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ix

Respiratory issues affect millions of Americans, robbing them of their health, 
happiness, and even of life itself. Asthma, COPD, lung cancer, and sleep apnea 
are just a few of the important respiratory conditions that pose major threats to 
our citizens. Just as importantly, airborne threats such as infl uenza, air pollution, 
and bioterrorism can spread rapidly through the air, affecting enormous num-
bers of people in a very short period of time. Moreover, tobacco smoke kills 
more Americans in one year than all the wars our nation fought during the last 
century.

Congress has recognized the importance of respiratory health and has em-
barked on programs to make a difference. From 1998–2003, Congress doubled 
the budget of the National Institutes of Health. We have strengthened the Centers 
for Disease Control and Prevention, granted the Food and Drug Administration the 
ability to regulate tobacco, improved pollution control through the Environmental 
Protection Agency, and funded tuberculosis programs throughout the world 
because we realize that in order to control tuberculosis at home, we need to control 
it worldwide.

The money invested in research has been money well spent. Americans are 
living longer and healthier and, for the most part, breathing easier. Some previ-
ously untreatable diseases, such as respiratory distress of the newborn—once 
a leading cause of infant mortality—now have treatments; others have cures 
within their grasp.

Research is essential for the United States to remain a world leader in the 
development of health advances. The benefi ts of research extend beyond healthy 
citizens. Research improves our nation’s productivity, increases employment, and 
improves the fi nancial well-being of our citizens. More progress must be made, 
both in understanding disease processes in order to develop cures and in bringing 
these advances to everyone.

I congratulate the American Thoracic Society on this book, which highlights 
many of the advances that recent research has brought about and demonstrates 
the value of working together to improve the lung health of Americans.

 Mike Crapo
 United State Senator, Idaho

Foreword
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Breathing in America: Diseases, Progress, and Hope briefl y describes respira-
tory diseases and the progress that is being made in the quest to fi nd their 
cures. It describes who is vulnerable to developing these diseases, what it is like 
to have them, and their burden on society. It tells about prevention, treatment, 
and ways to stay healthy. And, most importantly, it explains where we are in 
understanding the disease processes, how close research is to developing new 
tests and treatments, and what still needs to be done.

Many factors went into developing this book. Nearly a decade ago, the 
 European Respiratory Society sought to identify variations in lung diseases 
across different European nations. In 2003, it published the European Lung 
White Book, a report that helped to increase awareness of the high toll of lung 
diseases. The Forum for International Respiratory Societies, which is composed 
of organizations including the American Thoracic Society, the European Respi-
ratory Society, the Asociación Latinoamericana del Tórax, the American College 
of Chest Physicians, the Asian Pacifi c Society of Respirology, the International 
Union Against Tuberculosis and Lung Disease, and the Pan African Thoracic 
Society, determined that a similar report should be completed for each region of 
the world. The American Thoracic Society agreed to undertake this project for 
the United States.

The American Thoracic Society frequently receives inquiries from the media, 
patients, and the public at large regarding specifi c lung diseases and scientifi c 
advances in respiratory research. To address these inquiries, staff members 
thought that a short review of respiratory diseases would be helpful. There have 
long been advocates within the American Thoracic Society for a publication that 
covered the topics now found in Breathing in America: Diseases, Progress, and 
Hope. The American Thoracic Society’s Research Advocacy Committee, for ex-
ample, believes that increased awareness of respiratory disease will expand 
support for respiratory research, which—by just about any measure—is under-
funded when considering the number of lives affected. The committee produced 
a document that outlined the research that is needed and the areas where that 
research could make a major impact. The American Thoracic Society’s Public 
Advisory Roundtable consists of patient advocacy groups for various respiratory 
and critical illnesses. This group strongly supports research, which they see as 
the best hope for improving the lives of people with respiratory diseases. Patient 

Preface
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advocates remind us that the burden of lung diseases extends far beyond the 
numbers of persons who suffer or die from a respiratory illness.

These factors came together to become the impetus behind this book. Then 
American Thoracic Society President Jo Rae Wright, PhD, and the American 
Thoracic Society staff applied for a grant from the National Heart, Lung, and 
Blood Institute to allow production to begin.

The book is part of the American Thoracic Society’s 2010 Year of the Lung 
campaign, an inclusion that required a short timeline to publication. The con-
tributors, reviewers, and advisors carried out the needed tasks with amazing 
commitment, thoroughness, and promptness. None of it would have been pos-
sible without the great efforts of Brian Kell, the managing editor, who worked 
tirelessly to make this book happen.

 Dean E. Schraufnagel, MD
 Editor
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1

To breathe . . .
To breathe is to live.

And yet people everywhere live with, and die from, breathing disorders. 
Those who suffer may be young or old. They may have a breathing problem 
from birth or develop it after years of working in certain environments. They may 
fi nd that medical treatment can greatly relieve their symptoms or that little can 
be done to help them. They may live relatively normal lives or suffer major dis-
ability and an early death. They may wonder if a cure is around the corner or will 
not come in their lifetime.

The respiratory system suffers many onslaughts. Cigarette smoke, air pol-
lution, and airborne infections are three major ones, but lack of awareness of the 
harm they do is an even greater danger. Together, respiratory diseases kill more 
than 400,000 Americans each year, making them the third leading cause of 
death in the United States (1). For millions more, respiratory diseases signifi -
cantly reduce quality of life. Being unable to breathe can be a terrifying experi-
ence, yet it is one that many face everyday.

Despite the commonplace and seriousness of respiratory conditions, they 
are often under-appreciated in discussions and decisions about public health. 
Perhaps this is because these conditions can take many forms. Some disorders, 
such as asthma, are common, affecting 19 million children and 16 million 
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2

adults (2). Others, such as the Hemansky-Pudlak syndrome, are rare. Some, 
such as sarcoidosis, more commonly affect African Americans, while others, 
such as cystic fi brosis, more often affect Caucasians. Cystic fi brosis, one of the 
most common genetic disorders among Caucasians, manifests itself in early 
 childhood. Lung fi brosis and lung cancer affect older adults. Still others, such as 
tuberculosis and sleep apnea, can strike at any age.

Many forms of lung disease disproportionately affect the socioeconomically 
disadvantaged, but all classes of people must breathe and no one, whether 
 defi ned by age, gender, race, ethnicity, or socioeconomic level, is immune from 
respiratory problems and their potentially devastating impact.

Because populations share the same air, environmental exposures can 
affect large numbers of people, frequently at the same time. Infectious lung dis-
ease can be transmitted by humans, and environmental lung disease can be 
transmitted by human activity. Lung disease may result from as yet unknown 
factors in the air. And most lung diseases can occur without warning.

Lung cancer is the most common cause of cancer death in the United States 
and in the rest of the world. In the United States, more than 160,000 people died 
from lung cancer in 2009. That is more than from cancers of the breast, colon, 

10,000

1,000

100

10
2005200019901980

All causes

Heart disease

Cancer

Stroke

Unintentional injuries

Chronic lower
respiratory diseases

197019601950

D
e
a
th

s 
p

e
r 

1
0
0
,0

0
0
 p

o
p

u
la

ti
o

n
 (

lo
g

 s
c

a
le

)

Year

Of the six leading causes of death, only COPD (categorized as a chronic lower respiratory disease on 
the right) has become a more common cause over the past 30 years. National Center for Health 
Statistics. Health, United States, 2008 With Chartbook. Hyattsville, MD: 2009.

Death rates for leading causes of death for all ages: United States, 1950–2005
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While the death rates from most cancers have stayed the same or decreased over the past 75 years, 
that for lung cancer have increased dramatically. Fortunately, among men, the death rate appears to 
have peaked in 1990. Among women, it also appears to have peaked, though more recently. American 
Cancer Society. Cancer Facts and Figures 2009. Atlanta: American Cancer Society; 2009.

Age-adjusted cancer death rates, males by site, US, 1930–2005

Age-adjusted cancer death rates, females by site, US, 1930–2005
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4

pancreas, and prostate combined (3). More women die from lung cancer than 
from breast cancer.

Chronic obstructive pulmonary disease (COPD) affects 6.8 percent of adults 
(4) and is responsible for about 700,000 hospitalizations and 127,000 deaths 
annually in the United States (1,5). But more than half of people with COPD 
have not been diagnosed (6). Only heart disease, cancer, and stroke kill more 
people, but while deaths from those diseases are declining, the number of 
 people dying from COPD is growing. By 2020, if recent mortality trends con-
tinue, COPD is expected to kill more Americans than stroke (7,8). Infl uenza and 
its sequelae pneumonia claim over 40,000 lives annually. Asthma, though usu-
ally not fatal, is also a growing problem. Among children, asthma cases more 
than doubled between 1980 and the mid-1990s; 6 percent of all American chil-
dren now have asthma (9).

During the past two decades, sleep-disordered breathing has become 
 recognized as a major health problem that may affect up to 10 percent of 
 Americans. From 1990 to 2005, physician offi ce visits for sleep apnea increased 
from 108,000 to 3.4 million in the United States, and most people with sleep 
apnea go undiagnosed and untreated (1).

Economic burden of lung disease

The economic cost of lung disease, both to individuals and to society, is vast. 
The U.S. Environmental Protection Agency estimated that in 1999, the average 
annual cost of treating a patient for asthma ranged from $761 to $889, depend-
ing on age (10). Asthma has other costs including missed time from school and 
work; school absences total about 12.8 million days per year. Costs are also 
borne by family members who need to miss work to obtain care for asthma, 
 especially for children. The annual cost of asthma exceeds $19 billion per year 
in the United States (11,12). Researchers at a health economics fi rm estimated 
that the annual cost of providing COPD-related medical services was even 
higher, ranging in 2005 from $2,700 to $5,900 per person (13).

The National Heart, Lung, and Blood Institute estimated that in 2009, the 
annual cost of providing healthcare related to all respiratory conditions, exclud-
ing lung cancer, was $113 billion. The institute further estimated that the cost to 
American society, in terms of lost productivity as a result of disability and early 
death due to respiratory disease, amounted to an additional $67 billion (1).
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A wonderful organ

The lung is a wonderful organ built of a complex tree of airways that are, in an 
average person, 44 miles long and serve to ventilate 300 to 500 million alveoli, 
or air sacs, with a total surface area nearly the size of a tennis court. This sur-
face is covered by a dense meshwork of blood capillaries of total length of about 
3,000 miles. About 85 percent of the alveolar surface is in contact with blood 
across a tissue barrier 50 times thinner than a sheet of onion skin paper, which 
allows a very effi cient uptake of oxygen (14).

Breathing is regulated through a complex interaction between oxygen and 
carbon dioxide sensors located in the arteries and the brainstem, which respond 
to subtle changes in acidity. Sensors located in the lung and chest wall muscles 
respond to expansion and contraction, sending signals to the central respiratory 
controllers in the brainstem. The controllers help direct the respiratory muscles, 
triggering inspiration and expiration and regulating the depth of breathing. By 
expelling carbon dioxide, the lungs eliminate more acid waste in one hour than 
the kidneys do in an entire day.

The lung interacts with the environment

The lungs fi lter about 500 liters of air per hour or 12,000 liters per day. Inhaled 
air contains infectious and noxious particles and gases, against which the lungs 
must defend themselves. Mechanical factors, such as the structure of the nasal 
passageway and bronchi, and functional factors, such as cough, prevent inva-
sion into the lung or expel invading elements. The thin layer of mucus, which 
traps particles and dissolves gases, is constantly propelled by hair-like struc-
tures, called cilia, up the bronchi to the trachea and mouth, where they are swal-
lowed or  expelled.

A variety of cells and lymphatic drainage also work to keep the lungs 
clear and relatively dry. The macrophage is a cell that originates in the bone 
marrow and  migrates to the lung. It is capable of ingesting organisms and inert 
particles and of killing bacteria. After taking up the foreign material, macrophages 
may migrate up the bronchi and trachea to be swallowed or to the lymph nodes 
where they initiate an infl ammatory or immune response. This response may 
defend against infectious agents, but it can also provoke or be part of respiratory 
diseases themselves.
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How lung disease happens

The complexity of the respiratory system does not lend itself to easy classifi ca-
tion of its diseases, but one basic way to group them is by how they affect 
 pulmonary function, or breathing, tests. Diseases that affect the fl ow of air are 
termed obstructive lung diseases and include asthma, emphysema, bronchitis, 
bronchiolitis, and bronchiectasis. The airfl ow obstruction is primarily in the pas-
sageways to the alveoli, where oxygen and carbon dioxide exchange takes 
place. Asthma is an infl ammatory or allergic condition but is distinguished by its 
reversibility whereas the other conditions are not fully reversible. Bronchitis is an 
infl ammation of the bronchi, and bronchiolitis is an infl ammation of the bronchi-
oles, the next segment of the airway that conducts air down to the alveoli. Em-
physema is characterized by a loss of lung elastic recoil that occurs when the 
lungs are stretched at full inhalation. The loss of elasticity allows the lungs to 
overinfl ate; the excessive stretching breaks  alveolar walls, which leads to de-
creased area for oxygen and carbon dioxide exchange.

Diseases that decrease the volume of the lung are called restrictive lung 
diseases. These diseases, such as pulmonary fi brosis, make breathing diffi cult 
because of increased lung stiffness and the work it takes to breathe.

Lung diseases may also be classifi ed according to the disease-causing 
 process, such as genetic, developmental, neoplastic (cancer), vascular, 
 infl ammatory, infectious, and toxic. Among the clearly defi ned genetic disorders 
of the lung are cystic fi brosis and alpha-1 antitrypsin defi ciency (a form of 
 emphysema). The most common developmental abnormality is the infant 
 respiratory distress syndrome (or respiratory distress of the newborn). Later-life 
developmental abnormalities of the spine, such as scoliosis or kyphosis, can 
also adversely affect breathing.

Although there are benign lung tumors, lung cancer is the most notorious of 
all cancers. Lung disease may also involve the blood vessels in disorders such 
as pulmonary embolism, which is associated with reduced blood fl ow and 
 impairment in oxygen uptake. More rare infl ammation of the blood vessels (vas-
culitis) also occurs. Diseases marked by infl ammation of the airway include 
COPD, asthma, and bronchitis. Many diseases involve infl ammation of the 
 alveoli and the tissue next to them (interstitium). Sarcoidosis and fi brosis are 
chronic infl ammatory diseases; if the infl ammation does not resolve and allow 
the restoration of the normal structure, then scarring, or fi brosis, results. Pulmo-
nary fi brosis can be a deadly form of such scarring.
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Respiratory infections can be caused by viruses, bacteria, fungi, protozoa, 
and larger parasites. Respiratory infections range from mild, such as the com-
mon cold or acute bronchitis, to devastating, such as the pneumonia caused by 
Pneumocystis, which occurs in persons with the human immunodefi ciency virus 
(HIV). Infectious agents may gain entry through the airway or the bloodstream. 
Overwhelming bloodstream infection is termed sepsis.

Because the lungs are in constant contact with the environment, they are 
especially susceptible to environmental toxins. Air pollution and toxic gases 
cause a variety of respiratory problems. Assaults on the lung can come from 
inhaling fumes or other noxious particles in the environment, such as tobacco 
smoke, or from material that gains access to the lung from the bloodstream 
(emboli). Exposure to high-oxygen concentrations can induce permanent lung 
injury, even when given as a life-saving medical treatment.

If lung disease advances rapidly, it can lead to acute respiratory failure. If 
lung disease progresses slowly, it can lead to chronic respiratory failure. Respi-
ratory failure is defi ned by the lungs’ inability to maintain a suffi cient level of 
oxygen in the body or to clear carbon dioxide adequately. Respiratory failure can 
also result from weakness of respiratory muscles and from abnormalities of the 
chest wall and in the neural control of respiration. Impaired control of breathing 
in the central nervous system can cause sleep apnea, and delayed development 
of control of breathing in the brainstem has been invoked as a cause of sudden 
infant death syndrome.

The changing face of lung disease

At the beginning of the 20th century, infectious diseases were identifi ed as the 
cause of enormous public health problems (15). Each year, tuberculosis claimed 
more than 2 of every 1,000 American lives in the United States (16). Scientists 
knew what tuberculosis looked like under the microscope, but there was no 
treatment. Today, scientists have deciphered the entire genome of Mycobacte-
rium tuberculosis and are able to cure tuberculosis—but not in everyone.

Although infectious diseases were thought to be conquered through scien-
tifi c advances, new microbial forms and altered human hosts (as seen with 
 acquired immune defi ciency syndrome [AIDS]) have led to their resurgence. In 
the early 20th century, infl uenza claimed 20 million lives around the globe. Today, 
the ill  effects of infl uenza have been reduced by vaccines and medications—but 
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Major common lung diseases

Diseases of air movement and airways

Asthma

Bronchiectasis

Emphysema and chronic bronchitis (Chronic obstructive pulmonary disease, or COPD)

Bronchiolitis

Infectious lung diseases

Pneumonia (and lung abscess)

Pleural infections (empyema)

Fungal lung disease 

Tuberculosis and other mycobacterial disease

Opportunistic lung infections in immunosuppressed persons

Pulmonary vascular diseases

Pulmonary embolism

Pulmonary hypertension

Congenital vascular anomalies

Congenital, genetic, and developmental lung diseases

Cystic fi brosis

Respiratory distress of the newborn

Alpha-1 antitrypsin defi ciency

Congenital lung disease

Bronchopulmonary dysplasia

Congenital syndromes affecting the lungs

Lung cancers

Benign lung tumors

Lung carcinoma

Cancer metastatic to the lung
(Continued  )
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Environmental, exposure-related, and occupational lung diseases

Mineral dust pneumoconiosis (asbestosis, silicosis, coal workers’ pneumoconiosis)

Hypersensitivity pneumonia (organic material exposure)

Drug-induced lung disease

Occupational asthma

Toxic exposure

Interstitial lung diseases

Cryptogenic organizing pneumonitis 

Hypersensitivity pneumonitis

Idiopathic pulmonary fi brosis

Interstitial lung disease associated with autoimmune disease 

Nonspecifi c interstitial pneumonitis 

Pulmonary Langerhans histiocytosis 

Respiratory bronchiolitis-interstitial lung disease

Sarcoidosis

Lymphangioleiomyomatosis

Sleep-related and neuromuscular breathing disorders 

Obstructive sleep apnea

Central sleep apnea

Amyotrophic lateral sclerosis

Myasthenia gravis 

Traumatic spinal cord disease

Diseases of the pleura and chest wall 

Pleural effusion 

Mesothelioma

Kyphoscoliosis

Traumatic chest injury
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the threat of new strains with great potential to spread and cause harm still 
looms.

At the beginning of the 20th century, infant mortality was 13 times greater 
than today (17,18), and respiratory distress of the newborn was unrecognized. 
Today, surfactant replacement therapy has nearly eliminated this condition—but 
infants still die of respiratory failure.

At the beginning of the 20th century, there was no effective treatment 
for pneumonia. Today, there are scores of antibiotics that target bacterial 
 infections—but pneumonia still kills, even within hospitals.

At the beginning of the 20th century, the world had not reconciled the bene-
fi ts of the industrial revolution with the risks it imposed on its workers or, through 
its smokestacks that polluted the air, to all people. Today, there are effective 
worker protection laws and a national commitment to clean air. The reduction in 
atmospheric ozone, oxides of nitrogen, and particulate pollution has resulted in 
better quality of life and healthier lungs—but pollution still shortens lives.

Largely as a result of these and other medical advances and the public 
health movement, life expectancy has increased over the past century from 
47 to 76 years—but there are hazards afoot.

Lung health cannot be taken for granted. At the beginning of the 20th cen-
tury, tobacco smoking and lung cancer were rare. Today, multinational tobacco 
enterprises promote a habit that kills 440,000 Americans every year, as 
many lives lost as in all the wars fought by our country in the last hundred 
years (19).

Respiratory failure

Acute and chronic respiratory failure 

Acute respiratory distress syndrome

Sepsis

Shock

Multi-organ failure

Systemic disease affecting the respiratory system

Many diseases primarily affecting other organs

Autoimmune diseases
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Over the past century, the world’s population has grown from two to six bil-
lion, placing an ever-increasing strain on our fragile biosphere. New infections 
have emerged, and the success of modern medicine has brought its own chal-
lenges. Although antibiotics have saved lives, they have also resulted in the 
emergence of highly resistant bacteria, which cause life-threatening infections 
and prolong hospital confi nement.

Against the background of signifi cant progress are formidable new chal-
lenges. Each chapter in this book describes a major respiratory disease: whom 
it affects; what it is like to have the disease; what is being learned about the 
disease; how it can be prevented, treated, and managed; and how research is 
making a difference. The purpose of the book is to describe these diseases and 
the progress made toward controlling them in the hope that someday they will 
be eliminated. The recognition of the gains made and the goals that may be 
within our grasp should stir the will and determination for all Americans to 
breathe, and live, better.
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Acute Respiratory 
Distress Syndrome
Acute respiratory distress syndrome (ARDS) is a condition in which the lungs 
suffer severe widespread injury, interfering with their ability to take up oxygen. A 
low blood oxygen level and the inability to get oxygen to normal levels is the 
hallmark of ARDS. The term acute refl ects the sudden onset—over minutes or 
hours—of an injury. Acute lung injury (ALI) is a more recently coined term that 
includes ARDS but also milder degrees of lung injury. ALI and ARDS always 
result from another severe underlying disease. The range of diseases causing 
ARDS is broad, and they may also damage organs other than the lungs, but the 
lung injury usually dominates the clinical picture (1).

The term acute respiratory distress syndrome was coined in 1967, with 
similar lung injury being recognized in both medical and surgical patients. About 
this same time, the condition was being widely recognized in severely wounded 
soldiers in the Vietnam War. The name was chosen in part to refl ect similarities 
to the previously  described infant respiratory distress syndrome in premature 
infants.

Although ARDS has undoubtedly always occurred, it has only been recog-
nized in the modern medical era because more severely and acutely ill patients 
now survive long enough to develop lung injury as a complication of their under-
lying severe disease.
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Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

The occurrence of ARDS depends on several factors. Infectious diseases, which 
can result in ARDS, vary widely by geographic region. For example, malaria is 
the most frequent cause of ARDS in some parts of the world but does not exist 
in most of North America.

People at risk for ARDS are those with or at risk for the underlying diseases 
associated with the syndrome. The most common of these is sepsis, a severe 
infection that spreads throughout the body via the bloodstream. Victims of 
trauma and those who aspirate stomach contents into the lung are also at high 
risk for ARDS. A less common cause of direct injury is the inhalation of high 
concentrations of toxic gases, which can occur with severe smoke inhalation 
and in industrial accidents.

Age- and risk-specifi c incidence of mortality from acute lung injury

Sepsis is the most common condition leading to acute lung injury or acute respiratory distress syndrome. 
Mortality from both conditions is high and increases with age (2).Copyright © 2005 Massachusetts 
Medical Society. All rights reserved.
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CASE STUDY

A 33-year-old woman developed back pain that worsened over several 
days. She took several medications, but the pain did not abate. After fi ve 
days, she developed breathlessness and was hospitalized. The next day 
her blood pressure dropped and her kidneys failed. The following day, her 
breathing deteriorated and she required mechanical ventilation. Breathing 
became more diffi cult, and the high pressure required by the ventilator to 
get air into her lungs ruptured the lung alveoli, causing air to escape the 
lungs and be trapped inside the chest (pneumothorax). This was treated 
with a tube through the chest wall to allow the lungs to expand. She was 
deeply sedated to reduce the work required by her respiratory muscles. 
She developed pneumonia, and, after about three weeks on the ventilator, 
a new breathing tube was placed directly into the trachea (tracheostomy) in 
preparation for long-term mechanical ventilation. Fortunately, her kidney 
function returned, and she was able to clear the fl uid in her lungs. Antibiot-
ics treated the pneumonia. After four weeks in the hospital, the sedation 
was stopped, and after nine weeks, the tracheostomy tube was removed.

Comment

The woman, as most patients with ARDS who spend a prolonged time on 
a mechanical ventilator, did not recall much of the hospitalization. She 
remembered the rapidity with which she became ill and that several times 
she thought she was dying. For two years, she suffered from a form of 
post-traumatic stress disorder with fl ashbacks, but the fl ashbacks eventu-
ally stopped.

A recent study of Washington state’s King County refl ects the prevalence of 
acute lung injury and ARDS in North America. All patients with these conditions 
were identifi ed in all hospitals of the county, a mixed urban and rural population 
that includes the city of Seattle. Seventy-nine people per 100,000 population per 
year developed ALI, and 59 of these met the criteria for the more severe form of 
ARDS. The death rate of ALI patients was 38.5 percent. Using the U.S. census 
and assuming the same frequency throughout the country, 190,600 people per 
year develop ALI, and 74,500 die of, or with, the disease in the United States. 
This makes ALI and ARDS diseases with major consequences to public health, 
causing about twice as many deaths per year as breast cancer or prostate 
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 cancer and several times more than HIV/AIDS (2). Yet, the general public is 
largely unaware of these common diseases.

What we are learning about the disease

Pathophysiology, causes: genetic, environment, microbes

The cause of the acute lung injury can be either direct, with the injurious agent 
reaching the lung through the airways or by trauma to the chest, or indirect, with 
the injurious agent arriving at the lungs through the bloodstream. The affected 
areas in ARDS are the alveoli (air sacs), where oxygen enters the blood and 
carbon dioxide leaves it (gas exchange). The thin wall between the blood and air 
is made up of the blood capillary and the alveolar wall (alveolar-capillary 
 membrane). The alveolar-capillary membrane is extremely delicate, less than 
0.5 micrometers in width at its thinnest segment where gas exchange takes 
place. (For comparison, an average human hair is about 100 micrometers in 
width.) In ARDS, both the capillary and alveolar cells are injured, whether the 
initiating process is direct or indirect. Injury to this membrane allows fl uid to spill 
into the lung, thus hindering or preventing gas exchange.

The aspiration of stomach contents into the lung or the inhalation of toxic 
gases are examples of direct injury causing ARDS. Indirect lung injury, however, is 
a more common cause of ARDS and is usually associated with severe infections or 
severe trauma. Regardless of the initiating event, an infl ammatory chain reaction 
is set off. Molecules released by infected or injured cells signal white cells from the 
blood to enter the affected area. The incoming white blood cells combine with 
resident cells to produce more chemicals (called cytokines and chemokines), which 
induce a variety of actions involved in the infl ammatory process. Infl ammation is 
usually benefi cial, in that it promotes killing and containment of infectious agents 
and clearing of the debris created by the infection or injury. Occasionally, however, 
exuberant infl ammation can spread beyond the originally damaged organ via the 
bloodstream to injure other organs and tissues at distant sites. This systemic pro-
cess is called sepsis when the initiating insult is an infection, but a similar, if not 
identical, process can occur when the original insult is traumatic injury.

Sepsis or sepsis-like syndromes can cause injury and failure of many  organs. 
When they affect the lungs, they most commonly cause ARDS. In  patients with 
sepsis or sepsis-like syndromes, the lungs are often the fi rst organ to be injured. 
They are often the most severely injured organ, and they frequently represent the 
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only organ failure that is recognized clinically. This association may be because 
the lungs are the only organ to receive all the blood of the body. Although all the 
blood fl ows through the chambers of the heart, only a fraction of the blood sup-
plies the heart tissues themselves. Thus the lungs  receive the full brunt of the 
injurious cytokines and other molecules. The leakage of fl uid through the 
 alveolar-capillary membrane and fl ooding of alveoli interferes with oxygenation 
and causes shortness of breath and respiratory distress. The excess alveolar 
fl uid mixes with the normal lung surfactant and can  destabilize the alveoli, allow-
ing them to collapse and thus not be available for  breathing.

The microbes causing sepsis leading to ARDS vary widely in type and geo-
graphic distribution. In developed countries, bacterial infections are the most 
common, often with organisms partially or highly resistant to antibiotics that are 
common in hospital environments. Viruses that cause pneumonias can cause 
ARDS. In fact, most of the deaths in the severe acute respiratory syndrome 
(SARS) and H1N1 infl uenza epidemics were due to ARDS.

How is it prevented, treated, and managed?

Prevention, treatment, staying healthy, prognosis

Prevention of ARDS can be accomplished by preventing the infections and inju-
ries that cause it. Even if trauma or infection cannot be prevented, early aggres-
sive treatment may avert ARDS. Promptly hydrating persons in shock or 
administering antibiotics to persons with pneumonia may correct the underlying 
process enough to prevent ARDS from developing.

Once ARDS develops, the management of these patients consists of appro-
priate treatment of the underlying or causative illness, excellent supportive care, 
and prevention of complications. Appropriate treatment of an underlying infection 
is particularly important and consists of identifying the causative organism as 
best as possible and draining any abscesses, as well as giving antibiotics.

The care of the critically ill patient is highly complex because of the severity 
of the patient’s illness, the combination of diseases and organ failures and their 
interactions, and the rapidity of changes in the patient’s condition.

Mechanical ventilation is a key component of good supportive care. The 
ventilator must be set to deliver enough air to make sure the patient’s oxygen 
level is adequate. Positive end-expiratory pressure (PEEP) is applied to each 
breath to keep alveoli open, and a host of other adjustments are made to keep 

Whitebook_breathing_Ch02.indd   19 5/10/10   8:29:40 AM



Acute Respiratory Distress Syndrome CHAPTER 2

20

the patient alive without causing harm to the lungs or the rest of the body. The 
use of small breaths from the ventilator avoids further injury and is particularly 
important.

Fluid management is complex in ARDS because the lungs are fl ooding 
while the patient often does not have enough blood volume to maintain an ade-
quate blood pressure. Although sedative and pain relief medications are essen-
tial, too much sedation can keep the patient on the ventilator longer than 
necessary and cause delirium and lack of cooperation. Medicines that are elim-
inated by the liver or kidney may accumulate and interact if these organs are 
dysfunctional. Other treatments may also cause harm. The mere presence of a 
tube in the trachea to deliver the ventilation is associated with increased risk of 
pneumonia. One of the goals is also to reduce patient discomfort related to the 
tubes, blood drawing, alarms, and frequent nursing checks.

A critical decision for an improving patient is when to remove the mechani-
cal ventilation. The longer a patient remains on the ventilator, the greater the 
chance of complications, including airway injury from the tube and pneumonia. 
Once the patient’s ventilation requirements have decreased to a predetermined 

An intensive care unit is a busy and complicated place where patients are comprehensively monitored, and 
interventions take place quickly. Improvements in how patients are cared for in these units are quite likely to 
be responsible for the better outcomes in acute respiratory distress syndrome
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level, the patient is given a daily trial of breathing on his or her own  (spontaneous 
breathing trial) to see if breathing can comfortably continue and adequate oxy-
genation can be maintained.

The death rate associated with ARDS is high, with overall mortality between 
30 and 40 percent. Once a patient survives the acute episode of ARDS, his or 
her lung function gradually improves over the next six months to a year, with 
eventual return to normal or near-normal lung function in nearly all cases. An 
occasional patient is left with signifi cant scarring and lower than normal lung 
volumes.

Despite normal lung function in nearly all survivors, in self-assessments, 
these patients frequently rate their quality of life as impaired. Recent studies of 
ARDS survivors have found psychological problems, including higher than 
 expected rates of depression and post-traumatic stress disorder, neurocognitive 
problems that are usually relatively mild in degree and improve over years, and 
neuromuscular weakness. The causes of these problems and how best to 
 prevent and treat them are subjects of intense research interest.

Are we making a difference?

Research past, present, and future

Although the mortality related to ARDS is high, it has substantially improved in 
recent years. This decline in the death rate started before any specifi c treatment 
had been shown to be benefi cial for ARDS and was likely related to improve-
ments in critical care medicine and management of these patients.

A great deal has been learned about the infl ammatory process and how 
fl uids are handled in the lung, but infl ammation is a highly complex process, with 
new molecules and pathways—and their cellular interactions—being discovered 
regularly. Several trials have tested intervention in the infl ammatory process, but 
none have shown substantial benefi t.

Considerable interest exists in whether genetic makeup affects the develop-
ment of ARDS, but the research in this area is in its early stages. Some gene 
mutations have been shown to be associated with an increased risk of ARDS 
development, but for the overwhelming majority of cases of ARDS, no specifi c 
genetic profi le has been identifi ed. Interest remains high because of the clinical 
observation that while two patients may share similar characteristics and have 
the same disease, one may develop ARDS and the other may not.
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Life-saving mechanical ventilation can itself result in further injury to the 
already-injured lungs of patients with ARDS. At times this ventilator-induced 
lung injury can result in worse and more permanent damage than that produced 
by ARDS itself. The National Institutes of Health sponsored the ARDS Clinical 
Network (commonly called ARDSnet) to carry out studies on patients with ARDS 
in the intensive care unit (ICU). One study published in 2000 showed that 
 patients given smaller ventilator breaths had signifi cantly higher survival than 
patients with conventional treatment (3). It also showed that the use of large 
breaths resulted in ongoing infl ammation that traveled beyond the lungs. New 
modes of “lung protective ventilation” have been developed. The value of PEEP 
has been established in several studies, although determining the best level of 
PEEP for an individual patient remains an elusive goal.

Studies have shown that daily spontaneous breathing trials (without the 
ventilator’s help) resulted in fewer days on the ventilator. To do the trials, it was 
necessary to stop sedation, which has also been shown to be benefi cial. A sim-
ple method to help minimize aspiration and reduce the risk of developing pneu-
monia is to raise the head of the bed to between 30 and 45 degrees.

An ARDSnet study of ICU patients showed that a more conservative fl uid 
administration strategy—initiated after adequate fl uid intake was ensured— 
resulted in less time on mechanical ventilation and less time in the ICU. Other 
advances are being made and are tied closely to the management of patients in 
the intensive care unit.

What we need to cure or eliminate ARDS

Although it is not realistic to speak of cure when considering a form of injury, the 
two factors most likely to reduce the burden of ARDS are continued improve-
ment in the care of patients in the ICU and breakthroughs in the understanding 
of the infl ammatory process that result in new therapies. Technologies to better 
monitor and treat ARDS patients and evaluation of current procedures have 
 resulted in past gains and are likely to continue to steadily increase patient care 
outcome. Gains from understanding the infl ammatory process are long-term 
goals that are likely to help treat patients with ARDS and with many other dis-
eases in which infl ammation plays a part.
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Asthma
Asthma is a common but complex disease of the pulmonary airways (trachea, 
bronchi, and bronchioles) that is characterized by diffi culties getting air in and 
out of the lungs (variable airfl ow obstruction), environmental triggers causing 
breathlessness (airway hyperresponsiveness), and cellular infl ammation. 

Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

Epidemiological studies have established features of asthma and provided 
insight into many of its characteristics, including the age of onset, sex distribu-
tion, risk factors, and long-term consequences. The International Study of 
Asthma and Allergies in Childhood (ISAAC) surveyed nearly 200,000 children 
six to seven years old and over 300,000 children 13 to 14 years old in more than 
50 countries (1). The results from this survey found the prevalence of asthma to 
be over 10 percent in some countries, including the United Kingdom, New 
 Zealand,  Australia, Costa Rica, the United States, and Brazil. In contrast, in 
other countries, like China, the prevalence of asthma is slightly over 5 percent. 
In recent years, some countries and locales have demonstrated a near doubling 
in the prevalence of asthma.
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From these and other surveys, it is apparent that asthma prevalence is 
 infl uenced by a variety of factors (2,3). First, the presence of asthma is greatest 
in the more “westernized” areas of the world—the Americas, Europe, and 
 Australia. Second, as more countries shift their lifestyle to a more western pat-
tern of living (which includes fewer severe infections early in life, greater use of 
antibiotics, more processed foods, and a shift from rural to urban living) the 
prevalence of asthma increases. Finally, in countries with a less western  lifestyle, 
the prevalence of asthma is low and remains at this level until such societal 
changes occur. These data suggest that factors associated with a western 
 lifestyle are associated with a greater risk or frequency of asthma (2). These 
epidemiological changes led to the development of the “hygiene hypothesis,” 
which proposes that a “cleaner” environment shifts the immune response toward 
the development of allergies and asthma (4).

In the United States, the prevalence of asthma has followed the increase 
seen worldwide over the past two decades (5). From 1980 to the late 1990s, the 
prevalence of asthma doubled, with rates of 6 percent in children and more than 
4 percent in adults. Prevalence assessments are dependent on how the asthma 
is identifi ed. For example, when asthma is characterized as an “attack,” the 

Asthma poses a greater risk for children, women, and African Americans.
National Health Interview Survey, National Center for Health Statistics, Centers for Disease Control 
and Prevention.

Asthma prevalence by age, gender, and race in the United States, 2006
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prevalence is less than 4 percent. If the question asked is, “Have you had asthma 
in your lifetime?” over 10 percent of respondents will answer yes, which more 
accurately refl ects the at-risk population. By any measure, asthma is the most 
common pulmonary disease in children.

Individual risk factors for asthma include a family history of asthma or aller-
gies, a mother who smokes, being raised in an urban environment, early devel-
opment of eczema (atopic dermatitis), and the appearance of environmental 
allergies (6). For the at-risk child, certain environmental allergens—house dust 
mites, cockroaches, and molds such as Alternaria—are most likely to be impor-
tant to the development of asthma. The contribution of animal dander from dogs 
and cats is undergoing re-evaluation, with some evidence saying that, depend-
ing on the age of exposure, the presence of dogs, more so than cats, protects 
against the development of asthma.

These epidemiological observations have also indicated that two compo-
nents are necessary for asthma to develop: genetic and environmental factors. 
Both risks are needed: the right genes and the right environment. One without 
the other is not suffi cient to lead to the expression of asthma.

In adolescence, a number of changes may occur in patients with asthma. 
First, some previously symptomatic patients will have a remission of their dis-
ease; whether it is “permanent” is not clear, nor is it known which patients are 
likely to experience this loss of symptoms. Second, some patients develop asthma 
at this time of their life; the factors associated with later onset are not clear. Third, 
there is a shift in the sex prevalence in the teen years, with adolescent girls or 
women more likely to have asthma than their male counterparts (7).

The burden of asthma is also signifi cant and felt at many levels—personal, 
family, and societal. The costs of medications alone for this common and chronic 
disease can be $3,000 to $4,000 per patient annually. Asthma remains the num-
ber one cause of admission to the hospital for children, which has signifi cant 
costs (8,9). Severe episodes of asthma that lead to hospitalization occur sea-
sonally, with September and October the most common months, probably owing 
to cold viruses entering the community when children return to school. Asthma 
has other costs, including missed time from school of approximately 12.8 million 
days per year in the United States (10). Costs associated with asthma also arise 
in indirect ways, such as family members who need to miss work to obtain treat-
ment for asthma, especially for children. In the United States, the annual cost of 
asthma exceeds $19 billion per year.
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CASE STUDY

A 25-year-old woman had lifelong asthma. Coughing and wheezing began 
with a cold when she was two years old. She was initially diagnosed with 
bronchitis, but antibiotics were not effective. By age fi ve, she had environ-
mental allergies, including reactions to house dust mites and cats. She 
missed about two weeks of school per year, usually following a cold that 
led to an asthma episode. Systemic corticosteroids (prednisone) were 
required three or four times per year, along with the use of daily inhaled 
corticosteroids. 

As a teenager, her symptoms remitted. Her need for medications 
lessened, prednisone bursts were less than one per year, and her ability 
to participate in physical activity was normal. However, at age 21, she 
developed a severe upper respiratory infection, which led to sinusitis 
and reoccurrence of her asthma. Her symptoms intensifi ed; an 
 emergency room visit was needed for an acute episode of breathless-
ness and wheezing. Eventually, a prolonged course of prednisone was 
required to achieve control of her asthma. She was able to stop 
 prednisone and use only inhaled corticosteroids and a long-acting 
beta-agonist, but she continued to experience chest tightness, awoke at 
night about once per week, and had limitation to exercise. If she forgot 
to take her medications, asthma symptoms reappeared, which provided 
daily reminders of her disease.

Comment

The patient described in this case illustrates the natural history of asthma, 
which has provided essential clues to the mechanisms of the disease, 
enhanced diagnostic approaches, and led to improved and more specifi c 
treatments. For example, in most patients, asthma begins in the fi rst six 
years of life. Early episodes of wheezing are frequently in association with 
viral respiratory infections, the most predominant of which are common 
cold viruses (rhinoviruses). For many children, these wheezing episodes 
become fewer and fewer as they grow older. However, many patients have 
progression of their symptoms, in terms of severity and persistence, with 
the development of respiratory allergies or infections.
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What are we learning about asthma?

Pathophysiology, causes: genetic, environment, microbes

The past 15 to 20 years have seen progress in understanding the basic mecha-
nisms of asthma, earlier recognition and treatment, and more effective and safe 
medications for asthma, with important new discoveries made on a yearly basis.

In addition to the appreciation of environmental and genetic factors involved in 
the expression of asthma, our understanding of the processes in the lung that lead to 
asthma and of the clinical manifestations has increased dramatically. Three decades 

Among the best-known instigators and triggers of asthma are viruses, dust mites, pet dander, and 
cigarette smoke, which interact with a genetic predisposition to cause and worsen the disease.
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ago, asthma was considered a “bronchospastic” disease of airways. That is, it was 
thought that asthma consisted of the airway smooth muscles contracting too easily 
and too frequently. At that time, the primary treatment was bronchodilators, which 
were designed to relax the contracted airway muscle in order to reduce the broncho-
spasm and wheezing. Bronchodilators are still needed to treat asthma and are effec-
tive, but they address only one component of the disease.

Although asthma has been known to be a chronic disease, the driving 
 elements of its persistence have been unclear. It is now well recognized that 
airway infl ammation is an essential feature of asthma and is present on a chronic 
basis, but it will “wax and wane” to make asthma improve or worsen. Airway 
infl ammation is also a key target to successful treatment of asthma.

It is also now appreciated that infl ammation in asthma is complex and involves 
many different cells and mediators (11). For example, white blood cells, mast 
cells, airway lining cells (epithelium), smooth muscle, mucous glands, and nerves 
are involved. Each of these cells produces many chemical mediators that interact 
to promote and induce the infl ammatory response. The overall  consequence of 
infl ammation is multi-factorial, with narrowing of the airways, increased likelihood 
of bronchospasm (hyperresponsiveness), and persistence of asthma.

Airway infl ammation can be provoked by allergic reactions, viral respiratory 
infections, environmental material, and occupational exposures. The most effec-
tive remedy is avoidance, where and when possible. However, this approach is 
not always possible because of the ubiquitous nature of many environmental 
exposures.

How is it prevented, treated, and managed? 

Prevention, treatment, staying healthy, prognosis

Asthma can begin at any age in life, but most commonly, onset occurs in chil-
dren younger than six years of age. For these patients, asthma is often associ-
ated with hay fever (allergic rhinitis) and eczema (atopic dermatitis). For these 
patients,  environment allergens play a large and signifi cant role in the onset of 
disease and persistence of symptoms. Asthma can also begin in adulthood. In 
this setting, allergic diseases are usually not a major factor, but the disease is 
more severe, with co-existing sinusitis a frequent fi nding (7,11).

The diagnosis of asthma, particularly in children, is primarily based upon 
 symptoms of cough, wheeze, and shortness of breath in the presence of other 
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 allergic diseases and family history of these conditions. When possible, the demon-
stration of airfl ow obstruction on pulmonary function testing is of further assistance 
in establishing the diagnosis. Finally, improvement in control of asthma symptoms 
with appropriate medication helps substantiate the presence of asthma.

When asthma begins later in life, the diagnosis is often delayed. Commonly, 
these patients are diagnosed as having recurrent bronchitis and initially treated 
with antibiotics. In addition, when the onset of pulmonary symptoms begins later 
in life, a diagnosis of chronic obstructive pulmonary disease (COPD) is often 
made, even in the absence of smoking. Until asthma is recognized in these 
patients, symptom control is poor and morbidity is signifi cant.

Medications used in asthma treatment are divided into two broad catego-
ries: relievers and controllers (12). “Relievers” are medications designed to give 
quick relief and are, generally, bronchodilators. Relievers can also be used to 
prevent symptoms associated with exercise or to give quick relief from acute 
 airfl ow obstruction. All patients with asthma need relievers, which are most com-
monly inhaled beta-2 agonists, such as albuterol.

The other class of medications is “controllers”; they are used long term to 
maintain “control,” usually by reducing airway infl ammation. The most commonly 
used controller is inhaled corticosteroids. Often, inhaled corticosteroids are used 
in combination with long-acting beta agonists. This combination provides 
enhanced control of asthma at a lower dose of inhaled corticosteroids and are 
used most commonly in patients with more severe disease.

The effectiveness of treatment can be judged on two major outcomes: cur-
rent impairment and risk of future attacks. The medication required to control 
impairment and that required to manage risks is often different, but both 
 outcomes need to be factored into judging the effectiveness of the treatment 
regimen. The medications available to treat asthma are generally safe and effec-
tive. The greatest shortcoming to asthma management is a failure of patients to 
use them on a regular basis.

Are we making a difference? 

Research past, present, and future

Advances in the study of asthma epidemiology, genetics, and mechanisms have 
been translated into improved diagnostic approaches and, most importantly, 
improved treatment.
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A major step to more consistent and uniformly effective treatment has been 
the establishment of asthma guidelines. In 1991, the National Institutes of 
Health convened an expert panel of asthma investigators to develop guidelines 
for the diagnosis and management of the disease. The asthma guidelines have 
been periodically updated, most recently in 2007 (12). Asthma guidelines pro-
vide  direction on diagnosis and treatment. Guidelines have classifi ed asthma 
into levels of severity, which are, collectively, based upon symptoms, lung func-
tion, need for rescue treatment, and interference with activity (12). These clas-
sifi cations serve as a guide for clinicians to gauge the appropriate level of 
treatment. 

Studies into the basic mechanisms of infl ammation have identifi ed a num-
ber of potential therapeutic targets. Some targets are based on a particular anti-
body, immunoglobulin E (IgE), which appears to be a key antibody in allergic 
asthma. Others target a cell, the eosinophil, which appears to participate in the 
infl ammation of asthma. Other targets include the smooth muscle of the airway, 
which contracts to narrow the airway and cause the mechanical breathing prob-
lems. In addition, insights into factors regulating the infl ammatory, injury, and 
repair processes have identifi ed families of mediators (such as IL-4 and IL-13), 
which may also serve as targets for treatment.

A therapeutic agent, omalizumab, has been developed against IgE (13). Many 
patients with asthma have underlying allergic disease, which is regulated by IgE 
antibodies. Omalizumab reduces circulating and cell-bound IgE. The primary ben-
efi cial outcome of omalizumab in asthma is improved control, decreased dose of 
inhaled corticosteroids, and, most consistently, fewer asthma episodes. 

Study of the eosinophil has also yielded important treatment leads. Eosino-
phils are regulated by the mediator (cytokine) IL-5 (14). Early results show that 
anti-IL-5 reduces circulating and airway eosinophils, but has had limited benefi t 
on pulmonary functions and symptoms. 

What we need to cure and eliminate asthma

Asthma results when a person with one of many genetic variations interacts with 
specifi c elements in the environment. There are more than a hundred compo-
nents of both of these factors, and many of the host factors set off complicated 
sets of reactions involving hundreds of molecules. Understanding the timing, 
concentration, and interaction of these molecules with other molecules and the 
environmental stimuli makes curing asthma a diffi cult and probably distant goal. 
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Translating basic discoveries into therapeutic agents requires major additional 
effort. Discovery, however, has a cascading effect. Finding new  treatments might 
not only improve asthma control but may provide insights into the disease pro-
cess, which, in turn, could lead to further improved treatments. Currently, the 
goals for patients with asthma are to return to a normal lifestyle and obtain relief 
from the burdens of this disease. With an accelerated pathway to discovery, 
cure and elimination of this major respiratory disease are very conceivable with 
treatment that is safe for long-term use.
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Web sites of interest

National Heart, Lung, and Blood Institute
Guidelines for the Diagnosis and Management of Asthma 
www.nhlbi.nih.gov/guidelines/asthma/asthgdln.htm

Medline Plus links to many resources
www.nlm.nih.gov/medlineplus/asthma.html

Asthma and Allergy Foundation of America
www.aafa.org/

The Environment Protection Agency’s Asthma Program
www.epa.gov/asthma

Centers for Disease Control and Prevention Asthma Information
www.cdc.gov/ASTHMA
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Bronchiectasis
Bronchiectasis is an abnormal, chronic enlargement of the bronchi, the pas-
sageways from the trachea to the alveoli that are the air-exchanging parts of the 
lungs. Bronchiectasis generally occurs as a result of infection, although non-
infectious factors may contribute to the development of this condition. Accompa-
nying the enlargement of the bronchi is their decreased ability to clear secretions. 
Failure to clear secretions allows microbes and particles to collect in them, which 
leads to more secretions and infl ammation that further damage the airways, 
causing more dilation in a vicious cycle.

Bronchiectasis may occur in a single portion of the lung (localized) or 
throughout the lungs (diffuse) and is the major lung abnormality of cystic fi bro-
sis. It may have several different contributing factors, such as abnormal cilia, 
and its course may vary greatly from causing no symptoms to causing death.

Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

The prevalence of bronchiectasis is unknown largely because the symptoms are 
variable and the diagnosis is often not made. In the pre-antibiotic era, it was 
estimated to be as common as or more common than tuberculosis and to be 
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present in 92 percent of cases of chronic bronchitis (1). It occurs in every age 
group and, in the pre-antibiotic era, it most often began in childhood (1). Among 
all ages, it has been estimated that about 25 people per 100,000 have bron-
chiectasis, but this number increases to 272 per 100,000 for those over 74 years 
old (2). However, these statistics were derived from insurance data, which is 
likely to grossly underestimate its true occurrence. Cases of bronchiectasis are 
more common in women than men, especially when it is of unknown cause.

A wide range of causes of bronchiectasis has been reported in adults, but for 
more than half of the cases, there is no known cause or association. It is estimated 
that between 30 and 35 percent of cases follow a lung infection that damages the 
bronchi for the fi rst time (3). In addition to bacterial pneumonia, other infections, 
such as whooping cough (pertussis) or tuberculosis, may cause the bronchial 
damage. Although the inciting infections are usually severe, bronchiectasis can 
also occur with minimal or silent infections. This is often the case when the inciting 
infection is caused by nontuberculous mycobacteria (see Chapter 12).

Individuals with an inadequate immune system are at increased risk for 
chronic bronchial infections, which can damage airways and set up conditions 

This computed tomographic (CT) image of the lungs shows dilation of the bronchi characteristic of 
bronchiectasis (arrow). The large white structure in the center is the aorta and the darker areas are 
normal lung.

[L][R]
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Bronchiectasis increases with age. It is likely to be much more common than reported here because it is 
not usually detected, reported, or treated (2).

Prevalence of Bronchiectasis

for bronchiectasis. Persons who fail to produce antibodies, a condition that can 
be congenital or acquired, commonly develop bronchiectasis. Other immune 
 defi ciency states are also associated with bronchiectasis. 

The economic burden attributed to bronchiectasis is great, in part, because it is 
a chronic disease that may require frequent medical visits, antibiotics, hospitaliza-
tions, and chest physiotherapy in order to minimize the risk of recurrent infections 
and progressive disease. In 2001, it was estimated that the annual medical cost of 
care for persons in the United States with bronchiectasis was $13,244, which is 
greater than the annual cost for many other chronic diseases, such as heart disease 
($12,000) and COPD ($11,000 to $13,000) (2). If there are over 110,000 persons in 
the United States with bronchiectasis, expenditures for medical care are estimated 
to be greater than $1.4 billion annually.

For patients who have airway infections resistant to oral antibiotics, the bur-
den is much greater. Intravenous antibiotics complicate care greatly because 
hospitalization or home monitoring is required. Treatment for these patients in-
cludes placement of a central venous catheter, coordination of the doses of drugs 
that often must be given multiple times per day, regular blood tests to monitor for 
side effects, and measurement of blood levels of the antibiotic for many days, 
steps that become expensive and disrupt patients’ lives.
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CASE STUDY

A 57-year-old woman was referred to a pulmonologist for worsening 
cough and sputum production over nearly two years. A nonsmoker, she 
appeared thin but not in distress and had no other signifi cant medical 
problems. Additional symptoms included shortness of breath and fatigue. 
Her primary care physician had treated her with antibiotics for bronchitis 
six times over the previous 18 months. She had no heartburn, acid refl ux, 
choking, or sinus symptoms. There was no systemic infl ammatory 
disease, history of tuberculosis, or other chest infections, such as 
whooping cough. She had no family history of lung disease. A chest 
radiograph showed dilated airways in several areas that were confi rmed 
by a chest computed tomography (CT) scan. Blood tests, including 
antibody (immunoglobulin) levels, were normal. Pulmonary function 
testing demonstrated a decrease in lung capacity with mild airfl ow 
obstruction that signifi cantly improved with an inhaled bronchodilator. 
Sputum collected for bacterial culture grew the bacteria Pseudomonas 
aeruginosa. Bronchiectasis was diagnosed, and the patient began a 
treatment program that included a bronchodilator, a mucous clearance 
device, chest physiotherapy, antibiotics, and a regular exercise program. 
Over the next 12 months, her symptoms improved dramatically, although 
they did not resolve completely. She regained her energy and was able 
to resume her normal lifestyle that included recreational activities, such 
as golfi ng, while continuing with her pulmonary treatment program.

Comment

This case study represents several common features of bronchiectasis. 
The diagnosis of bronchiectasis is frequently delayed for months or 
years, often with symptoms misdiagnosed as bronchitis, asthma, or 
recurrent pneumonia. Symptoms are often downplayed by both the 
patient and physician. Once diagnosed, bronchiectasis requires a health 
maintenance program with intermittent treatment of airway infections. 
This program is usually tailored to the patient’s symptoms and can range 
from occasional follow-up to frequent hospitalizations for intensive 
treatment. Chest radiographs or CT scans allow visualization of the 
dilated bronchi and can also diagnose pneumonia, which is a recognized 
complication. Pulmonary function tests demonstrate impairment of lung 
function when present.
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What are we learning about the disease?

Pathophysiology, causes: genetic, environment, microbes

The respiratory tract is lined with cells that contain cilia, hair-like structures that stick 
into the mucous layer that lines the airways and beat to propel the mucus out of the 
lungs. Mucus traps bacteria and particles, and mucociliary clearance is an important 
defense mechanism for the bronchial tubes. It is not surprising that a variety of prob-
lems of cilia are associated with bronchiectasis. Ciliated cells also line the inner 
surface of the nose and sinuses, which are part of the respiratory tract. Ciliary disor-
ders usually, therefore, also are associated with sinus infections. Sinus disease is 
common in bronchiectasis even when a ciliary defect is not known. 

Almost any cause of signifi cant bronchial injury can lead to bronchiectasis. 
Several auto-immune diseases, such as rheumatoid arthritis or Sjögren’s syn-
drome, can cause bronchiectasis. Aspiration of oral contents can be particularly 
damaging. Gastroesophageal refl ux disease (GERD) with gastric aspiration may 
contribute as well. Even obstruction of the airway by an inhaled peanut or other 

This electron microscopic image shows cilia, small hair-like structures on the surface of cells in 
the airways. Ciliary defects are associated with bronchiectasis. Cilia move mucus out of the 
lung. About 200 cilia are present on the surface of each cell, and more than 250 genes are 
responsible for their proper functioning.
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foreign body can set up conditions for bronchiectasis by blocking drainage of 
normal mucus. Other impairments in the bronchial structure or mucociliary clear-
ance can also cause it. For example, thick mucus can be retained in bronchi in 
patients with asthma. If the mucus becomes infected by a common fungus, 
Aspergillus, an intense infl ammation can ensue. The infl ammation can damage 
the airway and result in bronchiectasis.

In addition to cystic fi brosis, inherited conditions like immotile ciliary syn-
drome and alpha-1 antitrypsin defi ciency may lead to bronchiectasis. A rare con-
dition called Ehlers-Danlos syndrome causes lax supporting tissue in and around 
the airway that, under certain circumstances, can be associated with bron-
chiectasis. Bronchiectasis can also occur in a variety of rare genetic defects of 
the immune system.

Infection by environmental nontuberculous mycobacteria (see Chapter 12) 
is also being recognized and treated, with signifi cant improvement in patients’ 
quality of life. These ubiquitous bacteria are in the same family as Mycobacte-
rium tuberculosis but are not contagious. They have a propensity to live in the 
secretions of patients with bronchiectasis. Most mycobacterial infections can
be treated, but they require many months or even years of medication. Certain 
bacteria such as Pseudomonas and other drug-resistant organisms may be dif-
fi cult to treat and require inhaled or intravenous antibiotics.

How is it prevented, treated, and managed?

Prevention, treatment, staying healthy, prognosis

Prevention of bronchiectasis is diffi cult because the risk for developing it is gen-
erally not known before the diagnosis. However, if a cause is known and can be 
corrected, that becomes the highest priority in managing bronchiectasis. For 
example, correcting a lack of antibodies (agammaglobulinemia) or removing a 
bronchial obstruction may “cure” the bronchiectasis. If other causative or ag-
gravating conditions are present, they should be treated. For example, aspira-
tion should be prevented, and infectious and other associated infl ammatory 
disorders generally should be treated.

Bronchiectasis is treatable but not curable. In the majority of patients with 
bronchiectasis, there are strategies for preventing or slowing its progression. The 
two most important elements of these strategies are clearance of airway secre-
tions and prompt treatment of lung infections. Retained secretions in the airway 
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make a favorable environment for bacteria to fl ourish, resulting in the cycle of 
infection, airway infl ammation, airway injury with further enlargement, and more 
retained secretions. Untreated, this cycle of infection, infl ammation, and injury 
often results in progressive symptoms and loss of lung function. In one study, 
poor prognosis was correlated with decreased activity and quality of life, chronic 
Pseudomonas aeruginosa infection, and poor pulmonary function tests (4).

General self-care techniques are an important part of bronchiectasis treat-
ment. These techniques include such infection prevention methods as proper 
hand washing, covering the mouth when coughing, and appropriate vaccina-
tions. Regular aerobic activity, a balanced diet, and avoidance of all tobacco 
products are also important.

As bronchiectasis advances, symptoms are more frequent and severe, and 
eradication of the infection and secretions becomes more diffi cult. The goal of 
therapy remains to minimize symptoms, prevent loss of lung function, and pre-
serve quality of life.

Keeping airways clear of secretions helps break the infection, infl ammation, 
and injury cycle and is a key for successful management of patients with bron-
chiectasis. For those patients that do not produce sputum (“dry bronchiectasis”), 
little is needed to do to keep airways clear. In these patients, chronic infection is 
uncommon.

Most patients with bronchiectasis produce from a teaspoon to over a cup of 
sputum per day. Techniques for clearing retained secretions vary greatly. In some 
instances, regular exercise is suffi cient to mobilize and clear them. Chest percus-
sion with or without postural drainage is often fi rst tried to raise sputum. Several 
medical devices are marketed for this purpose. These may be simple handheld 
instruments that vibrate air in the airway or more complicated chest-wall vibrating 
devices. The vibration may “shake loose” thick mucus, but not all techniques work 
for every patient, and a trial-and-error approach is usually  required to fi nd the 
most effective regimen for a specifi c patient. Lack of hydration may thicken spu-
tum, so drinking plenty of fl uids is generally recommended.

Airway infl ammation with asthmatic-like reactions is often present in bron-
chiectatic airways and most often should be treated with asthma medications, 
such as inhaled bronchodilators or inhaled corticosteroids. Bronchodilators relax 
airway muscles and may enhance mucous clearance. Inhaled corticosteroids 
reduce infl ammation and may be benefi cial in select patients. Nebulized con-
centrated salt solution (hypertonic saline) affords enhanced secretion clearance 
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in cystic fi brosis patients, but its benefi t to other patients with bronchiectasis 
remains unproven.

Finally, a small subgroup of patients with localized bronchiectasis may ben-
efi t from surgical resection of the affected area of the lung. This procedure is 
most often done if the lung segment is a site of substantial bleeding, bronchial 
obstruction, or recurrent infection. 

Are we making a difference?

Research past, present, and future

Since the fi rst description of bronchiectasis by René Laënnec in the early 1800s, 
knowledge has been gained about the natural history, the characteristics of different 
bacteria, and the structure and physiology of the cells of the airways. Antibiotics have 
transformed bronchiectasis from a common sequela of pneumonia to an uncommon 
condition. They have also greatly improved the quality of life of these patients. 

The discovery of the gene that causes cystic fi brosis in 1989 allowed more 
detailed knowledge of the biology of the cells of the airway, the transport of 
water and salts into the mucus, and the character of the sputum, although treat-
ments for cystic fi brosis do not necessarily translate into the care of patients with 
bronchiectasis without cystic fi brosis.

Bronchiectasis is associated with cellular and molecular defects and  adverse 
events that result in airway injury, mucus stagnation, and infection. Research 
has advanced the knowledge of each of these areas. More is being learned 
about who gets bronchiectasis. The complexity of ciliated cells and other 
 bronchial lining cells is being recognized.

The slimy material that collects at the bottom of standing water is called a bio-
fi lm. Biofi lms are usually made up of a community of many different bacteria; some 
bacteria produce the slimy material and other bacteria use it for their advantage. In 
humans, dental plaque is an example of a biofi lm. Biofi lms also occur in the airways 
of patients with bronchiectasis. If one species of bacteria produces a substance that 
inactivates an antibiotic, all the other organisms in the biofi lm benefi t.

Biofi lm material forms a submicroscopic netlike mesh that may prevent the 
body’s immune cells from engulfi ng and destroying the bacteria. The bacteria of 
the biofi lm communicate to inform each other about the concentration of  bacteria. 
The communications may signal the bacteria to grow if conditions are favorable, 
or to reduce activity if conditions are not. A change in activity of the bacteria 
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could irritate the bronchial lining cells and set off an episode of cough, sputum, 
and breathlessness.

As more is being learned about biofi lms, new agents are being developed that 
can block the inter-bacterial communication. Although antibiotics and secretion 
clearance have led to stabilization of bronchiectasis in most patients, better antibi-
otics are being developed to allow oral medications and nebulized solutions to 
replace intravenous medicines to treat exacerbations of bronchiectasis.

A national non–cystic fi brosis bronchiectasis registry has been established to 
better defi ne the patients and the infections they get. This registry has been mod-
eled after the one for cystic fi brosis patients that was established many years 
ago. Genetic studies, which would investigate predisposing factors, should open 
new doors to study the cells and molecules that fail to protect against bronchiecta-
sis as well as to alert persons who might be at increased risk for the disease.

What we need to cure and eliminate bronchiectasis

Bronchiectasis is almost certainly less frequent and severe today than it was in 
the preantibiotic era. Treatment of pneumonia with antibiotics has reduced cases 
of bronchiectasis, a common  sequelia. Development of antibiotics that are eas-
ier to deliver and more effective should further reduce its burden. The next steps 
toward eliminating bronchiectasis require better understanding of the basic 
mechanisms of the disease, the organisms involved, biofi lms, and how the lung 
damage is perpetuated.  Research on the nontuberculous mycobacteria, their 
relation to the mucus layer, and  susceptibility to new antibiotics will likely help 
control this group of pathogens. Clinical trials need to be done to determine 
when, which, and how long antibiotics should be given. Lastly, awareness 
leading to more prompt diagnosis and treatment of both bronchiectasis and its 
underlying conditions is essential to reduce and control this disease.
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Chronic Obstructive 
Pulmonary Disease (COPD)
Chronic obstructive pulmonary disease (COPD) is an umbrella term for condi-
tions, including chronic bronchitis and emphysema, that impede the fl ow of air in 
the bronchi and trachea. COPD is the fourth-leading cause of death in the United 
States and is a major cause of sickness. It is currently the fi fth-leading cause of 
death worldwide, but the World Health Organization projects it will become the 
third-leading cause by 2030 (1). COPD is both preventable and treatable.

International organizations have more specifi cally defi ned COPD as “a 
 disease state characterized by airfl ow limitation that is not fully reversible. The 
airfl ow limitation is usually both progressive and associated with an abnormal 
infl ammatory response of the lungs to noxious particles or gases.”

Whom does it affect?

Defi nition, epidemiology, prevalence, economic burden, 

and vulnerable populations

Chronic obstructive pulmonary disease is diagnosed using a medical device 
called a spirometer, which measures air volume and fl ow, the main components 
of common clinical breathing tests (pulmonary function tests). The  measurement 
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of the forced expired volume of air in one second (FEV1) as a percentage of the 
total amount of air that can be forcefully exhaled (forced vital capacity or FVC) 
is the main functional way of defi ning COPD. An FEV1/FVC ratio less than 0.70 
after a patient is given a bronchodilator usually indicates that he or she has 
COPD. A progressive disease, COPD is widely recognized as having four 
stages of severity. At its most severe stage, the FEV1 is less than 30 percent of 
normal (2).

COPD is a common chronic disease. Most estimates of COPD put its prev-
alence in the adult population in the 5 to 10 percent range, although these esti-
mates vary by the specifi c criteria used. The Third National Health and Nutrition 
Examination Survey (NHANES III) data—the most recent U.S. survey that 
included spirometry—showed a prevalence of COPD in adults of 6.8 percent (1). 
Over 50 percent of people with evidence of COPD, though, have never been 

27.1–58.7

>58.7–69.0

>69.0–78.1

>78.1–93.6

Deaths from COPD vary by state, which may refl ect differences in smoking, diagnosis, or treatment. 
Centers for Disease Control and Prevention. National Vital Statistics System. Atlanta: 2005.

Rate of COPD deaths by state, per 100,000 population
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diagnosed with disease. This proportion is even higher among people with mild 
disease, which is most amenable to intervention (3).

COPD is responsible for about 700,000 hospitalizations annually in the 
United States. In recent years, the hospitalization rate among women has 
increased and is now similar to the rate among men. In 2005, more than 126,000 
adults in the United States died from COPD (4). Age-adjusted mortality rates 
varied dramatically by state, from a low of 27.1 per 100,000 in Hawaii to a high 
of 93.6 per 100,000 in Oklahoma.

COPD has an enormous fi nancial burden, with estimated direct medical 
costs in 1993 of $14.7 billion. The estimated indirect cost related to morbidity 
(loss of work time and productivity) and premature mortality is an additional 
$9.2 billion, for a total of $23.9 billion annually. By 2002, this cost was estimated 
at $32.1 billion annually (1).

COPD hospitalizations increased until about 2000 and then leveled off. COPD rates shadow smoking 
rates with a delay of several years. DeFrances CJ, Hall MJ, for the Division of Health Care Statistics. 
2005 National Hospital Discharge Survey. Hyattsville, MD: 2007.

Estimated number of men and women hospitalized for COPD
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What we are learning about the disease

Pathophysiology, causes: genetic, environment, microbes

COPD comprises a collection of different processes, including chronic or recur-
rent bronchitis, emphysema, and airway responsiveness that contribute to the 
disease. The most important risk factor for COPD in the United States is ciga-
rette smoking. Other factors, including occupational or environmental exposures 
to dusts, gases, vapors, biomass smoke, malnutrition, early life infections, recur-
rent respiratory infections, genetic predisposition, increased airways respon-
siveness, and asthma may be important in many individuals (3). 

Chronic or recurrent bronchitis is a major component of COPD. It consists 
of bouts of increased cough and sputum production that can occur frequently. 
The attacks may be related to an acute bacterial or viral infection or a chronic 

CASE STUDY

A 52-year-old woman had increasing shortness of breath on exertion for 
over two years. She used to walk 9 holes of golf with her women’s group 
every Wednesday, but over the last year she has had to use a golf cart. 
She has attributed this change to getting old. She was told three years 
earlier that she had “a touch of asthma” and was given an inhaler to use 
when she was symptomatic. In the last six months, she had three trips to 
the emergency department for “acute bronchitis.” She had smoked for 
about 15 years, but stopped 20 years ago. Spirometry showed an FEV

1
 

of 62 percent of that predicted and an FEV
1 
/ FVC of 0.58.

Comment

This case highlights several typical features of COPD. First, it is becoming 
increasingly common among women, and women are more likely to be 
misdiagnosed (5). Second, people with COPD are told they have asthma 
or another respiratory disease. Third, the symptoms can occur long after a 
person has stopped smoking, and, in some cases, in the absence of a 
smoking history altogether. People often attribute their breathing problems 
to other causes, and they may feel that once they have stopped smoking 
they will no longer suffer its consequences.
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process that has permanently damaged the airways, known as bronchiectasis. 
While most people have had an episode of bronchitis at some point in their life, 
recurrent episodes (typically two to three per year) are frequently observed in 
COPD.

Emphysema, another component of COPD, entails the destruction of alveoli 
(air sacs) in the lungs, impairing their ability to bring oxygen into the body and 
eliminate carbon dioxide. 

The best known genetic risk factor for COPD is alpha-1 antitrypsin defi -
ciency. Alpha-1 antitrypsin is a special protein that protects the lungs from 
enzymes known as proteases. The body’s white blood cells seek out and destroy 
bacteria and viruses trying to invade the lungs. They kill the microbes by 
 releasing enzymes and other toxic products that, in addition to killing the organ-
isms, can damage the lungs. Alpha-1 antitrypsin quickly inactivates the enzymes 
produced by these white cells, protecting the lung from damage. In individuals 

[R] [L]

100

mm

This computed tomography (CT) scan shows emphysema on the right (R), 
where most of the lung tissue is replaced by large spaces of air. The left side 
(L) has bronchitis and bronchiectasis—dilated bronchi with thickened walls. 
This image would be characteristic of alpha-1 antitrypsin defi ciency, although 
this patient did not have it.
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with alpha-1 antitrypsin defi ciency, the low level of antitrypsin fails to protect the 
lungs from enzymatic tissue damage. This is a major cause of COPD in alpha-1 
antitrypsin defi ciency. There are  approximately 100,000 people in the United 
States who are defi cient in alpha-1 antitrypsin because of a genetic defect. 
These patients can develop lung disease even in the absence of cigarette smok-
ing, although smoking increases their chances of developing it.

COPD is also increasingly associated with other diseases, such as pneu-
monia, hypertension, heart failure, forms of heart disease, lung vascular dis-
ease, cancer, osteoporosis, and depression.

Although the role of environmental factors like cigarette smoke in the cau-
sation of COPD is well established, the mechanisms linking the exposure to the 
disease at the cellular level are still poorly understood. For instance, it is known 
that a characteristic form of infl ammation involving a type of white blood cell 
(neutrophilic leukocytes) is associated with the structural changes of the lung 
that are found in chronic bronchitis and emphysema. However, the critical bio-
logical pathways remain elusive. This gap in knowledge has been an obstacle to 
new drug development. 

The susceptibility to environmental irritants is likely to be determined by 
genetic factors. Knowing the genes associated with COPD susceptibility and 
development would be a signifi cant step forward in better understanding the 
 biology of COPD and identifying new drug targets. One such COPD-associated 
gene mutation has already been discovered; it is responsible for the COPD seen 
in patients with alpha-1 antitrypsin defi ciency. Although this genetic defect is pres-
ent in only a small number of patients with COPD, it has already paved the way for 
new therapeutic interventions and has served as a model for COPD in general.

How is it prevented, treated, and managed?

Prevention, treatment, staying healthy, prognosis

In the United States, the risk factor most strongly associated with COPD is ciga-
rette smoking. Preventing teenagers from starting to smoke and getting estab-
lished smokers to stop is clearly the most important way to prevent COPD. There 
are now many strategies to accomplish this, including public campaigns and 
personal counseling, higher costs for cigarettes, and new medications.

Another primary prevention strategy is to decrease occupational exposures 
to dusts, vapors, gases, and fumes. Treatment of asthma with disease modifying 
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anti-infl ammatory agents to prevent airway remodeling may be another primary 
prevention strategy for COPD. 

Secondary prevention aims to detect disease when it is still relatively mild and 
treatable. While there is evidence that this strategy works in cardiovascular dis-
ease and diabetes, evidence that the early detection and treatment of COPD 
improves outcomes is, at the moment, lacking, but it is an area of active investiga-
tion. The hope is that earlier intervention will improve the quality of life in these 
patients.

In 1963, a Swedish researcher and a medical resident discovered that the alpha-1 “clump” was missing 
in patients who developed emphysema at a young age. When they used electrophoresis, a method of 
purifying blood proteins, the absence of the alpha-1 protein became readily apparent. 

Albumin

Alpha Alpha
Beta

Gamma

Albumin

Alpha Alpha
Beta

Gamma

Normal

Alpha-1 antitrypsin defi ciency
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Tertiary prevention aims to lessen the complications of established disease. 
Treatment with bronchodilators, anti-infl ammatory agents, and antibiotics 
according to guidelines can reduce exacerbations of the disease and prevent 
the accelerated decline in lung function (2). Reducing exposure to air pollution 
and getting infl uenza and pneumonia vaccines may also lessen the chance of 
exacerbations. Alpha-1 antitrypsin replacement is available for those with this 
defi ciency. In advanced disease, oxygen therapy and pulmonary rehabilitation 
have been shown to be benefi cial. In a small number of selected cases, lung 
surgery, including lung volume reduction surgery and lung transplantation, may 
be  helpful. 

At any stage of disease, avoidance of risk factors, such a tobacco smoke or 
occupational dusts, is important. 

Are we making a difference? 

Research past, present, and future

Important work by researchers in the 1950s and 1960s established that cigarette 
smoking was the major risk factor for disease in the developed world (6). The 
key intervention of decreasing smoking prevalence, which began with cam-
paigns in the 1960s, has probably resulted in a lower prevalence of COPD com-
pared to what might have been seen otherwise. However, over 20 percent of the 
U.S. adult population continues to smoke, and more people are exposed to 
second-hand smoke.

Recent investigations have demonstrated that asthma, ongoing infl amma-
tion in the lung, or the presence of other diseases may hasten the progression 
of COPD. Clinical trials suggest that medications may alter the natural history of 
disease. 

Learning more about the basic biology of infl ammation and how airways 
function is helping to develop new medications. A large National Institutes of 
Health research program called COPDGene (www.copdgene.org) is investigat-
ing the relationship between genetic and other risk factors and the development 
and progression of COPD. This project hopes to identify the genes involved in 
different aspects of COPD. This knowledge will then lead to a better understand-
ing of how and why COPD develops. (For example, it appears that only about 
half of smokers will develop COPD.) These and other studies may help explain 
how COPD relates to other diseases of aging and frailty.
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What we need to cure or eliminate COPD

Decreasing smoking prevalence in the population would, ultimately, reduce the 
prevalence of COPD. Current therapy is focused on improving the quality of life 
for patients, but more research on current tools, such as how to best intervene 
in early disease and when to use antibiotics, could make major differences. 
Combining epidemiology and basic biology to understand how and why exacer-
bations occur and what contributes to infl ammation will be critically important. 
The genetic studies could lead to major breakthroughs. Of course, basic discov-
eries must be tested in clinical trials before their real benefi t is known.
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Collagen Vascular 
Lung Disease
Connective tissue disorders are a group of autoimmune diseases in which anti-
bodies attack the body’s own organs and systems. Among the many targets of 
these auto-antibodies is connective tissue, which is the supporting structure for 
all of the body’s cells. Connective tissue disorders typically feature infl ammation 
and scarring in several organs and tissues. The joints are frequently involved, 
particularly in the most common of these conditions, rheumatoid arthritis. Thus, 
rheumatology is the primary medical subspecialty involved in the diagnosis and 
care of these patients.

An important component of connective tissue is the structural protein colla-
gen. Abnormalities in blood vessel structure and function are also typical, account-
ing for the term “collagen vascular diseases,” which is often used interchangeably 
with connective tissue disorders. Lung involvement may complicate the course of 
all these conditions and sometimes can dominate the clinical picture.

Whom does it affect?

Epidemiology, prevalence, economic burden, and vulnerable populations

Some connective tissue disorders, notably rheumatoid arthritis and Sjögren’s 
syndrome, are quite common, whereas scleroderma (systemic sclerosis) and 
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lupus (systemic lupus erythematosus) have an intermediate prevalence. All tend 
to strike mostly young and middle-aged women. They are more common in 
 African Americans, in whom the severity of disease and, in particular, lung 
 involvement is also higher. In the case of scleroderma, an especially vulnerable 
population is the Choctaw Native Americans in Oklahoma, in whom the preva-
lence is 469 per 100,000 (1).

The frequency and type of lung involvement in connective tissue disorders 
varies based on the underlying disease. Of all the connective tissue disorders, 
scleroderma is most likely to affect the lungs. Pulmonary fi brosis, also known as 
interstitial lung disease, which results in progressive scarring of the lungs, 
occurs in over two thirds of scleroderma patients (2). The most serious 
pulmonary complication of the connective tissue disorders is the involvement of 
the blood vessels in the lungs, which causes decreased oxygen uptake and 
pulmonary arterial hypertension (elevated blood pressure in the arteries of the 
lungs). This occurs in 10 to 15 percent of patients with scleroderma and in up to 
5 percent of patients with the other conditions (2).

In lupus, pleurisy (infl ammation of the lining around the lung) occurs in over 
one third of patients, often with pleural effusion (build-up of fl uid around the 

Prevalence, demographics, and common features of connective tissue disorders

Disorder Prevalence Demographics
Most frequent 
manifestations

Rheumatoid Arthritis 0.3–2.1 percent of 
population

Female to male ratio: 3 to 1; peak 
onset at age 35–50 years

Potentially disabling arthritis; 
increased risk of 
cardiovascular disease

Systemic Lupus 
Erythematosus (Lupus)

15–50/100,000 90% are females of child-bearing 
age; higher prevalence in African 
Americans

Fatigue, body aches, skin 
rash, neurologic complaints; 
effects on kidney, lung, heart

Scleroderma (Systemic 
Sclerosis)

19–75/100,000 Female to male ratio: 3:1; peak 
onset in 3rd–5th decades; more 
frequent in African Americans, 
Hispanics, and American Indians

Skin thickening; effects on 
vascular system, lung, kidney, 
gastrointestinal tract, heart

Sjögren’s Syndrome 0.5–1 percent Predominantly middle-aged women 
(female to male ratio: 9 to 1)

Dry eyes and dry mouth; 
effects on joints

Polymyositis 1/100,000 More common in women; all ages Muscle weakness; diffi culty 
swallowing; rash around 
eyes; effects on heart, lung
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lung) (3). Acute and potentially life-threatening types of lung involvement, such 
as  alveolar hemorrhage (bleeding into the lung), are also observed in 5 to 
15 percent of lupus patients (3). Evidence of narrowing of the bronchi on breath-
ing tests is surprisingly common, observed in about one quarter of patients with 
rheumatoid arthritis and Sjögren’s syndrome (4). Bronchiolitis (severe obstruc-
tion of the small airways) is an infrequent, but potentially devastating, complica-
tion of rheumatoid arthritis. Respiratory muscle weakness leading to shallow 
and diffi cult breathing can also occur in connective tissue disorders, especially 
polymyositis, which involves the muscles elsewhere in the body.

Lung infections are common in connective tissue disorders. This associa-
tion may be related to the immunologic abnormalities accompanying the primary 
disease, aspiration of stomach or mouth contents into the lungs, or, most impor-
tantly, the effects of  immunosuppressive agents used to treat these diseases. 
Recently, the advent of powerful new immunosuppresive agents (tumor necrosis 
factor blockers) for rheumatoid arthritis has placed renewed focus on the risks 
associated with immunosuppressant therapy. These agents may also increase 
the rates of tuberculosis and other serious infections (5). In lupus, up to half of 
all deaths are due to infections.

Connective tissue disorders exact a large economic burden on society. A 
common measure that integrates mortality and disability and can be thought of 
as a year of “healthy life” is Disability Adjusted Life Years (DALY). In a recent 
analysis, rheumatoid arthritis accounted for 98 DALY lost per 100,000 popula-
tion in the United States, accounting for nearly 1 percent of all DALY lost (6). 
Direct healthcare costs have been estimated to be about $10,000 annually per 
patient (in 2006 dollars), plus a similar amount in lost productivity or indirect 
costs. Annual medical expenditures for lupus patients were over $12,000 (in 
2005 dollars) per patient, greater than those for healthy control subjects; in 
patients with lupus and kidney involvement, costs were nearly four times 
greater than those for healthy control subjects (7). For scleroderma, a recent 
Canadian study estimated total annual costs (direct and indirect) at over 
$18,000 (2007 Canadian dollars; about $17,990 U.S. dollars) per patient (8). 
The relative contribution of lung involvement versus that of other organs to the 
overall economic burden, morbidity, and mortality of connective tissue disor-
ders is variable and diffi cult to ascertain, but signifi cant lung disease clearly 
has a substantial impact.
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What we are learning about the disease

Pathophysiology, causes: genetic, environment, microbes

The causes of connective tissue disorders are unknown, but intense research 
efforts are beginning to shed light on the mechanisms of tissue injury.

In rheumatoid arthritis, an infectious agent is suspected, but conclusive 
 evidence has yet to emerge. Nonetheless, considerable progress has been made 
in delineating the cellular and molecular pathways involved in the joint and carti-
lage destruction of the disease, leading to the successful development of biologic 
agents that antagonize tumor necrosis factor, a key mediator of tissue damage.

In lupus, an interaction between susceptibility genes and environmental 
factors is believed to cause the disease. Hyperactivity of the immune system is 
a prominent feature, and variations in several genes that control the immune 

This computed tomography (CT) scan shows fi brosis and extensive regular 
cysts with a  honeycomb-like appearance. The esophagus is also enlarged. 
Both of these features are often found in patients with scleroderma and lung 
involvement.
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response increase the risk of lupus. The circulating auto-antibodies associated 
with lupus appear to be important in the disease process. They aggregate in 
specifi c tissues, induce infl ammation and injury, and alter connective tissue 

CASE STUDY

A 46-year-old Caucasian woman and mother of two children with a 
long-standing history of scleroderma was referred to a pulmonologist for 
activity-related shortness of breath occurring for the past year. Pulmonary 
fi brosis was noted on her chest radiograph, accompanied by a reduction in 
the lung capacity on pulmonary function tests. The scarring was treated 
with immunosuppressive medications for one year, and supplemental 
oxygen was started. Her symptoms and lung function tests improved, but 
16 months later, her breathing became more labored, and she was 
hospitalized. An ultrasound of the heart (echocardiogram) demonstrated 
enlargement of the right side of the heart, with elevation on the estimated 
pulmonary artery pressure. Pulmonary hypertension was confi rmed by 
right heart catheterization, and she was enrolled in a clinical research 
study of sildenafi l, a drug that “relaxes” blood vessels and has been 
subsequently approved for treating pulmonary hypertension. With this 
treatment, she experienced a signifi cant reduction in pulmonary artery 
pressure accompanied by an improvement in exercise capacity.

However, her condition gradually deteriorated with worsening pulmo-
nary hypertension, despite the addition of a continuous intravenous 
medication, treprostinil. Lung transplantation was considered, but the 
procedure was considered too risky, given the extent of skin and esopha-
geal disease. Her breathing continued to become more labored, with 
decreasing oxygen levels, until she died at age 50.

Comment

This case highlights the clinical challenges of lung involvement in sclero-
derma, which is the leading cause of death in this condition (2). Treatment 
options are limited and associated with potentially serious side effects. 
Moreover, the benefi ts of therapy are often small, and as this case illus-
trates, short-lived. Despite the availability of treatment, pulmonary hyper-
tension associated with scleroderma carries a worse prognosis compared 
with other types of pulmonary hypertension, especially when accompanied 
by concomitant interstitial lung disease (9).
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cells. A similar infl ammatory reaction is seen in Sjögren’s syndrome and poly-
myositis, targeting the salivary glands and muscles, respectively.

Injury to the endothelium (blood vessel cells) is believed to be the initiating 
pathologic event of scleroderma. This injury, perhaps mediated by immune cells 
or a viral infection, initiates a cascade of events resulting in narrowing of the 
small blood vessels, insuffi cient blood fl ow, and subsequent scarring. The 
 fi brosis, or scarring, is marked by excessive and seemingly disorganized colla-
gen deposition. Environmental exposures that have been associated with a 
small minority of cases of scleroderma include silica dust from coal and gold 
mining, polyvinyl chloride, epoxy resins, and aromatic hydrocarbons.

How is it prevented, treated, and managed?

Prevention, treatment, staying healthy, prognosis

Until its causes are positively established, there is no specifi c preventative strat-
egy for the connective tissue disorders. However, smoking increases the risk of 
rheumatoid arthritis, and the disease is more severe in smokers, so smoking 
cessation is an important way to reduce the risk and severity of that disease.

The chronic infl ammation in connective tissue disorders is associated with 
an increased risk of cardiovascular disease events, such as heart attack and 
stroke. In lupus, the risk of premature cardiovascular disease is increased up to 
50-fold, and in rheumatoid arthritis, the risk of death due to a cardiovascular 
event is increased 50 percent compared with control subjects (10). In this 
 respect, both lupus and rheumatoid arthritis are considered to be independent 
risk factors for cardiovascular disease, similar to hypertension, diabetes, and 
smoking. Thus, aggressive prevention of cardiovascular disease should be pur-
sued. Strategies include maintaining a healthy diet, regular exercise, smoking 
cessation, and careful management of diabetes, high blood pressure, and high 
cholesterol. Statin drugs, which are used to lower cholesterol, may also have 
other benefi ts such as anti-oxidant and anti-infl ammatory actions.

The treatment of connective tissue disorders depends on the specifi c disease, 
which organs are involved, and how rapidly the disease is progressing. Non- 
steroidal anti-infl ammatory drugs (NSAIDs) are useful for pain, body aches, and 
fatigue. Anti-malarial drugs can reduce the skin and joint manifestations of lupus. 
Corticosteroids and other immunosuppressive drugs are useful to control infl am-
mation and can be life-saving for patients with certain acute lung  manifestations of 
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lupus. The U.S. Food and Drug Administration (FDA) has approved several drugs 
for the treatment of pulmonary hypertension, which is often associated with con-
nective tissue disorders. Unfortunately, scleroderma patients do not appear to 
benefi t from these drugs as much as patients with other forms of pulmonary 
 hypertension.

The prognosis of lung involvement in connective tissue disorders depends 
on the severity and type of underlying disease. Extensive lung disease, how-
ever, carries a 10-year survival rate of only 40 percent (2). The most serious 
chronic pulmonary manifestation of connective tissue disorders is pulmonary 
hypertension. Even with therapy, 3-year survival of pulmonary hypertension with 
scleroderma was only 47 percent in a recent large study from Britain (9).

Are we making a difference?

Research past, present, and future

Past research efforts have characterized the various clinical and pathologic fea-
tures of respiratory involvement in the connective tissue diseases. With  advances 
in molecular biology techniques, progress is now being made in characterizing 
the cellular and molecular pathways involved in tissue injury. In addition, asso-
ciations with certain genetic variants involved in the immune response and the 
presence of specifi c auto-antibodies have been linked to these disorders.Under-
standing the mechanisms by which the different lung manifestations occur and 
the variations that patients have should identify which molecules are involved in 
the disease and allow new therapeutic targets to be developed. For example, 
why do some patients with scleroderma experience no or minimal lung disease, 
some develop severe interstitial lung disease or pulmonary hypertension, and 
some develop both?

Large, well-designed clinical trials will continue to be fundamental for bringing 
new, safe, and effective treatments to clinical practice. The relatively low preva-
lence of lung disease in connective tissue disorders other than  scleroderma makes 
such trials challenging. Success has been achieved in scleroderma, where a multi-
institutional network, the Scleroderma Lung Study, is testing therapies for intersti-
tial lung disease (11). In pulmonary hypertension, after an initial early trial restricted 
to scleroderma patients (12), subsequent study designs have incorporated con-
nective tissue disorders as a subset within a larger group of subjects without con-
nective tissue disorders. Although this approach has facilitated the approval of 
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novel agents for these patients, it does not allow us to understand fully the role of 
these drugs in pulmonary hypertension associated with connective tissue disor-
ders, which may be different from other forms of pulmonary hypertension.

What we need to cure or eliminate collagen vascular lung disease

The collagen vascular diseases are almost certainly multi-factorial in origin, and 
thus, it is unlikely that a single “magic bullet” will be discovered to cure all 
of them. Continued study of the highly complex immune system and how the 
body turns against itself in the process of autoimmunity, however, will likely 
 indentify key molecules involved in these processes. The next steps would be to 
identify ways to bypass or correct the defects and to understand how these fac-
tors  interact with environmental factors to trigger the diseases and their pulmo-
nary complications. Close collaboration between clinicians and basic scientists 
will be critical to the success of such efforts. A most important element will be the 
patients themselves who will take the time and make the effort to participate in 
the clinical research studies needed to fi nd a cure.

This small pulmonary artery is constricted by the growth and layering of the inside cells to greatly 
hinder blood fl ow, a feature of scleroderma.
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Cystic Fibrosis
Cystic fi brosis (CF) is the most common, life-shortening genetic disease in 
 Caucasians. It affects the transport of salt and water across cells and affects 
different organs, but lung disease is responsible for the majority of symptoms, 
burden of care, and lost years of life. The gene that causes the disease has now 
been identifi ed and sequenced.

Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

Cystic fi brosis affects at least 30,000 people in the United States; between 900 
and 1,000 new cases are diagnosed every year (1). One in 29 people of Cauca-
sian ancestry is an unaffected carrier of the CF gene mutation. In the United 
States, cystic fi brosis occurs at a rate of 1 in 3,400 births. While it occurs in 
persons of all racial and ethnic backgrounds, it is most common in Caucasians 
of Northern European ancestry. Historically, half of affected individuals were 
diagnosed by fi ve months of age, though the average age at diagnosis was fi ve 
years, and some individuals were not diagnosed until adulthood.
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Beginning in 2010, however, all states will require that newborns undergo 
screening for cystic fi brosis. This should be helpful because early diagnosis and 
treatment reduce symptoms, improve health, and reduce costs associated with 
disease complications.

When CF was fi rst described, most affected children died in infancy or early 
childhood. With improvements in nutritional therapy, antibiotics, and chest phys-
iotherapy, life was extended into the second decade, and with continued atten-
tion to improving care, median survival has increased to 37.4 years, according 
to the most recent Cystic Fibrosis Foundation registry data. Today, about half of 
all patients are adults, and although the quality of life is lower than that of the 
general population, it has been steadily improving.

The cost of treating cystic fi brosis is very high. Most affected individuals 
must take pancreatic enzymes to digest food effectively, and some require insu-
lin for diabetes mellitus. Many drugs that prevent and treat pulmonary complica-
tions are expensive. The average cost of care for a person with CF living in the 
United States in 2006 was just over $48,000, more than 20 times higher than 
that for someone without CF (2). Medications account for the single highest 
expenditure, followed by hospitalization. Each year, one in three patients with 
CF is hospitalized, mostly for treatment of “pulmonary exacerbations” caused by 
an infection requiring intravenous antibiotics. Time lost from work and school is 
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Those with cystic fi brosis are living longer thanks to a number of factors, including chest physiotherapy 
and better antibiotics, nutrition, and overall care. Cystic Fibrosis Foundation Web site. Cystic Fibrosis 
Patient Registry: Annual Data Report 2008. Available at: http://www.cff.org/LivingWithCF/Quality
Improvement/PatientRegistryReport. Accessed March 20, 2010.

Median predicted survival age for those born with cystic fi brosis
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CASE STUDY

A male child was born in 1980. He did not gain weight normally and had 
frequent, loose, foul-smelling bowel movements. At four months of age, he 
developed a cough that produced phlegm. A sweat test showed elevated 
chloride levels, which are diagnostic of cystic fi brosis. He was referred to a 
CF center and was treated with pancreatic enzymes, chest physiotherapy (to 
clear excessive secretions in the chest), and antibiotics. He was in fairly good 
health for a number of years, although he struggled to gain weight and had 
several hospital stays for breathing problems. At age 10, he became infected 
with the bacterium Pseudomonas aeruginosa. His pulmonary function 
worsened, and he required hospital stays lasting up to two weeks once or 
twice a year. At age 14, he began taking a new drug, dornase alfa, and 
showed improvement. Three years later, he began taking nebulized tobramy-
cin, and showed further improvement. When he turned 18, he transitioned to 
an adult CF program. He continued to have frequent pulmonary exacerba-
tions requiring repeated courses of intravenous antibiotics. He developed 
complications from the antibiotics, including kidney damage and hearing loss. 
At age 24, he received a lung transplant. He now maintains normal lung 
 function but takes several medications to prevent infection and lung rejection. 
He works part time and takes classes at a community college.

Comment

This case is representative of an early presentation of an infant with cystic 
fi brosis with malabsorption and failure to thrive symptoms. Going forward, 
most patients will be diagnosed by newborn screening, which is now 
mandatory in all states. He developed bronchiectasis at an early age and 
became infected with the bacterium Pseudomonas aeruginosa, the most 
important infection for CF patients. He had severe pulmonary disease as 
marked by frequent pulmonary exacerbations, rapid loss of lung function, 
and need for a lung transplant.

common in CF. If indirect costs such as these are factored in, the overall  expense 
is signifi cantly higher. In addition to the cost, the treatment burden for CF patients 
is also signifi cant. On average, CF patients spend nearly two hours a day per-
forming therapies in order to maintain their health. For young children, this 
imposes a substantial burden on the family.
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What we are learning about this disease

Pathophysiology, causes: genetic, environment, microbes

Cystic fi brosis was referred to in medieval folklore, which mentions infants with 
salty skin who were considered “bewitched” because they routinely died an early 
death. Salty skin is now recognized as a sign of CF. It was not until 1936, how-
ever, that Dr. Guido Fanconi named this condition “cystic fi brosis with bron-
chiectasis.” In 1949, Dr. Charles Upton Lowe established that CF was a genetic 
disorder, and in 1953, Dr. Paul A. di Sant’Agnese reported that children with CF 
secrete excessive salt in their sweat after observing dehydration in these chil-
dren during a New York City heat wave. This fi nding is the basis of the “sweat 
test,” used to diagnose cystic fi brosis (3).

Much of research until the 1990s was aimed at learning more about the 
physiology of the surface layer of cells and why salt transport in tissues was 
defective. After discovering how to unravel the genetic code, the focus and 
tempo of research switched. In 1989, a collaborative effort using new molecular 
techniques led to the discovery of the genetic abnormality that causes CF and 
the sequencing of this gene. Cystic fi brosis is caused by mutations in the cystic 
fi brosis transmembrane regulator (CFTR) gene. A recessive genetic disorder, it 
is inherited when two carrier parents (who have one normal gene and one gene 
with a mutation) each contributes the abnormal CFTR gene to their child. Thus, 
the likelihood that two carrier parents will have an affected child is 1:4 for each 
pregnancy. Carriers do not usually have symptoms of CF, but carrier status can 
be detected through genetic testing.

The abnormality in the CFTR gene causes a defective CFTR protein to be 
produced, resulting in abnormal transport of salt (sodium and chloride) and water 
across cells that line the respiratory, digestive, and genital tracts. This results in 
a reduction of water in the fl uid lining the airways. Diminished water causes the 
respiratory secretions to become thicker and clog small airways. The stagnant 
sputum becomes infected as bacteria that are inhaled or brought into the lungs 
through the mouth become lodged there. Persistent stagnation allows persistent 
infection and chronic infl ammation to develop. Infl ammatory cells trapped in the 
sputum add to its tenacity. Pseudomonas aeruginosa and other bacteria from 
the environment thrive in the mucus that is retained in the airways of the CF lung. 
The bronchi dilate and their walls weaken, setting up a condition called bron-
chiectasis that results in further airfl ow obstruction. The vicious cycle of  airway 
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obstruction, infl ammation, and persistent infection leads to a progressive decline 
in lung function and eventually causes respiratory failure and death.

Clogged mucus secretions in the digestive tract can lead to malnutrition and 
vitamin defi ciencies. The genital tract abnormality can lead to infertility in men 
and women. Other complications include CF-related diabetes, liver cirrhosis, 
bowel obstruction, chronic sinusitis, and osteoporosis. There is a high preva-
lence of depression and anxiety in CF patients.

Environmental exposures worsen CF lung disease. Children who are exposed 
to tobacco smoke have lower lung function and more pulmonary exacerbations 
than those who live in smoke-free environments. High levels of air pollution are 
associated with an increased rate of adverse pulmonary events.

How is it prevented, treated, and managed?

Prevention, treatment, staying healthy, prognosis

Cystic fi brosis carrier testing is recommended for Caucasian women who are 
considering pregnancy or who are pregnant. This can allow a couple who is at 
risk of having a child with CF to use reproductive technologies to avoid having a 
baby with CF, or to prepare for the birth of an infant with CF. Diagnosing CF 
before a child is born, or by newborn screening, allows earlier referral to a CF 
center and initiation of treatment with pancreatic enzymes before symptoms of 
abnormal absorption or poor growth occur.

In the United States, most people with CF are treated at specialized CF 
centers accredited by the Cystic Fibrosis Foundation. Multidisciplinary teams of 
physicians, nurses, respiratory therapists, dietitians, and social workers care for 
both adult and pediatric patients.

Individuals with CF who have better nutrition have higher lung function and 
longer life expectancy. Nutritional management with pancreatic enzymes and 
a high-calorie, liberal-fat diet is recommended from the time of diagnosis. Some 
people with CF benefi t from supplemental feedings given overnight by a tube 
placed into the stomach. Specialized vitamin preparations are prescribed in 
order to reduce the risk of defi ciency of certain fat-soluble vitamins.

Although most infants and young children have only intermittent symptoms 
of cough and wheezing, recent research shows that there are structural and 
functional abnormalities of the lung as early as the fi rst few months of life. Most 
CF treatments for lung disease have been tested primarily in patients aged fi ve 
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and older. These treatments include physical methods to clear thick secretions 
from the chest, the use of hand-held devices that cause an oscillation in the 
airways during expiration, and vests that provide external oscillations to the 
chest wall. Maintenance medications include those that thin sticky airway secre-
tions, such as dornase alfa and hypertonic saline, bronchodilators such as 
albuterol, inhaled antibiotics such as tobramycin, and anti-infl ammatory drugs 
such as ibuprofen and azithromycin. Practice guidelines assist physicians and 
patients in choosing appropriate therapies (4).

Frequent monitoring of nutrition and pulmonary function and screening for 
complications of CF are essential components of care. Current recommenda-
tions include quarterly visits to an accredited CF center, frequent pulmonary 
function testing and respiratory cultures, and annual screening tests for compli-
cations, including liver disease and diabetes. Prompt treatment of lung infec-
tions and worsening symptoms is extremely important.

Are we making a difference?

Research past, present, and future

Better understanding of the disease and application of this understanding are 
responsible for the steadily improving life expectancy in persons with CF. Pre-
vention and treatment of respiratory infections may reduce the vicious cycle of 
bronchiectasis. Prevention of chronic Pseudomonas aeruginosa infection is now 
a goal of therapy for infants and young children. This strategy consists of fre-
quent monitoring with sputum cultures and treatment with appropriate antibiotics 
whenever P. aeruginosa is found. Vaccines intended to prevent P. aeruginosa 
infection and new antibiotics to treat it are being developed.

Many new drugs that may help people affected with CF are being studied. 
Investigational drugs that help improve salt transport across cells include denu-
fosol, which activates a non-CFTR chloride channel to increase the volume of 
airway surface liquid. Other potential treatments for infections are also being 
studied.

Among the most exciting advances in drug therapies for CF are new drugs 
that have been designed to correct the basic defect in the CFTR protein. The 
development and early clinical studies of these drugs have been complex, as 
different gene mutations cause different problems in protein production; there-
fore, these drugs are specifi c to defi ned gene mutations. Some of these drugs 
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have been shown to improve CFTR function as measured by improved sweat 
chloride levels and nasal potential differences, a way of directly measuring salt 
transport across the nasal membranes.

Survival has more than doubled over the last 40 years in conjunction with a 
greater understanding of the basic pathophysiology in CF. Because a single 
aberrant gene and its protein product are now known, research can concentrate 
on measures to correct this defect. If this research leads to another doubling of 
the lifespan in the next 40 years, life expectancy would approach normal. Appli-
cation of these fi ndings, however, would only be a part of the effort. Continued 
attention and research on the management of the patients will be needed to 
optimize not only length of life, but quality of life, for people living with cystic 
fi brosis.

What we need to cure or eliminate cystic fi brosis

The implementation of newborn screening for CF in every state will facilitate earlier 
diagnosis and initiation of therapies to preserve good nutrition and lung function. 
This may translate into better lung function over the long term and improved 
 survival.

At age 50, Ms. Finnegan 
Brooks embodies the 
advances in cystic fi brosis 
management that have 
greatly extended the lives 
of people with this disease.

As a young girl, Joan Finnegan Brooks was “allowed” by her 
parents to sleep outside of her mist tent on Christmas Eve. 
Mist tents are no longer used because other therapies have 
proven more effective, and the tents increased the risk of 
bacterial infections in the child’s lungs.
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Though therapies that improve lung function and reduce infection exist and 
are a mainstay of therapy, more therapies with alternative mechanisms of action 
are needed. Therapies designed to improve chloride secretion in the airways 
or increase hydration of airway mucus may improve bronchial hygiene and 
preserve lung function. This could translate to improved survival. 

While gene therapy has not yet lived up to its initial promise, research is 
ongoing to develop a safe, effi cient method for delivering a normal CFTR gene to 
the airways of CF patients. Successful gene therapy could lead to a cure for CF.

 Drugs designed to improve the function of mutant CFTR, thus correcting 
the ion transport problem, are currently in development. Several such drugs are 
in Phase 2 and Phase 3 studies. If these studies show both effi cacy and safety,  
these drugs may lead to stabilization or improvement of CF lung disease and 
allow for prolonged survival.
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Many environmental factors contribute to the development of respiratory dis-
eases. The World Health Organization’s 2002 report “Reducing Risks, Promot-
ing Healthy Life” emphasized the importance of environmental factors in lung 
disease and stated that controlling air pollution and tobacco consumption would 
be among the most important interventions to promote good health (1). The 
report noted that the burden of lung disease is unevenly distributed and can be 
traced to regional environmental challenges, nutrition, and poverty, as well as to 
a person’s underlying state of health. Because of the diffi culty in assessing the 
prevalence and amount of exposure, the precise risk each environment poses is 
unknown. Risk assessment is further complicated by socioeconomic and genetic 
factors that may predispose a person to respiratory disease or alter the progno-
sis. However, by understanding the mechanisms of disease, defi ning high-risk 
populations, and intervening to mitigate or reduce environmental exposures, the 
burden of disease may be signifi cantly lessened.

Environmentally 
Induced Lung Disease
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Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

The lungs are the main interface between the body and the environment. Con-
sequently, the lungs are a common site of environmentally induced disease. 
Thousands of environmental toxins and commercial chemicals are now in use, 
the particles of which may become aerosolized or airborne in the form of fi bers, 
fumes, mists, or dust. Inhabitants of major metropolitan areas may inhale more 
than 2 milligrams of dust each day, and workers in dusty occupations may inhale 
up to 100 times that amount.

The lungs are equipped with a complex system to reduce the effect of 
potentially harmful inhaled toxins and to preserve the sensitive gas exchange 
mechanism of the alveolar surface, so pulmonary function in most persons is 
rarely affected despite this exposure. Nevertheless, environmentally related 
lung disease has increased over the past several decades, probably owing to 
exposure to respiratory toxins, mainly tobacco smoke and air pollutants.

Understanding and quantifying the contributions of environmental expo-
sures to lung disease is diffi cult because individuals respond differently to the 
same factors. The variations in response arise from different susceptibilities, 

Water damage can cause mold to grow on walls. The mold can stimulate 
hypersensitivity pneumonitis or an asthma-like illness.
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including genetic predisposition, developmental stages of life, presence of 
co-existing diseases, other exposures, and lifestyle differences such as varying 
nutritional status and physical activity levels. Despite the diffi culties inherent in 
teasing apart environmental contributions to human disease, a number of stud-
ies have shown that environmental exposures, particularly during fetal develop-
ment, can profoundly affect subsequent genetic expression.

For example, environmental factors are known to play important roles in the 
pathogenesis of asthma—both in terms of main effects and those exerted indi-
rectly through complex interactions with gene variants. The increase in the prev-
alence, incidence, and severity of asthma over the last 20 years, along with 
epidemiologic studies on the environment, provides strong evidence that expo-
sures, including air pollution, play an important role in the development of this 
disease. These changes have occurred too rapidly to be accounted for by 
changes in primary DNA sequence alone. 

Cars and trucks contribute 
substantially to air pollution. The U.S. 
Environmental Protection Agency 
(EPA) recognizes diesel exhaust as a 
carcinogen, and many studies have 
demonstrated that it worsens 
common respiratory conditions, such 
as asthma and COPD.
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Although demographic factors, such as age, race, and socioeconomic sta-
tus, appear to be risk factors for asthma, the increasing prevalence and severity 
of asthma suggest that airborne allergens, smoking behavior, agents in the 
workplace, indoor and outdoor air pollution, viruses, domestic and occupational 
exposure to toxins contained within bacteria (endotoxins), and immunization 
against certain infectious diseases play a role as well. Moreover, in utero expo-
sures have been identifi ed as important risk factors for the development of 
asthma. 

While prenatal exposure to diesel exhaust particles and environmental 
tobacco smoke is associated with an increased risk of asthma, maternal inges-
tion of fruits, vegetables, and oily fi sh appears to be protective. In addition, it 
appears that gestational exposure to an environment rich in microbial com-
pounds protects against the development of allergic hypersensitivity (atopy) and 
may affect the innate immune response to allergens. However, host genetic fac-
tors are also important in disease development; people exposed to environmen-
tal tobacco smoke are at greater risk of developing asthma if they carry certain 
genetic factors (for example, those found at chromosome 17q21). 

What are we learning about this disease?

Pathophysiology, causes: genetic, environment, microbes

The development of environmentally induced lung disease is a function of the 
toxicity of the inhaled substance, the intensity and duration of exposure, and an 
individual’s susceptibility. The physical state of the inhaled substance (for 
 example, solid, fume, or mixture), the size, and other characteristics (for exam-
ple, solubility) principally determine the initial site of disease activity. Smaller 
particles (0.1 to 1.0 microns) are more likely to reach the lungs’ alveoli, but air-
borne particles up to 5 microns in size may also do so. In general, larger particles 
(10 microns or greater) are trapped and removed by the mucus and cilia of the 
upper respiratory tract.

Although the respiratory tract is quite resilient in the face of the plethora of 
agents in the environment, disruption of mechanisms to clear inhaled material may 
occur if an individual is exposed to highly concentrated particles in certain  situations 
or if an exposure occurs during strenuous labor. Depending on the inhaled sub-
stance, acute or chronic reactions occur as particles are deposited on the alveolar 
surface. Acute reactions are characterized by swelling (edema) and infl ammation, 
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CASE STUDY

A 55-year-old woman with lung disease grew up in a household where 
her father smoked. She herself smoked on average a pack of cigarettes 
per day for 40 years and worked with rosin solder. Five years earlier, she 
had developed breathlessness, and two years earlier she had to stop 
working because of this symptom. Since then, her condition worsened, 
and she required 2 liters of supplemental oxygen per minute. She 
remembered that working with solder increased her shortness of breath, 
as did days with high air pollution. She used a wood stove in winter for 
heat and had a cat in the home, to which she was allergic. Her father died 
of emphysema.

A pulmonologist found wheezes with prolonged expiration. Her 
 pulmonary function tests showed severe obstruction (which improved 
after she inhaled a bronchodilator), trapped air in her lungs, and 
 markedly reduced diffusing capacity—a measure of oxygen transfer 
through the lungs. She was continued on oxygen and inhalers, and given 
advice and help to quit smoking. She was advised to remove the cat 
from her home, stop using the wood stove, and stay indoors on high air 
pollution days.

Comment

This case depicts the complexity of assessing the impact that various 
environmental factors may have on the cause or aggravation of lung 
disease. In what appears to be well-defi ned respiratory disease of a known 
cause, such as chronic obstructive pulmonary disease (COPD) due to 
tobacco use, many other environmental factors may contribute to the onset 
of disease and worsening of symptoms with disease progression.

Most lung diseases are considered to be of unknown cause (idiopathic) 
unless there are strong clinical, physiologic, and pathologic associations 
with an environmental etiology. Of note, environmental factors can result 
in most types of lung disease, including asthma, COPD, interstitial lung 
disease, infectious lung disease, pulmonary hypertension, and lung 
cancer. These and other lung diseases, including genetically determined 
diseases such as cystic fi brosis and alpha-1 antitrypsin defi ciency, may be 
aggravated by environmental factors. Unless environmental factors are 
considered, an important opportunity for case fi nding, treatment, and 
prevention of future disease will be missed.
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while chronic reactions are characterized by connective tissue scarring (fi brosis) 
and the formation of specifi c aggregates of immune cells (granulomas).

Several factors may make certain individuals more susceptible to inhaled tox-
ins. These include genetic tendencies, the inability to clear substances from the 
lower respiratory tract, the presence of coexisting pulmonary diseases, and the 
effects of concomitant exposures, such as cigarette smoke.

Environmental lung diseases are diffi cult to diagnose and study epidemio-
logically because of the extended time from exposure to clinical expression of 
disease, which often ranges from years to decades. In addition, individuals can 
be exposed to several substances at one time, and they may work in a number 
of professions and do a variety of tasks in their lifetime (2–4).

How is it prevented, treated, and managed? 

Prevention, treatment, staying healthy, prognosis

The fi rst step in preventing environmentally related lung disease is to recognize 
the exposure–disease relationship. Then, primary prevention is achieved with 

This graph shows that the number of sites, out of 728 tested, exceeding the air quality standards for 
particulate matter (soot) in the United States has decreased over time. Nevertheless, approximately 
1 in 4 sites monitored still exceeds national standards. U.S. Environmental Protection Agency Web site. 
Particulate matter. Available at: http://www.epa.gov/airtrends/pm.html. Accessed March 20, 2010.
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reduction, modifi cation, or elimination of the exposure or environment. These 
changes may involve behavior modifi cations at the individual level, such as 
smoking cessation. Other interventions require societal and global approaches 
to prioritize and target environmental modifi cations with public health policy 
implications. Some of these efforts necessitate legislation and public policy for 
implementation, such as the use of air quality standards to reduce air pollution 
or bans on the advertisement of tobacco products or on smoking in public places 
to reduce tobacco smoke. Education is an important aspect of prevention of 
environmentally induced lung disease.

The treatment of environmentally induced lung disease usually includes 
recommendations for exposure reduction or modifi cation to reduce disease 

The number of Americans who smoke has declined steadily from 1965 to 1999. The decline is most 
dramatic among men, but rates have declined among women as well, except among those age 65 or 
older. National Center for Health Statistics.
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impairment. The prognosis of environmentally induced lung diseases is usually 
dictated by the underlying disease and not always by the environment itself, 
except in some occupational lung diseases. However, it is important to remem-
ber that, as a group, these are preventable diseases.

Are we making a difference? 

Research past, present, and future

Signifi cant strides have been made in linking environmental factors and lung 
disease by using epidemiologic and toxicologic studies combined with an effort 
to determine the mechanisms by which the disease develops. This approach 
has resulted in a reduction in occupational lung disease caused by dust, called 
pneumoconiosis, and asbestos-related lung disease in communities surround-
ing industrial sources. In addition, the ongoing recognition of new environmental 
factors in lung disease, such as exposure to smoke from burning wood and 
other plants commonly used in developing countries for heat, has been an 
important accomplishment in this area. 

What we need to cure or eliminate environmentally 

induced lung disease

The cornerstone of controlling, reducing, and eliminating environmentally asso-
ciated respiratory disease is improving indoor, outdoor, and workplace air quality 
in the United States. In addition, several important advances are necessary (5). 
First, the ability to assess the environment and the exposure must be improved 
in order to understand the impact environmental factors have on disease and to 
determine whether new environmental factors might result in disease. Assess-
ment methods are needed that can monitor a person’s total exposure to 
 environmental factors over a lifetime instead of during a certain time period or in 
one situation. This assessment could be accomplished at least partially with the 
 development of biomarkers that indicate exposure to precipitating factors from 
in utero to the end of life. Research efforts that address the complexity of the 
exposures are most likely to show the effect of environmental factors on lung 
disease.

Second, more needs to be learned about the interaction between the indi-
vidual and the environment to better defi ne at-risk populations. These efforts 
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should not only identify populations at high risk for disease but should also con-
sider how modifi cations of environmental factors could reduce disease impact. 
An integrative approach will be required for these research efforts, including 
reliance on advancing genetic technologies, along with bioinformatics and 
 complex biostatistical methodologies. In addition to identifying genetic factors 
associated with risk of exposure, this research could identify biomarkers of 
 disease and defi ne potential pathogenic pathways that may be targeted to 
reduce or treat disease.

Third, the mechanisms by which environmental toxins affect disease devel-
opment need to be defi ned. Although it is well-established that outdoor air pollu-
tion increases risk of cardiovascular disease and indoor air pollution due to 
biomass smoke increases risk of childhood infection, the molecular pathways by 
which these toxicants exert their effect are unknown.

Cotinine is a byproduct of nicotine and is measured in the blood or urine (in nanograms per milliliter). Its 
presence in nonsmokers indicates their level of tobacco smoke exposure and risk for disease caused by 
secondhand smoke. National Health and Nutrition Examination Survey.

Average serum cotinine levels (nanograms per milliliter) of nonsmokers

0

0.05

0.10

0.15

0.20

0.25

0.30

0.35

1988–1991 1991–1994

Years

P
o

p
u

la
ti

o
n

1999–2000 2000–2001

Aged >– 4 years Aged >– 20 yearsAged 4–11 years Aged 12–19 years

Male
Female

Male
Female

Male
Female

Whitebook_breathing_Ch08.indd   85 5/10/10   8:41:28 AM



Environmentally Induced Lung Disease CHAPTER 8

86

Finally, to control environmental lung disease on a population basis, multi-
disciplinary research and public health programs are needed to translate what is 
learned about these toxins and molecular pathways into environmental change 
to help people who are at risk of respiratory disease. At present, there are too 
few researchers and clinicians who have an interest and ability to conduct envi-
ronmental research. Thus, an important fi rst step to move this fi eld forward is to 
train more researchers. With these approaches and the development of partner-
ships between researchers and the public at large, the role of environmental 
factors in lung disease will continue to be defi ned and methods to prevent dis-
ease will be implemented.
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Fungal Lung Disease
Fungal infections of the lung are less common than bacterial and viral infections 
but pose signifi cant problems in diagnosis and treatment. They mainly affect 
people living in certain geographic areas and those with immune defi ciency. 
Their virulence varies from causing no symptoms to causing death.

Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

Rates of invasive fungal infections have surged during recent decades, largely 
because of the increasing size of the population at risk. This population includes 
patients who are immunosuppressed because of diseases, such as cancers of 
immune cells of the blood, bone marrow, and lymph nodes, and those with 
human immunodefi ciency virus (HIV) infection. It also includes patients taking 
immunosuppressive drugs, which are given to avoid rejection of transplanted 
organs or stem cells and as treatment for autoimmune diseases, such as rheu-
matoid arthritis. Immunosuppressive drugs are also given to reduce infl amma-
tion. For example, corticosteroids are often prescribed for many different lung 
diseases. A new class of potent immunosuppressive agents includes compounds 
that block regulatory molecules produced by the immune system called  cytokines. 
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One of these cytokines, tumor necrosis factor, is key to many of the body’s 
 immune processes. In addition, patients with chronic debilitating diseases, who 
are in an immune-defi cient state, make an attractive host for invasive fungi.

Massive population growth, urban development, and climate change are 
also factors that have increased the prevalence of fungal infections in certain 
areas and are putting more people at risk of becoming infected with the fungi 
that is endemic to where they live. More recently, natural disasters such as tsu-
namis and hurricanes have also contributed to the changing epidemiology of 
fungal infections. 

The fi nancial and social burdens of fungal infections are staggering. Using 
National Hospital Discharge Data Sets from 1998, the annual cost of fungal 

Histoplasma

HI

C.gattii

Blastomyces

Coccidioides

Histoplasmosis occurs primarily in the areas of the Ohio and Mississippi rivers. Blastomycosis occurs in 
the central and southeastern United States. Coccidioidomycosis is limited to the southwestern United 
States. Infection with Cryptococcus gattii occurs in the northwestern United States. The area of 
histoplasmin skin test positivity in the southwestern United States probably represents cross-reactivity 
caused by coccidioidomycosis.
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 infections in the United States was estimated to be $2.6 billion, approximately 
0.24 percent of total U.S. healthcare expenditures (1). That same year, the aver-
age added expenditure to treat a patient with a fungal infection in the United 
States was more than $31,000 above the average annual healthcare expendi-
ture of $4,000 per person (1). Most of this expense was incurred caring for 
hospitalized patients with invasive aspergillosis, a fungal infection predominantly 
affecting the lungs (2).

Generally speaking, invasive fungal infections (termed mycoses) can be 
divided into two broad categories: the opportunistic and the endemic mycoses. 
Opportunistic fungal infections involve ubiquitous fungi and occur predominantly 
in individuals whose immune systems are compromised. These infections do not 
follow any particular geographic distribution and are seen with increasing fre-
quency worldwide. Invasive pulmonary aspergillosis and systemic candidiasis 
are the most prevalent opportunistic fungal infections. Mold infections that were 
once considered rare are now emerging as signifi cant infectious complications 

Large excavations like this one at the World Trade Center site in New York raise and widely 
disperse soil sediments that contain fungi. Such excavations have the potential to cause large 
outbreaks of pulmonary fungal infections.
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of the severely immune compromised. The fungus aspergillus is the leading 
cause of infection-related death in stem cell transplant recipients (3). Allergic 
lung diseases can also develop in otherwise healthy subjects who are repeat-
edly exposed to environmental molds. 

On the other hand, endemic fungal infections follow distinct geographic dis-
tributions that are determined by soil and climate conditions optimal for the 
 fungi’s growth. North America is home to three of the major endemic mycoses: 
histoplasmosis, blastomycosis, and coccidioidomycosis. Their prevalence var-
ies by region.

These three endemic fungal diseases share many characteristics. Illness is 
acquired by inhaling aerosolized spores. Healthy individuals who contract these 
diseases generally experience few symptoms, or, if they become ill, recover 
quickly on their own. In contrast, the infections can be life-threatening in patients 
with depressed immunity, especially those with acquired immune defi ciency 
 syndrome (AIDS) and those receiving immunosuppressive medications. The 
infections can persist and cause other lung diseases, such as emphysema, to 
worsen.

What are we learning about lung fungal infections?

Pathophysiology, causes: genetic, environment, microbes

Most pulmonary fungal infections occur after inhalation of fungi that have been 
aerosolized because their natural habitat was disturbed. Once in the lungs’ alve-
oli (air sacs), the fungus is engulfed by macrophages and other cells involved in 
the primary immune response. Macrophages are usually able to neutralize and 
destroy the pathogens that they attack, but many fungi have developed a way to 
disable the macrophage’s weapons, and some fungi have actually developed 
the ability to grow and multiply inside macrophages.

Secondary or adaptive immunity cells are called to the site of infection, and 
in healthy individuals, this action can usually control the infection’s spread. The 
fungus is contained, but the sites of initial infection can remain as granulomas, 
collections of different types of immune cells. The granulomas later degenerate 
to scars and often calcify. Calcifi ed granulomas may be seen years later on x-ray 
images.

When cellular immunity is impaired, as it is, for instance, in AIDS, infection 
with an endemic fungus cannot be controlled. Almost any organ can be involved 
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as the infection spreads throughout the body. The presence of structural lung 
disease, such as emphysema, impairs the clearance of the infection and allows a 
chronic condition to take hold. White blood cells (especially neutrophils) are criti-
cal to fi ght certain fungal infections such as those due to the fungus Aspergillus. 

CASE STUDY

A 66-year-old Indiana woman was hospitalized for an abnormal chest 
radiograph and respiratory symptoms. Five years earlier, she had been 
diagnosed with sarcoidosis and treated with an immunosuppressive drug, 
azathioprine. Three months earlier, infl iximab, a new potent anti-cytokine 
(tumor necrosis factor) immunosuppressive agent, had been started. One 
month before hospital admission, she developed fever, weakness, 
 shortness of breath, productive cough, nausea, and vomiting, leading to 
dehydration and a 20-pound weight loss. A chest computed tomography 
scan showed small nodules scattered in both lungs. She continued to 
worsen despite many courses of antibacterial antibiotics. In the hospital, 
her blood pressure dropped. She had fever and a rapid heart rate. Her 
oxygen level fell and she needed supplemental oxygen. Bronchoscopy with 
transbronchial biopsy showed granulomas containing the fungus 
 Histoplasma. Urine Histoplasma antigen was positive. She was treated 
with a potent but potentially toxic antifungal agent, amphotericin B. She 
improved and was discharged to a long-term care facility after a prolonged 
hospitalization that was complicated by respiratory failure requiring 
mechanical ventilation.

Comment

Infection by the fungus Histoplasma capsulatum, or histoplasmosis, is 
one of the most common infectious complications of medicines that 
block the infl ammatory mediator tumor necrosis factor. Delay in estab-
lishing the diagnosis and initiating the appropriate antifungal therapy 
usually occurs because fungal infections are much less common and 
harder to diagnose than bacterial pneumonia, which they resemble. 
Furthermore, the risk of invasive fungal infections in patients receiving 
anti-cytokine therapy is under-recognized despite the much wider use of 
these agents today. Delayed diagnosis and treatment can lead to a 
tragic outcome.
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A number of recent studies suggest that climate changes have disrupted the 
natural habitat of some endemic fungi, leading to signifi cant changes in their 
epidemiology. One revealing example is the noticeable increase in the incidence 
of the fungus coccidioidomycosis, which has been linked to distinct patterns of 
environmental and climatic change in parts of Arizona between 1998 and 2001. 
Other examples include the expanding geographic distribution of blastomycosis 
in the mountains of Northeast Tennessee and the recent outbreak of Cryptococ-
cus gattii, a fungus previously associated with tropical and subtropical climates, 
in the Pacifi c Northwest.

How are fungal infections prevented, treated, and managed?

Prevention, treatment, staying healthy, prognosis

Despite years of research and much progress in the fi eld, no fungal vaccine is 
available for clinical use. Today, the most effective way of preventing fungal 
 infections in individuals at risk is by avoiding activities that are associated with 

This scanning electron microscopic picture shows the fungus Pneumocystis jiroveci, which 
commonly causes pneumonia in persons with AIDS.
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exposure to the fungi. Antifungal medication to prevent infection is recommended 
only in patients with severe immunosuppression, especially since it may lead to 
the emergence of fungi that are resistant to these medications.

During the last two decades, the number of antifungal agents available for 
clinical use has increased. Until the mid-1980s, amphotericin B had been the 
antifungal drug of choice for most fungal infections. At least a half dozen new 
drugs, which are less toxic than amphotericin B, are now used to treat fungal 
infections. Amphotericin B is still used in the initial treatment of severe and cen-
tral nervous system fungal infections. It is usually followed by a maintenance 
regimen using the new medications. 

Immunosuppressed patients should be educated about their risk for devel-
oping fungal infections and advised about activities they should avoid, symp-
toms of fungal disease, and when to report possible exposure or symptoms to 
their doctor. High-risk activities include demolition and renovation of old build-
ings, clearing shrubs and debris, and spelunking. 

For the most part, treatment of endemic pulmonary fungal infections is very 
effective, especially when patients are diagnosed and treated in a timely fash-
ion. For the opportunistic fungal infections, the prognosis depends mostly on the 
immune state of the patient. Therapy is more likely to be effective if immunity is 
recovered. The most striking example is the impact of anti-retroviral therapy for 
HIV, which has greatly reduced the incidence and outcome of opportunistic fun-
gal infections in patients infected with HIV. 

Are we making a difference?

Research past, present, and future

During the past two decades, research has led to signifi cant advancements in 
the diagnosis and treatment of fungal infections. Previously, diagnosis was 
 possible only by isolating the organism. Today, urinary and blood tests are used 
in clinical practice for the rapid diagnosis of invasive fungal infection.

Drug discovery and development have resulted in reformulation of old drugs 
with a great reduction in toxicity, expansion of individual classes of drugs with 
better coverage of more fungi, and new classes of drugs with increased effi cacy 
and fewer side effects.

It is now recognized that many fungi that were once routinely dismissed as 
contaminants are true human pathogens, although mostly for severely immune 

Whitebook_breathing_Ch09.indd   95 5/10/10   8:42:29 AM



Fungal Lung Disease CHAPTER 9

96

compromised patients. These include the zygomycetes and a variety of molds. 
Even more worrisome is that several of these organisms are resistant to stan-
dard treatment and there is no sensitive diagnostic test. In addition, resistant 
species of common fungi such as Candida and Aspergillus are also on the rise. 

What we need to cure or eliminate fungal lung disease

Because fungi are everywhere in soil (about 75,000 species have been identi-
fi ed), it is not possible to consider eliminating fungal infections. Although great 
progress has been made in diagnosing and treating the illnesses they cause, 
improvement is still needed in all areas. As science gains a better understanding 
of their basic mechanisms of action, new targets to interrupt the life cycle of the 
fungi or to strengthen the host immune system are being identifi ed.

The most important immediate step in controlling fungal infections is to 
increase awareness among clinicians of the signifi cance of these pathogens and 
the changing patient population at risk. Longer term, it is essential that new diag-
nostic tests be developed that can provide a rapid and accurate diagnosis, espe-
cially for the emerging pathogens. It also will be important to be able to predict their 
susceptibility to drugs. Researchers must continue to search for novel agents that 
target key molecular pathways to combat organisms that are resistant to current 
antifungal therapy. Alterations in the host immune response to fungi could boost 
clearance of the infection and limit the damage to lung tissue.

Research must also continue to address the interface of the host and fungal 
pathogen. Knowing how the human host recognizes and counteracts invading 
fungi and how fungi evade the immune system and survive inside the host cells 
is important for controlling and eliminating infection. Researchers have identifi ed 
a number of fungal factors necessary to establish the disease—knowledge of 
which may eventually lead to a vaccine.
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Interstitial Lung Disease
Interstitial lung disease is a term that broadly describes a diverse collection of 
more than 200 lung disorders. These diseases are classifi ed together because 
they all affect the tissue and space around the alveoli (air sacs), called the inter-
stitium. Depending on the specifi c disease, other compartments of the lung, 
including the alveoli themselves, the airways (trachea, bronchi, and bronchi-
oles), the blood vessels, and the pleura (outside lining of the lung), may also be 
affected. In general, most interstitial lung disease is characterized by four mani-
festations: 1) respiratory symptoms such as shortness of breath and cough, 
2) specifi c chest radiographic abnormalities, 3) typical changes on pulmonary 
function tests in which the lung volume is decreased, and 4) characteristic micro-
scopic patterns of infl ammation and fi brosis.

Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

The lungs of patients with interstitial disease show varying degrees of fi brosis 
and infl ammation. Fibrosis is characterized by an increased amount and 
 abnormal structure of the connective tissue; infl ammation is characterized by 
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excessive infl ammatory cells. Lung biopsies with a predominance of fi brosis 
typically indicate advanced disease and poor prognosis; whereas patients with 
a predominance of infl ammation have a better prognosis and often respond to 
treatment.

Although interstitial lung disease was once considered rare, epidemiologic 
investigations have found these diseases to be more common than previously 
recognized. One study reported that 80.9 per 100,000 men and 67.2 per 100,000 
women suffer from interstitial disease in the United States, with 31.5 new cases 
diagnosed per 100,000 men per year and 26.1 new cases diagnosed per 100,000 
women per year (1). In this study, the most prevalent interstitial diseases included 
pulmonary fi brosis, occupational and environmental-associated disease, con-
nective tissue disease–associated interstitial disease, and sarcoidosis. 

Interstitial lung disease is predominantly a disease of adults, although it 
also occurs in children. Certain interstitial diseases such as sarcoidosis, pulmo-
nary Langerhans cell histiocytosis, and autoimmune-associated lung diseases, 
tend to develop in young adults, whereas idiopathic pulmonary fi brosis (IPF) 
most often occurs between the ages of 40 and 70. In those with familial IPF 

Prevalence of specifi c interstitial lung diseases in Bernalillo County, New Mexico, 
1988–1990 (1) 

Interstitial lung disease diagnosis
Men

(per 100,000)
Women

(per 100,000)

Idiopathic pulmonary fi brosis 20.2 13.2

Pulmonary fi brosis 10.1 14.3

Interstitial pneumonitis 1.8 2.8

Occupational/environmental 20.8 0.6

Sarcoidosis 8.3 8.8

Connective tissue diseases 7.1 11.6

Drug/radiation 1.2 2.2

Pulmonary hemorrhage 0.6 2.2

Other 10.7 11.6

Total 80.9 67.2
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(defi ned by its presence in two or more fi rst-degree relatives), the onset of fi bro-
sis appears to be earlier. Both incidence and mortality of interstitial disease 
increase with age (2,3). 

IPF has been reported to occur throughout the world in many different racial 
and ethnic groups. Studies in the United States have suggested that Cauca-
sians are more likely to be diagnosed with IPF and have higher mortality rates 
from IPF than African Americans (3,4). It is unclear if these fi ndings are due to 
real differences in racial characteristics or to an under-diagnosis of this condition 
in minority populations.

The causes of interstitial lung disease can be classifi ed into one of the fol-
lowing four categories: (1) diseases associated with a condition that affects 
other parts of the body (for example, autoimmune or collagen vascular disease), 
(2) diseases associated with a specifi c exposure to an agent known to damage 
the lungs (for example, medications such as bleomycin, occupational exposures 
such as asbestos, tobacco smoke, or agents in the environment that cause an 
immune reaction called hypersensitivity pneumonitis), (3) diseases associated 
with known genetic abnormalities (for example, Hermansky–Pudlak syndrome), 
and (4) idiopathic diseases (diseases of an unknown cause). The most common 
interstitial lung diseases are idiopathic (5). 

Two recent studies found that both the number of new cases diagnosed per 
year and the mortality rates for idiopathic pulmonary fi brosis are rising in the 
United States (3,6). Investigators from the United Kingdom have reported simi-
lar trends: from 1990 to 2003, the incidence of this disease more than doubled (7). 
Of even greater concern, mortality rates from idiopathic pulmonary fi brosis are 
expected to increase because there is no established treatment that prolongs 
life for patients with these diseases (3).

Persons with exposure to environmental hazards (for example, asbestos) 
have a higher incidence of interstitial lung disease, although less is known about 
most of the other forms of interstitial disease. Although not all patients who 
develop IPF have a history of cigarette smoking, smoking has been associated 
with the development of disease. Exposure to metal and wood dusts has also 
been associated with an increased likelihood of developing IPF. Although data 
are limited, other possible risk factors include exposure to certain prescription 
drugs and chronic gastroesophageal refl ux disease. Genetics play a role in the 
development of the familial cases of IPF. About 8 percent of familial cases can 
be attributed to a single set of genes (8).
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What are we learning about this disease?

Pathophysiology, causes, genetic, environment, microbes

Infl ammation is a characteristic cellular and molecular response to injury, nox-
ious exposure, or infectious agents. Fibrosis, or scarring, can be part of the 
healing response to injury, but fi brosis as a disease process occurs when resto-
ration to normal tissue does not occur. Many of the cells and chemical mediators 
involved in infl ammation are also involved in fi brosis. Fibrosis occurs when the 
laying down of collagen and other connective tissue does not stop and allow a 
return to the normal structure. This activity could result from ongoing  infl ammation, 

CASE STUDY

An otherwise healthy 59-year-old physical therapist sought medical 
attention for increasing shortness of breath and a dry cough over a year. 
He had no other symptoms, no exposure to an environmental cause of 
interstitial lung disease, no medication associated with interstitial lung 
disease, no family history of lung disease, and no history of smoking. The 
physical examination revealed abnormal breath sounds at the bases of his 
lungs (crackles), but was otherwise normal. Crackles are subtle sounds 
made by the opening of the smallest air spaces with inspiration, which 
indicate that they close on expiration, an abnormality. Pulmonary function 
tests showed decreased lung volume (a restrictive pattern) and low blood 
oxygenation (hypoxemia) on exertion. A computed tomography scan 
showed the characteristic pattern of IPF. As there was no proven effective 
medical therapy for IPF, the patient elected to participate in a clinical trial. 
He was referred for lung transplant evaluation, started on supplemental 
oxygen, and enrolled in a pulmonary physical rehabilitation program.

Comment

As in this case, IPF typically develops insidiously, with a gradual onset of 
shortness of breath and a nonproductive cough. The symptoms often 
progress to become debilitating and all consuming. Although not necessary 
in this patient, a tissue biopsy is often needed to reach a conclusive 
diagnosis. Interstitial diseases are generally diffi cult to treat because 
established fi brosis causes permanent structural changes of the lungs.
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possibly because the injurious events continue, or because of defects in the 
infl ammatory or repair processes. When the injurious agent is known, the extent 
of the injury and time of exposure to the injurious agent are important determi-
nants in disease outcome.

More is known about the interstitial diseases with known causes, such as 
the occupational exposures. For example, it appears that minerals (for example, 
asbestos and silica) that cause interstitial lung disease directly injure the lung 
and cannot be easily eliminated. Thus, ongoing infl ammatory and fi brotic reac-
tions occur. In patients with farmer’s lung, recurrent exposure to the offending 
particles (antigens) stimulates the immune system recurrently, which results in 
fi brosis. A similar recurrent immune stimulation probably occurs with the autoim-
mune diseases, such as rheumatoid arthritis. For most of the interstitial lung 
diseases of unknown cause, the mechanisms of lung injury and fi brosis are also 
unknown. In several interstitial diseases, viral infection has been postulated to 
be the inciting cause, but this association has not yet been proven. 

How is it prevented, treated, and managed?

Prevention, treatment, staying healthy, prognosis

When the cause of the disease is known, the injurious agent should be avoided. 
For example, with hypersensitivity pneumonitis, one should avoid dust and mold. 
With idiopathic disorders, because the cause is unknown, there is no known way 
to prevent them. However, a number of possible risk factors for disease have 
been reported, and abstaining from cigarette smoking and treating gastroesoph-
ageal refl ux disease are recommended.

As it has been long thought that infl ammation precedes fi brosis, therapeutic 
regimens for interstitial lung disease have included corticosteroids (for example, 
prednisone) and immunosuppressive agents (for example, azathioprine and 
cyclophosphamide). These drugs are helpful in cases of connective tissue–
related lung disease and certain other interstitial lung diseases. In patients with 
severe fi brosis, treatments targeting infl ammation, however, have not been 
shown to improve survival or quality of life. One study did fi nd that patients with 
IPF treated with high-dose N-acetyl cysteine, an antioxidant, in addition to a 
standard regimen of corticosteroids and azathioprine had better lung function 
compared to those on the standard regimen alone (9). Other drugs are being 
studied.
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Lung transplantation is the only option shown to prolong survival in cases of 
advanced interstitial lung disease, especially IPF, and is possible for patients 
younger than 65 without other signifi cant medical conditions. However, lung 
transplantation outcomes remain unsatisfactory, as the fi ve-year survival is 
approximately 40 percent and the median survival is 3.9 years in post-transplant 
patients with IPF (10). Of those patients with IPF who are waiting to receive 
a transplant, more than 30 percent die before receiving one. In 2007, IPF sur-
passed chronic obstructive pulmonary disease as the most common diagnostic 
group to receive a lung transplant (11), further highlighting the urgent need for 
effective medical therapies for this and related progressive lung diseases.

Interstitial lung diseases have varying prognoses. Sarcoidosis usually has a 
good prognosis, with reversal of disease in most cases. On the other hand, IPF, 
one of the most common interstitial lung diseases, has the worst prognosis, with 
a median survival of two to three years (2).

Are we making a difference?

Research past, present, and future

An understanding of the mechanisms of the idiopathic forms of interstitial lung 
disease is only now emerging. Studies of cells in culture and in animals have 
revealed a number of molecules and molecular pathways (such as transforming 
growth factor-beta) that promote fi brosis. It appears that an unidentifi ed, proba-
bly inhaled, agent may injure the lung and activate cells, such as macrophages 
and airway lining epithelial cells. The activated cells then produce factors that 
recruit immune cells into the lung. The immune cells produce or activate sets of 
molecules that, in turn, activate other molecules to stimulate other cells called 
fi broblasts to produce and deposit collagen and other connective tissue compo-
nents, which constitute lung fi brosis.

Studies of the genetic background of patients show that alterations in spe-
cifi c genes (for example, surfactant protein genes and telomerase) may predis-
pose individuals to IPF. Further evidence for the role of genetics in interstitial 
lung disease comes from studies in patients with other disorders (for example, 
sarcoidosis and Hermansky–Pudlak syndrome) where mutations in specifi c 
genes are associated with a higher incidence of lung fi brosis (12). Further 
research on these rare diseases caused by a single gene defect may shed light 
on disease processes that are also important in interstitial lung disease.
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What do we need to do to cure or eliminate interstitial lung disease?

Although considerable progress has been made in understanding these condi-
tions, curing and eliminating interstitial lung disease is still a distant goal. A 
clearer understanding of how the cells fail to adequately repair the lung is still 
needed. Understanding basic mechanisms should lead to better markers to 
diagnose and follow patients. With these much-needed markers, therapeutic 
trials will be easier and more cost effective to conduct. Current clinical trials are 
studying agents that reduce the fi brotic signaling within the lung, reduce pulmo-
nary hypertension associated with interstitial lung disease, and alleviate oxida-
tive stress. These clinical studies are usually coupled with basic science studies 
to learn more about the mechanisms of disease and to develop biological 

The end result of 
interstitial lung disease is 
fi brosis, in which scar 
tissue accumulates and air 
spaces break down into 
large cysts, a process 
sometimes called 
honeycombing.
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 markers. To date, trials testing new drugs for the treatment of interstitial lung 
disease have not been successful or have slowed the progression of disease 
only modestly, but it is hoped as more is learned about the cells and molecules 
that are altered in these conditions, the better the chance for success. Both 
academic centers and pharmaceutical companies are conducting clinical trials 
to test the safety and effectiveness of several drugs. The National Heart, Lung, 
and Blood Institute’s clinical research network (IPFnet) conducts therapeutic tri-
als in the United States. Recently, stem cells have been considered for therapy, 
but more needs to be learned before these and other potential therapeutic strat-
egies can be used. 

Interstitial lung disease is killing more Americans each year. Former Utah Governor Olene Smith 
Walker (top left) is living with the disease. Others, unfortunately, have died of the disease, including 
folk singer and human rights advocate Odetta, writer Peter Benchley (bottom left) and actors 
Marlon Brando and James Doohan.

ILD has affected many notable Americans
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ATS/ERS Consensus Statement on Idiopathic Pulmonary Fibrosis 
http://thoracic.org/statements

NIH Clinical trials
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www.childfoundation.us/

Pulmonary Fibrosis Foundation
www.pulmonaryfi brosis.org
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Lung Cancer
Lung cancer is the deadliest of all cancers in the United States and the world. It 
kills more Americans than the next four most common cancers combined. Lung 
cancer is largely preventable; inroads in reducing cigarette smoking are having 
a positive infl uence, though other environmental exposures still contribute. 
Advances in understanding this disease are leading to new means of diagnosis 
and treatment.

Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

The World Health Organization’s Global Burden of Disease analysis projects 
1,676,000 deaths annually from lung cancer worldwide in 2015. It predicts that 
this toll will continue to rise to reach a staggering 2,279,000 deaths in the year 
2030 (1). In the United States, it has been estimated that 159,390 individuals 
(70,490 women and 88,900 men) died from lung cancer in 2009—more deaths 
than from cancers of the breast, colon, pancreas, and prostate combined (2). 

Lung cancer is a disease of modern times. At the turn of the 20th century, 
lung cancer was rare, accounting for less than 0.5 percent of all malignancies. 
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In the early decades of the 1900s, a steeply rising incidence of lung cancer in 
men led to speculation implicating a variety of etiologies, including tuberculosis, 
infl uenza, industrial pollution, and chronic bronchitis, among others. In that 
period, tobacco tar liberated from burning tobacco was found to be carcinogenic, 
and clinical observations suggested a link between cigarette smoking and lung 
cancer. In 1950, landmark epidemiologic studies published in the United States 
and in the United Kingdom demonstrated that an association between cigarette 
smoking and lung cancer existed, that intensity of smoking was a factor in the 
development of lung cancer, and that a lag time of years between exposure to 
cigarette smoking and diagnosis of lung cancer was typical. In 1964, the United 
States Surgeon General issued a landmark report on the health consequences 
of smoking that acknowledged the causative role of cigarette smoking in the 
development of lung cancer.
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Lung cancer is the leading cause of cancer death in the United States. Its low survival rates are due in 
part to the lack of a method to detect it early. American Cancer Society. Cancer Facts and Figures 2009. 
Atlanta: American Cancer Society; 2009.

 Lung and bronchus deaths by state, 2009
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Before 1950, lung cancer in women was still an uncommon occurrence. 
However, over the latter half of the 20th century, an epidemic of lung cancer in 
women occurred, mirroring the rapid rise of lung cancer among men witnessed 
earlier. Since 1988, lung cancer has killed more women than breast cancer each 
year in the United States. Since 1991, lung cancer mortality rates have been 
declining in men, while in women they appear to be plateauing. Lung cancer is 
unfortunately likely to remain the leading cause of cancer death in both men and 
women in this country for the near future. 

The economic burden of lung cancer to the nation is immense, and can be 
gauged in a number of ways, including estimation of life-years lost, costs associ-
ated with premature deaths, and direct costs of medical care. In 2005 in the 

CASE STUDY

A 65-year-old man had a dry cough for several months. He had smoked 
one pack of cigarettes a day for 35 years and quit fi ve years earlier. He 
had a history of chronic obstructive pulmonary disease (COPD). A chest 
radiograph showed a mass in the left lower lobe with lymph node 
enlargement. A chest computed tomography (CT) scan confi rmed these 
fi ndings. A positron emission tomography (PET) scan showed 
abnormalities in the mass and lymph nodes, but no other areas. Magnetic 
resonance imaging (MRI) of the brain was normal. A bronchoscopy with 
endobronchial ultrasound confi rmed lung cancer, with adenocarcinoma 
histology. The cancer was staged by its size and spread as T2aN2M0, 
clinical stage IIIA. (T is for tumor size and location; N is for lymph node 
spread; and M is for distant metastasis.) 

Comment

Lung cancer symptoms typically include persistent cough, diffi culty 
breathing, coughing up blood, and chest discomfort, though many patients 
are asymptomatic. Patients with advanced disease often have weight loss, 
fatigue, or pain outside the chest. This patient’s evaluation included 
diagnostic studies generally performed in a lung cancer evaluation, the 
purpose of which is to determine the cancer stage. Staging predicts 
prognosis and infl uences treatment.
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United States, lung cancer caused 2.4 million person-years-of-life-lost (person-
years-of-life-lost is the difference between the actual age at death due to dis-
ease and the expected age of death). For this statistic, lung cancer far exceeds 
any other type of cancer (3). The economic costs associated with those lost 
years of life are substantial. One study estimated that those costs in 2000 in the 
United States were $289.4 billion (4). Direct medical costs related to treatment 
for lung cancer are also staggering. In 2004, the National Cancer Institute esti-
mated lung cancer treatment expenditures at $9.6 billion (3).

Unfortunately, because of the lack of effective screening technology, only 
about a third of patients are identifi ed at an early stage. Most patients do not 
seek medical attention until the disease is advanced, and at that point, treatment 
is of limited success. Overall survival is poor.

What we are learning about the disease

Epidemiology, prevalence, economic burden, vulnerable populations

The pathophysiology of lung cancer is best described as a “multi-hit” event. 
Carcinogens, most commonly those in cigarette smoke but also including many 
different environmental exposures, can result in DNA damage or mutation. The 
cumulative effect of several “hits” may result in irreversible effects on the bio-
logic mechanisms that control growth, proliferation, vascular supply, and death 
of normal cells. Collective dysregulation of these mechanisms is felt to lead to 
lung cancer. 

Many factors affect lung cancer risk, but cigarette smoking has been the 
largest single factor contributing to the dramatic rise in lung cancer rates in 
the United States. Since the 1964 Surgeon General’s report on the health con-
sequences of smoking, the yearly per capita consumption of cigarettes in the 
United States has declined. Nonetheless, almost one quarter of Americans con-
tinue to smoke, which makes it likely that lung cancer will remain the most 
important cancer in this country for years to come. Cigar and pipe smoking also 
increase risk, but less so than cigarettes.

While it is certainly one of the greatest risk factors for lung cancer, tobacco 
smoking is not the only risk factor. An estimated 15 percent of lung cancers in 
women in the United States and a much larger percentage of lung cancers in 
women in Asia occur in non-smokers. Epidemiologic studies show that in the 
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United States, smoking is responsible for 90 percent of lung cancer cases, 
occupational exposures to carcinogens cause 9–15 percent of cases, and radon 
accounts for 10 percent of cases (5). (The sum of these risk estimates exceeds 
100 percent because many individuals have multiple risk factors, and these 
 factors are synergistic.) 

A number of occupational carcinogens have been defi ned, including asbes-
tos, benzo[a]pyrene, arsenic, chromium, and nickel. High doses of radiation 
increase lung cancer risk. Radon and its decay products are associated with 
lung cancer in miners exposed to high levels of radon gas and are of concern 
because of the potential exposure in domestic environments. Other factors 
known to infl uence lung cancer risk include air pollution, the presence of other 
lung diseases, such as COPD and interstitial lung disease, and exposure to 
environmental tobacco smoke. Diet has also been implicated. Case-control and 
prospective studies have generally found that diets rich in fruits and vegetables 
are associated with lower risk for lung cancer.

Finally, genetic susceptibility also plays a role in lung cancer. Many studies 
have shown that a history of lung cancer in a fi rst-degree relative is associated 
with increased risk, and that this association may be of more signifi cance in 
younger individuals. Genetically determined host factors may be important at 
many points in the cumulative steps leading to lung cancer, including the risk of 
nicotine dependence, carcinogen metabolic detoxifi cation, activation of carcino-
gens, and the processes of DNA damage and repair.

How is it prevented, treated, and managed? 

Prevention, treatment, staying healthy, prognosis

Most lung cancer risk factors are modifi able and, therefore, can be minimized or 
eliminated. Cigarette smoking, occupational exposures, radon exposure, and 
environmental tobacco smoke all can be reduced. Cigarette smoking cessation 
at any age will decrease lung cancer risk. Though it never reaches the level of a 
never-smoker, the risk of lung cancer in an individual who quits smoking 
decreases with longer duration of abstinence. Community and public health ini-
tiatives increasingly limit exposure to second-hand smoke. Government regula-
tion has reduced occupational exposure to most carcinogens.
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Treatment for lung cancer is typically guided by stage, although individual 
factors, such as overall health and coexisting medical conditions, are important. 
Complete surgical removal is the best treatment, but it is only possible in patients 
with early stage disease. Chemotherapy is benefi cial at most stages of disease, 
although it and radiation therapy are curative in only a minority of patients. Pal-
liative therapy can improve the quality and often the length of life. A multidisci-
plinary approach that incorporates medical, surgical, and social support services 
generally renders the best care.

The 1964 Surgeon 
General’s report on 
smoking, which reviewed 
7,000 scientifi c articles, 
profoundly changed public 
attitudes and policy toward 
smoking. In the course of a 
decade, the percentage of 
Americans who believed 
that smoking causes cancer 
went from 44 to 78 percent. 
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Are we making a difference? 

Research past, present, and future

Epidemiologic research has vastly improved our understanding of lung cancer 
risk factors and found them to be modifi able with appropriate interventions. Lung 
cancer is much less common in persons without identifi able risk factors. Apply-
ing this information to develop and implement prevention strategies has led to 
decreased smoking, which is now associated with a declining lung cancer rate 
in men and a plateauing rate in women in the United States. These data have 
induced legislative efforts to regulate tobacco and eliminate exposure to ciga-
rette smoke in public areas. Although these regulations have already decreased 
the incidence of heart disease, it will take years to assess their impact on lung 
cancer.

Lung cancer research seeks to improve methods for early diagnosis; under-
stand genetic and molecular factors that infl uence carcinogenesis, tumor behav-
ior, and outcomes; develop new treatments based on sound scientifi c knowledge; 
and individualize treatment based on patient situations and a better understand-
ing of tumor biology.

The U.S. Environmental Protection 
Agency (EPA) recommends that all 
homeowners test their house for 
radon, which is second only to 
smoking in causing lung cancer. 
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There is unfortunately no reliable screening tool for early lung cancer detec-
tion. Screening studies have failed to show a clear increase in survival in high-
risk patients. The National Lung Screening Trial is an ongoing, large, prospective 
study comparing yearly screening chest radiographs versus yearly screening 
computed tomography scans in persons at risk for lung cancer because of smok-
ing. This study should increase our understanding of whether either of these 
means of early detection will decrease lung cancer mortality.

The ability to study the entire genome now makes it possible to understand 
genetic variation not only between those with and without the disease, but also 
among those with different severities of illness. These studies also may give 
insight into the mechanism of disease and lead to potential therapeutic targets. 
For example, several studies have reported an association between lung cancer 
and a single genetic variant on chromosome 15. This site includes genes that 
code nicotinic acetylcholine receptors that are strongly associated with smoking 
behavior. Although the genetic risk alone for lung cancer is relatively small 

Although smoking has decreased among all teenagers, girls are now slightly more likely to smoke 
than boys.
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(it increases incidence by two- to three-fold), it may be magnifi ed by interaction 
with environmental infl uences.

Finding changes in the molecular pathways that regulate cell proliferation, 
programmed cell death (apoptosis), new blood vessel development (angiogen-
esis), invasion, and metastasis are critical to developing new treatments. A 
breakthrough in this area came with the discovery of the epidermal growth factor 
receptor (EGFR) signaling pathway, which is involved in many processes of 
human lung cancers. 

Molecular characterization of EGFR has facilitated description of its muta-
tions, as well as the ability to identify the number of copies of the EGFR gene 
and quantifi cation of its protein expression in malignant tissue. This has enabled 
patients’ tissues to be tested and classifi ed with regard to EGFR mutational 
status. Specifi c inhibitors of the EGFR pathway have been developed for treat-
ment of lung cancer. Selected EGFR mutations, high EGFR gene copy number, 
and EGFR protein over-expression have been reported to be predictive of 
response to treatment with EGFR antagonists. 

Therapeutic agents targeted to the EGFR pathway have been developed by 
the following strategies: 1) block the binding of the factor to the outside of the 
cell, 2) inactivate the receptor with anti-EGFR antibodies, and 3) block the intra-
cellular effects of the signaling pathway with small molecules before they trigger 
action in the cell. 

The genetic profile associated with response to medical therapy against 
EGFR includes Asian heritage, female sex, nonsmoking status, and adeno-
carcinoma cell type, although benefit also may be observed in individuals 
without these characteristics. The ability to target therapy based on molecu-
lar characteristics of an individual tumor represents an enormous advance 
in treatment and an important step toward the goal of personalized lung 
cancer care. 

What we need to cure or eliminate lung cancer

Steps to reduce and eliminate lung cancer began with the understanding of the 
central role of tobacco in this disease. Public awareness campaigns that reduce 
smoking and strong legislative action to eliminate tobacco smoke in public 
places and further decrease in cigarette use are saving lives. Attention to other 
risk factors, such as radon, should also diminish lung cancer incidence.
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Early diagnosis is an important factor in survival and would be greatly facil-
itated by identifying a simple marker of lung cancer. Because the lung is a diffi -
cult organ to sample, a blood test, swabs for cells in the mouth, or exhaled 
breath are being explored as surrogate indicators. It is hoped that reliably iden-
tifying cells and molecules that predict cancer could allow screening that would 
lead to early diagnoses and saved lives. Refi nements of viewing and sampling 
cells of the bronchi and lung are providing improved and less invasive diagnostic 
techniques. New bronchoscopic technologies using ultrasound and electromag-
netic navigation may improve the chance of making a correct diagnosis when 
the cancer is confi ned to a small area of the lung. The importance of this is 
underscored because a small lung cancer diagnosed early is more likely to be 
able to be completely surgically removed and has a better chance of cure.

Identifying genetic predisposition to lung cancer could increase the accu-
racy and effi cacy of screening. Genetic predisposition to lung cancer may be 
related to variations within genes that are associated with controlling the growth 
cycle of the cell, its metabolism of carcinogens, and DNA repair. The search for 
markers explores genes differentially expressed in patients with lung cancer 
compared to those without. Gene expression profi ling on bronchial cells sug-
gests that such biomarkers may predict lung cancer risk.

In the future, molecular approaches will likely allow selection of patients 
who are most likely to benefi t from specifi c therapies, and will guide the develop-
ment of more effective therapeutic agents. The potential for research in this area 
is enormous, as these approaches should also improve the ability to predict 
individual patient outcomes. 

Lung cancer staging is defi ned by clinical outcomes and, at present, is 
based solely on anatomic factors—the size of the tumor and where it has 
spread. Accurate staging is the basis for predicting survival and is key to clinical 
trials that compare treatments among homogeneous populations of patients. 
For example, patients with Stage I non–small cell lung cancer treated with sur-
gical resection have a fi ve-year survival of about 73 percent (6). Considering 
these are early stage patients, this fi ve-year survival is lower than expected; 
clearly some patients do poorly despite surgery. If those patients could be iden-
tifi ed, further treatment would be given to try to improve their survival. Current 
genetic research has identifi ed several genes that may predict outcomes for 
patients. Genes linked to lung cancer, and in particular to poor survival, are 
being systematically cataloged. Further study should clarify which genes and 
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gene products will predict patient outcomes. This may help identify individuals 
who would benefi t from more aggressive treatment, and which genes might be 
targets for new therapies.

All of these investigative efforts will enhance our understanding of the 
molecular mechanisms governing carcinogenesis and tumor behavior. Transla-
tion of this knowledge to the development of biomarkers predicting risk, clinical 
models that can more accurately predict patient outcomes, and novel therapies 
targeted to molecular pathways of carcinogenesis will facilitate the goal of per-
sonalized treatment for individual patients with lung cancer. 
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Nontuberculous (Environmental) 
Mycobacterial Disease
Nontuberculous mycobacteria (NTM) are in the same family as the organisms 
that cause tuberculosis and leprosy, but unlike these organisms, they are widely 
dispersed in our environment, vary greatly in their ability to cause disease, and 
are not spread from person to person. There are about 140 different species of 
mycobacteria. Mycobacteria not closely related to tuberculosis or leprosy are 
called nontuberculous mycobacteria, environmental mycobacteria, and myco-
bacteria other than tuberculosis (MOTT). Recent studies have documented 
increases in NTM infections, and, in many areas of the United States, these 
infections outnumber tuberculosis. 

Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

Nontuberculous mycobacteria were fi rst identifi ed in the late 19th century, when a 
tuberculosis-like disease was reported in chickens. In the 1930s, they were docu-
mented to cause disease in humans, but it was not until the 1950s that pulmonary 
disease due to these organisms became more commonly recognized. Most clini-
cians discounted the clinical signifi cance of these bacteria, until the acquired 
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immune defi ciency syndrome (AIDS) epidemic, when patients with advanced 
human immunodefi ciency virus (HIV) disease began developing mycobacterial 
infections that spread throughout their bodies. The subsequent development of 
new antimicrobials demonstrated that these infections could be treated and pre-
vented in individuals with HIV. Fortunately, the discovery of potent antiretroviral 
drugs has improved the immune systems of patients with AIDS and reduced the 
incidence of mycobacterial infections in these persons. However, pulmonary NTM 
infections in people uninfected with HIV appear to be increasing. 

Determining the number of environmental mycobacterial infections in the 
United States is diffi cult because reporting these infections to public health 
departments is not required. Survey data from state laboratories in the early 
1980s estimated the prevalence of NTM infections to be 1 to 2 cases per 100,000 
population (1). A similar survey from 1993–1996 reported an annual case rate of 
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Nontuberculous mycobacterial disease has increased signifi cantly in recent years (all P < .001). These 
Canadian data most likely mirror U.S. data. The rates are calculated from the total number of cases and 
population data from Statistics Canada (available at: http://www.statcan.ca/english/Pgdb/demo02.htm). 
MAC, Mycobacterium avium complex; RGM, rapidly growing mycobacteria; kansasii and xenopi are 
species of mycobacteria. Reproduced from Isolation prevalence of pulmonary non-tuberculous 
mycobacteria in Ontario, 1997–2003, Thorax, Marras TK, Chedore P, Ying AM, Jamieson F 62 
661–666, 2007 with permission from BMJ Publishing Group Ltd.

Nontuberculous mycobacterial (NTM) infections and tuberculosis (TB) case rates in 
Ontario, 1997–2003
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7 to 8 per 100,000. A recent population-based study from Ontario, Canada, 
documented an increase in the frequency of environmental mycobacterial infec-
tions from 9.1 per 100,000 in 1997 to 14.1 per 100,000 in 2003, an annual 
increase of 8.4 percent (2). Because these infections require therapy that gener-
ally lasts two to three times longer than that used to treat tuberculosis, and 
because recurrences are more common, the prevalence of nontuberculous 
mycobacterial infections in Ontario has been estimated to be 14 to 35 per 
100,000, three to eight times that of tuberculosis (3).

Nontuberculous mycobacterial infections also appear to be increasing in 
the United States. Studies measuring skin test reactivity found that exposure 
to the most common environmental mycobacteria, Mycobacterium avium, 
occurs in over 50 percent of adults in the southeastern United States, com-
pared to about 20 percent in other regions of the country (4). The frequency of 
positive skin test reactions increased from the 1970s to the 1990s, suggesting 
increased exposure over that period (5). In recent skin test studies, factors 
that predicted a positive reaction included being male, African American, and 
born outside the United States, as well as degree of exposure to soil (5,6). 
However, these factors do not necessarily indicate who will develop mycobac-
terial disease.

There is one published report describing the economic burden of NTM 
infections (6a). This report noted that the treatment costs were comparable to 
other chronic infectious diseases such as HIV/AIDS. Whereas tuberculosis is 
treated with multiple drugs for six months, most NTM lung infections require 
18 to 24 months of treatment. The cost of treatment per patient is probably three 
or four times that of treating tuberculosis.

While anyone can develop a mycobacterial infection, most patients have 
underlying structural lung disease, such as chronic obstructive pulmonary dis-
ease, cystic fi brosis, bronchiectasis, prior tuberculosis, or chronic aspiration (1). 
Earlier studies noted a male preponderance in patients with pulmonary disease, 
but more recent reports have found a female preponderance (7,8). Among 
women with pulmonary infections, there is often a constellation of physical fi nd-
ings: bronchiectasis, thin body habitus, curvature of the spine (scoliosis), hol-
lowed chest (pectus excavatum), lax heart valve struts (mitral valve prolapse), 
and joint hypermobility (8,9). The reason for these associations has not been 
determined and, to date, no signifi cant immunological abnormality has been 
identifi ed.
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CASE STUDY

A 67-year-old woman saw her primary care physician for a chronic cough 
that was accompanied by fatigue and weight loss. In the previous fi ve 
years, she had been treated for multiple episodes of “bronchitis” and 
improved with each treatment, only to have her cough return. The patient 
had been healthy most of her life with no signifi cant medical problems, and 
she never smoked. A chest radiograph showed mild lung changes near her 
heart. A chest computed tomography (CT) scan demonstrated that these 
abnormalities were due to bronchiectasis and that she had many small 
nodules consistent with an infection. Although she was unable to produce 
sputum on her own, specimens were obtained by having her inhale saline, 
and these specimens eventually grew M. avium complex (MAC) in two of 
three cultures after about three weeks. Because of her chronic symptoms, 
abnormal radiograph, and multiple positive cultures, she was begun on a 
three-drug treatment regimen with plans to treat for approximately 
18 months. She improved with the treatment, and by the end of therapy, 
the organism could no longer be detected in her sputum. 

Comment

The lung is the most common site of NTM infections, but lymph nodes, 
skin, and soft tissue in several areas of the body can also be involved. 
Patients with pulmonary infections usually have chronic cough, fatigue, 
malaise, and weight loss. In many instances, patients are misdiagnosed as 
having chronic bronchitis and treated repeatedly with short courses of 
antibiotics. Simply isolating the organisms from a respiratory specimen 
does not mean that the patient has mycobacterial disease.

For years, the term colonization was used to differentiate those who had 
no evidence of progressive disease from those who did. For persons 
considered to be “colonized” with environmental mycobacteria, no 
 treatment was prescribed. However, it is now apparent that many of the 
patients who were thought to have been “colonized,” did, in fact, have 
evidence of disease on CT scans and had slow progression. To help 
clinicians with the diffi cult task of trying to determine if an NTM species is 
or is not causing disease, the American Thoracic Society and Infectious 
Diseases Society of America developed a set of criteria that use clinical, 
radiographic, and microbiologic parameters to distinguish disease from 
colonization (1).
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What are we learning about this disease?

Pathophysiology, causes: genetic, environment, microbes

The source of NTM infections appears to be environmental exposure, with no 
person-to-person transmission reported. These mycobacteria are dispersed 
widely in nature and have been isolated from natural and treated water as well 
as soil.

Although exposure is common, disease is unusual. The importance of 
host immunity in resisting infections has been demonstrated in persons with 
HIV, persons taking immunosuppressive drugs, and those who have muta-
tions of genes that produce proteins of the immune system. These patients 
usually develop severe mycobacterial infections, including disseminated dis-
ease. No genetic predisposition to pulmonary disease, however, has been 
discovered.

A unique clinical presentation is that of hypersensitivity pneumonitis or “hot-
tub lung.” In this condition, exposure to environmental mycobacteria in contami-
nated water can result in an infl ammatory response in the lung that can be quite 
serious. These patients experience shortness of breath and have diffuse abnor-
malities on their chest radiographs.

NTM are traditionally divided into slowly and rapidly growing organisms, 
although all grow much slower than most other bacteria. They display a wide 
range of ability to cause disease (pathogenicity): some species do not cause 

Some common slowly and rapidly growing nontuberculous mycobacteria 
causing pulmonary infections

Slowly growing mycobacteria Rapidly growing mycobacteria

M. avium M. abscessus

M. intracellulare M. chelonae

M. kansasii M. fortuitum

M. malmoense

M. simiae

M. szulgai

M. xenopi
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 disease in humans, some produce disease occasionally, and others almost always 
cause disease if they are found in sputum. The reason for this variation in patho-
genicity is not known. Keeping track of the many different mycobacterial species 
and which ones are likely to cause disease can be daunting for  clinicians.

How is it prevented, treated, and managed?

Prevention, treatment, staying healthy, prognosis

An effective strategy for preventing pulmonary NTM infections is lacking. Except 
in the case of “hot-tub lung,” where ceasing exposure to contaminated water can 
result in resolution of the condition, it is unknown how to prevent these infec-
tions. NTM have been isolated from public water supplies and pose a steriliza-
tion problem because they tolerate high water temperature and are resistant to 
standard decontamination methods.

Although antituberculous drugs have been used widely to prevent the devel-
opment of tuberculosis, such therapy for NTM is only recommended in patients 

Through this microscope, Robert Koch was the fi rst to 
view the mycobacteria that cause tuberculosis. He also 
found mycobacteria in animals and other environments 
and noted differences in their appearances that brought 
forth the concept that not all mycobacteria cause 
tuberculosis. 
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with advanced HIV disease. Unfortunately, there is no vaccine available for the 
prevention of environmental mycobacterial infections. There are, however, sev-
eral reports that the vaccine for tuberculosis, Bacille Calmette-Guerin (BCG), 
offers some protection against NTM infection in children.

The treatment of environmental mycobacterial infections is almost always 
more complicated than the treatment of tuberculosis. The drugs, frequency of 
administration, and duration of therapy will vary depending on the species of 
NTM causing the disease, site of infection, and extent of disease. Although 
some antituberculous drugs are also active against NTM, treatment of most 
infections also requires antibiotics that are not typically used to treat tuberculo-
sis. The treatment may depend on laboratory tests of antibiotic resistance of the 
isolate causing disease. Prolonged courses of intravenous or inhaled antibiotic 
therapy may be required.

The prognosis for pulmonary infections due to environmental mycobacteria 
is variable and depends on many factors, including the specifi c species involved 
and its drug susceptibility pattern, extent of disease, presence of other medical 
problems, and whether or not the patient can tolerate the treatment regimen. For 
example, the cure rate for disease caused by M. kansasii is virtually 100 per-
cent, while that for diseases caused by M. avium is 30 to 85 percent. A cure is 
seldom achieved in patients with pulmonary M. abscessus infection (1).

Are we making a difference?

Research past, present, and future

Compared to other lung diseases, relatively little progress has been made in under-
standing, preventing, or treating disease due to NTM. Although these organisms 
can be isolated from the environment, it is not clear when and where exposures 
occur and why some people develop infection but most do not. Few clinical trials 
have been performed, and most have been small, non-randomized, and uncon-
trolled. Based on these trials, however, recurrence rates with pulmonary disease 
appear to be high. Whether this high recurrence is due to failure of the recom-
mended treatment regimens or re-infection with another strain is not clear.

Information is emerging from basic science research. The nature of the  different 
mycobacterial species, their requirements for growth, and their  adaptation to differ-
ent environments are being learned. Individuals with defects in their immune sys-
tems are more susceptible to NTM, and the nature of this susceptibility gives 
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insights into the immune responses that control the disease. The ability of myco-
bacteria to live in biofi lm may partly explain how they survive in the mucus of the 
airways of patients with bronchiectasis in the presence of  antibiotics. 

What we need to cure or eliminate nontuberculous 

mycobacterial infections

The recently documented increase in NTM infections should be a stimulus to 
develop better diagnostic tests and discover new drug therapies. Large-scale 
randomized clinical trials are needed to discover which drugs are best, how long 
patients should be treated, and which combinations will decrease drug-related 
toxicity. A better understanding of the transmission and pathogenesis of these 
increasingly common infections may allow prevention of harm from these ubiq-
uitous environmental bacteria.

Only some of the extensive research on M. tuberculosis can be applied to the 
environmental mycobacteria, but breakthroughs in tuberculosis may be adapt-
able to other mycobacterial diseases. For example, a blood test similar to the one 
used for the diagnosis of tuberculosis could be developed. Medications and vac-
cines being developed for tuberculosis could be tested in NTM disease. There is 
an urgent need, however, to develop tools for these diseases on their own.

The different species of mycobacteria can be identifi ed based on several 
factors, such as their appearance when grown in laboratory media. The 
larger, rough-looking colonies are Mycobacterium chelonae, and the 
smaller, smooth colonies are Mycobacterium avium.
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Occupational Lung 
Diseases
Occupational lung diseases are a broad group of diagnoses caused by the inha-
lation of dusts, chemicals, or proteins. “Pneumoconiosis” is the term used for the 
diseases associated with inhaling mineral dusts. The severity of the disease is 
related to the material inhaled and the intensity and duration of the exposure. 
Even individuals who do not work in the industry can develop occupational dis-
ease through indirect exposure. Although these diseases have been docu-
mented as far back as ancient Greece and Rome, the incidence of the disease 
increased dramatically with the development of modern industry. 

Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable  populations

In most cases, these diseases are man-made, resulting from inorganic dust 
 exposure during mining, processing, or manufacturing. In New York and New 
Jersey in the 1970s, asbestosis could be observed in over 70 percent of  asbestos 
insulation workers with greater than 20 years of exposure (1). After introduction 
of government agencies and promulgation of dust regulations and enforcement 
these high prevalence rates were reduced to approximately 5 percent coal 
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workers’ pneumoconiosis in coal workers exposed for greater than 25 years (1). 
The diseases most heavily affect those exposed in the workplace, but there is 
also domestic exposure in the case of asbestos, when workers transport it home 
on their clothing, and environmental exposure when individuals live in close 
proximity to a mine.

Different exposures result in different diseases. With silica exposure, the 
classic and most common disease is chronic silicosis, which develops decades 
after exposure and is characterized by the silicotic nodule, predominantly in the 
upper lobes of the lungs, and “eggshell” calcifi cation of the lymph nodes. These 
fi ndings do not always have clinical symptoms. Higher intensity exposure can 
result in accelerated or acute silicosis, in which symptoms develop much earlier. 
Acute silicosis is the least frequent, but it also has the highest mortality rate. The 
accelerated and chronic forms of silicosis can go on to become complicated 
silicosis or progressive massive fi brosis, in which the silicotic nodules coalesce 
into larger lesions in the upper lobes of the lung, and the patients develop 
increasing breathing diffi culty. 

Silicosis increases susceptibility to tuberculosis anywhere from 2- to 30-fold. 
There also is an association between silicosis and immune-mediated diseases, 
such as systemic sclerosis and rheumatoid arthritis, which may develop with 
silica exposure alone. Systemic lupus erythematosus has been linked to acute 
and accelerated silicosis. In 1996, the International Agency for Research on 
Cancer (IARC) classifi ed silica as carcinogenic to humans. There is evidence to 
suggest that silicosis patients have an increased risk of lung cancer, but it 
remains uncertain whether silica exposure alone increases lung cancer risk. 
Finally, there is the issue of airfl ow obstruction. Many of these patients smoke 
and have concomitant occupational dust exposure, as well as chronic bronchitis, 
all of which can lead to increased airfl ow obstruction over time.

Due to poor reporting and uncertain numbers of exposed individuals, informa-
tion on the exact number of persons with silicosis is limited. In the United States 
between 1979 and 1990, there were 4,313 deaths attributed to silicosis as the 
primary or a contributing cause (2). Underreporting of the disease makes it likely 
that it is much more common, although it is diffi cult to know the true prevalence. 

Asbestos has been used by humans for centuries for its qualities of fi re 
resistance, tensile strength, and malleability. Asbestos is an industrial term that 
describes a variety of minerals (hydrated magnesium silicates) that break into 
fi bers when crushed. The type of asbestos minerals (chrysotile, amosite, 
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 crocidolite, anthophyllite, tremolite, and actinolite) are important because they 
determine in part the disease potential. Industrialization increased the number 
of people exposed—although symptoms did not begin to develop until years 
after exposure. While it is well known to cause lung cancer and mesothelioma, 
asbestos also results in other diseases. Asbestosis is a scarring, or fi brotic lung, 
disease. The most common manifestation of asbestos-related disease is in the 
pleura. Pleural plaques are areas of thickened fi brous tissue, which often calcify. 
They cause no symptoms and may be found with other forms of asbestos-related 
 disease. Fluid may collect in the pleural space (benign asbestos-related pleural 
effusion), which is believed to be a response to the pleural irritation by the 
asbestos fi bers. The word “benign” is used to distinguish it from malignant meso-
thelioma, but the effusions can bring about chest discomfort and shortness of 
breath. These effusions may also be persistent and are a risk factor for pleural 
fi brosis.

Coal dust exposure can cause coal worker’s pneumoconiosis (CWP), also 
known as black lung, which was recognized as a distinct entity from other pneu-
moconioses in the 1940s. Simple CWP is largely only an abnormality on the chest 
radiograph; there are small spots in the upper lung zones that refl ect inhalation of 
coal dust, but nothing more. However, it can develop into complicated CWP, 
which is also called progressive massive fi brosis, a term and process shared with 
silicosis in which the smaller shadows coalesce into large nodules, 1 to 2 centi-
meters in diameter. These lesions can distort and destroy normal lung architec-
ture and result in shortness of breath and disability. Exposure to coal dust has 
been found to result in airfl ow obstruction and chronic bronchitis and is also 
 associated with the development of rheumatoid arthritis, which when combined 
with CWP is known in this case as Caplan syndrome. Finally, an association of 
stomach cancer has been described in coal miners, potentially related to inges-
tion of the coal dust.

Other exposure-related diseases are “farmer’s lung,” or hypersensitivity 
pneumonitis (HP). Hypersensitivity pneumonitis, which was originally recog-
nized by Bernardino Ramazzini in wheat reapers in 1713, is an interstitial lung 
disease caused by an immune response to an inhaled antigen. The well-
described at-risk populations are farmers and bird hobbyists, but many other 
 exposures can cause HP. The most recent addition is popcorn workers’ lung, 
noted in workers and consumers with a history of heavy exposure to microwave 
popcorn butter fl avoring. The true prevalence of HP is unknown because there 
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are many products that cause it; the illnesses have a great range of symptoms, 
and many people with mild disease do not seek medical attention. HP, however, 
has been reported to be present in as many as 12 percent of farmers and 20 per-
cent of bird hobbyists (3).

Workers including sandblasters, miners, tunnelers, millers, and potters—
among many others—are exposed to these inhaled particles and, therefore, are 
at risk of developing the disease. The true economic burden is diffi cult to esti-
mate due to the uncertain number of at-risk individuals and likely underesti-

mated prevalence numbers.

CASE STUDY

A 62-year-old man originally from Bolivia developed increasing short-
ness of breath. He had smoked one to two cigarettes per day for 
15 years but quit at age 26. He immigrated to the United States at age 
42 and worked for 12 months at a dental bridge manufacturing com-
pany, where he wore a mask while grinding bridges. At age 42, he was 
treated for suspicion of tuberculosis. Based on persistent abnormal 
chest x-ray images, he was diagnosed with accelerated silicosis with 
progressive massive fi brosis. A lung biopsy was performed to rule out 
lung cancer and showed mixed dust pneumoconiosis and silicosis, but 
no evidence of cancer. He was also found to have signifi cant airfl ow 
obstruction and required oxygen supplementation. Currently, he is 
undergoing a lung transplant evaluation.

Comment

This case illustrates a number of points about silicosis. Many cases are 
arising from occupations not previously recognized as placing workers at 
risk. This lack of awareness means that these patients often are not 
diagnosed in a timely manner and continue to accrue exposure. Addition-
ally, this case raises the issue of the elevated risk of tuberculosis and lung 
cancer in persons with silicosis. Because this patient came from a country 
with a high tuberculosis rate, it was likely he was exposed to the infection 
and at increased risk of developing active tuberculosis. 
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Table 1 Exposure, disease process, and prevalence of occupational lung diseases (1)

Occupational 
exposure Disease

Prevalence in exposed 
population

Time of exposure to 
onset of symptoms

Silica Acute Silicosis Unknown < 1 year

Accelerated Silicosis Unknown 3 –10 years

Chronic or Classic Silicosis 12.8 percent Decades

Asbestos Asbestosis 10 – 92 percent Years

Benign Asbestos Pleural 
Effusion

3 percent < 20 years

Pleural Plaques 6 – 70 percent Years

Coal Simple Coal Workers’ 
Pneumoconiosis

5 percent Years to decades

Complicated Coal Workers’ 
Pneumoconiosis (or Progressive 
Massive Fibrosis)

Unknown Years to decades

Numerous 
(see Table 3)

Hypersensitivity Pneumonitis 12 – 20 percent Day of exposure

Table 2 Occupational lung disease and its workforce exposure

Occupational lung disease Exposed workforces 

Silicosis Sandblasters, miners, tunnelers, millers, potters, glassmakers, foundry and quarry 
workers, abrasive workers (including dental workers), silica fl our mixers, and 
construction workers

Asbestos Primary: Miners, millers
Secondary: Asbestos insulators (laggers), ship building and repair, boilermakers, 
fi reproofi ng, brake liners, ceramics workers
Indirect: Electricians, plumbers, carpenters

Coal Coal miners

What are we learning about the diseases?

Pathophysiology, causes: genetic, environment, microbes

In silicosis, fi ne (less than 5 micrometers) airborne particles of crystalline silica 
are inhaled and deposited in the smallest bronchioles and their neighboring 
 alveoli. The disease-causing forms of silica are quartz, cristobalite, tridymite, 
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Table 3 Most frequent causes of hypersensitivity pneumonitis

Disease Source of antigens

Plant products

Farmer’s lung Moldy hay

Bagassosis Moldy pressed sugarcane (bagasse)

Mushroom-worker’s disease Moldy compost

Malt-worker’s lung Contaminated barley

Maple bark disease Contaminated maple logs

Sequoiosis Contaminated wood dust

Wood pulp–worker’s disease Contaminated wood pulp

Humidifi er lung Contaminated humidifi ers, air conditioners

Familial HP Contaminated wood dust in walls

Compost lung Compost

Cheese-washer’s disease Cheese casings

Wood-trimmer’s disease Contaminated wood trimmings

Thatched roof disease Dried grasses and leaves

Tea-grower’s disease Tea plants

Coffee-worker’s lung Green coffee beans

Streptomyces albus HP Contaminated fertilizer

Cephalosporium HP Contaminated basement (sewage)

Sauna-taker’s disease Sauna water

Detergent-worker’s disease Detergent

Paprika-splitter’s lung Paprika dust

Japanese summer house HP House dust; possibly bird droppings

Dry rot lung Infected wood

Offi ce-worker’s or home HP Dust from ventilation or heating systems
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Disease Source of antigens

Car air conditioner HP Dust from air conditioner

Potato-riddler’s lung Moldy straw around potatoes

Tobacco-worker’s disease Mold on tobacco

Hot tub lung Mycobacteria

Tap water lung Contaminated water

Wine-grower’s lung Mold on grapes

Suberosis Cork dust

Woodman’s disease Mold on bark

Saxophone lung Saxophone mouthpiece

Grain-worker’s lung Grain dust

Fish meal–worker’s lung Fish meal dust

Soy sauce worker’s HP Fermenting soybeans

Animal products

Pigeon-breeder’s disease Pigeon droppings

Duck fever Duck feathers

Turkey-handler’s lung Turkey products

Bird-fancier’s lung Bird products

Dove-pillow’s lung Bird feathers

Laboratory-worker’s HP Rat fur

Pituitary snuff–taker’s disease Pituitary powder

Mollusk shell HP Mollusk shells

Insect products

Miller’s lung Wheat weevils

Reactive simple chemicals

TDI HP Toluene diisocyanate

(continued)
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and stishovite. Exactly how the damage occurs is not fully understood, but it is 
believed that freshly fractured particles of silica are the most dangerous, prob-
ably because the surface of the particles is more chemically active. These silica 
particles are taken up by the specialized cells (macrophages), which become 
activated and release oxidants, enzymes, growth factors, and other infl amma-
tory mediators (cytokines). The macrophages eventually die and release the 
silica, which is indigestible. The silica particle is then taken up by other mac-
rophages, and the process is perpetuated. As other infl ammatory cells are 
 recruited to the alveoli, the process continues to gather momentum, resulting in 
destruction of more cells and the tissue around them.

In the case of asbestos, the fi bers are similarly inhaled, taken up by the 
macrophages and transported to the pleural space. The activated macrophages 
incite infl ammation that can progress into fi brosis if the particles are not cleared. 
If the macrophages cannot eliminate the fi bers, the needle-like particles are sur-
rounded by an iron-containing protein (hemosiderin), forming what is called an 
“asbestos body.” The extent of disease depends not only on the type of asbestos 
mineral but also on the intensity and duration of exposure.

In coal worker’s pneumoconiosis, the disease begins with the inhalation of 
coal dust. Coal dust also is taken up by macrophages, which generate infl am-
matory cytokines and damaging oxidants. The spot on the chest radiograph is 
called a coal macule and consists of a collection of dust-laden macrophages 
surrounded by focal emphysema. Other factors that play a role in the degree of 
lung destruction are related to the coal. Intrinsic qualities of the coal have an 

Disease Source of antigens

TMA HP Trimetallic anhydride

MDI HP Diphenylmethane diisocyanate

Epoxy resin lung Heated epoxy resin

Pauli’s HP Pauli’s reagent

Popcorn worker’s lung disease Microwave popcorn fl avoring

HP, hypersensitivity pneumonitis; IgA, immunoglobulin A; MDI, diphenylmethane diisocyanate; TDI, 
toluene diisocyanate; TMI, trimetallic anhydride.
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impact on disease—the higher the carbon content, the higher the risk of dis-
ease. With the exception of drillers, surface coal miners tend to have less CWP. 
The level of silica exposure during the mining process can dictate who develops 
silicosis; the lung disease caused by silica and coal exposure can be diffi cult to 
distinguish from each other clinically.

Hypersensitivity pneumonitis is an allergic reaction. The fi rst step involves 
exposure to an antigen of organic material from bacterial, fungal, plant, or ani-
mal proteins. Initial exposure results in sensitization in which the body forms 
antibodies to these antigens. Repeated exposure results in infl ammation. If the 
exposure is not halted, it can permanently damage the lung. Due to this, HP 
represents a continuum of disease sometimes categorized as acute, subacute, 
and chronic. It is likely that some individuals may have a genetic predisposition 
to HP. Interestingly, the damage that smoking causes may decrease the delivery 
of the antigen to the alveoli and decrease the antibody response, resulting in a 
lower risk of HP. 

II

Infl ammation in hypersensitivity pneumonitis is centered around the bronchi. 
The arrows in this microscopic view point to the bronchial lining cells. The 
small bronchioles are often plugged with infl ammatory cells (I). Collections of 
cells called granulomas are often present but not shown here.
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How are they prevented, treated, and managed?

Prevention, treatment, staying healthy, prognosis

For asbestos, coal, and silica-related disease, there is no treatment other than 
optimizing the patient’s current health and preventing further exposure.  Prognosis 
varies depending on the severity of the disease. Persons with simple CWP or 
classic silicosis may never experience symptoms, whereas complicated CWP 
results in severe respiratory debilitation and death. Although these materials are 
present in nature, it is their mining and commercial use that generates the toxic 
exposure for humans.

Worldwide production of asbestos peaked in the 1970s, but there were still 
over 2 million tons of asbestos mined in 2000 (4). In 2005, the Collegium 
Ramazzini, an international organization of occupational and environmental sci-
entists, called for a worldwide ban on commercial use of asbestos, but it is esti-
mated that worldwide 125 million people still are exposed to asbestos in the 
workplace, and 90,000 people die each year from lung cancer, malignant meso-
thelioma, and asbestosis secondary to asbestos exposure. Moreover, since the 
use of asbestos has been banned in the United States only since the 1990s, the 
peak of disease incidence may lie ahead. The prognosis for mesothelioma and 
lung cancer is dismal, with less than 20 percent 5-year survival rates. For all 
individuals exposed to asbestos, there is the need for surveillance for develop-
ment of malignancy.

Coal is only used as a fuel and, therefore, exposure is limited to miners. 
 Aggressive regulations in the coal industry have resulted in reductions in the 
burden of disease. In 1969, the Federal Coal Mine Health and Safety Act was 
passed, which put in place standards designed to ensure that cumulative expo-
sure over the typical career span of 25 years would not exceed levels known to 
cause respiratory impairment. Effective in 1980, the respirable coal mine dust 
standard was decreased from 3 to 2 milligrams per cubic meter (mg/m3). These 
regulations have served to decrease the prevalence rate of CWP among 25-year 
mine workers from 20 percent in 1987 to just greater than 5 percent in 2002 (1). 
In conjunction with these standards, secondary prevention measures also  require 
all coal miners to receive regular medical screening. Furthermore, if a worker 
shows signs of CWP, he or she has the option of transferring to a lower-dust area 
(less than 1 mg/m3) and receiving increased monitoring. All patients are encour-
aged to stop smoking, and other treatments are offered as clinically indicated. 
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Silica is the least regulated of the agents causing occupational lung  diseases. 
Silicosis is an irreversible fi brotic process without a cure. Treatment rests on pre-
venting further insult to the lungs. Reduction in risk of tuberculosis is also critically 
important, and all patients should be screened for latent or  active  tuberculosis 
 infection and evaluated for other tuberculosis risk factors, such as HIV infection. 
As with any lung disease, smoking cessation is a must. In treatment trials thus far, 
no drug has been found to halt the progression of disease.

In the case of hypersensitivity pneumonitis, treatment is removal of the source of 
the exposure and eradication of any residual antigens to prevent re-exposure—
for example, drying hay to prevent molding or removing stagnant water to prevent 
bacterial or fungal overgrowth. Often, the most challenging part of care is convinc-
ing the patient that removal of the antigen is necessary or that he or she must 
leave the workplace. If disease is severe at diagnosis, a short course of oral 
corticosteroids can help expedite recovery. The prognosis depends on the degree 
of continued exposure. Farmers are often exposed at the end of winter when 
using the remainder of the previous year’s hay supply. Because this exposure is 
usually self-limited and occurs once a year, most individuals will recover com-
pletely. Conversely, the individual who has repeated or long-term exposure might 
have more permanent damage to the lungs that might not completely heal.

Are we making a difference?

Research past, present, and future

Each of the occupational diseases begins with the inhalation of disease-inducing 
particles. Therefore, the main goals have been to identify and regulate the indus-
tries that generate these particles on one hand and to determine ways to pre-
vent or minimize their inhalation on the other. In dealing with silica, coal, and 
asbestos, the signifi cant latency period between exposure and diagnosis makes 
it diffi cult to determine dose–response relationships.

There is no treatment for any of the occupational diseases that can reverse 
the damage already done. However, for those who were or continue to be 
exposed, the search for treatments must continue. Early reports of gene therapy 
resulting in anti-tumor responses may hold promise for those with mesothelioma. 
Research in pulmonary fi brosis may be applicable to asbestosis in the future. In 
the case of HP, early research was based on observation and the discovery of 
the causative antigens, the removal of which improved symptoms. Studying the 
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patient’s serum allowed the discovery of antibodies that reacted with the specifi c 
antigen (precipitins). It is still not possible to predict who will develop HP, which 
antigens set up the infl ammation, and how or in whom the disease will progress, 
but there are reasons to hope. Certain genetic predispositions have been dis-
covered, and recent studies in the mouse have shown that certain cells and their 
signaling cytokines are important in the pathogenesis of HP.

What we need to cure or eliminate occupational lung diseases

In occupational lung diseases, the primary strategy must be prevention. Strong 
federal regulations and funding for CWP prevention in conjunction with scientifi c 
research have laid a foundation for a continuing reduction of the burden of 
 disease in the United States. This approach should serve as a model for how to 
proceed in preventing other occupational lung diseases.

Needle-like asbestos particles penetrate the lung and cannot be dissolved or 
destroyed by the body. Instead, the body coats them with a protein associated 
with iron. The presence of asbestos bodies in the lungs only signifi es 
exposure, not disease. 
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When the underlying disease mechanism is understood, as it is with 
 smallpox and polio, there is the potential to eliminate the disease. In the case of 
asbestos-related diseases, the etiology is known—without asbestos exposure 
there is no asbestos-related disease. A worldwide ban of asbestos would even-
tually virtually eliminate its associated diseases. 

Increased monitoring of air concentrations of silica in the workplace, as well 
as duration of exposure for workers, is necessary. A registry that then follows 
populations of workers over time to determine the rate of silicosis would help to 
determine if there are safe levels of silica exposure in the workplace. Based on 
this, regulations could be enacted worldwide to decrease the burden of silicosis. 
For those who are unfortunate enough to develop silicosis, continued research 
on the pathogenesis of the disease and studies on whether or not there is a 
genetic component could help develop potential treatments. 

In the case of HP, increased awareness in the community and in relevant 
industries will help to bring patients to medical attention earlier in their disease 
process. More organized follow-up will help to better characterize the natural 
history of the disease and cease exposure. An organized reporting system for 
new cases would serve to initiate the proper investigation in a timely fashion. 
Further research on signaling cytokines could lead to new treatment or preven-
tative options.
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Pleural Disease
The pleura is a thin tissue covered by a layer of cells (mesothelial cells) that 
surrounds the lungs and lines the inside of the chest wall. The pleural space is 
the area between the lungs and the chest wall. It is normally at subatmospheric 
pressure, which keeps the lungs infl ated. The normal pleural space has only a 
few milliliters of liquid, which helps lubricate the normal to and fro motion of the 
lungs during breathing. Fluid, air, and particles can move into the pleural space 
from different parts of the body because of its low pressure and its ability to hold 
large amounts of liquid or air. Pleural effusion (large amounts of liquid in the 
pleural space) or pneumothorax (air in the pleural space) can lead to a partial or 
complete compression of the lung.

If a tear or hole develops in the lung, air escapes into the pleural space, 
causing a pneumothorax. Sometimes, air goes into the pleural space and is 
trapped there under high pressure, causing a “tension pneumothorax” that can 
stop blood from returning to the heart and lead to death if not recognized and 
treated promptly. In addition, inhaled toxic particles such as asbestos can move 
into the pleural space where, decades later, mesothelioma can develop.
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Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

Many diseases affect the pleural space in both adults and children, including 
common diseases such as pneumonia, breast cancer, and heart failure. Pleural 
disease is, therefore, often a secondary effect of another disease process. Pleu-
ral effusion is the most common manifestation of pleural disease and a common 
presentation of other conditions such as heart failure or kidney failure. It is esti-
mated that a million Americans develop a pleural effusion each year (1). “ Pleurisy” 
is any infl ammatory condition of the pleura. Because the pleura is richly supplied 
with nerves, pleurisy can be quite painful. Usually, when the pleural space is 
involved in pneumonia or lung cancer, the patient is sicker and has a worse 
prognosis than in the absence of pleural involvement. 

A common cause of pleural disease is cancer. It is estimated that malignant 
pleural effusion affects 150,000 people per year in the United States (2). Most 
patients with pleural effusion come to the doctor complaining of shortness of 
breath, which is caused by fl uid accumulating in the chest and compressing the 
lung (2). Once a malignant pleural effusion is diagnosed, the prognosis is very 
poor, with patients living only another four months on average.

Approximate annual incidence of various types of pleural effusions in adults in the 
United States

Type Incidence

Congestive heart failure 500,000

Parapneumonic effusion 300,000

Malignant pleural effusion 200,000

Pulmonary embolism 150,000

Viral disease 100,000

Post–coronary artery bypass  50,000

Gastrointestinal disease  25,000

Tuberculosis   2,500

Mesothelioma   2,704

Asbestos exposure   2,000

Adapted from (5).
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CASE STUDY

In 1979, fi lm icon Steve McQueen was 
diagnosed with mesothelioma at age 49, 
after complaining to his doctor of chronic 
cough and shortness of breath with 
exertion. He was told the cause of the 
disease was his exposure to asbestos as 
a young man working in construction and 
as a merchant marine. Asbestos insulation 
was used extensively in ships at that time, 
and he recalled occasions when the air 
was clouded with asbestos dust as he 
cleaned a ship’s engine room after pipe 
installation.

After being told that his condition was 
terminal and that he had less than a year to live, McQueen sought help 
from a clinic in Mexico that claimed miraculous cures. He underwent a 
regimen involving animal cell injections, coffee enemas, laetrile, and huge 
daily doses of vitamin pills. But his health only worsened, and the tumors in 
his chest and abdomen continued to grow, causing him pain and shortness 
of breath. In a fi nal attempt to extend his life and reduce his discomfort, he 
underwent an operation in Mexico to remove a tumor from his abdomen, 
but died shortly afterward.

Comment

At the time of his diagnosis, there was no treatment for mesothelioma, a 
cancer that progressively reduces a person’s ability to breathe and can 
be associated with considerable pain. Although the public accounts of 
McQueen’s illness do not mention chest pain, this symptom is a nearly 
universal complaint among those with mesothelioma. Unfortunately, more 
than 30 years later, the prognosis for malignant mesothelioma is not 
much different than it was in McQueen’s time. The McQueen story of a 
desperate attempt to fi nd a cure continues to challenge science and 
medicine today.
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Persons involved in automobile accidents or any trauma are also at 
increased risk for pneumothorax. Pleural fi brosis and lung compression can fol-
low pleural infection or injury. The primary pleural cancer, mesothelioma, is a 
risk for anyone exposed to asbestos. Asbestos continues to be used in certain 
U.S. industries and is found in many buildings. Disruption of these buildings can 
expose persons to asbestos (2). The World Trade Center collapse introduced 
tons of asbestos into the environment, and it is believed that there will be an 
increased risk of mesothelioma among those who worked at the site (3). 
 However, because mesothelioma develops an average of 35 to 40 years after 
the time of exposure, these cases are not expected to be identifi ed until approx-
imately 2036. Unfortunately, there is no effective screening tool for early detec-
tion of this disease.

An uncommon disease that affects the pleural space is lymphangioleiomyo-
matosis (LAM). This disorder almost exclusively affects women of reproductive age 
and is characterized by abnormal growth of smooth-muscle cells around the small 
airways and small blood and lymph vessels of the lung. The pleural space involve-
ment is a major issue for these patients. As of June 2009, there were 1,247 living 
patients in the database of the LAM Foundation. Of these, 483 persons had suffered 
a pneumothorax, 187 had a pleural effusion, and 24 developed a very unusual 
pleural effusion caused by a rupture of a lymphatic channel that spills essential 
dietary fats into the pleural space (chylous pleural effusion). Patients with LAM have 
the highest rate of pneumothorax of all chronic lung diseases (60 to 70 percent); the 
recurrence rate is 66 percent without treatment (4).

The economic burden of pleural disease is diffi cult to estimate, but it is 
undoubtedly enormous, given the number of diseases with which the pleura is 
involved and the frequent need for hospitalization and surgery to treat pleural 
involvement. 

What are we learning about this disease?

Pathophysiology, causes: genetic, environment, microbes

A great deal has been learned about the diseases that involve the pleural space. 
These diseases often refl ect diseases elsewhere in the body that spread to the 
pleural space, whether the process is infection, infl ammation, cancer, or edema. 
The fl uid movement into and out of the pleural space is governed by pressure 
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differences that arise from breathing and blood fl ow, but there are many active 
cellular processes that keep excessive fl uid out of the normal pleural space. 
There are genetic, environmental, and infectious causes of diseases that spread 
to the pleura, and certain ones affect the pleura more than the rest of the lung.

Mesothelioma, the cancer of mesothelial cells suffered by Steve McQueen, 
is caused by inhalation of asbestos fi bers, which commonly cause other disor-
ders of the pleura as well, including chronic pleural effusions and benign tumors. 
Tuberculosis and certain other infections also commonly affect the pleura. Some 
disease processes do not generally affect the pleura, and this feature is useful 
in diagnosis. For example, collagen vascular diseases often involve the pleura, 
while most interstitial lung diseases do not. Other genetic and environmental 
factors have lesser effects on pleural disease.

In this CT scan, mesothelioma is shown growing extensively in the pleural space (arrows) and is 
completely surrounding the lung on one side of the chest. The thickened pleura can be appreciated 
in comparison to the same area on the opposite side, which is normal. Note how the chest on the 
side of the mesothelioma is smaller than the opposite side; mesothelioma characteristically shrinks 
the chest and constricts the lung, making it diffi cult to take a breath. One can also appreciate how 
diffi cult it would be to treat a tumor that spreads in this way (2).
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How is it prevented, treated, and managed? 

Prevention, treatment, staying healthy, prognosis

Because pleural disease has many causes and frequently results from disease 
centered elsewhere in the body, there is no universal way to prevent it. However, 
some causes of pleural disease, such as tuberculosis and asbestos exposure, 
are preventable.

The pleural space may be the fi rst site where a disease manifests itself, 
providing the diagnosis of a distant problem. The diagnosis is usually made by 
sampling the liquid in the pleural space to analyze the cells and proteins and to 
test for bacteria, cancer cells, or other disease markers.

Liquid or air in the pleural space can be removed by sterile tubes placed into 
it through the chest wall. Placement of this type of tube can also be performed 

Deaths per million 

>20.0 <10.115.1–20.0 10.1–15.0

The geographical location of mesothelioma is not randomly distributed and may refl ect differences in 
asbestos use. From NIOSH publication No. 2004-146, Worker Health Chartbook 2004. 

Deaths due to mesothelioma in the United States 
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Percent of cases with pleural disease for various conditions in adults in the United 
States

Disease Percent with pleural involvement

Bacterial pneumonia    44%

Lupus   93% (disease at autopsy)

45–60% (infl ammation of pleura)

Rheumatoid arthritis    20%

Systemic sclerosis—diffuse    10%

Sarcoidosis   2.8%

Wegener’s granulomatosis    <10%

End-stage renal disease  2–16%

Pulmonary embolism    48%

Post–cardiac injury    10% (large fl uid collection)

Lymphangioleiomyomatosis 60–81% (pneumothorax)

22–39% (chylothorax) 

Adapted from (5).

Percent of cases with pleural disease for various conditions in children in the United 
States

Type Incidence

Bacterial pneumonia/hospitalized     40%

Tuberculosis    5%

Lupus     33%

Post–cardiac surgery 0.9–4.7% (chylothorax) 

Adapted from (5).

emergently when there is a tension pneumothorax. However, in the case of pleu-
ral effusions, removal of liquid must be carefully calibrated. If too much fl uid is 
removed too quickly, the lung can be injured by rapid re-expansion. Infection can 
add another complication. If the pleural space is infected, the infl ammation can 
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cause the two pleural layers to adhere to each other, which then could separate 
the fl uid into small pockets that cannot be removed easily. Cancer may also 
grow through both pleural layers and fi x them together, thus preventing full lung 
expansion. Removal of infected fl uid can sometimes be improved by injecting 
certain enzymes into the pleural space that break down the fi brous material that 
causes the pleural layers to stick together.

Once the pleural space is emptied of its fl uid or air, the next therapy is often to 
obliterate the space to prevent fl uid from returning and compromising breathing. 
The procedure is called pleurodesis and is performed on as many as 100,000 patients 
per year in the United States to treat recurrent pleural effusions (1). The technique 
usually involves injection into the pleural space of an irritating agent, such as talc. 
However, talc pleurodesis is only 60 to 80 percent effective and may itself be injuri-
ous, depending on the qualities of the talc used. Previously, as many as 9 percent 
of those receiving talc went on to develop a lung injury (6), but it is now thought that 
this complication may be avoided if larger particles of talc are used.

There are no specifi c measures that patients should adopt to maintain “healthy” 
pleura other than to avoid exposure to environmental toxins known to cause pleu-
ral diseases, such as asbestos fi bers. The prognosis of pleural diseases depends 
on the underlying cause and ranges from very poor (for example, when cancer has 
spread to the pleura) to very good (for example, when an otherwise healthy person 
develops fl uid associated with a treatable infection).

Are we making a difference? 

Research past, present, and future

A number of advances have been made in understanding the physiology of the 
pleura and the pleural space, but exactly how and why the pleural cavity is 
affected by certain diseases but not others is largely unknown. Other mysteries 
also remain, such as why it takes so long for mesothelioma to develop after the 
initial asbestos exposure. 

However, new diagnostic advances, including blood and pleural fl uid tests, 
can assist with diagnosis in diffi cult settings. New imaging advances, such as 
bedside ultrasound and positron emission tomography (PET) scans, have 
helped foster a better medical understanding of the anatomy and function of the 
pleural tissues. Video-assisted thoracoscopy surgery (VATS) offers a minimally 
invasive method for doctors to view and biopsy the pleura and its contents.
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Already, recently developed tests of the pleural fl uid have allowed diagnoses 
to be made without the need for invasive biopsies. Biological assays, such as 
N-terminal pro–brain natriuretic peptide, have improved the diagnosis of pleural 
effusion caused by heart failure. Microarray chips that can detect the presence of 
up to thousands of genes at a single time show great promise in testing the genet-
ics of cancer cells and helping to diagnose and guide treatment. For example, 
discovery of certain mutations (such as epidermal growth factor receptor [EGFR]) 
in cancer cells of pleural effusions has allowed selection of cancer therapies that 
inhibit the relevant molecular pathway and may improve responses. 

However, an early-screening test for mesothelioma remains out of reach. 
Researchers are now working on developing blood, pleural fl uid, and even 
breath tests that may be able to detect chemical substances that are produced 
uniquely by a specifi c tumor or infecting organism or are produced by the body 
in response to asbestos.

Although progress is being made in the diagnosis of pleural disease, treat-
ment lags behind that of other respiratory conditions. Talc was fi rst used in 1935 
by Dr. Norman Bethune, a noted thoracic surgeon. Despite its limited effective-
ness, little advancement has been made in this area. Treatment approaches are 
being studied that could lead to more effective and less invasive ways of caring 
for patients with pleural disease. Newer tubes and reservoirs for patients with 
chronic pleural disease have reduced the need to remain in the hospital. Agents 
that induce an effective, quick, and painless pleurodesis could greatly improve 
patient care by speeding and simplifying the process and reducing the complica-
tions of lung injury and pleural scarring. Better agents to break down fi brin might 
also prevent the need for surgery. Other ways to attack pleural disease, such as 
by controlling the infl ammatory response or targeting the tumor cells (6), hold 
promise. Agents that are injected directly into the pleural cavity have the addi-
tional advantage of reducing toxicity to other organs.

It is not possible to think in terms of cure for pleural disease because it is 
often a disease that originates outside the pleura and has many etiologies. 
Although mesothelioma should eventually decrease as asbestos is replaced, 
“cure” for pleural disease awaits cures of other conditions. 
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Pneumonia
Pneumonia is a lung infection involving the lung alveoli (air sacs) and can be 
caused by microbes, including bacteria, viruses, or fungi. It is the leading  infectious 
cause of hospitalization and death in the United States and exacts an enormous 
cost in economic and human terms. Healthy individuals can develop pneumonia, 
but susceptibility is greatly increased by a variety of personal characteristics. 

Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

Pneumonia was described 2,500 years ago by Hippocrates, the father of medi-
cine. Dr. William Osler, the founder of modern medicine, who studied pneumonia 
throughout his career, called pneumonia the “captain of the men of death” 
because of the great toll it exacted on humanity. Pneumonia occurs commonly 
in individuals living in their home communities (“community-acquired pneumo-
nia”) as well as in individuals who are hospitalized for other reasons (“hospital-
acquired  pneumonia”). In the 1930s, before the advent of antibiotics, pneumonia 
was the third-leading cause of death in the United States. Notably, it remains 
a leading cause of death. In 2006, it was the eighth-leading cause of death, 
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Before antibiotics, pneumonia was the third-leading cause of death in the 
country, as this cover of a 1937 U.S. government publication attests.

accounting for about 55,000 deaths (1). It is estimated that 4 million cases of 
community-acquired pneumonia occur annually in the United States, of which 
20 to 25 percent are severe enough to warrant hospitalization. Pneumonia is 
second only to delivering a baby as a cause for hospitalization in the United 
States today (1).

The human and economic burden of pneumonia is enormous. In fact, World 
Health Organization data indicate that respiratory infections, a term which in this 
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context is synonymous with pneumonia, account for more deaths among chil-
dren worldwide than any other cause and for more disability-adjusted life years 
lost around the world than any other category of disease, including cancer and 
cardiovascular disease (2). In the United States alone, total medical expendi-
tures and indirect costs (lost work and productivity) attributed to pneumonia 
amounted to more than $40 billion in 2005 (1).

The lungs are particularly susceptible to infection because they interact with 
the outside environment. They are exposed to about 10,000 liters of air per day, 
which may contain infectious or toxic agents. The lungs are also connected to 
the upper airways and are, therefore, frequently exposed to small amounts of 
saliva and oral secretions that contain bacteria. Furthermore, part of the pas-
sageway to the lungs is shared by the stomach, and stomach contents can, on 
occasion, be regurgitated and aspirated into the lungs.

Although pneumonia can occur in anyone, it occurs with increased 
 frequency in individuals whose immune systems are deficient (3). Human 

0 20 40 60 80 100

% total under-five deaths

21% 13% South Asia

20% 9% Developing Countries

2%3% Industrialized world

21% 7% Sub-Saharan Africa

15% 11% Middle East and North Africa

15% 9% East Asia and Pacific

14% 8% Latin America and Caribbean

13% 8%
CEE/CIS (Central and Eastern Europe and the
Commonwealth of Independent States)

19% 10% World

Pneumonia Neonatal severe infections (mainly pneumonia/sepsis)

Global distribution of cause-specifi c mortality among children under fi ve, 2004 This pie chart shows that 
pneumonia is the leading killer of children under fi ve worldwide. “Pneumonia: The forgotten killer of 
children,”  The United Nations Children’s Fund (UNICEF)/World Health Organization (WHO), 2006. 

Pneumonia is the leading killer of children under the age of fi ve worldwide 

Whitebook_breathing_Ch15.indd   157 5/10/10   10:29:09 AM



Pneumonia CHAPTER 15

158

CASE STUDY

An 85-year-old woman with a history of COPD associated with past 
smoking complained of fatigue along with increased shortness of breath 
and white-grey sputum. She had no fever or chest pain. When she arrived 
at the hospital, she had low blood pressure, low blood oxygen levels, an 
elevated white blood cell count, and a new shadow on the chest x-ray 
image of her right lung, which confi rmed the diagnosis of pneumonia. She 
was admitted to the intensive care unit with a diagnosis of community-
acquired pneumonia and possible sepsis. ( Sepsis is the term used to 
indicate that the infection has spread throughout the body via the 
bloodstream.) She was treated with intravenous antibiotics, fl uids, blood 
pressure support medications, and oxygen via a face mask. She improved, 
but because of a persistent high oxygen requirement, she underwent a 
computed tomography (CT) scan that revealed a large fl uid collection 
around her right lung. Two needle drainage procedures of this fl uid 
ultimately resulted in improvement in her shortness of breath and her 
oxygen requirement. She was discharged home after two weeks in the 
hospital. No bacteria were ever identifi ed in cultures of her sputum, blood, 
or fl uid around the lung.

Comment

This patient was vulnerable to pneumonia because of her age and her 
underlying COPD. As in many elderly persons, her pneumonia presented 
with vague symptoms such as fatigue and confusion. Her lack of fever, 
which can be seen with pneumonia, refl ects an inadequate immune 
response to the infection and, again, was likely owing to her age. She 
illustrates serious and common complications of pneumonia. She had a 
sepsis-like picture with an overwhelming reaction that caused a fall in 
blood pressure (shock). Sepsis and respiratory failure are major causes of 
death in pneumonia patients. Fluid collection around the lung (pleural 
effusion) and low oxygen levels are other common complications. The lack 
of identifi ed bacteria in cultures of pneumonia patients’ blood is common, 
as bacteria may not be present in the blood at the precise moment when 
the cultures are drawn, or their growth may be suppressed by prior 
administration of antibiotics.
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immunodeficiency virus (HIV) infection, malnutrition, diabetes, renal failure, 
cancers, and treatment with immunosuppressive drugs are all risk factors for 
developing pneumonia. Infants and very young children are highly vulnerable, 
as are the elderly. At both extremes of age, this increased risk relates in part 
to impaired immunity. In the United States, individuals older than age 
65 account for almost two thirds of hospitalizations and 90 percent of deaths 
from pneumonia (4).

Patients who smoke or have underlying lung diseases, including chronic 
obstructive pulmonary disease (COPD), cystic fi brosis, congestive heart failure, 
and lung cancer, are also vulnerable, owing to abnormalities in lung structure 
and function. Finally, patients with respiratory failure who are on mechanical 
ventilators are more prone to pneumonia (3).

What are we learning about this disease?

Pathophysiology, causes: genetic, environment, microbes

Pneumonia can be transmitted when airborne microbes from an infected indi-
vidual are inhaled by someone else. However, most instances of pneumonia are 
attributable to self-infection with one or more types of microbes that originate in 
the nose and mouth. In healthy people, typical upper airway bacterial residents 
such as Streptococcus pneumoniae (commonly referred to as “pneumococcus”) 
and Hemophilus infl uenzae are the most common bacteria causing community-
acquired pneumonia. Hospital-acquired pneumonia is usually caused by more 
resistant bacteria, such as Staphylococcus aureus, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, and Escherichia coli. Individuals with a serious 
impairment of their immune system become susceptible to pneumonia caused 
by so-called “opportunistic” microbes, such as certain fungi, viruses, and bacte-
ria related to tuberculosis (mycobacteria), that would not ordinarily cause dis-
ease in normal individuals (5).

To cope with its constant exposure to potentially infectious microbes, the 
lung depends on a hierarchy of defense mechanisms (3). Physical mecha-
nisms that can prevent microbes from reaching the alveoli include the struc-
ture of the upper airway, the branching of the bronchial tree, the sticky mucus 
layer lining the airways, the hair-like cilia that propel mucus upward, and the 
cough reflex. The microbes that do manage to reach the alveoli are usually 
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destroyed by a variety of immune cells, which is why most pneumonias occur 
in people with one or more deficiencies in either their mechanical or immune 
defense mechanisms.

How is it prevented, treated, and managed?

Prevention, treatment, staying healthy, prognosis

Although pneumonia cannot be completely prevented for every individual, a 
variety of strategies can be employed to reduce its incidence. Adequate nutri-
tion, dental hygiene, and not smoking are elements of a healthy lifestyle that 
reduce a person’s risk of getting pneumonia.

For those with lung disease or impaired clearance of mucus, aerobic 
exercise, deep breathing maneuvers, and cough assist devices can facilitate 
expectoration and lung hygiene. Immunity to certain common microbes can 
also be enhanced by immunization of vulnerable populations with specific 
vaccines. In contrast to the influenza vaccine, which must be administered 
annually to keep up with the ever-changing strains of influenza virus, the vac-
cine against Streptococcus pneumoniae bacteria typically provides longer-
term protection.

Pneumonia is generally diagnosed based on a history of typical symptoms, 
abnormal breath sounds that can be heard with a stethoscope, a chest radio-
graph showing characteristic shadows, and, sometimes, laboratory tests (5). 
Once the disease is recognized, a determination is made as to its severity and 
whether the patient requires hospitalization. Approximately 75 percent of cases 
are managed as outpatients with oral antibiotics and fl uids; this manifestation is 
sometimes called “walking pneumonia.”

Since the responsible microbe is usually not known initially (and is often 
never defi nitively identifi ed), antibacterial agents are selected to cover the most 
likely culprits. Many viral causes of pneumonia lack effective drug treatments, 
but fortunately, most healthy patients will recover from either bacterial or viral 
pneumonia with no long-term consequences. 

As the population has aged and as the number of patients with multiple 
vulnerabilities has increased, the proportion requiring hospitalization for pneu-
monia and experiencing poor outcomes has grown. Also contributing to adverse 
outcomes is the growing problem of microbes that are resistant to antibiotics to 
which they were formerly sensitive. An important factor driving antibiotic 
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 resistance has been the inappropriate use of antibiotics when they are not called 
for, such as for the common cold.

Are we making a difference?

Research past, present, and future

In almost no area of medicine has a discovery made a greater impact than that 
of antibiotics for infections. The availability of penicillin starting in the 1940s 
revolutionized the treatment of patients with pneumococcal pneumonia, which 
previously had been limited to watchful waiting. This discovery laid the ground-
work for the development of additional antibiotics for treatment of other 
 bacterial, viral, and fungal forms of pneumonia. In recent years, research on 
vaccinations has increased and has already reduced the frequency of the 
most common forms of pneumonia. The means to diagnose pneumonia have 
improved with better sampling procedures, such as bronchoscopy, and new 
methods for rapid laboratory detection of microbial molecules in sputum, 
blood, and urine. 
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Pneumonia causes the greatest burden of any disease when measured by disability-adjusted life years 
(DALYs) lost. World Health Organization 2002 (3).

Global burden of disease (DALYs lost in 2002, worldwide)

Whitebook_breathing_Ch15.indd   161 5/10/10   10:29:10 AM



Pneumonia CHAPTER 15

162

Despite these major advances, the dimensions of the clinical problem 
posed by pneumonia remain enormous. After those early gains achieved with 
 fi rst-generation antibiotics, the mortality rate for pneumonia has not changed 
appreciably in the last 50 years (6).

What we need to cure or eliminate pneumonia

In order to take the next leap forward to reduce the burden of pneumonia, the 
following issues must be tackled: 1) new laboratory approaches must be devel-
oped that are capable of rapidly identifying the causative microbe so that physi-
cians can more precisely select antimicrobial drugs for treatment of pneumonia; 
2) effective antibiotics must be developed against microbes for which there are 
currently none available; and 3) existing vaccines need to be improved and new 
vaccines developed.

However, vaccines cannot be developed against every microbe. Old 
microbes continuously change and new ones emerge. New antibiotics alone will 
not be enough because microbes develop antibiotic resistance. A substantial 
investigative effort must be mounted to improve the understanding of lung 
immunity—how it functions to deal with various infections, how it is infl uenced by 
common host factors, and how it can be manipulated for therapeutic gain. To 
complement antibiotics, an array of immunostimulant strategies that can be 
intelligently applied in different types of patients is needed. Substances that 
stimulate immunity could also be employed to enhance the body’s response to 
vaccination.
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Pulmonary Embolism
If blood fl owing within the blood vessels of the body stops, the tissue it sup-
plies could die from lack of oxygen. If, after a serious wound, blood fl owing 
 outside the body  does not stop, a person could die from hemorrhage. Yet, the 
blood within the blood vessels fl ows almost perfectly throughout life, and bleed-
ing  usually stops within minutes after a cut. Occasionally, blood can clot within 
the blood vessels, which is called a thrombus. Abnormal material fl oating in the 
blood is called an embolus. A thrombus that breaks free and fl oats in the mov-
ing bloodstream is called a thromboembolism. The blood in the veins, with its 
slow fl ow and low pressure, is more likely to clot (venous thrombus) than blood in 
the arteries; it may go to the lungs (pulmonary embolism or venous thromboembo-
lism), where it can become lodged in the small blood vessels. An embolism can also 
be caused by other material fl oating free in the bloodstream, as in, for example, 
tumor embolism or foreign-body embolism, but these  conditions are rare compared 
to thromboemboli and are not considered further in this chapter.

Blood coagulation is highly regulated; a moving stream works to prevent 
clotting, and stagnant blood promotes clotting. Tissue injury triggers blood 
 clotting, and any defect in the many factors controlling clotting may increase or 
 decrease the chance of blood coagulation.

Pulmonary emboli are common, diffi cult to diagnose, and often deadly.
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Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

Pulmonary embolism is a common complication of hospitalization and contrib-
utes to 5 to 10 percent of deaths in hospitalized patients, making it one of the 
leading causes of preventable hospital deaths (1–4). Despite it being an enor-
mous health problem, the true incidence of pulmonary embolism is uncertain. 
The diagnosis of venous thrombi and pulmonary emboli can be diffi cult and 
 requires specialized imaging techniques that are not available in all hospitals or 
healthcare settings. 

In the United States, the estimated incidence of diagnosed pulmonary 
 embolism is 71 to 117 per 100,000 person-years (5–7), but the true incidence is 
likely to be much more than this rate because studies show that for every case 
of diagnosed, non-fatal pulmonary embolism, there are 2.5 cases of fatal pulmo-
nary embolism diagnosed only after death (8). Other studies have estimated that 
more than one million people in the United States are affected by pulmonary 
embolism per year, with 100,000 to 200,000 of these events being fatal (5,9).

Over half of all diagnosed cases of pulmonary embolism in the United States 
occur in patients in hospitals or nursing homes (10). One recent report estimated 
that more than 12 million patients (31 percent of patients discharged from 
 hospitals in the United States) are at risk of pulmonary embolism (4).

Pulmonary embolism has earned the reputation of a silent killer because 
less than half of patients who die of pulmonary embolism were diagnosed with 
the problem prior to death (11).

Risk factors for venous thrombosis and, therefore, pulmonary embolism, 
include advanced age, prolonged immobility, surgery, trauma, malignancy, preg-
nancy, estrogen therapy, congestive heart  failure, and inherited or acquired 
defects in blood coagulation factors. These risks are cumulative, putting most 
hospitalized patients, who often have a combination of these factors, at greater 
risk of having a pulmonary embolism. 

The overall economic burden of pulmonary embolism in the United States is 
estimated to be over $1.5 billion a year in healthcare costs. Some estimates 
suggest that pulmonary embolism results in healthcare costs of more than 
$30,000 per incident (12). Several studies have determined that prevention of 
pulmonary embolism in hospitalized patients is cost-effective, costing just 
$3,000 per pulmonary embolism event avoided (13,14). 
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CASE STUDY

A 33-year-old woman was hospitalized for premature labor at 35 weeks of 
gestation. Labor was successfully stopped, and she was discharged home 
on strict bed rest. She returned three weeks later in labor. Fetal distress 
was identifi ed, and an emergency cesarean section resulted in the delivery 
of a healthy baby. Two days later, the mother reported “crampy” pain in her 
right leg and was prescribed pain medications. Four days after delivery, 
she developed sudden shortness of breath and rapid heart rate. A 
pulmonary embolism was suspected. She was started on the intravenous 
anticoagulant heparin and underwent a computed tomography (CT) scan 
with a contrast dye injected into her vein to outline the pulmonary arteries. 
The resulting images showed a pulmonary embolism, and she was 
transferred to the intensive care unit. A lower extremity ultrasound found 
that the source of the embolism was a venous thrombosis in her right thigh. 
Over the next several days, the patient improved, and she was started on 
an oral anticoagulation medicine. After a week in the hospital, she returned 
home, where she recovered fully.

Comment

This patient’s risk factors for pulmonary thromboembolism included 
immobility, the high levels of estrogens associated with pregnancy, and the 
tissue injury associated with surgery. Her fi rst symptom was subtle and did 
not immediately suggest venous thrombosis. Once pulmonary embolism 
was suspected, prompt lifesaving treatment was begun even before the 
CT scan confi rmed the diagnosis. This patient was fortunate not to suffer 
from complications of the anticoagulant, and the blood clot in her leg was 
successfully treated. Complications such as bleeding can occur from 
anticoagulants. Unresolved blood clots can cause chronic pain and 
swelling in the extremity where the thrombosis occurred. In the lungs, 
unresolved blood clots can cause increased blood pressure (pulmonary 
hypertension) and be associated with serious chronic disease. Happily, 
this patient fully recovered.
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What are we learning about this disease?

Pathophysiology, causes, genetics, environment

The delicate balance between coagulation, anticoagulation, and dissolution of 
clots (thrombolysis) is carefully regulated; any change in cells or clotting factors 
can upset this balance. Changes may be genetic or acquired. For instance, 
 increased platelets in the blood and abnormal hemoglobin, such as that produced 
in sickle cell disease, can cause unwanted clotting. Defi ciencies in the body’s 
natural anticoagulants, such as protein C and S, can result in thrombus formation, 
especially if another risk factor is present. Mutations in the clotting factor V  increase 
clotting risk by decreasing the breakdown of this factor. Mutations in factor V are 
common (present in 5 percent of the population). Abnormalities in thrombolysis, 
such as defi ciencies in antithrombin III, can also promote clot formation.

Anything that reduces blood fl ow, such as heart failure, narrowing of blood ves-
sels, or immobility, increases the risk for clotting. And almost anything that causes 
injury, such as cancer, surgery, or trauma, also increases the risk of clot formation.

Annual number of hospitalized patients considered at risk for VTE

Discharge diagnosis n

Heart failure 1,845,319

Respiratory failure 1,490,183

Pneumonia 1,145,469

Cancer 1,039,359

Acute myocardial infarction 577,729

Stroke 507,106

Trauma 419,831

Sepsis 417,875

Arthropathy/spondylopathy 279,261

Paralysis/coma 20,287

Total 7,742,419

The risk of pulmonary embolism depends on the amount of tissue injured and lack of mobility. Brain or 
nerve tissue injury may be more likely to cause clotting than injuries in other tissue (4).
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The greatest risk of pulmonary embolism occurs when a clot has formed in the 
thighs or pelvis. The blood fl ow from these areas leads directly to the lungs, where 
a detached clot can lodge in the pulmonary arteries. Clots in the veins of the calves 
or arms, however, may also be associated with pulmonary embolism. 

How is it prevented, treated, and managed? 

Prevention, treatment, staying healthy, prognosis 

Preventing venous thrombosis is a major method of preventing pulmonary 
 embolism. People should avoid situations where blood clots might form, such as 
while staying in a fi xed seated position for a long duration in a plane or car. 
Travelers are encouraged to leave the car or walk around the plane every hour 
or two and to fl ex and relax their calf muscles to prevent blood stasis in veins. 

In the hospital setting, there is even greater risk because patients often 
 suffer tissue injury and are immobilized in bed. Hospitalized patients are encour-
aged to get out of bed as soon as possible. Mechanical compression stockings 
are applied to regularly squeeze the veins in the calf muscles of patients 
who are not able to walk. Patients are treated with anticoagulants that inhibit one 
or more of the clotting factors. Although the potential side effects of these 
 measures include bleeding, they have been shown to prevent thrombosis and 
save lives.

The fi rst step in making a diagnosis is a clinical evaluation that takes into 
account the risks, symptoms, and signs. Identifi cation of breakdown products of 
clots in the blood (D-dimers) is a useful biomarker that can further assess the 
likelihood of a thrombus. An imaging study, usually a chest CT after the injection 
of a contrast material, outlines the pulmonary arteries and shows a clot if  present. 
Ultrasound of the large veins of the thighs and lower legs may show the  presence 
of clots in these veins. A nuclear medicine lung scan shows areas where no 
blood fl ows and is especially good for smaller lung arteries. If the suspicion is 
very high and the consequences of delayed diagnosis great, anticoagulation 
may begin even before the tests are done.

Most symptomatic patients with a pulmonary embolism require hospitaliza-
tion and treatment with anticoagulants. Anticoagulation usually begins with 
 intravenous heparin and is followed by an oral anticoagulant, such as warfarin. 
Anticoagulation therapy may be prescribed for only a few months or lifelong, 
depending on the circumstances.
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Agents that rapidly break down clots are available. This thrombolytic  therapy 
is usually reserved for severely ill patients because it can cause bleeding. 
 Although infrequent, bleeding into the brain could have dire consequences. In 
some situations, a fi lter is placed in the main vein (inferior vena cava) leading 
from the legs to the lungs to stop any thrombi from traveling to the lungs.

The prognosis depends on the size of the pulmonary embolism. The effect 
can be so mild as to go unnoticed or it can result in sudden death. If a patient is 
promptly treated and has no recurrence, it is likely that full function will be 
 restored. Undetected or inadequately treated pulmonary embolism can result in 
pulmonary hypertension and long-term respiratory disability.

Are we making a difference? 

Research past, present, and future

Although the main conditions associated with blood clotting (stasis or slowing of 
blood fl ow), hypercoaguability (abnormal clotting factors), and tissue injury were 
described by the German pathologist Dr. Rudolf Virchow more than 150 years 
ago, considerable more knowledge on how these affect pulmonary embolism 

[L][R]

This computed tomography (CT) image shows a blood clot (arrow) lodged in the 
main pulmonary artery obstructing the fl ow of the contrast material in white.
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has been gained in recent years. Genetic factors associated with blood 
 coagulation problems are being discovered, and more detailed information on 
the process of blood clotting continues to be learned. It is possible to screen 
persons for several genetic coagulation abnormalities, although it is uncertain 
which patients should have these tests performed. Population screening has not 
been shown to save enough lives or reduce illness suffi ciently to justify the 
 expense in most cases. 

Research has continued to improve the diagnostic tools, giving better 
 images of the obstructed blood vessels. D-dimer levels appear to be the best of 
the many diagnostic blood tests studied, although their high sensitivity, which 
can lead to false positives, is a drawback. D-dimer levels can be elevated in 
other high-risk situations, such as surgery and certain diseases that cause these 
products to be found in the blood. 

What we need to cure or eliminate pulmonary embolism

Because blood clotting is so important and complex, it is unlikely that pulmonary 
embolism will ever be eliminated, but progress in diagnosis, prevention, and 

The small pulmonary artery was plugged by a pulmonary embolus. The body organizes and 
dissolves, or tries to dissolve, the clot to reestablish blood fl ow (arrow).
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treatment appears to be reducing its burden. Early recognition and better 
 diagnostic tests may further reduce unexpected death and disability, as well as 
healthcare costs. Considerable clinical research has attempted to identify the 
best approach to preventing and treating thrombosis. Several newer anticoagu-
lant drugs are gaining applications because they are either safer, easier to 
 administer, or can be used when side effects from the fi rst-line anticoagulants 
occur.
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Pulmonary Hypertension
Pulmonary hypertension is high blood pressure in the arteries going to the lung. In 
healthy individuals, the blood pressure in these arteries is much lower than in the 
rest of the body. In a healthy individual, the blood pressure of the arteries going to 
the rest of the body is around 120/80 millimeters of mercury (mm Hg) and pulmo-
nary artery blood pressure is about 25/10 mm Hg. If the pulmonary arterial pressure 
exceeds about 40/20 mm Hg or the average pressure exceeds 25 mm Hg, then 
pulmonary hypertension is present. If pulmonary hypertension persists or becomes 
very high, the right ventricle of the heart, which supplies blood to the pulmonary 
arteries, is unable to pump effectively, and the person experiences symptoms that 
include shortness of breath, loss of energy, and edema, which is a sign of right heart 
failure. Many diseases and conditions increase the pulmonary artery pressure.

Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

The exact prevalence of all types of pulmonary hypertension in the United States 
and the world is not known. The number of patients in the United States is 
 certainly in the hundreds of thousands, with many more who are undiagnosed. 
About 200,000 hospitalizations occur annually in the United States with 

Whitebook_breathing_Ch17.indd   175 5/10/10   12:08:28 PM



Pulmonary Hypertension CHAPTER 17

176

 pulmonary hypertension as a primary or secondary diagnosis (1). About 15,000 
deaths per year are ascribed to pulmonary hypertension, although this is cer-
tainly a low estimate (1). Most medical references to heart failure are for left 
heart failure, which in the United States has a prevalence of about 4.9 million 
and an annual incidence of 378 per 100,000 (2,3). Pulmonary hypertension, 
which causes right heart failure, affects all races and socioeconomic levels.

The most common cause of pulmonary hypertension in the developing world 
is schistosomiasis, a parasitic infection in which the parasite’s eggs can lodge in 
and obstruct the pulmonary arteries. Another risk factor for pulmonary hyperten-
sion is high altitude. More than 140 million persons worldwide and up to 1 million 
in the United States live 10,000 feet or more above sea level (4). In African 
 Americans, sickle cell anemia is an important cause of pulmonary hypertension.

A specifi c type of pulmonary hypertension in which the disease process occurs 
in the pulmonary arteries themselves is called pulmonary arterial  hypertension 

Diseases associated with pulmonary 
arterial hypertension

Causes of pulmonary arterial 
hypertension

PAH Diagnoses

Associated
Pulmonary

Arterial
Hypertension

51%

Familial Pulmonary
Arterial Hypertension
 3%

Idiopathic
Pulmonary

Arterial
Hypertension

47%

Other 0.5%
PAH Associated With Other

Diseases (APAH)

Portal HT
11%

Drugs/
Toxins
10%

Other 6%

HIV 4%

CHD
19%

CTD
50%

The pie chart on the left shows the causes of pulmonary arterial hypertension. The pie chart on the right 
breaks down the diseases associated with it. (Chronic thromboembolic pulmonary hypertension was not 
part of this registry.) Portal HT (hypertension) is portapulmonary disease; CTD is connective tissue 
disease; CHD is congenital heart disease. Reprinted from the Journal of the American College of 
Cardiology, Vol. 53. Issue 17, “ACCF/AHA 2009 Expert Consensus Document on Pulmonary Hyperten-
sion: A Report of the American College of Cardiology Foundation Task Force on Expert Consensus 
 Documents and the American Heart Association,” with permission from Elsevier.
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(PAH). This condition generally affects young and otherwise healthy individuals 
and strikes women twice as frequently as men. The average age of diagnosis is 
36 years, and three-year survival after diagnosis is only about 50 percent. Each 
year, between 10 and 15 people per million population are diagnosed with the 
 disease. With improved treatments and survival, the number of U.S. patients living 
with the disease has increased to between 10,000 and 20,000 (5).

Because so many disorders can result in severe pulmonary hypertension 
and treatments may vary dramatically, it is important for a thorough evaluation to 
occur when pulmonary hypertension is detected or suspected. For instance, pul-
monary hypertension related to blood clots in the pulmonary arteries (pulmonary 

CASE STUDY

A 28-year-old woman had felt well and worked full time in landscape 
design until she noticed she was becoming short of breath when she 
exerted herself. She noted a dry cough and had leg swelling. She had a 
total loss of energy, which was devastating because she was so active. 
She was diagnosed with pulmonary arterial hypertension (PAH) due to 
congenital heart disease, and because of her advanced right heart failure, 
she was started on intravenous epoprostenol therapy. The severity of her 
disease came as a surprise to her and her family, and she struggled to 
cope with the new medications and management regimen, especially 
sodium restriction. Being told that she would not be able to bear children 
brought great sadness to her, but she felt fortunate to have nieces and 
nephews to spend time with. Like many people, she researched her 
disease and prognosis on the Internet, which was both empowering but 
also, frankly, terrifying. She nonetheless remained positive about her 
future.

Comment

This case is a common presentation of pulmonary hypertension: a 
previously healthy young woman develops a life-threatening disease with 
no outward manifestation. Because these patients look normal at rest, 
friends, family, and coworkers have a diffi cult time accepting that they are 
sick. The advent of newer drugs has doubled survival for PAH, and many 
patients are now living well beyond a decade with reasonable function and 
 satisfaction.
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embolism and thromboembolic pulmonary hypertension) requires anticoag-
ulation and, in some cases, surgical removal of the clots. Because about 
250,000 cases of pulmonary embolism occur each year in the United States, 
thousands of patients are annually at risk of residual pulmonary hypertension 
from this disorder (6). The actual number is not easily determined because most 
cases of pulmonary embolism go undiagnosed.

What are we learning about pulmonary hypertension?

Pathophysiology, causes: genetic, environment, microbes

The last 20 years have witnessed an explosion of clinical and research advances 
in pulmonary arterial hypertension (PAH) that have resulted from better under-
standing of the mechanisms of the disease. A genetic cause of PAH was found 
by two groups in 2000, and it has led to research and increased understanding 
of the condition. Mutations in an oddly named receptor, bone morphogenetic 
protein receptor type 2 (BMPR2), are the cause of heritable PAH in over 
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Surviving pulmonary arterial hypertension
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Pulmonary hypertension by mechanism of disease

Due to left heart failure (increased back pressure in the pulmonary vessels)

Left ventricular pump failure (heart attack, cardiomyopathy)• 
Left ventricular stiffness (hypertension, diabetes, metabolic syndrome)• 
Valve disease (mitral or aortic stenosis or regurgitation)• 

Diseases affecting the whole lung (lung diseases obliterate blood vessels)

Chronic bronchitis and emphysema (combination of loss of lung plus hypoxia)• 
Interstitial lung diseases (destructive diseases that obliterate vessels, such as pulmonary fi brosis, sarcoidosis, • 
and many others)

Hypoxia related (decreased oxygen constricts pulmonary blood vessels)

High altitude dwelling• 
Sleep apnea and other hypoventilation syndromes• 
Hypoxia of chronic bronchitis and emphysema (chronic obstructive pulmonary disease, or COPD)• 

Pulmonary arterial hypertension (changes in the structure and function of the pulmonary arteries)

Idiopathic (formerly primary pulmonary hypertension)• 
Heritable (formerly familial, due to BMPR2 or Alk-1 mutations)• 
Drug- and toxin-induced (stimulants)• 
Connective tissue diseases (especially scleroderma)• 
HIV infection (rare occurrence <1%)• 
Portal hypertension (cirrhosis and other advanced liver diseases)• 
Congenital heart disease that allows blood to shunt around the lungs• 
Pulmonary veno-occlusive disease and pulmonary capillary hemangiomatosis (rare)• 

Primarily obstructing diseases of the pulmonary vessels 

Pulmonary thromboembolism • 
Schistosomiasis• 
Sickle cell anemia• 
Tumor emboli • 
Fibrosing mediastinitis (obstruction by fi brosis related to histoplasmosis)• 
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85 percent of affl icted families. BMPR2 mutations are found in about 10 to 
20 percent of people with PAH who have no other family members with the dis-
ease. It is now known that multiple biological pathways lead to PAH, and, there-
fore, different drug treatments may ultimately benefi t specifi c types of patients.

In addition, PAH has been associated with connective tissue diseases 
(especially scleroderma), liver disease (portapulmonary hypertension), human 
immunodefi ciency virus (HIV) infection, congenital heart disease, and stimulant 
drug ingestion. However, the most common type of PAH is idiopathic—with no 
known cause.

Little is known about the effect of the environment or microbes on pulmo-
nary hypertension, although molecular mediators of infl ammation interact with 
many molecules that affect changes in pulmonary blood vessels. Stimulants 
such as amphetamines, the erstwhile diet pill fenfl uramine/phentermine (Fen-
phen), methamphetamine, and cocaine can cause or exacerbate pulmonary 
hypertension.

How is it prevented, treated, and managed? 

Prevention, treatment, staying healthy, prognosis

There is no way to prevent pulmonary hypertension, although drugs and toxins 
that cause or worsen the disease should be avoided.

Because it is best detected and measured by echocardiography or right 
heart catheterization—tests that most patients do not undergo—pulmonary 
hypertension is generally not diagnosed until the disease is advanced and the 
right heart begins to fail. By then, the disease is usually incurable.

In some patients with pulmonary arterial hypertension (PAH), vasodilator 
drugs, such as calcium channel blockers, were found to reduce pulmonary 
hypertension and improve quality of life. Unfortunately, only a minority of 
patients—less than 10 percent—benefi t from this therapy. Also, PAH usually 
involves the accumulation of fi brous tissue in the pulmonary arteries, a problem 
not amenable to vasodilation.

Understanding of the physiology of the blood vessels in the lungs has led to 
the development and testing of several new classes of drugs. These drugs have 
vasodilator potential but also other benefi cial characteristics, including platelet 
inhibition, anti-smooth muscle proliferation, and improved cardiac function. The 
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overall survival of patients with idiopathic PAH has doubled with these drugs, 
and quality of life has markedly improved.

In addition to the calcium channel blockers, three other classes of vasoac-
tive drugs are used to treat pulmonary hypertension: endothelin receptor antag-
onists, phosphodiesterase-5 inhibitors, and prostaglandins (of which prostacyclin 
is the most important). Endothelin receptor antagonists block the endothelin 
effects of vasoconstriction and smooth muscle growth. Phosphodiesterase-5 
inhibitors address the relative lack of nitric oxide in patients with PAH. Nitric 
oxide is a potent relaxer of the blood vessels. There are minimal side effects 
with this class and, similar to the endothelin receptor antagonists, these drugs 
are moderately effective in treating pulmonary hypertension. The fi rst fully effec-
tive treatment for PAH was the prostacyclin derivative epoprostenol, which was 
approved in 1995. It has been shown to improve survival in this disease, but it 
has many side effects, like fl ushing, jaw pain, and nausea.

Although each of these classes of drugs is a major advance in the therapy of 
PAH, a proportion of patients will continue to worsen despite treatment with the 

This tracing shows the pressure measured in the main pulmonary artery with time. The pressure here is 
about 82/18 mm Hg. Normal pressure is about 26/10 mm Hg.
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best drugs. These patients may be candidates for lung transplantation or, very 
rarely, for a procedure called atrial septostomy, which creates a connection from 
the right side of the heart to the left side to allow blood to bypass the lungs.

Staying healthy with most forms of pulmonary hypertension can often be 
challenging. Patients must work with their healthcare team. Drug regimens often 
require frequent dosing and have many side effects. In addition, patients with 
heart failure are usually asked to follow a low-salt diet and to limit the amount of 
liquids they drink daily. Because patients with pulmonary hypertension cannot 
tolerate the stress of pregnancy, women of childbearing age are generally told 
not to get pregnant and are encouraged to be sterilized. Patients whose pulmo-
nary artery pressure signifi cantly improves with a vasodilator have a much better 
prognosis.

Are we making a difference?

Research past, present, and future

The accurate diagnosis and effective management of pulmonary hypertension is 
a medical triumph made possible by the development of right heart  catheterization 

This microscopic view of a small pulmonary artery shows that its inner lining 
(endothelium) extends into the center of the vessel. This is a common early 
change in pulmonary arterial hypertension.
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in the 1940s. In 1951, the entity “primary pulmonary hypertension” was accu-
rately described. A major advance was the development of Doppler echocar-
diography, which allowed noninvasive imaging of the right ventricle and 
estimation of pulmonary artery pressure. The discovery that calcium channel 
blockers were occasionally extremely effective in idiopathic pulmonary arterial 
hypertension (PAH) and that intravenous prostacyclin not only dramatically 
improved quality of life but also doubled survival stimulated research into the 
development of other agents.

The genetic revolution, funded by the National Institutes of Health and other 
agencies, allowed the discovery of the genes responsible for heritable pulmo-
nary hypertension and is leading to the identifi cation of other genes that may 
permit or modify disease. These discoveries have allowed more awareness of 
the intricate and complicated interactions of various cells and their metabolic 
pathways. The biological revolution in intracellular signaling and cell-to-cell com-
munication has led to insights into the mechanisms of disease. New drugs are 
being developed and tested for benefi cial effects. Because of the hope engen-
dered by these advances, patient- and family-centered associations, such as 
the Pulmonary Hypertension Association, have become forces for education, 
research, and service to people affected by pulmonary hypertension and profes-
sionals dedicated to defeating the disease. 

What we need to cure or eliminate pulmonary hypertension

Better tests are needed to make an early diagnosis. The tests should be conve-
nient for screening and could identify persons at risk or give a measure of how 
severe the disease is. They could be in the form of genetic markers, which could 
identify risk, or of blood hormones or mediators, such as brain natriuretic  peptide, 
that might rise with worsening disease. What is currently available, however, 
does not adequately assess either risk or severity.

Further research will be needed to produce safer and more effective drugs 
that one day may be used in presymptomatic patients at high risk for pulmonary 
hypertension, such as those with scleroderma or those who have family mem-
bers with pulmonary hypertension. Although there is much more to be done, the 
future has never been brighter.

Whitebook_breathing_Ch17.indd   183 5/10/10   12:08:35 PM



Pulmonary Hypertension CHAPTER 17

184

References

1. Hyduk A, Croft JB, Ayala C, Zheng K, Zheng ZJ, Mensah GA. Pulmonary hypertension 
surveillance—United States, 1980–2002. MMWR Surveill Summ 2005;54:1–28.

2. Hunt SA, Baker DW, Chin MH, Cinquegrani MP, Feldman AM, Francis GS, Ganiats TG, 
Goldstein S, Gregoratos G, Jessup ML, et al; for the American College of Cardiology/
American Heart Association. ACC/AHA guidelines for the evaluation and management of 
chronic heart failure in the adult: executive summary. A report of the American College of 
Cardiology/American Heart Association Task Force on Practice Guidelines (Committee to 
revise the 1995 Guidelines for the Evaluation and Management of Heart Failure). J Am Coll 
Cardiol 2001;38:2101–2113.

3. Roger VL, Weston SA, Redfi eld MM, Hellermann-Homan JP, Killian J, Yawn BP, Jacobsen 
SJ. Trends in heart failure incidence and survival in a community-based population. JAMA 
2004;292:344–350.

4. Penaloza D, Arias-Stella J. The heart and pulmonary circulation at high altitudes: healthy 
highlanders and chronic mountain sickness. Circulation 2007;115:1132–1146.

5. Badesch DB, Raskob GE, Elliott CG, Krichman AM, Farber HW, Frost AE, Barst RJ, Benza 
RL, Liou TG, Turner M, et al. Pulmonary arterial hypertension: baseline characteristics from 
the REVEAL Registry. Chest 2010;137:376–387.

6. Silverstein MD, Heit JA, Mohr DN, Petterson TM, O’Fallon WM, Melton LJ 3rd. Trends in the 
incidence of deep vein thrombosis and pulmonary embolism: a 25-year population-based 
study. Arch Intern Med 1998;158:585–593. 

Web sites of interest

National Institutes of Health Medline Plus
Pulmonary Hypertension
www.nlm.nih.gov/medlineplus/pulmonaryhypertension.html

American Heart Association
Pulmonary Hypertension
www.americanheart.org/presenter.jhtml?identifi er=11076

Pulmonary Hypertension Association
www.phassociation.org

Whitebook_breathing_Ch17.indd   184 5/10/10   12:08:35 PM



185

Rare Lung Diseases
A rare disease is defi ned by the U.S. National Institutes of Health Offi ce of Rare 
Diseases as one that affects fewer than 200,000 people in the United States. 
However, there are between 5,000 and 8,000 distinct rare disorders that, 
together, affect more than 20 million people in the United States. A conservative 
estimate of primary or secondary lung involvement in 5 to 10 percent of rare 
diseases suggests that there are at least 1 to 2 million American patients suffer-
ing from rare lung diseases (1,2). 

Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

As a group, uncommon lung diseases affect at least 1 in every 200 persons. 
Examples of rare lung diseases include sarcoidosis (see Chapter 21), an infl am-
matory disorder often affecting the lungs and other organs; alpha-1 antitrypsin 
defi ciency, a genetic disorder that leads to emphysema; lymphangioleiomyoma-
tosis (LAM), a cystic lung disease; many congenital lung disorders; a group of 
lung diseases affecting the blood vessels (vasculitis); rare tumors that involve 
the lung; rare infectious diseases such as the plague; and other  disorders of 
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The most “common” rare lung diseases

 A More than 1 per 100,000

 B 1–10 per million

 C Dozens to hundreds of case reports

 D Isolated case reports

Infectious diseases

Fibrosing mediastinitis C

Phakomatoses

Birt-Hogg-Dube B

Lymphangioleiomyomatosis B

Neurofi bromatosis type I (with lung involvement) C

Inherited forms of emphysema

Alpha-1 antitrypsin defi ciency A

Elastin mutations D

Salla disease D

Pulmonary vascular diseases

Familial pulmonary arterial hypertension A

Pulmonary alveolar proteinosis B

Pulmonary capillary hemangiomatosis C

Pulmonary veno-occlusive disease C

Hereditary hemorrhagic telangiectasia (with lung involvement) A

Channelopathies

Pulmonary alveolar microlithiasis C

Cystic fi brosis A

Ciliary disorders

Kartagener syndrome B

Primary ciliary dyskinesia B
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Disorders of respiratory drive

Central alveolar hypoventilation C

Narcolepsy A

Connective tissue matrix disorders

Marfan syndrome (with lung involvement) C

Ehler–Danlos syndrome (with lung involvement) C

Genetic surfactant disorders

ABCA3 C

SP-A-related lung disease D

SP-B-related lung disease C

SP-C-related lung disease C

Traffi cking and lysosomal storage disorders

Hermansky–Pudlak syndrome B

Gaucher disease (with lung involvement) C

Neiman Pick C (with lung involvement) C

Vasculitis

Wegener’s granulomatosis A

Goodpasture syndrome B

Microscopic polyangiitis (with lung involvement) B

Polyarteritis nodosa (with lung involvement) B

Churg–Strauss syndrome A

Congenital

Cystic adenomatoid malformation C

Pulmonary sequestration C

Neuroendocrine cell hyperplasia B

Neuromuscular disease

Amyotrophic lateral sclerosis A

(continued)
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which the cause and cellular defect may be known or unknown. Diseases of 
unknown etiology are termed idiopathic.

The prevalence of rare lung disorders varies widely by disease type. The 
lungs may also be involved as a rare manifestation of another more common 
disorder, such as Marfan syndrome. Some lung diseases are so rare that they 
only have been described in case reports. The most “common” rare lung dis-
eases, as defi ned by the Offi ce of Rare Diseases and Orphanet, occur in up to 
70 patients per 100,000 (1,2).

Estimating the economic burden of rare lung disease is diffi cult. As a group 
comprising 1 to 2 million affected persons, and with a conservative estimate of 
average yearly healthcare expenditures of $5,000 per patient, the annual total cost 
is in the billions of dollars. The rarer the disorder, the more tests and  healthcare 

Myasthenia gravis A

Dermatomyositis, polymyositis A

Other

Sarcoidosis A

Langerhans cell histiocytosis B

Idiopathic pulmonary hemosiderosis C

Sickle cell anemia (with lung involvement) A

Lymphangiomatosis C

Data from the Offi ce of Rare Diseases and Orphanet (1,2).

Ashley Appell, who is 23 years old, has Hermansky–
Pudlak syndrome, a rare genetic disease associated with 
albinism, a bleeding disorder caused by abnormal 
platelets, and interstitial lung disease.
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visits are likely required to arrive at the correct diagnosis. These delays result in 
greater expenses, unnecessary tests, and missed opportunities for early interven-
tion. For example, the average interval from onset of symptoms to the diagnosis of 
LAM, which affects smooth muscle tissue in the lungs and airways, is three to fi ve 
years (3). Most patients suffer two episodes of pneumothorax (collapsed lung) 
before the diagnosis is made. Misdiagnosis as primary spontaneous pneumotho-
rax, asthma, or chronic obstructive lung disease (COPD) leads to inappropriate 
care and increased risk (for instance, uninformed decisions regarding pregnancy 
and air travel). Rare diseases are in many cases serious, chronic, and debilitating, 
and, once properly diagnosed, often require expensive, long-term treatments.

Rare lung diseases generally affect individuals from birth through about 
age 60, and are uncommon in the elderly. Some diseases are more prevalent in 
certain racial and ethnic populations, such as sarcoidosis in African Americans, 
for unknown reasons. For rare genetic lung diseases, there may be great 
regional variation, such as cystic fi brosis (1 in 350,000 in Japan vs. 1 in 10,000 
in the United States), Hermansky–Pudlak syndrome, a disease associated with 
albinism, bleeding, and lung scarring (1 in 1,800 in Puerto Rico vs. only isolated 
case reports and small clusters in the rest of the world), and pulmonary alveolar 
microlithiasis, a disease associated with sand-like particles in the lung, which 
occurs predominantly in Japan and Turkey (4).

What we are learning about rare lung diseases?

Pathophysiology, causes: genetic, environment, microbes

The causes and pathophysiology of these diseases are varied and complex. 
Many have a genetic basis, and most diseases have genetic infl uence. The 
environment and micro organisms may play a role, especially in those diseases 
in which the patient’s immune defense has been  compromised. Further descrip-
tion of individual diseases and how they have helped researchers learn about 
other diseases is discussed in the last section of this chapter.

How are they prevented, treated, and managed?

Prevention, treatment, staying healthy, prognosis

Given the number and diversity of rare diseases of the lungs and other organs, 
it is not feasible for primary care physicians to become informed about all of 
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CASE STUDY

A 38-year-old woman with a history of excessive menstrual bleeding, vision 
impairment easy bruising, and involuntary movement of the eyes (nystagmus) 
complained of an upper respiratory infection and sought medical attention 
when her cough would not go away. She was treated with antibiotics, but her 
symptoms persisted. A chest radiograph was abnormal, and a computed 
tomography (CT) scan of the chest showed fi brosis, or lung scarring. 
Idiopathic pulmonary fi brosis was diagnosed with a surgical lung biopsy. 
Post-procedure bleeding complicated her recovery. Her ability to exercise 
progressively declined, and she became oxygen dependent. A family 
member, concerned about her rapid deterioration, searched for answers on 
the Internet. The history of bruising, heavy menstrual cycles, and fair skin 
suggested a possible diagnosis of Hermansky–Pudlak syndrome, as did the 
pulmonary fi brosis itself. At the request of her family, a blood test was 
ordered to examine her platelets under an electron microscope. A lack of 
platelet-dense bodies was confi rmed, and the diagnosis of Hermansky–
Pudlak syndrome was made (5). Clinical deterioration continued, and within 
a year, the patient received a lung transplant.

Comment

Rare diseases by their nature are diffi cult to diagnose. Most patients are 
labeled with a common disease and treated, often inappropriately, for 
prolonged periods before the correct diagnosis is made. Had the diagnosis 
in the patient above been made earlier, the lung biopsy, risky because of 
the patient’s propensity to bleed, could have been averted. This patient’s 
correct diagnosis allowed her family members to be screened for the 
syndrome and prevented further diagnostic confusion.

The healthcare burden of rare disease is often greater than that of more 
common diseases. Doctors may not have seen the disease before. Patients 
may become frustrated being undiagnosed or discouraged because they do 
not “fi t” the erroneous diagnosis they have been given. Tests may be 
unusual and diffi cult to obtain, and insurers may not cover those tests.
Researchers may not prioritize rare diseases. Employers may be unfamiliar 
with the disease and may not adequately respect the disability of the 
patient. Patients with rare diseases often drive the diagnostic process 
forward, and patient advocacy organizations play an essential role in the 
rare lung disease community.

Whitebook_breathing_Ch18.indd   190 5/10/10   12:09:56 PM



CHAPTER 18 Rare Lung Diseases

191

them, but it is important that primary care training include guidance on the 
recognition and referral of lung disorders that fall outside the spectrum of 
 common disorders. It is equally important that pulmonary specialty training 
incorporate education about the rarest lung disorders. Once the diagnosis is 
made, referral to centers with focused expertise in that particular rare lung 
disease is often advisable. Many of the rare lung diseases caused by a single, 
mutated gene, such as alpha-1 antitrypsin defi ciency, surfactant protein (SP) 
disorders, and cystic fi brosis, lend themselves to family screening, including 
genetic analysis. Diseases identifi ed at an early stage in this way are more apt 
to be properly treated, and are more likely reversible than diseases not diag-
nosed until later stages.

The basic principles of lung health also apply to rare lung disorders, 
including not smoking, avoidance of noxious occupational environmental 
exposures, and regular exercise. Patients should have periodic follow-up phy-
sician visits.

Treatment of rare lung diseases often involves the use of unconventional 
therapies and orphan drugs, such as subcutaneous injections of granulocyte mac-
rophage colony–stimulating factor (GM-CSF) for pulmonary alveolar proteino-
sis (6), glucocerebrosidase therapy for Gaucher disease, and alpha-1 antitrypsin 
replacement for hereditary emphysema. (An orphan drug is one that treats rare, or 
“orphan” diseases and would not ordinarily be profi table for pharmaceutical com-
panies to develop. Support to develop these drugs was advanced by the Orphan 
Drug Act of 1983.) In other cases, simply removing the trigger may be suffi cient, 
such as smoking cessation in patients with Langerhans cell histiocytosis.

The prognosis for patients with rare lung diseases is as variable as the 
diseases themselves. A baby born with surfactant protein B defi ciency will die in 
infancy, while children born today with cystic fi brosis have a good chance of 
celebrating their 35th birthday.

Are we making a difference?

Research past, present, and future

Some of the most exciting discoveries in pulmonary medicine have come 
from studying rare diseases. Insights gained from uncommon lung diseases 
often shed light on more common lung diseases, as illustrated by the exam-
ples below (7).
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Insights into pulmonary fi brosis

Two rare disease—surfactant protein C defi ciency and Hermansky–Pudlak 
 syndrome—are helping researchers understand pulmonary fi brosis.

Mutations in surfactant protein C, a protein that is produced only in one cell 
type in the lung’s alveoli, result in respiratory failure in infants and a predisposi-
tion to  pulmonary fi brosis in adulthood (8). Because of this rare disease, it is 
known that the alveolar lining cells play a primary role in the cause and progres-
sion of pulmonary fi brosis, most likely through protein misfolding. (After proteins 
are produced, they must be transported to the place where they have their effect 
and must be properly folded or shaped to make the journey and perform their 
function.)

Hermansky–Pudlak syndrome is caused by mutations in genes that control 
the movement of molecules between stations within the cell (5). Tracking the 
development of lung scarring in these patients and understanding the cause of 
lung scarring from the vantage point of the primary molecular defect promises to 
shed light on how more common forms of lung fi brosis occur.

Young women are the victims of LAM. This photograph of a mother and her baby poignantly 
illustrates that fact that young women can be the victim of rare lung diseases.
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Insights into metastatic cancer

Lymphangioleiomyomatosis (LAM) is a cystic lung disease of women that is 
associated with mutations in genes that control cell energy utilization, growth 
and movement (3). The lungs become invaded by destructive, mutant cells that 
originate from an unknown, remote source. In essence, LAM is a very slowly 
moving metastatic neoplasm caused by a single genetic mutation; as such, the 
study of LAM may yield insights into the cellular and molecular basis of all 
 cancers.

Insights into pulmonary defense against infections

Pulmonary alveolar proteinosis (PAP) is caused by an autoantibody that  neutralizes 
the function of a molecule called granulocyte macrophage colony–stimulating factor 
(GM-CSF) (6). GM-CSF is important for the antimicrobial function of white blood 
cells. The absence of GM-CSF function results in the failure of cells in the lung to 
clear pulmonary surfactant, the oily material that lines the airspaces and keeps 
them open during respiration. GM-CSF is also important for the antimicrobial func-
tion of white blood cells. As a result, in the absence of GM-CSF action surfactant 
lipids and proteins accumulate in the airspace, and infections can occur both in the 
lung and other parts of the body. Understanding of the mechanisms of PAP has 
shown the central role that GM-CSF plays in the regulation of surfactant and other 
components of the complex biological systems in lung host defense. GM-CSF is 
being developed as an immunity- enhancing treatment for several diseases.

Insights into pulmonary homeostasis

Pulmonary surfactant contains special chemicals called phospholipids, which must 
be synthesized and metabolized in a balanced, tightly regulated fashion. The 
cause behind the accumulation of tiny, sand-like calcium phosphate granules in 
the lungs of patients with a rare condition known as pulmonary alveolar microlithia-
sis was a complete mystery (4). That is, until scientists in Japan  discovered that 
the gene involved was the sole alveolar phosphate transporter (a transporter is a 
molecule or set of molecules that spans a cell membrane and moves ions, such as 
potassium or calcium, across the membrane against a gradient). We now know 
that phosphate byproducts of phospholipid metabolism are cleared by a trans-
porter on alveolar type II cells (called SLC34A2). A rare disease revealed a bio-
logical truth that otherwise would have taken decades to learn.
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What we need to cure and eliminate rare lung diseases

Realizing the value of this type of research, the National Institutes of Health 
(NIH) has fostered basic research on rare diseases. In 2003, the NIH estab-
lished the Rare Lung Disease Consortium to conduct cooperative trials and 
inform the public about the less common lung disorders.  Engaging pharmaceu-
tical fi rms in the development of orphan drugs for rare diseases often facilitates 
the availability of drugs for other disorders. 

Patient advocacy organizations are valuable allies in the fi ght against rare 
lung disease, by educating, supporting, and organizing patients and families in 
a manner that facilitates research. The development of central databases, reg-
istries, and research networks are useful adjuncts. With such rare disorders, 
international cooperation is critical for accumulating suffi cient numbers of 
patients for research. 

Additional referral centers for patients with rare lung diseases are needed 
to provide multidisciplinary, expert care. Development of educational materials 
enhances the recognition and visibility of rare lung diseases with patients, health 
professionals, and the general public. Training professionals to recognize, refer, 
diagnose, and treat rare lung diseases is also needed. 
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Respiratory Distress 
Syndrome of the Newborn
Respiratory distress syndrome (RDS) of the newborn, also known as hyaline 
membrane disease, is a breathing disorder of premature babies. In healthy 
infants, the alveoli—the small, air-exchanging sacs of the lungs—are coated by 
surfactant, which is a soap-like material produced in the lungs as the fetus 
matures in preparation for birth. If premature newborns have not yet produced 
enough surfactant, they are unable to open their lungs fully to breathe.

Whom does it affect?

Epidemiology, prevalence, economic burden, and vulnerable populations

Respiratory distress syndrome (RDS) affects about 1 percent of newborn infants 
and is the leading cause of death in babies who are born prematurely (1). About 
12 percent of babies born in the United States are preterm, which is higher than 
in other developed countries (2). About 10 percent of premature babies in the 
United States develop RDS each year (3). The risk of RDS rises with increasing 
prematurity. Babies born before 29 weeks of gestation have a 60 percent chance 
of developing RDS (4), but babies born at full term rarely develop this condition. 
Maternal risk factors for preterm birth include previous preterm birth, periodontal 
disease, low maternal body mass, poor prenatal care, poverty, being uninsured, 
and being a member of a minority group (5).
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Among premature babies, the risk of developing RDS increases with 
 Caucasian race, male sex, an older sibling with RDS, cesarean delivery, perina-
tal asphyxia, and maternal diabetes. 

In 2003, the total number of live births in the United States for all races 
was 4,089,950; about 0.6 percent of newborns had RDS (about 24,000 or 6 per 
1,000 live births) (6). In 2005, there were 4,138,000 live births in the United 
States, and a slightly larger number of babies were affected with RDS because 
the rate of premature births had increased from 11.6 percent to 12.7 percent, 
mainly due to a rise in late preterm births (34 to 36 weeks of gestation) (7). 

Even though the number of RDS cases in the United States is growing, the 
infant mortality rate from RDS has dramatically declined from about 25,000 deaths 
per year in the 1960s to 860 deaths in 2005 (7) because of surfactant replace-
ment therapy. Infant deaths from RDS were 2.6 times greater in African Ameri-
can babies than in Caucasian babies, although Caucasian babies are at a higher 
risk to develop the condition.

In 2001, hospital charges for a premature baby were estimated to be 
$75,000 (8). With approximately 18,000 hospitalizations each year due to 
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RDS, the total cost of treating these babies in the hospital is approximately 
$2.3 billion.

What we are learning about the disease

Pathophysiology, causes: genetic, environment, microbes

Through the ages, infant death has been attributed to an inability of the newborn 
to adapt to life outside the uterus. In the early 20th century, “hyaline membranes” 

CASE STUDY

In August 1963, First Lady Jacqueline Bouvier Kennedy was hospitalized in 
her 34th week of pregnancy at the Otis Air Force Base Hospital. Her fetus 
was in distress, but labor did not progress. On August 7, she underwent 
a cesarean section to deliver Patrick Bouvier Kennedy, who weighed 
4 pounds, 10.5 ounces (2,112 grams). After delivery, the baby developed 
diffi culty breathing, which did not improve despite oxygen therapy. The 
baby was then rushed to Children’s Hospital Boston, a leading center in 
respiratory distress syndrome (RDS). Unfortunately, despite the best 
medical efforts, the baby died two days later. The death of the newborn 
baby devastated the First Family. In the weeks that followed the tragedy, 
the president and his mother-in-law, Janet Auchincloss, feared that 
Jacqueline would have a nervous breakdown, although it was reported that 
this adversity ultimately brought the president and his wife closer together.

Comment

Although RDS affects the infant, in many ways, it takes a greater toll on 
the families. The newborn may be in a neonatal intensive care unit for a 
prolonged period, and the outcome is likely to be death or lifelong 
disability. The emotional, family, and economic stress can be ruinous. The 
story of the Kennedy child gripped the nation and alerted the world to the 
dire consequences of infant RDS. Patrick Kennedy’s obituary in the New 
York Times stated that the only treatment “for a victim of hyaline membrane 
disease is to monitor the infant’s blood chemistry and to try to keep it near 
normal levels. Thus, the battle for the Kennedy baby was lost only because 
medical science has not yet advanced far enough to  accomplish as quickly 
as necessary what the body can do by itself in its own time.”
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were found during autopsy in the lungs of infants who died shortly after birth, but 
never in stillborns. In the 1920s, Dr. Kurt von Neergaard, a Swiss physiologist, 
postulated the existence of a substance in the lungs that reduces surface ten-
sion, allowing the lungs to open. In the 1950s, Dr. John Clements, a U.S. pulmo-
nary physiologist, showed that this substance was surfactant. Finally, in 1959, 
Drs. Mary Ellen Avery and Jere Mead, both working at Harvard at the time, dem-
onstrated that surfactant was lacking in the lungs of premature babies, which was 
the base cause of the respiratory failure seen in some of these infants (9). 

Further study on infant respiratory distress syndrome (RDS) found that the 
defi ciency of surfactant was a consequence of either insuffi cient production by 
the immature lungs or a genetic mutation in one of the surfactant proteins, SP-B. 
The rarer genetic form of the disease is not associated with premature birth and 
occurs in full-term babies (10). 

Surfactant is necessary for the tiny lung alveoli to overcome surface tension 
and remain open. Without adequate surfactant, the pressure exerted trying to 
open these alveoli by either the baby’s desperate breathing or by a mechanical 
ventilator ruptures the alveoli, producing an emphysema-like picture, or pneu-
mothorax, if the air escapes outside the lung and is trapped in the chest wall. 
Extremely premature babies may suffer from bleeding into the brain (intraven-
tricular hemorrhage), sepsis, and other complications of their immature systems, 
including neurological and developmental damage. In survivors, bronchopulmo-
nary dysplasia (a chronic scarring lung disease marked by prolonged oxygen 
need) may develop due to oxygen toxicity and mechanical ventilation. These 
complications are related to the severity of the disease, birth weight, and 
 gestational age of the infant. Smaller babies are at greater risk of developing 
bronchopulmonary dysplasia.

How is it prevented, treated, and managed?

Prevention, treatment, prognosis

By far the biggest risk factor for respiratory distress syndrome (RDS) is prematu-
rity. Preventing premature births could nearly eliminate RDS. Several causes of 
premature birth are preventable by good prenatal care. If the birth cannot be 
delayed beyond 34 weeks, the mother may be given corticosteroid therapy before 
birth, which accelerates fetal lung maturation. High-risk and premature infants 
require prompt attention by a pediatric resuscitation team. Healthcare providers 
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may deliver the baby and administer surfactant down the infant airways, either as 
soon as the premature baby is born or when RDS is diagnosed. The babies can 
be given respiratory support by mechanical ventilators with  continuous positive 
airway pressure (CPAP) designed to prevent the alveoli from collapsing. 

The use of oxygen has improved the life of many persons with respiratory 
disease. In the 1950s, however, its harmful effects were manifest when  blindness 
occurred in premature infants given pure oxygen. As mechanical ventilation and 
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Without surfactant, breathing is impossible. Important basic science research lead to the 
creation of surfactant replacement therapies that have dramatically improved survival of 
premature babies. However, there are still many mysteries about surfactant, including the 
function of this beautiful lattice-like structure; the colors were added to the squares of the lattice 
to help scientists understand how the lattices might form and work.
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critical care became more sophisticated in the 1960s and 1970s, neonatal inten-
sive care unit beds became fi lled with RDS survivors. Although these premature 
infants could be kept alive longer on ventilators, many still died, and those who 
lived often developed bronchopulmonary dysplasia.

One of the greatest breakthroughs in the fi ght against lung disease was the 
development of surfactant replacement therapy, which saves these premature 
infants from an almost certain death. Its use has led to a dramatic decrease in 
mortality from nearly 100 percent to less than 10 percent. Typically, infants are 
able to breathe more easily within a few hours of receiving surfactant, and com-
plications such as lung rupture are less likely to occur. There is a risk of bleeding 
into the lungs from surfactant treatment, especially in extremely low birth weight 
infants (those weighing less than 1,000 grams). 

In addition, inhaled nitric oxide can improve oxygenation and reduce pulmo-
nary infl ammation. When begun soon after birth in these premature infants, nitric 
oxide administration improves the acute disease and also reduces the chance of 
chronic lung disease. As with most drugs, it can also have side effects, including 
an increased risk of bleeding.

Are we making a difference? 

Research past, present, and future

Although earlier research defi ned the disease, the major breakthrough came 
with the discovery that lack of surfactant was the main defect. Studying the 
physiology of lungs under different conditions showed how critical surfactant 
was for breathing. Further research into the production, function, and composi-
tion of surfactant produced a deeper understanding of respiratory distress syn-
drome (RDS). The race was then on to develop surfactant replacement therapy. 
Both synthetic and animal-derived substances as well as components of surfac-
tant were investigated as possible therapies. By 1987, clinical studies with 
 surfactant therapy had begun in Japan, and studies in animal models of RDS 
were under way in the United States. The use of surfactant derived from calf 
lung produced gratifying results when given immediately after birth. There were 
concerns that disease transmission could occur from treating newborns with an 
animal-derived product, but fortunately this has not been reported. 

Currently, all of the surfactant replacement therapies in use in the United 
States are animal derived. The surfactant replacement material is not as 

Whitebook_breathing_Ch19.indd   202 5/10/10   12:11:05 PM



CHAPTER 19 Respiratory Distress Syndrome

203

 complete as natural human surfactant, and it is not effective in treating the type 
of RDS caused by the genetic mutation in SP-B, but for most cases, it has been 
wonderfully successful.

Despite the success of surfactant replacement in improving survival 
of  premature babies with RDS, 5,000 to 10,000 newborns still develop bron-
chopulmonary dysplasia or other forms of chronic lung disease. The problem is 
most severe for the smallest babies in the extremely low birth weight group (500 
to 699 grams), up to 85 percent of whom develop this complication. Preterm 
infants with bronchopulmonary dysplasia are at increased risk of death, 
 re- hospitalization, and chronic and acute respiratory symptoms requiring ther-
apy as compared with full-term infants. Therefore, recent research, both basic 
and clinical, has focused on efforts to prevent this complication. Clinical trials 
testing the usefulness of continuous nitric oxide inhalation therapy after birth 
and of repeated doses of surfactant to reduce the incidence and severity of 
bronchopulmonary dysplasia are ongoing.

Although there has been great reduction in the mortality and morbidity from 
RDS, the disease itself continues to increase with the rising rates of premature 
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births. Strategies, such as giving continuous positive airway pressure (CPAP), 
ventilating babies without intubation, and nitric oxide therapy without mechani-
cal ventilation, are being tested to prevent complications of RDS.

Nutrition is important for normal lung development and maturation. Several 
studies have shown that poor nutrition (specifi cally, a lack of protein) after birth 
may increase risk of lung injury that can lead to bronchopulmonary dysplasia. 
Vitamin A, a nutrient important for cell growth, has been shown to decrease 
bronchopulmonary dysplasia in some studies. Other nutrients may provide pre-
mature infants with added protection against this condition. 

Surfactant therapy and other medical and critical care advances have 
increased survival among extremely low birth weight infants. These advances 
have presented additional challenges because these extremely premature 
babies often survive with residual long-term complications of RDS. If complica-
tions during pregnancy indicate that a premature birth is likely, obstetricians can 
test the amniotic fl uid for surfactant in order to track fetal lung development. 
Several tests are available that correlate with the production of surfactant.

What we need to cure or eliminate respiratory distress 

syndrome of  the newborn

Respiratory distress syndrome (RDS) can be cured but not eliminated. The 
defect has been discovered. A treatment has been developed, and thousands of 
lives have been saved. Despite this, newborns still develop bronchopulmonary 
dysplasia. Part of the problem is that surfactant replacement therapy and other 
medical and critical care advances have allowed the survival of extremely 
 premature infants, who may later have residual long-term complications of RDS. 
Preventing prematurity is probably now the most important factor in eliminating 
RDS. Understanding of and advancements in nutrition and the delivery of critical 
care medicine to newborns will also improve the outcome of those with this 
condition.
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Respiratory Failure
Respiratory failure is not a disease per se but a consequence of the problems 
that interfere with the ability to breathe. The term refers to the inability to perform 
adequately the fundamental functions of respiration: to deliver oxygen to the 
blood and to eliminate carbon dioxide from it.

Respiratory failure has many causes and can come on abruptly (acute 
respiratory failure)—when the underlying cause progresses rapidly—or slowly 
(chronic respiratory failure)—when it is associated over months or even years 
with a progressive underlying process. Typically, respiratory failure initially 
affects the ability either to take up oxygen (referred to as oxygenation failure) or 
to eliminate carbon dioxide (referred to as ventilatory failure). Eventually, both 
functions cease when the respiratory failure becomes severe enough. This 
chapter will focus mainly on ventilatory failure; oxygenation failure is discussed 
in more detail in Chapter 2, which examines the acute respiratory distress 
 syndrome (ARDS).
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Whom does it affect?

Epidemiology, prevalence, and economic burden

Because so many underlying causes contribute to it, respiratory failure is a com-
mon and major cause of illness and death. It is the main cause of death from 
pneumonia and chronic obstructive pulmonary disease (COPD), which together 
comprise the third leading cause of death in the United States today. It is also 
the main cause of death in many neuromuscular diseases, such as Lou Gehrig 
 disease (amyotrophic lateral sclerosis or ALS), because these diseases weaken 
the respiratory muscles, rendering them incapable of sustaining breathing. 
 Epidemiologic studies suggest that respiratory failure will become more com-
mon as the population ages, increasing by as much as 80 percent in the next 20 
years (1).

Because respiratory failure is such a common cause of illness and death, 
the cost to society in terms of lost productivity and shortened lives is enormous. 
However, it is hard to quantify because the cause of death is more likely to be 
listed as pneumonia, COPD, or another underlying condition, rather than respi-
ratory failure.

What are we learning about this disease?

Pathophysiology, causes: genetic, environment, microbes

In patients with neuromuscular disease, breathing fi rst becomes a problem dur-
ing sleep, when breathing normally slows and the weak respiratory muscles 
cannot keep up with the need to eliminate carbon dioxide. The rising carbon 
dioxide affects the acid–base balance of the body, and, in extreme cases, it 
could cause coma or even death.

Types of respiratory failure

Type Typical Causes

Acute Ventilatory Drug overdose

Oxygenation Pneumonia

Chronic Ventilatory Neuromuscular disease

Oxygenation Pulmonary fi brosis
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Many other causes besides respiratory muscle weakness contribute to 
respiratory failure (2). The ability to sustain normal respiration depends on the 
integration of many systems that are involved in breathing. Disruption of any one 
or a combination of these systems can induce failure. The respiratory center, 
located at the base of the brain, regulates breathing and determines how often 

CASE STUDY

A 63-year-old lawyer complained of increasing fatigue and sleepiness over 
several months. He became short of breath when walking but had no 
problem breathing at rest. He did not feel rested when he awoke in the 
morning and often had morning headaches. When he was fi ve years old, 
he had polio and was treated with an iron lung. A physical examination 
showed that his chest wall movement was diminished. He had severe 
curvature of the spine, and his abdomen did not rise during inspiration, 
which indicated a weak diaphragm. His pulmonary function (breathing) 
tests showed a sharply reduced lung volume and an inability to sustain a 
maximal breathing effort. His blood carbon dioxide was high and his 
oxygen low. A sleep study showed that his breathing slowed down even 
more at night, which was associated with a severe decrease in his oxygen 
level. He was prescribed a ventilator to use when he slept that delivered 
pressurized air to his lungs via a mask strapped over his nose and mouth. 
His sleep improved and his morning headaches went away, but he still 
became short of breath when he walked fast.

Comment

This scenario is typical of patients who develop chronic respiratory failure 
in the face of a slowly progressive neuromuscular condition. Despite the 
bout with polio 58 years earlier, the patient had been able to function 
normally until the aging process deteriorated his remaining motor nerves to 
the point where he could no longer sustain a normal level of breathing. 
Because the condition occurred so insidiously, his body had time to adapt 
and rendered him unaware of any breathing diffi culty at rest. Shortness of 
breath at rest is a much bigger problem when respiratory failure is acute, 
such as that brought on by an asthma attack, pneumonia, or ARDS. 
Morning headaches are common because the rise in carbon dioxide at 
night causes a refl ex widening of blood vessels in the brain, increasing the 
pressure of the fl uid bathing the brain.
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and deeply we breathe. Depressed function of the respiratory center can con-
tribute to respiratory failure. This condition is most often related to drugs, like 
narcotics, that blunt respiratory drive. Inadequate respiratory drive can also be 
inherited or acquired as a consequence of processes that damage neurons, 
such as strokes, severe trauma, or tumors, but this cause is rare.

The signal to breathe is carried to the muscles via nerves that can be para-
lyzed abruptly by conditions such as the autoimmune Guillain–Barré syndrome 
or an overwhelming infection throughout the body, such as sepsis (see Chap-
ter 22); less rapidly by conditions like ALS; or, as in the case of the patient previ-
ously described, very slowly by post-polio syndrome and other conditions. High 
spinal cord injury, such as that suffered by the actor Christopher Reeves, causes 
respiratory failure because all muscles below the level of the injury are para-
lyzed, including the respiratory muscles. Interestingly, patients with low neck 
fractures can still breathe because the nerves supplying the diaphragm arise 
from the mid-neck.

The nerve signal is then conveyed to the muscles via the myoneural junction. 
Antibodies to elements of the myoneural junction can cause severe weakness or 
paralysis, a chronic disease called myasthenia gravis. A spectrum of diseases 
affect the muscles themselves, including muscular dystrophy or acquired illnesses 
like polymyositis, in which the body’s immune defense  mechanisms attack the 
muscles, causing infl ammation and weakness. All these conditions impair the abil-
ity to move air in and out.

How is it prevented, treated, and managed?

Prevention, treatment, staying healthy, prognosis

The fi rst principle in managing patients at risk for respiratory failure is to prevent 
progression of the underlying disease. Obviously, smoking cessation is an 
extremely important component of preventive therapy, as are infl uenza and pneu-
mococcal vaccines. Pneumonia and asthma, for example, have specifi c therapies 
that include antibiotics and bronchodilators that should be instituted promptly.

Simultaneously, the respiratory failure must be addressed. If it is acute and 
severe, it is a medical emergency. Oxygen levels must be normalized as quickly 
as possible by providing supplemental oxygen. Patients with high carbon diox-
ide levels need ventilatory support, so they receive pressurized gas from devices 
(ventilators) that increase pressure when triggered by the patient’s inspiratory 
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effort or by a timer. The pressurized gas can be delivered via a plastic tube 
inserted into the trachea (invasive ventilation) or via a mask strapped over the 
nose and mouth or just the nose (noninvasive ventilation). Some patients may 
be given noninvasive ventilation only at night. This treatment allows a better 
quality of sleep so that symptoms of fatigue and daytime somnolence resolve.

Not all respiratory failure has a dire outlook. People may live functional lives 
at home for many years with chronic respiratory failure, and patients with acute 
respiratory failure can be ventilated until the acute disease is successfully 
treated. They may then return to a normal life. Nevertheless, all respiratory fail-
ure is serious and has potential life-threatening consequences.

Are we making a difference?

Research past, present, and future

During the past few decades, clinical and scientifi c research has resulted in 
greater understanding of respiratory failure and improved treatment. The iron 
lung, which assisted breathing by inducing an intermittent negative pressure 
around the body, was developed to cope with the respiratory failure that 
 accompanied the polio epidemic in the 1950s. As intensive care units were 
developed to treat patients with acute respiratory failure during the 1960s, 
 positive pressure ventilators that forced gas into endotracheal tubes became 
popular. Ventilators became increasingly sophisticated to enable patients to 

New ventilators deliver 
 pressurized air through the 
nose to allow patients more 
freedom and better quality 
of life.
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“trigger” breaths so that they synchronized with the patient’s own breathing 
 pattern to enhance effectiveness and comfort. Over the past 15 years, better 
ventilators, better delivery of air to patients, and noninvasive ventilation have 
improved outcomes (3). Techniques to wean patients from invasive ventilation 
more quickly and safely have also been developed, cutting down on complica-
tions and costs in intensive care units (4).

Noninvasive ventilation has been an important advance in the treatment of 
acute respiratory failure. It reduces airway injury and the risk of pneumonia that 
occurs because bacteria otherwise track into the lungs through the endotracheal 
tube. It must, however, be used selectively, mainly for patients with COPD or 
heart failure. In heart failure, blood cannot be pumped adequately, causing fl uid 
to back up in the lungs and interfere with oxygenation (pulmonary edema). 
Often, noninvasive ventilation can support the patient until the excess fl uid is 
removed (3). Noninvasive ventilation has also been an important advance for 
patients with chronic respiratory failure, such as the patient described in the 

“Iron lungs” were the fi rst ventilators used on a wide basis for the polio 
epidemic in the 1950s. They created an intermittent negative pressure around 
the chest so the lungs would expand and breathe. 
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case study (5). It has also led to an appreciation of the important role that abnor-
mal breathing during sleep plays in the progression of the respiratory failure (6). 
For patients with chronic respiratory failure, noninvasive ventilation is much 
easier and less expensive to administer than invasive ventilation, which requires 
a tube to be placed surgically into the trachea but often enables patients to live 
at home rather than in a long-term care institution.

PHRENIC NERVES
Amyotrophic lateral sclerosis

MUSCLE
Myopathy

Muscular dystrophy

PARENCHYMA
Inflammation, ARDS, 

stiffness, fibrosis

MYONEURAL JUNCTION
Myasthenia gravis

AIRWAYS
Obstructed due to

constriction, thickening,
mucus, COPD, asthma

RESPIRATORY CENTER
Depressed due to 

strokes, drugs

Several possible defects contribute to respiratory failure. The signal to breathe originates in the 
respiratory center and is sent by nerves via the myoneural junction to the respiratory muscles (such as 
the diaphragm). Respiratory function also depends on the integrity of the airways, lung structure, and 
blood vessels within the lungs. A few examples of diseases arising from the different defects are listed.

Ways that breathing can fail
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What we need to cure or eliminate respiratory failure?

Because respiratory failure is the consequence of many other primary condi-
tions, its cure or elimination depends on more effective therapies for the pri-
mary conditions. For example, as treatments improve for the therapy of ARDS, 
pneumonia or ALS, respiratory failure as a consequence of these illnesses will 
diminish. The most signifi cant recent advances in treating respiratory failure 
have been related to techniques and technology and future advances will occur 
in these areas. Ventilators are being developed with improved monitoring and 
other technological advances to reduce complications and enhance safety. 
New machines will synchronize better with patients, making them more com-
fortable. For long-term applications, machines are becoming more portable and 
quiet. In the future, small ventilators could even be strapped to a patient’s belt, 
enabling ventilatory assistance while the patient walks in a mall or climbs stairs 
at home.
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Sarcoidosis
Sarcoidosis is an infl ammatory disease that can affect any organ and involves 
the lungs in 90 percent of patients. The tissue biopsy of patients with sarcoidosis 
has a characteristic appearance under the microscope consisting of clumps of 
specifi c types of infl ammatory cells, called granulomas. Granulomas are an 
immune response to foreign particles that enter the body, which is why sarcoido-
sis is thought to have an environmental cause.

Sarcoidosis may exist without symptoms but is often discovered during a 
routine checkup. Usually, sarcoidosis is detected by a chest radiograph (x-ray) 
or chest computed tomography (CT) scan, which most commonly shows 
enlarged lymph nodes. The disease can last just one or two years and require 
minimal or no treatment, or it can span decades and require interventions. The 
symptoms depend on which organs the disease affects. The chronic progres-
sive form of the disease involving the lungs results in shortness of breath and 
decline in overall quality of life. Patients with neurologic or heart involvement 
have the poorest outcome.
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Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

Sarcoidosis affects people of all ages throughout the world, with the highest 
incidence in those between the ages of 20 and 40 (1). There are signifi cant 
racial and gender differences in disease severity, incidence, and prevalence. 
Worldwide, women are more often affected than men. The highest annual inci-
dence has been observed in northern European countries, at 5 to 40 cases 
per 100,000 people per year (2). 

With 36 cases per 100,000 people per year, African Americans are about 3 times 
more likely than Caucasian Americans (11 cases per 100,000) to have sarcoidosis. 
African American women are the most commonly affected group, with nearly a 3 per-
cent lifetime risk for developing sarcoidosis (1). Sarcoidosis in African Americans is 
also more likely to be chronic, involve several organs, and lead to death (3).

No data on the economic burden due to sarcoidosis are available. Fatigue, 
joint pain, and shortness of breath can lead to lost work days and necessitate 
transfer to a less physically demanding job. Sarcoidosis accounts for less than 
1 percent of hospital admissions in the United States (4).

Exposure to inorganic particles, insecticides, and moldy environments 
has been reported to be associated with sarcoidosis. Occupational studies 

Comedian Bernie Mac died at age 50 of sarcoidosis.
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have shown positive associations with metalworking, firefighting, service in 
the U.S. Navy, and handling of building supplies. Investigators have reported 
an increased incidence of sarcoidosis among New York City Fire Department 
rescue workers involved in the World Trade Center attacks of September 11, 
2001. Socio economic status does not affect the risk of sarcoidosis, but low 
income and other financial barriers to care are associated with more severe 
sarcoidosis (5).

Susceptibility to sarcoidosis depends on an interaction between inherited 
genes and environmental exposures. Relatives of sarcoidosis patients are at 
higher risk of developing sarcoidosis compared to the general population. How-
ever, while family members are at higher risk, less than 1 percent of fi rst- and 
second-degree relatives of sarcoidosis patients develop sarcoidosis (6). Sarcoi-
dosis is not transmissible, and cigarette smokers are not at increased risk of 
developing sarcoidosis. 

Incidence of sarcoidosis by age, race, and gender in Detroit, Michigan
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The incidence of sarcoidosis among Caucasian and African American men and women by age in 
a health maintenance organization in Detroit, Michigan, 1990 –1994. Benjamin A. Rybicki, et al. 
Racial Differences in Sarcoidosis Incidence: A 5-Year Study in a Health Maintenance Organization, 
American Journal of Epidemiology, 1 February 1997, 145, 3, by permission of Oxford University 
Press.
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What are we learning about sarcoidosis?

Pathophysiology, causes: genetic, environment, microbes

Sarcoidal granulomas may spontaneously resolve or they may accumulate and 
persist. Accumulation and persistence of granulomas within an organ can lead 
to dysfunction and cause scarring. The extent and location of the granulomatous 

CASE STUDY

A 36-year-old woman sought medical evaluation for cough and shortness 
of breath that progressed over six months. She was diagnosed with 
bronchitis and given two courses of antibiotics. Her cough and shortness 
of breath persisted, and she was then diagnosed with asthma and was 
prescribed inhalers. She noted some improvement but then began feeling 
fatigued and experienced excessive sweating at night to the point that her 
bedclothes and bed sheets became wet. She lost 15 pounds over three 
months. She developed chest pain and discomfort in her hands and feet.

A chest radiograph showed large lymph nodes. Concerns were raised 
that she might have lymphoma or cancer. She was referred to a thoracic 
surgeon, who suspected sarcoidosis and referred her to a pulmonologist. 
The pulmonologist confi rmed the diagnosis after taking tissue samples 
from the lung with a bronchoscope. The patient also completed pulmonary 
function tests that were normal. Because her symptoms interfered with her 
daily activities, she was prescribed prednisone, an anti-infl ammatory 
steroid. By the time of her follow-up visit two months later, she had marked 
improvement in her symptoms. 

Comment

The diagnosis of sarcoidosis can be diffi cult because there is no unique 
feature of the disease and no defi nitive test. It can be confused with 
chronic infections or other conditions that cause swollen lymph glands. 
Other diagnoses must be excluded before the diagnosis of sarcoidosis can 
be made. Characteristic x-ray images and a biopsy are usually required. 
Fortunately, bronchoscopy can usually obtain adequate tissue so that more 
invasive surgical biopsy is unnecessary. Prednisone used judiciously can 
markedly improve symptoms.
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 infl ammation determine the severity. For example, a large accumulation of gran-
ulomas within lymph nodes generally has little consequence, but minimal accu-
mulation in the electrical conduction system of the heart can lead to sudden 
death.

Pulmonary fi brosis (scarring in the lung) occurs in 20 to 25 percent of 
patients, and can, in turn, lead to respiratory failure (7). Why fi brosis occurs in 
some individuals and not others is not known.

Several lines of thought have raised the suspicion that infectious agents or 
noninfectious particles cause sarcoidosis. Infectious agents, such as fungi and 
mycobacteria, and noninfectious particles, such as certain dusts, cause granu-
lomatous reactions. Because sarcoidosis most commonly involves the lungs, 
followed by the eyes and skin, exposure to airborne agents in susceptible indi-
viduals has been suspected as the cause. The concept is supported by a higher 
incidence of cases in the spring and summer months when different infections 
peak. However, no infectious agent has been identifi ed. Since sarcoidosis 
occurs worldwide and in all climates, it is likely that it is the cumulative result of 

Granulomas are cellular reactions in which macrophages typically fuse together to 
form giant cells, and other infl ammatory cells occupy specifi c areas of the lesion. 
The same reaction is seen in the lung with certain infections and inhaled particles.
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immune responses to various environmental triggers, rather than to a single 
agent. Those who develop sarcoidosis likely inherit a tendency to respond more 
intensely to the inhaled agent.

How is it prevented, treated, and managed?

Prevention, treatment, staying healthy, prognosis

Since the cause of sarcoidosis is unknown, no way to prevent it exists. Studies 
show family members are at increased risk for developing sarcoidosis compared 
to the general population. However, the overall risk is extremely low; therefore, 
routine screening of family members should not be done. 

Not all patients with sarcoidosis need treatment. In at least one third of 
patients, sarcoidosis resolves without treatment and causes no further prob-
lems. In fact, it is this spontaneous remission of sarcoidosis among individuals 
who participate in drug trials that confounds interpretation of results about the 
effectiveness of the drugs tested. Unfortunately, there are few large, well-
designed sarcoidosis studies to guide treatment. 

The decision to begin treatment is based on weighing the risks against the 
potential benefi ts. In general, treatment is begun for two reasons: 1) symptoms 
interfere with activities of daily living and cannot be controlled by simple 

[L]

Enlargement of lymph nodes 
(arrows) is the most typical 
appearance of sarcoidosis in 
chest x-rays.
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 measures; and 2) organ function is threatened. When treatment is required, it is 
usually necessary to continue it for six months to a year, adjusting drug dosing 
according to response and to minimize side effects and complications. 

Corticosteroids are the most effective treatment. Corticosteroids improve 
symptoms and lung function and probably prevent complications. For those who 
do not tolerate corticosteroids or when a combination approach is warranted, 
other agents might be used to reduce infl ammation and prevent complications. 
Most published data on the use of non-corticosteroid agents are anecdotal and 
based on small studies. 

Although sarcoidosis may result in periods of fatigue, body aches, joint pain, 
and respiratory symptoms such as cough and shortness of breath, for the vast 
majority, sarcoidosis is not permanently disabling. Several things can be done to 
remain healthy. Anyone who smokes should stop completely. Regular stretching 
exercises and exercises to promote cardiovascular health are recommended. 
Diet is particularly important for those on corticosteroids to minimize weight gain. 
Patients with active disease should have periodic follow-up visits with their phy-
sicians, which should include screening for eye and heart involvement.

Prognosis is variable and depends on gender, race, age, which organs are 
involved, the signs and symptoms at presentation, and which problems persist 
despite treatment. In the majority of patients, sarcoidosis improves or stabilizes 
in the fi rst two years of illness. In nearly two thirds, spontaneous remission 
occurs within fi ve years. Once the disease remits, it recurs in less than 5 percent 
of patients. Progressive sarcoidosis leads to death in less than 5 percent of 
cases (8). When it does, it is primarily due to progressive respiratory insuffi -
ciency or due to heart or neurologic involvement. 

Are we making a difference?

Research past, present, and future

A great deal is known about the diagnosis, disease patterns, and clinical course 
of sarcoidosis. However, despite both a recent large, well-designed study funded 
by the National Heart, Lung, and Blood Institute called ACCESS and signifi cant 
progress in methods to detect infectious agents, the cause of sarcoidosis 
remains unknown. Although the environmental trigger or triggers are yet to be 
identifi ed, race and family history of disease are the most strongly identifi ed risk 
factors, supporting the notion that a genetic susceptibility to sarcoidosis exists.
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The risk for developing sarcoidosis has been associated with certain genes 
located on chromosome 6 that govern immune system function and are also 
involved in autoimmune disease and in rejection of transplanted organs. Tech-
nologic advances, including high-throughput techniques that allow sifting through 
the entire genome to identify disease genes, promise to defi ne the cause of 
sarcoidosis. Signifi cant progress has also been made in understanding the cel-
lular interactions and the infl ammatory proteins that are released that lead to 
granuloma formations. These studies have already helped direct novel treat-
ment approaches. Well-designed clinical trials are now needed to determine 
their usefulness.

Investigators have reported that blood samples from patients with sarcoido-
sis often contain antibodies to proteins produced by mycobacteria, the bacteria 
that cause tuberculosis. Studies to verify the importance of mycobacterial infec-
tion as a cause of sarcoidosis are ongoing. 

What we need to cure or eliminate sarcoidosis

Curing or eliminating sarcoidosis remains an elusive goal because its cause and 
how the disease comes about are not known. Clinical trials of treatments may 
help in the management of these patients but real breakthroughs are likely to 
only occur after more is learned about the basics of this disease. Until the 
urgently needed research is carried out and yields answers, tens of thousands 
of Americans of all races will continue to suffer the burden of this disease.
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Sepsis
Sepsis or sepsis syndrome is a life-threatening medical condition characterized 
by an overwhelming infection and the body’s infl ammatory response to that 
infection. The source of the infection can be known, such as pneumonia, uri-
nary tract infection, or skin or soft tissue infection, or unknown. Septic shock is 
a form of severe sepsis with associated low blood pressure that is life threaten-
ing. It leads to dysfunction of essentially all organs because of poor  oxygenation 
and blood perfusion. With severe sepsis, failure of vital organs occurs, and the 
lungs are one of the most commonly affected organs. Sepsis is a common 
condition in the intensive care unit (ICU) and is associated with high mortality, 
morbidity, and cost.

Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

The incidence of sepsis has increased considerably since the late 1970s. In 
2000, the number of patients with a diagnosis of sepsis was approximately 
660,000, increasing about 9 percent per year since 1979 (1). Sepsis accounts 
for 1 to 2 percent of all hospitalizations, and more than 50 percent of patients are 
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cared for in an ICU (1,2). In response to improved supportive treatments and 
antibiotics, the in-hospital mortality rate has decreased over time to  approximately 
20 percent; however, the total number of deaths continues to increase, making 
sepsis the tenth-leading cause of death in the United States (1,3).

Sepsis also has signifi cant associated morbidity and economic costs. Com-
pared to the general population, survivors of sepsis reported poorer health-
related quality of life and more physical dysfunction, including diffi culty with work 
and activities of daily living (4,5). More than 30 percent of hospitalized sepsis 
survivors are not discharged to their homes. Instead, they are discharged to 
other care centers, such as nursing homes and rehabilitation facilities (1). In the 
United States, caring for patients with severe sepsis costs nearly $17 billion a 
year, with as much as $50,000 spent per patient (2).

Sepsis disproportionately affects the elderly and minority populations. The aver-
age age of those with the disease is reported to be in the early to mid-60s, and older 
age is an independent risk factor for death from sepsis (6). African Americans and 
other non-Caucasian minorities are consistently at an increased risk of developing 

Mortality averaged 28 percent during the fi rst six years of the study and 18 percent during the last six 
years (1). Copyright © 2005 Massachusetts Medical Society. All rights reserved.

Overall in-hospital mortality rate among patients hospitalized for sepsis, 1979–2000
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sepsis compared to Caucasians (1). In addition, African American men develop sep-
sis at a much younger age and are more likely to die from the condition.

What are we learning about this disease?

Pathophysiology, causes: genetic, environment, microbes

The cause of sepsis is not limited to bacterial infections, although they are the most 
common cause. Sepsis can also be caused by viral, fungal, and protozoan infec-
tions. Protein mediators (cytokines and chemokines) play a critical role in mobilizing 
the body’s infl ammatory response to contain and eradicate microbial infections. 

CASE STUDY

A 65-year-old man arrived in the emergency room, short of breath and 
coughing greenish phlegm. He had fever, minimal urine output, and low 
blood pressure and was diagnosed with pneumonia. He was admitted to 
the ICU with a diagnosis of severe sepsis with shock. The chest x-ray 
image showed pneumonia. He required additional oxygen, as well as fl uids 
and intravenous antibiotics. He developed respiratory and kidney failure, 
which complicated his treatment, and required mechanical ventilation and 
dialysis. After two weeks, he improved and was able to come off the 
ventilator and dialysis; however, he remained extremely weak. He could 
not even comb his hair. He survived but had no memory of the time when 
he was sick. He was transferred to a rehabilitation facility to continue his 
recovery.

Comment

This case exhibits the devastating human consequences of severe sepsis. 
The multiple organ failure complicates treatment because of the interde-
pendence of the organs. For example, the liver and kidneys are required to 
breakdown and eliminate drugs, toxic products, and normal body products 
that are produced to fi ght infection. Septic patients frequently are uncon-
scious and immobile and have low oxygen. This highly stressed scenario 
affects all organs. Furthermore, even extended care in the ICU can be 
associated with problems. The constant high risk of death and loss of 
function no doubt contribute to the need for prolonged rehabilitation.
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These cytokines and chemokines are chemical signals that trigger a wide-ranging 
cascade of events that change the metabolism and function of cells. 

Infl ammation enhances antimicrobial immunity; however, excessive infl am-
mation results in “collateral damage” and causes vital organs to become dysfunc-
tional, a characteristic feature of severe sepsis. Severe sepsis is the consequence 
of an exaggeration of the normal antimicrobial host defense  mechanisms. One 
part of the body most affected by this exuberant infl ammation are the blood 
 vessels, which when injured become leaky. In the lungs, fl ooding of the  airspace 
with infl ammatory fl uids disrupts the exchange of oxygen and carbon dioxide, 
resulting in acute respiratory distress syndrome (ARDS), a severe form of respira-
tory failure (see Chapter 2). A widespread increase in blood clotting in small blood 
vessels further disrupts normal blood fl ow and contributes to organ failure.

When the intense systemic infl ammation begins to subside, the body 
attempts to repair the damaged organs. Through various mechanisms, the body 
inhibits the pro-infl ammatory cytokines and chemokines. In the fi nal stages of 

Points represent the annual incidence by race over two decades. Incidence and mortality are higher in 
minorities (1). Copyright © 2005 Massachusetts Medical Society. All rights reserved.

Population-adjusted incidence of sepsis, according to race, 1979–2000
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recovery, there is a process called apoptosis, or programmed cell death, during 
which infl ammatory cells die and are harmlessly eliminated from tissues. This 
process, too, can be maladaptive because many of the mechanisms that halt 
infl ammation also can affect immunity against infection by contributing to a con-
dition referred to as immunoparalysis, in which benefi cial infl ammation is sup-
pressed and a patient is at high risk for developing super-infections that are 
often diffi cult to treat.

How is it prevented, treated, and managed?

Prevention, treatment, staying healthy, prognosis

Prevention and early treatment of sepsis are of paramount importance. The best 
way to prevent sepsis is to prevent the inciting factor, which is infection that can 

Sepsis is an overwhelming infection. Patients require intensive care with 
extensive monitoring and usually many medications.
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occur in and out of the medical care setting. However, if appropriate antibiotics 
are given early in the course of an infection, the severity can be reduced and 
sepsis prevented. Controlling infection includes measures of personal hygiene 
such as hand washing and barrier protection in the hospital to prevent the trans-
mission of disease via patient’s body fl uids. Those at increased risk should 
receive vaccinations for pneumococcus and infl uenza, common causes of respi-
ratory infections.

The treatment of sepsis begins with a careful search for the underlying infec-
tious cause with examination of the urine, sputum, spinal fl uid, and blood for 
bacterial, viral, and fungal pathogens. Broad spectrum antibiotics are often given 
early, and these can be narrowed in spectrum once the causal organism is known. 
A major early concern is supporting circulation with intravenous fl uids and medi-
cations that raise the blood pressure and improve blood fl ow and therefore 
increase the amount of oxygen supplied to vital organs and tissues. Patients with 
severe sepsis also may require advanced diagnostic studies, such as ultrasound, 
computed tomography scanning, and angiography, in order for diagnosis and to 
direct treatments for an infected gall bladder, obstructed kidneys, appendicitis, or 
ischemic or trapped bowel. Supportive care for lung failure and kidney failure is 
often necessary. Maintenance or improvement of nutritional status and avoidance 
of hospital-acquired infections and other ICU complications are also a priority.  

The prognosis of sepsis is dependent on several factors, such as age, 
cause and duration of disease, and associated complications. Patients with 
chronic lung, heart, and kidney diseases have a worse prognosis for recovery. 
Many patients have impaired immune defense systems because of underlying 
diseases or medications that they take. Overall, about one in fi ve sepsis patients 
die, and many survivors of sepsis have prolonged decreased quality of life and 
poor physical function.

Are we making a difference? 

Research past, present, and future

There has been a great deal of new information about how molecules combine 
to cause both benefi cial and harmful infl ammation. Intense research efforts have 
characterized many of the key factors of the molecular pathways and have iden-
tifi ed some of the individual genetic and environmental variability that infl uences 
the outcome of sepsis. 
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Proteins have been discovered that attach to a cell surface and send sig-
nals inside the cell. Secondary signaling molecules, such as nuclear factor 
kappa B (NF-κB) regulate DNA activity. NF-κB modifi es synthesis of most of the 
infl ammatory cytokines and chemokines (7). Another factor, Nrf-2, regulates 
many protective antioxidant and detoxifying proteins. A group of investigators 
has shown that a variation in the Nrf-2 gene can identify patients who are at 
 increased risk for developing ARDS after major trauma. This could have impor-
tant therapeutic implications (8). 

Another group of investigators identifi ed the role of a newly discovered pro-
tein, pre-B cell colony enhancing factor (PBEF), in generating infl ammation and 
tissue injury (9). Measurement of blood levels of triggering receptor expressed 
on myeloid cells-2 (TREM-2), a molecule involved in the NF-κB pathway, seems 
to be highly sensitive and specifi c for distinguishing infectious from non- infectious 
causes of severe illness (10). It is likely that understanding of the molecules 
involved in the body’s defense against infection and infl ammation will allow 
future breakthroughs in treatment of severe sepsis.

Based on a multicenter randomized clinical trial (11), recombinant acti-
vated protein C, an anticoagulant, was approved by the U.S. Food and Drug 
Administration (FDA) for treatment of severe sepsis with multiple organ failure. 
This study showed a reduction in the death rate of severe sepsis from 30 to 
25 percent. However, this treatment is not benefi cial in patients with milder 
sepsis who have single organ failure and a lower risk of death (12), and it is not 
benefi cial in treating young children (13). Furthermore, patients treated with 
recombinant activated protein C have an increased risk for serious bleeding 
complications (14), although complications can be minimized by appropriate 
patient selection criterion. 

Although the anti-cytokine and other strategies that are based on under-
standing the molecular biology of sepsis have not had a noticeable infl uence on 
the treatment of severe sepsis, they have had a remarkable impact on the treat-
ment of chronic infl ammatory diseases, including infl ammatory bowel disease, 
rheumatoid arthritis, and psoriasis.

What we need to cure or eliminate sepsis

Improved recognition, early organized approaches for the delivery of care,  better 
antibiotics, improved nutrition and supportive care, and avoidance of ICU com-
plications with newer technologies have had an enormous impact on improving 
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outcome in severe sepsis over the decades. Further advances in these areas 
should continue to reduce the burden of sepsis. However, aging populations, 
increased prevalence of organ transplantation, more aggressive treatment of 
cancer, autoimmune diseases that increase susceptibility to infections, and limi-
tations in early access to healthcare have contributed to the sustained high mor-
tality of severe sepsis.

Research in sepsis aims to better understand the molecular networks in order 
to identify critical points that may be amenable to interventions and to learn why 
individuals with disease vary in their outcome. Discovery of markers that predis-
pose some individuals to severe sepsis, that identify early sepsis, or that correlate 
with clinical outcome would help to better manage the disease and determine 
when intervention should take place. Translating this knowledge into treatment 
and cure of patients in the ICU will require large controlled clinical trials.
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Sleep-Disordered 
Breathing
Sleep-disordered breathing is an umbrella term for several chronic conditions in 
which partial or complete cessation of breathing occurs many times throughout 
the night, resulting in daytime sleepiness or fatigue that interferes with a  person’s 
ability to function and reduces quality of life. Symptoms may include snoring, 
pauses in breathing described by bed partners, and disturbed sleep. Obstructive 
sleep apnea (OSA), which is by far the most common form of sleep-disordered 
breathing, is associated with many other adverse health consequences, includ-
ing an increased risk of death (1–3). 

To be properly diagnosed, patients with suspected sleep-disordered 
 breathing must be evaluated by a polysomnogram (sleep test), which measures 
approximately a dozen physiologic parameters during sleep. One of the most 
important measurements is breathing and its cessation during sleep. A breathing 
pause of 10 seconds or more is termed an apnea. Not surprisingly, apneas may 
be associated with oxygen desaturation (a decrease in blood oxygen) and other 
bodily responses as the person struggles to breathe. These arousals may  consist 
of fl exing of muscles, including those of the airways, and change in the electrical 
activity of the brain as measured by an  electroencephalogram (EEG). Arousals 
are complex phenomena that may involve discharges of brain chemicals of the 
adrenalin family, which may contribute to the health conditions associated with 
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sleep apnea. Desaturation and arousals also occur with hypopnea (partial 
decrease in air fl ow). The apnea-hypopnea index is the number of apneas and 
hypopneas that occurs per hour of sleep and is an important measure of the 
severity of sleep apnea, along with the depth of desaturation.

A single-night polysomnogram in a sleep laboratory can accurately diag-
nose sleep apnea in most patients. With portable equipment, the diagnosis of 
sleep apnea is possible in the home setting, and this approach may provide 
improved access to sleep apnea diagnostic testing. 

Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

Estimates of the prevalence of sleep-disordered breathing vary widely, depend-
ing on the methodology. Conservatively, based on laboratory or portable home 
tests, 4 percent of men, 2 percent of women, and 2 percent of children ages 8 to 
11 in the United States have sleep-disordered breathing (4,5). Other surveys 
estimate that between 5 and 10 percent of the U.S. adult population have 
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OSA (5–7); 7 percent have breathing pauses during sleep that put them at risk 
for more severe sleep events, and 23 to 59 percent snore (7–10). Unpublished 
data from a nationally representative sample of U.S. adults over age 20 show 
that the symptoms of sleep-disordered breathing (for example, snoring) are 
more likely to be reported by men than women. From 1980 to 1990, the number 
of offi ce visits in the United States resulting in a diagnosis of sleep apnea 
increased from 108,000 to 1.3 million (11).

Despite the increased awareness of sleep-disordered breathing, it has been 
suggested that 93 percent of women and 82 percent of men with signs and symp-
toms of moderate to severe sleep-disordered breathing remain undiagnosed (6).

Factors that have been identifi ed in studies to increase the risk of develop-
ing sleep apnea include obesity, male gender, and some ethnic groups (African 
American, Asian, and Native American) (12). Additional risk factors include 
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An early study of more than 6,400 patients with mild to moderate sleep-disordered breathing found an 
association between sleep-apnea severity as measured by the apnea-hypopnea index (AHI) and 
coronary artery disease, heart failure, and stroke. Those with the highest AHI were one-and-a-half times 
more likely to have had a stroke and more than twice as likely to have heart failure than those with lowest 
AHI, even when adjusted for other known risk factors, including age, sex, race, body size, hypertension, 
smoking, and cholesterol. Adapted from American Journal of Respiratory and Critical Care Medicine, 
Vol 163. pp 19-25, 2001.
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nasal obstruction; large tonsils (particularly in children); an underactive thyroid 
gland; the use of alcohol, tobacco, and sedatives; menopause in women; and 
testosterone.

CASE STUDY

William Howard Taft, the 27th President of 
the United States, and later the 10th Chief 
Justice, lived before sleep apnea was 
recognized as a disease, but throughout 
his life he exhibited the classic symptoms 
and signs (14). At the time of his inaugura-
tion at age 51, he weighed between 300 
and 332 pounds and had a 19-inch neck. 
He had excessive daytime sleepiness and 
loud habitual snoring. In his fi fties, Taft 
developed high blood pressure. He had 
limited exercise tolerance, and by his 
mid-sixties, he had signs of heart disease 
(angina) and breathlessness, which limited 
his activity. Toward the end of his presidency, he developed an irregular 
heart beat that is commonly associated with sleep apnea (atrial fi brillation). 
Taft lost a remarkable amount of weight (he slimmed down to about 250 
pounds), which was associated with an improvement in his daytime 
sleepiness and blood pressure. It may have also increased his longevity. 
Taft was 72 when he died on March 8, 1930. A medical bulletin issued by 
the Supreme Court upon his resignation earlier in the year attributed his 
serious health condition to “general hardening of the arteries.” 

Comment

There are reports of President Taft falling asleep during important meetings 
and while serving as Chief Justice of the Supreme Court. To Taft, this was 
an embarrassment and a blow to his esteem and reputation. For other 
patients, however, it can have more serious consequences. To a truck 
driver, it could be deadly. Lack of adequate sleep at night for any reason 
leads to daytime somnolence, and habitual lack of restful sleep can lead to 
uncontrollable sleep attacks.
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The economic burden of sleep-disordered breathing is signifi cant (13). 
Sleep-disordered breathing adversely affects daytime alertness and cognition 
and has been linked to occupational and driving impairment. Sleep apnea has 
also been shown to increase healthcare utilization. In any assessment of the 
economic burden of sleep apnea, there are two important considerations: 1) it is 
highly prevalent in the middle-aged work force, and 2) it contributes to other 
chronic health conditions, such as heart disease and diabetes, and increases 
the risk of having a stroke and being in an accident at work or in the car.

What are we learning about sleep-disordered breathing?

Pathophysiology, causes: genetic, environment

No single cause of sleep apnea has been identifi ed, although the associations 
with weight and neck size mentioned above are well known. Family history and 
genetic susceptibility studies show that a third of the total variability in sleep 
apnea severity in populations can be accounted for by heritability or genetic 
susceptibility (1,15). The bony and soft tissue structures of the face, as well as 
the heritability of obesity, are potential mechanisms by which genetics plays a 
role in sleep apnea.

The most common breathing disorder of sleep is OSA, which is character-
ized by recurrent narrowing or collapse of the back of the throat because of the 
loss of muscle tone that occurs during sleep (16). A  less common form, central 
sleep apnea, is distinguished by cessation of breathing efforts during sleep. 
There is no struggle to breathe; the brain just does not send the proper breath-
ing signals. Both result in repetitive events of insuffi cient air fl ow, oxygen absorp-
tion, and carbon dioxide exhalation. Reduction in blood oxygen levels may lead 
to a hormonal stress response by the body. This reaction may arouse, but not 
fully awaken, the sleeper, who repeats the events with the next period of sleep. 
If the cycle of arousals is repeated many times during the night, a cascade of 
stress-hormone release ensues, which is thought to be responsible for many of 
the adverse health consequences associated with sleep-disordered breathing.

The upper airway in patients with OSA is often smaller than normal. It may 
be narrowed by fat deposition in obese individuals or other structural factors, 
such as airway length, position of the jaw, or size of the tongue. A narrowed air 
passage can collapse more frequently and completely when the muscles of the 
throat, which keep the upper airway open during wakefulness, relax during 
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sleep. Changes in body position and the reduced lung expansion that occur with 
sleep interact with these other factors and may lead to further upper airway 
vulnerability.

Experimental animal studies as well as observations in patients with central 
sleep apnea show that the brain centers responsible for the control of rhythmic 
respiratory muscle activity are more unstable compared to people without this dis-
order (15). Some individuals may have both obstructive and central sleep apnea. 

How is it prevented, treated, and managed?

Prevention, treatment, staying healthy, prognosis

A major problem is the lack of recognition of the disorder by both the patient 
and physician. This unawareness may lead to delayed diagnosis. Snoring and 
daytime fatigue or sleepiness are so common that they may not be recognized 

This sleep tracing typically records 16 different parameters simultaneously. The electroencephalogram 
(EEG) (brain waves) stages sleep. The electro-occulogram (EOG) records rapid eye movement, which is 
correlated with dreaming. Snoring, air fl ow, respiratory effort, oxygenation, electrocardiogram (ECG) 
fi ndings, pulse, leg movement (leg), body position, and sleep stage are the other items assessed. 
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as abnormal. There is considerable variation in the severity of sleep apnea 
from night to night, depending upon duration of sleep, body position, time spent 
in different stages of sleep, and other factors, such as alcohol consumption 
before going to bed. Alcohol and certain sleeping medications may cause 
deeper relaxation of the airways during sleep and a blunting of the sleeper’s 
arousal response, thus allowing longer and more frequent apneas and greater 
desaturations. 

Prevention of weight gain and obesity is critical for reducing the risk of 
developing clinically signifi cant OSA. Appropriate evaluation and treatment of 
any nasal passage obstruction is important in reducing the collapsibility of the 
upper airway. Smoking cessation should be pursued by all patients. Avoiding 
alcohol and sedatives and developing better sleep hygiene may be helpful.

Physicians use the apnea-hypopnea index to assess the severity of sleep 
apnea based on the number of complete cessations of breathing (apnea) and 
partial obstructions (hypopnea). Although the apnea-hypopnea index is 
 interpreted in the context of the patient’s symptoms, age, and other medical 

For children suffering from sleep apnea, surgical treatment with removal of tonsils (and adenoids) 
is the fi rst choice. However, the long-term effects of this procedure on sleep-disordered breathing 
in these children are poorly understood.
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conditions, an apnea-hypopnea index of more than 5 with symptoms is generally 
abnormal enough to warrant treatment. As the condition is usually chronic, in the 
absence of signifi cant modifi cation of a risk factor, the treatment prescribed 
should be used long term.

Treatments for OSA work by physically increasing the size of the upper 
airway. The most effective treatment is a continuous positive airway pressure 
(CPAP) device that delivers pressurized air to the upper airway, via a mask, 
splinting the airway open. However, the effectiveness of this treatment is often 
substantially reduced or nullifi ed by inconsistent or inadequate use by patients. 
Professionally assisted adjustments of the mask size and type, the addition of 
humidity, and the treatment of nasal congestion and blockage may improve the 
ability to use this treatment.

For children suffering from sleep apnea, surgical treatment with removal 
of tonsils (and adenoids) is the first choice. However, the long-term effects of 
this procedure on sleep-disordered breathing in these children are poorly 
understood.

There is no effective and safe drug treatment for sleep apnea. External and 
intranasal dilators improve snoring, but their effi cacy in reducing sleep-disordered 
breathing has not been adequately shown by controlled trials. In certain patients, 
surgical treatment or dental devices may be effective, but more studies are 
needed.

Are we making a difference?

Research past, present, and future

Although breathing abnormalities that occur during wakefulness and sleep have 
been reported since the 1800s, the high prevalence of disordered breathing that 
occurs only during sleep was not recognized until 1993 (4). The risk factors for 
sleep-disordered breathing and the high prevalence of sleep apnea, as well as 
the adverse health conditions associated with untreated sleep apnea, including 
increased mortality, have been identifi ed by multiple large-scale observational 
studies. There is, however, an urgent need for large-scale clinical studies to 
determine the natural course and benefi t of treatments on the longer-term health 
in people with all levels of sleep-disordered breathing, especially with regard to 
its severity, effect on cardiovascular health, and survival. Given the remarkable 
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rise of obesity and the high prevalence of diabetes today, it would also be impor-
tant to learn the effects of these conditions on the course and treatment of sleep 
apnea. Intervention at early stages has the potential to become an effective 
prevention strategy.

These studies should also assess the cost to society for sleep apnea and its 
treatment. Confi rmation of whether portable and home-based diagnostic moni-
toring and auto-adjusting therapeutic CPAP devices could adequately supple-
ment formal laboratory-based evaluation, and, if so, in which populations, would 
lead to more cost-effective healthcare delivery. Studies thus far support the use 
of oral appliances in mild to moderate sleep-disordered breathing and the use of 
surgery primarily as adjunctive treatment for adults or in “CPAP failures.” Electri-
cal stimulation of the nerves to activate the upper airway muscles and dilate the 
airway has been associated with benefi cial effects on sleep-disordered breath-
ing, but this approach needs further study to determine effi cacy as well as the 
design of equipment for clinical use.

It is as yet not clear whether the candidate genes for sleep apnea (for exam-
ple, the APOE epsilon gene) lead directly to sleep apnea or if these genes are 
linked to intermediate factors that increase the risk of sleep apnea via their 
effects on other factors, such as facial structure and obesity (15). Future studies 
involving analyses of multiple genes simultaneously in well-defi ned subgroups 
of persons with sleep apnea hold the promise for development of predictive 
models that will enable early diagnosis and intervention in the appropriate popu-
lations. A genetic approach also may lead to better understanding of the basic 
mechanisms of the condition, which is a prerequisite for the development of 
future therapies.

What we need to cure or eliminate sleep-disordered breathing

Elimination of sleep apnea remains a distant goal, as the current struggles are 
simply awareness, diagnosis, and management. Reducing obesity in the popu-
lation would no doubt reduce sleep apnea. Safe and effective drugs may offer 
the best chance for reduction of sleep-disordered breathing, but fi nding these 
drugs will depend on a better understanding of the neurophysiology and bio-
chemistry of sleep. This understanding could lead to as yet unanticipated fruitful 
interventions. Discoveries important to sleep-disordered breathing could come 
from other fi elds far removed from sleep. 
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Web sites of interest

American Academy of Sleep Medicine
www.aasmnet.org/PatientsPublic.aspx

American Sleep Apnea Association 
www.sleepapnea.org

Centers for Disease Control and Prevention
Sleep and Sleep Disorders: A Public Health Challenge
www.cdc.gov/sleep

National Institutes of Health 
National Center on Sleep Disorders Research
www.nhlbi.nih.gov/sleep

National Sleep Foundation
www.sleepfoundation.org
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Tuberculosis
Tuberculosis (TB) is an infectious disease that is acquired by inhaling the bacte-
ria that cause the disease. About 90 percent of those who become infected show 
no sign of disease (latent infection), but harbor the organism and have a risk of 
developing active TB later. Left untreated, a third to a half of those who do 
 develop disease will die of it. The others with active disease will go into remis-
sion or have chronic symptoms. Those with active TB can infect others. Effective 
drugs have been available for more than half a century, and virtually all cases of 
TB should be curable, although the emergence of drug-resistant bacteria has 
made the treatment much longer, more diffi cult, and expensive.

Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

TB is the greatest killer of people in recorded history. Lemuel Shattuck, who pio-
neered the use of statistics in public health, reported that between 1811 and 
1820, nearly a quarter (23.4 percent) of all deaths in New York City occurred 
from TB. Sixty years later, Dr. Robert Koch, the German scientist who identifi ed 
the TB bacterium, wrote “one-seventh of all human beings die of tuberculosis, 
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and . . . if one considers only the productive middle-age groups, tuberculosis 
carries away one-third and often more of these . . .” (1). 

Much of the history of modern medicine is tied to efforts to understand and 
curtail this remarkable killer whose exact nature eluded discovery until the 
 mid-19th century, when it was discovered to be transmissible. Later, in 1882, it 
was shown to be caused by bacteria. Grassroots health efforts followed, 
 producing sanatoria, public health organizations, and new government health 
departments. In the next decades, researchers developed diagnostic sputum 
and skin tests, as well as a TB vaccine. These advances, along with better un-
derstanding of the disease, reduced its prevalence. In 1944, the fi rst antibiotic 
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Rate* of TB cases, by state/area — United Sates, 2008†

SOURCE: National TB Surveillance System.
* Per 100,000 population.
† Data updated as of February 18, 2009. Data for 2008 are provisional.
§  TB rate cutoff points were based on terciles: 18 states had TB case rates of <2.0 (range: 0.46–1.99) per 100,000, 

17 states had TB case rates of 2.0–4.0 (range: 2.03–3.92) per 100,000, and 15 states and the District of Columbia 
had TB case rates of >4.0 (range: 4.02–9.63) per 100,000.

The number and rate of TB cases has steadily fallen, but the number of foreign-born persons with TB 
has remained constant.
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for TB— streptomycin—was discovered, and by 1970, there were more than half 
a dozen effective drugs to treat TB. Unfortunately, these discoveries led to com-
placency and neglect on the part of the public and public health offi cials. As in-
fection and mortality rates dropped, TB hospitals closed, and research and 
public health attention shifted to other areas. But in 1988, with human immuno-
defi ciency virus (HIV) infection on the rise, the downward trend in TB reversed, 
and healthcare systems were unable to handle its resurgence. HIV attacks the 
cells responsible for mounting the primary immune defense and renders indi-
viduals susceptible to TB. Following decades of decline, TB rates in the United 
States began to rise again, until 1993, when the government increased support 
for all aspects of the war against TB. The incidence of disease again began to 
fall. In 2008, 12,898 new cases of TB were reported in the United States, for a 
rate of 4.2 per 100,000 people—the lowest ever recorded (2). 

Beyond the United States, however, the number of TB cases continues to 
rise. In 2007, the World Health Organization estimated that there were 9.3  million 
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new cases and 1.3 million deaths throughout the world each year (2). TB has 
been estimated to account for an annual loss of 8.7 million years of life world-
wide (3). Furthermore, about a third of the world’s population is believed to have 
latent infection (4). More than half of the persons developing TB in the United 
States are foreign born (2). It became apparent that TB control efforts in the 
United States and other low-prevalence countries must include global TB control 
as a keystone issue. In the 1990s, a large international effort to control TB 
began, resulting in more effective national TB control programs.

The enormous number of infections worldwide is not the only problem. 
Today, 20 percent of TB cases in the world are resistant to at least one drug 
used to treat the disease, and 5 percent of cases are multidrug resistant 
(MDR-TB), a much more serious condition in which the bacteria are resistant to 
the two main therapeutic agents, isoniazid and rifampin. Rates of resistance 
vary greatly between countries. Among new cases in the United States, 7 per-
cent are resistant to isoniazid and 1.2 percent are resistant to isoniazid and 
 rifampin and, thus, have MDR-TB. This rate is in contrast to that in countries 
such as Georgia, Uzbekistan, and Azerbaijan, where the resistance to one drug 
is about 50 percent. The number of MDR-TB cases is highest in India and China, 
but exact information about the prevalence of drug resistance is lacking because 
testing has not been available in much of the world.

Among patients with MDR-TB, 7 to 10 percent are extensively drug resis-
tant (XDR-TB) (7), meaning that they are resistant to isoniazid and rifampin and 

In 2007, Andrew Speaker made front-page news by fl ying 
to Europe for his wedding even though he was infected 
with a drug-resistant form of tuberculosis.
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CASE STUDY

A 48-year-old physician-scientist, who had emigrated from China, worked 
in a microbiology laboratory with TB specimens for several years. Her skin 
test was negative for TB when she came to the United States, but a blood 
test was positive after she developed fever, weakness, weight loss, lower 
chest and abdominal pain, and shortness of breath. She was found to have 
fl uid around her lung (pleurisy). She underwent a pleural biopsy, which 
grew Mycobacterium tuberculosis. She started taking four medications, 
and within two months, she had regained her strength and weight. She 
continued the medicine for even longer than the six months recommended 
because drug resistance was found. During therapy, she developed joint 
aches from one of the drugs but fi nished the course. Despite the drug 
resistance, the patient recovered and is apparently cured, although she 
occasionally experiences chest pain when she takes a deep breath.

Comment

In several ways, this patient is a typical vulnerable person. She had 
increased exposure because of her country of origin and occupation. Her 
immune system was intact, which may have prevented more serious or 
fatal disease. The bacteria were resistant to antibiotics, which caused great 
mental stress to her and her family. She had side effects to the medication, 
but she ultimately had a good outcome.

Dr. Edward Livingston Trudeau was a central fi gure in the 
anti-tuberculosis movement. He established the fi rst 
sanatorium and was founder of the American Sanatorium 
Association, forerunner of the American Thoracic Society 
and American Lung Association.
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to the next two best classes of medicines (the quinolone family and the inject-
able family of antibiotics). The rate of XDR-TB is low in the United States (less 
than 1 percent), but varies widely around the globe. Precise information on the 
incidence of XDR-TB is not available for many countries because sensitivity 
testing for these drugs is not carried out in most of the world. 

As drugs are rendered ineffective because of resistance, TB becomes more 
diffi cult and expensive to cure. In the United States, the cost of treating a single 
case of drug-sensitive TB was $8,162 in 2004 (5). In contrast, the average inpa-
tient hospital cost for those with MDR-TB who survive the disease was $89,594; 
the cost rose to $717,555 for those who died (6). The direct costs underestimate 
the economic burden because they do not include the public health costs of 
contact screening, tracking, outreach, education, and other expenses—not to 
mention lost productivity and disruption of the home and workplace.

Although anyone can catch TB, the most vulnerable are those with the 
greatest exposure. Individuals with decreased immune defense are also at 
greater risk of developing disease. In addition to HIV, the decreased immunity 
seen with diabetes, kidney failure, or several medications may tip the balance to 
favor the tubercle bacilli. There are several, mostly rare, immune defects that 
also make TB more likely to develop.

If XDR-TB spreads widely, it would pose a colossal public health problem 
because there would be no good treatment for this easily transmissible infection. 
XDR-TB has already resulted in quick catastrophic mortality in HIV patients. 
Rigorous public TB control programs are the cornerstone of efforts to reduce 
drug resistance (7).

What are we learning about this disease?

Pathophysiology, causes: genetic, environment, microbes

TB is caused by inhaling a few rod-shaped bacteria, M. tuberculosis. The bacte-
ria, sometimes called tubercle bacilli, must evade the body’s defense system, 
which is formidable in healthy people. A major component of the body’s defense 
is the macrophage, a cell that engulfs and destroys microbes. The bacillus, how-
ever, is able to circumvent the macrophage killing and actually multiplies in the 
macrophage’s specialized compartments. Usually, the body wins the battle by 
suppressing the initial infection, but it may not win the war. Bacilli not destroyed 
may lie dormant in the cells and tissues (latent TB), but can become active at 
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any time. Otherwise, healthy persons diagnosed with latent TB have a 5 to 
10 percent chance of developing active disease within their lifetime, but persons 
with HIV and latent TB have a 4.5 percent chance of developing active TB each 
year.

How is it prevented, treated, and managed? 

Prevention, treatment, staying healthy, prognosis

Because TB is spread by contact with persons who have it, the fi rst line of TB 
control is the identifi cation and treatment of active cases. The effective public 
health programs, however, go beyond this. They identify and treat all known 
contacts of persons with TB, as well as individuals with latent TB who are at 
 increased risk of developing active disease. The spread of TB occurs primarily 
through undiagnosed persons, which underscores the importance of tracing 
 individuals who have previously come into contact with an infected person once 
diagnosis is confi rmed.

Patients with active disease are usually isolated until their medications clear 
their sputum of bacteria. For drug-susceptible cases, this usually occurs within 
a few days, and isolation within a medical facility is not required. In fact, most 
patients with TB in the United States are treated as outpatients.

Dr. Francis Berger Trudeau, son of 
Dr. Edward Livingston Trudeau, Saranac 
Lake, NY, examines a patient. Courtesy: 
Trudeau Institute Archives.
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Treatment generally involves taking four drugs under direct medical obser-
vation for six months. Side effects are common, but with careful clinical monitor-
ing, they are seldom serious. The outcome is excellent, and cure is complete in 
most people. Drug-resistant disease is much more diffi cult to treat, and cure is 
not assured. Drug resistance develops when patients are treated inadequately. 
Because a certain number of bacilli are resistant to every drug, taking only one 
drug kills the sensitive organisms but allows the resistant ones to grow.

Are we making  a difference? 

Research past, present, and future

The fi rst major breakthrough in controlling the terrible scourge of TB was identi-
fying that it was contagious and caused by bacteria, which led to public health 
measures. Discovering ways to grow the bacteria in the laboratory, the develop-
ment of the tuberculin skin test, and x-ray imaging were giant accomplishments 
of the late 19th and early 20th centuries that allowed accurate diagnoses. A par-
tially effective vaccine, BCG (for Bacille Calmette-Guérin), was developed in the 
1920s. In the middle of the 20th century, after decades of research, drugs were 
discovered that allowed for a permanent cure of TB. The decoding of the entire 
genomes of humans and M. tuberculosis in the 1990s opened new doors of 
scientifi c exploration, particularly at the molecular level, and provided new hope 
that one day TB might be eradicated.

Recent studies have elicited how M. tuberculosis becomes dormant when 
its environment becomes hostile to it. When the bacteria are in a dormant state, 
they appear to be resistant to common antituberculous medications. New drug 
development procedures now test potential agents against both active and dor-
mant forms of the bacilli. Gene array studies are showing that bacterial mole-
cules and molecular pathways can be targets of potential new drugs. Several 
promising medicines developed this way are now being tested.

As research has uncovered more about the bacteria, the old ways of diagnos-
ing TB are being replaced by newer, faster, and more accurate ones that also give 
clues to how the human immune system deals with infection. Unraveling the ge-
netic sequence of the bacteria has fostered the development of gene amplifi cation 
tests that can diagnose the disease and detect drug resistance. These techniques 
can accomplish in hours or a few days what used to take weeks, thus reducing the 
chances of a person spreading the disease before being diagnosed and treated.
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What we need to cure and eliminate tuberculosis

Even with these advances, progress has been slow, and new breakthroughs are 
needed to eliminate TB worldwide. Better vaccines must be developed. Fortu-
nately, several are in the early stages of testing. One type of vaccine, similar to 
most vaccines in use today, could be given to persons who have never had TB 
to prevent them from getting the disease if they come into contact with it.  Another 
type could enhance natural immunity in persons with latent disease. Yet another 
form of vaccine could introduce specifi c biologic molecules into persons with 
active disease to tip the fi ght against the organism in favor of the infected 
 person.

Although the current diagnostics are a step forward, better tools still need to 
be developed. T cells are white blood cells (lymphocytes) that play a central role 
in the immunity to TB. In the future, the presence and amount of different types 
of T cells may enable physicians to determine when all the TB bacteria have 
been killed or, even more benefi cially, when someone with latent disease is on 
the verge of developing active disease and, therefore, should be treated. It could 
also help determine how long drug-resistant TB needs to be treated.

New drugs also need to be developed to reduce the time it takes to cure a 
person with TB and to overcome drug resistance. The discovery of the mecha-
nisms of how the bacteria cause disease makes developing drugs of this sort a 
good prospect. Finding agents that inhibit multiple bacterial metabolic pathways 
could reduce the length of treatment. For example, killing both active and dor-
mant bacilli could shorten therapy from six months or longer to possibly only a 
few weeks. Lengthy treatment is a huge hurdle for eliminating the disease.

Advances in the laboratory and new drugs must be tested in the fi eld 
through clinical trials and then applied in communities through effective public 
healthcare systems. To eliminate TB in the United States and worldwide, there 
must be strong leadership to ensure that these advances, along with the experi-
ence in dealing with the deadliest epidemic known to man, result in TB control 
programs in which all nations—rich and poor, with high prevalence and low—
can participate.
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Respiratory disease affects millions of Americans and comes in many forms, 
common or rare, mild or lethal, acute or chronic, curable or intractable. Regard-
less of its nature, each lung disease exacts a toll on lives, health, wealth, and 
happiness. Common to most of these diseases is that they interfere with the 
ability to breathe, which is terrifying acutely and debilitating chronically. The 
challenge of curing or eliminating lung diseases is best met through research 
and application of its fi ndings.

The dawn of the molecular age

The ability today to study complex molecules holds even greater promise than 
the golden age of bacteriology of the late 1800s. In the second half of the 
19th century, the discovery of microbes as a cause of disease marked a revolu-
tion in medical science. Methods of isolating, identifying, and culturing bacteria 
led to an explosion of knowledge. Discovering the cause of these diseases 
opened the door to further research that explored how these germs thrived and 
how they could be controlled. Public health measures then reduced or eliminated 
many diseases. The ability to directly test for an illness led to better  diagnoses. 

The Challenge
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These discoveries brought about the development of antibiotics a half-century 
later, but even before then, the burden of these diseases greatly declined.

Fortunately, knowledge in science is cumulative. One discovery leads to 
another and sometimes to dozens more. Breakthroughs may open completely 
new fi elds of investigation. Even failed experiments may have great value. The 
incremental nature of knowledge gained through research makes it an essential 
element in our hope for developing cures for lung disease in the future.

In today’s science, the emphasis is on the precise understanding of what 
leads to the failure of a molecule, cell, or system. Understanding of the molecu-
lar mechanisms is even more signifi cant than was the discovery of disease-
causing bacteria in the 19th century. Cellular and molecular systems are far more 
complicated, but the potential payoffs are vastly greater.

Today, most researchers believe that there is a genetic tendency (possibly 
due to only a slight fault in the body’s chemistry) that renders someone more 
susceptible to a disease. Coupling this genetic defect with an environmental or 
chance health risk can lead to a functional breakdown and subsequent illness. 
Sometimes a series of insults causes disease. Linking genetic abnormalities 
and environmental stimuli to specifi c diseases could explain why certain indi-
viduals develop a disease and others do not. Among the arguments for this 
“genes-plus-environment” theory is the fact that identical twins do not always get 
the same illnesses.

Identifi cation of genetic predispositions alerts individuals with such tenden-
cies to avoid certain environmental factors. For example, an individual with 
alpha-1 antitrypsin defi ciency, which leads to emphysema, is much more likely 
to suffer dire consequences if exposed to tobacco smoke. An additional benefi t 
of identifying genes predisposing to a certain disease is that the gene products 
can be studied. Knowing which proteins the gene produces can unravel the 
underlying mechanism of the disease and help scientists understand the bio-
chemical interactions that lead to it. Replacement or repair of these gene prod-
ucts can lead to new treatments or even cures.

Elements of a cure

It is not too bold to think of each disease as being on a pathway to a cure. Find-
ing a cure is a stepwise process that starts with identifying a problem. Diseases 
are established by noticing a set of circumstances around one or more health 
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problems. Descriptions of these manifestations, along with an understanding of 
the clinical setting, help to defi ne the illness. The disease description and asso-
ciations make up the science of epidemiology, the study of how a disease affects 
a population.

Progress toward a cure generally does not proceed without understanding 
the basic mechanisms of the disease—how and where the body’s systems have 
been disrupted. The clearer the understanding of the mechanisms of illness, the 
more likely that useful diagnostic tests and effective treatments can be found. 
Understanding the total disease process also allows a more rational approach to 
prevention and management.

Precisely defi ning a disease makes research more productive. For example, 
sepsis, respiratory failure, and chronic obstructive pulmonary disease (COPD) 
are defi ned by the clinical presentation and events, not by a precise pathological 
mechanism. Discovering a single agent for cure of these complex processes is 
unlikely. Rather, research can help fi nd better ways to manage the diseases, or, 
potentially, to fi nd a cure for a specifi c subtype.

On the other hand, a precisely defi ned disease with a single defect has 
great potential for a cure because the gene and the molecules it controls can be 
bypassed or replaced, or the effects of the faulty product can be attenuated. 
Respiratory distress of the newborn is an example of such a disease. Once the 
defect—lack of surfactant—was identifi ed, therapy was developed, and the lives 
of thousands of newborn babies are now being saved every year. Cystic fi brosis 
and alpha-1 antitrypsin defi ciency are other examples of diseases with single-
gene defects. Replacement therapy is already available for the latter, though it 
does not represent a cure.

Identifi cation of a candidate cure or vaccine is only the fi rst step in control-
ling the disease. Enormous effort, time, and money must be expended to bring 
promising products through the clinical trials and approval process and eventu-
ally to market. Pharmaceutical companies screen between 500 and 10,000 mol-
ecules (for both effi cacy and toxicity in cells and animals) to fi nd one drug that 
can be marketed. It is estimated that the cost of bringing a drug to market is 
greater than $800 million (1). With the great advances in basic science brought 
on by today’s molecular research, the bottleneck in fi nding a cure is often the 
clinical trials. The process of recruiting clinical investigators and enrolling a suf-
fi cient number of appropriate patients while following the documentation require-
ments and regulations is diffi cult and expensive.

Whitebook_breathing_Ch25.indd   261 5/10/10   12:02:00 PM



The Challenge CHAPTER 25

262

Research in the last 20 years has brought great progress in understanding 
most lung diseases, and some appear close to breakthroughs. With others, 
however, a cure remains distant, for several possible reasons: The disease 
could be poorly defi ned. The cause may be unknown, with a lack of promising 
leads. There may be limited genetic and mechanistic information, or no animal 
or adequate marker. Occasionally, previous failed attempts to understand the 
disease may have discouraged investigators.

Markers

Markers are reliable and readily measured factors that provide a way to monitor 
disease activity. For example, cholesterol has been closely linked to heart disease. 
It is much easier to conduct a study of a drug that lowers cholesterol over a few 
months than to give a drug and follow study subjects for many years in the hope 
that it will decrease their chance of dying from heart disease. For infectious dis-
eases, the best marker is usually identifi cation of the invading organism itself. When 
the microbe is too small or too few to be seen or isolated, measuring the body’s 
immune reaction in terms of antibodies often constitutes the necessary marker. 

Markers are essential because they allow diagnoses to be easily made and 
often can be used to grade severity. They are important in leading to a cure 
because different experimental therapies can be judged by their effects on the 
marker. Unfortunately, many respiratory diseases do not have good markers. 
Unlike Papanicolaou (Pap) smears, which test for cervical cancer, sputum 
examination and x-ray imaging have so far not been trustworthy screening tests 
for lung cancer.

Applying a cure 

Even when a treatment becomes available, it may not be fully utilized. The fi rst 
effective treatment for tuberculosis was introduced in 1944. The availability of a 
second drug, para-aminosalicylic acid (PAS), in 1951 allowed a permanent cure 
in most patients, but 50 years later, the number of cases of tuberculosis in the 
world was still rising. Although this is largely a problem of healthcare delivery in 
developing countries, it demonstrates the importance of the healthcare system 
in aspects of disease management beyond fi nding a cure.

Diffi culties in applying new treatments are several-fold. New drugs have 
been tested in clinical trials to assure safety and effi cacy, but usually in relatively 
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small numbers of persons in a controlled environment. More experience is usu-
ally necessary before the treatment is accepted for patients beyond a clinical 
trial. Additional experience and study are usually required before the treatment 
is incorporated into medical guidelines, which are recommendations from 
experts who have reviewed the evidence for effi cacy. Even after new therapies 
are incorporated into guidelines, their high cost may be a barrier to their use. 
The emerging fi eld of Comparative Effectiveness Research seeks to distinguish 
which of competing therapies is better.

What can be done?

Most of these barriers are being addressed. The fi eld of bioinformatics has been 
developed to analyze the information discerned from complicated systems. 
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 Defi nition and understanding of diseases have provided a major thrust for 
research over the last two decades. The pharmaceutical industry has led the 
way in developing rapid throughput methods to test new compounds, and the 
search for sound biomarkers is vigorous.

Awareness

An important part of the path to cure is awareness. Millions of people around the 
globe are unaware of the hazards of smoking and air pollution and the enormous 
affl ictions they cause (2,3). Even in the developed countries, lung disease is 
often under-recognized and its research is underfunded. The Centers for Dis-
ease Control and Prevention in its 2004 monograph, “The Burden of Chronic 
Diseases and their Risk Factors,” listed the top 5 lethal diseases in the United 
States and discussed all of them except lung disease (4).

Patients, their healthcare providers, and advocacy organizations reach out 
to the research community and funding agencies to increase awareness for their 
disease and stimulate research initiatives. Awareness helps identify areas of the 
greatest need, ensure that promising scientifi c leads are followed up, and enroll 
patients in clinical studies.

Awareness is equally important after new therapies become available to 
teach healthcare providers and the public about their availability and proper use. 
Imparting new information helps physicians and others prescribe appropriately. 
It also helps practice preventive behavior and use new treatments safely. For all 
these reasons, the ATS, along with other international respiratory societies, 
launched an awareness campaign, declaring 2010 the Year of the Lung.

Research

Research is essential for companies to become leaders in specifi c areas. New 
products can advance not only a company but a whole society and can be an 
engine for extended prosperity. Biomedical research has value to society far 
beyond products. It can increase employment, build infrastructure, and produce 
fi nancial gain. Research is the hope for patients suffering from diseases.

It is no accident that the United States is the leader in biomedical  research—70 
to 80 percent of the total global biomedical research is sponsored by U.S. 
 governmental agencies, U.S.-based foundations, and U.S.-headquartered cor-
porations (2). The United States has benefi ted most from its research success, 
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but because the benefi ts of scientifi c research can be shared by everyone, 
research gains may be America’s greatest gift to the world. Knowledge gained by 
biomedical research is magnifi ed by sharing. Great advances have come from 
many nations, and these shared advances have fueled successes in the United 
States and other countries. Continuation of this rapid pace of acquiring new 
knowledge requires ongoing international cooperation.

The remarkable success of biomedical research has in part been brought 
about by the thoughtful planning of the U.S. Congress. Adjusting for infl ation, 
biomedical research funding in the United States grew annually by 7.8 percent 
from 1994 to 2003, foreshadowing the great advances of today. However, 
National Institutes of Health and industry funding slowed from 2003 to 2007 and 

Research brings hope.
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decreased in 2008. Adjusting for infl ation, the National Institutes of Health bud-
get decreased by 8.6 percent from 2003 to 2007. Foundations and charities also 
slowed their funding from 2003 to 2007 compared with a decade earlier (3). For 
the United States to keep its preeminence in biomedical research, it needs to 
continue to invest.

Protecting and enhancing breathing throughout the world

Far too many Americans suffer from respiratory disease. The occurrence and 
importance of asthma, COPD, lung cancer, and sleep apnea are rising, and these 
and other respiratory conditions affect millions of people. Infl uenza outbreaks 
make poignant the vulnerability of our lungs that rely on air shared by almost 
every living creature. Our dependence on shared air also makes us vulnerable to 
air pollution, others’ cigarette smoke, and, potentially, acts of terrorism.

The answers to the far-ranging question of how to protect and enhance 
respiratory health require strengthening and enhancing the promising research 
already under way. Research and application of new knowledge are keys to 
making even greater gains.

New treatments are developed through randomized 
control trials and a demonstration of safety and effi cacy.
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Investments in biomedical research have prevented many people from suf-
fering from respiratory diseases. For all, it has brought gains in their length and 
quality of life. In fact, the consequences of not investing in research are more 
costly than the dollars spent, especially as made in understanding disease pro-
cesses is translated into reducing, controlling, curing, and eliminating disease. 
These advances also help the United States remain an international leader in 
combating respiratory diseases. This effort provides economic benefi ts as new 
discoveries lead to new treatments that open new markets worldwide.

Today, many lung diseases are preventable and treatable, but others still 
have no effective therapy. Gains have been impressive but the means to make 
greater gains are even more impressive. Research is giving hope where there 
was none. The rallying point not only for researchers, clinicians, public health 
offi cials, and patients, but for all Americans, should be a cure for all respiratory 
disease. Society should demand no less.
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