refers to a state of increased carbon 
dioxide in the blood. Carbon dioxide is much more 
easily diffused than oxygen; therefore, hypercapnia 
presents only in cases of severe alveolar hypoven-
tilation and subsequent hypoxia. Conditions that 
inhibit ventilation or promote trapping of air in the 
alveoli contribute to the development of hypercap-
nia. The major effect is respiratory acidosis caused 
by CO 2  retention. This can lead to electrolyte dis-
turbances, which can alter cardiac conduction and 
brain function, resulting in an ineffective heart 
rhythm, coma, and death. Determining the level of 
hypercapnia requires measurement of arterial blood 
gases.   Figure 15.3   summarizes the processes from 
ventilation and diffusion to hypoxemia, hypoxia, and 
hypercapnia.    
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STOP AND CONSIDER
How does the body respond to low oxygen or 
increased carbon dioxide in the blood or tissues?

GENERAL MANIFESTATIONS OF IMPAIRED 
VENTILATION AND DIFFUSION

Although some subtle variations exist across con-
ditions, the local and systemic clinical manifes-

tations of altered ventilation and diffusion have 
many commonalities. Local manifestations (those 
triggered in the airways and lung tissues) are 
most often related to inflammatory processes in 
response to injury. The injury triggers vasodila-
tion, increased capillary permeability, exudate 
formation, and pain in the affected region of the air-
ways, lungs, or chest cavity. Potent chemical medi-
ators regulate these inflammatory processes and 
are responsible for many of the local and systemic  
manifestations.

Ventilation
acquire O2 needed for cell metabolism,
remove CO2 needed to maintain pH,
& optimal cell functioning

Altered by:

Obstruction or
restriction of airflow

Inhibition of 
neural stimulation

+ mechanics of breathing

Blocked or inhibited airflow

Diffusion
exchange O2 + CO2 at the
alveolar capillary junction (ACJ)

Altered by:

Increased thickness of ACJ
Decreased usable surface 

area of ACJ

 Decreased partial pressure
Decreased solubility

Blocked transfer of O2
to circulation + CO2

to atmosphere

Hypoxemia
Hypoxia

Hypercapnia

Acidosis

Cell death

Examples:
  • high altitude
  • hypothermia
  • O2 deprivation

Examples:
  • bronchoconstriction 
  • suffocation

Examples:
  • drug overdose
  • cervical nerve damage

Examples:
  • emphysema
  • fibrosis
  • infection
  • edema

Goal: Goal: 

▲▲ Figure 15.3.  Altered ventilation and diffusion concept map.
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 The following are potential local manifestations: 

●    Cough  
●   Excess mucus  
●   Hemoptysis  
●   Dyspnea  
●   Use of accessory muscles  
●   Chest pain  
●   Barrel chest   

 A cough, with or without excessive sputum, is a 
common clinical manifestation of altered ventilation 
and diffusion. The cough refl ex is a protective mecha-
nism that is triggered to rid the airways of an irritat-
ing agent. An acute cough typically lasts less than 3 to 
8 weeks and is commonly associated with viral infec-
tions, seasonal allergies,  aspiration  (inhaling a foreign 
substance into the lungs), or  pulmonary embolus
(a blockage that occludes a pulmonary blood vessel). 
A chronic cough is one that extends beyond 8 weeks 
and is commonly associated with asthma,  gastro-
esophageal refl ux  (gastric contents back up into the 
esophagus and stimulate the cough refl ex), or chronic 
postnasal drainage. In smokers, chronic cough is a com-
mon manifestation of chronic bronchitis or lung cancer. 

 Excess mucus production of the airways is related 
to the infl ammatory response. This mucus is often 
the irritating agent that triggers the cough refl ex and 
often provides clues to the offending agent or process. 
This condition can be observed by having the individ-
ual  expectorate  or spit out mucus from the throat 
or lungs.  Sputum  refers to this expectorated mate-
rial.  Phlegm  is a term that describes large amounts 
of sputum expectorated from the oropharynx. Specifi c 
pathogens may produce sputum with a distinct color 
or odor. For example, bacterial infections are often 
characterized by thick, purulent sputum. Pneumococ-
cal pneumonia may lead to rust-colored, dark sputum. 
Typically, the onset of a viral acute upper respiratory 
infection (a common cold) begins with clear, thin mucus. 
As phagocytes move into the area of infl ammation to 
ward off any infection, these cells then die and are shed 
off as yellow or green mucus.  Hemoptysis  (coughing 
up blood from the respiratory tract) is defi ned by the 
presence of red blood cells in the sputum. Blood in the 
sputum is often signifi cant and can be caused by heavy 
exertion during coughing (blood streaking within the 
mucus) or from tuberculosis, a tumor, or more severe 
trauma. When combined with edema in the lung tis-
sues (  pulmonary edema ), the sputum often becomes 
not only blood-tinged but also frothy or foamy. 

 Diffi culty breathing is a common report in 
individuals with altered ventilation or diffusion. 
Dyspnea  is the subjective feeling of shortness of 
breath or the inability to get enough air. The stim-
ulus is based on the presence of hypoxemia, hyper-
capnia, and the subsequent reduction in pH; however, 
the exact mechanism is often unknown. One the-
ory is that lung receptors or chemoreceptors act on 

the brain and breathing muscles to stimulate this 
 sensation. Dyspnea often leads to certain physical 
and emotional responses, such as the physical need 
to sit in an upright or standing position, a condition 
called  orthopnea , to maximize lung expansion. An 
individual may also use accessory muscles and dem-
onstrate nasal fl aring to  help with breathing.  Retrac-
tions  are the pulling in of accessory muscles usually 
in the intercostal, substernal, and supraclavicular 
spaces to promote more effective inspiration. Along 
with position and effort changes, individuals experi-
encing air trapping may perform  pursed lip breath-
ing , a process of holding the lips puckered tightly 
together while slowly exhaling, to maintain positive 
airway pressure in the alveoli to minimize air trap-
ping and promote expiration of carbon dioxide. Emo-
tional manifestations of dyspnea include anxiety, a 
sense of panic, frustration, and anger. 

 Chest pain can originate in the visceral and pari-
etal pleura, the airways, or the chest wall. Infl amma-
tory processes within the pleura often lead to pleural 
pain, which increases with deep inspiration and is 
often described as sharp or stabbing pain.  Auscul-
tation  (listening with a stethoscope) will reveal a 
grating, scratching sound (called a  pleural friction 
rub ) with inspiration.  Costochondritis , infl amma-
tion of one or more costal cartilages, is also charac-
terized by pain in the anterior chest wall and may 
be triggered by coughing. Similarly, infl ammation of 
the airways, intercostal muscles, or accessory mus-
cles can also present as localized pain and be trig-
gered by coughing. Chest pain, although frequently 
of pulmonary origin, must be differentiated from 
cardiac pain because of the possibility of the individ-
ual experiencing a myocardial infarction. 

 Changes in the shape of the chest wall, known 
as  barrel chest , can also occur with chronic lung 
disease. Typically, the chest wall shape is an oval, 
in which the anterior–posterior (AP) plane is nar-
rower than the transverse (T) plane (an AP:T ratio of 
approximately 1:2). Chronic dilation and distention 
of the alveoli, as seen in emphysema, often results in 
a barrel chest appearance, in which the AP:T ratio 
becomes 1:1 (  Fig. 15.4  ).  

 Changes in breathing patterns (see   Table 15.1  ) 
and in the characteristics of breath sounds are also 
common local manifestations of altered ventilation 
and diffusion. The sounds emitted by the lungs dur-
ing inspiration and expiration also give clues to the 
presence and extent of altered ventilation and dif-
fusion.   Adventitious breath sounds are altered 
lung sounds resulting from airway constriction or 
fl uid accumulation  ( Box 15.1 ). Airway constriction 
results in wheezing breath sounds. Fluid accumu-
lation leads to fi ne or coarse  crackles . The char-
acteristics of these sounds vary based on anatomic 
location (larger vs. smaller airways) or type of secre-
tions (thin, watery vs. thicker mucus).  
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Systemic manifestations of altered ventilation 
are caused by the effects of hypoxemia, hypoxia, and 
hypercapnia. With inflammation, systemic mani-
festations, such as fever, malaise, leukocytosis, and 
higher levels of circulating plasma proteins, can 
apply to problems of altered ventilation and dif-
fusion. The intensity of the hypoxic or hypercap-
nic response is variable depending on the extent of 
oxygen deprivation and carbon dioxide retention. 
Responses may include:

●● Dusky or cyanotic mucous membrane color
●● Changes in arterial blood gases
●● Mental status changes
●● Finger clubbing

Changes in arterial blood gases, pH, and mental 
status are effects of hypoxemia, hypoxia, and hyper-
capnia. Changes in skin and mucous membrane color 
can also result from severe hypoxemia. Cyanosis 
is caused by a greater proportion of desaturated 

hemoglobin in the blood, which gives the blood a blu-
ish hue. Central cyanosis, a problem of low oxy-
gen saturation in the arterial blood, often presents 
as color changes in the skin and mucous membranes. 
In individuals with dark skin, the skin color change 
is often described as ashen or dusky. In light skin, 
the color is often described as pale or bluish. Because 
skin color varies among individuals, the most reli-
able indicator of central cyanosis on examination 
is the finding of a bluish color of the mucous mem-
branes. Individuals with peripheral cyanosis, a 
problem of sluggish blood flow in the fingers and 
toes, often present with sluggish capillary refill 
(demonstrated by a slow return of blood when the 
nail bed is compressed and then released) and a pale 
or bluish hue in the nail beds.

Chronic problems with ventilation and diffusion 
may result in clubbing of the fingers. Clubbing is 
a painless enlargement and flattening of the tips of 
fingers or toes caused by chronic hypoxia (Fig. 15.5). 
Although the exact mechanism is unknown, club-
bing is consistently associated with chronic condi-
tions that disturb oxygenation, such as prolonged 
obstruction or fibrosis of the airways.

Normal adult Barrel chest
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▲▲ Figure 15.4.  Comparison of expected anatomy and bar-
rel chest alteration that occurs with emphysema. A. The 
expected chest cross-section. B. The barrel chest.

BOX 15.1  Adventitious Breath Sounds

Crackles are snapping, popping, or bubbling sounds emit-
ted during inspiration and expiration and caused by 
fluid accumulation in the airways; fine crackles are 
higher pitched with a shorter duration and signify fluid 
in smaller airways; coarse crackles are louder and lower 
pitched and signify fluid in the larger airways.

Rales is a previously used term to describe fine crackles from 
fluid secretions in the airways; the term rales has been 
replaced with crackles.

Wheezing is a continuous, high-pitched, whistling sound; 
it is significant for obstruction or tightness in the small 
airways.

Rhonchi is a term used to describe both low-pitched wheez-
ing sounds with a snoring quality (sonorous wheezing) 
when the airway narrowing is in the larger airways, and 
high-pitched wheezing sounds with a squeaking quality 
(sibilant wheezing) when the airway narrowing is in the 
smaller airways. Rhonchi occur when thick mucus par-
tially blocks the airways.

Stridor is a harsh, high-pitched, creaking sound, which is 
significant for obstruction in the upper airway, especially 
of the trachea or larynx.

Diminished breath sounds is a term used to describe quieter 
breath sounds that are barely audible; this is significant 
for complete obstruction in one or more airways.

Absent breath sounds signifies no air movement through the 
lungs.
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   LABORATORY AND DIAGNOSTIC TESTS  

 Detection of altered ventilation and diffusion is based 
on a thorough patient history and physical examina-
tion supported by relevant diagnostic and laboratory 
tests.   Table 15.2   presents common laboratory and 
diagnostic tests performed when an individual has a 
suspected alteration in ventilation and diffusion.   

   TREATING IMPAIRED VENTILATION AND DIFFUSION  

 The treatment of any health condition is based on 
determining the cause. Occasionally, in conditions 
of altered ventilation and diffusion, the cause can-
not be reversed. The principles that guide improving 
ventilation are based on: 

1.    Removing obstructions (i.e., foreign body, tumor, 
edema)  

2.   Restoring the integrity of the chest wall, lungs, 
and other respiratory structures  

3.   Decreasing infl ammation  
4.   Decreasing, thinning, and moving mucus out of 

the airway  
5.   Opening and maintaining integrity of the airways  
6.   Supplementing oxygen  
7.   Controlling infectious processes  
8.   Using mechanical ventilation, as indicated   

 Table 15.3   outlines common treatment modali-
ties for impaired ventilation and diffusion.     

B

A

▲     Figure   15.5.      Finger clubbing.      A.    Normal  fi nger confi gu-
ration.      B.    Finger clubbing. Club fi ngers and toes indi-
cate chronic tissue hypoxia.     (Adapted with permission 
from    McArdle ,  W. D.  ,   Katch ,  F. L.  , &   Katch ,  V. L.   ( 2015 ). 
Exercise physiology: Nutrition, energy, and human perfor-
mance   ( 8th ed. ).  Wolters Kluwer Health  .) 

  Table   15.2      Laboratory and Diagnostic Tests Performed to Determine Altered Ventilation 
and Diffusion 

     Lab or Diagnostic Test Purpose of the Test  

  Pulmonary function 
test (PFT)

Broad range of noninvasive tests including spirometry, lung volume measurements, and 
diffusion capacity that involve breathing into a tube that measures the pressure exerted 
during ventilation. Spirometry is useful in detecting obstructive lung disease by monitoring 
how well the lungs exhale. 

 Arterial blood gas (ABG) Determines presence of acid–base imbalances and degree of hypoxemia and hypercapnia 
from an arterial blood sample. 

 Pulse oximetry Noninvasive test that measures oxygen saturation. 

 Bronchoscopy Direct visualization of bronchioles; can be used to take biopsy, take sputum samples, or 
remove foreign objects from airway. 

 Radiograph, CT, MRI Used to detect structural problems, presence of consolidation, obstruction, or cavitation in 
the airways and lung tissue. 

 Nuclear (V/Q) lung scan Detects pulmonary embolism (lung blockage) and lung disease, such as emphysema and 
chronic obstructive pulmonary disease, by using a nuclear medicine camera and computer 
imaging to visualize the amount and distribution of minute amounts of radioactive materials 
inspired into the lungs (V) or injected into a vein (Q) that then fl ows to and perfuses the lung. 

 Culture and sensitivity 
test

Determines presence and type of microorganisms in the blood and/or sputum; the results 
dictate the appropriate antibiotic treatment if indicated. 

 Thoracentesis Determines the presence of a pleural effusion (excess fl uid in the pleural space) by inserting 
a needle from the chest or back into the lung pleural space; the fl uid is examined to 
determine the cellular and chemical composition, the presence of malignant cells, and the 
presence of microorganisms.   

  V, ventilation (airfl ow in and out of the lungs); Q, perfusion (blood fl ow to the lungs); CT, computed tomography; MRI, magnetic resonance imaging.  
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 The following clinical models have been selected to 
aid in  understanding and applying altered ventila-
tion and diffusion processes and effects. Common-
alities and unique features of each clinical model 
should be noted when reading this section. 

   Pneumonia  

 Pneumonia is selected as a clinical model to dem-
onstrate the impact of a common acute infectious 
process on ventilation and diffusion.  Pneumonia
refers to infl ammation of the lungs occurring com-
monly in the bronchioles, interstitial lung tissue, or 
the alveoli.  Older and very young people, and those 

individuals who smoke or are immunosuppressed 
or  hospitalized are most at risk for  developing 
 pneumonia. It  is in the top 10 leading causes of 
death in the United States. 

   PATHOPHYSIOLOGY  

 Microorganisms, including bacteria, viruses, and 
fungi, spread by respiratory droplets, are the most 
common cause of pneumonia. Pneumonias are often 
distinguished as either community acquired or hos-
pital acquired ( nosocomial ) depending on where 
the disease was contracted. Nosocomial pneumo-
nias, particularly in the immunosuppressed indi-
vidual, tend to be more severe and lead to a less 

Clinical Models3
MODULE

  Table   15.3      Altered Ventilation and Diffusion Treatment Principles 

      Treatment Mechanism of Action Appropriate Uses  

  Anti-infl ammatory 
medications

Reduces infl ammatory response by acting on 
chemical mediators to decrease excess blood fl ow, 
swelling, heat, redness, and pain to the affected 
area.

Infl ammation that impinges on ventilatory 
function such as with asthma 

 Humidifi cation Moistens and liquefi es secretions to aid in 
expectoration.

Use in the presence of excessive, thick, or sticky 
mucus 

 Decongestants Decreases nasal congestion through vascular 
vasoconstriction, which decreases blood fl ow, 
reduces exudate, and shrinks swollen mucous 
membranes.

Use in the presence of excessive, thick, or sticky 
mucus 

 Antitussives Suppresses cough by inhibiting cough receptors 
in the medulla (some have local effects as well).

Use when cough is excessive and interferes 
with sleep 

 Bronchodilators Opens airways by relaxing bronchial smooth 
muscles.

Conditions that cause bronchoconstriction: 
asthma, chronic obstructive pulmonary disease 
(COPD) 

 Chest 
physiotherapy

Using a pounding motion or vibration on the 
chest to physically loosen thick secretions.

Conditions that result in thick, tenacious 
secretions such as in cystic fi brosis (CF) 

 Antimicrobials Antibiotics have a range of mechanisms focused 
on destroying or reducing impact of bacteria; 
antivirals may also be prescribed as appropriate.

Bacterial infection (antibiotics) such as 
bacterial pneumonia 

 Oxygen therapy Provides direct oxygen supplementation. Hypoxia 

 Mechanical 
ventilation

Life support measure that provides the work of 
breathing.

Respiratory failure 

 Surgery Surgical removal of abnormal tissues or 
structures within the chest (thoracotomy).

Multiple uses, including confi rmation of the 
diagnosis of lung disease, repair of the lung, 
removal of lung tumors, or removal of pus from 
pleural space (empyema)   
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favorable prognosis than community-acquired 
pneumonias. Typical community-acquired pneu-
monia is most commonly caused by  Streptococ-
cus pneumoniae, Haemophilus infl uenzae,  and 
Staphylococcus   species. Atypical forms of com-
munity-acquired pneumonia are caused by  Myco-
plasma pneumoniae, Legionella,  and  Chlamydia
species. The infl uenza virus is the most common 
viral pathogen known to cause pneumonia. Noso-
comial pneumonia is most commonly caused by 
infection with  Pseudomonas aeruginosa  or  Staph-
ylococcus aureus . Infection with an opportunistic 
fungal infection in the lungs, such as with  Candida 
albicans  or  Pneumocystis jirovecii   (formerly known 
as  Pneumocystis carinii ) ,  indicates immunosup-
pression or immunodefi ciency. Pneumonia can also 
occur when inhaling items not intended for the 
lungs, such as foods, fl uids, and stomach contents, 
a condition called  aspiration pneumonia . 

 In many cases, the defense mechanisms in the 
nasopharynx and oropharynx of the upper respi-
ratory tract effectively trap and expel microorgan-
isms before causing infection. For pathogens that 
happen to escape the cough refl ex and mucocili-
ary blanket, macrophages located in the alveoli are 
often adequate to engulf and destroy the offending 
microorganism. When these defense mechanisms 
are inadequate, the infl ammatory and immune 
responses are triggered, particularly in the intersti-
tial lung tissue and alveoli. The infl amed alveoli fi ll 
with exudate. Other products of infl ammation (red 
blood cells [RBCs], white blood cells [WBCs], and 
fi brin) accumulate as well and cause  consolida-
tion , or a solid mass in the lung tissue. These areas 
of consolidation are evident on radiographs and are 
often the key diagnostic feature of typical pneumo-
nia (  Fig. 15.6  ).  

 With  typical pneumonia , the presence of 
another viral infection, such as infl uenza, promotes 
attachment of the pneumococcal bacteria to the 
receptors on the respiratory epithelium. The bacteria 
can then infect the type II alveolar cells. The pneu-
mococci multiply along the alveolus and penetrate 
the alveolar epithelium, thereby moving across to 
infect adjacent alveoli. In contrast,  atypical pneu-
monia  causes damage often through immune-medi-
ated mechanisms rather than direct damage caused 
by the bacteria. The spread of infection with atypical 
pneumonia is more likely to spread beyond the lobar 
boundaries and is often bilateral. 

 Histologic changes in the lungs during the pro-
gression of pneumonia can be categorized in three 
stages: 

1.    Recent infection shows rapid fi lling of the alve-
olar capillaries with a frothy, serous, and blood-
tinged fl uid.  

2.   A “red hepatization” stage follows and is marked 
by the fi lling of alveoli with fi brinous exudates, 
which appear as areas of dry, granular, dark-red 
lung tissue.  Hepatization  refers to the conver-
sion of lung tissue into tissue (oftentimes solid) 
that resembles liver tissue.  

3.   Within 72 hours, the “gray hepatization” stage 
occurs and is marked by WBCs packing into the 
alveoli as RBCs and epithelial cells degenerate. 
The pneumococcal bacteria release toxins that 
contribute to cell death. Eventually, the bacteria 
are opsonized by WBCs, a yellow exudate forms, 
these exudates are then absorbed, and resolution 
begins.   

 The general effects of altered ventilation 
and diffusion apply to pneumonia: Oxygen diffu-
sion is greatly impaired, hypoxia sets in, meta-
bolic acidosis occurs, and dehydration may result. 
Dehydration is related to fl uid losses through 
hyperventilation and fever, and it is exacerbated 
by inadequate fl uid intake. Although most cases 
of pneumonia resolve within 2 weeks with appro-
priate treatment, individuals with preexisting 
respiratory disease are more likely to experience 
a deterioration of respiratory status, leading to 
respiratory failure and death. 

▲     Figure   15.6.      Chest radiograph in a 50-year-old patient 
with pneumonia shows opacity characteristic of lung 
consolidation.    (Reprinted with permission from    Crapo , 
 J. D.  ,   Glassroth ,  J.  ,   Karlinsky ,  J. B.  , &   King ,  T. E.   ( 2004 ). 
Baum’s textbook of pulmonary diseases   ( 7th ed. ).  Lippin-
cott Williams & Wilkins  .) 
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Respiratory failure  can result from any 
problem that severely affects ventilation, ventila-
tion–perfusion matching, or diffusion. It can occur 
quickly or  insidiously  (gradually with harmful 
effects).  Box 15.2  outlines major causes of respi-
ratory failure and relevant examples. Respira-
tory failure represents the failure of the lungs to 
adequately oxygenate the cells of the body and 
remove carbon dioxide. It is a life-threatening 
emergency. Respiratory failure can lead to a state 
of  anoxia , a total lack of oxygenation. The cells 
quickly become hypoxic and the blood can become 
acidotic. If not reversed, death can ensue within 
minutes.      

   CLINICAL MANIFESTATIONS  

 Clinical manifestations relevant to pneumonia 
include sudden onset of fever, chills, cough, spu-
tum production, fatigue, loss of appetite, dyspnea, 

 tachypnea, tachycardia, pleuritic pain, and  adven-
titious breath sounds caused by fl uid accumulation 
in the lungs (crackles). These manifestations are 
related to the infl ammatory and infectious processes. 
In adults (particularly in elderly people), headaches 
and even confusion can occur.  

   DIAGNOSTIC CRITERIA  

 Diagnosis is based on a thorough patient history 
and physical examination, noting the characteris-
tic clinical manifestations. A complete blood count 
is performed to determine an elevation in the WBC 
count, which suggests bacterial infection. A chest 
radiograph or possibly a thoracic CT scan is also 
needed to identify areas of consolidation and to rule 
out other diseases or complications that may pres-
ent with similar symptoms, such as  bronchiectasis
(irreversible dilation and destruction of the bron-
chial tree most often caused by chronic obstruction 
or infection), lung tumors, or heart failure. 

 Identifying the causative microorganism is 
important for directing the treatment and for pre-
dicting the severity of disease and prognosis. This 
is completed through a Gram stain and culture and 
sensitivity tests of expectorated sputum. In addi-
tion, certain characteristics of sputum may suggest 
a specifi c pathogen. For example, individuals with 
pneumococcal pneumonia often present with bloody 
or rust-colored, dark sputum. Individuals with infec-
tions caused by  Haemophilus  or  Pseudomonas  are 
likely to expectorate green sputum. Anaerobic infec-
tions are typically foul smelling. Pleural fl uid may 
also be aspirated via thoracentesis and tested if 
there is a  pleural effusion  (fl uid in the pleural 
space) or  empyema  (lung abscess). 

 Monitoring the ventilation and perfusion status 
of the individual with pneumonia requires measure-
ment of oxygenation through the use of pulse oxim-
etry and arterial blood gases. A nuclear (V/Q) lung 

scan may also be neces-
sary to determine ven-
tilation and perfusion 
effi cacy.  

   TREATMENT  

 The goal of treatment 
for pneumonia is to 
restore optimal ventila-
tion and diffusion. The 
plan of care, particularly 
the location of treat-
ment (hospital or home) 
and the  appropriate 
 antibiotic, depends on 
the type of pneumonia 

   BOX   15.2      Potential Causes of Respiratory Failure  

 Respiratory failure can be a life-threatening consequence of: 

●●    Impaired ventilation

●●    Total airway obstruction  

●●   Head injury leading to severe hypoventilation  

●●   Weakness or paralysis of respiratory muscles  

●●   Chest wall injury     

●●   Impaired matching of ventilation and perfusion  

●●   Chronic obstructive pulmonary disease

●●    Atelectasis  

●●   Severe infection     

●●   Impaired diffusion

●●    Pulmonary edema  

●●   Acute respiratory distress syndrome      

  RESEARCH NOTE  

 Mechanical ventilation with gas has been a mainstay of treatment for severely altered ven-
tilation. This approach can sometimes cause more harm than good by exacerbating lung 
injury through structural damage and release of inflammatory chemical mediators within 
the lung. For more than 40 years, researchers have been investigating methods to reduce a 
patient’s time on a mechanical ventilator without risking reintubation. In a recent Cochrane 
review, researchers found that using noninvasive positive pressure ventilation (such as with 
a CPAP) as a weaning strategy for intubated adults with respiratory failure was an effective 
way to reduce mechanical ventilation time and prevented reintubation. As of the writing of 
this text, we are in the midst of the coronavirus pandemic and mechanical ventilation has 
been at the fore of treatment for hospitalized patients. Unfortunately, interpreting the epi-
demiologic data for best practices for when to intubate a patient as well as reported mor-
tality for those on mechanical ventilation is difficult. 
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(community or hospital acquired), the severity of dis-
ease, the presence of comorbid conditions, and the 
type of pathogen. For example, the initial antibiotic 
to treat community-acquired pneumonias in low-risk 
patients is a macrolide, such as azithromycin. Mac-
rolides help to eradicate Gram-positive microorgan-
isms, along with  Mycoplasma  and  Legionella  species. 
Community-acquired pneumonias in high-risk indi-
viduals (those older than 60 or with a comorbid con-
dition) would be prescribed a macrolide along with 
an antibiotic that provides coverage of Gram-nega-
tive bacteria. Severe pneumonia requires hospitaliza-
tion to provide adequate oxygen therapy, intravenous 
antibiotics (if bacterial), and intravenous fl uids to 
prevent or reverse dehydration. Chest physiotherapy, 
deep breathing, and coughing may be needed to help 
loosen secretions and promote sputum expectoration. 
Treatment may also involve fever management and 
comfort measures.   

   Chronic Obstructive Pulmonary 
Disease  

Chronic obstructive pulmonary disease (COPD)
is a generic term that describes all chronic obstruc-
tive lung problems, including asthma, emphysema, 
and chronic bronchitis, separately or in combination. 
COPD is one of the leading causes of death worldwide. 

 COPD is primarily used to denote the presence of 
both emphysema and chronic bronchitis (and, to some 
extent, asthma). Infl ammatory processes in both the 
alveoli and in the bronchi/bronchioles character-
ize COPD. The disease is progressive, unremitting, 
and irreversible, although progression can be slowed 
if treatment is implemented early in the course of 
the disease. Although smoking has been implicated 
in the development of COPD, approximately 10% to 
20% of those affected have never smoked. Because 
of signifi cant lung reserves, symptoms may only 
become apparent when lung function is at or below 
50%. In this section, emphysema, chronic bronchitis, 
and asthma are discussed separately.  

   Emphysema  

Emphysema  is an irreversible enlargement of the 
air spaces beyond the terminal bronchioles, most 
notably in the alveoli, resulting in destruction of the 
alveolar walls and obstruction of airfl ow. The most 
notable cause of emphysema is chronic smoking, 
although in nonsmokers, development of emphysema 
is often due to the genetically inherited defi ciency of 
alpha-1 antitrypsin (AAT) . Less commonly, pul-
monary  vascular damage from the insoluble fi llers 

(e.g., cornstarch or cotton fi bers) found in intrave-
nous drugs (such as methadone or cocaine), immune 
defi ciency syndromes, or connective tissue disorders 
(such as Marfan syndrome) can lead to emphysema 
development. 

   PATHOPHYSIOLOGY  

 In early or mild emphysema, the primary source of 
obstruction is the development of infl ammation in the 
small airways distal to the respiratory bronchioles. 
If diagnosed early, the infl ammation in the small air-
ways can be reduced, thereby providing some relief 
from airway obstruction. In moderate-to-severe dis-
ease, the loss of elastic recoil in the alveoli is the pri-
mary mechanism of airfl ow obstruction. This is not 
reversible. Vascular changes in the lungs develop 
simultaneously along with the airway obstruction. 
The inner lining of the arteries and arterioles that 
perfuse the lungs becomes thick and fi brotic. This 
further contributes to alveolar and capillary destruc-
tion. Patterns of alveolar destruction can occur in 
the respiratory bronchioles and spread peripher-
ally, termed  centriacinar , or uniformly destroy the 
entire alveolus, termed  panacinar .   Centriacinar 
 emphysema  is typically associated with chronic 
smoking and primarily affects the upper half of the 
lungs, whereas  panacinar emphysema  occurs in 
those with AAT defi ciency (  Fig. 15.7  ).  

 Chronic smoking impairs alveolar function 
through the following cascade of events: 

1.    Inhalation of smoke triggers the infl ammatory 
response.  

2.   Neutrophils and later macrophages are activated 
and retained in the lung tissue.  

3.   Neutrophils and macrophages release proteolytic 
enzymes, such as proteinases and elastases, that 
destroy components of the extracellular matrix, 
such as elastin, in the lungs.  

4.   The elasticity of the lung is signifi cantly reduced 
leading to the inability of the alveoli to recoil and 
release CO 2  into the atmosphere.   

 Elasticity is essential in the alveoli. Loss of elas-
ticity affects the ability of the alveoli to contract and 
move air back out of the body. The  air spaces become 
enlarged and ineffective. If the alveolar walls col-
lapse, air remains trapped in the alveoli (  Fig. 15.8  ). 
Air trapping  decreases effective O 2  intake and 
especially CO 2  release. The experience of air trap-
ping is demonstrated through taking a full breath 
and releasing half of the air and then again taking a 
full deep breath and releasing half of the air. When 
a person takes a deep breath and releases only half 
of the air, hyperinfl ation occurs in the lungs. The 
 alveoli become further stretched and continue to lose 
elasticity. CO 2  is retained and blood pH is reduced.  

Nath4e_Chap15.indd   387Nath4e_Chap15.indd   387 10/27/2021   8:19:26 PM10/27/2021   8:19:26 PM

Copyright © 2021 Wolters Kluwer, Inc. Unauthorized reproduction of the content is prohibited.



388	 Chapter 15: Altered Ventilation and Diffusion

The lungs require protection against the 
destruction imposed by proteolytic enzymes. This 
is the primary role of antiprotease enzymes, partic-
ularly alpha-1 antitrypsin, an enzyme that is syn-
thesized by cells in the lungs. This enzyme works 
to combat the destructive enzymes from digesting 
structural proteins and helps to maintain the integ-
rity of the lungs. With emphysema, an imbalance of 

the destructive (proteolytic) and protective (antipro-
teolytic) enzymes exists, favoring the destructive. 
In smokers, lung destruction is a manifestation of 
excess proteinase release and a loss of antiprotein-
ase defenses within the lungs.

The development of emphysema in nonsmokers 
is most often related to a genetic disorder attributed 
to a reduction or absence of antiprotease enzymes. 
In AAT deficiency, the affected individual has inher-
ited an autosomal-codominant disorder located on 
the long arm of chromosome 14. In codominant dis-
orders, the phenotype is expressed in the individual 
who has inherited two equally dominant genes. This 
genetic defect causes an acceleration of the break-
down of cells and tissues in the lungs with the early 
onset of panacinar emphysema.

CLINICAL MANIFESTATIONS

Clinical manifestations are related to obstruction of 
the small airways and alveoli, chronic hypoxemia, 
and hypercapnia. Most patients with emphysema 
have smoked heavily for 20 or more years and pres-
ent with a chronic productive cough, most notable 
upon waking in the morning. Dyspnea and wheez-
ing may occur with minimal exertion. As the dis-
ease progresses, a barrel chest develops because of 
chronic hyperinflation of the airways. Patients with 
emphysema commonly perform pursed lip breathing 
to increase the pressure in the airways, to prevent 
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Respiratory
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and fibrosis
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▲▲ Figure 15.7.  Types of emphysema. The acinus, the gas-exchanging structure of the lung distal to the terminal bronchi-
ole, consists of the terminal bronchiole, respiratory bronchioles, alveolar ducts, and alveoli. In centriacinar emphysema, 
the respiratory bronchioles are mainly involved. In panacinar emphysema, the acinus is uniformly damaged.
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▲▲ Figure 15.8.  Elastic recoil in the alveoli. A. Unaffected 
alveolus. B. Air trapping seen in emphysema caused by 
the loss of alveolar elastic recoil.
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alveolar wall collapse, and to allow the air to escape 
the alveoli. In severe disease, simple activities, such 
as brushing one’s teeth, can cause tachypnea and 
respiratory distress.  

   DIAGNOSTIC CRITERIA  

 Diagnosis of emphysema is based on a thorough 
patient history and physical examination, noting 
signifi cant smoking history and characteristic clin-
ical manifestations. Expiratory airfl ow should be 
measured using pulmonary function tests. In non-
smokers who have suspected emphysema, AAT lev-
els can be measured and will be found to be well 
below the expected range. In general, individuals 
with AAT defi ciency and an increased risk for the 
development of emphysema will have 10% to 15% 
of the expected AAT level. Physical examination 
includes auscultation of lung sounds and observa-
tion of expiratory effort with simple activities. The 
respiratory rate tends to increase in proportion to 
disease severity. Cyanosis and peripheral edema 
may also be observed. Chest radiograph will show 
signs of hyperinfl ation. 

 Pulmonary function tests are critical in the 
diagnosis of emphysema and the level of airfl ow 
obstruction. Spirometry  determines disease pro-
gression and the response to treatment. FEV 1  is the 
most common test to determine airfl ow obstruction; 
a prolonged forced expiratory time (FET) greater 
than 6 seconds indicates severe disease. Hypercap-
nia, measured in the arterial blood gas panel, is 
commonly observed when the FEV 1  falls below 30% 
of the predicted volume. For example, if a patient 
(based on age, sex, and height) is expected to force-
fully exhale 4 L of air per second, hypercapnia will 
present when forced exhalation expels less than 1.2 
L of air per second. This indicates severe outfl ow 
obstruction. Hypoxemia is often present in early 
disease and continues throughout the disease pro-
gression; however, hypercapnia predominates as the 
disease progresses.  

   TREATMENT  

 Because emphysema is irreversible, the goals of 
treatment are to maintain optimal lung function 
in order to allow the individual to perform the 
desired activities of daily living. Treatment begins 
with smoking cessation and may also include drug 
therapy (with danazol or tamoxifen) to increase 
production of AAT by the liver or by administer-
ing exogenous AAT via intravenous infusion or 
inhalation. Bronchodilators, steroid anti-infl amma-
tory drugs, mucolytic agents (to reduce thickness 
and promote clearance of sputum), and antibiotics 

are the  mainstays of therapy for individuals with 
 emphysema. Supplemental oxygen is often required. 
Lung volume reduction  or lung transplant is a pos-
sible surgical treatment.    

   Chronic Bronchitis  

Chronic bronchitis  is defi ned by the presence of a 
persistent, productive cough with excessive mucus 
production that lasts for 3 months or longer for two 
or more consecutive years. The chronic bronchitis 
label is applied only after all other potential causes 
of chronic cough are excluded. The cause of chronic 
bronchitis is most commonly chronic smoking or 
exposure to environmental pollutants that irritate 
the airways. 

   PATHOPHYSIOLOGY  

 Chronic bronchitis results from several changes in 
the bronchi and bronchioles of the lungs in response 
to chronic injury including: 

●    Chronic infl ammation and edema of the airways  
●   Hyperplasia of the bronchial mucous glands and 

smooth muscles  
●   Destruction of cilia  
●   Squamous cell metaplasia  
●   Bronchial wall thickening and development of 

fi brosis   

 The chronic infl ammatory process, metaplasia, 
fi brosis, and mucous gland hyperplasia cause airway 
deformities and obstruct airfl ow by narrowing the 
airway lumen and further occluding this narrowed 
lumen through overproducing mucus (  Fig.  15.9  ). 
This is particularly problematic in the smaller air-
ways and accounts for most airway obstructions. 
The loss of ciliated epithelium allows fi ne particles 
to enter the airway easily and predispose the indi-
vidual to infection.   

   CLINICAL MANIFESTATIONS  

 The clinical manifestations of chronic bronchitis are 
often similar to those of emphysema because the 
two conditions often occur simultaneously. A chronic 
productive cough, often with purulent sputum, is 
frequent. Dyspnea occurs with minimal exertion. 
Chronic bronchitis leads to a prolonged expiratory 
phase along with wheezing and crackles upon aus-
cultation of the lungs. Hypoxemia, hypercapnia, and 
cyanosis are more commonly found in those with 
chronic bronchitis compared with individuals with 
emphysema because of excessive bronchial mucus 
and obstructed ventilation.  
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DIAGNOSTIC CRITERIA

The diagnosis of chronic bronchitis is based on the 
clinical presentation of a persistent, productive 
cough over a period of 3 months or more within 
two consecutive years. A history of smoking is often 
present along with recurrent upper and lower respi-
ratory infections. Arterial blood gases may be sig-
nificant for hypoxemia and hypercapnia. Laboratory 
tests may indicate polycythemia (the overproduc-
tion of RBCs) as a compensatory measure to combat 
chronic hypoxemia. As with emphysema, pulmo-
nary function tests are performed and demonstrate 
a reduced FEV1 and prolonged FET. Sputum speci-
mens are often examined and tested for the presence 
of pathogens.

TREATMENT

As with emphysema, treatment of chronic bron-
chitis is aimed at alleviating symptoms, improving 

airway and lung function, slowing the progression 
of the disease, and improving overall quality of life. 
Treatment strategies are most effective when imple-
mented early in the course of the disease. Smoking 
cessation is a critical component of success, as are 
pulmonary rehabilitation, bronchodilator therapy, 
steroid anti-inflammatory drugs, mucolytic agents, 
supplemental oxygen when indicated, and antibi-
otic therapy and immunizations to treat and protect 
against infection.

Asthma

Asthma is a chronic inflammatory disorder of the 
airways that results in intermittent or persistent 
airway obstruction because of bronchial hyperre-
sponsiveness, inflammation, bronchoconstriction, 
and excess mucus production. The development of 
asthma often occurs in childhood, but the condition 

Enlarged
mucous glands

Lumen

Excessive
mucus
retention

Bacteria

Damaged
cilia

Increased
number of
goblet cells

Healthy Bronchi

Chronic Bronchitis

Narrowed
bronchial
tube

Normal
bronchial
tube

Lumen

Mucus

Cilia

Goblet cell

Mucous
glands

▲▲ Figure 15.9.  In chronic bronchitis, irritants inhaled for a prolonged period inflame the tracheobronchial tree. The 
inflammation leads to increased mucus production and a narrowed or blocked airway. As inflammation continues, the 
mucus-producing goblet cells undergo hypertrophy, as do the ciliated epithelial cells that line the respiratory tract. Hyper-
secretion from the goblet cells blocks the free movement of the cilia, which normally sweep dust, irritants, and mucus.
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can emerge at any point in the life span. Individu-
als most likely to develop asthma include those con-
sidered  atopic  or having a genetic predisposition to 
developing hypersensitivities. 

   PATHOPHYSIOLOGY  

 Although the exact cause is unknown, asthma is 
increased in individuals who are frequently exposed 
to environmental allergens, such as cigarette smoke 
or dust mites. This discussion of asthma combines 
what is known about hypersensitivity reactions and 
the infl ammatory process, because both of these con-
cepts play a major role. 

 The infl ammatory and immune response is 
often stimulated through exposure to an allergen. 
This allergen varies based on the individual and is 
often referred to as the asthma “trigger.” Common 
environmental exposures that are known to result 
in hypersensitivity reactions and trigger the infl am-
matory response include smoke, dust, dust mites, 
mold, or animal hair. Other common triggers that 
can result in bronchospasm include exercise, tem-
perature extremes, illness, and anxiety.  Exercise-
induced asthma (EIA)  is a condition in which 
exercise or vigorous physical activity triggers acute 
bronchospasm, coughing, and wheezing in suscepti-
ble persons. 

 After an individual is exposed to the trigger, an 
IgE-mediated hypersensitivity reaction is immedi-
ate (  Fig. 15.10A  ). IgE mast cells are stimulated to 
release chemical mediators. These chemical media-
tors promote increased edema and subsequent bron-
choconstriction in the airways. Further products of 
infl ammation then move into the area. Mast cells 
call forth additional chemical mediators, such as 
histamine and prostaglandins. Hours later, leukotri-
enes are released. These chemical mediators stimu-
late further bronchospasm, swelling, and excessive 
mucus production in the airways (  Fig. 15.10B  ). 
The late infl ammatory response occurs approxi-
mately 6 to 24 hours after exposure to the trigger 
and is marked by airway edema and the forma-
tion of  mucus plugs  from exudate and cell debris 
in the airways. The mucus plugs can take weeks to 
resolve. Over time, the cells of chronic infl amma-
tion, along with eosinophils, infi ltrate the airways 
and cause destruction of the respiratory epithelium, 
smooth muscle hyperplasia, and narrowing of the 
airways. These structural changes, called  airway 
remodeling , strongly affect the irreversibility of 
the  condition.   

   CLINICAL MANIFESTATIONS  

 Clinical manifestations depend on the state of air-
way hyperreactivity and infl ammation. In periods 

of remission, the individual is symptom free. As an 
exacerbation is emerging, the individual may not 
notice any symptoms, although pulmonary func-
tion tests begin to decline. In times of exacerbation, 
hyperreactivity and infl ammation in the airways 
causes wheezing, breathlessness, chest tightness, 
excessive sputum production, and coughing, partic-
ularly at night or in the early morning. During an 
asthma episode, the individual may exhibit anxiety, 
tachypnea, and the use of accessory muscles. Hyper-
ventilation initially leads to respiratory alkalosis; 
however, compensation is usually temporary, and 
acidosis develops because of ineffective expiration. 
Even with a partial airway obstruction, hypoxia 
quickly results.   

  STOP AND CONSIDER  
 Based on the basic pathophysiologic processes, con-
struct a treatment plan for a person with asthma. 
What environmental modifications would you make? 
What would be the goals of pharmacologic therapy?   

   DIAGNOSTIC CRITERIA  

 The patient may request an evaluation for asthma 
during a time of remission or may present to the 
health professional in acute distress. The diagno-
sis includes evaluating signs and symptoms and 
determining the triggers to determine the likelihood 
that the manifestations are actually attributable to 
asthma. The patient’s history is often signifi cant for 
atopy or asthma in the family. The patient may or 
may not be currently experiencing the characteristic 
clinical manifestations. Physical fi ndings indicative 
of asthma include: 

●    Evidence of respiratory distress  
● Pulsus paradoxus , an exaggerated decrease in 

systolic blood pressure during inspiration  
●   Wheezing breath sounds  
●   A prolonged expiratory phase  
●   Atopic dermatitis, eczema, or other allergic skin 

conditions that may indicate hypersensitivities   

 Laboratory fi ndings may reveal eosinophilia 
(indicating allergy) and arterial blood gases indica-
tive of hypoxemia and hypercapnia. Pulse oximetry 
is useful in screening for hypoxemia and may be 
used to grade asthma severity. Spirometry is used to 
determine the effectiveness of airfl ow. The peak expi-
ratory fl ow rate (PEFR) is a common measure used to 
track forced expiration. The peak fl ow meter is a con-
venient, portable, inexpensive tool. Measurements 
over time can provide information about the patient’s 
response to therapy and can indicate the emergence 
of an asthma exacerbation. Chest radiograph may 
demonstrate hyperinfl ation or infi ltrates of the lung 
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▲▲ Figure 15.10.  Asthma. A. Pathogenesis. B. Narrowed bronchiole. (A. Modified with permission from Porth, C. M. (2004). 
Pathophysiology: Concepts of altered health states (7th ed.). Lippincott Williams & Wilkins.)
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fi elds and can be used to rule out other sources of 
pleuritic chest pain, such as pneumonia or  pneumo-
thorax  (the presence of air in the pleural space that 
causes the lung to collapse). Once diagnosed, asthma 
can then be classifi ed based on severity, frequency, 
and duration of disease. The classifi cation guide and 
treatment measures are found in  Box 15.3 .   

   TREATMENT  

 The treatment of asthma has four major compo-
nents: 

1.    Monitoring lung function through peak fl ow testing  
2.   Controlling environmental triggers  
3.   Pharmacologic therapy to reverse infl ammation, 

bronchoconstriction, and mucus secretion  
4.   Patient education to facilitate adherence to the 

treatment plan   

 Alternative and complementary therapies have 
been implemented as possible treatments for condi-
tions of altered ventilation and diffusion. One group 
of researchers explored the effectiveness of acupres-
sure in promoting relaxation, decreasing anxiety, and 
alleviating dyspnea in patients with COPD. In this 
randomized clinical trial, patients were either pro-
vided true acupoint acupressure or a sham treatment. 
Those patients undergoing true acupoint acupressure 
demonstrated signifi cant improvements in pulmo-
nary function, dyspnea scores, 6-minute walking dis-
tance measurements, and state anxiety scale scores. 

 A written action plan is an essential aspect of 
care for the individual with asthma. The action plan 
outlines methods for avoiding triggers and describes 
what to do when an asthma exacerbation is occur-
ring. The plan is based on the measurement of the 
PEFR using a peak fl ow meter. The individual deter-
mines   their highest PEFR, or “personal best,” over a 
symptom-free period of 1 to 3 weeks. The inability to 
expire at or above 80% of the personal best requires 
attention because an asthma exacerbation may be 
occurring. 

 Pharmacologic treatments are prescribed based 
on the classifi cation of asthma severity. Medications 
used to treat asthma are divided into two major cate-
gories: bronchodilators and anti-infl ammatory drugs. 
Inhaled beta 2 -adrenergic agonists (bronchodilators), 
such as albuterol, provide quick relief of bronchocon-
striction and can prevent exercise-induced asthma. 
Anticholinergics and methylxanthines are other 
drug categories used to promote bronchodilation. 
These medications relax the smooth muscles of the 
airway but do not effectively reduce airway infl am-
mation. Long-term control medications, such as glu-
cocorticoids, cromolyn, and leukotriene modifi ers, are 
needed to prevent the frequency and severity of the 
infl ammatory component of asthma. These medica-
tions also prevent chronic damage to the airways. For 
example, inhaled glucocorticoids suppress the acti-
vation of mast cells and other components active in 
infl ammation and decrease airway hyperreactivity. 

 Asthma, although most often reversible, can 
lead to total airway obstruction if the infl amma-
tion is severe. In  status asthmaticus , or  intrac-
table asthma , bronchospasm is not reversed by the 

   BOX   15.3       Asthma Classification and Treatment 
Based on Severity  

●    Mild intermittent

●●    Intermittent symptoms occurring less than once a 
week with brief exacerbations  

●●   Nocturnal (nighttime) symptoms occurring less than 
twice a month  

●●   Asymptomatic with normal lung function between 
exacerbations  

●●   No daily medication needed  

●●   FEV 1  or PEFR greater than 80%, with less than 20% 
variability     

●●   Mild persistent

●●    Symptoms occurring more than once a week but less 
than once a day  

●●   Exacerbations  affecting activity and sleep  

●●   Nocturnal symptoms occurring more than twice a month  

●●   Low-dose inhaled anti-inflammatory one to four 
times per day and inhaled bronchodilator as needed  

●●   FEV 1  or PEFR greater than 80% predicted, with vari-
ability of 20% to 30%     

●●   Moderate persistent

●●    Daily symptoms  

●●   Exacerbations  affecting activity and sleep  

●●   Nocturnal symptoms occurring more than once a week  

●●   Medium-dose inhaled anti-inflammatory one to four 
times per day, a long-acting bronchodilator, espe-
cially for nighttime symptoms, and short-acting bron-
chodilator as needed  

●●   FEV 1  or PEFR 60% to 80% of predicted, with variabil-
ity greater than 30%     

●●   Severe persistent

●●    Continuous symptoms with frequent exacerbations, 
nocturnal asthma symptoms  

●●   Physical activities limited by asthma symptoms  

●●   High-dose inhaled and oral anti-inflammatory, a 
long-acting bronchodilator, and short-acting bron-
chodilator as needed  

●●   FEV 1  or PEFR less than 60%, with variability greater 
than 30%      
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patient’s medications or other measures. Obstruc-
tion leads to decreased expiration, air trapping, 
hypoxemia, hypercapnia, and acidosis. Absent lung 
sounds and significant elevations in the PaCO2 
(above 70 mmHg) indicate a poor prognosis. Status 
asthmaticus is life-threatening and requires imme-
diate emergency treatment.

Cystic Fibrosis

Cystic fibrosis (CF) is an autosomal recessive dis-
order of electrolytes and subsequently water trans-
port that affects certain epithelial cells, such as those 
lining respiratory, digestive, and reproductive tracts. 
Cystic fibrosis most commonly affects people of Euro-
pean descent and is the most common lethal inher-
ited disease in that group. Incidence appears greatest 
in homogenous populations. This disorder leads to 
the production of excessive and thick exocrine secre-
tions (e.g., mucus) leading to obstruction, inflam-
mation, and infection. CF is also associated with 
impaired local immune defenses in the lungs as well 
as pancreatic insufficiency. Most affected individuals 
are diagnosed by 1 year of age. A small percentage of 
individuals exhibit a mild presentation and are not 
diagnosed until after 10 years of age. End-stage lung 
disease is the most common cause of death.

PATHOPHYSIOLOGY

Cystic fibrosis is caused by a mutation of the CF The 
condition results when the cystic fibrosis transmem-
brane conductance regulator (CFTR) gene causes the 
CFTR protein to become dysfunctional. gene located 
on the long arm of chromosome 7. Because CF is an 
autosomal recessive disease, a deleterious muta-
tion is required on both inherited CFTR alleles for 
development of the disease. More than 1,000 pos-
sible CFTR gene mutations, if found on both alleles 
in any combination, have been identified. Consistent 
with autosomal recessive inheritance, those with one 
mutated allele and one nonmutated allele are consid-
ered carriers and have no symptoms of the disease.

The CFTR gene mutation leads to impaired 
electrolyte transportation across epithelial cells on 
mucosal surfaces (Fig. 15.11). For example, the effec-
tive functioning of chloride ion channels depends 
on the CFTR gene, which encodes for a protein that 
serves as a chloride channel and is regulated by 
cyclic adenosine monophosphate (cAMP). Mutations 
in the CFTR gene lead to impairment in the cAMP-
regulated chloride transport across many different 
types of epithelial cells on mucosal surfaces, such as 
those found lining the respiratory tract, pancreas, 
bile ducts, sweat ducts, and vas deferens. The inabil-
ity of these epithelial cells to conduct chloride and 

therefore transport water across the mucosal sur-
faces leads to thick secretions and obstruction in the 
respiratory tract, pancreas, gastrointestinal tract, 
sweat glands, and other exocrine tissues. Although 
the manifestations appear mostly related to impaired 
transport of electrolytes, the complete mechanism of 
disease, particularly those leading to the complica-
tions associated with the lungs, is unknown.

CF is most strongly associated with mucus plug-
ging, inflammation, and infection in the lungs with 
respiratory failure as the most common cause of 
death. Mucus plugging is a result of:

●● A greater volume of mucus produced by a larger 
number of mucus-secreting cells in the airways

●● Airway dehydration and thickened mucus caused 
by impaired chloride secretion, excessive sodium 
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▲▲ Figure 15.11.  Pathogenesis of cystic fibrosis.
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absorption, and decreased water content in the 
airway tissues  

●   Adherence of the mucus to the epithelium with 
impaired ciliary action required to clear the 
mucus from the airways   

 Mucus plugging, the formation of tenacious 
secretions, and a reduced ability to clear the secre-
tions are optimal conditions for the growth and 
retention of bacteria. Progressive lung disease often 
begins shortly after birth with the emergence of 
a persistent respiratory infection. Impairment of 
local immune function leads to failure of opsoniza-
tion and phagocytosis and contributes to this per-
sistent lung infection with distinctive bacteria, such 
as  Staphylococcus aureus  and  Pseudomonas aerugi-
nosa . The progression from bronchitis to bronchiol-
itis, to bronchiectasis, and eventually to permanent 
lung damage largely depends on an intense, chronic 
infl ammatory response dominated by neutrophils. 
The signifi cance of the excessive presence of neutro-
phils is the release of proteases by these cells. Pro-
teases promote an intense infl ammatory response, 
cause destruction of lung tissue, inhibit destruc-
tion or neutralization of bacteria, and promote addi-
tional mucus production. Over time, the airways and 
lung tissue in CF are characterized by air trapping, 
hyperinfl ation, abscess formation, lung tissue con-
solidation, persistent pneumonia, lung tissue fi bro-
sis, and cyst formation (notably in the pancreas), 
giving the condition its name. Erosion of lung tissues 
and nearby bronchial arteries can lead to hemopty-
sis. Eventually, pulmonary involvement can lead to 
right-sided heart failure ( cor pulmonale ) and end-
stage lung disease. 

 CF also has effects that go beyond ventila-
tion and diffusion. Reduced chloride secretion and 
restricted water into the intestinal tract (along 
with infl ammation, scarring, and strictures) lead to 
obstruction of intestinal contents. Along with intes-
tinal motility problems, most individuals with CF 
(90% to 95%) have pancreatic insuffi ciency. Pancre-
atic insuffi ciency decreases digestion and absorp-
tion of intestinal contents. The role of pancreatic 
enzymes, digestion, and absorption is described in 
detail in Chapter 17. The liver may also be affected 
in CF because the mutation of  the  CFTR  gene leads 
to impairment of passive transport of chloride and 
water across the epithelial cells that line the biliary 
ductules. This leads to  increased bile viscosity. Bili-
ary obstruction can lead to obstructive cirrhosis.  

   CLINICAL MANIFESTATIONS  

 The presenting clinical manifestations, age at diag-
nosis, symptom severity, and rate of disease progres-
sion vary widely among individuals with CF. Clinical 

manifestations are associated with tenacious (thick) 
secretions leading to respiratory and gastrointesti-
nal impairment. Recurrent respiratory infections, 
along with a chronic cough often accompanied by 
mucoid or purulent sputum, are common manifesta-
tions of CF. Coughing can be forceful and can lead to 
vomiting. Other respiratory manifestations include 
tachypnea, recurrent wheezing or crackles, hemop-
tysis, dyspnea on exertion, chest pain, and respira-
tory distress with chest retractions, cyanosis, barrel 
chest, recurrent sinusitis, and the development of 
nasal polyps. Finger clubbing can also be caused by 
chronic hypoxia. 

 Newborns may present with intestinal obstruc-
tion ( meconium ileus) at birth with  delayed or absent 
passage of meconium stool. Infants and children 
most commonly demonstrate increased frequency 
of large, greasy, malodorous stools, which indicate 
fat malabsorption. This condition can be accompa-
nied by recurrent abdominal pain, distention, and 
poor absorption of fat-soluble vitamins. Weight loss 
or poor weight gain is common. Additional clinical 
manifestations include sweat abnormalities and 
excessive salt depletion. A child, when kissed by a 
caregiver, may have a salty taste to the skin. Jaun-
dice, gastrointestinal bleeding, and rectal prolapse 
may occur. 

 Males with CF are frequently sterile because 
of a congenital bilateral absence of the vas defer-
ens, preventing the sperm from ever becoming part 
of the semen and exiting the penis. The male child 
may also have undescended testicles or hydrocele. 
Secondary sexual development is often delayed in 
females with CF, although fertility is maintained or 
somewhat decreased.  

   DIAGNOSTIC CRITERIA  

 The diagnosis of CF is based on a thorough patient 
history and physical examination, noting the char-
acteristic clinical manifestations. The diagnosis can 
be confi rmed by a sweat test, which will reveal a 
sweat chloride concentration of 60 mEq/L or greater. 
Values of 40 to 60 mEq/L are considered border-
line, and the test must be repeated because values 
in this range can be inconsistent with the diagno-
sis in some patients with typical features. Genetic 
testing may be performed to detect certain   CFTR 
mutations. The identifi cation of two   CFTR  muta-
tions with associated clinical symptoms is diagnos-
tic; however, negative results on genotype analysis 
do not exclude the diagnosis. The ability to sequence 
the entire gene will enable clinicians to detect all 
known mutations in any given individual and will 
have greater reliability in diagnosing CF. Other 
diagnostic tests, such as chest and sinus radiogra-
phy and sputum analysis, can also contribute to the 
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diagnosis. Chest radiography will reveal hyperinfla-
tion and peribronchial thickening. Sinusitis through-
out all sinuses is uncommon in children and young 
adults, and its presence strongly suggests CF. The 
fluid obtained from a bronchoalveolar lavage usu-
ally shows a high percentage of neutrophils and the 
detection of Pseudomonas aeruginosa supports the 
diagnosis of CF in an individual without the typical 
presentation. Because early detection and treatment 
is critical in the course and prognosis of disease, 
newborn screening has been recommended in many 
developed countries.

TREATMENT

Treatment goals for CF involve maximizing ventila-
tion, diffusion, and nutrition through:

●● Liquefying and clearing the airways of mucus
●● Avoiding and controlling respiratory infections
●● Reducing inflammation and promoting broncho-
dilation in the airways

●● Providing or encouraging optimal nutrition 
through the use of enzyme supplements to reduce 
malabsorption, multivitamin and mineral supple-
ments, and a high-calorie diet

●● Managing disease complications, such as diabetes 
mellitus, bowel obstruction, fatty liver, biliary cir-
rhosis, and portal hypertension

Individuals with end-stage lung disease may 
consider lung transplantation. Currently, the median 
age of survival is 46 years; males survive signifi-
cantly longer than females, although many individ-
uals with CF are living into their 50s.

Acute Respiratory Distress Syndrome

Acute respiratory distress syndrome (ARDS) is 
a condition of severe acute inflammation and pul-
monary edema without evidence of fluid overload or 
impaired cardiac function (Fig. 15.12). This condi-
tion was previously referred to as adult respiratory 
distress syndrome, but ARDS does occur in children.

PATHOPHYSIOLOGY

Damage to the alveolar epithelium and vascular 
endothelium triggers the onset of severe inflamma-
tion. Injury can result from inhalation of excessive 
smoke or toxic chemicals, overwhelming lung infec-
tions, aspiration of gastric contents into the lungs, 
lung trauma, anaphylaxis, lack of pulmonary blood 
flow, and other conditions that impair the alveoli. 
The presence of sepsis (bacterial infection in the 
blood) and the systemic inflammatory response 

syndrome (SIRS) are clinical conditions associated 
with the development of ARDS. In ARDS, the time 
from lung injury to respiratory distress is about 24 
to 48 hours.

During the inflammatory response, chemical 
mediators promote vasodilation and increased cap-
illary permeability in the lungs. Inflammatory cells, 
proteins, and fluids escape the intravascular space 
and leak into the interstitium (lung tissues) and 
alveolar space, resulting in pulmonary edema, which 
damages the alveolar–capillary junction. Damage to 
type II alveolar cells, increased protein, and fluid 
accumulation disrupts the production of surfactant 
resulting in atelectasis (alveolar nonaeration and 
collapse). Other potential causes of atelectasis are 
summarized in Box 15.4. Initially, oxygen diffusion 
is greatly impaired, but CO2 is still able to cross the 
alveolar–capillary junction to be expired. As the 
process of alveolar impairment advances, a hya-
line membrane forms, and CO2 release is also inter-
rupted. The hyaline membrane is a thin, clear 
basement membrane that is impervious to gases. 
This leads to a state of impaired ventilation and dif-
fusion marked by poor lung expansion, hypoxemia, 
hypercapnia, and acidosis.

ARDS can be reversed if the symptoms are iden-
tified early. Healing involves reabsorption of the 
alveolar edema, regeneration of the epithelial cells 
and type II alveolar cells, and structural remodel-
ing of the airway. In some cases, the patient has an 
uncomplicated acute inflammatory response with 
rapid resolution. Other patients experience a perma-
nent loss of lung volume and function attributed to 
lung tissue edema, necrosis, and alveolar fibrosis in 
affected areas. If untreated, death can ensue within 
48 hours. The mortality rate, as a result of multisys-
tem organ failure, is approximately 30% to 40%.

CLINICAL MANIFESTATIONS

Early clinical manifestations include tachypnea, dys-
pnea, retractions, crackles caused by fluid accumula-
tion, and restlessness. Some patients may present in 
the course of disease without any signs or symptoms 
except for mild tachypnea. Within 48 hours, severe 
respiratory distress becomes apparent.

DIAGNOSTIC CRITERIA

The diagnosis of ARDS is based on a careful patient 
history, physical examination, laboratory, and imag-
ing studies. A high index of suspicion is required 
when encountering any individual who has lung 
injury. Arterial blood gases often depict hypoxemia 
with early respiratory alkalosis quickly progress-
ing to hypercapnia and respiratory alkalosis. Blood 
cultures may be needed to detect sepsis, the most 
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▲               Figure   15.12.      Phases of acute respiratory distress syndrome.   (Courtesy of Anatomical Chart Company.) 

Phase 1.  Injury reduces blood flow to the lungs.  Platelets
aggregate and release histamine (H), serotonin (S), and
bradykinin (B).

Alveolus

Capillary

Phase 2.  Those substances, especially histamine, in�ame and dam-
age the alveolar-capillary membrane, increasing capillary permeabili-
ty. Fluids then shift into the interstitial space.

Phase 3.  As capillary permeability increases, proteins and fluids
leak out, increasing interstitial osmotic pressure and causing pul-
monary edema.

Phase 4.  Decreased blood flow and fluids in the alveoli damage
surfactant and impair the cell’s ability to produce more. As a re-
sult, alveoli collapse, impeding gas exchange and decreasing lung
compliance.

Phase 5.  Suf�cient oxygen can’t cross the alveolar capillary
junction, but carbon dioxide (CO2) can and is lost with every
exhalation. Oxygen (O2) and CO2 levels decrease in the blood. 

Phase 6.  Pulmonary edema worsens, in�ammation leads to �bro-
sis, and gas exchange is further impeded.
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common cause of ARDS. Chest radiograph is often 
normal early in the course of disease but then reveals 
bilateral diffuse infi ltrates advancing to total opac-
ity as the disease progresses. 

 Arterial blood gas analyses  measure arterial 
blood and  determine levels of pH, PaO 2 , and PaCO 2 . 
In respiratory failure, pH falls below 7.3, PaO 2
falls below 50  mmHg (the expected range is 80 to 
100  mmHg), and PaCO 2  rises above 50  mmHg (the 
expected range is 35 to 45  mmHg).  

   TREATMENT  

 Treatment strategies are supportive and focused 
on removing the causative factors triggering the 
infl ammatory response. Administration of 100% oxy-
gen is often warranted to keep oxygen saturations 
above 90%. If the oxygen saturations remain below 
this level and the patient becomes fatigued or aci-
dotic, intubation with mechanical ventilation may 
be necessary. If mechanical ventilation is ineffective 
in maintaining oxygen saturations above 90%, posi-
tive end-expiratory pressure (PEEP) is instituted to 
maintain pressure in the airways during expiration 
and promote reinfl ation of alveoli. In patients with 
ARDS, maintenance of adequate alveolar ventilation 
is an important marker for survival.       

   BOX   15.4      Potential Causes of Atelectasis  

 Atelectasis, a condition of collapse and nonaeration of the 
alveoli, can have a number of causes, including: 

●● Compression  of the alveoli by a mass or fluid accumula-
tion, such as with a tumor or pleural effusion, which 
exerts pressure on the lung and prevents air from enter-
ing the alveoli.  

●● Obstruction , which prevents air from entering the air-
ways and alveoli; existing air is reabsorbed into the tis-
sues and the alveoli become empty.  

●● Destruction  of surfactant, as with the inflammatory 
response, increases surface tension in the alveoli and 
promotes collapse.  

●● Fibrosis , such as with emphysema, restricts alveolar 
expansion and promotes collapse.   

●    The process of ventilation involves both acquiring 
oxygen (inspiration) and removing carbon dioxide 
(expiration) from the blood.  

●   The transport of oxygen through the lungs is the 
only  mechanism for acquiring oxygen.  

●   Oxygen is necessary for cellular metabolism, 
which means that for the cell to expend energy 
effi ciently and perform its designated function, 
oxygen must be present.  

●   Optimal cell functioning occurs within a narrow 
pH range, and the release and retention of carbon 
dioxide is one mechanism for maintaining this 
balance.  

●   Oxygen and carbon dioxide are exchanged at the 
alveolar–capillary junctions in the process of dif-
fusion.  

●   Impaired ventilation is a problem of blocking 
airfl ow in and out of the lungs, thereby restrict-
ing oxygen intake and carbon dioxide removal 
from the body. Two major mechanisms are 
implicated: (1) compression or narrowing of the 
airways and (2) disruption of the neural trans-
missions needed to stimulate the mechanics of 
breathing.  

●   Impaired diffusion is a process of restricting the 
transfer of oxygen or carbon dioxide across the 
alveolar–capillary junction. Because the rate of 
diffusion depends on the solubility and partial 
pressure of the gas,  and  surface area and thick-
ness of the membrane, impaired gas exchange can 
occur with changes in any of these properties.  

●   Any situation that presents a demand for higher 
levels of oxygen or an increase in cellular metabo-
lism requires pulmonary adaptation to maintain 
homeostasis, because oxygen deprivation and car-
bon dioxide retention affect all cells in the body.  

●   The major implications of altered ventilation and 
diffusion include hypoxemia, hypoxia, hypercap-
nia, and acidosis.  

●   Local manifestations of impaired ventilation and 
diffusion include cough, mucus production, spu-
tum changes, dyspnea, use of accessory muscles, 
adventitious  breath sounds, chest pain, barrel 
chest, and pursed lip breathing.  

●   Systemic manifestations of altered ventilation 
are caused by the effects of infl ammation, hypox-
emia, hypoxia, and hypercapnia. These mani-
festations include fever, malaise, leukocytosis, 
cyanosis, changes in arterial blood gases, mental 
status changes, and fi nger clubbing.      

  SUMMARY  
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   CASE STUDY   15.1       

 A 6-month-old child has an acute respiratory syn-
cytial virus (RSV) infection, which is an acute viral 
infection in the lungs. Think about which clini-
cal model discussed in this chapter is most related 
to this process. From your reading and experience 
regarding infectious processes and now altered ven-
tilation and diffusion, answer the following ques-
tions:    

1.    What process is most likely occurring in this 
child’s body?         

2.    What are the probable ventilation and diffusion 
effects of exposure to this virus?         

3.    What would you expect for clinical manifestations?         
4.    What diagnostic tests could be used?         
5.    What treatment measures would you anticipate?            

 Log on to the internet. Search for a relevant 
journal article or website, such as  http://emedicine.
medscape.com/article/971488-overview , that details 
RSV, and confi rm your predictions. 

   CASE STUDY   15.2       

 Joan accompanies her husband Dan to the clinic and 
reports to the nurse that Dan’s snoring seems to be 
getting worse over the past year. She has resorted 
to sleeping in a nearby bedroom with earplugs. Dan 
states that when he wakes up he doesn’t feel that 
rested, although he does refer to himself as a “good 
sleeper” and states he is “able to fall asleep easily.” 
Dan undergoes a sleep study and is diagnosed with 
obstructive sleep apnea. Think about which clini-
cal model discussed in this chapter is most related 
to this process. From your reading and experience 
regarding obstructed ventilation, answer the follow-
ing questions:    

1.    What process is most likely occurring in this man’s 
body?         

2.    What are the probable ventilation and diffusion 
effects from obstructive sleep apnea?         

3.    What would you expect for clinical manifestations?         
4.    What diagnostic tests could be used?         
5.    What treatment measures would you anticipate?            

 Log on to the internet. Search for a relevant 
journal article or website, such as  http://emedicine.
medscape.com/article/295807-overview , that details 
obstructive sleep apnea, and confi rm your predic-
tions. 

   CASE STUDY   15.3       

 Patty has just undergone abdominal hysterectomy 
and, due to complications, has been bed-bound for 
a week. She develops an abrupt onset of chest pain 
and shortness of breath. She is taken to the emer-
gency department and diagnosed with a pulmonary 
embolism, which is a blockage in one of her blood 
vessels in the lungs, most likely from a thrombus 
that traveled from her legs. Think about which clini-
cal model discussed in this chapter is most related 
to this process. From your reading and experience 
regarding ventilation and diffusion, answer the fol-
lowing questions:    

1.    What process is most likely occurring in this wom-
an’s body?         

2.    What are the probable ventilation and diffusion 
effects from a pulmonary embolism?         

3.    What would you expect for clinical manifestations?         
4.    What diagnostic tests could be used?         
5.    What treatment measures would you anticipate?            

 Log on to the internet. Search for a relevant 
journal article or website, such as  http://emedicine.
medscape.com/article/300901-overview , that details 
pulmonary embolism, and confi rm your predictions. 

  PRACTICE EXAM QUESTIONS     

1.    Which of the following does  not  affect diffusing 
capacity?  
a.    The partial pressure of oxygen and carbon 

dioxide  
b.   The alveolar surface area  
c.   The density of the alveolar membrane  
d.   The volume of air in the atmosphere    

2. Total  obstruction of the airway by aspirated mate-
rial is manifested by:  
a.    hoarse cough.  
b.   rapid loss of consciousness.  
c.   dyspnea.  
d.   infl ammation of the mucosa.    

3.    A reduced number of red blood cells (RBCs) in the 
blood results in the following change in the oxygen 
saturation (SaO 2 ) of the blood:  
a.    The SaO 2  would increase.  
b.   The SaO 2  would decrease.  
c.   The number of RBCs will not affect the SaO 2 .  
d.   There will be a decrease only if the osmotic 

pressure of the blood is also decreased.    
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  DISCUSSION AND APPLICATION     

1.    What did I know about altered ventilation and dif-
fusion prior to today?         

2.    What body processes are affected by altered ven-
tilation and diffusion? What are the expected 
functions of those processes? How does altered 
ventilation and diffusion affect those processes?         

3.    What are the potential etiologies for altered venti-
lation and diffusion? How does altered ventilation 
and diffusion develop?         

4.    Who is most at risk for developing altered venti-
lation and diffusion? How can altered ventilation 
and diffusion be prevented?         

5.    What affects the etiology, risk, or course of altered 
ventilation and diffusion among various popula-
tions?         

6.    What clinical manifestations are expected in the 
course of altered ventilation and diffusion?         

7.    What special diagnostic tests help determine the 
diagnosis and course of altered ventilation and dif-
fusion?         

8.    What are the goals of care for individuals with 
altered ventilation and diffusion?         

9.    How does the concept of altered ventilation and 
diffusion build on what I have learned in the pre-
vious chapters and in previous courses?         

10.    How can I use what I have learned?               

4.    Which is a major cause of respiratory failure?  
a.    Aspiration.  
b.   Atelectasis.  
c.   Sepsis.  
d.   All of these are causes of respiratory failure.    

5.    Emphysema differs from chronic bronchitis in that 
emphysema:  
a.    Is characterized by mucus production and 

infl ammation.  
b.   Obstructs the large airways.  
c.   Obstructs the alveoli.  
d.    is virtually the same condition as chronic 

bronchitis .    

6.    You have admitted a 20-year-old male to the emer-
gency room with a history of asthma. He is having 
an acute asthma attack and is wheezing, fi ghting 
for air, hypoxic, and afraid. What is causing these 
acute symptoms?  
a.    Relaxation of bronchial smooth muscle with 

dry mucous membranes  
b.   Constriction of the bronchial smooth muscle 

and air trapping  
c.   Acute destruction of lung tissue  
d.   Contraction of the elastic fi bers of the lung    

7.    Which of the following clinical manifestations are 
related to hypoxemia?  
a.    Cyanosis  
b.   Cough  
c.   Chest pain  
d.   Hemoptysis    

8.    How would you know you have hypoxemia?  
a.    Radiograph.  
b.   Measure the partial pressure of oxygen in blood.  
c.   Measure the partial pressure of carbon diox-

ide in blood.  
d.   All of these detect hypoxemia.    

9.    Which of the following can trigger acute respira-
tory distress syndrome?  
a.    Severe lung infection.  
b.   Inhaling toxic fumes.  
c.   Aspirating stomach contents into the lungs.  
d.   All of these can trigger acute respiratory dis-

tress syndrome.    

10.    What is the major problem in cystic fi brosis?  
a.    Formation of cysts in fi brotic tissues  
b.   Pancreatitis  
c.   Lung injury  
d.   Electrolyte and water transport    

11.    Which of the following diseases is most likely the 
cause of your patient’s barrel chest?  
a.    Emphysema  
b.   Pneumonia  
c.   Tuberculosis  
d.   Acute respiratory distress syndrome    

12.    Which of the following is  least  likely to be a part of 
the daily routine for a patient with severe asthma?  
a.    Inhaled bronchodilators  
b.   Inhaled corticosteroids  
c.   Oxygen therapy  
d.   Avoiding triggers    

13.    If a patient gets air in the pleural space, this 
results in:  
a.    pneumonia.  
b.   pneumothorax.  
c.   pleuritis.  
d.   plethora.    

14.    Which of the following pathways best describes 
the pathophysiology of acute respiratory dis-
tress syndrome?  
a.    Injury–infl ammation–pulmonary edema–alve-

olar collapse–hypoxemia–fi brosis  
b.   Infection–edema–fi brosis–hypoxemia–alveo-

lar collapse–pulmonary edema  
c.   Genetic mutation–sodium transport impaired–

mucus stasis–infection–hypoxemia  
d.   Trigger–infl ammation–airway constriction–

alveolar collapse–hypoxemia–fi brosis       
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Resources
The American Lung Association is an important source of infor-

mation related to several types of lung diseases and includes 
current research updates at: http://www.lung.org

The Cystic Fibrosis Foundation provides guidelines, reports, and 
other resources at: https://www.cff.org/

The Global Initiative for Asthma provides guidelines, reports, 
and other resources at: http://www.ginasthma.org/Guidelines-
Resources.asp?l1=2&l2=0
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