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NOTICE

Medicine is an ever-changing science. As new research and clinical experi-
ence broaden our knowledge, changes in treatment and drug therapy are
required. The authors and the publisher of this work have checked with
sources believed to be reliable in their efforts to provide information that is
complete and generally in accord with the standards accepted at the time of
publication. However, in view of the possibility of human error or changes
in medical sciences, neither the authors nor the publisher nor any other
party who has been involved in the preparation or publication of this work
warrants that the information contained herein is in every respect accurate
or complete, and they disclaim all responsibility for any errors or omissions
or for the results obtained from use of the information contained in this
work. Readers are encouraged to confirm the information contained herein
with other sources. For example, and in particular, readers are advised to
check the product information sheet included in the package of each drug
they plan to administer to be certain that the information contained in this
work is accurate and that changes have not been made in the recommended
dose or in the contraindications for administration. This recommendation is
of particular importance in connection with new or infrequently used drugs.

Review and self-assessment questions and answers were taken from Wiener C,
Fauci AS, Braunwald E, Kasper DL, Hauser SL, Longo DL, Jameson JL, Loscalzo ]
(editors) Bloomfield G, Brown CD, Schiffer J, Spivak A (contributing editors).
Harrison’s Principles of Internal Medicine Self-Assessment and Board Review, 17th ed.
New York, McGraw-Hill, 2008, ISBN 978-0-07-149619-3.

The global icons call greater attention to key epidemiologic and clinical difterences in the practice of medicine
throughout the world.

% The genetic icons identify a clinical issue with an explicit genetic relationship.



CONTRIBUTORS

Numbers in brackets refer to the chapter(s) written or co-written by the contributor.

GORDON L.ARCHER, MD

Professor of Medicine and Microbiology/Immunology; Associate
Dean for Research, School of Medicine,Virginia Commonwealth
University, Richmond [42]

VALDER ARRUDA, MD, PhD

Associate Professor of Pediatrics, University of Pennsylvania School
of Medicine, Division of Hematology, The Children’s Hospital of
Philadelphia, Philadelphia [41]

LINDSEY R. BADEN, MD
Assistant Professor of Medicine, Harvard Medical School,
Boston [43]

JOHN R. BALMES, MD

Professor of Medicine, University of California, San Francisco;
Chief, Division of Occupational and Environmental Medicine,

San Francisco General Hospital; Professor of Environmental Health
Sciences, School of Public Health, University of California,
Berkeley [10]

PETER ]J. BARNES, MA, DM, DSc

Professor and Head of Thoracic Medicine, National Heart & Lung
Institute; Head of Respiratory Medicine, Imperial College London;
Honorary Consultant Physician, Rooyal Brompton Hospital,
London (8]

GERALD BLOOMEFIELD, MD, MPH
Department of Internal Medicine, The Johns Hopkins University
School of Medicine, Baltimore [Review and Self-Assessment]

RICHARD C. BOUCHER, JR., MD

William Rand Kenan Professor of Medicine, University of North
Carolina at Chapel Hill; Director, University of Carolina Cystic
Fibrosis Center, Chapel Hill [17]

EUGENE BRAUNWALD, MD, MA (Hon), ScD (Hon)
Distinguished Hersey Professor of Medicine, Harvard Medical
School; Chairman, TIMI Study Group, Brigham and Women’s
Hospital, Boston [4, 33, 34]

BARRY M. BRENNER, MD, AM, DSc (Hon), DMSc (Hon),
Dipl (Hon)
Samuel A. Levine Professor of Medicine, Harvard Medical School;

Director Emeritus, Renal Division, Brigham and Women’s Hospital,
Boston [39]

CYNTHIA D. BROWN, MD
Department of Internal Medicine, The Johns Hopkins University
School of Medicine, Baltimore [Review and Self-Assessment]

CHRISTOPHER P. CANNON, MD

Associate Professor of Medicine, Harvard Medical School; Associate
Physician, Cardiovascular Division, Senior Investigator, TIMI Study
Group, Brigham and Women’s Hospital, Boston [33, 34]

vii

AGUSTIN CASTELLANOS, MD
Professor of Medicine; Director, Clinical Electrophysiology,
University of Miami Miller School of Medicine, Miami [32]

GLENN M. CHERTOW, MD

Professor of Medicine, Epidemiology and Biostatistics, University of
California, San Francisco School of Medicine; Director, Clinical
Services, Division of Nephrology, University of California,

San Francisco Medical Center, San Francisco [37, 38|

RAPHAEL DOLIN, MD

Maxwell Finland Professor of Medicine (Microbiology and
Molecular Genetics); Dean for Academic and Clinical Programs,
Harvard Medical School, Boston [13, 14, 43]

NEIL J. DOUGLAS, MD

Professor of Respiratory and Sleep Medicine, University of
Edinburgh; Honorary Consultant Physician, Royal Infirmary of
Edinburgh, United Kingdom [23]

THOMAS D. DuBOSE, JR., MD

Tinsley R. Harrison Professor and Chair of Internal Medicine;
Professor of Physiology and Pharmacology, Wake Forest University
School of Medicine, Winston-Salem [40]

JANICE P. DUTCHER, MD
Professor, New York Medical College; Associate Director,
Our Lady of Mercy Cancer Center, Bronx [45]

JOHN E. EDWARDS, JR., MD

Chief, Division of Infectious Diseases, Harbor/University of
California, Los Angeles Medical Center; Professor of Medicine,
David Geffen School of Medicine at the University of California,
Los Angeles, Torrance [44]

ROBERT FINBERG, MD
Professor and Chair, Department of Medicine, University
of Massachusetts Medical School, Worcester [25]

JOYCE FINGEROTH, MD
Associate Professor of Medicine, Harvard Medical School,
Boston [25]

DANIEL ]. FINK,! MD, MPH
Associate Professor of Clinical Pathology, College of Physicians and
Surgeons, Columbia University, New York [Appendix]|

SAMUEL Z. GOLDHABER, MD

Professor of Medicine, Harvard Medical School; Director, Venous
Thromboembolism Research Group, Director, Anticoagulation
Service, and Senior Staff Cardiologist, Department of Medicine,
Brigham and Women’s Hospital, Boston [20]

RASIM GUCALP, MD

Professor of Clinical Medicine, Albert Einstein College of Medicine,
Montefiore Medical Center, Bronx [45]

TDeceased.



JESSE B. HALL, MD

Professor of Medicine, Anesthesia & Critical Care; Section Chief,
Pulmonary and Critical Care Medicine, University of Chicago,
Chicago [26]

J. CLAUDE HEMPHILL, III, MD, MAS

Associate Professor of Clinical Neurology and Neurological Surgery,
University of California, San Francisco; Director, Neurocritical Care
Program, San Francisco General Hospital, San Francisco [36]

KATHERINE A. HIGH, MD

William H. Bennett Professor of Pediatrics, University of
Pennsylvania School of Medicine; Investigator, Howard Hughes
Medical Institute, The Children’s Hospital of Philadelphia,
Philadelphia [41]

JUDITH S. HOCHMAN, MD

Harold Synder Family Professor of Cardiology; Clinical Chief, the
Leon H. Charney Division of Cardiology; New York University
School of Medicine; Director, Cardiovascular Clinical Research,
New York [31]

GARY W. HUNNINGHAKE, MD

Sterba Professor of Medicine; Director, Division of Pulmonary,
Critical Care and Occupational Medicine; Director, Institute for
Clinical and Translational Science; Director, Graduate Program in
Translational Biomedicine; Senior Associate Dean for Clinical and
Translational Science, lowa City [9]

DAVID H. INGBAR, MD

Professor of Medicine, Physiology & Pediatrics; Director, Pulmonary,
Allergy, Critical Care & Sleep Division; Executive Director, Center
for Lung Science & Health, University of Minnesota School of
Medicine; Co-Director, Medical ICU & Respiratory Care,
University of Minnesota Medical Center, Fairview [31]

EDWARD P. INGENITO, MD, PhD
Assistant Professor, Harvard Medical School, Boston [27]

TALMADGE E. KING, JR., MD

Constance B. Wofsy Distinguished Professor and Interim Chair,
Department of Medicine, University of California, San Francisco,
San Francisco [19]

JOEL N. KLINE, MD, MSC
Professor, Internal Medicine and Occupational & Environmental
Health; Director, University of lowa Asthma Center, lowa City [9]

ALEXANDER KRATZ, MD, PhD, MPH

Assistant Professor of Clinical Pathology, Columbia University
College of Physicians and Surgeons; Associate Director, Core
Laboratory, Columbia University Medical Center, New York-
Presbyterian Hospital; Director, Allen Pavilion Laboratory, New York
[Appendix]

JOHN P. KRESS, MD
Associate Professor of Medicine, Section of Pulmonary and Critical
Care, University of Chicago, Chicago [26]

PATRICIA A. KRITEK, MD, EdM

Instructor in Medicine, Harvard Medical School; Co-Director,
Harvard Pulmonary and Critical Care Medicine Fellowship,
Brigham and Women’s Hospital, Boston [7|

BRUCE D. LEVY, MD

Associate Professor of Medicine, Harvard Medical School;
Pulmonary and Critical Care Medicine, Brigham and Women’s
Hospital, Boston [30]

RICHARD W. LIGHT, MD
Professor of Medicine,Vanderbilt University, Nashville [21]

DAVID A. LIPSON, MD

Assistant Professor of Medicine, Pulmonary, Allergy & Critical Care
Division, University of Pennsylvania Medical Center,

King of Prussia [1, 3]

KATHLEEN D. LIU, MD, PhD, MCR
Assistant Professor, Division of Nephrology, San Francisco [37, 38]

RONALD V. MAIER, MD

Jane and Donald D.Trunkey Professor and Vice Chair, Surgery,
University of Washington; Surgeon-in-Chief, Harborview Medical
Center, Seattle [28]

SCOTT MANAKER, MD, PhD

Associate Professor of Medicine and Pharmacology, Pulmonary and
Critical Care Division, Department of Medicine, University of
Pennsylvania, Philadelphia [6]

LIONEL A. MANDELL, MD
Professor of Medicine, McMaster University, Hamilton, Ontario [11]

ROBERT S. MUNFORD, MD
Jan and Henri Bromberg Chair in Internal Medicine, University
of Texas Southwestern Medical Center, Dallas [29]

ROBERT J. MYERBURG, MD

Professor of Medicine and Physiology; AHA Chair in Cardiovascular
Research, University of Miami Miller School of Medicine,

Miami [32]

RICHARD J. O’BRIEN, MD
Head of Scientific Evaluation, Foundation for Innovative
New Diagnostics, Geneva, Switzerland [12]

MICHAEL A. PESCE, PhD

Clinical Professor of Pathology, Columbia University College of
Physicians and Surgeons; Director of Specialty Laboratory, New York
Presbyterian Hospital, Columbia University Medical Center,

New York [Appendix]

ELIOT A. PHILLIPSON, MD
Professor, Department of Medicine, University of Toronto,
Toronto [22]

RONALD E. POLK, PharmD
Chair, Department of Pharmacy, Professor of Pharmacy and

Medicine, School of Pharmacy,Virginia Commonwealth University,
Richmond [42]

MARIO C. RAVIGLIONE, MD

Director, StopTB Department, World Health Organization,
Geneva [12]

JOHN ]J. REILLY, JR., MD

Associate Professor of Medicine, Harvard Medical School;
Vice Chairman, Integrative Services, Department of Medicine,
Brigham and Women’s Hospital, Boston [7, 18]



Contributors [

ALLAN H. ROPPER, MD
Executive Vice-Chair, Department of Neurology, Brigham and
Women’s Hospital, Harvard Medical School, Boston [35]

ILENE M. ROSEN, MD, MSC

Associate Director, Internal Medical Residency Program; Assistant
Professor of Clinical Medicine, University of Pennsylvania School of
Medicine, Philadelphia [5]

JOSHUA SCHIFFER, MD
Department of Internal Medicine, The Johns Hopkins University
School of Medicine, Baltimore [Review and Self-Assessment]|

RICHARD M. SCHWARTZSTEIN, MD

Professor of Medicine, Harvard Medical School;
Associate Chair, Pulmonary and Critical Care Medicine;
Vice-President for Education, Beth Israel Deaconess
Medical Center, Boston [2]

STEVEN D. SHAPIRO, MD
Jack D. Myers Professor and Chair, University of Pittsburgh,
Pittsburgh [18, 30]

EDWIN K. SILVERMAN, MD, PhD
Associate Professor of Medicine, Harvard Medical School,
Brigham and Women’s Hospital, Boston [18]

GARY G. SINGER, MD
Assistant Professor of Clinical Medicine, Washington University
School of Medicine, St. Louis [39]

WADE S. SMITH, MD, PhD

Professor of Neurology, Daryl R. Gress Endowed Chair
of Neurocritical Care and Stroke; Director, University of
California, San Francisco Neurovascular Service,

San Francisco [36]

A. GEORGE SMULIAN, MB, BCh

Associate Professor, University of Cincinnati College of Medicine;
Chief, Infectious Disease Section, Cincinnati VA Medical Center,
Cincinnati [15]

FRANK E. SPEIZER, MD

Edward H. Kass Professor of Medicine, Harvard Medical School,
Channing Laboratory, Department of Medicine, Brigham and
Women'’s Hospital, Boston [10]

ADAM SPIVAK, MD
Department of Internal Medicine, The Johns Hopkins University
School of Medicine, Baltimore [Review and Self-Assessment]

GREGORY TINO, MD

Associate Professor of Medicine, University of Pennsylvania School
of Medicine; Chief, Pulmonary Clinical Service Hospital of the
University of Pennsylvania, Philadelphia [16]

ELBERT P. TRULOCK, MD

Professor of Medicine, Rosemary and 1. Jerome Flance Professor of
Pulmonary Medicine, Washington University School of Medicine,
St. Louis [24]

PETER D.WALZER, MD, MSC

Associate Chief of Staft for Research, Cincinnati VA Medical Center;
Professor of Medicine, University of Cincinnati College of
Medicine, Cincinnati [15]

STEVEN E. WEINBERGER, MD

SeniorVice President for Medical Education Division, American
College of Physicians; Senior Lecturer on Medicine, Harvard
Medical School; Adjunct Professor of Medicine, University of
Pennsylvania School of Medicine, Philadelphia [1, 3,5, 6, 16]

CHARLES WIENER, MD

Professor of Medicine and Physiology;Vice Chair, Department of
Medicine; Director, Osler Medical Training Program, The Johns
Hopkins University School of Medicine, Baltimore [Review and
Self-Assessment]

RICHARD WUNDERINK, MD

Professor, Division of Pulmonary and Critical Care, Department of
Medicine, Northwestern University Feinberg School of Medicine;
Director, Medical Intensive Care Unit, Northwestern Memorial
Hospital, Chicago [11]



PREFACE

Pulmonary diseases are major contributors to morbidity
and mortality in the general population. Although advances
in the diagnosis and treatment of many common pul-
monary disorders have improved the lives of patients,
these complex illnesses continue to affect a large segment
of the global population. The impact of cigarette smoking
cannot be underestimated in this regard, especially given
the growing prevalence of tobacco use in the developing
world. Pulmonary medicine is, therefore, of critical global
importance to the field of internal medicine.

Pulmonary medicine is a growing subspecialty and in-
cludes a number of areas of disease focus, including reactive
airways diseases, chronic obstructive lung disease, environ-
mental lung diseases, and interstitial lung diseases. Further-
more, pulmonary medicine is linked to the field of critical
care medicine, both cognitively and as a standard arm of
the pulmonary fellowship training programs at most insti-
tutions. The breadth of knowledge in critical care medicine
extends well beyond the respiratory system, of course, and
includes selected areas of cardiology, infectious diseases,
nephrology, and hematology. Given the complexity of these
disciplines and the crucial role of the internist in guiding
the management of patients with chronic lung diseases and
in helping to guide the management of patients in the in-
tensive care setting, knowledge of the discipline is essential
for competency in the field of internal medicine.

Xi

The scientific basis of many pulmonary disorders and
intensive care medicine is rapidly expanding. Novel diag-
nostic and therapeutic approaches, as well as prognostic
assessment strategies, populate the published literature
with great frequency. Maintaining updated knowledge of’
these evolving areas is, therefore, essential for the optimal
care of patients with lung diseases and critical illness.

In view of the importance of pulmonary and critical
care medicine to the field of internal medicine and the
speed with which the scientific basis of the discipline is
evolving, this Sectional was developed. The purpose of
this book is to provide the readers with an overview of
the field of pulmonary and critical care medicine. To
achieve this end, this Sectional comprises the key pul-
monary and critical care medicine chapters in Harrison’s
Principles of Internal Medicine, 17th edition, contributed
by leading experts in the fields. This Sectional is designed
not only for physicians-in-training, but also for medical
students, practicing clinicians, and other health care pro-
fessionals who seek to maintain adequately updated
knowledge of this rapidly advancing field. The editors
believe that this book will improve the reader’s knowl-
edge of the discipline, as well as highlight its importance
to the field of internal medicine.

Joseph Loscalzo, MD, PhD
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CHAPTER 1

APPROACH TO THE PATIENT WITH DISEASE
OF THE RESPIRATORY SYSTEM

David A. Lipson = Steven E. Weinberger

Diagnostic Studies

W Further Readings ..........

Patients with disease of the respiratory system generally
present because of symptoms, an abnormality on a chest
radiograph, or both. These findings often lead to a set of
diagnostic possibilities; the differential diagnosis is then
refined on the basis of additional information gleaned
from the history and physical examination, pulmonary
function testing, additional imaging studies, and bron-
choscopic examination. This chapter considers the
approach to the patient based on the major patterns of
presentation, focusing on the history, physical examina-
tion, and chest radiography. For further discussion of
pulmonary function testing, see Chap. 5, and of other
diagnostic studies, see Chap. 6.

CLINICAL PRESENTATION
History

Dyspnea (shortness of breath) and cough are nonspecific
but common presenting symptoms for patients with res-
piratory system disease. Less common symptoms include
hemoptysis (the coughing up of blood) and chest pain

that often is pleuritic in nature.

Bl Dyspnea

(See also Chap. 2.) When evaluating a patient with
shortness of breath, one should first determine the time
course over which the symptom has become manifest.
Patients who were well previously and developed acute
shortness of breath (over a period of minutes to days)
may have acute disease affecting either the upper or the

intrathoracic airways (e.g., laryngeal edema or acute
asthma, respectively), the pulmonary parenchyma (acute
cardiogenic or noncardiogenic pulmonary edema or an
acute infectious process such as bacterial pneumonia),
the pleural space (a pneumothorax), or the pulmonary
vasculature (a pulmonary embolus).

A subacute presentation (over days to weeks) may sug-
gest an exacerbation of preexisting airways disease
(asthma or chronic bronchitis), an indolent parenchymal
infection (Pneumocystis jiroveci pneumonia in a patient
with AIDS, mycobacterial or fungal pneumonia), a non-
infectious inflammatory process that proceeds at a rela-
tively slow pace (Wegener’s granulomatosis, eosinophilic
pneumonia, cryptogenic organizing pneumonia, and
many others), neuromuscular disease (Guillain-Barré syn-
drome, myasthenia gravis), pleural disease (pleural effu-
sion from a variety of possible causes), or chronic cardiac
disease (congestive heart failure).

A chronic presentation (over months to years) often
indicates chronic obstructive lung disease, chronic inter-
stitial lung disease, or chronic cardiac disease. Chronic
diseases of airways (not only chronic obstructive lung
disease but also asthma) are characterized by exacerba-
tions and remissions. Patients often have periods when
they are severely limited by shortness of breath, but
these may be interspersed with periods in which their
symptoms are minimal or absent. In contrast, many of
the diseases of the pulmonary parenchyma are character-
ized by slow but inexorable progression. Chronic respi-
ratory symptoms may also be multifactorial in nature



because patients with chronic obstructive pulmonary
disease may also have concomitant heart disease.

@ Other Respiratory Symptoms

Cough (Chap. 3) may indicate the presence of lung disease,
but cough per se is not useful for the differential diagnosis.
The presence of sputum accompanying the cough often
suggests airway disease and may be seen in patients with
asthma, chronic bronchitis, or bronchiectasis.

Hemoptysis (Chap. 3) can originate from disease of the
airways, the pulmonary parenchyma, or the vasculature.
Diseases of the airways can be inflammatory (acute or
chronic bronchitis, bronchiectasis, or cystic fibrosis) or
neoplastic (bronchogenic carcinoma or bronchial carci-
noid tumors). Parenchymal diseases causing hemoptysis
may be either localized (pneumonia, lung abscess, tuber-
culosis, or infection with Aspergillus spp.) or diffuse
(Goodpasture’s syndrome, idiopathic pulmonary hemo-
siderosis). Vascular diseases potentially associated with
hemoptysis include pulmonary thromboembolic disease
and pulmonary arteriovenous malformations.

Chest pain caused by diseases of the respiratory system
usually originates from involvement of the parietal pleura.
As a result, the pain is accentuated by respiratory motion
and is often referred to as pleuritic. Common examples
include primary pleural disorders, such as neoplasm or
inflammatory disorders involving the pleura, or pul-
monary parenchymal disorders that extend to the pleural
surface, such as pneumonia or pulmonary infarction.

B Additional Historic Information
Information about risk factors for lung disease should be
explicitly explored to ensure a complete basis of historic
data. A history of current and past smoking, especially of
cigarettes, should be sought from all patients. The smok-
ing history should include the number of years of smok-
ing; the intensity (i.e., number of packs per day); and if
the patient no longer smokes, the interval since smoking
cessation. The risk of lung cancer decreases progressively
in the decade after discontinuation of smoking, and loss
of lung function above the expected age-related decline
ceases with the discontinuation of smoking. Even
though chronic obstructive lung disease and neoplasia
are the two most important respiratory complications of
smoking, other respiratory disorders (e.g., spontaneous
pneumothorax, respiratory bronchiolitis-interstitial lung
disease, pulmonary Langerhans cell histiocytosis, and
pulmonary hemorrhage with Goodpasture’s syndrome)
are also associated with smoking. A history of significant
secondhand (passive) exposure to smoke, whether in the
home or at the workplace, should also be sought
because it may be a risk factor for neoplasia or an exac-
erbating factor for airways disease.

A patient may have been exposed to other inhaled
agents associated with lung disease, which act either via
direct toxicity or through immune mechanisms (Chaps. 9
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and 10). Such exposures can be either occupational or 3

avocational, indicating the importance of detailed occu-
pational and personal histories, the latter stressing expo-
sures related to hobbies or the home environment.
Important agents include the inorganic dusts associated
with pneumoconiosis (especially asbestos and silica
dusts) and organic antigens associated with hypersensi-
tivity pneumonitis (especially antigens from molds and
animal proteins). Asthma, which is more common in
women than men, is often exacerbated by exposure to
environmental allergens (dust mites, pet dander, or cock-
roach allergens in the home or allergens in the outdoor
environment such as pollen and ragweed) or may be
caused by occupational exposures (diisocyanates). Expo-
sure to particular infectious agents can be suggested by
contacts with individuals with known respiratory infec-
tions (especially tuberculosis) or by residence in an area
with endemic pathogens (histoplasmosis, coccidioidomy-
cosis, blastomycosis).

A history of coexisting nonrespiratory disease or of
risk factors for or previous treatment of such diseases
should be sought because they may predispose a patient
to both infectious and noninfectious respiratory system
complications. Common examples include systemic
rheumatic diseases that are associated with pleural or
parenchymal lung disease, metastatic neoplastic disease
in the lung, or impaired host defense mechanisms and
secondary infection, which occur in the case of
immunoglobulin deficiency or with hematologic and
lymph node malignancies. Risk factors for AIDS should
be sought because the lungs are not only the most com-
mon site of AIDS-defining infection but may also be
involved by noninfectious complications of AIDS. Treat-
ment of patients with nonrespiratory disease may be
associated with respiratory complications, either because
of effects on host defense mechanisms (immunosuppres-
sive agents, cancer chemotherapy) with resulting infec-
tion or because of direct effects on the pulmonary
parenchyma (cancer chemotherapy; radiation therapy; or
treatment with other agents, such as amiodarone) or on
the airways (beta-blocking agents causing airflow
obstruction, angiotensin-converting enzyme inhibitors
causing cough) (Chap. 9).

Family history is important for evaluating diseases
that have a genetic component. These include disorders
such as cystic fibrosis, o,-antitrypsin deficiency, pul-
monary hypertension, pulmonary fibrosis, and asthma.

Physical Examination

The general principles of inspection, palpation, percussion,
and auscultation apply to the examination of the respira-
tory system. However, the physical examination should be
directed not only toward ascertaining abnormalities of the
lungs and thorax but also toward recognizing other find-
ings that may reflect underlying lung disease.
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On inspection, the rate and pattern of breathing as well
as the depth and symmetry of lung expansion are
observed. Breathing that is unusually rapid, labored, or
associated with the use of accessory muscles of respira-
tion generally indicates either augmented respiratory
demands or an increased work of breathing. Asymmetric
expansion of the chest is usually caused by an asymmet-
ric process affecting the lungs, such as endobronchial
obstruction of a large airway, unilateral parenchymal or
pleural disease, or unilateral phrenic nerve paralysis. Visi-
ble abnormalities of the thoracic cage include kyphosco-
liosis and ankylosing spondylitis, either of which may
alter compliance of the thorax, increase the work of
breathing, and cause dyspnea.

On palpation, the symmetry of lung expansion can be
assessed, generally confirming the findings observed by
inspection. Vibration produced by spoken sounds is
transmitted to the chest wall and is assessed by the presence
or absence and symmetry of tactile fremitus. Transmis-
sion of vibration is decreased or absent if pleural liquid
is interposed between the lung and the chest wall or if
an endobronchial obstruction alters sound transmission.
In contrast, transmitted vibration may increase over an
area of underlying pulmonary consolidation. Palpation
may also reveal focal tenderness, as seen with costochon-
dritis or rib fracture.

The relative resonance or dullness of the tissue
underlying the chest wall is assessed by percussion. The
normal sound of the underlying air-containing lung is
resonant. In contrast, consolidated lung or a pleural effu-
sion sounds dull, and emphysema or air in the pleural
space results in a hyperresonant percussion note.

On auscultation of the lungs, the examiner listens for
both the quality and intensity of the breath sounds and
for the presence of extra, or adventitious, sounds. Nor-
mal breath sounds heard through the stethoscope at the
periphery of the lung are described as vesicular breath
sounds, in which inspiration is louder and longer than
expiration. If sound transmission is impaired by endo-
bronchial obstruction or by air or liquid in the pleural
space, breath sounds are diminished in intensity or
absent. When sound transmission is improved through
consolidated lung, the resulting bronchial breath sounds
have a more tubular quality and a more pronounced
expiratory phase. Sound transmission can also be
assessed by listening to spoken or whispered sounds;
when these are transmitted through consolidated lung,
bronchophony and whispered pectoriloquy, respectively, are
present. The sound of a spoken E becomes more like an
A, although with a nasal or bleating quality, a finding
that is termed egophony.

The primary adventitious (abnormal) sounds that can
be heard include crackles (rales), wheezes, and rhonchi.
Crackles are the discontinuous, typically inspiratory
sound created when alveoli and small airways open and
close with respiration. They are often associated with

interstitial lung disease, microatelectasis, or filling of
alveoli by liquid. Wheezes, which are generally more
prominent during expiration than inspiration, reflect the
oscillation of airway walls that occurs when there is air-
flow limitation, as may be produced by bronchospasm,
airway edema or collapse, or intraluminal obstruction by
neoplasm or secretions. Rhonchi is the term applied to
the sounds created when free liquid or mucus is present
in the airway lumen; the viscous interaction between the
free liquid and the moving air creates a low-pitched
vibratory sound. Other adventitious sounds include
pleural friction rubs and stridor. The gritty sound of a
pleural friction rub indicates inflamed pleural surfaces rub-
bing against each other, often during both inspiratory
and expiratory phases of the respiratory cycle. Stridor,
which occurs primarily during inspiration, represents
flow through a narrowed upper airway, as occurs in an
infant with croup.

A summary of the patterns of physical findings on
pulmonary examination in common types of respiratory
system disease is shown in Table 1-1.

A meticulous general physical examination is mandatory
in patients with disorders of the respiratory system.
Enlarged lymph nodes in the cervical and supraclavicu-
lar regions should be sought. Disturbances of mentation
or even coma may occur in patients with acute carbon
dioxide retention and hypoxemia. Telltale stains on the
fingers point to heavy cigarette smoking; infected teeth
and gums may occur in patients with aspiration pneu-
monitis and lung abscess.

Clubbing of the digits may be found in patients with
lung cancer; interstitial lung disease; and chronic infec-
tions in the thorax, such as bronchiectasis, lung abscess,
and empyema. Clubbing may also be seen with congen-
ital heart disease associated with right-to-left shunting
and with a variety of chronic inflammatory or infectious
diseases, such as inflammatory bowel disease and endo-
carditis. A number of systemic diseases, such as systemic
lupus erythematosus, scleroderma, and rheumatoid
arthritis, may be associated with pulmonary complica-
tions, even though their primary clinical manifestations
and physical findings are not primarily related to the
lungs. Conversely, patients with other diseases that most
commonly affect the respiratory system, such as sar-
coidosis, may have findings on physical examination not
related to the respiratory system, including ocular find-
ings (uveitis, conjunctival granulomas) and skin findings
(erythema nodosum, cutaneous granulomas).

Chest Radiography

Chest radiography is often the initial diagnostic study
performed to evaluate patients with respiratory symp-
toms, but it may also provide the initial evidence of dis-
ease in patients who are free of symptoms. Perhaps the
most common example of the latter situation is the
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TYPICAL CHEST EXAMINATION FINDINGS IN SELECTED CLINICAL CONDITIONS

CONDITION PERCUSSION FREMITUS BREATH SOUNDS VOICE TRANSMISSION ADVENTITIOUS SOUNDS E
Normal Resonant Normal Vesicular Normal Absent %
(at lung bases) o

Consolidation or Dull Increased Bronchial Bronchophony, Crackles -

atelectasis (with whispered et

patent airway) pectoriloquy,

egophony

Consolidation or Dull Decreased  Decreased Decreased Absent

atelectasis (with

blocked airway)
Asthma Resonant Normal Vesicular Normal Wheezing
Interstitial lung Resonant Normal Vesicular Normal Crackles

disease
Emphysema Hyperresonant  Decreased Decreased Decreased Absent or wheezing
Pneumothorax Hyperresonant Decreased  Decreased Decreased Absent
Pleural effusion Dull Decreased  Decreased? Decreased® Absent or pleural

friction rub

2May be altered by collapse of underlying lung, which increases transmission of sound.

Source: Adapted from Weinberger, with permission.

finding of one or more nodules or masses when radiog-
raphy is performed for a reason other than evaluation of
respiratory symptoms.

A number of diagnostic possibilities are often suggested
by the radiographic pattern (Chap. 7). A localized region
of opacification involving the pulmonary parenchyma may
be described as a nodule (usually <3 cm in diameter), a
mass (usually 23 cm in diameter), or an infiltrate. Diffuse
disease with increased opacification is usually characterized
as having an alveolar, interstitial, or nodular pattern. In
contrast, increased radiolucency may be localized, as seen
with a cyst or bulla, or generalized, as occurs with emphy-
sema. Chest radiography is also particularly useful for the
detection of pleural disease, especially if manifested by the
presence of air or liquid in the pleural space. An abnormal
appearance of the hila or the mediastinum may suggest a
mass or enlargement of lymph nodes.

A summary of representative diagnoses suggested by
these common radiographic patterns is presented in
Table 1-2, and an atlas of chest radiography and other
chest images can be found in Chap. 7.

Additional Diagnostic Evaluation

Further information for clarification of radiographic
abnormalities is frequently obtained with CT scanning
of the chest (see Figs. 6-1, 6-2, 19-1, 19-2, 30-3). This
technique is more sensitive than plain radiography in
detecting subtle abnormalities and can suggest specific
diagnoses based on the pattern of abnormality.

For further discussion of the use of other imaging
studies, including MR, scintigraphic studies, ultrasonog-
raphy, and angiography, see Chap. 6.

Alteration in the function of the lungs as a result of
respiratory system disease is assessed objectively by pul-
monary function tests, and effects on gas exchange are
evaluated by measurement of arterial blood gases or by
oximetry (Chap. 5). As part of pulmonary function test-
ing, quantitation of forced expiratory flow assesses the
presence of obstructive physiology, which is consistent
with diseases affecting the structure or function of the air-
ways, such as asthma and chronic obstructive lung disease.
Measurement of lung volumes assesses the presence of
restrictive disorders seen with diseases of the pulmonary
parenchyma or respiratory pump and with space-occupying
processes within the pleura. Bronchoscopy is useful in
some settings for visualizing abnormalities of the airways
and for obtaining a variety of samples from either the air-
way or the pulmonary parenchyma (Chap. 6).

INTEGRATION OF THE PRESENTING
CLINICAL PATTERN AND
DIAGNOSTIC STUDIES

Patients with respiratory symptoms but a normal chest
radiograph often have diseases affecting the airways, such
as asthma or chronic obstructive pulmonary disease.
However, the latter diagnosis is also commonly associated
with radiographic abnormalities, such as diaphragmatic
flattening, an increase in the retrosternal air space, and
attenuation of vascular markings. Other disorders of the
respiratory system for which the chest radiograph is nor-
mal include disorders of the respiratory pump (either the
chest wall or the neuromuscular apparatus controlling the
chest wall) or pulmonary circulation and occasionally
interstitial lung disease. Chest examination and pulmonary
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TABLE 1-2
MAJOR RESPIRATORY DIAGNOSES WITH COMMON

CHEST RADIOGRAPHIC PATTERNS

Solitary circumscribed density—nodule (<3 cm)
or mass (23 cm)

Primary or metastatic neoplasm

Localized infection (bacterial abscess, mycobacterial
or fungal infection)

Wegener’s granulomatosis (one or several nodules)

Rheumatoid nodule (one or several nodules)

Vascular malformation

Bronchogenic cyst

Localized opacification (infiltrate)

Pneumonia (bacterial, atypical, mycobacterial,
or fungal infection)

Neoplasm

Radiation pneumonitis

Bronchiolitis obliterans with organizing pneumonia

Bronchocentric granulomatosis

Pulmonary infarction

Diffuse interstitial disease

Idiopathic pulmonary fibrosis

Pulmonary fibrosis with systemic rheumatic disease

Sarcoidosis

Drug-induced lung disease

Pneumoconiosis

Hypersensitivity pneumonitis

Infection (pneumocystis, viral pneumonia)

Langerhans cell histiocytosis

Diffuse alveolar disease

Cgrdiogenic pulmonary edema

Acute respiratory distress syndrome

Diffuse alveolar hemorrhage

Infection (pneumocystis, viral or bacterial
pneumonia)

Sarcoidosis

Diffuse nodular disease

Metastatic neoplasm

Hematogenous spread of infection (bacterial,
mycobacterial, fungal)

Pneumoconiosis

Langerhans cell histiocytosis

function tests are generally helpful in sorting out these
diagnostic possibilities. Obstructive diseases associated
with a normal or relatively normal chest radiograph are
often characterized by findings on physical examination
and pulmonary function testing that are typical for these
conditions. Similarly, diseases of the respiratory pump or
interstitial diseases may also be suggested by findings on
physical examination or by particular patterns of restric-
tive disease seen on pulmonary function testing.

When respiratory symptoms are accompanied by radi-
ographic abnormalities, diseases of the pulmonary
parenchyma or the pleura are usually present. Either dif-
fuse or localized parenchymal lung disease is generally
visualized well on the radiograph, and both air and liquid
in the pleural space (pneumothorax and pleural effusion,
respectively) are usually readily detected by radiography.

Radiographic findings in the absence of respiratory
symptoms often indicate localized disease affecting the
airways or the pulmonary parenchyma. One or more
nodules or masses may suggest intrathoracic malignancy,
but they may also be the manifestation of a current or
previous infectious process. Multiple nodules affecting
only one lobe suggest an infectious cause rather than
malignancy because metastatic disease would not have a
predilection for only one discrete area of the lung.
Patients with diffuse parenchymal lung disease on radi-
ographic examination may be free of symptoms, as is
sometimes the case in those with pulmonary sarcoidosis.
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