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Cough

Cough is the number one symptom for which patients seek medical care. Acute
cough is defined as a cough that lasts less than 3 weeks. Upper respiratory tract
infections most commonly cause acute, transient cough. Other conditions asso-
ciated with acute cough are summarized in Table 1 (Irwin and Madison, 2000).

Chronic Cough
• What are the most common causes of chronic cough?
• How should chronic cough be evaluated?
• What are the appropriate therapies for chronic cough?

Chronic cough lasts for 3 weeks or longer and is persistently troublesome. The
most common causes of chronic cough include postnasal drip syndrome
(PNDS), asthma, gastroesophageal reflux disease (GERD), chronic bronchitis,
bronchiectasis, infection, and angiotensin-converting enzyme (ACE) inhibitors.
These conditions, singly or in combination, account for 98% of the cases of
chronic cough. Chronic cough is due to more than one condition in most
patients (Irwin et al.; Patrick and Patrick).

Postnasal Drip Syndrome
Postnasal drip syndrome (PNDS) refers to a recurrent cough triggered when
mucus draining from the nose through the oropharynx triggers cough recep-
tors. The diagnosis is confirmed when drug therapy eliminates the discharge
and cough. Most patients with PNDS have symptoms or evidence of one or
more of the following: postnasal drainage, frequent throat clearing, nasal dis-
charge, cobblestone appearance of the oropharyngeal mucosa, or mucus drip-
ping down the oropharynx.

Treatment options for PNDS are dependent on the subcategory of disease
causing the postnasal discharge (Table 2). First-generation antihistamines, in
combination with a decongestant, are the most consistently effective form of
therapy for patients with PNDS not due to sinusitis. Additionally, the avoidance
of allergens and daily use of intranasal corticosteroids or cromolyn sodium are
recommended for patients with allergic rhinitis. The following regimen is effec-
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K E Y P O I N T S

• Postnasal drip syndrome, asthma, and
gastroesophageal reflux disease (GERD),
singly or in combination, are the three
most common causes of chronic cough.

• Chronic cough often is due to more than
one condition in many patients.

• Cough is the sole clinical manifestation
of asthma up to 57% of the time and of
GERD up to 75% of the time.

• Therapy with angiotensin-converting
enzyme inhibitors should be stopped
and smoking cessation should be recom-
mended before further workup of a
patient’s cough is initiated.

TABLE 1 Causes of Acute Cough

Common Less Common

Common cold Asthma

Acute bacterial sinusitis Pneumonia

Pertussis Congestive heart failure

Exacerbations of chronic obstructive Aspiration syndromes
pulmonary disease

Allergic rhinitis Pulmonary embolism

Environmental irritant rhinitis Exacerbation of bronchiectasis

TABLE 2 Conditions Causing Chronic
Cough Due to Postnasal Drip Syndrome

Sinusitis

Perennial nonallergic rhinitis

Allergic rhinitis

Postinfectious rhinitis

Vasomotor rhinitis

Drug-induced rhinitis

Environmental irritant rhinitis
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tive for cough due to PNDS caused by sinusitis: antibiotics for 3 weeks to tar-
get Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catarrhalis,
Staphylococcus aureus, and mouth anaerobes; a first-generation antihistamine or
decongestant for 3 weeks, twice per day orally; and intranasal decongestants
such as oxymetazoline hydrochloride for 5 days, twice per day, followed by
intranasal corticosteroids for 3 months (Irwin et al., 1984).

Cough-variant Asthma
Cough-variant asthma (cough is the predominant symptom) is suggested by the
presence of airway hyperresponsiveness and confirmed when cough resolves
with asthma medications. Cough-variant asthma occurs in up to 57% of patients
with asthma. If the diagnosis is uncertain, inhalational challenge testing with
methacholine should be considered. This test has a negative predictive value of
nearly 100% for asthma. A positive test result is less helpful. The treatment of
cough-variant asthma is the same as asthma in general, but the maximum symp-
tomatic benefit may not occur for 6 to 8 weeks in cough-variant asthma.
Although cough-variant asthma usually is managed with inhaled corticosteroids
alone or with inhaled β2-agonists, some patients may require the addition of sys-
temic corticosteroids, especially if inhaled medications provoke cough (Irwin
and Madison, 2002).

Gastroesophageal Reflux Disease
Although GERD can cause cough by aspiration, the most common mechanism
is a vagally mediated distal esophageal–tracheobronchial reflex. GERD is
among the three most common causes of chronic cough in all age groups.
There is nothing about the character and timing of chronic cough due to
GERD that distinguishes this cause from others. Up to 75% of patients with
GERD-induced cough may have no other GERD symptoms. The most sensi-
tive and specific test for GERD is 24-hour esophageal pH monitoring; however,
a therapeutic trial of antireflux therapy is an acceptable alternative. The objec-
tive of therapy is to decrease the frequency and duration of reflux events and
the irritative nature of gastric secretions. Therapy should include conservative
dietary and lifestyle measures, and daily use of acid-suppressing drugs.
Symptom relief may not occur until 3 months after treatment is begun. High
doses of acid-suppressing drugs may be needed, for example, omeprazole, 40 mg
twice per day. In patients who fail to respond to medical therapy, laparoscopic
surgery or open fundoplication may be successful (Irwin and Richter).

Chronic Bronchitis
Cough is the hallmark symptom of chronic bronchitis. Treatment should be
targeted at reducing sputum production and airway inflammation by removing
environmental irritants, particularly through smoking cessation. Ipratropium
bromide can decrease sputum production, and systemic corticosteroids and
antibiotics may be helpful in decreasing cough during severe exacerbations of
chronic obstructive pulmonary disease (COPD).

Although most smokers have a chronic cough, they are not the group of
patients who commonly seek medical attention for cough. After smoking ces-
sation, cough has been shown to resolve or markedly decrease in 94% to 100%
of patients. In 54% of these patients, cough resolution occurred within 4 weeks
(Wynder et al.).

Bronchiectasis
Bronchiectasis causes a chronic or recurrent cough that is characteristically pro-
ductive of purulent sputum. The diagnosis is confirmed by high-resolution
computed tomography (HRCT). Bronchiectasis should be treated with anti-
biotics selected on the basis of sputum cultures and with chest physiotherapy.
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Evaluating Chronic Cough

Angiotensin-converting Enzyme Inhibitor–induced Cough
Cough due to ACE inhibitors is a drug class effect, not dose related, and may
occur a few hours to weeks or months after a patient takes the first dose of the
ACE inhibitor. The diagnosis of ACE inhibitor–induced cough can only be
established when cough disappears with elimination of the drug. The median
time to resolution is 26 days. If the ACE inhibitor has to be continued, cough
may be improved by adding nifedipine, inhaled cromolyn sodium, indo-
methacin, intermediate-dose aspirin, or sulindac. Substituting an angiotensin II
receptor antagonist for the ACE inhibitor can also eliminate an ACE
inhibitor–induced cough.

Postinfectious Cough
Postinfectious cough occurs after a respiratory tract infection and may persist
for 2 to 3 months, but eventually resolves. During outbreaks of pertussis, the
frequency of postinfectious cough increases to 25% to 50% in selected series.
The typical whoop may be absent, but post-tussive emesis is common. Bordetella
pertussis–specific serum acute IgA antibody by enzyme-linked immunosorbent
assay (ELISA) is a sensitive test for pertussis and can distinguish between infec-
tion and prior immunization. Treatment with a macrolide or trimethoprim–
sulfamethoxazole should begin within the first 8 days of infection. Prophylaxis
for exposed persons has been effective in decreasing the severity and transmis-
sion of the disease during outbreaks. Resolution of cough may be hastened by
a brief course of oral or inhaled corticosteroids or ipratropium bromide.

Evaluating Chronic Cough
Clinical evaluation includes a careful history and physical examination focusing
on the common causes of chronic cough. All patients should undergo chest
radiography. Smoking cessation and discontinuation of ACE inhibitors should
be recommended for 4 weeks before additional workup. Cause(s) of cough may
be determined by observing which therapy eliminates the symptoms associated
with cough. Because cough may be caused by more than one condition, a sec-
ond or third drug should be added in the event of partial initial response (Irwin
and Madison, 2001). If chronic cough does not abate with empiric thera-
peutic trials, objective assessment should be undertaken and can include spirom-
etry, methacholine challenge testing, 24-hour esophageal pH monitoring, and
chest computed tomography (CT) scan.

Dyspnea

Dyspnea is a distressing sensation of difficult, labored, unpleasant breathing or
air hunger (Dyspnea, ATS). The sensation of dyspnea is mediated by a com-
plex system of multiple stimuli, chemoreceptors, mechanoreceptors, nerves,
and neural pathways that is not well understood (Curley).

Acute and Chronic Dyspnea
• What are the common causes of dyspnea?
• What tests are appropriate for the evaluation of dyspnea?

Dyspnea may be either acute or chronic. The causes of acute dyspnea usually
can be distinguished with a detailed history and physical examination, chest
radiograph, or physiologic testing (Pratter et al.). The differential diagnosis of
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chronic dyspnea (symptoms greater than 1 month) is shown in Table 3.
Chronic dyspnea may be due to one of five categories of diseases 94% of the
time including cardiovascular, pulmonary, hyperventilation or panic, GERD,
and neuromuscular or deconditioning disorders. Approximately two thirds of
the time, chronic dyspnea is due to one of four diseases: COPD, asthma, inter-
stitial lung disease, or cardiomyopathy. Obesity is now recognized as a primary
cause for exertional dyspnea, especially in middle-aged men.

The evaluation of chronic dyspnea should begin with a detailed history that
includes precipitating and positional factors, timing of symptoms, and associ-
ated features. Studies show that patients with various cardiopulmonary diseases
use different words or phrases to describe their sensation of dyspnea. It is essen-
tial to obtain a detailed medical, medication, tobacco, recreational drug, occu-
pational, hobby, and exposure history. The physical examination should be
focused on cardiovascular, respiratory, and neuromuscular systems.

Diagnostic testing generally should include a chest radiograph and pul-
monary function testing. Although chest radiographs can identify certain
abnormalities, the absence of abnormal findings does not rule out significant
pulmonary disease. Complete pulmonary function testing should be used to
determine if the respiratory abnormality is obstructive or restrictive with or
without a gas transfer abnormality. Obstruction with bronchial hyperreactivity
is suggested by a significant bronchodilator response, a positive inhalational
challenge test measurement, or both. Important information suggestive of an
upper airway obstruction can be obtained by examining the flow-volume loop.
Maximal inspiratory and expiratory mouth pressures and maximal voluntary
ventilation are useful in assessing muscle weakness. An isolated decrease in dif-
fusion capacity with normal or near normal lung volumes and expiratory flows
may suggest pulmonary vascular disease or a combination of airway destruction
with interstitial lung disease.

HRCT may provide evidence of interstitial lung disease or emphysema that
may not be shown on the chest radiograph. Noninvasive cardiac studies (electro-
cardiography, echocardiography, and stress testing) are useful in evaluating 
for cardiac ischemia, diastolic or systolic dysfunction, and pulmonary hyper-
tension. A ventilation/perfusion (V/Q) lung scan and CT angiogram are useful
for detecting recurrent pulmonary emboli. Twenty-four–hour esophageal pH
monitoring is useful in assessing GERD. A complete blood count and thyroid
function testing may be useful in diagnosing systemic conditions that can con-
tribute to dyspnea, such as anemia, hyperthyroidism, or hypothyroidism. More
invasive tests (cardiac catheterization and lung biopsy) occasionally are required.

Cardiopulmonary exercise testing reliably distinguishes between three
types of dyspnea: cardiovascular, respiratory, and neuromuscular or obesity or
deconditioning.

Treatment
The cause of dyspnea often is determined by observing which specific therapy
eliminates the symptoms associated with dyspnea. Because dyspnea may be
simultaneously due to more that one condition, therapy that appears to be partially
successful should be continued, and other therapies should be added sequentially.

For lung disease, pulmonary rehabilitation programs have been shown to
relieve dyspnea, increase exercise tolerance, reduce hospitalizations, and
improve quality of life. This improvement occurs despite a lack of change in
lung function.

K E Y P O I N T S

• The cause of dyspnea frequently may be
determined with a detailed history and
physical examination.

• Two thirds of patients with chronic dys-
pnea have asthma, chronic obstructive
pulmonary disease, interstitial lung 
disease, or congestive heart failure.

• Chronic dyspnea is mostly due to one of
five disease categories: cardiac, pul-
monary, hyperventilation, gastro-
esophageal reflux disease, and decondi-
tioning disorders.

• Dyspnea caused by psychogenic and
deconditioning disorders should be
diagnoses of exclusion.

• A normal chest radiograph does not rule
out cardiopulmonary disease.

• Cardiopulmonary exercise testing is use-
ful in distinguishing among cardiovascu-
lar, respiratory, and neuromuscular
causes and can be helpful in recognizing
deconditioning.

TABLE 3 Causes of Chronic Dyspnea

Airways Disease

Asthma

Chronic obstructive pulmonary disease

Upper airway obstruction

Cardiac disease 

Interstitial lung disease

Deconditioning

Psychogenic disorders

Gastroesophageal reflux disease

Neuromuscular disease

Pulmonary vascular disease

Miscellaneous causes

Adapted with permission from: Pratter MR, Curley FJ,
Dubois J, Irwin RS. Cause and evaluation of chronic dyspnea
in a pulmonary disease clinic. Arch Intern Med
1989;149:2277-2282.
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Pulmonary Diagnostics

Pulmonary Function Testing
Pulmonary function tests are useful measurements of lung function for diag-
nosing lung disease and managing patients with known lung disease. Specific
indications for pulmonary function tests include assessment of patients at risk
for lung disease; evaluation of symptoms such as chronic cough, wheezing, or
dyspnea; assessment of risk before surgery; evaluation of possible exposure
effects from chemicals and dust in the workplace; objective measurement of
impairment or disability; and surveillance of patients after lung transplantation
for early rejection (Evaluation of Impairment/Disability, ATS).

The three pulmonary function tests commonly used to measure static lung
function are spirometry, determination of lung volumes, and diffusing lung
capacity for carbon monoxide (DLCO). Spirometry can be performed reliably in
an outpatient setting. The other pulmonary function tests require more sophis-
ticated equipment and should be performed in an accredited laboratory by
experienced personnel following guidelines published by the American
Thoracic Society (Standardization of Spirometry, ATS).

Spirometry is a measurement of airflow rate and expired volume over time.
Reference values are stratified by height, weight, sex, and ethnicity. The most
useful measurements obtained by spirometry are the forced vital capacity
(FVC), the forced expiratory volume in 1 second (FEV1), the peak expiratory
flow rate (PEF), and the ratio of FEV1 to the FVC (FEV1/FVC). A ratio of less
than 70% is indicative of obstructive lung disease. A FVC of less than 80% of
predictive value is consistent with (but not diagnostic of) restrictive disease.

Further refinement of spirometry includes repeat measurement after
inhalation of a bronchodilator to assess the reversibility of obstruction. If base-
line spirometry is normal, there is no benefit from bronchodilator studies. If air-
flow obstruction is present on the baseline spirometry, the patient should repeat
the test 10 min after inhalation of a bronchodilator, most commonly, albuterol.
The response is clinically important if the FEV1, FVC, or PEF increases after
inhalation of the bronchodilator by ≥12% or a minimum of 200 mL (Lung
Function Testing, ATS).

Although spirometry is sufficient for the diagnosis of obstructive disease,
measurement of lung volume is generally necessary to evaluate a reduction in
FVC. When a reduction in FVC is explained by obstructive lung disease, the
residual volume is increased proportionally such that the total lung capacity
(TLC) and functional residual capacity remain normal. Reduction of TLC indi-
cates a restrictive pattern, which may be due to parenchymal lung disease, chest
wall disease, or neuromuscular disease. When obstructive and restrictive
parenchymal lung diseases are both present, the resulting lung volume and
expiratory airflow rate are normal or near normal. This phenomenon occurs in
patients with concomitant pulmonary fibrosis and emphysema. In this setting,
the DLCO is characteristically low, reflecting additive contributions to an over-
all impairment in gas transfer.

DLCO is an indirect measurement of the ability of the lung to transfer an
inhaled gas from distal airspaces across pulmonary capillary walls to the circu-
lating blood. The DLCO can help determine the nature and extent of parenchy-
mal or pulmonary vascular disease, distinguish emphysema from chronic bron-
chitis, and distinguish both emphysema and chronic bronchitis from asthma. In
emphysema, the DLCO is decreased, reflecting focal loss of alveolar–capillary gas
exchanging surfaces. In chronic bronchitis, the gas-exchanging surface of the
lung is preserved, and the DLCO is relatively normal. With asthma, the DLCO is
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normal or sometimes increased, possibly due to increased blood flow. In
parenchymal lung diseases such as pulmonary fibrosis, the DLCO is characteris-
tically decreased. Decreased DLCO may be the earliest indication of parenchy-
mal damage in other lung diseases as well. A low DLCO predicts arterial oxygen
content during exercise.

Inhalational Challenge Testing
Inhalational challenge testing with methacholine or histamine is useful for
determining the cause of episodic wheezing or shortness of breath. A positive
methacholine test is defined as a decrease in FEV1 of more than 20% at a dose
of less than 8 mg/mL of methacholine (PD20). This test is useful in making the
diagnosis of asthma in a patient with normal results on pulmonary function
tests. Methacholine challenge testing is highly sensitive for asthma, but not as
specific. Some patients with chronic obstructive pulmonary disease may also
have a positive inhalational challenge test, although the change occurs at a
higher challenge dose. The patient’s bronchodilator medications should be
stopped before inhalational challenge testing to avoid a false-negative test result.

Cardiopulmonary Exercise Testing
• What is the role of cardiopulmonary exercise testing in the evaluation of dyspnea?

Cardiopulmonary exercise testing provides an integrated measurement of car-
diovascular and pulmonary function under stress. Such testing is useful for eval-
uating the pathophysiological mechanism of unexplained dyspnea, predicting
outcome for certain interventions, such as lung-volume-reduction surgery,
assessing functional response to therapy over time, determining disability, and
titrating the airflow rate of supplemental oxygen during exercise. Exercise testing
with serial spirometry is also used for the diagnosis of exercise-induced asthma.

For diagnostic evaluation of dyspnea, cardiopulmonary exercise testing is
useful in distinguishing pulmonary, cardiovascular, and neuromuscular limita-
tions to exercise. The diagnostic utility of the test is limited to patients who are
motivated and able to exercise until limited by one of these three organ systems.
For example, lower extremity orthopedic disease may prevent a patient from
exercising to full capacity. Patients must be monitored closely for maximum
effort during tests being performed for disability evaluation.

Pulse Oximetry
• What are the limitations to pulse oximetry?

Pulse oximetry provides a noninvasive measurement of arterial oxygen satura-
tion. Pulse oximetry is helpful in the outpatient setting for determining oxygen
desaturation at rest and during exercise. Pulse oximetry is also used in hospitals
for continuous monitoring of arterial oxygen saturation levels. Resting and
exercise pulse oximetry is often useful for detecting gas exchange abnormalities
in early interstitial lung disease. Overnight pulse oximetry is used to detect noc-
turnal oxygen desaturation and may be an early indicator of sleep-disordered
breathing.

Pulse oximetry is most accurate for measurements on the steep slope of the
oxygen dissociation curve (60% to 90% saturation). Along the flat portions of
the curve, greater changes in arterial oxygenation are required for changes in
the pulse oximetry. Several probe sites (fingertip, toe, or forehead) may be
required, particularly in patients with diseases in which the peripheral circula-

K E Y P O I N T S

• Spirometry is an important and under-
utilized screening tool for the diagnosis
of airways diseases.

K E Y P O I N T S

• Inhalational challenge testing is useful
to diagnose asthma in the setting of
normal spirometry.

K E Y P O I N T S

• Cardiopulmonary exercise testing can
distinguish between cardiovascular, res-
piratory, and neuromuscular limitations
to exercise tolerance.



Chest Computed Tomography

tion is compromised. When the fingertip is used, nail polish should be removed
to avoid interference with signal transmission. Pulse oximetry can be falsely elevated
if the patient being tested has an excessively high carbon monoxide concentration.

Chest Computed Tomography
• When should high-resolution computed tomography (CT) scanning be used?
• What is the role of contrast agents in chest CT scanning?

CT scanning is the standard modality for visualization of the respiratory system
and mediastinum. HRCT with enhanced imaging has greatly improved visual-
ization of lung parenchyma, revealing, for example, the macroscopic fine struc-
ture of interstitial lung diseases (Hunninghake et al.). HRCT also enables rou-
tine detection and mapping of bronchiectasis and emphysema. Spiral image
acquisition with multiple detectors enables sampling of the entire lung during
a single breath hold. Discrete lung nodules as small as 2 to 3 mm in diameter
are routinely detected by the current generation of CT scanners, thereby creat-
ing enormously new challenges for the early detection of lung cancer. Digital
recording has greatly improved image archiving and the viewing of sequential
chest images in relation to one another. Digital recording also provides mor-
phometric quantitation of anatomic abnormalities, computer-assisted interpre-
tation of images, and volumetric data comparisons of lesions imaged sequen-
tially over time.

Selective use of contrast enhancement considerably extends the utility of
chest CT. Iodinated contrast assists in differentiating vascular from nonvascular
structures. Contrast-enhanced CT greatly improves visualization of structures
within the mediastinum. CT is particularly useful in the staging of lung cancer
because CT differentiates mediastinal blood vessels from lymph nodes. In the
presence of a primary lung cancer, mediastinal lymph nodes measuring greater
than 1 cm in diameter are suspicious for malignant invasion with sensitivity of
41% to 67% and specificity of 79% to 86%. Because other infiltrative processes
also enlarge mediastinal lymph nodes, cytologic or histologic assessment is
required to confirm the spread of cancer into the mediastinum.

Contrast-enhanced helical CT imaging is increasingly used in the diagno-
sis of pulmonary embolism. Experienced operators can detect emboli in sub-
segmental (fifth generation) pulmonary arteries. The sensitivity and specificity
of helical CT for detection of pulmonary emboli have improved to the point
that CT now provides a possible alternative strategy for primary assessment of
suspected acute thromboembolic disease (van Strijen et al.). Contrast also
greatly improves visualization of arteriovenous malformations.

Contrast densitometry has been evaluated for differentiating malignant
from benign lung nodules and masses. By this approach, the intensity of a dis-
crete nodule is measured before and again at a standardized time after injection
of intravenous contrast. Malignant lesions tend to enhance more intensely than
benign lesions because of increased blood flow. In one study, the sensitivity and
specificity for malignancy was 98% and 73%, respectively, when the lesion
increased by a minimum of 20 Hounsfield units (Swenson et al.).

Positron Emission Tomography
• What is the current role of positron emission tomography (PET) scanning for evaluating

diseases of the chest?

Although most radiographic imaging reveals internal anatomy, positron emis-
sion tomography (PET) provides topographic information on cellular function.
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• Pulse oximetry is useful for noninvasive
detection of arterial hypoxemia at rest
and during exercise.
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• Contrast agents improve computed
tomography (CT) visualization of lung
nodules and mediastinal structures and
are increasingly used in conjunction
with spiral image acquisition to 
diagnose pulmonary embolism.

• High-resolution CT substantially
improves imaging of pulmonary
parenchyma and makes possible direct
visualization of emphysema and
bronchiectasis.
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The most common application of PET scanning in the chest employs fluorine-
18 bound to a D-glucose analogue yielding 2-(fluorine-18) fluoro-2-deoxy-
D-glucose (FDG). FDG-PET maps tissue glucose uptake as a measurement of
cellular metabolic activity. Because actively growing tumors characteristically
have a high metabolic rate, this procedure has been used to help differentiate
benign from malignant pulmonary nodules and to provide information about
mediastinal lymph nodes. Results are often reported by using a standard uptake
ratio (SUR), which provides an objective measurement of positron activity. An
SUR greater than 2.5 is considered suspicious for malignancy.

PET scanning is considerably more sensitive than specific for malignancy.
A recent meta-analysis reported an overall sensitivity of 96.8% and specificity of
77.8% for malignant lung nodules greater than 1 cm in diameter (Gould et al.).
False-positive results are often due to metabolically active infections (fungal 
or mycobacterial) or discrete noninfectious inflammatory lesions, such as sar-
coidosis. False-negative results represent tumors with low metabolic activity,
such as bronchoalveolar carcinoma. Malignant lesions less than 1 cm in diame-
ter do not reliably show increased activity. Another important concern is the
effect of an elevated plasma glucose level. Because FDG competes with glucose for
transport into cells, elevated plasma glucose levels can result in a falsely low SUR.

Given those limitations, PET scanning is currently most useful for evaluat-
ing discrete pulmonary parenchymal masses greater than 1 cm in diameter
when the pretest probability of malignancy is low to moderate. Under such cir-
cumstances, nonenhancement of a lesion supports a strategy of observing for
growth on serial radiographic images rather than prompt surgical excision. PET
scanning is also increasingly used in conjunction with other modalities to eval-
uate metastases within the chest and beyond. In general, when lesions are sus-
pected to be metastatic on the basis of PET scanning, histologic confirmation
should be obtained.

Magnetic Resonance Imaging
• When should magnetic resonance imaging of the chest be performed?

Although CT scanning remains the imaging standard for the lungs and medi-
astinum, magnetic resonance imaging (MRI) is also useful in certain circum-
stances. MRI is superior to CT in evaluating patients for tumor invasion
through the diaphragm or chest wall, particularly in the apices, and in evaluat-
ing patients for paraspinal masses. MRI is sometimes useful for evaluating mass
lesions in pleural disease, detecting tumor invasion of bone marrow, and assess-
ing soft tissue masses or infections of the chest wall. MRI does not currently
play a significant role in the evaluation of parenchymal lung disease.

Bronchoscopy
• What are the current indications for bronchoscopy?

Recent improvements in radiographic imaging notwithstanding, flexible
fiberoptic bronchoscopy remains an important diagnostic tool and is increas-
ingly used for therapeutic interventions as well. Fiberoptic bronchoscopy is the
best diagnostic modality for visualizing the proximal airways and for obtaining
endobronchial brushings and biopsy specimens. Bronchoalveolar lavage, the
process of introducing and removing a measured volume of saline solution into
a selected airway, extends sampling for cytologic and microbiologic testing to
the distal airways and alveolar spaces. Biopsy forceps, introduced though an
internal channel, can be extended well beyond the farthest reach of the bron-
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• PET scanning is useful for distinguishing
benign from potentially malignant lung
nodules and masses greater than 1 cm
in diameter and possibly also as a
screening modality for identifying
metastases from lung cancer.

K E Y P O I N T S

• Magnetic resonance imaging has limited
utility in the chest but does improve
visualization of paraspinal masses, mass
lesions in the pleura, and tumor invasion
through normal anatomic structures.
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choscope to obtain tissue samples measuring up to 1 or 2 mm in diameter from
lung parenchyma adjacent to distal airways. These transbronchial biopsies are
diagnostic for some pathologic processes, such as tumor or granulomatous
inflammation, but are too small for other processes, such as bronchiolitis oblit-
erans or pulmonary fibrosis.

The two most important complications of fiberoptic bronchoscopy are
hemorrhage and pneumothorax. Dangerous, sometimes fatal hemorrhage may
complicate endobronchial or transbronchial biopsy, particularly in patients who
have a coagulopathy. Pneumothorax occasionally occurs when transbronchial
biopsies are obtained at the pleural surface. Symptomatic pneumothorax is
treated by placement of a small chest tube on the affected side.

Therapeutic bronchoscopic techniques have expanded the potential utility
of bronchoscopy for airway management. Today, most endobronchial foreign
bodies are extracted by using fiberoptic bronchoscopes. During the last decade,
instruments for cryotherapy, electrocoagulation, and laser therapy have been
introduced through the flexible bronchoscope to open obstructed airways.
Brachytherapy catheters, placed for timed intervals by bronchoscopy, are also
used to target radiation therapy for palliation of obstructing or bleeding
tumors. Balloon dilation and airway stents can be deployed through flexible
bronchoscopes to open occluded bronchi.

Therapeutics

Long-term Oxygen Treatment
• What are the indications for long-term administration of supplemental oxygen therapy?
• What systems are available for delivering oxygen supplementation?
• What are the indications for oxygen supplementation during air travel?

Two landmark clinical trials published in the early 1980s provided the scientific
foundation for long-term therapy with supplemental oxygen in selected patients
with chronic lung disease (LTOT; NOTT). The Long Term Oxygen Therapy
(LTOT) trial and the Nocturnal Oxygen Therapy Trial (NOTT) showed that
titrated inhalation of supplemental oxygen for a minimum of 12 to 15 hours
per day improves survival in selected patients with COPD. Supplemental oxy-
gen improves general alertness, repetitive motor speed, and motor strength. In
the LTOT and NOTT trials, the survival benefit was greatest for a group of
patients who inhaled supplemental oxygen for an average of 18 hours per day.

Long-term oxygen supplementation remains the only medical therapy that
prolongs the survival of patients with chronic lung disease. Consequently, all
medically stable patients at risk for chronic hypoxemia should be evaluated
using arterial blood gas measurements or pulse oximetry, or both, during rest
and exercise. In obstructive lung disease, resting hypoxemia is often present
when the FEV1 is less than 40% of predicted value. The best readily available
predictor of arterial oxygen desaturation during exercise is DLCO. Exercise
hypoxemia is almost always present when the DLCO is less than 50% of predicted
value (Hadeli et al.)

Guidelines for long-term oxygen therapy derived from the LTOT and
NOTT trials and from expert consensus have been issued by the U.S. Centers
for Medicare and Medicaid Services. Medicare, Medicaid, and most private
health insurers in the United States pay for long-term, continuous oxygen ther-
apy if a clinically stable patient with chronic lung disease has documentation
that shows a PaO2 of 55 mm Hg or less or an arterial oxygen saturation of 88%
or less when breathing ambient air at rest. Charges for oxygen therapy are also
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• Bronchoscopy remains useful for visual-
izing proximal airways and for obtaining
microbiologic, cytologic, and histologic
samples from the lungs.

Long term domiciliary oxygen therapy in
chronic hypoxic cor pulmonale complicating
chronic bronchitis and emphysema. Report
of the Medical Research Council Working
Party. Lancet. 1981;1:681-6.
PMID: 6110912
Continuous or nocturnal oxygen therapy in
hypoxemic chronic obstructive lung disease:
a clinical trial. Nocturnal Oxygen Therapy Trial
Group. Ann Intern Med. 1980;93:391-8.
PMID: 6776858
Hadeli KO, Siegel EM, Sherrill DL, 
Beck KC, Enright PL. Predictors of oxygen
desaturation during submaximal exercise 
in 8,000 patients. Chest. 2001;120:88-92.
PMID: 11451821
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allowed if the PaO2 is 55 to 60 mm Hg at rest and there is evidence of cor 
pulmonale (electrocardiogram abnormality or pedal edema), or polycythemia
(hematocrit ≥55%). Patients without hypoxemia at rest who develop oxygen
desaturation to less than 88% during exercise should receive oxygen supple-
mentation to maintain arterial oxygen saturation greater than 88%.

When long-term therapy is initiated, the need for continued treatment and
the adequacy of the prescribed oxygen flow rate should be tested periodically
by repeated measurements of arterial blood oxygen. An appreciable fraction of
patients found to be hypoxemic at rest at the time of discharge after a hospital-
ization for an acute exacerbation of COPD no longer meet criteria for long-
term oxygen supplementation when retested 6 weeks later.

Long-term oxygen therapy is commonly administered through nasal can-
nula at a flow rate of 1 to 4 liters per min. Some patients require 6 liters per min
or more to maintain resting arterial oxygen saturation greater than 89%.
Patients who rarely leave their homes are best served by a stationary oxygen
concentrator. Nasal cannula with 50-foot-long tubing is available to enable con-
tinuous oxygen supplementation from a stationary source during ambulation
about the home. Portable supplemental oxygen is appropriate for patients who
leave their homes several times a week. Portable oxygen delivery systems are
available in compressed gas or liquid forms. The advantage of compressed gas is
ease of use. The advantage of liquid oxygen is duration of use and decreased weight.

A complete prescription for long-term supplemental oxygen specifies: 1)
oxygen flow rate; 2) delivery device; 3) oxygen source; and 4) daily duration of
use, for example, supplemental oxygen administered through nasal prongs from
a stationary device and portable supply for use during sleep and ambulation at
a flow rate of 2 liters per min. Because patients have a tendency to use oxygen
only when symptomatic, considerable ongoing education and assessment are
needed to encourage appropriate utilization of oxygen supplementation.

With advanced preparation, patients who use supplemental oxygen can
travel by air. For a fee, many airlines provide travelers with oxygen while air-
borne. A reservation and a prescription typically are required. Most oxygen supply
companies can arrange a temporary supply of oxygen at the traveler’s destina-
tion city through local outlets or reciprocal arrangements with other companies
(Dillard et al.).

Pulmonary Rehabilitation
• What are the indications for pulmonary rehabilitation?
• What are the key components of pulmonary rehabilitation?
• What are the benefits of pulmonary rehabilitation?

Pulmonary rehabilitation is a multidisciplinary program of care for patients with
chronic respiratory impairment that is individually tailored and designed to
optimize physical and social performance and autonomy (Pulmonary
Rehabilitation, ATS).

Pulmonary rehabilitation is indicated for medically stable patients with
chronic respiratory impairment who, despite optimal medical management, are
importantly limited in activities of daily living because of dyspnea on exertion.
Symptoms, disability, and handicap, rather than the severity of physiologic
impairment of the lungs, dictate the need for pulmonary rehabilitation.

Pulmonary rehabilitation requires a multidisciplinary team. The core content
should be individually tailored and contain exercise training (aerobic and strength),
education, psychosocial or behavioral intervention, and outcome assessment.

Dillard TA, Moores LK, Bilello KL,
Phillips YY. The preflight evaluation. A
comparison of the hypoxia inhalation test
with hypobaric exposure. Chest.
1995;107:352-7. PMID: 7842760
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• Long-term use of supplemental oxygen
improves survival of selected patients
who are chronically hypoxemic at rest.

• Patients with advanced lung disease
determined by pulmonary function test-
ing should be screened for resting and
exercise hypoxemia when stable and
periodically during use of supplemental
oxygen to determine the need for con-
tinued use and to titrate the oxygen
delivery rate.

• A complete prescription for long-term
supplemental oxygen specifies: 1) oxygen
flow rate, 2) delivery device, 3) oxygen
source, and 4) daily duration of use.
Considerable patient education is
required.

• With counseling and advanced prepara-
tion, patients who use supplemental
oxygen can travel by air.

Pulmonary rehabilitation-1999. American
Thoracic Society. Am J Respir Crit Care
Med. 1999;159:1666-82. PMID: 10228143
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Intratracheal Mechanical Ventilation
• What are the indications for mechanical ventilation?
• What are the common modes of mechanical ventilation and when should 

they be used?
• How should positive end-expiratory pressure be used?
• When should a patient be weaned from mechanical ventilation?

Despite recent, dramatic advances in noninvasive mechanical ventilation, con-
ventional ventilation through an endotracheal tube remains the mainstay of life
support for many patients with acute or persistent respiratory failure. Many of
these patients are primarily cared for by general internists or by hospitalists.
Even pulmonologists and anesthesiologists admit to confusion over the modes
and settings employed in conventional mechanical ventilation (Table 4). This
section describes commonly used modes and discusses weaning from mechani-
cal ventilation.

Most modes of mechanical ventilation fall under three categories: volume
cycled, pressure cycled, and spontaneously cycled. In volume-cycled ventilation,
the machine delivers a preset tidal volume unless a preset alarm pressure limit is
exceeded. Peak airway pressure is determined by the size and flow rate of the
breath and the mechanics of the chest. This is the usual initial setting for assisted
ventilation of acutely unstable patients. In pressure-control ventilation, the
machine delivers a breath at a constant, preset pressure for a preset period of
time. Tidal volume is determined by the preset pressure and by the mechanics
of the chest. Pressure control is used when it is important not to exceed a certain
airway pressure, for example to minimize barotrauma in severe acute respiratory
distress syndrome (ARDS). Spontaneously-cycled breaths are initiated and ter-
minated by the patient. This is often the most comfortable setting for patients
who are capable of sustaining the necessary breathing effort. Spontaneous-
breathing modes are often used during weaning from mechanical ventilation.

Controlled Mechanical Ventilation
Controlled mechanical ventilation delivers a preset number of ventilator breaths
per min. If the rate is set at 20 breaths per min, the patient receives a breath
every 5 sec. Because this mode allows no patient interaction, controlled venti-
lation is only suitable for patients who are deeply sedated and paralyzed.

Assist-control Mechanical Ventilation
Assist-control ventilation is similar to controlled ventilation except that the
patient is allowed to overbreathe the set rate. All breaths, whether ventilator ini-
tiated or patient initiated, are ventilator delivered at a preset tidal volume (volume-
cycled ventilation) or pressure (pressure-control ventilation). The ventilator set
rate functions as a backup rate to ensure a minimum number of mechanically
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• Volume-cycled, assist-control ventilation
is the preferred initial mode of mechani-
cal ventilation for most unstable
patients with acute or persistent 
respiratory failure.

• Pressure-control ventilation is used to
limit peak airway pressures, thereby
minimizing the risk of barotrauma.

• Pressure support ventilation provides
titrated ventilator assistance during
spontaneous breathing and is often
used during weaning from mechanical
ventilation.

• Positive end-expiratory pressure is 
used to improve oxygenation in severe
acute lung injury (acute respiratory 
distress syndrome).

TABLE 4 Comparison of Assist-control, Synchronized Intermittent Mandatory, and Pressure Support Mechanical Ventilation

Synchronized Intermittent 
Assist-control Ventilation Mandatory Ventilation Pressure Support Ventilation

Work of breathing Low Variable based on ventilator Variable based on pressure 
breaths/min setting setting

Potential for hemodynamic Significant Variable based on ventilator Unlikely
compromise breaths/min setting

Application for weaning Switch directly to spontaneous Decrease ventilator breath rate Decrease in applied pressure 
breathing trial as tolerated as tolerated

Patient comfort Intermediate Least Optimum
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assisted breaths per min. For example, if the ventilator is set to deliver a 
minimum of 12 breaths per min at a tidal volume of 400 mL and the patient
initiates 16 breaths per min, then the patient receives 16 ventilator-assisted
breaths per min, each with a tidal volume of 400 mL. Although a variable
amount of effort is required to initiate each breath, assist-control ventilation
may reduce, but usually does not eliminate, the patient’s work of breathing.

Synchronized Intermittent Mandatory Ventilation
Synchronized intermittent mandatory ventilation (SIMV) is similar to the
assist-control ventilation in that a minimum set number of ventilator-assisted
breaths are delivered each min. In contrast to the assist-control mode, the
patient’s breathing efforts in between ventilator breaths generate spontaneous
inspirations through a separate fresh gas circuit. Therefore, if the ventilator is
set to SIMV at eight breaths per min with a tidal volume of 450 mL and the
patient initiates eight breaths per min, then the patient receives eight ventilator-
assisted volume-cycled breaths of 400 mL per min and eight spontaneous
breaths per min at a tidal volume determined by the patient. The spontaneous
breaths in SIMV can be partially assisted by pressure support, as described below.

SIMV may improve cardiac output relative to the assist-control mode
because the mean intrathoracic pressure tends to be lower. However, the
patient’s efforts to breathe may be greater in SIMV than in the assist-control
mode, due to the patient’s inability to know if the next breath will be sponta-
neous or ventilator assisted.

Pressure Support Ventilation
Pressure support ventilation breaths are identical to pressure-control breaths
except that the mechanism for ending the inspiration is flow cycled instead of
time cycled. As in pressure-control assisted ventilation, the ventilator responds
to patient initiated breaths by delivering air at a constant, preset pressure. In
pressure support, inspiratory flow continues until a certain decrease in flow rate
is reached (typically 25% of peak inspiratory flow). Therefore, the ventilator
cycle from inspiration to expiration is based on a decrease in flow and not a pre-
set inspiratory time as occurs in pressure control ventilation. The patient con-
trols the initiation of the breath, and the cessation of the breath. Tidal volume
is determined by the strength and duration of the patient’s inspiratory effort.

Pressure support ventilation may be administered as a stand-alone or as
pressure support added to the circuit of SIMV to augment the patient’s spon-
taneous breaths. Pressure support often is used after a patient in respiratory fail-
ure regains consciousness and during ventilator weaning because it can be more
comfortable than other modes and because the ratio of work performed by the
ventilator relative to the work performed by the patient can be tightly adjusted.

Positive End-expiratory Pressure
Positive end-expiratory pressure (PEEP) can be applied in any ventilator-
assisted breathing mode. PEEP maintains a minimum preset pressure within the
airways relative to atmosphere throughout the respiratory cycle. Maintaining
positive pressure within the distal airways at the end of each expiration prevents
atelectasis and often improves oxygenation in patients with ARDS. PEEP may
also reduce cardiac output to a variable extent by interfering with venous return
to the heart. PEEP is used to minimize oxygen toxicity and is generally initiated
if the fractional concentration of inspired oxygen (FIO2) required to maintain
adequate arterial oxygenation exceeds 5% to 6%. PEEP is started at 5 cm H2O
and is then titrated to 20 cm H2O or more until adequate oxygenation can be
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maintained on a tolerable FIO2. Intravenous fluid replacement or vasopressors
may be needed to maintain adequate cardiac output as PEEP is increased.

Continuous positive-airway pressure therapy is similar to PEEP except that
it is used for spontaneous breathing modes.

Weaning from Mechanical Ventilation
The goal of mechanical ventilation for acute respiratory failure is to maintain
survival until assisted ventilation can be discontinued safely. Weaning (libera-
tion) from mechanical ventilation should be initiated as early as possible to
avoid unnecessary prolongation of the discomfort and risks associated with this
form of life support. The patient should be recovering from critical illness or
injury and hemodynamically stable before weaning. Extubation should be con-
sidered when all of five conditions are met: 1) adequate oxygenation, as deter-
mined by PaO2, FIO2 and PEEP; 2) adequate ventilation, as determined by pH,
PaCO2, and patient comfort; 3) anticipated ability to maintain an open upper
airway after extubation; 4) anticipated ability to clear respiratory secretions ade-
quately after extubation; and 5) anticipated favorable overall trajectory. For
example, a patient developing septic shock should not be extubated, even if the
first four conditions are met.

Weaning begins with a trial of spontaneous breathing, generally of 2 hours
duration or longer. If the patient tolerates the trial and all five of the conditions
listed above are met, extubation should be performed. If the patient is not ready
for extubation, weaning should be continued by switching from assist-control
ventilation to one of the following modes: 1) pressure support ventilation,
which is decreased over time as tolerated; 2) SIMV at a rate that is decreased
over time as tolerated; or 3) continuing full ventilatory support and periodic tri-
als of spontaneous breathing. Weaning efforts should be continued, with close
attention to improving the patient’s overall health, until the five conditions
described above are met.

Noninvasive Positive-pressure Ventilation
• What are the indicators and contraindications for noninvasive positive-pressure 

ventilation (NPPV)?
• What settings should be used for NPPV?
• What are the complications and limitations of NPPV?

Noninvasive positive-pressure ventilation (NPPV) refers to the provision of ven-
tilatory support through the patient’s upper airway using a nasal mask, oronasal
mask, or mouthpiece (Mehta and Hill). Patients may need a chinstrap to pre-
vent air from leaking out of the mouth. The device is connected with ventilator
tubing to a standard mechanical ventilator or to a ventilator that is specifically
designed for NPPV. NPPV can be administered to manage acute and chronic
respiratory failure in many patients with primary lung disease and in some
patients with heart failure. NPPV can be administered to patients with acute
respiratory failure due to: obstructive lung diseases such as COPD, asthma, cys-
tic fibrosis, and obstructive sleep apnea (Martin et al.); restrictive lung diseases
such as chest wall deformity, neuromuscular disease, and obesity-hypoventila-
tion syndrome; parenchymal lung diseases such as pneumonia including
immunosuppressed host (Hillberg and Johnson); and cardiogenic lung dis-
ease such as acute pulmonary edema.

The indications for NPPV are the same as those for intratracheal mechan-
ical ventilation. NPPV sometimes is used to provide relief from dyspnea or 
for short-term support of patients who do not want to be intubated.
Contraindications to use of NPPV include failure of prior attempts at noninva-
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sive ventilation, hemodynamic instability, inability to protect the airway, exces-
sive secretions, agitation, inability to cooperate, anatomic abnormality of the
face interfering with mask fit, and immediately life-threatening hypoxemia.

NPPV has gained increasing popularity for use in acute and chronic respi-
ratory failure. All modes of mechanical ventilation can be adapted to NPPV.
Pressure-support mechanical ventilation is commonly used and is best tolerated.

Small portable ventilators are available that allow bilevel (expiratory and
inspiratory) pressure settings. The set expiratory pressure is equivalent to PEEP,
and inspiratory pressure is equivalent to the sum of pressure support and PEEP.
Therefore, an inspiratory setting of 15 cm H2O and an expiratory pressure of 
5 cm H2O is equivalent to a standard ventilator setting of pressure support of
10 cm H2O and PEEP of 5 cm H2O.

With these special NPPV ventilators, the expiratory pressure setting is
equivalent to PEEP and is used to treat hypoxemia. Increasing the difference
between inspiratory and expiratory pressures determines the degree of support
for ventilatory failure.

A beneficial, subjective response to NPPV is characterized by alleviation of
respiratory distress, fatigue, and hypersomnolence. A physiologic response is
characterized by a decrease in respiratory rate and accessory muscle use within
the first 1 to 2 hours as well as elimination of paradoxic breathing, if initially
present. Absence of improvement within the first 1 to 2 hours predicts a poor
response. Patient–ventilator asynchrony and air leaks can often be corrected by
coaching the patient and by adjusting the ventilator settings or mask fit. In the
acute setting, gas exchange should be monitored using continuous oximetry
and occasional arterial blood gas measurements while awaiting improvement
with ventilation. Adverse effects and complications include nasal mask intoler-
ance, gastric distention, drying of eyes, and facial skin breakdown (especially at
the bridge of the nose). The most important complication of NPPV is unsuc-
cessful ventilation resulting in unattended respiratory arrest. If a patient vomits
into a full, tightly-fitting face mask, aspiration of gastric contents can occur.

Lung Transplantation
• When should patients with advanced lung disease be considered for referral to a lung

transplantation center?
• What are the outcomes for lung transplantation?

Lung transplantation offers selected disabled patients with advanced lung dis-
ease the potential for substantially improved exercise tolerance and quality of
life. Survival is prolonged for some patients with advanced lung diseases. The
perioperative morbidity and mortality for lung transplantation are substantial.
Compared with other solid organ transplants, lung transplantation generally
requires higher levels of immunosuppression. Consequently, lung transplant
recipients walk a delicate line between chronic organ rejection and opportunis-
tic infection. Although there are long-term survivors, occasionally beyond 10
to 15 years, the duration of improved exercise tolerance and survival often is less
than 5 years.

Approximately 3500 people in the United States are awaiting a lung donor.
Traumatic injury, infection, aspiration, and pulmonary edema associated with
catastrophic brain injury have led to a shortage of donor lungs. Only 7% to 22%
of multi-organ donors have lungs suitable for donation. Therefore, lung trans-
plant recipients must be selected with great care. Appropriate selection and suc-
cessful transplantation require particularly close collaboration between referring
physicians and transplant specialists.

K E Y P O I N T S

• Noninvasive positive-pressure ventila-
tion (NPPV) should not be used in the
unstable patient.

• The expiratory pressure setting in NPPV
treats hypoxemic respiratory failure
associated with acute lung injury or 
pulmonary edema.

• Inspiratory and expiratory pressure set-
ting differences determine ventilatory
support with NPPV.

• Negative pressure ventilation may be
useful for chronic respiratory failure.

K E Y P O I N T S

• Lung transplantation offers improved
exercise tolerance and quality of life.
Survival is prolonged for some diseases
but not definitely for others, including
COPD.

• Because waiting times for lung trans-
plant average more than 18 months,
referral should be considered when
anticipated survival without transplant
is less than 3 years or when quality of
life becomes intolerable for the patient.

• Median survival after lung transplanta-
tion is 4.1 years. Duration of survival is
limited by chronic rejection (bronchioli-
tis obliterans) and by complications of
immunosuppression including infection
and malignancy.



Lung Transplantation

When to Refer
In the United States, the median waiting time for lung transplantation currently
exceeds 18 months. Waiting times of 2 to 3 years are common at many estab-
lished lung transplantation centers. Referral for lung transplantation should be
considered in patients with advanced lung disease who have an increased risk of
dying in 2 to 3 years. Referral for transplantation should also be considered
when a patient with advanced progressive lung disease reports an unacceptably
poor quality of life despite optimum supportive therapy (Steinman et al.;
Arcasoy and Kotloff).

Lung transplantation is rarely available to patients older than 65 years.
Other important contraindications include significant cardiac, renal, gastroin-
testinal, hepatic, and psychiatric impairment; active malignancy; chronic extra-
pulmonary infection; severe malnutrition; and ongoing tobacco, alcohol, or drug
abuse. Specific criteria for transplantation vary according to the underlying disease.

Chronic Obstructive Pulmonary Disease
Approximately one half of all transplants are performed for severe COPD,
although studies have not shown a statistically significant survival benefit for
this disease. Improvement in quality of life has more consistently been shown.
Referral should be considered for patients with COPD who have an FEV1 <30%
and poor quality of life characterized by frequent exacerbations, hypercapnia,
declining body mass index, increasing oxygen requirements, or evidence of cor
pulmonale. Lung-volume-reduction surgery is an appropriate alternative for
some of these patients.

Cystic Fibrosis
Approximately 20% of lung transplantations are performed for patients with
cystic fibrosis and related chronic suppurative lung disorders. Although the cri-
teria to identify which patients will derive the greatest benefit from transplanta-
tion remain controversial, the presence of risk factors for death within 3 years
may be helpful in determining the optimal timing for referral. These factors
include an FEV1 <30% of predicted value, rapidly declining lung function,
recurrent massive hemoptysis, low body mass index, female sex, and airway 
colonization with resistant organisms.

Pulmonary Fibrosis
The median survival of patients with idiopathic pulmonary fibrosis is approxi-
mately 3 years. No pharmacologic therapy has been shown to modify the nat-
ural history of the disease. Patients with idiopathic pulmonary fibrosis should
be referred for a transplant evaluation soon after the diagnosis is established.

Pulmonary Arterial Hypertension
Long-term prognosis for patients with primary pulmonary hypertension has
been difficult to determine, with the introduction of potent therapeutic agents
such as intravenous epoprostenol and bosentan. Listing for transplantation
should be considered in patients with progressive disease who are failing to
respond to medical therapy and are severely functionally limited (New York
Heart Association class III).

Outcomes
Successful lung transplantation provides a substantial improvement in exercise
tolerance and quality of life. Many transplant recipients are freed from depend-
ence on supplemental oxygen. Despite refinements in surgical technique and
increased understanding of transplant immunobiology, the duration of survival
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after lung transplantation has not improved significantly in the last decade.
According to the International Society for Heart and Lung Transplantation, 
1-, 3-, and 5-year actuarial survivals after lung transplantation average 73%, 57%,
and 45% respectively, across transplant centers. Overall median survival is 4.1
years. U.S. survival statistics for particular centers can be obtained from the Web
site of the United Network for Organ Sharing (http://www.unos.org/).

The greatest obstacles to quality of life and long-term survival after lung
transplantation are the development of bronchiolitis obliterans (chronic lung
rejection) and complications of immunosuppression including infection and
malignancy. Future improvement in clinical outcomes will depend on the devel-
opment of new strategies that promote organ tolerance and reduce the toxici-
ties of immunosuppression.

Obstructive Lung Disease

Asthma
• How is asthma diagnosed?
• Which patients with asthma are candidates for anti-inflammatory drug therapy?
• What are the components of a good asthma patient education program?
• Is asthma associated with irreversible lung function loss?
• Does appropriate therapy prevent lung function loss?

Asthma is one of the most common chronic conditions in the United States,
affecting approximately 14.9 million persons and generating more than 1.5 mil-
lion emergency department visits each year. Asthma death rates have increased
by more than 50% since 1979. To address this major public health problem, 
the National Asthma Education and Prevention Program (NAEPP) published
clinical practice guidelines in 1991 (NAEPP Report). The guidelines were
updated in 2002 and are now employed around the world. The guidelines and
other useful information about asthma are available at the Web site of the Global
Initiative for Asthma (GINA) http://www.ginasthma.com/. Other information
about asthma written for patients and practitioners can be accessed at the
National Institutes of Health Web site http://www.nhlbisupport.com/asthma/.

Asthma is a disease of intermittent and reversible airway obstruction asso-
ciated with chronic inflammation and a disordered immune response. The
underlying cause of asthma remains unknown. The inflammation of the airways
differs from that in COPD and is characterized by a complex interplay between
cells that enter the airways from the blood, including mast cells, eosinophils, 
T lymphocytes, and macrophages, and certain resident lung cells (epithelial and
smooth muscle cells). On histologic examination, the airway walls are thickened
by cellular infiltration and edema, and the narrowed airway lumens are partly or
completely obstructed by mucus that contains abundant inflammatory cells and
cell debris. In severe cases, areas of atelectasis behind completely obstructed airways
are interspersed with areas of hyperinflation behind partly obstructed airways.

Diagnosis and Staging
Airway obstruction causes symptoms that characteristically vary in severity over
time, including wheezing, chest tightness, and cough, which may be dry or pro-
ductive of small quantities of tenacious sputum. The diagnosis of asthma is
made by establishing a history of episodic respiratory symptoms, by objectively
documenting reversible airflow obstruction, and by excluding other possible
diagnoses. Other conditions that commonly cause wheezing, chest tightness, or
cough include vocal cord dysfunction or paralysis, congestive heart failure,

National Asthma Education and
Prevention Program. National Asthma
Education and Prevention Program. Expert
Panel Report: Guidelines for the Diagnosis
and Management of Asthma Update on
Selected Topics—2002. J Allergy Clin
Immunol. 2002;110:S141-219.
PMID: 12542074
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• Asthma is increasing in incidence and
severity.

• Asthma is an inflammatory disease, and
effective treatment requires anti-inflam-
matory medications in almost all
patients.

• Effective asthma management requires
an educated and involved patient and a
written action plan.

• Asthma is associated with progressive
decline in lung function, but it is not yet
clear whether anti-inflammatory treat-
ment will prevent this decline.
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hyperventilation syndrome and panic disorder, gastroesophageal reflux and
recurrent aspiration, sarcoidosis, and localized central airway obstruction.

Spirometry is preferred over measurement of peak expiratory flow rate
(PEF) to document reversible airflow obstruction for the initial diagnosis of
asthma because the technique is amenable to quality control and because
spirometry provides other useful diagnostic information about the lungs in
addition to the rate of expiratory airflow. However, normal spirometry does not
exclude asthma. In mild, intermittent cases when office spirometry may be nor-
mal, the diagnosis can be confirmed by home monitoring of PEF, by inhala-
tional challenge testing using methacholine or histamine, or by observing a clin-
ical response to asthma therapy.

The NAEPP guidelines stratify asthma into four levels of severity to guide
in the choice of therapy (Table 5). The four steps in severity, range from “mild
intermittent” to “severe persistent” and are based on the frequency of symp-
toms during the day and night and the degree of obstruction as demonstrated
by FEV1, PEF, or PEF variability.

Outpatient Treatment
The goals of asthma treatment include: 1) improving patients’ quality of life, 2)
providing symptom relief, 3) providing optimal pharmacotherapy with minimal
adverse side effects, 4) preventing recurrent exacerbations of asthma and mini-
mizing the need for emergency department visits or hospitalizations, and 5)
preventing lung remodeling. The components of comprehensive care for
asthma include: 1) determination of the correct diagnosis and level of severity,
2) appropriate, long-term pharmacotherapy, 3) patient education, and 4) effec-
tive communication with an accessible clinician.
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TABLE 5 Asthma Categories of Severity Based on National Asthma Education and Prevention Program Report (Updated 2002)

Nighttime Quick 
Symptoms Symptoms Lung Function Relief Long-Term Control

Step 1 Symptoms ≤2 times ≤2 times FEV1 or PEF ≥80% Albuterol, None
Mild a week a month predicted prn
Intermittent Asymptomatic and PEF variability

normal PEF between 20%
exacerbations
Exacerbations brief 
(hours to days), intensity 
may vary

Step 2 Symptoms >2 times a >2 times FEV1 or PEF ≥80% Albuterol, Preferred treatment: low-dose 
Mild week but <1 time a day a month predicted prn inhaled corticosteroids
Persistent Exacerbations may PEF variability Alternatives: cromolyn, leukotriene 

affect activity 20-30% receptor antagonist, or sustained-
release theophylline

Step 3 Daily symptoms >1 time FEV1 or PEF Albuterol, Preferred treatment: increase 
Moderate Daily use of inhaled a week >60%–<80% prn inhaled corticosteroids to medium 
Persistent short-acting β2-agonist predicted dosage and add long-acting 

Exacerbations affect PEF variability β-agonist
activity >30% Alternatives: Add leukotriene 
Exacerbations ≥2 times receptor antagonist or theophylline
a week; may last days

Step 4 Continual symptoms Frequent FEV1 or PEF ≤60% Albuterol, Preferred treatment: high-dose 
Severe Limited physical activity predicted prn inhaled corticosteroids AND long-
Persistent Frequent exacerbations PEF variability acting β-agonist AND, if needed 

>30% oral corticosteroids

FEV1 = forced expiratory volume in 1 sec; PEF = peak expiratory flow rate; prn = as needed
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Pharmacotherapy
Mild, intermittent, or break-through asthma symptoms are treated with an
inhaled, short-acting β-agonist. Inhalation of a β-agonist delivered through a
metered-dose inhaler using proper technique is consistently as effective as
inhalation of the same drug from a hand-held nebulizer. Regularly scheduled
use of a β-agonist is not recommended. Control of inflammation is the key to
the treatment of persistent asthma (symptoms more than two times in most
weeks). For many patients, the most appropriate medication to control inflam-
mation is an inhaled corticosteroid, used properly, every day. Regularly inhaled
corticosteroids begin to decrease inflammation rapidly, but may not achieve full
benefit for 3 months or longer. Rapid, initial relief of moderate or severe symp-
toms can be achieved by supplementing an inhaled corticosteroid with an
orally-administered corticosteroid in tapering doses over several days, for exam-
ple, prednisone, 40 mg/day, tapering to 0 over 10 to 14 days. After 3 to 6
weeks of regular use at an appropriate dose, inhaled corticosteroids are so con-
sistently effective that an inadequate response should trigger questions regard-
ing inhalation technique, patient adherence, and an incorrect or incomplete
diagnosis.

Leukotriene receptor antagonists can be used to control airway inflamma-
tion in asthma. These drugs can be taken orally as infrequently as once per day,
and they cause virtually no important adverse effects. However, leukotriene
receptor antagonists are not as consistently effective as inhaled corticosteroids
(Ducharme). The leukotriene receptor antagonists may be a good choice for
aspirin-sensitive patients with asthma and for patients (including avid or profes-
sional actors or singers) who are intolerant of the mild, adverse effect of inhaled
corticosteroids on the voice. Other options for long-term control of mild per-
sistent asthma include a long-acting theophylline preparation and cromolyn
sodium. Occasional patients require a long-term oral corticosteroid, generally
at a dose of 2 to 20 mg/day, in addition to an inhaled corticosteroid and other
medications.

Pharmacotherapy for asthma should include management of rhinosinusitis
and gastroesophageal reflux, which commonly co-exist with asthma. Drugs
known to exacerbate asthma, such as aspirin and other nonsteroidal anti-inflam-
matory drugs and nonselective β-blockers, should be used cautiously or avoided.

Asthma Education
Asthma education improves the patient’s understanding of the disease with the
goals of promoting adherence, improving disease monitoring, and optimizing
decision making. Asthma education programs have been shown to improve
outcomes and lower overall costs. Key educational messages for adults with
asthma include:

• basic facts about asthma,
• the inflammatory nature of asthma,
• the roles of medications including long-term-control and quick-

relief medications, and
• skills including the use of inhalers, spacers, symptom and peak

flow monitoring, and early warning signs of asthma attack.
An asthma action plan with peak flow monitoring is recommended for all

patients with moderate-to-severe persistent asthma. Patients should measure
peak flow daily, upon awakening, before and after using a bronchodilator for
several days during a period of good control to determine their personal best
PEF. Subsequently, peak flow should be measured weekly and more often when
symptoms occur. Results should be compared to the patient’s personal best flow
rate. Patients should be instructed in advance on how to recognize and respond

Ducharme FM. Inhaled glucocorticoids ver-
sus leukotriene receptor antagonists as single
agent asthma treatment: systematic review of
current evidence. BMJ. 2003;326:621.
PMID: 12649233
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to an exacerbation of their disease. Self-management of exacerbations following
a written action plan is associated with reduced emergency department visits,
decrease hospitalizations, and improved lung function.

Progression to Irreversible Disease
Asthma progresses to irreversible airflow obstruction in some patients, includ-
ing some life-long nonsmokers; often is clinically apparent after the age of 45
years; and can become severe. Persistent airway remodeling is sometimes rec-
ognized at a much younger age. The effect of early, aggressive asthma treatment
on progression to irreversible disease is unknown but is being actively studied.

Chronic Obstructive Pulmonary Disease
• What is the current definition of chronic obstructive pulmonary disease (COPD)?
• Which patients should be screened for COPD and how?
• What pharmacologic therapies have proved effective for COPD?
• When should supplemental oxygen therapy be considered?
• When is pulmonary rehabilitation appropriate, and what are the potential benefits 

of supervised rehabilitation?
• What are the indications for lung-volume-reduction surgery in a patient with COPD?

The Global Initiative for Chronic Obstructive Lung Disease (GOLD) defines
chronic obstructive pulmonary disease (COPD) as a disease state characterized
by respiratory airflow limitation that is not fully reversible (http://www.gold-
copd.com). The airflow limitation usually is progressive and associated with an
abnormal response of the lungs to noxious gases or particles (Pauwels et al.).

The common symptoms of COPD are cough, sputum production, and
dyspnea upon exertion. Daily sputum production may precede the develop-
ment of exertional dyspnea by many years. COPD can coexist with asthma and
with bronchiectasis, which is a chronic lung disease caused by prior respiratory
infection and characterized by abnormal dilation of conducting airways.

Emphysema is characterized by air space enlargement distal to the terminal
bronchioles, with alveolar wall destruction and a loss of elastic recoil in the lung.
The persistent airflow limitation of COPD is associated with a combination of
small airway disease (obstructive bronchiolitis) and parenchymal destruction
(emphysema). Chronic inflammation causes remodeling and narrowing of the
small airways, resulting in expiratory airflow obstruction that does not fully
reverse in response to bronchodilators or anti-inflammatory drugs. Chronic
inflammation also causes destruction of the lung parenchyma, resulting in
abnormally enlarged distal airspaces. Loss of alveolar attachments to nearby
bronchovascular bundles decreases lung elastic recoil and irreversibly diminishes
the ability of the airways to remain open during expiration. The relative contri-
butions of obstructive bronchiolitis and emphysema vary from person to person.

COPD can have important extrathoracic, systemic effects. Patients with
severe COPD often have generalized muscle weakness and significant weight
loss. The mechanisms are not well understood. Progressive weight loss is asso-
ciated with reduced quality of life and shortened survival (Landbo et al.).

Prevalence and Risk Factors
The most reliable recent estimates of prevalence of COPD are derived from the
Third National Health and Nutrition Examination Survey (NHANES III)
(Mannino et al., 2000), a United States epidemiologic health survey com-
pleted in 1994. Overall, 6.8% of white study participants, 45 years of age or
older, had airflow obstruction when measured by spirometry. Sixty-three per-
cent of participants with airflow obstruction had no reported diagnosis of any
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K E Y P O I N T S

• Chronic obstructive pulmonary disease
(COPD) affects 6% of adults in the
United States who are 45 years of 
age or older and is the fourth leading
cause of death in North America.

• The major risk factor for COPD is 
cigarette smoking, but 5% to 10% of
patients with COPD have never smoked.

• Patients at risk for obstructive lung dis-
ease should be screened by spirometry.
Obstructive lung disease is present if
the FEV1/FVC ratio is less than 70%.

• Bronchodilators increase airflow, lessen
dyspnea, improve quality of life, and
increase exercise performance in
patients with COPD.

• Oxygen is the only medication shown 
to prolong life in hypoxemic patients
with emphysema.

• Lung-volume-reduction surgery offers
improved exercise tolerance, quality of
life, and survival for selected patients
with moderate to severe COPD.
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obstructive lung disease. Most of the participants with undiagnosed obstruction
had mild disease; however 5% had a FEV1 of less than 75% of predicted, a level
at which symptoms are expected.

The most important risk factor for COPD is cigarette smoking. The
NHANES III Survey report showed that 12.5% of current smokers and 9.4%
of former smokers had obstructive lung disease. Approximately 20% of regular
cigarette smokers develop progressive airflow obstruction at some time during
life. Importantly, 1.6% of men and 12.2% of women who reported a diagnosis
of COPD in the NHANES III survey never smoked cigarettes. Other known
risk factors for chronic airflow obstruction include air pollution, occupational
exposure to dust, low antioxidant diets, early childhood infections, increased
airway hyperreactivity, low socioeconomic status, white race, female sex, and
genetic factors (Viegi et al.).

Mortality
The United States National Center for Disease Statistics reports that chronic
lower respiratory disease is the fourth leading cause of death in the United
States, accounting for more than 123,000 deaths in the year 2000. This num-
ber is generally thought to underestimate the actual deaths from COPD
because the disease is often listed as a contributory cause of death, or not at all.
In one study, COPD was listed on death certificates as the cause of death for
only 57% of women and 81% of men known to have severe COPD (Camilli et al.).

Chronic lung disease is the only cause of death among the top five in the
United States that is increasing in frequency. For women, the COPD death rate
tripled between 1980 and 2000. In 2000 for the first time, the death rate for
women exceeded that for men. In recent years, mortality rates have increased
more for blacks than for whites, though the overall mortality rates are still
greater for whites (Mannino et al., 2002).

COPD is the sixth leading cause of death worldwide and the twelfth lead-
ing cause of disability. By 2020, COPD will be the third leading cause of death
and the fifth leading cause of disability worldwide (Murray and Lopez,
Mortality by cause; Murray and Lopez, Alternative projections).

Screening
Approximately 60% of adults with expiratory airflow obstruction are not aware
that they have an obstructive lung disease (Dickinson et al.). Women and per-
sons of lower socioeconomic status are more likely to remain undiagnosed
(Enright et al.). The high rate of underdiagnosis coupled with the adverse
effects on quality of life, from even mild disease, and the importance of pre-
ventive measures all support screening patients at risk for COPD. Current or
former cigarette smokers, persons repeatedly exposed to dusts or fumes at work,
and patients who report cough or exertional dyspnea beyond 3 weeks in duration
are all appropriate candidates for screening. Spirometry is the mode of screen-
ing currently recommended (Standards, ATS; BTS guidelines). Obstructive
lung disease is generally defined as an FEV1/FVC ratio of less than 70%.

Spirometry can be performed reliably and reproducibly in an outpatient
setting using approved and properly calibrated equipment and standard tech-
nique (Table 6).

Staging of COPD
The American Thoracic Society and the GOLD guidelines for staging COPD
based on spirometric evaluation of lung function identify patients at risk for
COPD and facilitate determination of disease severity. The GOLD staging sys-
tem is summarized in Table 7.
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Radiographic Abnormalities
Chest radiographs are neither sensitive nor specific for COPD, and they do not
reliably reflect the severity of the disease. Radiographic abnormalities in mod-
erate-to-severe COPD may include hyperinflation and abnormal hypolucency
of the lung fields caused by vascular and lung parenchymal destruction.
Abnormal flattening of the diaphragm is often best seen on the lateral view of
the chest radiograph. Widening of the retrosternal airspace and blunting of the
costophrenic angles are also seen.

21

TABLE 6 Guidelines for Performing Office Spirometry

Preparation

Use an approved spirometer, which is calibrated on a regular basis

The spirometer should produce a hard copy of the measurements

Spirometry should be performed under direct supervision of a medical professional who has been trained to perform the study and
to recognize a technically satisfactory result

Performance

The expiratory volume per time traces should be smooth and free from irregularities

The expiratory effort should continue for 6 sec or longer to achieve a volume plateau

At least three technically satisfactory curves should be obtained, and the FVC and FEV1 values in these curves should vary no more 
than 5% or 100 mL, whichever is greater

Evaluation

The reported FVC and FEV1 should be the largest values obtained from at least three technically satisfactory curves, whether from the
same or different curves

Spirometry measurements should be evaluated by comparison of the results with appropriate reference values based on height, sex,
age, and race

FEV1 = forced expiratory volume in 1 sec; FVC = forced vital capacity

Adapted with permission from: Standardization of Spirometry, 1994 Update. American Thoracic Society. Am J Respir Crit Care Med. 1995;152:1107-36.

TABLE 7 Stages of Chronic Obstructive Pulmonary Disease

Stage Findings

Stage 0: At risk Normal spirometry

Chronic cough, sputum production, or dyspnea

Stage I: Mild COPD FEV1/FVC <70%

FEV1* ≥80% predicted

May have chronic cough, sputum production, or dyspnea

Stage II: Moderate COPD FEV1/FVC <70%

Stage IIa: 50% ≤ FEV1 <80% predicted

Stage IIb: 30% ≤ FEV1 <50% predicted

May have chronic cough, sputum production, or dyspnea
but no cor pulmonale or respiratory failure

Stage III: Severe COPD FEV1/FVC <70%

FEV1 <30% predicted or FEV1 <50% predicted and either
cor pulmonale or respiratory failure†

FEV1 = forced expiratory volume in 1 sec; FVC = forced vital capacity

*All FEV1 values refer to post bronchodilator measurements.

†PaO2 <60mm Hg.

Adapted from: Pauwels RA, Buist AS, Calverley PM, Jenkins CR, Hurd SS. Global strategy for the diagnosis, management,
and prevention of chronic obstructive pulmonary disease. NHLBI/WHO Global Initiative for Chronic Obstructive Lung
Disease (GOLD) Workshop summary. Am J Respir Crit Care Med. 2001;163:1256-76.
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High-resolution computed tomography (HRCT) is more sensitive than
conventional chest radiography for the detection of emphysema. Typical find-
ings in emphysema include areas of low attenuation without visible walls or a
focal decrease in vascular markings. HRCT is useful in differentiating emphy-
sema from other conditions that cause chronic airflow obstruction, such as
eosinophilic granuloma, lymphangioleiomyomatosis, and bronchiectasis.
HRCT is also valuable in the anatomic localization of emphysema, which is
important in selecting patients for lung-volume-reduction surgery (Figure 1).

Treatment
COPD is amenable to various preventive, symptom-limiting, and life-prolong-
ing therapies. New surgical interventions complement a growing list of med-
ications of proven benefit for COPD. Counseling on life-style modification and
coping strategies are is helpful.

Treatment is predicated upon disease stage. Stage 0 “at-risk” patients must
refrain from cigarette smoking and should obtain an annual influenza vaccina-
tion. Appropriate patients should also receive the pneumococcal vaccine every
5 years. Bronchodilator therapy with short-acting agents on an as-needed basis
is important in mild (stage I) COPD. A combination of short- and long-acting
bronchodilators should be used to treat moderate emphysema. Typically,
inhaled anticholinergic drugs and combinations of short- and long-acting 
β2-adrenergic agonists are standard treatments. Inhaled corticosteroids may be
useful for patients with moderate (stage II) COPD, particularly patients who
have a bronchospastic component to airflow obstruction or frequent exacerba-
tions (Lung Health Study Research Group; Burge et al.). Drugs combining
an inhaled corticosteroid and a long-acting β2-adrenergic agonist, such as fluti-
casone and salmeterol, may also be useful in patients with COPD (Mahler et al.).

The pharmacologic treatment of severe (stage III) COPD is similar to that
of moderate disease. Weight loss is common in stage III and difficult to treat.
Nutritional supplementation alone usually is not effective unless accompanied
by an exercise program. Exercise is thought to be effective because of its ana-
bolic activity. Early trials of anabolic steroids suggest they may have a beneficial
role, but there is little information on long-term adverse effects and functional
outcomes. Otherwise healthy patients with stage III COPD should also be con-
sidered for potential surgical treatments such as lung-volume-reduction surgery
or lung transplantation (Sin et al.; Man et al.).

F I G U R E  1 A F I G U R E  1 B

Lung Health Study Research Group.
Effect of inhaled triamcinolone on the
decline in pulmonary function in chronic
obstructive pulmonary disease. N Engl J
Med. 2000 Dec 28;343:1902-9.
PMID: 11136260
Burge PS, Calverley PM, Jones PW,
Spencer S, Anderson JA, Maslen TK.
Randomised, double blind, placebo con-
trolled study of fluticasone propionate in
patients with moderate to severe chronic
obstructive pulmonary disease: the ISOLDE
trial. BMJ. 2000;320:1297-303.
PMID: 10807619
Mahler DA, Wire P, Horstman D, Chang
CN, Yates J, Fischer T, Shah T.
Effectiveness of fluticasone propionate and
salmeterol combination delivered via the
Diskus device in the treatment of chronic
obstructive pulmonary disease. Am J Respir
Crit Care Med. 2002;166:1084-91.
PMID: 12379552
Sin DD, McAlister FA, Man SF,
Anthonisen NR. Contemporary manage-
ment of chronic obstructive pulmonary dis-
ease: scientific review. JAMA.
2003;290:2301-12. PMID: 14600189
Man SF, McAlister FA, Anthonisen NR,
Sin DD. Contemporary management of
chronic obstructive pulmonary disease: clini-
cal applications. JAMA. 2003;290:2313-6.
PMID: 14600190

F I G U R E S  1 A  A N D  1 B .
High-resolution CT (HRCT) scans of emphysema.
HRCT images obtained at two levels from a
patient with severe centrilobular emphysema.



Chronic Obstructive Pulmonary Disease

Smoking Cessation
Cessation of cigarette smoking is the only therapeutic measure known to favorably
influence the natural history of COPD. Therefore, cessation of cigarette smok-
ing is the highest priority for all patients with COPD who continue to smoke.

Numerous studies have shown that the likelihood of smoking cessation is
increased by the combination of surveillance, patient education, and pharma-
cologic therapy (The Tobacco Use and Dependence Clinical Practice
Guideline Panel). All patients at risk for tobacco abuse should be asked about
current tobacco use during every outpatient visit and when hospitalized.
Patients who express a desire to stop smoking should be counseled about smok-
ing abstinence strategies. Nicotine replacement therapies and bupropion
increase tobacco abstinence at 6 and 12 months. Both therapies can be used by
most patients with chronic lung disease, including those with advanced disease,
with acceptable risk of adverse effects (Hughes et al.).

Bronchodilator Therapy
Pharmacologic treatment with bronchodilators is the foundation of medical
management of COPD. β2-Adrenergic agonists, anticholinergic drugs, and
methylxanthines increase airflow, lessen dyspnea, enhance quality of life, and
improve exercise performance to a variable but measurable extent. Although
bronchodilators decrease airway resistance and lessen hyperinflation in patients
with COPD, bronchodilators do not influence the decline in FEV1 over time or
affect survival in patients with COPD.

β2-Adrenergic Agonists
β2-Adrenergic agonists have been used in the treatment of stable COPD for
many years (Ferguson and Cherniack). These medications produce bron-
chodilation and reduce dynamic hyperinflation, which improves exercise per-
formance and capacity, alleviates dyspnea, and improves quality of life in
patients with COPD (Jenkins et al.; O’Donnell et al.; Belman et al.; Guyatt
et al.).

Numerous β2-adrenergic agonists are available to treat patients with
chronic airflow obstruction. Inhaled drugs are preferred over oral preparations
because inhaled drugs have fewer adverse effects. Albuterol is the most com-
monly used short-acting inhaled drug. The newer, long-acting β2-adrenergic
agonists, salmeterol and formoterol, may further improve symptom manage-
ment in patients with COPD.

Side effects from β-agonists are primarily dose-dependent and include
tremor, tachycardia, supraventricular arrhythmias, and hypokalemia. In general,
however, these agents are safe. Prolonged and repeated use may lead to devel-
opment of tachyphylaxis.

When prescribing long-acting β2-adrenergic agonists, physicians should
counsel their patients to use short-acting bronchodilators as needed as “rescue
medication” because the short-acting drugs have a significantly shorter time to onset.

Anticholinergic Drugs
On average, inhaled anticholinergic drugs are equally or more beneficial than
the β2-adrenergic agonists in the treatment of COPD. These drugs act as weak
bronchodilators, improve exercise performance, decrease dyspnea, and dimin-
ish mucus hypersecretion. Anticholinergic agents have an excellent safety pro-
file and are not prone to causing receptor down-regulation or tachyphylaxis
(Anthonisen et al.; Rennard et al.).

Ipratropium bromide is the most commonly used short-acting inhaled
anticholinergic drug. The drug is safe for long-term use at doses up to four
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sprays, four times per day. A new, long-acting drug, tiotropium, can be used
once per day and may be more effective for COPD than previously available
inhaled anticholinergic drugs. In contrast to ipratropium bromide, tiotropium
selectively antagonizes the muscarinic cholinergic receptor subtypes M1 and M3,
which mediate bronchoconstriction and airway mucus production. The M2
receptor, which provides negative feedback to M1 and M3 receptors, is relatively
unaffected by tiotropium. Early studies suggest that tiotropium offers patients
with COPD considerable improvement in physiologic measures of airway func-
tion, symptoms, and quality of life (Casaburi et al.; Donohue et al.).

Combining bronchodilator drugs can have an additive effect. For example,
combining ipratropium bromide with long-acting β-agonists elicits a greater
bronchodilator response and improvement in FEV1 than either drug alone (van
Noord et al.).

Methylxanthines
Methylxanthines are bronchodilators that have been used for many years in the
treatment of COPD. However, their use in obstructive lung disease has
decreased in recent years. Although methylxanthines may increase diaphrag-
matic contractile ability and improve mucociliary clearance of secretions, con-
cern has grown over their relatively narrow therapeutic range. Close monitor-
ing of serum concentrations (levels of theophylline are usually titrated to 8
µg/mL to 12 µg/mL) and multiple drug–drug interactions are other signifi-
cant concerns. Because of these issues, methylxanthines are no longer consid-
ered first-line drugs in the care of patients with COPD. Newer phosphodi-
esterase inhibitors may be more effective and are expected to be available soon
in the United States.

Supplemental Oxygen Therapy
Oxygen is the only medication that has ever been shown to prolong life in
hypoxemic patients with emphysema (Nocturnal Oxygen Therapy Trial
Group; Medical Research Council Working Party). In the early 1980s, long-
term oxygen therapy was shown to improve survival, quality of life, and exer-
cise tolerance in patients with COPD (Tarpy and Celli). (See the discussion of
long-term oxygen therapy.)

Pulmonary Rehabilitation
Severe dyspnea in COPD often promotes a sedentary lifestyle and consequent
deconditioning. Patients experience weakness, progressive debilitation, respira-
tory muscle dysfunction, exercise intolerance, and depression. Pulmonary reha-
bilitation is a critical adjunct to pharmacologic therapy in patients with moderate-
to-severe COPD (stages IIb and III). Supervised pulmonary rehabilitation has
been shown to increase strength, quality of life, sense of well-being, and exer-
cise tolerance. The main goals of pulmonary rehabilitation include patient edu-
cation, nutritional assessment and enhancement, ventilatory muscle training,
psychosocial support, and exercise (ACCP/AACVPR Pulmonary
Rehabilitation Guidelines; Celli; Fishman; Pulmonary Rehabilitation, ATS).

Surgical Therapy
Lung-volume-reduction surgery (LVRS) and lung transplantation are two sur-
gical options for patients with advanced lung disease. In general, patients are
considered for LVRS when their FEV1 is ≤45% of the predicted value, and for
transplantation when their FEV1 is <20% of the predicted value. LVRS is some-
times considered a bridge to lung transplantation.
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In LVRS, as much as one third of the emphysematous lung is resected by
video-assisted thoracoscopic surgery or by median sternotomy. In the largest
study of this procedure, the National Emphysema Treatment Trial (NETT), a
randomized, multicenter, controlled clinical trial compared LVRS to the best
medical therapy (Fishman et al.). Interim analysis of the NETT identified a
high-risk subgroup of patients who are more likely to die after surgery
(National Emphysema Treatment Trial Research Group). The study
showed that patients with an FEV1 ≤20% of the predicted value and either
homogeneously distributed emphysema or severely impaired gas exchange
should not undergo the surgery. At the other extreme, a subgroup of patients
with predominantly upper lobe (heterogeneously distributed) emphysema and
low-exercise capacity had a significant survival advantage and clinically impor-
tant benefits in functional status and health-related quality of life. The surgical
mortality rate in this group was approximately 3%. Three other subgroups of
patients with varying combinations of homogeneous emphysema and lower
baseline exercise capacity had outcomes intermediate between the two extreme
groups. Therefore, selection and counseling of patients for this surgery cur-
rently require considerable expertise and experience.

Lung transplantation offers substantial improvement in exercise tolerance
and quality of life for carefully selected patients with advanced COPD.
However, transplantation has not convincingly been shown to prolong survival
from this disease. Transplant recipients face continuing risk of infection associ-
ated with profound immunosuppression, as well as toxic effects of the immuno-
suppressant drugs and acute and chronic rejection of the lung allograft. One-
and 5-year survival rates after lung transplantation are approximately 80% and
50%, respectively.

Outpatient Treatment of Exacerbations
Increased cough, sputum production, and dyspnea characterize a clinical exac-
erbation of COPD. Patients may also suffer from hypoxemia or hypercapnia, as
a result of ventilation and perfusion mismatching. Bacterial or viral infections
likely cause COPD exacerbations in many patients. Most commonly isolated
organisms include nontypable Haemophilus influenzae, Streptococcus pneumo-
niae, and Moraxella catarrhalis. Pseudomonas aeruginosa is often identified in
patients with severe lung dysfunction. Influenza and parainfluenza viruses have
also been identified as causative pathogens.

Treatment of exacerbations in the outpatient setting involves maximizing
current medication and intensification of bronchodilator therapy. Empiric
antibiotic therapy aimed at potential causative organisms improves outcomes in
acute exacerbations. Short courses of corticosteroids (for example, prednisone,
40 mg daily, tapering to 0 mg in 3 weeks) have been shown to allow faster
recovery of the FEV1, improve oxygenation, and lessen treatment failures in
acute exacerbations in hospitalized patients with COPD.

Hospitalization is indicated when there is a continued failure to respond to
outpatient management. Patients with serious comorbid diseases, worsening
hypoxemia or hypercapnia, worsening cor pulmonale, or altered mental status
should be hospitalized.

Cystic Fibrosis
• What are the functional and genetic bases of cystic fibrosis (CF)?
• What are the common manifestations of CF in adults?
• When should undiagnosed CF be suspected in an adult, and how is the 

diagnosis confirmed?
• What treatment is currently available for CF?
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Cystic fibrosis (CF) is a chronic, multisystem disease closely associated with
inherited abnormalities in the CF transmembrane conductance regulator
(CFTR) gene (Knowles and Durie). CF is the most common life-shortening
genetic disease of whites. Patients with full-blown CF commonly have chronic
sinopulmonary infection, progressive lung dysfunction, and pancreatic insuffi-
ciency. CF is of increasing importance to practitioners of adult medicine.
Median life expectancy of affected patients is now 33 years; currently, about
40% of patients with CF in the United States are 18 years of age or older. More
than 4% of patients are first diagnosed with CF after the age of 18 years.

Genetics
CF is an autosomal recessive disease. The incidence varies widely among differ-
ent ethnic groups, ranging from approximately 1 in 40,000 live births in Native
Americans to 1 in 2500 live births in whites. More than 1000 mutations in 
the CFTR gene have been identified as linked with CF. The most common
mutation, ∆F508, occurs in 89% of affected patients in the United States.
Approximately 53% of patients with CF in the United States are homozygous
for this mutation. Certain CFTR mutations (genotypes) are often associated
with a milder clinical course. However, the phenotype observed with a given
mutation often is variable, suggesting that modifier genes and environmental
factors exert important influences on the disease course.

Pathophysiology
The CFTR gene encodes an integral membrane protein that functions as 
a cyclic adenosine monophosphate (AMP)–activated chloride channel in epithe-
lial cells and regulates other proteins such as the epithelial sodium channel.
CFTR appears to be critical for proper fluid and electrolyte movement across
respiratory, sweat duct, and gastrointestinal, and reproductive tract epithelia.

Sinopulmonary Disease
CF results in an average annual decline in lung function of about 2% and pro-
gressive pulmonary disease causes 85% of deaths in affected persons. Reduced
CFTR activity in respiratory epithelium is believed to result in accelerated air-
way surface fluid resorption and increased sputum viscosity. Thickened mucus
adheres to airway walls and promotes the growth of specific bacteria such as
nontypable Haemophilus influenzae, Staphylococcus aureus, and mucoid
Pseudomonas aeruginosa. An exuberant inflammatory response (which may be
a primary defect in the disease) leads to airway irritation and eventually to tis-
sue destruction and, therefore, a recurrent cycle is then established.

Most patients have pulmonary exacerbations characterized by fever, weight
loss, increased sputum production, and airflow obstruction. Digital clubbing is
often present. Once lower airway infection is firmly established, it cannot be
completely eradicated by antibiotics. Cystic bronchiectasis develops, initially
with an upper lung zone predominance. Other important pulmonary compli-
cations are shown in Table 8.

Low-grade hemoptysis is observed frequently in the setting of pulmonary
exacerbations. Over time, bronchial vessels may increase in size and tortuosity
in response to chronic lower airway inflammation. Life-threatening hemoptysis
(>600 mL in 24 hours) may occur, although it is rare (Table 8). Under these
circumstances bronchial artery embolization usually is effective in stopping such
bleeding, although hemoptysis may recur at a later date.

In the upper airway, radiographic opacification of the paranasal sinuses
occurs almost universally. Nasal polyps are commonly present.

Knowles MR, Durie PR. What is cystic
fibrosis? N Engl J Med. 2002;347:439-42.
PMID: 12167688

K E Y P O I N T S

• Cystic fibrosis (CF) is an autosomal
recessive disease, which more often
affects whites than any other racial
group and has highly variable 
phenotypic expression.

• Patients may present with CF in 
adulthood, and adults with CF usually
manifest milder phenotypes and more
unusual genotypes.

• CF is diagnosed by the combination 
of a compatible clinical picture and 
laboratory evidence of abnormal 
CF transmembrane conductance 
regulator gene function.

• Sweat testing remains the standard 
laboratory test for confirming the 
diagnosis of CF.

• The most common cause of death in 
CF is end-stage lung disease from 
progressive bronchiectasis.

• Treatment of CF focuses on maintaining
good nutritional status and interrupting
the vicious cycle that leads to progres-
sive lung impairment.
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Pancreatic (Exocrine) Disease
At least 85% of patients have exocrine pancreatic insufficiency. Left untreated,
pancreatic dysfunction leads to fat malabsorption, fat-soluble vitamin deficiency,
and weight loss.

Hepatobiliary and Gastrointestinal Disease
Hepatobiliary disease is frequently present is adults with CF but is often not
clinically apparent. Progressive biliary cirrhosis and portal hypertension occur in
approximately 1.5% of patients with CF, whereas hepatomegaly or persistently
abnormal liver function tests are seen in approximately 20%. Intestinal obstruc-
tion due to delayed transit of viscid intestinal contents (called distal intestinal
obstruction syndrome) is reported to occur in approximately 3% of patients
with CF.

Distal intestinal obstruction syndrome is characterized by recurrent
episodes of obstruction of the small intestine, most commonly at the distal ileus.
Obstruction is caused by inspissation of stool. It is partially prevented by good
hydration. Symptomatic obstruction is treated by oral administration of a high-
osmotic enteral solution or, if severe or refractory, by enema.

Reproductive and Endocrine Disease
At least 98% of males with CF are infertile on the basis of congenital bilateral
absence of the vas deferens. This condition results in obstructive azoospermia.
Preserved fertility is more common in patients with milder phenotypes. Women
with CF can bear children, though fertility may be somewhat reduced. Glucose
intolerance and CF-related diabetes mellitus are important complications of CF.
Premature osteoporosis is being increasingly recognized as a major cause of mor-
bidity in patients with CF, occurring in more than one third of adult patients.

Diagnosis
CF should be considered in young and middle-aged adults who have otherwise
unexplained chronic or recurrent sinopulmonary infection, pancreatic insuffi-
ciency, and/or recurrent pancreatitis. Symptoms may first manifest in adulthood
and may remain mild or intermittent for many years. The diagnosis is made on
the basis of a compatible clinical picture and documentation of CFTR dysfunction.

The quantitative pilocarpine iontophoresis sweat chloride test remains the
single most useful diagnostic test for CF in adult patients and is abnormal in
more than 90% of affected patients. CFTR mutation analysis can be used in sus-
pected cases when the sweat chloride value is normal or borderline. However,
in these instances patients may carry an uncommon mutant allele that is not
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TABLE 8 Pulmonary Complications in Adult Patients with Cystic Fibrosis

Complication Reported Frequency 

Allergic bronchopulmonary aspergillosis 2.5%

Massive hemoptysis (>240 mL/24 hours) 1.8%

Pneumothorax requiring a chest tube 1.1%

Atypical mycobacteria in sputum 13%

Cor pulmonale 6% to 7% of patients use home oxygen*

Reactive airways disease Very common*

*Frequency of the complication is not reported in the Cystic Fibrosis Foundation National Registry.
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detected on most commercially available tests. Complete gene sequencing or
nasal potential difference measurements can be performed in the unusual 
circumstance when the diagnosis remains in question.

Treatment of Sinopulmonary Disease
The standard approach to treatment, summarized in Table 9, seeks to break the
recurrent cycle of airway obstruction — airway infection and inflammation —
airway damage. Inhaled tobramycin and oral azithromycin have been studied
for chronic suppressive therapy in patients with P. aeruginosa infection. Both
drugs appear to preserve lung function and reduce the frequency of pulmonary
exacerbations (Ramsey et al.; Saiman et al.). Inhaled recombinant human
Dnase, which degrades extracellular DNA in respiratory secretions and thereby
reduces sputum viscosity, has been shown to provide similar benefit (Kearney
and Wallis). Exacerbations may be treated with inhaled, enteral, or parenteral
antibiotics accompanied by aggressive implementation of other standard thera-
pies. Cadaveric and living donor lobar lung transplantations have been per-
formed in patients with end-stage lung disease. The CF defect does not recur
in the donor tissue and post-transplant outcomes are similar to those of patients
with other lung diseases.

Therapy for Extrapulmonary Manifestations
Poor nutrition is associated with early mortality in CF. Prevention of malnutri-
tion should therefore be a primary goal of the treatment team. Patients with
pancreatic insufficiency should receive pancreatic enzyme and fat-soluble vita-
min supplements. A diet with 35% to 40% of calories derived from fat should be
encouraged (even for patients with diabetes mellitus) and fat-soluble vitamin
levels should be monitored regularly. Some patients benefit from placement of
a gastric or jejunal tube for nocturnal feeding when caloric needs cannot be met
by daytime meals (Conway et al.).Ursodeoxycholic acid therapy, which
improves bile flow, may be efficacious for patients with evidence of cirrhosis.
Available therapies for portal hypertension may be used. Patients with distal
intestinal obstruction syndrome can be managed with fluids and enterically
administered polyethylene glycol solutions. Bone demineralization should be
prevented with adequate supplementation of calcium, vitamin K, and vitamin D.
Bisphosphonates may be used for treatment of osteoporosis (Brenckmann and
Papaioannou).
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Rev. 2000;(2):CD001127.
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TABLE 9 Standard Therapies for Cystic Fibrosis Sinopulmonary Disease

Category Available Therapies

Airway clearance Chest physical therapy, high-frequency oscillator vest, aerobic
exercise, active cycle breathing, flutter device, PEEP device

Mucolytic agents Nebulized recombinant human DNase, nebulized 
N-acetylcysteine

Bronchodilators Albuterol, ipratropium bromide, salmeterol

Antimicrobial Antibiotic choices are based on sputum culture results
agents

Anti-inflammatory Inhaled corticosteroids, systemic corticosteroids (in selected 
agents cases), cromolyn sodium

PEEP = positive end-expiratory pressure
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Infiltrative and Fibrotic Lung Diseases

Diffuse Parenchymal Lung Disease
• What are the common presenting signs and symptoms in diffuse parenchymal lung

disease (DPLD)?
• What are the current pathologic subsets of DPLD?

The term diffuse parenchymal lung disease (DPLD) encompasses more than
150 distinct disorders that cause widespread nonmalignant infiltration of the
gas-exchanging components of the lungs. DPLD is characterized clinically by
dyspnea on exertion, cough, and radiographic findings of diffuse pulmonary
infiltrates. DPLD is categorized as idiopathic interstitial pneumonia (IIP), inter-
stitial pneumonitis associated with a systemic rheumatologic disorder, inter-
stitial pneumonitis associated with environmental exposure, or sarcoidosis
(British Thoracic Society Guidelines for DPLD).

When a DPLD is identified, a thorough, directed history is needed to make
a specific diagnosis. Details about the patient’s pre-existing chronic medical
conditions, immune states, and medication history should be obtained. An in-
depth occupational and environmental exposure history should focus on the
patient’s exposure to asbestos, silica, beryllium, and organic dust. Review of sys-
tems should include questions about collagen vascular diseases.

HRCT provides detailed imaging of the lung parenchyma, aids in the differ-
ential diagnosis, and locates regions of interest for biopsy (Hunninghake et al.).
Measurements of lung function in a qualified pulmonary function laboratory
aid in determining levels of impairment and may be helpful in tracking disease
progression and response to therapy. If the patient’s DLCO is less than 60% of
predicted value, a treadmill exercise test or 6-minute walk test should be per-
formed to assess for exercise-induced hypoxemia.

Laboratory evaluation should include indicators of systemic disease such 
as anemia, abnormal liver enzymes, or renal dysfunction. The presence of auto-
antibodies may indicate an underlying collagen vascular disorder. Nonspecific
markers of systemic inflammation such as erythrocyte sedimentation rate or 
C-reactive protein commonly are elevated and not clinically useful.

Idiopathic Interstitial Pneumonia
Idiopathic interstitial pneumonia (IIP) is classified by pathologic findings into
distinct entities: idiopathic pulmonary fibrosis (IPF), desquamative interstitial
pneumonitis/respiratory bronchiolitis interstitial lung disease (DIP/RBILD),
acute interstitial pneumonia (AIP), nonspecific interstitial pneumonia (NSIP),
and cryptogenic organizing pneumonia (COP) also known as idiopathic bron-
chiolitis obliterans organizing pneumonia (BOOP) (Table 10). Although the
natural history and response to therapy vary with the pathologic classification,
several histologic patterns may be found in biopsy specimens from different
regions of a single patient (Flaherty et al.). Therefore, it remains unclear
whether IIPs are distinct clinical disorders or represent varied points along a
spectrum of lung injury and repair (ATS/ERS Joint Statement).

Patients with IIP present with chronic, progressive exertional dyspnea and
nonproductive cough. Signs of right heart failure and respiratory insufficiency
appear late. Some history and physical examination findings differentiate IIP.
Clubbing is common in IPF. Patients with AIP present with fulminant respira-
tory failure, and early death occurs. COP is often preceded by a flu-like illness,
and patients are often treated for intractable pneumonia. Pulmonary function
studies of IIP generally reveal restrictive physiology, although mixed airways
obstruction and parenchymal restriction may occur in current or former smok-
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K E Y P O I N T S

• Diffuse parenchymal lung disease is
uncommon and best managed at centers
with expertise in the diagnosis and
treatment of interstitial lung diseases.

• The idiopathic interstitial pneumonias
are classified by pathologic patterns 
on lung biopsy.

• Idiopathic pulmonary fibrosis is defined
by the finding of usual interstitial pneu-
monia (UIP) on biopsy or by highly pre-
dictive changes on HRCT chest scan.

• There are no clearly effective therapies
for UIP. Current research is focused 
on interrupting fibrosis rather than
inflammation.
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ers. The DLCO is reduced, and oxygen desaturation may occur at relatively low
levels of exertion. Laboratory studies generally are normal, although indicators
of systemic inflammation may be mildly elevated, and low levels of rheumatoid
factor or antinuclear antibodies are found in 15% of cases.

The radiographic pattern of IIP may provide useful information about the
underlying histopathology. IPF is characterized by lower lobe peripheral retic-
ular infiltrates and honeycomb changes on chest radiograph (Figure 2). HRCT
shows areas of subpleural cystic change with traction bronchiectasis and
parenchymal lung distortion that predict fibrosis on biopsy specimens (Figure 3).
The NSIP pattern of IIP often presents with nonspecific bilateral lower lobe
infiltrates with interstitial prominence. HRCT shows prominent areas of
ground-glass infiltrates with less pronounced honeycombing and fibrosis.
DIP/RBILD, also referred to as “smoker’s bronchiolitis,” typically has diffuse
ground-glass infiltrates without stigmata of fibrosis.

AIP presents with dense bilateral consolidation on chest radiograph similar
to that in patients with other forms of acute lung injury. Unilateral or bilateral
focal consolidation with air bronchograms characterizes cryptogenic organizing
pneumonia (COP). HRCT shows the dense nature of these infiltrates with
more subtle ground-glass change elsewhere. Nodular densities centered on air-
ways are also common. Therefore, distinctive radiographic features may aid in
predicting the underlying pathology of COP.

Usual interstitial pneumonia (UIP) is the pathology that defines IPF. This
pattern is characterized by pleural-based, nonuniform fibrosis with geographic
and temporal heterogeneity amidst a background of mild inflammation. Foci of
active fibroblast proliferation and connective tissue deposition contrast with
zones of relatively normal lung. This pathology implies IPF only in the absence
of a systemic illness. NSIP is characterized by a pattern of fibrosis that is uni-
formly distributed within the interstitium of the lung. Areas of acute lung injury

TABLE 10 Pathologic Classification and Distinguishing Radiographic Features of the Idiopathic Interstitial Pneumonia

Histologic Pattern Microscopic Findings Radiographic Correlate

Idiopathic pulmonary fibrosis Patchy, heterogeneous disease Lower lobe reticulation

Subpleural honeycomb fibrosis Subpleural honeycombing

Proliferating fibroblast foci Traction bronchiectasis

Minimal inflammation

Nonspecific interstitial pneumonia Uniform disease activity

Intense interstitial inflammation Lower lobe reticulation

Fibrosis, if present, more temporally uniform Ground-glass infiltrates
than idiopathic pulmonary fibrosis

Desquamative Interstitial pneumonitis/ Uniform disease activity Ground-glass infiltrates,
respiratory bronchiolitis interstitial lung disease

Distal airspaces filled with pigmented No honeycomb change
macrophages

Peribronchiolar inflammation with little fibrosis Few or no signs of architectural
distortion

Acute interstitial pneumonia Diffuse alveolar damage Dense bilateral infiltrates

Alveolar hyaline membranes Ground-glass infiltrates

Proliferating type II cells Air bronchograms

Collapse of alveoli spaces

Cryptogenic organizing pneumonia Bronchiolocentric inflammation Focal, patchy consolidations

Airspaces plugged by granulation tissue Ground-glass infiltrates

Bronchiolocentric nodules
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are not typical of NSIP. Inflammation may be a more prominent feature than
in UIP, with dense mononuclear cell infiltrates within alveolar septa; the inten-
sity of the inflammatory response may vary.

AIP features a diffuse fibroproliferative response to a temporally uniform
diffuse lung injury. There are proliferating type II pneumocytes, widened inter-
stitial spaces formed by the collapse of denuded alveolar septa, and diffuse pro-
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F I G U R E  2 .
Chest radiograph showing idiopathic 
interstitial pneumonia.
Chest radiograph from a 57-year-old man with
cough and exertional dyspnea shows diffuse 
reticular interstitial infiltrates, most prominent 
in the lung periphery and the lower lung 
fields. Open-lung biopsy confirms idiopathic 
pulmonary fibrosis.

F I G U R E  3 .
High-resolution CT (HRCT) scan of idiopathic
pulmonary fibrosis.
HRCT from a 63-year-old woman with dyspnea
and fine crackles shows lower-lobe-predominant
interstitial infiltrates with increased septal mark-
ings, subpleural honeycomb change (arrow head)
with traction bronchiectasis (curved arrow).
Open-lung biopsy confirms idiopathic 
pulmonary fibrosis.
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liferation of fibroblasts and myofibroblasts. In COP the inflammation is cen-
tered on the peribronchial interstitium and alveolar ducts. Characteristic plugs
of granulation tissue occlude distal airspaces, explaining the restrictive or mixed
obstructive-restrictive defect found on pulmonary function testing.

The mainstays of management for idiopathic interstitial pneumonia are
smoking cessation, treatment of infections, maintenance of nutrition and fit-
ness, supplemental oxygen when needed, and early referral for lung transplan-
tation. At present there is little convincing evidence that anti-inflammatory
therapy is effective for IPF. Most experts agree that corticosteroids, colchicine,
azathioprine, cyclophosphamide, or other cytotoxic agents are of no proven
benefit (Gross and Hunninghake). A recent consensus statement showed that
a limited trial of low-dose corticosteroids combined with either azathioprine or
cyclophosphamide in young patients with clearly progressive disease is reason-
able despite no proven effectiveness. Research is focusing on mediators, such as
interferon-γ, that may directly modulate fibrogenesis (Ziesche et al.).

Clinical experience suggests that NSIP may be more responsive to immuno-
modulatory therapy, but evidence from randomized controlled trials is lacking.
COP often responds to corticosteroids, but occasionally requires more inten-
sive immunosuppression for long-term control. Optimal therapy for desquama-
tive interstitial pneumonitis/respiratory bronchiolitis interstitial lung disease is
unclear, but smoking cessation alone has been associated with disease regression.

Pulmonary Manifestations of Collagen 
Vascular Diseases

Rheumatoid Arthritis
Pulmonary manifestations in rheumatoid arthritis range from common (pleural
effusions) to rare (bronchiolitis obliterans). Rheumatoid pleuritis may present
with fever and chest pain or may be asymptomatic. Effusions are unilateral in
more than 75% of cases. The pleural fluid is characteristically exudative with a
low glucose level (<40 mg/dL in 70%). The pleural disease rarely requires specific
therapy, and effusions generally resolve with treatment of inflammatory arthritis.
Restrictive lung disease occasionally may develop as a sequela of pleural fibrosis.

Necrobiotic pulmonary nodules frequently develop in patients with
rheumatoid arthritis and are histologically identical to rheumatoid subcuta-
neous nodules. New or enlarging nodules should be evaluated for malignancy
or infection, because no radiographic feature is pathognomonic for necrobiotic
pulmonary nodules.

Rheumatoid arthritis–associated interstitial lung disease (RA-ILD) may be
the most common pattern of pulmonary involvement. Patients may present
with cough and dyspnea, though disability in RA-ILD is often most dependent
on the severity of the underlying arthritis. Lung biopsy specimens may reveal a
histologic pattern that is indistinguishable from UIP, although patterns of NSIP
or COP are more common. Optimal therapy for RA-ILD remains elusive.
Controlled case series support the use of corticosteroids or other immunomod-
ulatory therapy. It may be difficult to differentiate progression of underlying
disease from the toxicity of a therapeutic agent (gold salts, methotrexate),
because RA-ILD often persists or progresses despite aggressive therapy for
rheumatoid arthritis.

In rheumatoid arthritis, the airway may be involved anywhere from the lar-
ynx to the terminal bronchioles. Cricoarytenoid joint involvement is associated
with symptoms of sore throat or inspiratory stridor with exertion or during
sleep. Chronic large airway inflammation, often in association with a sicca com-
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plex, may lead to COPD or bronchiectasis or both. Smaller airway disease may
present with relentless dyspnea and progressive obstructive physiology on pul-
monary function testing. Bronchiolitis obliterans associated with rheumatoid
arthritis has a grave prognosis, and response to anti-inflammatory therapy is
unproved. Therapy with low-dose oral macrolide antibiotics has been shown to
improve pulmonary function and survival in a small series of patients with
rheumatoid arthritis (Hayakawa et al.).

Systemic Lupus Erythematosus
Numerous pulmonary syndromes have been described in patients with systemic
lupus erythematosus (SLE). Pleurisy, with or without pleural effusions, is the
most common form of lupus lung disease; pleuropulmonary disease has a 70%
prevalence in SLE. The effusions are inflammatory exudates with normal pH
and glucose levels. Several forms of acute and chronic interstitial lung disease
can develop in SLE.

Acute lupus pneumonitis most often develops in patients with established
SLE. Patients present with tachypnea, dyspnea, fever, cough, and, occasionally,
hemoptysis. Chest radiography reveals prominent alveolar consolidation. The
critical differential diagnostic considerations are typical or atypical infectious
agents. Many patients with acute lupus pneumonitis manifest persistent pul-
monary dysfunction after resolution of the acute illness.

Chronic interstitial lung disease is uncommon and may develop independ-
ently of acute pneumonitis or as its sequela. Chronic interstitial lung disease is
associated with pleuritis in about 40% of cases, which clinically distinguishes
SLE-associated interstitial disease from IIP. Chronic interstitial lung disease is
more common in the subset of patients with SLE who display overlapping fea-
tures of systemic sclerosis (scleroderma), such as edema of the hands and abnor-
malities of the nail fold capillaries.

A syndrome of reversible hypoxemia with normal chest imaging studies has
been shown in hospitalized patients with SLE. This disorder is attributed to
leukocyte aggregation in the pulmonary capillaries in acutely ill patients with
SLE. These cell aggregates lead to substantial ventilation–perfusion mismatching.

The sudden onset of respiratory insufficiency and hemoptysis with pro-
gressive pulmonary infiltrates in a patient with active SLE should suggest pul-
monary hemorrhage. Pulmonary hemorrhage may complicate acute lupus
pneumonitis or can occur as an independent small-vessel vasculitis (“capillari-
tis”). An unexpected elevation in DLCO, blood visualized at bronchoscopy, or
hemosiderin-laden macrophages retrieved by bronchoalveolar lavage support
the diagnosis of pulmonary hemorrhage.

The shrinking lung syndrome of SLE may mimic interstitial lung disease.
Patients present with exertional dyspnea, and lower lobe atelectasis is shown on
chest radiograph. The shrinking lung syndrome is caused by diaphragmatic dys-
function and respiratory muscle weakness that produce a restrictive ventilatory
defect manifested by low lung volumes and elevated diaphragms.

Systemic Sclerosis
Systemic sclerosis, also referred to as scleroderma, can be subdivided into dif-
fuse and limited subtypes. Limited systemic sclerosis is also known as the
CREST syndrome (calcinosis, Raynaud’s disease, esophageal dysmotility, scle-
rodactyly, and telangiectasia). Pulmonary disease occurs in 70% to 85% of
patients with systemic sclerosis. Primary interstitial lung disease frequently
occurs and is clinically or radiographically indistinguishable from an IIP
(Bouros et al.). The presence of the autoantibody Scl-70 has been associated
with an increased risk of interstitial lung disease.

33

Hayakawa H, Sato A, Imokawa S,
Toyoshima M, Chida K, Iwata M.
Bronchiolar disease in rheumatoid arthritis.
Am J Respir Crit Care Med.
1996;154:1531-6. PMID: 8912776

K E Y P O I N T S

• Rheumatoid arthritis is associated with
interstitial lung disease that may be 
difficult to differentiate from disease-
modifying drug toxicity.
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Patients with esophageal dysmotility may present with recurrent aspiration
and resulting lower lobe lung disease, which is easily confused with primary
interstitial lung disease. Pulmonary hypertension is the cause of death in up to
60% of patients with diffuse or limited systemic sclerosis. This may occur in the
absence of interstitial lung disease and has been associated with peripheral
Raynaud’s phenomenon, suggesting an abnormality in pulmonary vascular
reactivity as a primary event. Systemic sclerosis has an increased (fourfold to sev-
enteenfold) risk for lung cancer that is independent of cigarette smoking, but
can be related to the presence of pulmonary fibrosis.

Inflammatory Myopathies
Polymyositis (PM), dermatomyositis (DM), and inclusion body myositis con-
stitute a group of illnesses known as the idiopathic inflammatory myopathies
(IIM). Lung disease of some type occurs in up to 50% of cases of PM/DM.
Pulmonary disease in IIM commonly occurs through four processes: 1) aspira-
tion due to bulbar muscle dysfunction; 2) ventilatory insufficiency from respi-
ratory muscle weakness; 3) infection from immunomodulatory drug therapy;
and 4) interstitial lung disease. In one third of cases, the interstitial lung disease
of PM/DM antedates muscle involvement or occurs in patients with only min-
imal myopathy. Antibodies to the enzyme histadyl-tRNA-synthetase (anti-Jo-1)
are detectable in 50% of patients with IIM and concomitant interstitial lung dis-
ease. Three histopathologic patterns identified on biopsy specimens of IIM-
associated interstitial lung disease are: 1) organizing pneumonia, 2) diffuse alve-
olar damage, and 3) nonspecific interstitial pneumonia. Patients with diffuse
alveolar damage can have the worse prognosis, whereas those with organizing
pneumonia fare better. A recent series of patients with IIM and lung disease
evaluated by open lung biopsy showed more than 80% of cases had nonspecific
interstitial pneumonia with a prognosis similar to those with idiopathic non-
specific interstitial pneumonia and better survival than patients with UIP
(Douglas et al.).

Hypersensitivity Pneumonitis
• How should history, physical examination, radiology, and serologic testing be used to

diagnose hypersensitivity pneumonitis?

Hypersensitivity pneumonitis (HP), also known as extrinsic allergic alveolitis, is a
specific allergic reaction in the lower respiratory tract to inhaled low-molecular-
weight antigens. The antigens responsible for HP are numerous (Table 11).

The clinical presentation is characteristically recurrent acute episodes of
fever, cough, and dyspnea that start 4 to 6 hours after antigen exposure, with
spontaneous resolution 24 to 48 hours after antigen avoidance. Physical exam-
ination may reveal crackles in the lower lobes and, rarely, wheezing. Chest CT
scans shows bilateral patchy consolidation, a ground-glass appearance, or diffuse
nodular infiltrates. Pulmonary function testing shows a restrictive defect with
impaired gas transfer. Laboratory studies show a leukocytosis with neutrophilia.

The initial diagnosis of HP often is atypical community-acquired pneumo-
nia until the antigen association is discovered. In the more chronic form of HP,
the acute features are absent and patients present with cough, dyspnea, and
chronic interstitial lung disease.

A diagnosis of HP is suggested by: 1) a compatible clinical presentation
with a history of exposure to a candidate antigen; 2) demonstration of a specific
immune response to that antigen; and 3) resolution of disease with antigen
avoidance or recurrent disease with repeated exposure. A specific immune
response may be confirmed by the detection of circulating precipitating anti-
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bodies to the antigen of interest. However, the majority of exposed persons
develop precipitating antibodies or indices of cell-mediated immune responses
to antigens with only a minority manifesting clinical signs of HP. Therefore, the
presence of the circulating antibody is necessary but not sufficient evidence to
make the diagnosis of HP in the absence of an appropriate clinical scenario.
Environmental antigen challenges have been used to confirm the diagnosis of
HP, but at present there are no widely accepted protocols or standardized anti-
gen preparations.

Tissue biopsy is not necessary to diagnose HP if there is a suggestive his-
tory, clinical presentation, and supportive laboratory evaluation. However, in
more difficult cases or chronic forms of HP, tissue biopsy may be helpful in
establishing the diagnosis and excluding other forms of interstitial lung disease.
Lung biopsy specimens show acute and chronic inflammatory cell infiltrates and
poorly organized granulomatous inflammation centered on the distal airways
and alveoli.
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TABLE 11 Hypersensitivity Pneumonitis (HP) Syndromes and Associated Antigens

Clinical Syndrome Source of Antigen

Bagassosis Moldy bagasse (sugar cane)

Bird fancier’s, breeder’s, or handler’s lung Avian droppings or feathers

Cephalosporium HP Contaminated basement (sewage)

Cheese washer’s lung Moldy cheese

Chemical HP Polyurethane foam, varnishes, lacquer

Coffee worker’s lung Coffee beans

Composter’s lung Compost

Detergent worker’s lung Detergent

Familial HP Contaminated wood dust in walls

Farmer’s lung Moldy hay, grain, silage

Fish meal worker’s lung Fish meal

Furrier’s lung Animal pelts

Hot tub lung Mold on ceiling

Humidifier or air-conditioner lung Contaminated humidification systems

Japanese summer house HP House dust, bird droppings

Laboratory worker’s lung Laboratory rat

Malt worker’s lung Moldy barley

Maple bark disease Maple bark

Miller’s lung Infested wheat flour

Mushroom worker’s lung Mushroom compost

Pituitary snuff taker’s disease Heterologous pituitary snuff

Potato riddler’s lung Moldy hay around potatoes

Sauna taker’s lung Contaminated sauna water

Saxophonist’s lung Contaminated mouthpiece

Sequoiosis Redwood sawdust

Streptomyces albus HP Contaminated fertilizer

Suberosis Cork dust

Tap water lung Contaminated tap water

Thatched-roof lung Dried grasses and leaves

Tobacco worker’s disease Mold on tobacco

Wine maker’s lung Mold on grapes

Woodworker’s lung Oak, cedar, mahogany dusts; pine 
and spruce pulp
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Therapy primarily is aimed at antigen avoidance when possible. The role of
immune suppression with corticosteroids remains controversial. In acute HP,
corticosteroids reduce the duration of presenting symptoms but have not been
shown to alter long-term outcome. Some patients become tolerant to the
inhaled antigen with resolution of HP despite ongoing exposure, making con-
clusions about effectiveness of therapeutic interventions difficult (Bourke et al.).

Sarcoidosis
Sarcoidosis is an idiopathic systemic illness characterized by tissue infiltration
with well-formed noncaseating granulomata. More than 90% of patients have
pulmonary involvement. Other organs frequently involved include the skin,
bone, eye, liver, and spleen. Cardiac and central nervous system involvement are
uncommon, but potentially lethal manifestations of sarcoidosis.

Cough and dyspnea are common presenting symptoms due to the fre-
quency of pulmonary disease. Pulmonary function tests may show restriction,
obstruction, a mixed pattern, or may be normal. Many patients without symp-
toms are diagnosed with sarcoidosis from routine chest radiography.
Hypercalcemia, hypercalciuria, or both, show aberrant calcium metabolism due
to 1,25-dihydroxy vitamin D3 production by granulomas. Patients with
Löfgren’s syndrome have symptoms of fever, erythema nodosa, and bilateral
hilar lymphadenopathy. Uveoparotid fever is another presentation of sarcoido-
sis with fever and parotid swelling often with facial nerve palsy.

The diagnosis of sarcoidosis is one of exclusion. Granulomatous infections,
lymphoproliferative disorders, drug reactions, and berylliosis must all be con-
sidered. Tissue biopsy shows granulomas without organisms on special stains or
culture. Transbronchial lung biopsy will show granulomas in more than 50% of
cases with stage I sarcoidosis. Higher yields are obtained with more advanced
radiographic disease. Not all patients require tissue confirmation. Patients with
radiographic stage I disease and no systemic symptoms to suggest an alternative
disease have a spontaneous remission rate greater than 70%. Similarly, patients
with Löfgren’s syndrome have a benign course and may be managed with
observation alone. Gallium scanning and the measurement of circulating
angiotensin-converting enzyme levels are of little diagnostic value in the
workup of sarcoidosis due to unacceptably low sensitivity and specificity.

Treatment for sarcoidosis is controversial. Most patients experience a
durable spontaneous remission. Therefore, treatment is generally reserved for
those with persistent respiratory symptoms, evidence of radiographic or physi-
ologic progressive lung disease, or symptomatic extrapulmonary sarcoidosis.
The cornerstone of therapy is daily corticosteroids for 6 to 12 months.
Although such treatment reduces symptoms and improves chest radiograph
findings and pulmonary function test results, it is of unproven benefit in alter-
ing long-term outcome. Alternate-day therapy appears equally effective and
may be less toxic. Prednisone, 40 mg every other day, is a common starting
dose. Maintenance often can be achieved with prednisone doses as low as 10 to
20 mg every other day. For the unusual patient with corticosteroid-resistant 
disease or intolerable drug side effects, corticosteroid-sparing agents such as
weekly methotrexate may offer benefit (Statement on Sarcoidosis).
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• Hypersensitivity pneumonitis (HP) is the
specific immune response to an inhaled
antigen deposited in the distal airways.
Diagnosis of HP often requires a careful
occupational and environmental expo-
sure history.

K E Y P O I N T S

• Sarcoidosis is an idiopathic systemic
granulomatous disorder that involves
the lungs in 90% of cases. Most patients
with sarcoidosis do not require therapy.
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Solitary Pulmonary Nodules

Intrathoracic Nodules and Masses

Solitary Pulmonary Nodules
• What is a solitary pulmonary nodule?
• What is the differential diagnosis of solitary pulmonary nodules?
• What radiologic and clinical features distinguish benign from malignant nodules?
• What are the diagnostic and treatment strategies for solitary pulmonary nodules?

Solitary pulmonary nodules are single, discrete radiographic densities that
measure less than 3 cm in diameter and are completely surrounded by aerated
lung. Pulmonary masses are discrete radiographic densities that measure greater
than 3 cm in diameter or extend into the chest wall, mediastinum, or
diaphragm. Solitary pulmonary nodules are often detected before the onset of
any associated symptoms when a patient has a chest radiograph or CT scan for
unrelated reasons. Approximately 150,000 asymptomatic solitary pulmonary
nodules are discovered in the United States each year. More and smaller nod-
ules are being detected as a result of progressive improvements and increased
use of lung CT scans.

Etiology
The differential diagnosis of solitary pulmonary nodules includes malignancy,
focal lung infections, focal infiltrations of inflammatory cells or extracellular
material, and scars from previous focal inflammation. Most solitary pulmonary
nodules are benign, and most benign lesions are granulomas, hamartomas, or
slowly resolving focal pneumonias. Metastases account for approximately one
fourth of malignant lesions.

Two characteristics distinguish benign solitary lung nodules with rare
exceptions: 1) the absence of growth on chest radiographs or CT scans
obtained more than 2 years apart; and 2) calcification of the nodule in one of
three patterns: diffuse calcification, central calcification, and laminar or “pop-
corn” calcification (Lillington).

The radiographic characteristics suggestive of malignancy are: 1) a diame-
ter exceeding 2 cm, 2) spiculated edges, and 3) upper lobe location. The clini-
cal characteristics that increase the probability of malignancy are: 1) age greater
than 40 years, 2) past or current history of cigarette smoking, and 3) a previ-
ous diagnosis of cancer (Swensen et al.). Solitary pulmonary nodules diag-
nosed incidentally in life-long nonsmokers less than 35 years of age with no 
history of malignancy are likely to be benign.

Diagnostic Evaluation
Small lung nodules without the clinical or radiographic characteristics of malig-
nancy can be followed for growth on serial chest radiographs or, depending on
size and location, on serial chest CT scans. Lesions with one or more of the
characteristics of malignancy should be further evaluated.

One potential next diagnostic step is PET scanning. This imaging modal-
ity shows the high metabolic activity of many lung cancers.

Although PET is more useful when negative than positive, the opposite is
true for transthoracic needle aspiration and bronchoscopy. Transthoracic needle
aspiration is performed under fluoroscopic or CT guidance using a long, fine
needle to retrieve a small specimen for cytologic examination. Depending on
the size and location of the nodule and the skill of the operator, needle aspira-
tion can fail to produce diagnostic specimens from as many as 30% of malignant
pulmonary nodules. Because no samples for histologic examination are
obtained, confident diagnosis of a benign process is possible only some of the
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• Solitary pulmonary nodules are single,
discrete, radiographic densities that
measure less than 3 cm in diameter 
and are completely surrounded by 
aerated lung.

• Radiographic and clinical characteristics
can help differentiate benign from
malignant pulmonary nodules.

• With rare exceptions, solitary pulmonary
nodules that show no growth on two
radiographs or CT scans obtained more
than 2 years apart are benign.

• Most solitary pulmonary nodules
greater than 1 cm in diameter do not
show enhanced metabolic activity on
positron emission tomography (sensitivity
97%). Bronchoalveolar cell carcinoma 
is one important exception.

• Lobectomy with mediastinal lymph node
resection is a definitive therapy for
malignant solitary pulmonary nodule.
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time, for example, if mycobacteria grow from culture of the aspirate. After
transthoracic needle aspiration, approximately 20% of patients require a small
chest tube for evacuation of a pneumothorax. Other less common complica-
tions of transthoracic needle aspiration include hemoptysis and hemothorax.
The complication rate for bronchoscopy is lower, but the yield is lower, partic-
ularly for lesions less than 2 cm in diameter near the chest wall, because these
lesions are difficult to reach from the airways. Therefore, neither transthoracic
needle aspiration nor bronchoscopy can be used to exclude a diagnosis of
malignancy in most instances.

Surgical Resection
Due to the limitations of PET, transthoracic needle aspiration, and bron-
choscopy and the anxieties and uncertainties associated with radiographic fol-
low-up, many patients with solitary pulmonary nodules are referred to a sur-
geon for an excisional biopsy. Most solitary nodules can be resected completely
by thoracoscopy. Hospital stay for this procedure often is 2 nights, and the
complication rate is low. If the lesion is malignant, definitive surgical therapy
entails a mediastinal node resection and a lobectomy. Definitive resection may
be performed at the time of excisional biopsy after diagnosis by frozen section,
or subsequently.

Lung Cancer
• What is the burden of lung cancer in the United States?
• Why is staging of lung cancer important?
• What are the principles of treatment for lung cancer?
• What is the prognosis for lung cancer of variable extent?

Lung cancer often presents late with nonspecific symptoms of extensive local
disease, such as cough, hemoptysis, chest pain, or dyspnea. Some patients come
to initial medical attention because of the manifestations of extrathoracic metas-
tases. Lung cancer may first be suspected after discovery of an abnormality on
a chest radiograph or chest CT scan obtained for an unrelated reason or to eval-
uate a nonresolving pneumonia. Diagnosis of a suspected lung cancer may be
confirmed by sputum cytology, bronchoscopic biopsy, transthoracic needle
aspiration, mediastinoscopy, or surgical resection (Pretreatment Evaluation,
ATS/ERS).

Pathology and Staging
Most treatment decisions can be made by distinguishing between small-cell
lung cancer and non-small-cell bronchogenic carcinoma. Non-small-cell lung
cancer accounts for approximately 80% of lung cancers in the United States.
Non-small-cell lung cancer encompasses adenocarcinoma, bronchogenic carci-
noma (a histologic subtype of adenocarcinoma), squamous cell carcinoma,
large-cell carcinoma, and bronchial carcinoid. Some lung tumors are reported
as undifferentiated carcinomas.

After a pathologic diagnosis has been made, the next step is to determine
the anatomic extent or stage of disease to determine prognosis and direct fur-
ther therapy (Spiro and Porter). Staging is determined by combining infor-
mation from several sources such as PET scan, bone scan, brain MRI, CT scan
of the chest extending through the liver and adrenal glands, biopsy specimens,
and surgical exploration. Small-cell cancer is staged simply as limited or exten-
sive disease. Limited small-cell cancer is confined to the chest and supraclavicu-
lar lymph nodes.
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are we today? Current advances in staging
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• Lung cancer is the most common cause
of cancer death in both men and women
in the United States.

• Eighty-five percent to 90% of patients
diagnosed with lung cancer are current
or former cigarette smokers.

• Accurate staging is imperative because
treatment options vary by stage, and
prognosis is directly related to the stage
at presentation.

• The prognosis for lung cancer is poor
with an overall 5-year survival rate of
14% to 16%.
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For non-small-cell lung cancer, the tumor, node, metastases (TNM) stag-
ing system is employed. TNM subgroups are classified into five stages (0 to IV)
to determine treatment and prognosis. Stage 0 refers to carcinoma in situ. Stage
IA cancers are tumors less than 3 cm in diameter with no visceral, pleural, or
main bronchus involvement and no nodal or distant metastases. Stages II and
III denote varying degrees of extent within the thorax. Stage IV disease refers
to lung cancer that has spread beyond the thorax.

Treatment
The treatment of lung cancer depends upon the stage at the time of diagnosis.
Limited small-cell lung cancer is treated with a combination of radiation 
therapy and chemotherapy. Extensive small-cell lung cancer is treated with
chemotherapy alone. Stage I and stage II non-small-cell lung cancers are treated
by surgical lobectomy or pneumonectomy with extensive dissection of medi-
astinal lymph nodes if the patient is amenable and medically operable (Martini
and Ginsberg). Depending on the location and extent of the tumor, portions
of the chest wall or other structures adjacent to the lung may be resected.
Bronchial sleeve resection and other advanced surgical techniques are now
available to improve resectability and limit removal of uninvolved, functioning
lung. Stage III carcinomas have spread within the thorax beyond the reach 
of surgery and should be treated conventionally with a combination of
chemotherapy and radiation therapy. Stage IV or metastatic lung cancer is
treated with chemotherapy alone or supportive care. There are many variations
to the treatment options offered, which are based on the stage of the cancer,
the performance status of the patient, the presence of comorbidities, and the
patient’s personal preferences. Researchers are exploring the potential of
immunotherapy and gene therapy for unresectable disease.

Prognosis
The overall 5-year survival rate of patients with lung cancer remains dismal at
14% to 16%. However, the prognosis varies considerably, depending on the
stage of the disease and the performance status of the patient. The most favor-
able group, those with stage IA disease and a normal performance status, have
a 5-year survival rate of only 70%, indicating the propensity of this disease for
early metastasis beyond the thorax. Patients with stage II disease have a survival
rate in the range of 40% to 50% with surgical therapy. Patients with stage III or
locally advanced lung cancer have a survival rate of 17%. Patients with stage IV
or metastatic lung cancer who are treated with chemotherapy alone have a 
5-year survival rate of less than 5%.

The survival rate for limited stage small-cell lung cancer is about 25% at 
5 years. Virtually no patients with extensive non-small-cell lung disease survive
beyond 2 years.

Respiratory Infections

Community-acquired Pneumonia
• Which bacteria commonly cause community-acquired pneumonia (CAP)?
• How are sputum Gram stain and culture used in the management of CAP?
• How important is chest radiography in the diagnosis of CAP?
• What empiric treatment is currently recommended by national professional 

organizations for patients with CAP?
• How long should most patients be hospitalized because of CAP?
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Community-acquired pneumonia (CAP) remains the most common of all acute
illnesses. Between 2 to 3 million persons develop pneumonia outside of hospi-
tals in the United States each year (MMWR, 1997; Marston et al.).
Approximately 20% of those persons are hospitalized. The mortality rate is low
overall (<5%). However, because the incidence is so high, CAP is the most
common cause of death due to an infectious disease in the United States and
the sixth leading cause of death overall (Bartlett and Mundy). The mortality
rate for CAP continues to increase in proportion to the growing number of per-
sons in the United States who are chronically ill or aged (Pinner et al.).

Microbiology
Streptococcus pneumoniae is the most common pathogen isolated from patients
with CAP. Drug-resistant S. pneumoniae is increasing, accounting for up to 40%
of isolates from patients with CAP. Other common bacterial pathogens are 
typically found in the nasopharynx and oropharynx, including Haemophilus
influenzae, α-hemolytic streptococci, and Moraxella catarrhalis. Staphylococcus
aureus, Pseudomonas aeruginosa, Mycoplasma pneumoniae, Chlamydia pneumo-
niae, Legionella organisms, and various gram-negative rods are recovered less
frequently in most reported series. Viral pathogens, including influenza, aden-
ovirus, and many others, also cause CAP. In ordinary clinical practice, infecting
organisms are not identified in about 50% of patients (Niederman et al.).

Diagnosis
The diagnosis of CAP should be considered whenever a patient presents with
onset of cough and malaise, especially when the cough is productive of puru-
lent sputum and fever is present. Classic symptoms such as bronchial breath
sounds and crackles may be useful if present, but are not sensitive in the diag-
nosis of CAP. Elderly patients may have fewer presenting symptoms, which can
be as subtle as an altered mental status. The chest radiograph remains the gold
standard for detection of pneumonia. Depending on size and location, some
pneumonic infiltrates may only be seen on CT scan.

No findings on history, physical examination, or chest radiograph reliably
identify the causative organism of pneumonia. Sputum Gram stain often does
not provide information useful to the initial selection of antibiotic therapy, with
the possible exception of S. pneumoniae (Rein et al.; Boerner and Zwadyk).
A predominance of gram-positive, lancet-shaped diplococci against a cellular
background rich in neutrophils is relatively specific for S. pneumoniae.
However, pneumococci are recognized on Gram stain on only 54% to 64% of
sputum samples that subsequently grow S. pneumoniae (Dans et al.). At pre-
sent, direct staining of sputum with antibodies for specific organisms (for exam-
ple, direct fluorescent antibody for Legionella sp.) is insufficiently sensitive for
routine use in the assessment of CAP. Serologic studies are rarely used in clinical
practice, because they do not provide results until weeks after initial assessment.

Sputum culture remains the most reliable means of identifying the infect-
ing organism in CAP. For hospitalized patients with CAP, 5 mL or more of spu-
tum, if available, should be spontaneously expectorated from the lower respira-
tory tract or suctioned through an endotracheal tube and cultured. Samples of
blood and pleural fluid should also be obtained, whenever possible, for culture
before initiation of antibiotic treatment.

Antibiotic Therapy
Initial therapy for CAP generally is empiric, because the infecting organism usu-
ally is unknown at the time of diagnosis. Guidelines for empiric selection of
antibiotics for CAP have been published by the American Thoracic Society and
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• Streptococcus pneumoniae remains the
most common pathogen causing com-
munity-acquired pneumonia (CAP).
Drug-resistant strains of S. pneumonie
are increasing and now account for
approximately 40% of isolates.

• Though the diagnostic yield of sputum
Gram stain and culture may be poor
(sensitivity approaching 50%), the infor-
mation provided by these tests is help-
ful in the management of some patients
(particularly hospitalized patients) and
in the tracking of community changes 
in bacterial resistance.

• The chest radiograph remains the gold
standard for detection of pneumonia;
it provides information about complica-
tions of disease, such as pleural effusion
and multilobar disease.

• National professional organizations
have published recommendations for
CAP emphasizing appropriate empiric
therapy based upon the severity of 
disease and certain disease-modifying
features.

• Although the overall time to full recovery
may be several weeks or longer, most
hospitalized patients with CAP are 
ready for discharge after 3 to 7 days.
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the Infectious Diseases Society of America (Bartlett et al.) (Table 12) and val-
idated by outcome studies (Gleason et al., 1997; Gleason et al., 1999). First
doses of antibiotics should be administered immediately after recognition of
CAP, and in most instances, within 8 hours of initial presentation. Empiric
antibiotic therapy should be modified if the infecting organism is identified 
after initiation of empiric therapy by sputum, pleural fluid, or blood culture.
Intravenous antibiotics can be replaced with an appropriate oral drug when pro-
gression of the infection is controlled and gastrointestinal function normalizes.
Barring major comorbidities or complications, most hospitalized patients with
CAP are ready for discharge 3 to 7 days after hospital admission (Halm et al.).
Full recovery to a baseline state of health often takes 3 weeks or longer.
Clearance of chest radiographic infiltrates is highly variable and is sometimes
not complete for 2 months or longer. Some pneumonias leave persistent focal
radiographic densities that can be mistaken for malignancy.

Prevention
Pneumonia is prevented by modifying risk factors (for example, smoking cessa-
tion) and by vaccination. The 23-valent vaccine for S. pneumoniae covers
approximately 89% of isolates and is more than 60% effective at preventing bac-
teremic infection (Shapiro et al.). Pneumococcal vaccine is recommended for
all persons older than 65 years and for those with one or more known risk 
factors for pneumonia, including chronic cardiovascular or pulmonary disease.
The duration of protection is not known. However, antibody titers decrease
below protective levels after 5 years. Consequently, revaccination is often rec-
ommended at 5-year intervals.

Patients with influenza have an increased risk of developing secondary bac-
terial pneumonia. The incidence and severity of influenza can be reduced by
annual vaccination (Gross et al.). Influenza vaccination is recommended for all
persons 50 years and older and for those at increased risk for death from infec-
tion due to chronic illness.

Severe Acute Respiratory Syndrome
There has been a recent epidemic outbreak of a pneumonia, described as severe
acute respiratory syndrome (SARS), attributed to a novel coronavirus (Ksiazek
et al.; Drosten et al.). The incident case, traced to a health care worker in
China, spread locally, and then to Hong Kong, Vietnam, Taiwan, and parts of
Canada. SARS is contagious and rapidly progressive, affecting even healthy per-
sons (Tsang et al.). Symptoms include high fever with chills and rigors, non-
productive cough, and alveolar infiltrates on chest radiograph, leading to respi-
ratory failure, which often requires intensive care (in 23%) and mechanical ven-
tilation (in 14%) (Lee et al.). At this time there is no specific therapy or vaccine
for SARS. The initial worldwide outbreak has ended. However, epidemiologists
anticipate new outbreaks in the future.

Bronchiectasis
• What are the causes of bronchiectasis?
• What common organisms infect the airways in bronchiectasis?

Bronchiectasis represents the persistent late residue of focal or widespread infec-
tions that severely injure the airways. A number of conditions predispose to the
severe or prolonged infections that cause bronchiectasis (Table 13).

The diagnosis is suspected in the patient with a persistent increase in puru-
lent airway secretions and recurrent infection. Chest radiograph may reveal
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TABLE 12 Guidelines for Common Pathogens and Empiric Treatment for Community-acquired Pneumonia

Organisms Therapy

Group I: outpatient, no cardiopulmonary disease, no modifying Factors

Streptococcus pneumoniae Advanced-generation macrolide (e.g., azithromycin or clarithromycin)
Mycoplasma pneumoniae
Chlamydia pneumoniae OR
Haemophilus influenzae Doxycycline
Respiratory viruses
Miscellaneous (Legionella, Mycobacterium tuberculosis,
endemic fungi)

Group II: outpatient, with cardiopulmonary disease or other modifying factors

S. pneumoniae, including DRSP Oral �-lactam (e.g., cefuroxime, amoxicillin-clavulanate) PLUS macrolide
M. pneumoniae
C. pneumoniae OR
Mixed infection (bacteria plus atypical pathogen or virus) Oral �-lactam PLUS doxycycline
H. influenzae
Enteric gram-negatives OR
Respiratory viruses Antipneumococcal fluoroquinolone (e.g., levofloxacin, gatifloxacin,

moxifloxacin)
Miscellaneous (Moraxella catarrhalis, Legionella,
aspiration [anaerobes] M. tuberculosis, endemic fungi)

Group III: inpatient, non-ICU

S. pneumoniae, including DRSP IV �-lactam (e.g., cefuroxime, cefotaxime, cefrtiaxone, ampicllin-
sulbactam, piperacillin-tazobactam, ticarcillin-clavulanate) 
PLUS IV macrolide

H. influenzae OR
M. pneumoniae
C. pneumoniae IV �-lactam PLUS IV doxycycline
Mixed infection (bacteria plus atypical pathogen) OR
Enteric gram-negatives
Aspiration (anaerobes) IV antipneumococcal fluoroquinolone
Viruses
Legionella
Miscellaneous (M. tuberculosis, endemic fungi, 
Pneumocystis carinii)

Group IV: inpatient, ICU

No risk factors for Pseudomonas aeruginosa
S. pneumoniae, including DRSP IV �-lactam PLUS IV macrolide
Legionella OR
H. influenzae
Enteric gram-negative bacilli IV �-lactam PLUS IV fluoroquinolone
Staphylococcus aureus
M. pneumoniae
Respiratory viruses
Miscellaneous (C. pneumoniae, M. tuberculosis,
endemic fungi)

Risk factors for P. aeruginosa
All of the above plus P. aeruginosa IV antipseudomonal �-lactam (e.g., cefixime, ceftazidime, piperacillin-

tazobactam, carbapenems) PLUS IV antipseudomonal fluoroquinolone
(e.g., ciprofloxacin)

OR
IV antipseudomonal �-lactam PLUS IV macrolide PLUS antipseudomonal
aminoglycoside

DRSP = drug-resistant Streptococcus pneumoniae; ICU = intensive care unit; IV = intravenous

Adapted with permission from: Bartlett JG, Breiman RF, Mandell LA, File TM Jr. Community-acquired pneumonia in adults: guidelines for management. The Infectious Diseases Society of
America. Clin Infect Dis. 1998;26:811-38.
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characteristic changes, such as “tram lines” of the thickened airway walls.
HRCT is the current “gold standard” for diagnosis of bronchiectasis.

The anatomic abnormality of the airways contributes to the pathophysiol-
ogy by impairing the normal clearance of airway secretions, leading to a cycle
of inflammation, infection, and obstruction. Infection is common in
bronchiectatic airways, resulting in further progression of disease. Bacteria may
be cultured from the airways (Table 14). The common organisms in patients
with chronic bronchitis (such as M. catarrhalis, H. influenzae, and S. pneumo-
niae) are also common in patients with bronchiectasis, strongly suggesting that
patients with chronic bronchitis may develop bronchiectatic changes of the air-
ways (Pasteur et al.). P. aeruginosa and S. aureus are also common.

Treatment of bronchiectasis is directed at improving clearance of airway
secretions and reducing the infection. Airway clearance techniques that reduce
infection and inflammatory mediators from the airways are summarized in
Table 15.

Antibiotics should be used to reduce symptoms and to minimize progres-
sive damage to the lungs. Patients who have one to three exacerbations per year
and are relatively symptom-free between exacerbations are best treated with 
a full course of an oral antibiotic at the time of exacerbation. Macrolides, 
penicillins, tetracycline, analogues, trimethoprim–sulfamethoxazole, and fluoro-
quinolones can all be used. Common adverse effects include loose stools, yeast
infections, and allergic rashes.

Patients who have frequent exacerbations of daily cough with chest con-
gestion may benefit from a continuous antibiotic regimen. Macrolide anti-
biotics are often used because they have anti-inflammatory and antimicrobial
effects in bronchiectasis. Inadequate response warrants culture of expectorated
or induced sputum. P. aeruginosa, other gram-negative rods, and S. aureus are
increasingly recovered from patients with bronchiectasis. When Pseudomonas is
recovered, an attempt should be made to eradicate the infection using one or
two intravenous antibiotics for 2 to 3 weeks. Persistent Pseudomonas infection
can be treated using inhaled tobramycin, 300 mg twice per day for 2 to 4 weeks,
alternating with 2 to 4 weeks off. Daily use of a macrolide antibiotic can be
added for anti-inflammatory effect.

Tuberculosis
• What is latent tuberculous infection (LTBI) and why is it important?
• How is LTBI diagnosed?
• Is it necessary to treat LTBI?
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• Persistent inflammation to the airways,
due to a congenital or inherited prob-
lem of host defense, or due to injury to
the airways, as occurs in childhood
infection or with recurrent aspiration,
causes bronchiectasis.

• The most common organisms in
bronchiectasis include Moraxella
catarrhalis, Haemophilus influenzae, and
Streptococcus pneumoniae, with
Pseudomonas aeruginosa and
Staphylococcus aureus common
in more severe bronchiectasis.

Pasteur MC, Helliwell SM, Houghton SJ,
Webb SC, Foweraker JE, Coulden RA, et al.
An investigation into causative factors in
patients with bronchiectasis. Am J Respir
Crit Care Med. 2000;162:1277-84.
PMID: 11029331

TABLE 13 Predisposing Factors 
for Bronchiectasis

Bronchopulmonary infections

Childhood (pertussis, measles)

Bacterial (staphylococcal pneumonia,
tuberculosis)

Viral (influenza, HIV)

Bronchial obstruction

Foreign body

Hilar lymphadenopathy

Chronic obstructive pulmonary disease

Relapsing polychondritis

Congenital anatomic defects

Bronchomalacia

Yellow nail syndrome

Immunodeficiency states

IgG, IgA deficiency

Hereditary abnormalities

Ciliary defects

�1-antitrypsin deficiency

Cystic fibrosis

Miscellaneous disorders

Young’s syndrome

Recurrent aspiration

Inhalation injury (NH4, NO2)

Post-heart–lung transplantation

Connective-tissue disease (rheumatoid
arthritis, Sjögren’s syndrome)

TABLE 14 Sputum Microbiology in Bronchiectasis

Organism Identified in Culture n (%)

Pseudomonas aeruginosa 46 (31)

Haemophilus influenzae 30 (20)

Moraxella catarrhalis 52 (35)

Staphylococcus aureus 21 (14)

Streptococcus pneumoniae 20 (13)

Coliform 17 (11)

Aspergillus fumigatus 3 (2)

Other 7 (3)

No organism identified 34 (23)

Reproduced with permission from: Pasteur MC, Helliwell SM, Houghton SJ, Webb SC, Foweraker JE, Coulden RA, et al.
An investigation into causative factors in patients with bronchiectasis. Am J Respir Crit Care Med. 2000;162:1277-84.
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Tuberculosis remains a common disease of the world, with an estimate of more
than 8 million new cases and 3 million deaths occurring each year. Most of
these cases (approximately 95%) occur in developing countries, though an esti-
mated 15 million persons in the United States are infected with Mycobacterium
tuberculosis. Although there are fewer cases of active tuberculosis, there are
many cases of inactive, or latent, tuberculosis infection (LTBI).

Pathogenesis
Tuberculosis is spread from person to person through aerosolized droplets con-
taining M. tuberculosis. Appropriate-sized particles (<5 µ) may be carried down
the airways to the respiratory bronchioles or alveoli, where infection may be
established. Multiplication of the organisms is slow and occurs within alveolar
macrophages. In persons with an intact immune system, T cells and macro-
phages form granulomatas that limit further multiplication and spread of the
organism. Proliferation of M. tuberculosis is arrested by the cell-mediated immu-
nity in most persons. However, some persons (estimated at 10% overall) with
LTBI progress to active tuberculosis. The greatest risk of progression to active
disease is soon after the initial infection and in patients with specific clinical 
conditions (Table 16, Table 17).

Diagnosis
The diagnosis of active pulmonary tuberculosis is dependent upon identifica-
tion of M. tuberculosis from the airways, such as in sputum or in bronchoalveo-
lar lavage fluid. Organisms may be identified as acid-fast bacilli on a stained spu-
tum smear (for example, fluorochrome procedure using auramine-rhodamine
dyes), but this is not specific. A nucleic acid–based amplification test can
improve the specificity, but sputum culture of the organism remains necessary
(Diagnostic Standards, ATS). It has greater sensitivity and specificity and
allows susceptibility testing to be performed.

K E Y P O I N T S

• Latent tuberculous infection (LTBI) is an
inactive infection that may ultimately
become active tuberculosis, and treat-
ment of LTBI prevents the spread of
tuberculosis (TB).

• Patients with LTBI are identified through
targeted tuberculin skin testing; only
specific persons at risk are offered 
testing.

• The interpretation of the skin test 
reaction is dependent upon the risk 
factors for TB.

• Treatment of LTBI reduces the progres-
sion to active TB, and treatment should
be offered to all persons with positive
tuberculin skin tests using purified 
protein derivatives, regardless of age,
unless there are specific contraindica-
tions or there is proof that the patient
had been treated previously.

Diagnostic Standards and Classification of
Tuberculosis in Adults and Children. This
official statement of the American Thoracic
Society and the Centers for Disease Control
and Prevention was adopted by the ATS
Board of Directors, July 1999. This state-
ment was endorsed by the Council of the
Infectious Disease Society of America,
September 1999. Am J Respir Crit Care
Med. 2000;161:1376-95. PMID: 10764337

TABLE 15 Techniques of Airway
Clearance

Percussion and postural drainage

Cough

Forced expiratory technique

Active cycle breathing

Autogeneic drainage

Positive expiratory pressure (PEP)

Oscillating PEP (e.g., flutter, a cappella)

High frequency chest wall compression

Intrapulmonary percussive ventilation

Exercise

TABLE 16 Incidence of Active Tuberculosis in Persons with a Positive
Tuberculin Skin Test

Risk Factor TB Cases per 1000 Person-years

Recent TB infection

Infection <1 yr ago 12.9

Infection 1-7 yr ago 1.6

HIV infection 35 to 162

Injection drug use

HIV seropositive 76

HIV seronegative or unknown 10

Silicosis 68

Chest radiograph changes consistent with prior TB 2 to 13.6

≥15% below ideal body weight (IBW) 2.6

10% to 14% below IBW 2.0

5% to 9% below IBW 2.2

Within ±5% of IBW 1.1

Overweight by >5% 0.7

HIV = human immunodeficiency virus; TB = tuberculosis

Adapted with permission from: Targeted tuberculin testing and treatment of latent tuberculosis infection. This official
statement of the American Thoracic Society (ATS) was adopted by the ATS Board of Directors, July 1999. This is a Joint
Statement of the ATS and the Centers for Disease Control and Prevention. This statement was endorsed by the Council of
the Infectious Diseases Society of America, September 1999, and the sections of this statement. Am J Respir Crit Care
Med. 2000;161:S221-47. 
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Patients with LTBI are identified through tuberculin skin testing
(Targeted Tuberculin Testing, ATS). The tuberculin skin test induces a
delayed-type hypersensitivity reaction that is detectable 2 to 12 weeks after
infection (Huebner et al.). The delayed-type hypersensitivity reaction begins
within 6 hours after injection and reaches a maximum effect at 48 to 72 hours.
The magnitude of the reaction is dependent upon the immune responsiveness,
and therefore the interpretation of the test is based upon the health of the
patient (Table 18). There is potential for false-positive results, as in patients
with nontuberculous mycobacteria infection or who have received a prior
bacille Calmette-Guérin (BCG) vaccine. There is no method to distinguish
tuberculin reactions due to BCG vaccination from those caused by mycobacte-
rial infections, although indurations >20 mm are not likely due to BCG.

Treatment of Tuberculosis
A chest radiograph should be obtained to ensure the patient with LTBI does
not have active tuberculosis. Sputum examination is only necessary if the chest
radiograph has features of active tuberculosis. Treatment of patients with LTBI
results in a marked reduction in the progression to active tuberculosis when the
treatment consists of an appropriate medication for a sufficient duration of ther-
apy. Isoniazid has been the mainstay of therapy over time. One potential side
effect of isoniazid is hepatotoxicity. A 1% overall rate of isoniazid hepatitis has
occurred, but it appeared to be age related, with the highest rate in persons
more than 50 years of age (Kopanoff et al.). Careful monitoring for hepato-
toxicity can reduce the risk of severe injury. Age is not a consideration in the
decision to treat LTBI. Current recommendations are to treat patients with
LTBI who are at high risk for development of active tuberculosis. Isoniazid is
the preferred treatment for 9 months. Combination therapy with rifampin and
pyrazinamide has a shorter regimen suggesting a greater likelihood of compli-
ance. However, there are reports of severe and fatal liver injuries associated with
rifampin and pyrazinamide given for LTBI and the recommendation is to use
this regimen with caution and close monitoring of liver function (CDC, 2001).

Tuberculosis, including treatment of active disease is discussed in the
MKSAP 13 book on Infectious Disease Medicine.
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Targeted tuberculin testing and treatment of
latent tuberculosis infection. This official
statement of the American Thoracic Society
was adopted by the ATS Board of Directors,
July 1999. This is a Joint Statement of the
American Thoracic Society (ATS) and the
Centers for Disease Control and Prevention
(CDC). This statement was endorsed by the
Council of the Infectious Diseases Society of
America. (IDSA), September 1999, and the
sections of this statement. Am J Respir Crit
Care Med. 2000;161:S221-47.
PMID: 10764341
Huebner RE, Schein MF, Bass JB Jr.
The tuberculin skin test. Clin Infect Dis.
1993;17:968-75. PMID: 8110954
Kopanoff DE, Snider DE Jr, Caras GJ.
Isoniazid-related hepatitis: a U.S. Public
Health Service cooperative surveillance study.
Am Rev Respir Dis. 1978;117:991-1001.
PMID: 666111
From the Centers for Disease Control and
Prevention. Update: Fatal and severe liver
injuries associated with Rifampin and
Pyrazinamide for latent tuberculosis infec-
tion, and revisions in American Thoracic
Society/CDC recommendations—United
States, 2001. JAMA. 2001;286:1445-6.
PMID: 11596606

TABLE 17 Relative Risk for Developing Active Tuberculosis 
(Independent of Tuberculin Skin Test)

Clinical Condition Relative Risk (%)

Silicosis 30

Diabetes mellitus 2.0 to 4.1

Chronic renal failure or hemodialysis 10 to 25.3

Gastrectomy 2 to 5

Jejunoileal bypass 27 to 63

Organ transplantation

Renal 37

Cardiac 20 to 74

Carcinoma of the head and neck 16

Adapted with permission from: Targeted tuberculin testing and treatment of latent tuberculosis infection. This official
statement of the American Thoracic Society (ATS) was adopted by the ATS Board of Directors, July 1999. This is a Joint
Statement of the ATS and the Centers for Disease Control and Prevention. This statement was endorsed by the Council of
the Infectious Diseases Society of America, September 1999, and the sections of this statement. Am J Respir Crit Care
Med. 2000;161:S221-47.
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Nontuberculous Mycobacteria
• What is the most common manifestation of nontuberculous mycobacterial infection 

in a nonimmunocompromised patient?
• How is nontuberculous mycobacterial pulmonary disease diagnosed?
• How is Mycobacterium avium complex pulmonary disease treated?

Nontuberculous mycobacteria (NTM) are ubiquitous organisms, found partic-
ularly in water and soil. NTM disease is not a reportable illness in the United
States; therefore, the true incidence or prevalence is not known. One survey
estimated a prevalence of NTM pulmonary disease of 1.8 cases per 100,000
persons (O’Brien et al.). Recent surveys have shown an increase in the num-
ber of isolates identified, which may be the result of increasing infection or bet-
ter methods of sputum culture isolation. The great majority of isolates are iden-
tified as Mycobacterium avium complex, accounting for more than 60% in one
surveillance study and more than 95% in patients with AIDS and disseminated
disease.

NTM disease can be disseminated or localized. Disseminated M. avium
complex infection is the most common bacterial infection in patients with
AIDS, occurring in 20% to 40% of all patients (Diagnosis and Treatment,
ATS). Disseminated disease is highly correlated with severe immunosuppres-
sion, especially when the CD4 lymphocyte count is less than 100/µL.
Prophylactic therapy is warranted for patients with a CD4 lymphocyte count of
less than 200/µL.

Chronic pulmonary disease is the most common localized clinical manifes-
tation of NTM (Falkinham; Wolinsky). M. avium complex is the most com-
mon pathogen followed by Mycobacterium kansasii, Mycobacterium abscessus,

O’Brien RJ, Geiter LJ, Snider DE Jr. The
epidemiology of nontuberculous mycobacte-
rial diseases in the United States. Results
from a national survey. Am Rev Respir Dis.
1987;135:1007-14. PMID: 3579001
Diagnosis and treatment of disease caused by
nontuberculous mycobacteria. This official
statement of the American Thoracic Society
was approved by the Board of Directors,
March 1997. Medical Section of the
American Lung Association. Am J Respir
Crit Care Med. 1997;156:S1-25.
PMID: 9279284
Falkinham JO 3rd. Epidemiology of infec-
tion by nontuberculous mycobacteria. 
Clin Microbiol Rev. 1996;9:177-215.
PMID: 8964035
Wolinsky E. State of the Art: Nontuberculous
mycobacteria and associated diseases. Am
Rev Respir Dis. 1979;119:107-59.
PMID: 369415

TABLE 18 Criteria for Positive Tuberculin Skin Test

Size of Induration Clinical Criteria

≥15 mm Persons with no risk factors for TB

≥10 mm Recent immigrants (<5 years) from high prevalence countries

Injection drug users

Residents and employees from high risk settings

Prisons and jails

Nursing homes, long-term care settings

Hospitals, health care facilities

Residential facilities for patients with AIDS

Homeless shelters

Persons with high-risk clinical conditions

Children younger than 4 years of age

Persons <18 years of age and exposed to adults at high risk

≥5 mm HIV positive

Recent contacts with patients with TB

Fibrotic changes on chest radiograph consistent with 
prior TB

Patients with immunosuppression

Organ transplants

Prednisone (or equivalent) ≥15 mg/day for >1 month

AIDS = acquired immunodeficiency syndrome; HIV = human immunodeficiency virus; TB = tuberculosis

Adapted with permission from: Targeted tuberculin testing and treatment of latent tuberculosis infection. This official
statement of the American Thoracic Society (ATS) was adopted by the ATS Board of Directors, July 1999. This is a Joint
Statement of the ATS and the Centers for Disease Control and Prevention. This statement was endorsed by the Council 
of the Infectious Diseases Society of America, September 1999, and the sections of this statement. Am J Respir Crit Care
Med. 2000;161:S221-47.
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and Mycobacterium fortuitum. Patients generally are older and often have a his-
tory of underlying chronic lung disease, but this is not a necessity. Risk factors
for NTM pulmonary disease are shown in Table 19. Patients typically present
with nonspecific symptoms such as cough, sputum production, and fatigue; less
common symptoms include dyspnea, fever, hemoptysis, and weight loss. The
radiographic features of NTM lung disease differ from M. tuberculosis due to
thin-walled cavities with less surrounding parenchymal infiltrate, less bron-
chogenic but more contiguous spread of disease, and production of more
marked involvement of pleura over the involved areas of the lungs. There may
be dense disease or a solitary pulmonary nodule with or without cavitation.
Pleural effusion is rare. HRCT of the chest may show multifocal bronchiectasis
and clusters of small nodules.

The diagnosis is established by clinical and pathologic criteria. Tuberculin
skin testing may be positive because of cross-reactions with purified protein
derivatives, although there is not a specific antigen for NTM. Isolation of the
organism is essential. Recommended evaluation criteria include three or more
sputum samples for acid-fast bacilli with efforts to exclude other confounding
factors such as TB and malignancy. Most patients do not require a biopsy for
diagnosis. Diagnostic criteria are summarized in Table 20.

Another manifestation of M. avium complex pulmonary infection has
emerged. This pattern now predominates in several regions of the United
States. Patients are almost exclusively otherwise healthy, however, between the
ages of 50 and 75 years. They present with daily productive cough and mild
malaise. Chest radiographs show patchy, non-artery infiltrates that may not be
localized to the right middle lobe and are singly or widely distributed. CT scan-
ning shows that these infiltrates have the distribution of bronchopneumonia.
This form of the disease occurs when women with an as-yet unidentified 
susceptibility inhale viable airborne organisms in showers or jacuzzi baths.
Diagnosis generally requires culture of specimens obtained by bronchoscopy. A
more acute and widespread form of this disease has been reported in occasional
men and women of various ages who bathe in hot tubs.

Medical treatment of NTM pulmonary disease is generally frustrating and
requires a prolonged course of treatment with multiple antibiotics. For exam-
ple, M. avium complex may be treated with a combination of ethambutol,
rifampin, and a macrolide (such as clarithromycin or azithromycin), for 24
months. Recurrence is common after completion of therapy.

Pulmonary Vascular Diseases

Pulmonary Hypertension
• What conditions are associated with the development of pulmonary hypertension?
• What is an appropriate diagnostic evaluation for patients who may have 

pulmonary hypertension?
• What treatments are available for pulmonary hypertension?

Pulmonary hypertension occurs when the mean pressure within the pulmonary
artery is above 25 mm Hg at rest or 30 mm Hg with exercise. Several patho-
physiologic mechanisms produce pulmonary hypertension, including intimal
hyperplasia, smooth muscle hypertrophy, microvascular thrombosis, and reac-
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• Chronic pulmonary disease is the most
common localized clinical manifestation
of nontuberculous mycobacterial 
infection.

• The diagnosis of nontuberculous
mycobacterial pulmonary disease
requires identification of the organism
in a patient with the proper clinical fea-
tures, such as respiratory symptoms and
abnormal radiographic features.

• The treatment of M. avium complex pul-
monary disease requires at least three
antibiotics (for example, clarithromycin,
rifampin, and ethambutol), with the
addition of streptomycin for extensive
disease, for at least 10 months after 
cultures have become negative.

• Diagnosis of M. avium complex pul-
monary infection generally acquired in
jaccuzi hot tubs requires culture of spec-
imens obtained by bronchoscopy.

TABLE 19 Risk Factors of
Nontuberculous Mycobacterial
Pulmonary Disease

Presumed or Confirmed 
HIV Seronegative
Local immune suppression

Alcoholism

Bronchiectasis

Cyanotic heart disease

Cystic fibrosis

Prior mycobacterial disease

Pulmonary fibrosis

Smoking or chronic obstructive
pulmonary disease

General severe immune suppression

Leukemia

Lymphoma

Organ transplantation

Other immunosuppressive therapy

Presumed or Confirmed 
HIV Seropositive

CD4 lymphocyte count <200/µL

HIV = human immunodeficiency virus

Reproduced with permission from: Diagnosis and treatment
of disease caused by nontuberculous mycobacteria. This
official statement of the American Thoracic Society was
approved by the Board of Directors, March 1997. Medical
Section of the American Lung Association. Am J Respir 
Crit Care Med. 1997;156:S1-25. 
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tive constriction of pulmonary arterioles, as occurs in hypoxemia. There are pri-
mary causes (sporadic and familial) and many secondary forms of pulmonary
hypertension (Table 21). Pulmonary arterial hypertension refers to pulmonary
hypertension associated with chronic disease of pulmonary arterioles.

Diagnosis
The symptoms of pulmonary arterial hypertension occur late in the develop-
ment of this condition and are nonspecific. Most patients have progressive dys-
pnea on exertion. Right ventricular failure, cyanosis, and syncope are manifes-
tations of far advanced disease. On physical examination, a right ventricular
heave, a loud pulmonic S2, and a tricuspid or pulmonic regurgitant murmur
suggest the presence of pulmonary hypertension.

Patients who may have pulmonary hypertension should be asked about
secondary causes of pulmonary hypertension such as sleep apnea, left heart dis-
ease, liver disease, collagen vascular diseases, and a history of use of anorectic
agents. Signs of left or right heart dysfunction, airways obstruction or other
chronic respiratory disorders, and mucosal or skin changes associated with col-
lagen vascular diseases are additional important physical findings.

The evaluation of patients who may have pulmonary hypertension should
include an echocardiogram. Pulmonary artery pressure can be estimated from
the severity of tricuspid valve regurgitation. Additional important echocardio-
graphic findings include the presence of right ventricular dilation and dysfunc-
tion, evidence of left heart dysfunction (systolic or diastolic), valvular abnor-
malities, or intracardiac shunt. If pulmonary artery pressure is normal at rest,

K E Y P O I N T S

• Primary pulmonary hypertension is a
progressive disease that can result in
severe functional limitations and death.

• A thorough evaluation for secondary
causes of pulmonary hypertension 
is required.

• Recent advances in pharmacologic ther-
apy for pulmonary hypertension offer
many patients improved exercise toler-
ance, quality of life, and survival.

TABLE 20 Criteria for Diagnosis of Nontuberculous Mycobacterial Pulmonary Disease

Clinical Criteria
Compatible signs or symptoms (cough and fatigue most common; fever, weight loss, hemoptysis, dyspnea may be present, particularly
in advanced disease) with documented deterioration in clinical status if an underlying condition is present, AND

Reasonable exclusion of other disease (e.g., tuberculosis, cancer, histoplasmosis) to explain condition, or adequate treatment of other
condition with increasing signs or symptoms

Radiographic Criteria
Any of the following chest radiography abnormalities; if baseline films are more than 1 year old, should be evidence of progression

1) Infiltrates with or without nodules (persistent ≥2 mo or progressive)

2) Cavitation

3) Nodules alone (multiple)

Any of the following HRCT abnormalities

1) Multiple small nodules

2) Multifocal bronchiectasis with or without small lung nodules

Bacteriologic Criteria
At least three available sputum or bronchial wash samples within 1 yr

1) Three positive cultures with negative AFB smears, OR

2) Two positive cultures and one positive AFB smear, OR

Single available bronchial wash sample and inability to obtain sputum samples

1) Positive culture with 2+, 3+, or 4+ growth, OR

2) Positive culture with a 2+, 3+, or 4+ AFB smear, OR

Tissue biopsy

1) Any growth from bronchopulmonary tissue biopsy

2) Granuloma or AFB or both on lung biopsy with one or more positive cultures from sputum or bronchial wash sample

3) Any growth from usually sterile extrapulmonary site

AFB = acid-fast bacilli; HRCT = high-resolution computed tomography

Adapted with permission from: Diagnosis and treatment of disease caused by nontuberculous mycobacteria. This official statement of the American Thoracic Society was approved by the
Board of Directors, March 1997. Medical Section of the American Lung Association. Am J Respir Crit Care Med. 1997;156:S1-25.



Pulmonary Hypertension

echocardiographic imaging can be immediately repeated after exercise to look
for abnormally elevated pressures causing exertional dyspnea.

Appropriate studies to search for secondary causes of pulmonary hyperten-
sion include a chest radiograph, pulmonary function testing, and a V/Q lung
scan to look for occult pulmonary thromboembolic disease. Blood tests should
be obtained for liver function, HIV, and collagen vascular disease (for example,
serum antinuclear antibodies, rheumatoid factor, anti-Scl-70 antibodies).
HRCT may be needed if physical examination, chest radiograph, or pulmonary
function testing suggests pulmonary parenchymal disease. Polysomnography is
appropriate if symptoms suggest sleep apnea. Primary pulmonary hypertension
should only be diagnosed after other potential causes have been excluded.

Cardiac catheterization should be performed to complete the initial evalu-
ation of most patients. Right-sided cardiac catheterization should be performed
to measure pulmonary artery pressure and cardiac output at rest and to evalu-
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TABLE 21 Classification of Pulmonary Hypertension in Adults

Pulmonary Arterial Hypertension

Primary pulmonary hypertension 

Sporadic

Familial

Related to:

Collagen vascular disease

Congenital systemic-to-pulmonary shunts

Portal hypertension

HIV infection

Anorexigenic drugs

Pulmonary Venous Hypertension

Left-sided atrial or ventricular heart disease

Left-sided valvular heart disease 

Extrinsic compression of central pulmonary veins

Pulmonary veno-occlusive disease

Pulmonary Hypertension Associated with Disorders of the Respiratory System or Hypoxemia or Both

Chronic obstructive pulmonary disease

Interstitial lung disease

Sleep-disordered breathing

Alveolar hypoventilation disorders

Chronic exposure to high altitude

Pulmonary Hypertension Due to Chronic Thromboembolic Disease or Embolic Disease or Both

Thromboembolic obstruction of proximal pulmonary arteries

Obstruction of distal pulmonary arteries

Embolization of thrombus, tumor, ova or parasites or both, foreign material

In-situ thrombosis

Sickle cell disease

Pulmonary Hypertension Due to Disorders Directly Affecting the Pulmonary Vasculature

Inflammatory

Schistosomiasis

Sarcoidosis

Pulmonary capillary hemangiomatosis

Adapted with permission from: Rich, S (Ed). Primary Pulmonary Hypertension: Executive Summary. 1998 World Symposium, sponsored by the World Health Organization, Evian, France,
September 6-10, 1998.
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ate the reactivity of the pulmonary vascular bed. An elevated right atrial pres-
sure and a decreased cardiac index are poor prognostic findings in patients with
pulmonary hypertension. Short-acting vasodilators should be administered with
the catheter in place to test for hemodynamic improvement and to predict the
success of therapy with various pharmacologic agents. The left heart may also
be catheterized to look for elevated left artrial pressure and to evaluate for left-
heart valvular dysfunction and left ventricular systolic or diastolic dysfunction.

Therapy
Therapy for pulmonary arterial hypertension should be directed at reducing
pulmonary vascular resistance, improving cardiac output, and, if possible,
reducing pulmonary artery pressure. On right heart catheterization, some
patients have acute vasoreactivity and improved hemodynamics in response to
oral administration of a calcium channel blocker. Long-term administration of
a calcium channel blocker can be recommended for these patients, but should
not be empirically initiated.

Relatively stable, patients with New York Heart Association (NYHA) class
III and even IV symptoms and primary pulmonary hypertension or pulmonary
hypertension associated with systemic sclerosis may respond to a trial of the
endothelin receptor antagonist, bosentan. Many of these patients have
improved exercise tolerance after 12 to 16 weeks of treatment (Rubin et al.).
The role of bosentan therapy for other forms of pulmonary hypertension has
not been defined. Bosentan is contraindicated if the patient is pregnant.
Approximately 11% of patients have a threefold or greater increase in serum
aminotransferases during the first 16 weeks of therapy. This complication is
dose dependent and appears to be fully reversible. Liver function tests should
be monitored monthly.

Less stable patients (NYHA class III or IV) should be treated with a
prostaglandin analogue. Continuous intravenous infusion of epoprostenol
improves exercise function, quality of life, and survival (Barst et al.). Patients
who previously would have undergone lung transplantation are now maintained
on epoprostenol for years with acceptable, stable exercise tolerance. Long-term
intravenous epoprostenol therapy for ambulatory patients is delivered from a
customized infusion pump through an implanted central venous catheter.
Because epoprostenol is unstable at room temperature, the pump must be
packed continuously in a refrigerant. Patients must mix the infusion solution
daily and apply strict sterile technique in setting up each daily infusion.
Complications include blood infections and thrombosis at the intravenous
catheter site. Interruption of the infusion for even a few minutes can precipitate
cardiovascular collapse. Subcutaneously administered treprostinil is available,
but its use is commonly complicated by significant pain at the infusion site.

Additional therapeutic considerations include diuretic therapy in patients
with right ventricular failure and fluid overload. In severe pulmonary hyperten-
sion, overdiuresis can precipitate hypotension by causing under filling of the left
ventricle. Many centers recommend digoxin for patients with right ventricular
failure. Life-long anticoagulation is essential for the treatment of pulmonary
hypertension associated with venous thromboembolic disease. Warfarin therapy
may improve survival in other forms of hypertension and is routinely adminis-
tered long-term unless contraindicated. Other factors contributing to pul-
monary hypertension, such as airways obstruction and obstructive sleep apnea,
should be aggressively managed. Supplemental oxygen should be provided to
maintain adequate arterial oxygen saturation at rest and with exertion. Evaluation
for lung transplantation should be considered if medical therapy is inadequate.

Rubin LJ, Badesch DB, Barst RJ, Galie N,
Black CM, Keogh A, et al. Bosentan ther-
apy for pulmonary arterial hypertension. 
N Engl J Med. 2002;346:896-903.
PMID: 11907289
Barst RJ, Rubin LJ, Long WA, McGoon MD,
Rich S, Badesch DB, et al. A comparison 
of continuous intravenous epoprostenol
(prostacyclin) with conventional therapy for
primary pulmonary hypertension. The
Primary Pulmonary Hypertension Study
Group. N Engl J Med. 1996;334:296-302.
PMID: 8532025
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Pulmonary thromboendarterectomy is a therapeutic option for some
patients with thromboembolic pulmonary hypertension and residual clot in
their central arteries that is amenable to extraction. When performed at experi-
enced centers, this technique results in significant acute hemodynamic and
long-term functional improvements (Fedullo et al.).

Venous Thromboembolism
• Who is at risk for the development of venous thromboembolism (VTE)?
• When should low-molecular-weight heparin be used to treat VTE?
• For how long should anticoagulation be continued after the first episode of VTE disease?
• What therapeutic options are available to treat a massive pulmonary embolism with

hemodynamic compromise?

Pulmonary embolism (PE) is a complication of deep venous thrombosis
(DVT). The risk factors for PE and DVT are the same, and diagnosis and treat-
ment are closely linked. Therefore, the two conditions are best approached as
manifestations of one disease, venous thromboembolism (VTE).

Epidemiology and Risk Factors
VTE remains a common, underdiagnosed, and lethal disorder despite advances
in prophylaxis, diagnostic modalities, and therapy. The incidence of VTE-
related deaths has not changed significantly in 40 years. Approximately 5 mil-
lion episodes of DVT occur annually in the United States, and approximately
10% result in clinically significant PE. Approximately 50,000 persons die from
VTE annually in the United States (Wood).

Factors contributing to the development of VTE include vascular injury,
venous stasis, and hypercoagulability. If not rapidly lysed, a newly formed
intravascular clot can organize, extend, and dislodge, resulting in PE. Most
symptomatic PEs arise from the deep veins of the lower extremities. Other PEs
form in the veins of the pelvis, abdomen, and upper extremities. Although clots
distal to the popliteal veins may not cause clinically significant PE, proximal
extension from these calf veins above the knee can result in symptomatic PE.
DVT can cause persistent venous valvular incompetence and distortion or
obstruction of affected veins. These changes predispose to chronic venous
insufficiency (the postphlebitic syndrome) and recurrent VTE.

Risk factors for the development of VTE are listed in Table 22. In the
absence of contraindications, at-risk hospitalized patients should receive appro-
priate prophylaxis against the formation of DVT.

Diagnosis
Symptomatic PE presents with dyspnea, pleuritic pain, cough, hemoptysis, or
fever, singly or in combination. No signs or symptoms reliably distinguish VTE
from other causes of respiratory distress. Chest radiography and arterial blood
gas sampling similarly are insensitive and nonspecific for VTE. Therefore, timely
diagnosis remains challenging. Approximately 25% of patients tested for acute
VTE based on clinical presentation are diagnosed with VTE after confirmatory
testing (Kruip et al.). However, autopsy studies have shown that fatal episodes
of VTE commonly are not suspected during life. Clinical outcome studies are
beginning to identify comparatively safe diagnostic approaches that quickly lead
to confident decisions about therapy for VTE in most instances.

Initial assessment of a patient with symptoms of VTE should include the
results of routine diagnostic studies and a chest radiograph. On the basis of this
clinical evaluation, a low, intermediate, or high probability of disease should be
assigned to guide selection and interpretation of subsequent diagnostic tests.
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Fedullo PF, Auger WR, Kerr KM, Rubin LJ.
Chronic thromboembolic pulmonary hyper-
tension. N Engl J Med. 2001;345:1465-72.
PMID: 11794196

K E Y P O I N T S

• Venous thromboembolism (VTE) is a
common, underrecognized, and poten-
tially lethal condition.

• Diagnosis of VTE involves evaluation of
the lungs or lower extremities, or both
sites if necessary, for evidence of a clot.

• Anticoagulation must be instituted
promptly to achieve therapeutic levels.

Wood, KE. Major pulmonary embolism:
review of a pathophysiologic approach to the
golden hour of hemodynamically significant
pulmonary embolism. Chest. 2002;121:877-
905. PMID: 11888976
Kruip MJ, Leclercq MG, van der Heul C,
Prins MH, Buller HR. Diagnostic strate-
gies for excluding pulmonary embolism in
clinical outcome studies: a systematic review.
Ann Intern Med 2003;138:941-951.
PMID: 12809450
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Several nomograms have been developed to assess the likelihood of PE based
on initial clinical assessment (Wells et al., 1998). Several factors that are most
helpful in developing a clinical suspicion of PE are shown in Table 23. Further
evaluation should include a negative or positive diagnostic study or a combina-
tion of assessments that diagnose or exclude VTE to a sufficient level of confi-
dence for therapeutic decision-making. If the first diagnostic study does not
yield definitive results, a second is performed. Occasionally, a third study is
needed to make a confident decision on therapy.

If the clinical probability of VTE is low or intermediate, fibrin degradation
product, D-dimer, should be measured, if the test is available with a quick turn-
around time. A normal D-dimer blood level, measured by ELISA or by latex-
enhanced photometric immunoassay, has a sensitivity and negative predictive
value of about 100%, and nearly excludes a diagnosis of active VTE when com-
bined with either a nondiagnostic V/Q lung scan or a normal lower-extremity
ultrasound (with symptoms of DVT) in a patient with a low clinical probablilty
of disease. Conversely, an abnormally elevated D-dimer level occurs in many
acute and chronic conditions in addition to VTE, including sepsis. Therefore,
an abnormal result requires further diagnostic study (Perrier et al.; Wells et al.,
2001; Ginsberg et al.).

Despite significant limitations, V/Q lung scanning remains an excellent
first or second-level test for PE, especially for patients who have a normal or
near-normal chest radiograph. Coupled with a carefully determined level of
clinical probability, V/Q lung scanning results often can diagnose and exclude
PE to an acceptable degree of clinical confidence (Table 24). PE can be diag-
nosed with greater than 90% confidence when a high pretest clinical suspicion

Wells PS, Ginsberg JS, Anderson DR,
Kearon C, Gent M, Turpie AG, et al. 
Use of a clinical model for safe management
of patients with suspected pulmonary
embolism. Ann Intern Med. 1998;129:
997-1005. PMID: 9867786
Perrier A, Desmarais S, Miron MJ, de
Moerloose P, Lepage R, Slosman D, et al.
Non-invasive diagnosis of venous throm-
boembolism in outpatients. Lancet.
1999;353:190-5. PMID: 9923874
Wells PS, Anderson DR, Rodger M, Stiell
I, Dreyer JF, Barnes D, et al. Excluding
pulmonary embolism at the bedside without
diagnostic imaging: management of patients
with suspected pulmonary embolism present-
ing to the emergency department by using a
simple clinical model and D-dimer. Ann
Intern Med. 2001;135:98-107.
PMID: 11453709
Ginsberg JS, Wells PS, Kearon C,
Anderson D, Crowther M, Weitz JI, et al.
Sensitivity and specificity of a rapid whole-
blood assay for D-dimer in the diagnosis of
pulmonary embolism. Ann Intern Med.
1998;129:1006-11. PMID: 9867754

TABLE 22 Risk Factors for Venous Thromboembolism

Major Risk Factors

Major surgery

Trauma

Malignancy and its treatment (chemotherapy, hormonal therapy, radiotherapy)

Previous venous thromboembolism

Blood coagulation disorders

Antiphospholipid antibody syndrome

Antithrombin, protein C, and protein S deficiency

Homozygosity for factor V Leiden or prothrombin G20210A mutation

Minor Risk Factors

Increasing age

Pregnancy and the postpartum state

Estrogen therapy (oral contraceptives and postmenopausal hormone 
replacement therapy)

Hospitalization for medical conditions including stroke, chronic obstructive pulmonary
disease, exacerbations, severe pneumonia, heart failure

Inflammatory bowel disease

Immobilization alone

Nephrotic syndrome

Blood coagulation disorders

Heterozygosity for factor V Leiden or prothrombin G20210A mutation

Hyperhomocysteinemia

Myeloproliferative disorders

Adapted with permission from: Selby, R. and Geerts, W.H. Seminars in Respiratory and Critical Care Medicine, 2000;
21(6):493-501.
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for VTE is coupled with high-probability V/Q lung scanning. Conversely, anti-
coagulation can be safely withheld when V/Q lung scanning is normal or nearly
so. PE is similarly unlikely when a low clinical probability of VTE is accompa-
nied by a low-probability V/Q lung scan. The combination of an intermediate
or high clinical suspicion and a low- or indeterminate-probability V/Q scan
commonly occurs and requires further study.

Lower-extremity Doppler compression ultrasonography is useful as a first-
or second-level diagnostic test for VTE when administered and interpreted
properly. Positive and negative predictive values are much higher when this test
is performed on patients with signs or symptoms suggestive of lower-extremity
DVT. The diagnostic utility of lower-extremity ultrasonography is improved
considerably when the test is repeated twice within 7 to 10 days after the initial
study, because ultrasound examination does not reliably evaluate the deep
venous system below the knees, and lower vein clot can propagate proximally
after an initially negative test. Anticoagulation can be withheld when a patient
with a low-to-intermediate clinical probability or a nondiagnostic V/Q scan has
normal results on serial compression ultrasonography.
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TABLE 23 An Approach to Establishing a Pretest Clinical Suspicion for
Pulmonary Embolism*

Pretest Clinical Suspicion

Signs and systems of DVT 3.0 points

PE as/more likely than alternative diagnoses 3.0 points

Heart rate >100/min 1.5 points

Immobilization or surgery in prior 4 weeks 1.5 weeks

Previous DVT or PE 1.5 points

Hemoptysis 1.0 points

Malignancy (or treatment for malignancy within 6 mo) 1.0 points

Low clinical suspicion <2.0 total points

Intermediate clinical suspicion 2.0 to 6.0 total points

High clinical suspicion >6.0 total points

DVT = deep venous thrombosis; PE = pulmonary embolism

*To aid in establishing an appropriate pretest clinical suspicion of PE, several clinical models have been developed to
emphasize items in the history and physical examination significantly raising the probability of PE including the significant
contribution of either signs or symptoms of a DVT, or a clinical assessment that PE is at least as likely as alternative expla-
nations for the patient’s symptoms.

Reproduced from: Wells PS, Ginsberg JS, Anderson DR, Kearon C, Gent M, Turpie AG, et al. Use of a clinical model for
safe management of patients with suspected pulmonary embolism. Ann Intern Med. 1998;129:997-1005.

TABLE 24 Diagnostic Utility of the Ventilation/Perfusion Lung Scan in
Combination with the Pretest Clinical Suspicion*

Pretest Clinical Probability

V/Q Scan High Intermediate Low

High 95 86 56

Intermediate 66 28 15

Low 40 15 4

Normal or near normal 0 6 2

*Shown are the percentages of patients in each group found to have pulmonary embolism (PE) on pulmonary angiogram
in the Prospective Investigation of Pulmonary Embolism Diagnosis (PIOPED) study. Normal or near-normal ventilation/perfu-
sion (V/Q) lung scanning results exclude the diagnosis of PE, even among patients with a high pretest clinical suspicion.
Conversely, a high probability V/Q scan result with high clinical suspicion is diagnostic of PE in most cases. There is a sig-
nificant (>15%) incidence of PE among patients with at least an intermediate pretest clinical suspicion for PE and a low
probability V/Q scan result. Such patients together with the other nondiagnostic combinations require further evalution.

Adapted with permission from: Value of the ventilation/perfusion scan in acute pulmonary embolism: results of the prospec-
tive investigation of pulmonary embolism diagnosis (PIOPED), The PIOPED Investigators. JAMA 1990; 263:2753-2759.
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The advantages of using CT angiography as a first or second diagnostic test
for VTE include rapid completion in less stable or uncooperative patients,
greater specificity for PE than V/Q scanning, and the ability to identify alter-
native explanations for a patient’s symptoms. A series of clinical studies con-
ducted between 1999 and 2003 have established the utility of spiral CT angiog-
raphy for the diagnosis or exclusion of PE when technically adequate images
can be evaluated by an experienced radiologist. When rapidly and routinely
available, spiral contrast-enhanced CT is emerging as the confirmatory study of
choice for patients with abnormalities in the lungs on chest radiography or inde-
terminate V/Q scanning results. Anticoagulation can be safely withheld from
patients who have a technically adequate, negative CT angiogram and no evi-
dence of proximal DVT by compression ultrasonography (Musset et al.;
van Strijen et al.).

Pulmonary angiography, the traditional “gold standard” for the diagnosis
of PE, may be required for the diagnosis of VTE at centers if other diagnostic
modalities are not available or reliable or if patients have an intermediate or
higher clinical probability of VTE and nondiagnostic results on first- or second-
level tests. Conventional angiography is appropriate for patients in shock who
may require immediate intervention and for circumstances when a relative con-
traindication to anticoagulation requires an exceptionally high level of diagnos-
tic confidence. Complications of angiography include bleeding, contrast reac-
tions (nephropathy, allergy), and hemodynamic instability in high-risk patients
(for example, with pulmonary hypertension). Considerable skill and experience
are required to interpret the images from pulmonary angiography.

Therapy
Barring a major contraindication, heparin therapy should be initiated promptly
upon strong clinical probability or diagnostic confirmation of VTE. Weight-
based nomograms for determining doses of intravenous boluses and mainte-
nance infusions of unfractionated heparin should be used to ensure prompt
establishment and maintenance of a therapeutic dose (Hyers et al.).

Failure to establish a therapeutic activated partial thromboplastin time (1.5
to 2 times the upper limit of the normal range) within 24 hours of initiation of
heparin is associated with an increased risk of recurrent VTE.

Low-molecular-weight heparins (LMWH) have more predictable antico-
agulant effects and do not require monitoring of therapeutic effect except in the
presence of significant renal dysfunction or extremes of weight (<40 kg [<88
lb] or morbid obesity). Carefully selected, low-risk patients can be safely man-
aged outside the hospital with LMWH (Koopman et al.; Levine et al.).
Complications of unfractionated heparin or LMWH include bleeding, the
development of heparin-induced thrombocytopenia, and recurrent VTE.

Anticoagulation for at least 3 months is recommended for all but the low-
est-risk patients with VTE disease. Indefinite therapy is recommended for those
with a documented hypercoagulable state, recurrent VTE, or ongoing risk,
such as paraplegia or malignancy (Table 25). Warfarin should be administered
unless contraindicated for long-term anticoagulation. Warfarin can be started at
any time after initiation of heparin. Heparin should be continued for at least 5
days after the diagnosis of acute VTE and should only be discontinued after a
therapeutic level of warfarin is achieved (INR of 2 to 3; higher in some forms
of thrombophilia). After 6 months of full-dose warfarin therapy, long-term anti-
coagulation of patients with idiopathic VTE at a lower therapeutic level (target
INR 1.5 to 2) is effective at preventing recurrence (Ridker et al.).

Inferior vena cava filters decrease the risk of PE, but may be associated with
increased risk of recurrent DVT. Placement of an inferior vena cava filter should
be considered for patients with acute or chronic illness who cannot be safely
anticoagulated. Filter placement should also be considered (with or without
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egy for patients with suspected pulmonary
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come study. Lancet. 2002;360:1914-20.
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multicenter clinical management study of
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anticoagulation) in patients with residual DVT who are at heightened risk for
hemodynamic compromise if a recurrent embolism should occur.

Thrombolytic agents such as tissue plasminogen activator (tPA) should be
used to hasten dissolution of documented central PE associated with sustained
hypotension. Contraindications to thrombolysis are the same for VTE as for
myocardial infarction, although the risk of intracerebral hemorrhage appears to
be higher when these agents are used for PE. For treatment of VTE, heparin
can be given concurrently with infusion of a thrombolytic agent.

Intravenous catheter-directed thrombolysis and thrombus extraction are
alternative modes of resolving proximal PE. Open thrombectomy on cardio-
pulmonary bypass should be used in desperate situations with a high associated
mortality. However, none of these salvage therapies for massive PE has been
studied adequately in clinical trials (Goldhaber).

Pleural Effusions

A pleural effusion signifies an imbalance between production and removal of
fluid from the pleural space and may be a manifestation of disease in any organ.
The evaluation of the patient with a pleural effusion requires a systematic history
(including the duration of the effusion), physical examination, and pertinent
laboratory tests to formulate a prethoracentesis diagnosis (Cohen and Sahn).

Clinical Presentation of Pleural Effusions
• Which patients with pleural effusions are asymptomatic at presentation?
• Which diseases typically present with an isolated pleural effusion on chest radiograph?

Patients with small pleural effusions associated with certain diseases, such as the
nephrotic syndrome and rheumatoid arthritis, often are asymptomatic. Dyspnea
and chest pain are the two most common symptoms of larger effusions.
Dyspnea may be caused by the space-occupying effect of a large effusion or
closely associated parenchymal lung disease. Pleuritic chest pain causes involun-
tary interruption of inspiration by sharp severe pain. In contrast, patients gen-
erally are able to complete a deep inspiration when pain associated with breath-
ing arises from chest wall structures such as muscle. True pleuritic chest pain
indicates acute inflammation of the pleura and is often, but not invariably,
accompanied by an effusion.
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TABLE 25 Duration of Anticoagulation for Venous Thromboembolism*

3 to 6 months First event with reversible† or time limited risk factor
(patient may have underlying factor V Leiden or
prothrombin G20210A mutation)

≥6 months Idiopathic venous thromboembolism, first event

12 months to lifetime First event‡ with

Cancer

Anticardiolipin antibody

Antithrombin deficiency

Recurrent event, idiopathic, or with thrombophilia

*All recommendations are subject to modification by individual characteristics, including patient preference, age, 
comorbidity, and likelihood of recurrence.

†Reversible or time-limited risk factors: surgery, trauma, immobilization, estrogen use.

‡Proper duration of therapy is unclear in first event with homozygous factor V Leiden, homocystinemia, deficiency of 
protein C or S, or multiple thrombophilias; and in recurrent events with reversible risk factors.

Reproduced with permission from: Hyers, T.M, et al. Antithrombic Therapy For Venous Thromboembolic Disease. 
Chest 2001; 119:176S-193S.
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Chest Radiography
If a pleural effusion is the only radiographic abnormality, infradiaphragmatic
disorders, infectious causes, lymphatic abnormalities, and rheumatic diseases
should be considered. A massive effusion (occupying the entire hemithorax) is
caused by spread of malignant disease to the pleura. When the effusion causes
contralateral mediastinum shift, the primary lesion usually is extrapulmonic;
when the mediastinum is midline or shifted ipsilaterally in the presence of a
moderate or large effusion, lung cancer or pleural mesothelioma should be con-
sidered. Bilateral pleural effusions commonly are transudates associated with
heart or liver failure. Bilateral exudative effusions suggest malignancy, especially
if the cardiac silhouette is normal, but are also found with lupus pleuritis and
yellow nail syndrome.

Pleural Fluid Analysis
• What are the most useful cutoff points to discriminate between a transudative and

an exudative pleural effusion?
• How can the pleural fluid total nucleated cell count and cellular populations narrow

the differential diagnosis?
• Which diagnoses should be considered with a pleural fluid pH <7.30?

All patients with a newly discovered pleural effusion should have a thoracente-
sis to assist in diagnosis and management. Most pleural fluid analyses narrow
the diagnostic possibilities but are not of themselves diagnostic. A definitive
diagnosis can be made from malignant cells, microorganisms, or chyle, or if
transudative fluid is obtained from a patient with known heart or liver disease
(Table 26). Observing the color, character, or odor of the fluid may provide
either a definitive or presumptive diagnosis (Sahn 1988). Foul-smelling turbid
fluid confidently identifies an anaerobic effusion.

K E Y P O I N T S

• Exudative pleural effusions are predomi-
nantly caused by inflammatory, infectious,
or malignant conditions.

• Transudative pleural effusions are asso-
ciated with left or biventricular heart
failure or hepatic cirrhosis.

• Differentiation of an exudate from a
transudate is made with greatest confi-
dence when pleural fluid test results are
well above or below the designated cut
points. Fluid with borderline test results
can be either a transudate or an exudate.

• Pleural fluid lymphocytosis >80%, pleu-
ral fluid eosinophilia, and low pleural
fluid pH or glucose limit the differential
diagnosis of an exudative effusion.

• Amylase should be measured in pleural
fluid only if there is a pretest suspicion
of pancreatic disease, esophageal 
rupture, or malignancy.

• A chylothorax (acute or subacute onset)
is highly likely if the pleural fluid
triglyceride concentration is >110 mg/dL
and highly unlikely if the triglyceride
concentration is <50 mg/dL.

• In the undiagnosed lymphocyte-predom-
inant exudate, a pleural fluid adenosine
deaminase (ADA) >40 U/L has a high
negative predictive value for tuberculosis.

Sahn SA. The pleura. State of the art. The
pleura. Am Rev Respir Dis. 1988;138:184-234.
PMID: 3059866

TABLE 26 Diagnoses that Can Be Established Definitively by Pleural 
Fluid Analysis

Diseases Diagnostic Pleural Fluid Tests

Empyema Observation (pus, putrid odor)

Malignancy Cytology

Lupus pleuritis Systemic lupus erythematosus cells present

Tuberculous pleurisy Positive AFB stain, culture; ADA >40 to 60 U/L

Esophageal rupture High salivary amylase, low pleural fluid pH; 
food particles

Fungal pleurisy Positive KOH stain, culture

Chylothorax Triglycerides >110 mg/dL chylomicrons on lipoprotein
electrophoresis

Hemothorax Hematocrit (pleural fluid/blood ≥0.5)

Urinothorax Creatinine (pleural fluid/serum >1)

Peritoneal dialysis Protein <1 g/dL; glucose 300 to 400 mg/dL

Extravascular migration Observation (milky if lipids are infused); glucose 
of a central venous catheter pleural fluid/serum >1

Rheumatoid pleurisy Characteristic cytology

Duro-pleural fistula Pleural fluid = CSF

ADA = adenosine deaminase; AFB = acid-fast bacilli; KOH = potassium hydroxide

Reproduced with permission from: S.A. Sahn, The diagnostic value of pleural fluid analysis. Sem Respir Crit Care Med
1995;16:269-78.
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Transudate Compared with Exudate
Transudates are associated with low concentrations of protein, whereas exu-
dates have higher protein concentrations due to increased capillary permeabil-
ity. Exudates often are inflammatory or neoplastic in origin, whereas trans-
udates, in which the pleura is normal, result from imbalances in hydrostatic and
oncotic forces and are caused by a limited number of recognized clinical con-
ditions, such as congestive heart failure, cirrhosis, the nephrotic syndrome,
trapped lung, and constrictive pericarditis.

A number of studies have identified the most useful indices and cut-off
points for separating transudates and exudates. Pleural fluid/serum creatinine
ratios or absolute measures of total and specific soluble proteins are commonly
used. However, none of these tests are 100% sensitive or specific. The greater
the value is above the cut-off point, the more likely that the effusion is an exu-
date (Heffner et al., 1997; Joseph et al.). Therapy (diuresis in congestive
heart failure) and concurrent disease (pneumonia plus congestive heart failure)
make diagnostic interpretation problematic.

Nucleated (White) Cells
The most likely diagnoses with a nucleated cell count exceeding 10,000/µL
include parapneumonic effusion, acute pancreatitis, splenic infarction, and 
subphrenic, liver, hepatic, and splenic abscess. Nucleated cell counts above
50,000/µL are always associated with complicated parapneumonic effusions and
empyema but occasionally occur with acute pancreatitis and pulmonary infarction.

The predominant nucleated cell population is determined by the mecha-
nism of pleural injury and the timing of thoracentesis in relation to the onset of
the injury. An acute response is characterized by pleural fluid neutrophilia.
Within 48 to 72 hours after acute pleural injury, mononuclear cells enter the
pleural space. These cells subsequently transform into macrophages and are
then replaced by lymphocytes during the ensuing 7 to 14 days. Therefore, a
neutrophil-predominant effusion occurs in acute bacterial pneumonia, acute
pulmonary infarction, and acute pancreatitis.

Malignant disease and tuberculosis typically present with a lymphocyte-
predominant exudate. When the lymphocyte population exceeds 80% of the
nucleated cells, the differential diagnosis can be narrowed to those listed in
Table 27. Pleural fluid eosinophilia (pleural fluid eosinophils/total nucleated
cells ratio >10%) is associated with many diagnoses, including hemothorax,
pneumothorax, infection, malignancy, Churg-Strauss syndrome, and drug-
induced disease (Table 28).
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Diagnostic value of tests that discriminate
between exudative and transudative pleural
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TABLE 27 Pleural Fluid Exudates with Lymphocytes >80%

Disease Comment

Tuberculous pleurisy Most common cause of lymphocyte-predominant exudate; usually 90% to 95% lymphocytes

Chylothorax 2000 to 20,000 lymphocytes/µL; lymphoma most common cause

Lymphoma Often 100% of nucleated cells are lymphocytes; diagnostic yield on cytology or pleural biopsy
higher with non-Hodgkin’s lymphoma

Yellow nail syndrome A cause of effusion present for months to years

Rheumatoid pleurisy (chronic) Usually associated with trapped lung

Sarcoidosis Usually >90% lymphocytes; Stages II & III

Trapped lung A transudate except when there is active inflammation or malignancy

Acute lung rejection New or increased effusion 2 to 6 weeks after transplant

Postcoronary artery bypass graft Occurs >2 months following surgery; not associated with trapped lung

Reproduced with permission from: S.A. Sahn, The diagnostic value of pleural fluid analysis. Sem Respir Crit Care Med 1995;16:269-78.
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pH and Glucose
Normal pleural fluid pH is alkaline (in the range of 7.60 to 7.66). Transudates
have a pleural fluid pH range of 7.45 to 7.55. There are a limited number of
diagnoses associated with a pleural fluid pH <7.30, which represents a substan-
tial hydrogen ion accumulation in the pleural space (Table 29).

Amylase
Pleural fluid amylase should be measured only when pancreatic disease,
esophageal rupture, or malignancy is considered. Both acute and chronic pan-
creatitis cause an amylase-rich effusion with levels over 100,000/µL, commonly
found with chronic pancreatic effusions from a fistulous tract between the
pseudocyst and the pleural space. The amylase in pancreatic disease is pancre-
atic by isoenzyme analysis and salivary in origin in esophageal rupture and
malignancy. The most common malignancy associated with an amylase-rich
effusion is adenocarcinoma of the lung in which the cancer cells secrete a 
salivary-like iso-amylase (Joseph et al., 1992; Branca et al.).

Lipids
Lipid analysis of pleural fluid is of value only in the differentiation of a chylo-
thorax from a cholesterol pleural effusion. Either of these possibilities is sug-
gested by the recovery of milky white fluid from a pleural space. Clinically,
patients with chylothorax have an acute or subacute onset, whereas patients
with a cholesterol pleural effusion have longstanding effusions (generally >5
years) associated with a trapped lung (Coe and Aikawa). A chylothorax, caused
by leakage of lymph from the thoracic duct, contains a high concentration of
triglycerides. A chylous effusion is highly likely if the triglyceride level is >110
mg/dL, whereas a triglyceride level <50 mg/dL is highly unlikely to be chy-
lous. With triglyceride levels between 50 and 110 mg/dL, a lipoprotein electro-
phoresis should be performed to determine the presence of chylomicrons,
which are indicative of chylothorax (Staats et al.).

When a milky effusion contains a low concentration of triglyceride, pleural
fluid cholesterol should be measured. A cholesterol level >200 mg/dL is typi-
cal of a cholesterol (chyliform) effusion.

Joseph J, Viney S, Beck P, Strange C,
Sahn SA, Basran GS. A prospective study
of amylase-rich pleural effusions with special
reference to amylase isoenzyme analysis.
Chest. 1992;102:1455-9. PMID: 1385051
Branca P, Rodriguez RM, Rogers JT, 
Ayo DS, Moyers JP, Light RW. Routine
measurement of pleural fluid amylase is 
not indicated. Arch Intern Med. 2001;
161:228-32. PMID: 11176736
Coe JE, Aikawa JK. Cholesterol pleural
effusion. Report of 2 cases studied with iso-
topic techniques and review of the world lit-
erature. Arch Intern Med. 1961;108:763-74.
PMID: 13880130
Staats BA, Ellefson RD, Budahn LL,
Dines DE, Prakash UB, Offord K. The
lipoprotein profile of chylous and nonchylous
pleural effusions. Mayo Clin Proc.
1980;55:700-4. PMID: 7442324

TABLE 28 Pleural Fluid with Eosinophils >10%

Disease Comment

Hemothorax PFE develops 1 to 2 weeks after hemothorax

Pneumothorax Effusion in 10% to 20%; tissue and PFE occurs early

Benign asbestos exposure 30% incidence of PFE; up to 50% eosinophils/total
nucleated cells

Pulmonary embolism Associated with infarction and hemorrhagic effusion

Parasitic disease Paragonimiasis, hydatid disease, amebiasis, ascariasis

Fungal disease Coccidioidomycosis, histoplasmosis

Drug-induced disease Dantrolene, bromocriptine, nitrofurantoin

Lymphoma Hodgkin’s disease

Carcinoma 5% to 8% with PFE

Churg-Strauss syndrome High pleural fluid eosinophil counts; associated with 
blood eosinophilia

Tuberculous pleurisy Rare

Sarcoid pleurisy Rare

PFE = pleural fluid eosinophilia

Reproduced with permission from S.A. Sahn, The diagnostic value of pleural fluid analysis. Sem Respir Crit Care Med
1995;16:269-78.
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Cytology
Pleural fluid cytology has a variable diagnostic yield for malignancy, ranging
from 40% to 90%. When malignancy is suspected, but a first thoracentesis is
nondiagnostic, submission of a second fluid sample to the laboratory may be
helpful. Closed pleural biopsy and pleuroscopy with directed biopsy are additional
diagnostic options if recognizably malignant cells are not seen in pleural fluid.

Undiagnosed Effusion
Approximately 25% of pleural effusions remain undiagnosed after analysis of
one or more pleural fluid samples. Additional diagnostic evaluation should be
undertaken if the effusion is persistently symptomatic or if a progressive disease
is suspected, such as malignancy, tuberculosis, or pulmonary embolism.
Percutaneous pleural biopsy or thoracoscopic examination and directed biopsy
of the pleural space should be considered in addition to other diagnostic pro-
cedures, such as chest CT and bronchoscopy. Pleural effusions that evade all
diagnostic evaluation, including surgical biopsy, generally are benign.

Supportive Treatment of Pleural Effusion
• When should a pleural effusion be evacuated?

Definitive treatment of pleural effusion is dictated by the underlying cause.
Regardless of cause, large effusions should be evacuated if possible to alleviate
dyspnea. Effusions that appear free flowing on lateral decubitus chest radio-
graphs can generally be drained by thoracentesis. In most instances when there
is contralateral shift of the mediastinum, 2 liters or more can be removed safely
in one setting by passive drainage or application of gentle suction. Otherwise,
therapeutic thoracentesis is best limited to a maximum of 1 to 1.5 liters at a time
to minimize the likelihood of re-expansion pulmonary edema. Symptomatic
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TABLE 29 Diseases with Low Pleural Fluid pH

Estimated Incidence Range of 
Disease of pH < 7.30 (%) pH Comments

Parapneumonic effusion, 0 to 5 7.45 to 7.20 Nonpurulent, nonloculated fluid with negative 
uncomplicated bacteriology; resolves with antibiotics only

Complicated parapneumonic ~100 7.29 to 5.00 Requires pleural space drainage for resolution
effusion or empyema

Esophageal rupture ~100 6.80 to 5.00 pH 6.00 plus high salivary amylase

Rheumatoid pleurisy (chronic) ~100 7.15 to 6.80 Associated with glucose <30 mg/dL & LDH >1000 U/L

Malignant effusion 30 to 40 7.50 to 6.90 pH <7.30: worse survival, increased yield on cytology and
pleural biopsy, poorer response to pleurodesis

Lupus pleuritis 15 to 20 7.40 to 6.85 Associated with low glucose; diagnosis by SLE cells in PF

Tuberculous pleurisy 10 to 20 7.40 to 6.95 Associated with low glucose; when pH low, range
between 7.29 and 7.10

Hemothorax <10 7.50 to 7.17 Occurs when PF hematocrit approaches blood hematocrit
and pleura severely injured

Pancreatic effusion Rare 7.50 to 7.28 Occurs with very high PF amylase and severe pleural
injury

Pulmonary infarction Rare 7.52 to 7.29 Occurs with grossly bloody PF and extensive pleural
injury

Diaphragmatic hernia with – 7.15 Single report; acid products of dead bowel overwhelm 
bowel infarction efflux capacity of pleural membrane

LDH = lactate dehydrogenase; SLE = systemic lupus erythematosus; PF = pleural fluid

Reproduced with permission from: S.A. Sahn, J.E. Heffner., Pleural fluid analysis. In: R.W. Light, Y.C. Gary Lee (eds). A textbook of Pleural Disease. London: Edward Arnold Limited. 
2003:191-209.
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relief may be delayed for several hours after therapeutic thoracentesis and is not
highly correlated with the amount of fluid removed.

Recurrent symptomatic pleural effusion is often challenging to treat.
Effusions caused by malignancy, rupture of the thoracic duct (chylothorax), or
hepatic cirrhosis may recur quickly and should be treated by addressing the
underlying problem whenever possible. Chylothorax can be treated by ligation
of the thoracic duct near the level of the diaphragm. Refractory effusion in
hepatic cirrhosis may respond to transjugular intrahepatic portosystemic shunt.
Recurrent chemotherapy-resistant malignant effusion should be treated by
pleurodesis to obliterate the pleural space (Sahn, 2001). Pleurodesis may be
achieved through a chest tube by instillation of a chemotherapeutic agent or an
irritating substance such as talc. Alternatively, adhesions are formed by physical
abrasion of the pleural surface under thoracoscopic guidance or through a small
thoracotomy. Another approach involves placing a semipermanent indwelling
catheter attached to a one-way valve into the pleural space. When dyspnea
becomes uncomfortable, the patient drains accumulated fluid by opening the
valve. Infection is the primary complication (Ohm et al.).

A free-flowing parapneumonic effusion need not be drained if the fluid is
not visibly purulent and the pleural fluid pH is 7.3 or above. If the pleural fluid
pH of a free-flowing, nonpurulent effusion is less than 7.3 or microorganisms
are seen on Gram stain, the likelihood of an unacceptable outcome increases
after treatment with antibiotics alone; these effusions should be drained
through a catheter or a chest tube. Grossly purulent or infected fluid in a locu-
lated pleural space should be evacuated surgically under thoracoscopic guidance
or by standard thoracotomy.

Occupational and Environmental Lung Diseases

Occupational Asthma
• How is occupational asthma recognized and diagnosed?
• What occupations place persons at risk for occupational asthma?
• What is the natural history of occupational asthma?

Various definitions of occupational asthma have been proposed. All definitions
require the development of variable airflow obstruction or bronchial hyper-
responsiveness as a result of workplace exposures and generally fall into one of
two categories. One definitional category requires only that the causal agent be
found in the workplace (but may also be found elsewhere), whereas the other
category requires that the sensitizing agent be found only in the workplace.
Pre-existing asthma that is exacerbated by workplace exposures is often referred
to as “work-related asthma,” rather than “occupational asthma.” A further 
classification of occupational asthma depends on whether a latency period 
is required between onset of exposure and onset of asthmatic symptoms.
Immunologically induced asthma generally requires a latency period lasting
weeks to years, whereas irritant-induced asthma or reactive airways dysfunction
syndrome (RADS) requires no latency and occurs within minutes to hours of
high-dose exposure to an extremely irritating chemical.

Occupational asthma should be considered in all new cases of adult-onset
asthma or exacerbations of pre-existing asthma in persons exposed at the work-
place to agents associated with this condition (Table 30). High-risk occupa-
tions include farming, painting, and cleaning (Kogevinas et al.). The symp-
toms of occupational asthma are identical to those of nonoccupational asthma.
Diagnosis of occupational asthma depends on identification of a potential

K E Y P O I N T S

• A free-flowing, nonpurulent parapneu-
monic effusion should be drained if 
the pleural fluid pH is <7.30.

Sahn SA. Management of malignant pleural
effusions. Monaldi Arch Chest Dis.
2001;56:394-9. PMID: 11887496
Ohm C, Park D, Vogen M, Bendick P,
Welsh R, Pursel S, Chmielewski G. Use of
an indwelling pleural catheter compared with
thorascopic talc pleurodesis in the manage-
ment of malignant pleural effusions. Am
Surg. 2003;69:198-202. PMID: 12678474
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Kromhout H, Burney P. Occupational
asthma in Europe and other industrialised
areas: a population-based study. European
Community Respiratory Health Survey
Study Group. Lancet. 1999;353:1750-4.
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causative agent in the workplace and a history of symptoms that are tempo-
rarily related to workplace exposures. Support for the diagnosis can be obtained
by performing peak expiratory flow measurements on a repetitive basis
throughout the workday as well as during nonwork hours, weekends, and vaca-
tions. Specific inhalation challenge testing is both difficult and dangerous and
for this reason has not been widely used for diagnostic purposes. Although
immunologic studies are of some interest, sensitization is not synonymous with
occupational asthma, and negative findings are more helpful than positive findings.

The cornerstone of management for occupational asthma is removal of the
patient from exposure to the offending agent. Pharmacologic treatment is iden-
tical to the treatment of nonoccupational asthma. Although removal from the
workplace generally results in improvement, some patients continue to have
asthma symptoms for months to years after cessation of exposure.

Mineral Dust Pneumoconiosis
• What are the chest manifestations of asbestos exposure?
• What are the infectious complications of silicosis, and how should the clinician 

evaluate them?
• What are the clinical manifestations of berylliosis?

Pneumoconiosis is defined as the accumulation of dust in the lung and the tis-
sue’s response to its presence. Most pneumoconioses require chronic exposure
to high levels of fibrogenic dust, but in some circumstances, relatively short or
low-level exposures can produce this type of disease. The development of a
pneumoconiosis depends not only on the intensity and duration of dust expo-
sure but also on genetically determined individual susceptibility. Pneumo-
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• Occupational asthma presents in the
same way as nonoccupational asthma.
All asthma patients should have a 
complete occupational history taken.

• Acute injurious inhalational exposures 
in the workplace can lead to reactive
airways dysfunction syndrome.

TABLE 30 Common Agents that Cause Occupational Asthma

Agent Workers at Risk

High-molecular-weight Agents

Cereals Bakers, millers

Animal-derived antigens Animal handlers

Enzymes Detergent users, pharmaceutical workers, bakers

Gums Carpet makers, pharmaceutical workers

Latex Health professionals

Seafoods Seafood processors

Low-molecular-weight Agents

Isocyanates Spray painters; insulation installers; plastic,
rubber and foam manufacturers

Wood dusts Forest workers, carpenters, cabinet makers

Anhydrides Users of plastic and epoxy resins

Amines Shellac and lacquer handlers, solderers

Fluxes Electrical workers

Chloramine-T Janitors and cleaners

Dyes Textile workers

Persulfates Hairdressers

Formaldehyde, glutaraldehyde Hospital staff

Acrylate Adhesive handlers

Drugs Pharmaceutical workers, health professionals

Metals Solderers, refiners

Reproduced with permission from: Chan-Yeung M, Malo JL. Occupational asthma. N Engl J Med. 1995;333:107-12.



Mineral Dust Pneumoconiosis

62

coniosis usually occurs after a latency period (time from first exposure to disease
onset) of several years. The dusts responsible for causing the most severe pneu-
moconioses are coal dust, silica, asbestos, and beryllium. The incidence of pneu-
moconiosis is declining in the United States as a result of industrial hygiene 
regulations that limit worker exposure to airborne dust in the environment 
(De Vuyst and Camus).

Asbestos-related Disease
The most common manifestations of asbestos exposure are pleural thickening
and pleural plaque formation, abnormalities that may gradually be modified
over the course of many years by the deposition of calcium (calcified pleural
plaques). Pleural abnormalities generally cause no symptoms or respiratory
impairment and should be differentiated from asbestosis, which is manifested
by pulmonary parenchymal fibrosis, causing volume restriction, decreased dif-
fusing capacity, and progressive dyspnea. Asbestosis is caused by the inhalation
of asbestos fibers. Persistence of the fibers within the lungs leads to chronic,
low-grade inflammation and ultimately to fibrosis. The latency period (time
from first exposure to disease onset) is usually 20 years or more. Chest auscul-
tation reveals dry crackles at the lung bases. In patients with asbestosis, chest
radiographs usually show both pleural abnormalities and irregular linear inter-
stitial infiltrates with peripheral and lower lung zone predominance.
Honeycombing is seen in advanced stages of disease. Diagnosis of asbestosis
requires a reliable history of exposure with compatible clinical findings. Patients
with asbestosis are at increased risk of lung cancer, a risk that is amplified by cig-
arette smoking. There is controversy regarding whether pulmonary parenchy-
mal fibrosis is a necessary precursor to asbestos-related lung cancer in patients
who have been occupationally exposed to asbestos. Malignant mesothelioma is
strongly related to prior asbestos exposure, but its occurrence is not increased
by prior cigarette smoking.

Silicosis
Chronic inhalation of respirable silica particles for at least 10 years can produce
a spectrum of lung disease in susceptible persons that ranges from simple sili-
cosis (small rounded nodules predominantly in the upper lung zones) to pro-
gressive massive fibrosis (parenchymal nodules larger than 1 cm in diameter)
and diffuse interstitial fibrosis. Rarely, massive exposure to silica can cause sili-
coproteinosis, an acute alveolar-filling disease, which has a high mortality rate.
Silica comprises about 25% of the earth’s crust, and thus, exposure to silica dust
occurs in occupations such as mining, quarrying, and tunneling. Other high-
risk occupations include sandblasting, stonecutting, and working in foundries
(where sand is used to make casting molds for molten metal). Patients with 
silicosis (not those with silica exposure but no silicosis) are at high risk for tuber-
culosis and nontuberculous mycobacterial disease (Adverse effects of crys-
talline silica, ATS). All patients with silicosis should undergo periodic tuber-
culin skin test screening, and isoniazid prophylaxis (or full treatment when
appropriate) should be administered to those with positive tests.

Coal Worker’s Pneumoconiosis
Coal worker’s pneumoconiosis (CWP) is caused by the inhalation of coal (car-
bon) dust and occurs predominantly in underground coal miners. The radio-
graphic appearance of CWP is indistinguishable from that of silicosis even
thought the etiologic agent and the histopathology of the lung lesions are dif-
ferent. As with silicosis, CWP may be categorized as simple or complicated with
the potential for evolution from asymptomatic lung nodules to progressive mas-
sive fibrosis. In simple CWP, symptoms are more closely related to prior ciga-

Adverse effects of crystalline silica exposure.
American Thoracic Society Committee of the
Scientific Assembly on Environmental and
Occupational Health. Am J Respir Crit Care
Med. 1997;155:761-8. PMID: 9032226
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• Because of the known association
between mineral dusts and interstitial
lung disease, a careful occupational his-
tory dating back at least 30 years
should be obtained from all patients
presenting with interstitial lung disease.

• Asbestos-induced lung and pleural 
disease becomes clinically manifest
after a latency period of at least 
20 years.

• Silicosis and coal worker’s pneumoco-
niosis can be differentiated radiographi-
cally from asbestosis based on the pres-
ence of rounded nodular opacities and
upper lobe predominance.

• Berylliosis has a clinical presentation
that is similar to sarcoidosis.

De Vuyst P, Camus P. The past and present
of pneumoconioses. Curr Opin Pulm Med.
2000;6:151-6. PMID: 10741776
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rette smoking than to the number of rounded nodules found on the chest radio-
graph, while the radiographic appearance is more closely related to the dust
burden in the lung. Caplan’s syndrome is a subtype of CWP that occurs in coal
miners who have rheumatoid arthritis and is characterized by localized crops of
pulmonary parenchymal nodules that appear to develop rapidly. The appearance
of Caplan’s syndrome can be confused with metastatic cancer. Coal mining
often exposes miners to both carbon and silica, and both diseases may occur in
the same person.

Berylliosis
Exposure to aerosolized, particulate beryllium, a metal used in aerospace, computer,
and electronics applications as well as in the manufacture of dental prostheses,
can cause both acute (toxic) and chronic (immunologic) pulmonary disease.
Although acute beryllium disease has become rare in the United States follow-
ing the institution of stringent industrial hygiene practices, chronic beryllium
disease continues to occur in a surprising number of cases each year. Inhalation
of beryllium stimulates granuloma formation in susceptible persons (1% to 4%
of exposed persons). Granulomatous inflammation produces a clinical, radio-
graphic, and physiologic pattern that mimics pulmonary sarcoidosis.
Sensitization to beryllium is confirmed by demonstrating a proliferative
response of peripheral blood lymphocytes to a test dose of beryllium salts (pos-
itive beryllium lymphocyte proliferation test). Berylliosis, an active lung disease,
is distinguished from beryllium sensitivity based on the finding of noncaseating
granulomas on lung biopsy and the demonstration of a proliferative response of
bronchoalveolar cells (obtained by bronchoalveolar lavage) to challenge with
beryllium. Acute flares of chronic beryllium disease often respond to treatment
with prednisone, but the long-term outlook is poor (Rossman).

Inhalation Injuries
Toxic inhalants are classified as either irritants that cause direct mucosal injury
to the airway or asphyxiants that displace atmospheric oxygen or impede oxy-
gen utilization. Common irritants are listed in Table 31. The primary site of
respiratory tract injury is determined in part by the water solubility of the
inhaled chemical. Highly water-soluble gases such as ammonia, hydrogen chlo-
ride, and sulfur dioxide are adsorbed predominantly by the aqueous film on the
mucosal surface of the upper airway and cause immediate irritation of the con-
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Rossman MD. Chronic beryllium disease: 
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Environ Hyg. 2001;16:615-8.
PMID: 11370939

TABLE 31 Sources of Exposure and Mechanisms of Lung Injury from Gaseous Respiratory Irritants

Water OSHA 
Irritant Gas Source of Exposure Solubility Standard Ceiling

Ammonia Agriculture, mining, plastic and explosive manufacturing High 50.0 ppm

Chlorine Paper and textile manufacturing, and sewage treatment Intermediate 1.0 ppm

Hydrogen chloride Dyes, fertilizers, textiles, rubber, and thermal degradation of High 5.0 ppm
polyvinyl chloride

Oxides of nitrogen Agriculture, mining, welding, and manufacturing dyes and lacquers Low 5.0 ppm

Ozone Welding, chemical industry, and high altitude transportation Low 0.1 ppm

Phosgene Firefighters, welders, paint strippers, and chemical intermediates Low 0.1 ppm
(isocyanates, persticides, dyes, and pharmaceuticals)

Sulfur dioxide Smelting, combustion of coal and oil, paper manufacturing, High 5.0 ppm
and food preparation

OSHA = Occupational Safety and Health Administration; ppm = parts per million

Reproduced with permission from: Weiss, SM and Lakshminarayan, S. Acute Inhalational Injury. Clinics Chest Med 1994; 15:103.
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junctivae, nose, pharynx, and larynx. Laryngeal edema may cause upper airway
obstruction. Agents with low-water solubility, such as oxides of nitrogen and
phosgene, cause minimal irritation to the conjunctivae or upper airway, and
patients often are not immediately aware of their exposure. These gases prima-
rily affect the lower respiratory tract, and symptoms are typically delayed for 
6 to 8 hours (in the case of nitrogen dioxide) or even a few days (in the case of
phosgene) post-exposure. When symptoms occur, they are due to lower respi-
ratory tract inflammation, which sometimes is severe enough to cause noncardio-
genic pulmonary edema (Wyatt and Allister).

Common chemical asphyxiants include methane, hydrogen cyanide, and
carbon monoxide (see the section on carbon monoxide). Methane, also known
as sewer gas, is commonly encountered by sewer repairmen and by coal miners
and must displace more than 85% of inspired air before symptoms of hypoxemia
occur. Hydrogen cyanide is a metabolic asphyxiant that inhibits oxidative phos-
phorylation and causes marked lactic acidosis. Cyanide toxicity should be sus-
pected in patients with an appropriate exposure history who manifest anion gap
acidosis with refractory tissue hypoxemia. Detoxification with a cyanide antidote
kit containing amyl nitrite, sodium thiosulfate, and sodium nitrite is effective.

High-altitude Illness
• How are the different clinical syndromes resulting from high-altitude exposure 

diagnosed and treated?

High-altitude illness includes acute mountain sickness, high-altitude cerebral
edema (HACE), and high-altitude pulmonary edema (HAPE) and occurs in
unacclimatized persons after ascent to high altitude. Rate of ascent, final alti-
tude, and sleeping altitude affect the occurrence of high-altitude illness. Illness
usually occurs at altitudes over 2500 m (8000 feet) and is rarely seen at altitudes
lower than 2000 m (6400 feet). Risk factors include a prior history of high-
altitude illness, age younger than 50 years, physical exertion, and residence at
an elevation below 900 m (3000 feet).

Symptoms of acute mountain sickness include the development of
headache usually within 8 to 96 hours after ascent to greater than 2500 m
(8000 feet), sleeplessness, fatigue, anorexia, nausea, and emesis. HACE is rec-
ognized clinically by the onset of confusion and loss of coordination or coma,
or both, in patients with acute mountain sickness or HAPE. HAPE often occurs
during the second night at a new altitude. Early symptoms of HAPE include
dry cough and breathlessness out of proportion to activity. HAPE may occur
without antecedent acute mountain sickness and is responsible for most deaths
from high-altitude illness.

The most effective way to prevent high-altitude illness is by acclimatization
through gradual ascent. Guidelines recommend that once above 2500 m (8000
feet), persons should climb no more than 900 m (3000 feet) per day, and
overnight stays should be no higher than 600 m (2000 feet) greater than the
previous night’s sleeping altitude. Aggressive hydration and avoidance of
overexertion are also beneficial. Acetazolamide and dexamethasone are effective
agents for preventing and treating high-altitude illness. Acetazolamide, 250 mg
twice per day taken 24 hours before ascent and the subsequent 2 days at alti-
tude, is recommended. Prophylaxis is recommended for persons with a history
of high-altitude illness and for those who plan an ascent from sea level to a
sleeping altitude over 3000 m (9600 feet). Nifedipine and inhaled β-agonists
have been used as prophylactic agents in patients with a prior history of HAPE.

The most effective treatment for high-altitude illness is descent and sup-
plementary oxygen. Acute mountain sickness usually responds to a descent of

Wyatt JP, Allister CA. Occupational phos-
gene poisoning: a case report and review. 
J Accid Emerg Med. 1995;12:212-3.
PMID: 8581252
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• Gas solubility is a major determinant 
of site injury in inhalation injury.

• Response to irritant gases may be
delayed for several hours to a few days
and exposed persons may require
extended inpatient observation.
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500 to 1000 m (1600 to 3200 feet). Alternatively, early or mild symptoms can
be treated with acetazolamide or dexamethasone (4 mg every 6 hours). Failure
to respond to medical therapy mandates descent, and further ascent should be
avoided until the acute mountain sickness resolves. HACE and HAPE can cause
death. Therefore, patients with HACE and HAPE should be treated with sup-
plementary oxygen and descend to lower altitude. Dexamethasone, 8 mg fol-
lowed by 4 mg every 6 hours, should be administered to patients with HACE.
Nifedipine is recommended for patients with HAPE, if descent and supple-
mentary oxygen are not available. Dexamethasone should be administered to
patients with signs of neurologic deterioration.

Sleep Medicine

Sleep-related disorders affect more than 50 million people of all ages in the
United States. More than 70 primary disorders of sleep have been identified,
and these conditions remain undiagnosed in 50% or more of affected patients.
Poor sleep quality and excessive daytime sleepiness are common features of neu-
rologic and psychologic disorders, alcohol or substance abuse, and chronic pain.
Altogether, the sleep-related disorders result in considerable functional impair-
ment and reduction in the quality of life.

Polysomnography
The “gold standard” for the diagnosis of most sleep-related disorders is full
overnight polysomnography. This typically is a monitored test (in-laboratory),
although home-based polysomnography is also available. During the standard
study, multiple physiologic channels are recorded, including electroencephalo-
gram, electro-oculogram, genioglossus electromyogram (sleep staging), respi-
ration (nasal pressure or thermistor), abdominal and chest wall motion, body
position, anterior tibialis electromyogram (for leg movement identification),
electrocardiogram, arterial oxygen saturation, and often snoring (Figure 4).

The most commonly used tools to quantify airflow are thermistors (or
thermocouples) and nasal pressure transducers. Thermistors measure tempera-
ture change as a surrogate for airflow and are generally accurate in detecting
cessation of airflow. However, this signal is minimally quantitative and, thus, is
less helpful in identifying hypopneas. Nasal pressure measurements have
become the standard in many laboratories for quantifying airflow and measur-
ing the pressure drop across the nares by using standard nasal cannula con-
nected to a sensitive pressure transducer.
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• Rapid ascent to altitudes >2500 m
(8000 feet) can result in acute mountain
sickness, high-altitude cerebral edema
(HACE), and high-altitude pulmonary
edema (HAPE).

• Treatment for acute mountain sickness,
HACE, and HAPE consists of decent to
lower altitude, oxygen supplementation,
and occasionally acetazolamide or 
dexamethasone.

• HACE and HAPE can cause death if 
not treated promptly.

F I G U R E  4 .
Polysomnogram showing the different 
signals recorded during a typical night.
Polysomnogram reveals obstructive apneas, as
shown by the absence of flow and ongoing
abdominal and rib cage effort that is terminated
by an electroencephalogram arousal.
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In clinical sleep laboratories, strain gauge technology, using either piezo-
electric crystals or respiratory inductance plethysmography, is generally used to
assess chest and abdominal wall movement as a measurement of ventilatory
effort. Oximetry has been used alone, during cardiorespiratory home studies,
and routinely during overnight polysomnography, as a measurement of arterial
oxygen saturation. The sensitivity of oximetry is high, but the specificity is rel-
atively low for diagnosing obstructive sleep apnea (OSA). Thus, based on cur-
rently available evidence, including guidelines by the American Sleep Disorders
Association, oximetry alone cannot be recommended for screening or diagnos-
ing OSA.

Portable devices have also been used to diagnose sleep-disordered breath-
ing and titrate continuous positive-airway pressure (CPAP) in the home.
However, their use is not yet widespread, and they often require levels of tech-
nical support similar to standard overnight polysomnography.

Obstructive Sleep Apnea
The current definition of obstructive sleep apnea (OSA) is based on a consen-
sus conference statement from an American Academy of Sleep Medicine Task
Force convened in 1999 (AASM). Sleep apnea is a chronic respiratory sleep 
disorder characterized by recurrent episodes of partial or complete upper airway
obstruction during sleep. These episodes manifest as reductions (hypopneas) or
cessations (apneas) of airflow with ongoing respiratory effort and are associated
with repeated disruptions of sleep. Recurrent arousals from sleep, combined
with hypoxemia and hypercapnia, are the physiologic mechanisms believed to
cause daytime symptoms, including excessive daytime somnolence, systemic
hypertension, and neurocognitive functional impairment (Nieto et al.;
Peppard et al., N Engl J Med).

The pathophysiology of pharyngeal collapse during sleep is not entirely
understood. However, patients with OSA have a smaller upper airway, particu-
larly in the lateral dimension, and have substantial decrements in pharyngeal
dilator muscle activation at sleep onset. During sleep, collapsing forces of the
upper airway (that is, negative pressure during respiration and tissue pressure
from a hypotonic airway) together with a compromised pharyngeal anatomy
promote pharyngeal collapse (Malhotra and White).

Epidemiology
OSA affects approximately 4% of men and 2% of women from 30 to 60 years of
age. The primary risk factor is obesity. The strongest incidence data for obesity
come from the Wisconsin Sleep Cohort study, which showed that a 10%
increase in weight predicts a sixfold increase in the odds of developing sleep-
disordered breathing (Peppard et al., JAMA). The prevalence of OSA also
increases with advancing age and is more common in men and postmenopausal
women. Patients with craniofacial abnormalities and a family history of sleep-
disordered breathing are at increased risk of developing OSA.

Diagnosis
OSA cannot be reliably diagnosed on the basis of history and physical exami-
nation alone. Nevertheless, several symptoms and physical findings are strongly
associated with OSA (Table 32). OSA has traditionally been associated with
snoring, witnessed apneas, choking, restless sleep, morning headaches, excessive
daytime somnolence, and, occasionally, impotence. In a recent report, self-
reported neck circumference (≥43 cm [17 in] or larger for men), hypertension,

Sleep-related breathing disorders in adults:
recommendations for syndrome definition
and measurement techniques in clinical
research. The Report of an American
Academy of Sleep Medicine Task
Force.Sleep. 1999;22:667-89.
PMID: 10450601

Nieto FJ, Young TB, Lind BK, Shahar E,
Samet JM, Redline S, et al. Association of
sleep-disordered breathing, sleep apnea, and
hypertension in a large community-based
study. Sleep Heart Health Study. JAMA.
2000;283:1829-36. PMID: 10770144
Peppard PE, Young T, Palta M, Skatrud J.
Prospective study of the association between
sleep-disordered breathing and hyperten-
sion.N Engl J Med. 2000;342:1378-84.
PMID: 10805822
Malhotra A, White DP. Obstructive sleep
apnoea. Lancet. 2002;360:237-45.
PMID: 12133673
Peppard PE, Young T, Palta M, Dempsey J,
Skatrud J. Longitudinal study of moderate
weight change and sleep-disordered breathing.
JAMA. 2000;284:3015-21. PMID: 11122588
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• Obstructive sleep apnea (OSA), is char-
acterized by reductions (hypopneas) 
or cessations (apneas) of airflow with
ongoing respiratory effort and is associ-
ated with excessive daytime somno-
lence, driving difficulty, reduced quality
of life, and systemic hypertension.

• The incidence of hypertension in
patients with OSA linearly increases
with an increasing apnea–hypopnea
index.

• Obesity is the primary risk factor for 
the development of OSA, although the
prevalence also increases with advancing
age and the disorder is more common 
in men than women.

• The most significant clinical predictors
of an increased apnea–hypopnea index
are increased neck circumference (≥43 cm
[17 in] in men), hypertension, habitual
snoring, and bed-partner reports of
gasping or choking, or both.

• Continuous positive-airway pressure
therapy (CPAP) remains the mainstay of
therapy based on several randomized
placebo-controlled trials. Successful
treatment with CPAP leads to improve-
ments in daytime hypersomnolence,
cognitive function, blood pressure,
quality of life, and automobile 
accident rates.
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habitual snoring, and bed-partner reports of gasping or choking, or both, were
the most significant predictors of an increased apnea–hypopnea index.

Several anatomic features are also strongly associated with sleep-disordered
breathing. Some of these can be assessed by physical examination; others are
best revealed by diagnostic imaging techniques. Cross-sectional epidemiologic
studies have identified increased body mass index and waist-hip ratio as inde-
pendent risk factors for OSA. However, persons who are not obese can develop
OSA, particularly if other anatomic features are present. A crowded pharynx
with a long, low-lying uvula and soft palate is common in patients with OSA.
A large neck, macroglossia, a retrognathic jaw, and large tonsils are also associ-
ated with OSA and are readily assessed by physical examination. Although not
currently practical as routine screening tools, cephalometric radiographs and
MRI of the pharynx commonly show evidence of a narrowed posterior airway
space and enlarged lateral pharyngeal fat pads in OSA patients (Schellenberg et al.).

Disease severity in OSA is often characterized by symptoms, the frequency
of respiratory events recorded during an overnight polysomnogram, and the
degree of oxygen desaturation. Generally, the occurrence of more than five
obstructive hypopneas or apneas per hour of sleep with associated daytime
sleepiness is considered abnormal.

Treatment
Treatment aimed at elimination of obstructed breathing leads to substantial
improvements in daytime somnolence and cognitive performance, and, in many
studies, also leads to reduced blood pressure. CPAP remains the mainstay of
therapy for OSA based on several randomized controlled trials (Jenkinson
et al.). Positive airway pressure prevents upper airway collapse during sleep by
increasing the transmural pressure across the upper airway and, thus, acting as
a pneumatic splint. Intraluminal pressure is raised with CPAP, overcoming both
the collapsing forces generated during inspiration (negative pressure) and tissue
forces generated in the relaxed pharynx during sleep. In addition, CPAP
increases functional residual capacity and, thus, may influence upper airway
patency though mechanisms independent of upper airway muscle splinting.
Other therapies include bilevel or autotitrating positive pressure devices, upper
airway surgery, oral appliances, and positional therapy.

Surgical therapy for sleep-disordered breathing is aimed at alleviating
retropalatal and retroglossal obstruction of the hypoglossal space. Palatal sur-
gery, such as uvulopalatopharyngoplasty (UPPP), consists of removal of the
uvula, parts of the soft palate, and tonsils. Surgical procedures to reduce nasal
obstruction are sometimes combined with UPPP. However, UPPP alone is only
40% to 50% effective at eliminating sleep-disordered breathing. Retroglossal
space obstruction may be improved with a genioglossus muscle advancement
procedure that is often combined with a hyoid suspension procedure aimed at
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TABLE 32 Disease Severity and Symptoms of Obstructive Sleep Apnea.

Severity Respiratory Events/h Sleepiness Symptoms

Mild ≥5-15 Sleepiness during activity requiring little
attention (reading, watching television) 

Moderate 15-30 Sleepiness during activity requiring some
attention (attending meetings, concerts)

Severe ≥30 Sleepiness during activity requiring active
attention (driving, conversation)

Adapted with permission from: the Report of the American Academy of Sleep Medicine Task Force: Sleep-related breath-
ing disorders in adults: recommendations for syndrome definition and measurement techniques in clinical research. Sleep,
1999;Vol 22 (5): 667-689.
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also increasing the hypopharyngeal airway space. The most invasive but most
likely surgical procedure aimed at “curing” OSA is the bimaxillary-mandibular
advancement (75% to 99% effective). This surgery is the most invasive and com-
bines bilateral mandibular and single maxillary osteotomies. The end result is
advancement of both the maxilla and mandible by about 1 cm.

Oral appliances improve sleep-disordered breathing by protruding the
lower jaw (or holding the tongue forward) and, thus, opening the posterior air-
way space. Oral appliances are preferred by most patients, are effective at reduc-
ing the apnea–hypopnea index, improve daytime sleepiness, and are useful
alternatives for those patients intolerant to CPAP. However, oral appliances 
are generally not as effective as CPAP at eliminating apneas except in mild-to-
moderate disease.

Narcolepsy
Narcolepsy is associated with excessive sleepiness and abnormal manifestations
of rapid-eye-movement (REM) sleep. Narcolepsy is characterized by four clini-
cal hallmarks: 1) excessive daytime somnolence, 2) cataplexy (sudden muscular
hypotonia in response to strong emotion), 3) hypnagogic hallucinations, and 4)
sleep paralysis. The disorder has a prevalence of approximately 1 in 2000 per-
sons, and most cases are sporadic. However, certain HLA alleles are highly asso-
ciated with narcolepsy. Up to 90% of narcoleptic patients with cataplexy have
HLA-DQB1*0602, which is present in only 25% of the general population.
Abnormalities in a novel excitatory central nervous system neurotransmitter
may underlie the symptoms of narcolepsy. Orexin (also called hypocretin) is a
peptide neurotransmitter produced by neurons in the lateral hypothalamus that,
when absent, lead to the clinical hallmarks of narcolepsy. Dogs lacking orexin
type II receptors and mice lacking the orexin gene have narcolepsy. Humans
most likely develop the disease due to loss of the orexin-containing neurons, as
gliosis or inflammation, or both, is seen in the brains of patients with narcolepsy.
However, the precise pathophysiology is not clear (Lin et al.; Chemelli et al.).

The diagnosis of narcolepsy is based on identification of the classic tetrad
of symptoms and objective assessment of excessive sleepiness. Cataplexy is vir-
tually pathognomonic for the disorder. However, it occurs in only 40% to 50%
of patients. Sleepiness may be documented with an overnight polysomnogram
followed by a morning nap study, the multiple sleep latency test (MSLT). The
MSLT consists of four 20-minute nap opportunities during the daytime. Mean
sleep latency of less than 5 minutes is considered pathologic, as is the presence
REM sleep onset during two or more of these naps. However, careful scrutiny
of the MSLT is necessary because other sleep disorders, such as OSA or partial
sleep deprivation, may lead to false-positive test results. Lastly, cerebrospinal
fluid orexin levels are often very low in patients with narcolepsy plus cataplexy.
However, orexin levels are less reliable in patients without cataplexy, thus limit-
ing their utility as a diagnostic tool.

Treatment options for narcolepsy are symptom-driven and include stimu-
lants such as methylphenidate, dextroamphetamine sulfate, or a newer agent
modafinil. Scheduled naps also help relieve sleep pressure and are often refresh-
ing (as opposed to naps in patients with OSA). Cataplexy may be treated with
selective serotonin-reuptake inhibitors or tricyclic antidepressants or sodium
oxybate (Table 33).

Lin L, Faraco J, Li R, Kadotani H,
Rogers W, Lin X, et al. The sleep disorder
canine narcolepsy is caused by a mutation in
the hypocretin (orexin) receptor 2 gene.
Cell. 1999;98:365-76. PMID: 10458611
Chemelli RM, Willie JT, Sinton CM,
Elmquist JK, Scammell T, Lee C, et al.
Narcolepsy in orexin knockout mice: molec-
ular genetics of sleep regulation. Cell.
1999;98:437-51. PMID: 10481909
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• Narcolepsy is a disorder associated with
excessive sleepiness and abnormal 
manifestations of rapid eye movement
(REM) sleep. Narcolepsy is characterized
by excessive daytime somnolence,
cataplexy, hypnagogic hallucinations,
and sleep paralysis.

• Orexin is a peptide neurotransmitter
produced by neurons in the lateral
hypothalamus that, when absent, leads
to the clinical characteristics of narcolepsy.
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Periodic Limb Movement Disorder
Periodic limb movements (PLMs) during sleep are rhythmic, repetitive exten-
sions of the great toe with dorsiflexion of the ankle, knee, and hip. PLMs are
observed with the anterior tibialis electromyogram during overnight
polysomnography, last 0.5 to 5 seconds, occur regularly in groups, and are sep-
arated by 5 to 90 seconds. PLMs are more common in patients with end-stage
renal disease, iron deficiency, peripheral neuropathy, and those taking selective
serotonin-reuptake inhibitor, tricyclic, or monoamine oxidase inhibitor antide-
pressants. Persons with daytime symptoms of restlessness in their legs relieved
by activity (that is, the restless legs syndrome) commonly have periodic limb
movements identified by overnight polysomnography.

Both insomnia and excessive sleepiness have been described as a conse-
quence of this disorder. In addition to sleep disruption, decreased survival may
be observed in patients on chronic hemodialysis with greater than 50 PLMs per
hour of sleep.

The American Academy of Sleep Medicine suggests that more than 5
PLMs per hour of sleep is abnormal. However, the decision to treat a patient
should be individualized to the patient’s symptoms and risk factors (Chervin).
Thus, treatment is usually reserved for patients with daytime fatigue or insom-
nia. Although the precise mechanism has not been determined, dopaminergic
agonists (pramipexole, ropinirole, or carbidopa-levodopa) taken in the hour
before sleep are the most commonly prescribed agents. Benzodiazepines or opi-
oids may also be helpful. If serum iron levels are low (plasma ferritin <45
ng/dL), iron replacement therapy may reduce periodic limb movements and
thus reduce daytime fatigue or insomnia.

Critical Care

Acute Life-threatening Asthma
• When should a patient with acute asthma be hospitalized?
• How are hospitalized patients with asthma assessed to determine improvement or

deterioration?
• What medical therapy will most likely improve acute asthma symptoms?
• Can metered-dose inhalers be used to deliver aerosol therapy in acute severe

asthma?
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• Periodic limb movements (PLMs) in
sleep are rhythmic, repetitive move-
ments observed with the anterior tib-
ialis electromyogram during overnight
polysomnography that may lead to
insomnia or excessive sleepiness.

• PLMs are common in patients with end-
stage renal disease, iron deficiency,
peripheral neuropathy, and those taking
selective serotonin-reuptake inhibitor,
tricyclic, or monoamine oxidase
inhibitor antidepressants.

TABLE 33 Pharmacologic Therapy for Narcolepsy*

Stimulant Medications Dose Side Effects

Methylphenidate 5 to 10 mg three times daily or 20 mg Tachycardia, hypertension, restlessness, 
SR one to two times daily hallucinations

Dextroamphetamine 5 to 30 mg two times daily Tachycardia, hypertension, insomnia, dry mouth

Modafinil 200 to 400 mg daily Headache

Cataplexy Medications Dose Side Effects

Fluoxetine 20 to 60 mg daily Insomnia, nervousness

Protriptyline 5 to 30 mg daily Anticholinergic side effects, weight gain

Clomipramine 10 to 150 mg daily Anticholinergic side effects, weight gain

Sodium oxybate 3 to 9 g daily (divided dose) Dizzyness, CNS depression exacerbated by ethanol

CNS = central nervous system; SR = sustained-release formulation

*Medications typically prescribed for narcolepsy treatment, divided by alerting drugs and those used for cataplexy.

Modified version of original: courtesy of Tom Scammel, MD, Beth Israel/ Deaconess Medical Center, Boston, MA.
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• What is the dose range for corticosteroid therapy for hospitalized patients with 
acute asthma?

• What is the role of ipratropium bromide and theophylline in the management 
of hospitalized patients with asthma?

• Does medical therapy for acute asthma differ in pregnancy?
• What are the indications for intubation of patients with acute severe asthma?
• What concerns are related to the use of neuromuscular blocking agents in the

mechanically ventilated patient with acute severe asthma?

Asthma is the leading cause of hospitalization of children and one of the most
common reasons for evaluation of adults in emergency departments. Despite
widespread availability of effective therapy, asthma causes approximately 6000
deaths in the United States each year (Siwik et al.).

Most episodes of life-threatening asthma result from progression of inade-
quately treated airways inflammation that occurs from days to weeks. Some
patients, known as “poor responders,” do not react to worsening airway
obstruction until the disease reaches a critical stage. When the sensation of suf-
focation triggers an emergency call, respiratory arrest can occur within minutes.
Many patients die after an emergency call is placed but before effective asthma
therapy is initiated.

A minority of life-threatening asthma attacks develop suddenly as a result
of an anaphylactic reaction to an inhaled or ingested antigen such as peanuts or
mint. In these patients, profound bronchospasm, sometimes accompanied by
hypotension, occurs with little background airways inflammation.

Life-threatening asthma presents with clinical evidence of acute respiratory
distress. Breathing is audible from across the room. Use of the accessory mus-
cles for breathing is visible, especially in the neck. Speech is interrupted. There
is tachycardia, and pulsus paradoxus may be present. The PEF is reduced. PEF
of less than 300 mL generally indicates severe disease. Many patients with life-
threatening asthma have a PEF of less than 100 mL. Hypercapnia with respira-
tory depression is a late, inconsistent finding. Hypoxemia caused primarily by
atelectasis behind mucus plugs is variably present.

The differential diagnosis of acute severe asthma is broad. Two common
mimics of severe asthma are hyperventilation and laryngeal dysfunction.
Hyperventilation or panic disorder presents with acute respiratory distress but
with generally quiet breathing. Chest discomfort and lightheadedness are com-
mon. Laryngeal dysfunction causes acute respiratory distress, often with noisy
breathing and prominent use of accessory muscles. Airway obstruction is due
to paradoxic closure of the larynx during inspiration. In patients with severe
asthma, hypercapnia may be present but oxygenation is generally preserved.
Laryngeal dysfunction may coexist with asthma and hyperventilation, produc-
ing a confusing picture.

Therapy
Patients with life-threatening asthma should be cared for in an intensive care
unit until respiratory distress is relieved. Cardiac and oxygen saturation moni-
toring should be supplemented by serial arterial blood gas measurements if
there is acidosis. Treatment with an inhaled β2-selective agonist (typically
albuterol) should be initiated as soon as possible (Dutta and Li). Larger doses
and more frequent dosing intervals of inhaled β-agonist therapy are appropri-
ate in patients with acute severe asthma because of decreased deposition into
the distal airways (caused by low tidal volumes and narrowed airways), alter-
ation in the dose-response curve, and altered duration of activity. Initial therapy
in an acutely ill patient with asthma, as recommended by the NAEPP, is
albuterol, 2.5 to 5.0 mg by nebulizer in three doses every 20 minutes, followed

K E Y P O I N T S

• The cause of respiratory arrest in
patients with asthma usually is due 
to failure of the inspiratory muscles
with ventilatory arrest.

• Inhaled β-agonists are the cornerstone
of medical therapy for the hospitalized
patient with severe asthma. The addi-
tion of corticosteroids and ipratropium
bromide is also recommended.

• It is advisable to administer a β-agonist
by a nebulizer in most acutely ill
patients with asthma because nebuliza-
tion requires minimal coordination and
cooperation of the patient and less 
bedside instruction and supervision 
by health care professionals.

• Larger doses and more frequent dosing
intervals for inhaled β-agonist therapy
are needed in patients with acute
severe asthma because of decreased
deposition in the distal airways.
Continuous nebulization is an option.

• Theophylline is not recommended for
general use in a hospitalized patient
with acute asthma.

• If neuromuscular blocking agents are
used in a mechanically ventilated
patient with asthma, withdrawal of the
neuromuscular blocking agent during
the 24-hour period after intubation 
is advised.

Dutta EJ, Li JT. Beta-agonists. Med Clin
North Am. 2002;86:991-1008.
PMID: 12428542

Siwik JP, Nowak RM, Zoratti EM..
The evaluation and management of acute, 
severe asthma. Med Clin North Am.
2002;86:1049-71. PMID: 12428545
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by 2.5 to 10 mg every 1 to 4 hours, based on symptoms. Continuous nebu-
lization of albuterol using a large reservoir system to deliver 10 to 15 mg per
hour may also be used (NAEPP Report). When aerosol β-agonists are admin-
istered to intubated patients, a doubling of the dose is recommended to over-
come loss of medication that deposits onto the endotracheal tube. As bron-
chospasm improves, β-agonist therapy can be administered by using a metered-
dose inhaler with a spacer if proper technique is used and doses are adjusted.
Therapy with four puffs of albuterol, 0.36 mg, administered with a metered-
dose inhaler and spacer is approximately equipotent to albuterol, 2.5 mg,
administered by a nebulizer in patients with severe disease.

Corticosteroids are the other essential mainstay of in-hospital asthma ther-
apy. The NAEPP recommendation for hospitalized adult patients includes 
the corticosteroid option, methylprednisolone, 120 to 180 mg per day intra-
venously, in three or four divided doses for 48 hours. Methylprednisolone
should be replaced by oral prednisone as asthma improves, and the dose should
be tapered rapidly to 40 mg per day.

The use of ipratropium bromide is supported in acute severe asthma
despite less bronchodilation at peak effect than a β-agonist because the effect is
likely to be additive to albuterol. The NAEPP recommended dose of iprat-
ropium bromide is 0.5 mg by nebulizer for three doses every 30 minutes, then
every 2 to 4 hours as needed. A hand-held mouthpiece nebulizer system should
be used because contamination of the eyes may precipitate narrow angle glau-
coma if a face mask is used for delivery. Ipratropium bromide may be combined
with the nebulized albuterol dose. If ipratropium bromide is delivered using a
metered-dose inhaler (18 µg/puff), 4 to 8 puffs per treatment is recommended.

Intravenous magnesium may offer benefit in life-threatening asthma. The
NAEPP recommends an initial dose of magnesium sulfate, 2 g administered for
20 minutes. Repeat doses, if used, require careful monitoring of magnesium
levels and assessment for clinical manifestations of toxicity. Magnesium therapy
should be avoided in the presence of renal insufficiency. Antibiotic therapy 
is indicated only if bacterial infection is present. Chest physiotherapy and 
other maneuvers to physically mobilize secretions are not recommended.
Theophylline is no longer routinely used because of a narrow therapeutic-to-
toxic ratio and marginal incremental benefit. Acetylcysteine, administered by a
nebulizer, is not indicated and may irritate the airways.

Acute Severe Asthma in Pregnancy
The risk of uncontrolled asthma outweighs the risk associated with the use of
recommended medications for asthma. If tocolytic therapy is being used, the
possibility of more than one β2-agonist producing excessive systemic effects
should be considered.

Mechanical Ventilation in Patients with Asthma
Indications for intubation of patients with severe asthma are shown in Table 34.

Recommended initial ventilator settings are tidal volume of 8 to 10 mL/kg
and a frequency of 12 to 15 breaths per min. If volume controlled ventilation
is used, peak inspiratory flow rates should be set at 80 to 100 L/min with a
square waveform. Because airways obstruction increases expiratory time,
mechanically ventilated asthma patients are at increased risk for auto-PEEP.
Neuromuscular blockade may occasionally be necessary to facilitate mechanical
ventilation. Neuromuscular blockade, when combined with corticosteroid ther-
apy, increases the risk for prolonged blockade after discontinuation of the neuro-
muscular blocking agent and should be avoided or discontinued as soon as 
possible in these patients. NPPV may offer benefit in selected patients with
severe asthma.
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Exacerbations of Chronic Obstructive 
Pulmonary Disease

• How should antibiotics and bronchodilators be used to treat a hospitalized patient
with chronic obstructive pulmonary disease (COPD)?

• How can corticosteroids be used cost-effectively to treat COPD?
• How should noninvasive positive-pressure ventilation be used during acute 

exacerbations of COPD?

In the United States, approximately 500,000 hospitalizations occur annually for
exacerbations of chronic obstructive pulmonary disease (COPD). Current
smokers are more likely than former smokers to suffer an exacerbation requir-
ing hospitalization. In-hospital mortality rates are as high as 11%. Predictors of
increased hospital mortality include a higher score on the acute physiology and
chronic health evaluation (APACHE) III, older age, lower body mass index,
poorer functional status, lower PaO2, congestive heart failure, cor pulmonale,
and lower serum albumin level. One half of patients are readmitted within 
6 months for another exacerbation.

Initial Assessment
In addition to a directed history and physical examination, a chest radiograph
should be obtained in the initial assessment of an exacerbation of COPD
because radiography results in a change in management in 16% to 21% of
patients. Sputum Gram stain and culture are not useful. Spirometry may be
helpful in assessing the severity of respiratory impairment. An FEV1 of less than
40% of the predicted value indicates relapse or the need for hospitalization, and
an FEV1 of less than 35% of the predicted value indicates that hypercapnia is
unlikely. Arterial blood gases should be measured if hypercapnia, an acid–base
disturbance, or inaccurate pulse oximetry is suspected.

Patients should be hospitalized for an exacerbation of COPD if they are
unable to care for themselves or if there is risk for further deterioration and pos-
sible respiratory failure. Risk of respiratory failure increases in proportion to the
severity of underlying respiratory impairment, the number and severity of under-
lying comorbidities, and the severity of the acute exacerbation. Patients with
acute pneumonia and severe underlying disease generally should be hospitalized.

Treatment
There are no data regarding the effectiveness of supplemental oxygen. An arte-
rial oxygen saturation of 88% to 92% or a PaO2 of 55 to 65 mm Hg is desirable.
However, lower oxygen saturation levels, for example, an arterial oxygen satu-
ration of 85% or a PaO2 of 50 mm Hg, are often well tolerated and may be
preferable if higher arterial oxygen saturation levels result in excessive hyper-
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• Antibiotics are effective in acute exacer-
bations of chronic obstructive pulmo-
nary disease (COPD); there is no clear
advantage to broad-spectrum anti-
biotics.

• Ipratropium bromide and β-agonists are
equally effective for severe exacerba-
tions of COPD; there is no clear advan-
tage to combination therapy.

• Two weeks of systemic corticosteroids
reduces COPD treatment failure; there is
no advantage to a longer duration of
treatment.

• In properly selected patients, noninva-
sive positive-pressure ventilation
reduces the rate of intubation, mor-
bidity, and mortality.

TABLE 34 Typical Indications for Intubation and Mechanical Ventilation 
of Patients with Acute Severe Asthma

Depressed level of consciousness

Worsening acute respiratory acidosis despite medical therapy

Cyanosis

Inability to talk

Respiratory extremis

Lactic acidosis*

*Manthous CA. Lactic acidosis in status asthmaticus: three cases and review of the literature. Chest. 2001;119:1599-1602.
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capnia. Supplemental oxygen therapy promotes hypercapnia primarily by wors-
ening V/Q mismatch and by increasing dead space rather than by inducing
alveolar hypoventilation. Humidified oxygen administered by nasal cannula at
1 to 5 L/min is usually sufficient.

Inhaled bronchodilator therapy is clearly indicated in patients with severe
exacerbations of COPD. However, there is no consensus about whether anti-
cholinergic drugs, β-agonists, or both, should be used (Snow et al.). β-agonists
have a more rapid onset of action, but anticholinergic drugs have fewer side
effects. It is generally appropriate to start with either a β-agonist or an anti-
cholinergic drug, and then combine the two drugs at a later time if the initial
clinical response is suboptimal. With proper technique, a metered-dose inhaler
with a spacer delivers bronchodilators as effectively as a nebulizer does, but
many patients are initially too ill and dyspneic to properly use a metered-dose
inhaler. A metered-dose inhaler should replace the nebulizer when the hospi-
talized patient improves. There is no role for the routine use of aminophylline
or chest physiotherapy.

On the basis of randomized, placebo-controlled studies, antibiotics appear
to be beneficial in the treatment of exacerbations of COPD. However, most of
these studies involved the treatment of outpatients with tetracycline, trimetho-
prim–sulfamethoxazole, or amoxicillin prior to the emergence of resistant bac-
terial strains. Whether broad-spectrum antibiotics, for example, macrolides, 
fluoroquinolones, and later-generation cephalosporins, are more effective is
unknown. Pending further studies, most exacerbations of COPD should be
treated with narrow-spectrum antibiotics. Broad-spectrum antibiotics should
probably be restricted to patients with severe exacerbations, for example, those
patients failing to respond to initial therapy with narrow-spectrum antibiotics
and those requiring assisted ventilation.

A recent study complements earlier studies and clearly establishes the effec-
tiveness of systemic corticosteroids in the treatment of exacerbations of COPD
(Niewoehner et al.). Two weeks of systemic corticosteroids reduced the rate
of treatment failure (defined as death, intubation, readmission, or intensifica-
tion of pharmacologic therapy), reduced the length of hospitalization, and
improved FEV1 compared with placebo. There was no advantage to a longer 
8-week course of corticosteroids. Inhaled corticosteroids have no proven role
in the acute hospital management of COPD.

Several studies have demonstrated the effectiveness of noninvasive positive-
pressure ventilation (NPPV) during acute exacerbations of COPD (Peter et al.).
In the largest prospective, randomized, controlled study, NPPV resulted in a
more rapid improvement of dyspnea, respiration rate, and pH; a reduced rate
of intubation; and a decrease in morbidity and mortality (Plant et al.). Patients
with mild exacerbations and minimal respiratory acidosis are unlikely to benefit
from NPPV compared with standard therapy. NPPV is contraindicated in the
presence of respiratory arrest, altered mental status, inability to protect the air-
way, hemodynamic instability, pneumonia, acute cardiac ischemia, and inability
to fit or wear the face mask properly. NPPV should be used to avoid intubation
rather than to replace it. If the patient’s condition does not improve or stabilize
after several hours of NPPV, intubation should be performed. In carefully
selected stable patients who are not able to sustain totally unsupported breath-
ing, early extubation and immediate NPPV may serve as a bridge to unassisted
ventilation.
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Acute Lung Injury and Acute Respiratory 
Distress Syndrome

• What are the definitions of acute lung injury (ALI) and acute respiratory distress 
syndrome (ARDS)?

• What are the chest radiograph findings in ARDS?
• What are the risk factors for ARDS?
• What is the optimum approach to mechanical ventilation in patients with ARDS?
• Do the clinical criteria for ALI and ARDS correlate with histologic changes in 

the lungs?
• What are the major causes of direct and indirect lung injury?
• What findings on a chest radiograph indicate ALI?
• What ventilator strategy, proved in a large-scale trial in patients with ALI,

has improved outcome?

Acute lung injury (ALI) and the more severe subset, acute respiratory distress
syndrome (ARDS), remain common clinical problems in the intensive care 
unit. ARDS affects more than 150,000 persons each year in the United States
(Bernard et al.). There are many causes for these processes and the diagnosis
is made on clinical grounds. Treatment is largely supportive, but recent infor-
mation shows that the methods for applying the most common life support
measure (mechanical ventilation) are critically important to patient outcome.

Definition
The first American and European Consensus Conference (AECC) report pub-
lished in 1993 standardized the definition of ALI and ARDS for epidemiologic
studies, clinical trials, and clinical care (Table 35) (Artigas et al.; Esteban et al.).

ALI encompasses a host of insults that invoke a widespread inflammatory
response within the pulmonary parenchyma. The lung insult develops within 
1 week and is associated with hypoxemia and bilateral pulmonary infiltrates.
The ratio of PaO2 to FIO2 is 300 mm Hg or less (for example, PaO2 is 60 mm
Hg on ambient air). Bilateral pulmonary infiltrates have the appearance of pul-
monary edema but may be patchy or asymmetric.

ALI is characterized by diffuse alveolar damage. Acutely there is protein-
rich edema within the distal airspaces, often accompanied by hyaline mem-
branes and intra-alveolar edema. The alveolar-capillary membranes are thick-
ened initially by edema fluid and inflammatory cells, and increasingly after sev-
eral days by proliferation of pneumocytes and fibroblasts. Infectious organisms
and aspirated foreign material may be present, depending on the inciting etiol-
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TABLE 35 Diagnostic Criteria for Various Forms of Acute Severe Lung Dysfunction

PaO2/FIO2
† Chest Radiograph‡

Acute* Lung Injury 0 to 300 Bilateral infiltrates

Acute* Respiratory Distress Syndrome 0 to 200 Bilateral infiltrates

Acute Lung Failure 0 to 300 Any infiltrate

*Acute indicates development of the syndrome within a time period of <7 days. Both oxygenation and chest radiograph criteria must be simultaneously present ≤24 hours.

†These levels of abnormality in gas exchange should be reasonably sustained as opposed to transient.

‡Bilateral infiltrates seen on chest radiography or CT scans consistent with pulmonary edema. These infiltrates can be mild, patchy, or asymmetrical. Opacities that should NOT be considered
appropriate for the purpose of meeting criteria for acute lung injury include: pleural effusion, pleural thickening, or pleural mass; masses, nodules, or multiple nodules; changes most consis-
tent with chronic scarring or other chronic architectural distortions; volume loss; lobar collapse, including loss of the left hemidiaphragm silhouette; platelike atelectasis, if surrounding 
borders are sharp; extra-thoracic opacities (e.g., fat, lines, tubes); and subcutaneous air.

Bernard GR, Artigas A, Brigham KL, Carlet J, Falke K, Hudson L, et al. The American-European Consensus Conference on ARDS. Definitions, mechanisms, relevant outcomes, and clinical trial
coordination. Am J Respir Crit Care Med. 1994;149:818-24.

Luhr OR, Antonsen K, Karlsson M, Aardal S, Thorsteinsson A, Frostell CG, Bonde J. Incidence and mortality after acute respiratory failure and acute respiratory distress syndrome in Sweden,
Denmark, and Iceland. The ARF Study Group. Am J Respir Crit Care Med. 1999;159:1849-61.
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ogy. A preponderance of malignant cells excludes the diagnosis, as does pul-
monary edema caused entirely by passive congestion.

ARDS is similar to ALI except that the ratio of PaO2 to FIO2 is 200 mm Hg
or less (for example, PaO2 is 80 mm Hg or less on FIO2 0.4). A ratio of PaO2 to
FIO2 of 50 mm Hg may be observed in severe instances. Most patients who
meet this criteria for ARDS require mechanical ventilation.

Risk Factors
Causes or risk factors for development of ALI and ARDS are often divided into
direct and indirect. The most common risk factor for the development of ALI
and ARDS is sepsis, an indirect cause. Other indirect risk factors include multi-
ple trauma, multiple transfusions, acute pancreatitis, and, rarely, cardiopul-
monary bypass surgery. The most common direct etiologies include pneumo-
nia and aspiration. Less common causes are pulmonary contusion, fat
embolism, near-drowning, and inhalational injury (Ware and Matthay).

Other more chronic factors have been implicated in the development of
ALI and ARDS. For example, cigarette smoking is associated with an increased
risk. Smokers are at least four times more likely to develop ALI and ARDS than
never smokers (Iribarren et al.). Cirrhosis and nonwhite race were associated
with more than twice the risk (TenHoor et al.). Drugs may predispose or cause
ALI and ARDS, particularly amiodarone (Ashrafian and Davey). Genetic pre-
disposition may play a role in development of ALI and ARDS, including such
candidate genes as those encoding for surfactant protein B, aquaporin 1, and
transforming growth factor-α (Leikauf et al.).

Ventilator Management
ALI and ARDS have the most mechanical ventilation techniques of any indica-
tion for mechanical ventilation because a substantial percentage of patients with
ALI and ARDS die due to refractory respiratory failure. Ventilatory modes have
included assist-control, pressure-control, inverse ratio, pressure release and
pressure-regulated volume-cycled ventilation, to name only a few.

The largest and most successful ventilator management trial for ALI 
was conducted by the National Heart, Lung, and Blood Institute, Acute
Respiratory Distress Syndrome Clinical Trials Network study (ARDS Clinical
Trials Network). In this study 861 randomized patients received assist-control
ventilation with tidal volumes of either 6 or 12 mL/kg of predicted body
weight. The mortality rate in the group treated with the lower tidal volume 
(6 mL/kg) was 31% compared with 39.8% in the patients receiving a tidal volume
of 12 mL/kg. This trial showed that tidal volumes in the range of 12 mL/kg
of predicted body weight were dangerous and increased mortality. It is possible
that tidal volumes lower than 6 mL/kg are more effective at minimizing venti-
lator-induced lung injury and death, but further studies are needed.

Hypercapnic Respiratory Failure
• What are three essential components of respiratory insufficiency in neuromuscular

disorders?
• What are clinical predictors for hypercapnic respiratory failure?
• What therapeutic interventions are available for acute and chronic hypercapnic 

respiratory failure?
• When should invasive (endotracheal or tracheostomy) ventilation be considered in

hypercapnic respiratory failure?
• How does sleep affect respiration in patients with neuromuscular respiratory failure?
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Hypercapnic respiratory failure, often defined as a PaCO2 greater than 50 mm
Hg, occurs when minute ventilation is not adequate to meet the demands of
metabolic CO2 production (VCO2). Three mechanisms singly, or often in com-
bination, can contribute to development of hypercapnic respiratory failure: 1)
an increase in CO2 production (for example, high fever); 2) an increase in the
work of breathing (for example, severe obstructive airways disease; and 3) a
decrease in the work that can be sustained by the chest pump (for example, cer-
vical quadriplegia). This section reviews principles of supportive management of
hypercapnic respiratory failure associated with neuromuscular diseases that
weaken the chest pump.

Neuromuscular Disease
Neuromuscular diseases that commonly cause hypercapnic respiratory failure
are listed in Table 36.

Neuromuscular disease can be broadly divided into two categories accord-
ing to the time course of neuromuscular respiratory failure: 1) an acute presen-
tation, such as acute idiopathic demyelinating polyneuropathy (Landry-
Guillain-Barré-Strohl syndrome) or myasthenic crisis; and 2) a gradual-onset
presentation such as amyotrophic lateral sclerosis or Duchenne muscular dys-
trophy. Both acute and gradual-onset hypercapnic respiratory failure can be
classified and approached diagnostically by assessing the site of the neurologic
injury or impairment.

Neuromuscular diseases of acute onset are usually caused by trauma or 
vascular insult to the neurologic system, toxins, or immunologic mechanisms.
Careful respiratory monitoring is generally indicated in an intensive care unit.

Most causes of gradual-onset hypercapnic respiratory failure are initially
encountered in an outpatient setting. Careful ongoing respiratory monitoring
of persons with these disorders allows appropriate therapeutic intervention to
avoid a respiratory emergency. Noninvasive mechanical ventilation often is used
in combination with therapeutic measures aimed at alleviating the underlying
disease (Miller et al.).

The respiratory system can be affected in three major ways in a patient with
neuromuscular disease: 1) ventilation function (inspiratory muscles); 2) cough
function (expiratory muscles); and 3) airway protection (upper airway, swal-
lowing) function. It is possible that only one or two of these functions will be
affected, although frequently all three occur together.

K E Y P O I N T S

• Neuromuscular diseases cause respira-
tory impairment through effects on 
ventilation, cough function, and 
airway protection.

• Noninvasive methods for ventilatory
and cough support can be employed 
if airway protection (glottic function) 
is intact.

• Oxygen therapy without concomitant
ventilatory support in patients with neu-
romuscular disease can lead to wors-
ened hypercapnia and respiratory failure.

• Nocturnal polysomnography should be
obtained in patients with obesity–
hypoventilation syndrome (OHS) to
diagnose and treat sleep-disordered
breathing.

• Unexplained hypercapnia, cor pul-
monale, and left ventricular failure may
be explained by OHS.

• Sleep-disordered breathing and daytime
hypercapnia are characteristic of OHS
and may be corrected by weight loss or
nocturnal ventilation support, or both.
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TABLE 36 Common Neuromuscular Causes of Hypercapnic Respiratory Failure

Site of Involvement Acute-onset Diseases Gradual-onset Diseases

Brain/brainstem Stroke —

Spinal cord Spinal cord injury Amyotrophic lateral sclerosis
Tetanus Postpolio syndrome
Poliomyelitis

Peripheral nerve AIDP Diabetes mellitus

Neuromuscular junction Myasthenia gravis Myasthenia gravis
Lambert-Eaton syndrome
Botulism
Organophosphate poisoning

Muscle Acute myopathies Progressive dystrophies
Coricosteroid-induced Myotonia
Secondary to neuromuscular blockade Myopathies

Kyphoscoliosis

AIDP = acute inflammatory demyelinating polyneuropathy (Guillain-Barré syndrome)
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Monitoring of the patient with neuromuscular disease must include a mul-
tifunctional assessment because life-threatening respiratory decompensation
often occurs due to a combination of inadequate respiratory defense (inade-
quate cough and swallow) and inspiratory muscle failure. Methods for assessing
each of these functions are shown in Table 37. Little data exist for the timing
of therapeutic interventions.

In the acute presentation, acute idiopathic demyelinating polyneuropathy
has been used as a representative clinical model. Monitoring guidelines and
intervention timing have been suggested. Whether these criteria apply to other
diseases is unclear. Guidelines for the timing of ventilatory support interven-
tions in chronic neuromuscular diseases have been published (Consensus
Statement).

In patients with slowly progressive neuromuscular diseases, hypoventilation
often first presents during sleep. During REM sleep, there is inhibition of the
chest wall and accessory muscles of breathing. Hypoventilation can occur if the
diaphragm is weak. Weakened upper airway muscles can result in upper airway
obstruction. Symptoms of sleep-disordered breathing are often subtle but
include morning headaches, vivid nightmares, night sweats, nocturia, impaired
concentration, daytime hypersomnolence, and unexplained depression.
Daytime hypercapnia may follow nocturnal hypoventilation, and initiation of
nighttime NPPV can often correct diurnal CO2 retention. Polysomnography
should be considered for patients with any of these symptoms or daytime CO2
retention.

Maintenance of normal PaCO2 and PaO2 levels and prevention of pneumo-
nia are the most important goals of therapy. NPPV through nasal or full face
mask is widely utilized. Data show that both quality and length of life may be
improved with NPPV. Intubation generally is required when: 1) patients are
unable to protect the airway due to impaired swallowing or cough function; 2)
noninvasive techniques fail to maintain adequate PaO2, PaCO2, or secretion
management; or 3) there is a lack of expertise available in the use of noninva-
sive devices.

Obesity–Hypoventilation Syndrome
Hypercapnic respiratory failure can occur in patients who have normal periph-
eral neuromuscular function in association with chest wall anatomic disorders,
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TABLE 37 Assessment Techniques for Ventilatory, Cough, and Swallowing Function in Neuromuscular Disease

Function Suggested Critical Values

Ventilatory Function Acute Onset Gradual Onset

Maximal inspiratory pressure >−20 cm H2O >−60 cm H2O

Arterial blood gas PaCO2 >45 mm Hg pH <7.35

Sleep study Not applicable Significant central or obstructive sleep apneas

Nocturnal oximetry Not applicable Hemoglobin saturation <88% for 5 consecutive minutes

Cough Function

Peak cough flow* <160 L/min <160 L/min

Maximal expiratory pressure <+40 cm H2O ?

Swallowing Function

Bedside swallowing studies Qualitative assessment Not applicable

Barium radiographic studies Qualitative assessment Qualitative assessment

Direct fiberoptic visualization Qualitative assessment Qualitative assessment

*Peak cough flow measured with peak-flow meter and face mask.
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such as severe kyphoscoliosis or obesity–hypoventilation syndrome (OHS).
OHS is defined by extreme obesity and elevated PaCO2 during wakefulness and
is often associated with hypersomnolence, dyspnea, hypoxemia, and pulmonary
hypertension. The exact cause of OHS is not known. However, there appears
to be a decrease in the central nervous system drive to breath in the face of
increased work of breathing. Increased work of breathing is present during
wakefulness because of an increase in chest wall impedance (due to increased
weight of the chest wall) and during sleep because of the frequent occurrence
of significant obstructive sleep apnea.

The diagnosis of OHS is made by the finding of elevated PaCO2 (>45 mm
Hg) in an obese patient (usually >150% ideal body weight) when other causes
of hypoventilation, such as hypothyroidism, COPD, and neuromuscular dis-
ease, have been excluded (Berger et al.). Hypoxemia, polycythemia, and pul-
monary artery hypertension are often found but are not necessary to make the
diagnosis of OHS. Overnight polysomnography is highly recommended
because of the near universal finding of OSA.

Weight loss is highly effective in reducing PaCO2 in OHS and should be
encouraged. Progesterone administration is effective in some patients with
OHS because of its effect in stimulating the central drive to breathe.
Medications that have been evaluated and found to be of no benefit include
acetazolamide, theophylline, protriptyline, and fluoxetine.

OHS is often accompanied by obstructive or central sleep apnea. Sleep
apnea should be treated aggressively with nocturnal CPAP or NPPV to improve
the quality of sleep and to reduce daytime PaCO2. Tracheotomy with nocturnal
ventilation must be considered if the patient does not tolerate NPPV and if
other treatments have failed. Nocturnal oxygen therapy without correction of
hypoventilation can exacerbate elevated PaCO2 and should be avoided.

Anaphylaxis
• What are the most common causes of anaphylaxis?
• What are the cardinal clinical abnormalities of anaphylaxis?
• What is the most effective treatment for anaphylaxis?

Anaphylaxis is a potentially life-threatening multisystemic clinical syndrome that
is caused by the release of mediators from mast cells and basophils. Release of
mediators can be triggered by IgE–allergen interactions (anaphylactic reaction)
or by nonantibody–antigen mechanisms (anaphylactoid reaction). It is esti-
mated that anaphylaxis affects 1% to 15% of the population and causes approx-
imately 500 to 1000 deaths per year in the United States (Neugut et al.). The
most common causes of anaphylaxis are drugs, insect venoms, foods, and aller-
gen extracts.

Symptoms usually develop within 1 hour after exposure to the inciting
antigen. Common clinical manifestations include a sense of impending doom,
urticaria, angioedema with laryngeal edema, shortness of breath, bron-
chospasm, and hypotension. Severe cases are associated with risk of death from
refractory bronchospasm, respiratory failure from upper airway obstruction, or
cardiovascular collapse. Anaphylactic shock occurs in up to 30% of cases and is
caused by hypovolemia from increased vascular permeability, vasodilation, and
myocardial depression. Serum levels of histamine and tryptase are elevated in
anaphylaxis and may provide adjunctive laboratory evidence for diagnosis in
equivocal cases (Kemp and Lockey).

Recognition and treatment of anaphylaxis in a timely fashion prevent fatal
outcomes. An “ABCD” approach to the patient with anaphylaxis is recom-
mended (Table 38). Assessment of the airway should determine the need for
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endotracheal intubation if stridor or laryngeal edema is present. If endotracheal
intubation is not possible secondary to edema, emergent cricothyroidotomy is
indicated.

Epinephrine is usually effective in reversing the clinical abnormalities asso-
ciated with anaphylaxis. Delay in its utilization is associated with an increased
risk of death. Epinephrine (0.3 to 0.5 mL of 1:1000 epinephrine) is typically
administered intramuscularly or subcutaneously. Epinephrine, 1 to 10 µg/min
by continuous intravenous infusion titrated to effect, is reserved for patients
with severe hypoperfusion and shock. β-Agonist inhalers are useful for treating
bronchospasm (if present) and all patients with respiratory symptoms should
receive oxygen.

In addition to epinephrine, patients with circulatory failure (hypotension)
should be aggressively resuscitated with intravenous fluids. Hypotension re-
fractory to epinephrine and fluid resuscitation should be treated with a cate-
cholamine vasopressor (dopamine, norepinephrine, or phenylephrine).
Additional drugs such as antihistamines and corticosteroids are utilized in
patients with anaphylaxis. All patients should receive a combination of H1- and
H2-blockers, usually diphenhydramine, 25 to 50 mg intravenously every 4 to 6
hours, and cimetidine, 300 mg intravenously every 8 to 12 hours. Although not
immediately effective, corticosteroids may decrease bronchospasm and airway
edema, and maintain blood pressure when administered in high doses to
patients with prolonged attacks.

Patients with moderate to severe symptoms should be closely monitored
for at least 12 hours, preferably in the intensive care unit for a possible late
recurrence (biphasic anaphylaxis). Patients taking β-blockers may develop
refractory anaphylaxis with persistent hypotension and bradycardia. Treatment
with glucagon for non-β-receptor inotropic effect has been effective in this sub-
class of patients (2000 Guidelines, AHA).

Patients who have an attack of anaphylaxis should be subsequently referred
to an allergist, especially if the inciting antigen is unknown. Precipitating anti-
gens can be identified with a careful history and adjunctive allergy testing.
Patients should avoid exposure to the offending antigen and be instructed to
wear a medical alert bracelet. Selected patients with a history of anaphylaxis
should be provided with self-administered epinephrine syringes and instructed
on their proper utilization.

79

Guidelines 2000 for Cardiopulmonary
Resuscitation and Emergency Cardiovascular
Care. Part 8: advanced challenges in resusci-
tation: section 3: special challenges in ECC.
The American Heart Association in collabo-
ration with the International Liaison
Committee on Resuscitation. Circulation.
2000;102(Suppl):I229-52.
PMID: 10966677

K E Y P O I N T S

• The most common causes of anaphylaxis
are drugs, insect venoms, foods, and
allergen extracts.

• The cardinal clinical abnormalities of
anaphylaxis are urticaria, angioedema,
bronchospasm, and hypotension.

• Effective treatment for anaphylaxis
includes epinephrine, inhaled β-agonists,
histamine receptor blockers, and 
corticosteroids.

TABLE 38 “ABCD” Approach to Treatment of a Patient with Anaphylaxis

Airway Evaluate for airway compromise and consider endotracheal
intubation or emergent cricothyroidotomy

Oxygen

Bronchospasm Epinephrine (intramuscular or subcutaneous)

Inhaled �-agonist

Circulatory collapse Epinephrine (intravenous continuous infusion)

Fluid resuscitation (crystalloid compared with colloid)

Catecholamine vasopressor (dopamine, norepinephrine, 
or phenylephrine)

Drugs Antihistamine

H1-blocker: diphenhydramine

H2-blocker: cimetidine

Corticosteroids: hydrocortisone, methylprednisolone

Glucagon (selected cases)
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Severe Sepsis
• What are the initial treatment priorities for patients with severe sepsis?
• What are the essential elements of the physical examination and laboratory database

in the patient with severe sepsis?
• What are the common sepsis-induced organ dysfunctions and what therapies may 

be required?
• What is the definition of septic shock?
• What is included in the differential diagnosis of septic shock?
• What is the current therapy for septic shock?

Severe sepsis is defined as infection-induced, acute organ dysfunction or hypop-
erfusion abnormalities and includes septic shock. Severe sepsis occurs as a com-
plication of other acute and chronic illnesses, trauma, and major surgery.
Despite continued advances in antibiotic therapy, severe sepsis remains a com-
mon pathway to death.

Immediate Stabilization
The initial treatment priority in patients with severe sepsis is reversal of life-
threatening abnormalities (the ABCs: airway, breathing, circulation). Sepsis-
induced encephalopathy or a depressed level of consciousness may require
urgent protection of the patient’s airway. Sepsis-induced ARDS may necessitate
intubation to deliver higher oxygen concentrations or to administer mechanical
ventilation to institute PEEP breathing. Significant decreases in blood pressure
with the onset of severe sepsis necessitate aggressive fluid resuscitation (the pri-
mary initial therapy of sepsis-induced hypotension) and empiric therapy with
inotropes and vasopressors.

Initial Examination and Laboratory Evaluation
Blood cultures and broad-spectrum antibiotic therapy are generally indicated
whenever the differential diagnosis includes severe sepsis and septic shock, even
if other causes are more likely. Empiric antibiotics can be discontinued if blood
cultures are negative and another cause for the hypotension is confirmed.

In patients with severe sepsis, a thorough physical examination should be
followed by appropriate microbiologic and laboratory tests and radiology aimed
at identifying the source of the infection and the occurrence and severity of 
sepsis-induced systemic organ dysfunction. Broad-spectrum antibiotic therapy
should be initiated.

The choice of a specific antibiotic regimen depends on the presumed site
of infection; sputum Gram stain results; suspected or known organisms; and
resistance patterns of the common hospital microbial flora. Antimicrobial selec-
tion should also account for patient factors such as immune status (especially
neutropenia and immunosuppressive drugs), allergies, renal dysfunction, and
hepatic dysfunction.

Identifying a site of infection that requires surgical intervention or a per-
cutaneous drainage procedure (known as source control) is essential in the early
management of severe sepsis. Foci of infection for which source control must
be instituted include abscess, ischemic tissue, obstructed hollow viscus, per-
forated viscus, and infected foreign body.

Monitoring
Patients with severe sepsis are typically managed in an intensive care unit. Vital
signs should be monitored to detect change in condition. Continuous moni-
toring of oxyhemoglobin saturation by pulse oximetry is recommended.

K E Y P O I N T S

• Reversal of life-threatening problems is
the initial treatment priority in patients
with severe sepsis.

• Empiric broad-spectrum antibiotics
should be administered to patients with
a clinical presentation compatible with
severe sepsis but should be discontin-
ued if nonsepsis causes of organ 
dysfunction are ascertained.

• Identifying a site of infection that
requires surgical intervention or percu-
taneous drainage is an essential compo-
nent of the therapy for severe sepsis.

• Colloid offers no advantage over crys-
talloid for fluid resuscitation of patients
with septic shock.

• Recombinant human activated protein C
should be considered in the treatment
of patients with severe sepsis.
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Sepsis-induced Multiple Organ Dysfunction
Multiple organ dysfunction is a common consequence of severe sepsis and a
major contributor to morbidity from sepsis. Severe sepsis is the leading cause of
ALI and ARDS and can also produce severe dysfunction of other organs includ-
ing the heart, brain, kidneys, and liver. Coagulation abnormalities are common
and include thrombocytopenia and intravascular coagulation.

Septic Shock
The American College of Chest Physicians and Society of Critical Care
Medicine Consensus Conference Committee defines septic shock as: “…sepsis-
induced hypotension (systolic blood pressure <90 mm Hg or a reduction of
≥40 mm Hg from baseline) despite adequate fluid resuscitation along with the
presence of perfusion abnormalities that may include, but are not limited to,
lactic acidosis, oliguria, or an acute alteration in mental status. Patients who are
receiving inotropic or vasopressor agents may have a normalized blood pressure
at the time that perfusion abnormalities are identified.” The hemodynamic pro-
file of septic shock is influenced by multiple sepsis-induced physiologic changes
and is characterized by components of hypovolemic, obstructive, cardiogenic,
distributive, and cytotoxic shock (Table 39) (Dellinger).

Persistent hypotension despite adequate fluid resuscitation mandates the
use of vasopressors and is the hallmark of septic shock. Bedside echocardiog-
raphy is useful in differentiating shock caused by pulmonary embolism (right ven-
tricular dilatation), acute myocardial infarction (focal wall motion abnormality),
hypovolemic shock (poorly filled hyperdynamic left ventricle), and septic shock
(global decrease in contractility). Because of the rapid changes in blood pres-
sure that may occur in the presence of septic shock, arterial cannulation for con-
tinual monitoring of blood pressure is recommended. In addition, central
venous catheters are needed to infuse vasopressors. The role of central hemo-
dynamic monitoring is less clear.

Aggressive fluid administration is the highest priority in the resuscitation of
a patient with septic shock. Although prospective studies about choice of fluid
resuscitation in septic shock are lacking, meta-analyses of clinical studies com-
paring crystalloid and colloid resuscitation in general populations of primarily
surgical patients without septic shock show no clinical outcome difference
between crystalloids and colloids (Choi et al.). Fluid administration goals
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TABLE 39 Septic Shock – A Melting Pot of Shock Etiologies

Hypovolemic (loss of cardiac filling)

Capillary leak (absolute hypovolemia)

Venodilation (relative hypovolemia)

Cardiogenic

Decrease in contractility

Obstructive

Rise in pulmonary vascular resistance

Distributive (hypoperfusion despite normal/increased cardiac output)

Macrovascular

Decreased splanchnic blood flow

Microvascular

Shunting

Cytotoxic

Cellular inability to utilize oxygen despite adequate supply

Reproduced with permission from: Dellinger RP. Cardiovascular management of septic shock. Crit Care Med
2003;31(3):946-55.



Multiorgan Dysfunction Syndrome

82

should target absolute values of central venous pressure between 8 and 14 mm
Hg or pulmonary artery occlusive pressure between 14 and 18 mm Hg.

Fluid resuscitation of septic shock often occurs in the absence of central
hemodynamic monitoring, and bolus fluid therapy (250 to 1000 mL of crys-
talloid administered for 5 to 15 minutes) is appropriate. Boluses should be
repeated for as long as the patient remains hypotensive or until early clinical
manifestations of high left-sided filling pressures occur (crackles on auscultation
of the lungs or a drop in oxyhemoglobin saturation). This approach is safer in
mechanically ventilated patients or those with good oxygen transfer and of greater
risk in nonintubated patients already receiving significant supplemental oxygen.

After adequate intravascular volume repletion, the continued presence of
hypotension warrants use of vasopressor therapy (an intravenous drug that
raises blood pressure partially or totally through a direct arteriolar constrictive
effect). A combined inotrope or vasopressor may be administered. Systolic
blood pressure values of 90 mm Hg or mean arterial blood pressure values of
60 to 65 mm Hg have traditionally been maintained. Traditional vasopressors,
including dopamine, epinephrine, norepinephrine, and phenylephrine, have all
been effective in raising blood pressure in septic shock. Norepinephrine may be
the preferred agent (Martin et al.). In adults, vasopressin at doses of 0.01 to
0.04 U/min may be of utility in shock that is poorly responsive to traditional
vasopressors (Malay et al.).

Therapy specifically targeted to raise cardiac output to higher than normal
values has not been shown to improve outcome (Gattinoni et al.). Clinical
studies fail to show any hemodynamic benefit from bicarbonate therapy with
either increasing cardiac output or decreasing the vasopressor requirement,
regardless of the degree of acidemia (Cooper et al.). Although validation is
needed, the use of stress-dose corticosteroids and fluid, blood, and inotrope
therapy, given early to normalize central venous oxygen saturation, shows
promise in the treatment of septic shock (Annane et al.; Rivers et al.).

Recombinant human activated protein C (rhAPC), targeting the con-
sumptive coagulopathy of sepsis, has been shown to reduce mortality in severe
sepsis and septic shock, and this therapy should be considered in patients with
severe sepsis and high risk of death such as the presence of ARDS, septic shock,
or both (Bernard et al.). The benefit of rhAPC in severe sepsis must be
weighed against the risk of bleeding.

A flow diagram for management of septic shock is shown in Figure 5.

Multiorgan Dysfunction Syndrome
• How is organ dysfunction defined?
• How does organ dysfunction influence patient outcome?
• What are the typical clinical manifestations of organ dysfunction?

Multiorgan dysfunction syndrome (MODS) develops in about 15% of patients
who are admitted to intensive care units in the United States. MODS accounts
for approximately 85% of deaths in medical and surgical intensive care units.
MODS has been defined as the presence of altered organ function in an acutely
ill patient such that homeostasis cannot be maintained without intervention. If
uncontrolled for hours, progressive simultaneous or sequential failure of multi-
ple organs often leads to circulatory collapse and death. The pathophysiologic
processes that initiate this downward spiral have not been fully defined and are
likely to be multiple. Uncontrolled systemic inflammation, triggered by focal or
widespread tissue injury, is thought to play a central role in most or all instances.

In one study, five primary intensive care unit admission diagnoses
accounted for 76% of the patients who developed MODS. These were sepsis,
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Sepsis-induced Hypotension

Begin fluid resuscitation
(crystalloid preferred)*

Blood pressure acceptable

NO YES  

Continue fluid resuscitation until subtle 
evidence of intravascular volume 
overload† or CVP 8–14 mm Hg or PAOP 
14–18 mm Hg or SBP ≥90 mm Hg or 
MAP ≥60–65 mm Hg

Establish re-evaluation interval

SBP ≥90 mm Hg or
MAP ≥60–65 mm Hg

YES  NO 

Establish re-
evaluation 
interval 

CI ≥3.0

YES or 
Unknown

NO 

Vasopressor (norepi-
nephrine preferred) 
targeting SBP ≥90
mm hg or MAP 
≥60–65 mm Hg

Vasopressor (norepi-
nephrine preferred) 
targeting SBP ≥90 mm 
Hg or MAP ≥60–65 mm
Hg and dobutamine 
targeting CI ≥3.0

SBP ≥90 mm Hg or MAP
≥60–65 mm Hg

YES  NO 

Establish re-evaluation interval 
and regularly attempt to wean 
vasopressors to maintain blood 
pressure target

• Consider drotrecogin 
α therapy

• Consider corticosteroid therapy

• Consider CVP or PAC monitoring, 
if not already in place

• Add second vasopressor agent 
(consider vasopressin .01–.04 
units/minute)

Consider CVP or PAC monitoring

F I G U R E  5 .
Management of Septic Shock.
CI = confidence interval; CVP = central venous pressure; MAP = mean arterial pressure; PAC = pulmonary artery catheter; PAOP = pulmonary artery occlusive
pressure; SBP = systolic blood pressure *250–1000 mL boluses of crystalloid, each over 5 to 15 min.† Basilar crackles on lung auscultation or increase in pulse
oximetry oxygen saturation.

Reproduced with permission from: Dellinger RP. Cardiovascular management of septic shock. Crit Care Med. 2003;31(3):946-55. 
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pneumonia, congestive heart failure, cardiac arrest, and upper gastrointestinal
bleeding (Zimmerman et al.). Head trauma and multisystem trauma are also
important predispositions to MODS. Regardless of the reason for admission,
sepsis is the most common precipitant of MODS. However, MODS can also
develop in the absence of sepsis when multiple organs are injured or systemic
inflammation is triggered by some other mechanism, such as exposure to a
toxin or prolonged tissue hypoxia resulting from cardiac arrest.

Although many organs can be adversely affected in MODS, prognosis
appears to be determined primarily by the degree of dysfunction of the follow-
ing six organ systems: cardiovascular, respiratory, renal, hepatic, hematologic,
and neurologic. Measured dysfunction of these organ systems forms the basis
of two scoring systems widely used for documenting the severity of MODS, the
Sequential Organ Failure Assessment score (SOFA) (Vincent et al., 1998)
(Table 40) and the Multiple Organ Dysfunction Score (MODS) (Marshall et al.).

Cardiovascular Dysfunction
Cardiovascular dysfunction commonly occurs in MODS and often contributes
to dysfunction of other vital organs. However, cardiovascular dysfunction is not
easily defined or quantitated in this setting. A mean arterial blood pressure of
less than 60 mm Hg is often, though not invariably, present in acute circulatory
dysfunction. Other useful clinical indicators of cardiovascular insufficiency
include cold or blue extremities, low urine output, and acutely altered menta-
tion. Cardiovascular failure is generally associated with a low cardiac output 
(for example, <2 L/min per m2). However, the circulation may be inadequate
acutely despite a “normal” cardiac output if tissue oxygen demand is increased
above the current rate of delivery or if the peripheral circulation is functionally
or anatomically deranged. The blood lactate concentration is usually elevated
above 2 meq/L in shock caused by circulatory dysfunction, but can be elevated
acutely for other reasons as well. Low central venous oxygen saturation reliably
indicates circulatory dysfunction if arterial oxygenation is adequate, but is not
commonly measured in many intensive care units. Therefore, recognition of
early cardiovascular dysfunction in an acute illness remains a clinical judgment
based on integrated assessment of several parameters as they change over time.
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problems” of the European Society of
Intensive Care Medicine. C Crit Care Med.
1998;26:1793-800. PMID: 9824069
Marshall JC, Cook DJ, Christou NV,
Bernard GR, Sprung CL, Sibbald WJ.
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descriptor of a complex clinical outcome.
Crit Care Med. 1995;23:1638-52.
PMID: 7587228

TABLE 40 The Sequential Organ Assessment Failure Score

SOFA score 0 1 2 3 4

Cardiovascular

Hypotension No MAP <70 Dopamine ≤5 or Dopamine >5 or epinephrine Dopamine >15 or epinephrine 
hypotension mm Hg dobutamine ≤0.1 or norepinephrine ≤0.1* >0.1 or norepinephrine >0.1*

(any dose)*

Respiration

PaO2/FIO2 >400 ≤400 ≤300 ≤200† ≤100†

Renal

Serum creatinine, <1.2 1.2–1.9 2.0–3.4 3.5–4.9 >5.0
mg/dL or urine output or <500 mL/d or <200 mL/d

Coagulation

Platelets, µL >150,000 ≤150,000 ≤100,000 ≤50,000 ≤20,000

Liver

Bilirubin, mg/dL <1.2 1.2–9 2.0–5.9 6.0–11.9 >12.0

Central nervous system

Glasgow coma scale 15 13–14 10–12 6–9 <6

MAP = mean arterial pressure; SOFA = Sequential Organ Failure Assessment score

*Adrenergic agents administered for at least 1 hour (doses administered in µg/kg/min).

†With respiratory support.
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Respiratory Dysfunction
Respiratory dysfunction presents as hypoxemia associated with widespread
bilateral pulmonary infiltrates in MODS. Acute lung injury (ALI) occurs when
the ratio of the PaO2 to the fractional concentration of inspired oxygen
(PaO2/FIO2) is less than or equal to 300. ARDS is defined as an ALI associated
with a PaO2/FIO2 of less than or equal to 200.

Renal Dysfunction
Acute renal failure should be suspected as a component of MODS if the urine
output falls persistently below 20 mL per hour despite adequate fluid repletion
or if the serum creatinine rises abruptly by 1 mg/dL or more. Acute tubular
necrosis is the most common cause of acute renal dysfunction in MODS and is
particularly common when sepsis is accompanied by hypotension. Other possi-
ble causes of acute renal insufficiency, such as prerenal azotemia, obstructive
uropathy, and hepatorenal syndrome, should be considered in this setting.

Coagulation Disorder
Thrombocytopenia commonly occurs in MODS and may be severe. Multiple
mechanisms are often involved, including intravascular sequestration, particu-
larly within the pulmonary microcirculation, increased consumption, and
decreased bone marrow production (Akca et al.). Disseminated intravascular
coagulation (DIC) is also common in MODS and should be assessed by simul-
taneous measurement of the prothrombin time, the partial thromboplastin
time, the platelet count, fibrinogen, and D-dimer or fibrin split products.
Fibrinogen is the least sensitive of these measures because increased production
of this acute-phase reactant often counterbalances increased consumption in the
setting of MODS. Although sensitive for DIC, an elevated D-dimer is not spe-
cific, because such diverse acute conditions as sepsis and venous thrombo-
embolism can also cause abnormal increases of this serum protein.

Liver Dysfunction
Hepatic synthetic and excretory functions may be impaired in MODS. The
serum total bilirubin level is most commonly used to monitor and assess the
severity of liver dysfunction in this setting. Although liver dysfunction generally
causes abnormal elevations of serum aminotransferases and the prothrombin
time, these other measurements are less specific for acute liver dysfunction than
the serum bilirubin.

Neurologic Disorder
Many patients with MODS develop alterations in mental function, ranging
from restlessness to stupor and coma. The Glasgow coma scale is often used to
assess changes in consciousness early after the onset of MODS. After sedating
agents are administered, this scale no longer provides useful information about
the severity of brain dysfunction as a manifestation of MODS. Although
hypoxia and circulating inflammatory mediators usually cause neurologic dys-
function in MODS, other insults are possible and should be considered, includ-
ing uremia, hepatic encephalopathy, intracranial bleeding associated with a
coagulation disorder, brainstem stroke, and meningitis. Head CT and lumbar
puncture should be considered, depending on the circumstances.

Delirium often develops in patients who remain aware and is common in
patients above the age of 60 years who develop MODS. Manifestations include
agitation and alterations in consciousness and cognitive function that fluctuate,
often markedly, with time.
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Peripheral nerves and muscles are often injured early in the course of
MODS. Severe muscle injury causes a dramatic increase in the serum creatine
kinase level, which typically peaks during the second to fourth day after onset
of the syndrome. Bilateral muscle weakness commonly first comes to attention
during the recovery phase of MODS. Acquired myopathy or neuropathy may
be so severe as to be mistaken for persistent coma. Because these conditions
spare the muscles and nerves of the eyes and mouth, the only indication of con-
sciousness may be the ability to blink the eyes a specified number of times in
response to command.

Treatment and Prognosis
Every attempt should be made to alleviate or reverse the underlying cause of
MODS. Otherwise, treatment is supportive and is directed at augmenting or
replacing the function of the most severely affected organ systems.

The prognosis of MODS is closely related to the number of organs that
become dysfunctional (Table 41). The nature of the inciting event and the
nature and severity of underlying chronic diseases are other important predic-
tors of survival. Regardless of other considerations, survival to hospital dis-
charge is distinctly uncommon when five or more major organ systems are
adversely affected in MODS.

Acute Inhalation Injuries Including 
Smoke and Agents of Warfare

Smoke Inhalation
Victims of fire are endangered by several adverse effects from inhaling gaseous
and particulate products of incomplete combustion, in addition to direct ther-
mal injury. Immediate asphyxiation can result from the low concentration of
oxygen in the immediate vicinity of a fire. Inhalation of carbon monoxide
causes acute and delayed neurologic injury. Toxic products of combustion cause
chemical injury to the oropharynx and nasopharynx and the tracheobronchial
tree. The resulting inflammation and edema may cause upper airway obstruc-
tion at any time during the first several days after smoke inhalation or tracheo-
bronchitis that persists for weeks.

Toxic gases that penetrate to the distal airways can cause acute lung injury
in a patchy or diffuse distribution that becomes fully apparent hours to 1 or 2
days after the fire. In addition to bronchitis and parenchymal lung injury, smoke
inhalation may cause focal atelectasis by obstructing airways and bronchopneu-
monia from superinfection of damaged airways. Chronic bronchitis, with or
without airway obstruction, is a late respiratory sequela of smoke inhalation.
Central neurologic injury is common after severe smoke inhalation and may be
subtle or pervasive.

TABLE 41 Survival from Multiorgan Dysfunction Syndrome

Number of Dysfunctional Organs Mortality %

2 26

3 49

4 69

5 83
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Initial assessment should focus on evaluation of the patency of the upper
airway. Facial burns; soot around the eyes, nose, or mouth; singed eyebrows or
nasal hairs; or carbonaceous sputum all suggest injury to the upper airway and
the possibility of immediate or delayed laryngeal edema. The patient should be
intubated if there is any indication of airway compromise.

Carbon monoxide poisoning should be treated by administering 100%
oxygen and often, if available, by hyperbaric therapy.

Patients with consequential smoke inhalation should be hospitalized for
observation. Treatment of respiratory distress is supportive. Antibiotics appro-
priate for community-acquired pneumonia should be administered if a patient
develops a bacterial infection following a smoke injury. Corticosteroids have not
been shown to be effective acutely. Most patients should be reassessed in an
outpatient setting for residual respiratory or neurologic or emotional sequela of
smoke inhalation approximately 6 weeks after hospital discharge.

Agents of Warfare
Exposure to chemical weapons should be suspected when large numbers of
patients present from a single location with similar respiratory, dermatologic,
ocular, or neurologic symptoms. Thorough decontamination is imperative,
including removal of clothing and copious whole-body irrigation with soap and
water. Decontamination must be performed in a well-ventilated area to prevent
contamination of health care workers. Some chemicals, such as nerve agents,
may persist in the environment even after decontamination and pose a signifi-
cant threat to medical staff.

The clinical spectrum of inhalational injury may vary. Irritation of the tra-
cheobronchial tree is common, and upper airway compromise must be consid-
ered. Alveolar injury may cause capillary leakage and noncardiogenic pul-
monary edema progressing to respiratory failure. Agents of warfare are sum-
marized in Table 42.

“Nerve agents” are the most potent and deadly chemical weapons. Nerve
agents cause a cholinergic crisis by inhibiting cholinesterase, thereby preventing
degradation of acetylcholine at post-synaptic receptors. Three major compo-
nents of this toxicity are muscarinic, nicotinic, and central nervous system
effects. Muscarinic effects include salivation, lacrimation, diarrhea, and poten-
tially life-threatening bronchorrhea or bronchospasm. Nicotinic effects include
fasciculations, muscle weakness, and respiratory failure secondary to diaphrag-
matic paralysis. Central nervous system effects include altered mental status and
seizures. The major life-threats are hypoxemia from bronchorrhea and ventila-
tory failure secondary to diaphragmatic weakness. Atropine should be used to
treat the bronchorrhea and should be titrated to achieve clearing of secretions.
This may require extremely high doses and continuous infusion. Pralidoxime
(2-PAM) reactivates acetylcholinesterase and can reverse the muscle weakness,
paralysis, and respiratory depression. Benzodiazepines help prevent or control
seizures (Leikin et al.; Greenfield et al.).

Poisoning/Overdose

Cocaine
Cocaine hydrochloride, the water-soluble form, is used intravenously or by
intranasal insufflation. Crack or rock cocaine, the alkaloid form, is commonly
abused by inhalation. Cocaine is rapidly absorbed from all mucosal surfaces and
produces a sympathomimetic syndrome. Clinical findings include tachycardia,
dilated pupils, hypertension, hyperthermia, and agitation. Acute cardiovascular
complications include severe hypertension, arrhythmias, myocardial ischemia,
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• The first priority (and constant concern)
in any case of inhalation injury is assess-
ing airway patency, with a low threshold
for early intubation when impending
airway compromise is suspected.

• Carbon monoxide poisoning is the most
common cause of death in house fires.

• Smoke inhalation injury to the lower
airways is the result of a severe inflam-
matory response, resulting in edema,
obstruction of small bronchi, atelectasis,
bronchopneumonia, and gas exchange
abnormalities.
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• After exposure to agents of chemical
warfare, thorough decontamination
(including clothing removal and copious
whole-body irrigation in a well-venti-
lated area) is imperative.

• Atropine and pralidoxime (2-PAM) are
the mainstays of therapy for nerve
agent exposure.
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and aortic dissection (Lange and Hillis). Neurovascular complications include
seizures; cerebral infarction; intracerebral, intraventricular, or subarachnoid
hemorrhage; and rarely cerebral vasculitis. Complications such as myocardial
ischemia or cerebral infarction may occur immediately after use of cocaine or
several days later. Pulmonary complications are less frequent and include baro-
trauma, noncardiogenic pulmonary edema, bronchospasm, and diffuse pul-
monary hemorrhage. Rhabdomyolysis is common and may be exacerbated by
hyperthermia and increased physical activity. Mesenteric ischemia, renal infarc-
tion, and other complications have also been reported.

Management of cocaine intoxication involves detection and treatment of
complications and prevention of further injury. Benzodiazepines are indicated
for agitation, and haloperidol is reserved for overt psychosis due to the poten-
tial for lowering the seizure threshold. There are no firm guidelines for man-
agement of myocardial ischemia. Aspirin should be administered and nitro-
glycerin considered for ongoing chest pain. Based on concerns of unopposed 
α-vasoconstriction, β-blockers are usually avoided. For patients with acute
myocardial infarction, an appropriate reperfusion intervention should be uti-
lized. Seizures are best managed with benzodiazepines. A significant number of
patients with intracranial hemorrhage have underlying vascular malformations
that may require specific interventions. Severe hyperthermia can be managed
with either conductive or evaporative cooling. Appropriate hydration should be
initiated in patients with suspected rhabdomyolysis pending assessment of renal
function and measurement of serum creatine kinase. After stabilization of acute
complications, psychiatric consultation may be warranted due to the high rate
of suicidal intent in cocaine abusers.

Lange RA, Hillis LD. Cardiovascular com-
plications of cocaine use. N Engl J Med.
2001;345:351-8. PMID: 11484693
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• Cocaine can cause a sympathomimetic
syndrome that can result in cardiovascu-
lar, neurologic, pulmonary, and other
complications.

• Benzodiazepines are first-line therapy
for agitation and seizures associated
with cocaine use.

• Aspirin, nitroglycerin, and reperfusion
strategies should be considered for
patients with myocardial ischemia 
secondary to cocaine use.

• Rhabdomyolysis should be considered
as a potential complication of cocaine
and overdosage in warm environments
and in patients with increased physical
activity.

TABLE 42 Chemical Agents of Warfare and Terrorism

Clinical
Agent Properties Syndrome Treatment Comments

Nerve Vaporized Miosis, salivation, Atropine, Extremely 
agents: liquid, also lacrimation, bronchorrhea, pralidoxime potent 

Sarin absorbed muscle  weakness, (2-PAM) (especially 
Soman topically respiratory failure, death VX)
Tabun
VX

Chlorine Pungent Severe Supportive Initial 
yellow or bronchospasm manifestations 
green gas and pulmonary are typically

edema, short-lived
respiratory
failure

Sulfur Vaporized Rhinorrhea, Supportive Vesicant 
mustard liquid tracheobronchitis, (blistering with 
(“mustard topical airway skin contact) 
gas”) irritation/injury agent causing 

delayed (12 to 
24 hours) full 
thickness burns; 
carcinogenic
(long-term sequela) 
because it is an 
alkylating agent

Phosgene Colorless Tracheobronchitis, Supportive Vesicant (blistering 
gas topical airway (specific with skin contact) 

irritation/injury, therapies agent; pulmonary 
pulmonary including edema may be 
edema corticosteroids delayed and/or 

are precipitated by 
controversial) physical exertion



Poisoning/Overdose

Carbon Monoxide Poisoning
Carbon monoxide poisoning is one of the most common causes of morbidity
and mortality due to poisoning in the United States. Carbon monoxide is a 
colorless, odorless, and nonirritating gas produced from incomplete combustion
of carbonaceous material. Common sources include vehicle exhaust fumes,
poorly functioning natural gas heating or cooking systems, inhaled smoke, and
propane-powered equipment. Toxicity results from tissue hypoxia and direct
cellular damage. Carbon monoxide binds to hemoglobin with an affinity 200
to 250 times greater than oxygen. A left shift of the oxyhemoglobin dissocia-
tion curve results in impaired offloading of oxygen to tissue. Other factors that
may contribute to toxicity include intracellular binding of carbon monoxide to
cytochrome oxidase and reoxygenation injury.

The clinical symptoms of carbon monoxide poisoning are nonspecific and
range from mild to severe. The most common initial symptoms of carbon
monoxide exposure include headache, dizziness, and nausea. More severe expo-
sures can result in chest pain, difficulty thinking, disorientation, dyspnea, weak-
ness, or palpitations. Clinical signs often include tachycardia and tachypnea as
compensatory mechanisms for cellular ischemia. Possible neurologic findings
are cognitive deficits, ataxia, seizures, and coma. Cardiovascular signs may
include arrhythmias, hypotension, and evidence of myocardial ischemia. The
classic finding of cherry red lips rarely occurs. A delayed neuropsychiatric 
syndrome may occur within 3 to 40 days after recovery from acute carbon
monoxide intoxication. Symptoms may include cognitive deficits, personality
changes, headache, parkinsonism, dementia, psychosis, peripheral neuropathy,
and urinary incontinence.

Diagnosis of carbon monoxide poisoning requires a high index of suspicion
and appropriate laboratory investigations. Pulse oximetry is not useful because
it may overestimate arterial oxygenation. Carboxyhemoglobin (venous or arte-
rial) should be measured as soon as possible in patients with suspected carbon
monoxide poisoning, although it may not correlate with severity of symptoms.
Normal carboxyhemoglobin levels can range up to 10% in smokers but are usu-
ally in the range of 2% to 3% in nonsmokers. The initial level may not reflect
exposure if the patient was treated with 100% oxygen before arrival or has a
delayed presentation. An electrocardiogram should be evaluated for evidence 
of ischemia.

Patients with carbon monoxide poisoning should be removed from the
source of exposure, and initially 100% oxygen should be administered by non-
rebreather face mask or endotracheal tube. Oxygen (100%) reduces the half-life
of carboxyhemoglobin from 5 to 6 hours to 60 to 90 minutes by competitive
binding of hemoglobin and should be administered until the carboxyhemoglo-
bin level is normal. Hyperbaric oxygen reduces the half-life of carbon monox-
ide to 20 to 25 minutes but its use in carbon monoxide poisoning has been
controversial (Juurlink et al.). Potential indications for use of hyperbaric ther-
apy are listed in Table 43. A recent clinical trial suggests that hyperbaric oxy-
gen decreases the incidence of postexposure cognitive deficits (Weaver et al.).

Therapeutic Drug Overdose
Table 44 lists some drugs involved in poisonings and the typical clinical syn-
drome (Table 45) as well as antidotes or interventions.

Acetaminophen overdose may result in significant hepatotoxicity and mor-
tality that is preventable. Toxicity in adults may occur with ingestion of more
than 7.5 to 10 g in 8 hours or less. A 4-hour serum acetaminophen level should
be obtained and compared with the Rumack-Matthew nomogram for single
acute ingestions to determine potential toxicity. The nomogram is not applica-
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• The most common symptoms of carbon
monoxide poisoning are headache,
dizziness, and nausea.

• A delayed neuropsychiatric syndrome
may occur after recovery from acute
carbon monoxide intoxication.
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ble for multiple ingestions over time, chronic ingestions, or ingestion of
extended-release forms. For extended-release acetaminophen, a second drug
level 4 hours after the initial acetaminophen level should be evaluated. It is rea-
sonable to administer charcoal up to 4 hours after ingestion. If the acetamino-
phen level is in the potentially toxic range, oral N-acetylcysteine (NAC) is
administered as the antidote (Brok et al.). NAC is most effective within 8
hours of ingestion but may be administered as late as 24 hours after ingestion.
A loading dose of 140 mg/kg is followed by 17 maintenance doses of 70
mg/kg administered every 4 hours. Aggressive antiemetic therapy is often
needed. The local poison control center should be contacted for recommenda-
tions on alternative regimens including intravenous administration of NAC and

Brok J, Buckley N, Gluud C. Interventions
for paracetamol (acetaminophen) overdoses.
Cochrane Database Syst Rev. 2002;(3):
CD003328. PMID: 12137690

TABLE 43 Potential Indications for Hyperbaric Oxygen in Acute 
Carbon Monoxide Poisoning

Coma

Loss of consciousness

Neurologic findings other than headache

Carboxyhemoglobin level >25% to 40%.

Pregnancy and carboxyhemoglobin level >15%

Myocardial ischemia

Arrhythmias

Ischemic heart disease and carboxyhemoglobin level >20%

Persistent symptoms after normobaric oxygen treatment for 4 to 6 hr

TABLE 44 Antidotes and Interventions for Specific Toxins

Toxin Clinical Syndrome Antidote/Intervention

Acetaminophen N-acetylcysteine

Amphetamines Sympathomimetic Benzodiazepines

Arsenic/mercury/gold/lead BAL (dimercaprol)

Benzodiazepines Sedative/hypnotic Flumazenil

β-Blocker Bradycardia, hypotension Glucagon, calcium chloride, ventricular pacing

Calcium channel blocker Bradycardia, hypotension Calcium, glucagon, ventricular pacing

Carbon monoxide 100% oxygen, hyperbaric oxygen

Cocaine Sympathomimetic Benzodiazepines

Coumarin derivatives Vitamin K1

Cyanide Nitrites, thiosulfate, hydroxocobalamin

Cyclic antidepressants Anticholinergic Blood alkalinization, �-agonist

Digoxin Dysrhythmias Digoxin-specific Fab fragments

Ethylene glycol Sedative/hypnotic Ethanol, fomepizole, hemodialysis

γ Hydroxybutyrate Sedative/hypnotic Respiratory support

Heparin Protamine sulfate

Hypoglycemic agents Glucose 50%, somatostatin

Iron Deferoxamine

Isoniazid Pyridoxine

Lithium CNS alterations Hemodialysis

Methanol Sedative/hypnotic Ethanol, fomepizole, hemodialysis

Narcotics Narcotic Naloxone, nalmefene

Organophosphates/carbamates Cholinergic Atropine, pralidoxime

Salicylates Urine alkalinization, hemodialysis

Theophylline Sympathomimetic Multiple-dose charcoal, hemoperfusion

CNS = central nervous system
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shorter treatment courses. A course of NAC may be considered in patients who
present late or chronically ingest acetaminophen if their serum aspartate amino-
transferase and alanine aminotransferase levels are elevated.

Methanol and ethylene glycol are toxic alcohols that produce cardiopul-
monary and central nervous system symptoms. Both agents can produce an
anion gap metabolic acidosis and an osmolar gap. However, absence of an
osmolar gap or anion gap does not exclude a toxic ingestion. If ingestion of a
toxic alcohol is suspected, blood alcohol levels may be requested but definitive
treatment must be initiated immediately. Treatment includes preventing further
metabolism of the alcohol to toxic metabolites by use of oral or intravenous
ethanol or intravenous fomepizole (Brent et al.). Definitive treatment of intox-
ication is hemodialysis.

β-Blocker toxicity may result in bradycardia, atrioventricular conduction
abnormalities, and hypotension. Isotonic fluids are indicated for significant
hypotension, and glucagon should be administered if the response is inade-
quate. Calcium chloride is also effective. Ventricular pacing (transthoracic or
transvenous) may be required. Catecholamine infusions are less effective.
Alternative interventions for refractory cases include phosphodiesterase
inhibitors, insulin infusion, an intra-aortic balloon pump, and cardiopulmonary
bypass surgery.

Calcium channel blockers may cause bradycardia, conduction abnormali-
ties, and hypotension. Calcium chloride should be administered, and, if inef-
fective, glucagon should be administered. Ventricular pacing and the interven-
tions described for β-blocker toxicity are appropriate for refractory cases (Boyer
and Shannon).

Cyclic antidepressant toxicity can cause arrhythmias, depressed level of
consciousness, seizures, and hypotension. Evidence of cardiotoxicity (wide QRS
complex, wide-complex arrhythmias) requires the immediate alkalinization of
blood with sodium bicarbonate to a plasma pH of 7.5 to 7.55. Alkalinization
decreases free drug by increased protein binding and also stabilizes myocardial
membranes. Hypotension unresponsive to intravenous fluids should be man-
aged with an α-agonist such as norepinephrine or phenylephrine. The use of an
intra-aortic balloon pump should be considered as a temporizing measure in
refractory cases.

Lithium has a narrow therapeutic index that predisposes to toxicity.
Lithium levels do not necessarily correlate with symptoms, and toxic levels
range from 2 to 4.5 mmol/L. Toxicity occurs at lower serum levels in chronic
ingestors. Neurologic abnormalities are the major manifestations and include
tremor, hyperreflexia, agitation, clonus, seizures, and altered mental status.
Lithium is not adsorbed by activated charcoal and whole-bowel irrigation has
been proposed for gastrointestinal decontamination even though the benefit is
unproven. Intravascular volume should be optimized, but forced diuresis is not
effective in enhancing excretion. Hemodialysis is effective in removing lithium.
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TABLE 45 Toxic Syndromes Due to Drug Overdose

Clinical Syndrome Symptoms

Cholinergic Salivation, lacrimation, increased urination, bronchorrhea, increased defecation, gastrointestinal upset,
emesis, bradycardia, fasciculations, confusion, miosis

Anticholinergic Dry skin and mucous membranes, hyperthermia, tachycardia, mydriasis, delirium, thirst, urinary retention

Sympathomimetic Hypertension, tachycardia, seizures, central nervous system excitation, mydriasis, diaphoresis

Narcotic Miosis, respiratory depression, depressed level of consciousness, hypotension, hypothermia, hyporeflexia

Sedative/hypnotic Depressed level of consciousness, respiratory depression, hypotension, hyporeflexia, hypothermia
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Salicylate toxicity may result in metabolic acidosis, tachypnea, respiratory
alkalosis, and hyperthermia. Coagulopathy, hepatotoxicity, hypoglycemia,
depressed level of consciousness, and seizures may also develop. Long-term
ingestors develop toxicity at lower levels than one-time ingestors. Salicylate lev-
els greater than 35 mg/dL are treated with alkalinization of the urine to pH of
7.0 to 8.0 to enhance renal clearance. Hemodialysis may be required for
seizures, persistent alteration in mental status, refractory acidosis, or persistent
electrolyte abnormalities.

Some herbal or alternative medicines and nutritional supplements have
inherent toxicity, but poisoning may also result from product misuse, product
contamination, or through interaction with other medications. Cardiac glyco-
sides or digoxin-like factors have been found in herbal teas and laxatives.
Toxicity is similar to digoxin toxicity. Products containing ephedrine and pseu-
doephedrine can result in a sympathomimetic syndrome (Table 45) and com-
plications such as seizures, stroke, myocardial infarction, arrhythmias, and
death. Ginkgo biloba and garlic have been associated with coagulation abnor-
malities and bleeding. Ginseng has been associated with hypoglycemia.
Contaminants identified in Asian patent medicine products include arsenic,
lead, and mercury.

Agitation Delirium and Distress in the 
Intensive Care Unit

• Which acute medical problems are essential to consider when evaluating an acutely
agitated patient?

• How should depth of sedation be monitored in the intensive care unit?
• What are the clinical considerations when choosing between midazolam and

lorazepam to treat the acutely agitated patient?

Evaluating agitation in the emergency department and intensive care unit is
challenging because patients may not be able to communicate. Searching for a
cause of agitation is essential, however, because specific, life-saving treatment
may be needed. The Society of Critical Care Medicine has published an algo-
rithm for evaluating and treating agitation, emphasizing an evaluation for cor-
rectable problems before instituting pharmacotherapy (Jacobi et al.).

Life-threatening causes of agitation include hypoxia, hypercapnia, hypo-
glycemia, sepsis, central nervous system infection, drug overdose, alcohol with-
drawal, and pain (for example, from myocardial infarction). Others include
patient–ventilator dysynchrony, inability to communicate, sleep deprivation,
nicotine withdrawal, and uncomfortable bed position.

Pain is among the most common causes of agitation in the critically ill,
resulting from underlying illness, procedures, and invasive devices. Although
data on prevalence are scarce, some degree of pain is likely. Narcotics are the
mainstay of therapy, especially intravenous fentanyl or morphine. Both agents
can be administered intermittently or by continuous infusion, titrated to patient
comfort. Fentanyl is preferred for rapid onset and resolution (for example, for
procedures). Morphine has more prolonged effects, although both agents can
be used effectively in infusions for continuous analgesia. Potential side effects
include hypotension (particularly with morphine), respiratory depression, and
decreased gastrointestinal motility.

Anxiety is common in the critically ill, and, when specific causes of agita-
tion are ruled out, sedatives such as midazolam or lorazepam should be admin-
istered. Midazolam is useful when rapid onset and resolution are needed, for
example for procedures or urgent control of agitation. In contrast, longer-act-
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• N-acetylcysteine should be administered
as an antidote for toxic acetaminophen
ingestions within 8 hours if possible.

• The presence of bradycardia, conduction
abnormalities, and hypotension should
suggest β-blocker or calcium channel
blocker overdose.

• Alkalinization of blood is indicated for
evidence of cardiotoxicity in cyclic 
antidepressant overdose.

• Alternative medicines and nutritional
supplements may produce toxic effects
due to ingredients such as digoxin-like
factors, ephedrine, or contaminants.
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ing lorazepam may be superior for continued anxiolysis (Swart et al.).
Intermittent dosing is generally preferable to continuous infusions to limit
accumulation in fat stores, which can occur with either agent after only a few
days of therapy and lead to prolonged depression of consciousness and
increased duration of mechanical ventilation (Kollef et al.). Potential side
effects include cognitive impairment and paradoxical increased agitation in sus-
ceptible persons. By themselves, benzodiazepines tend not to cause hypoten-
sion or respiratory depression, although these effects may be magnified by nar-
cotics and underlying disease. In select patients requiring frequent neurologic
evaluations or short-term heavy sedation, propofol may be a useful alternative.
Its high cost and vasodilating effects, which can contribute to hypotension,
limit its widespread use.

Recent work using a new diagnostic tool called the confusion assessment
method for the intensive care unit suggests that delirium affects the majority of
intubated critically ill patients (Ely et al.). Neuroleptic agents such as haloperi-
dol may be particularly useful in this setting. When used in high doses, haloperi-
dol can lengthen the QT interval on the electrocardiogram, raising the risk for
torsades de pointes (Sharma et al.).

Effective treatment of agitation helps patients tolerate invasive procedures
and therapies, particularly mechanical ventilation. Specific treatment goals
should guide drug dosing. Most patients should be made comfortable while
awake or lightly sleeping. Heavier sedation may be required, however, for
mechanical ventilation techniques that may be poorly tolerated, such as per-
missive hypercapnia for status asthmaticus or inverse ratio mechanical ventila-
tion for ARDS. Clinical scores such as the Ramsay scale and the newer
Richmond Agitation-Sedation Scale (RASS) are essential tools for monitoring
depth of sedation (Sessler et al.).

It is crucial to avoid excess accumulation of sedatives, which can cause pro-
longed depression of consciousness and cognitive impairment and lead to
unnecessary neurologic testing, delayed discontinuation of mechanical ventila-
tion, and prolonged intensive care unit length of stay. Specific protocols, which
emphasize intermittent awakening and discontinuous dosing, as well as careful
attention to monitoring sedation depth, should optimize treatment and
improve outcomes (Brook et al.; Kress et al.).

Palliative Care in Advanced Lung Disease
• When should palliative care begin during an irreversible chronic lung disease?
• How should a physician raise the delicate subject of planning for death,

and how should those plans be made?
• What can physicians offer patients with symptoms of dyspnea in the setting 

of an advanced chronic lung disease?
• When should patients with advanced lung disease be referred for home hospice care?

Chronic lung disease is the fourth leading cause of death in the United States,
accounting for more than 110,000 deaths per year. Most of those deaths occur
after years of severe health impairment and prolonged suffering (Claessens et al.).

Prognosis
Palliative care begins when the physician and the patient mutually recognize
that death may be near. Although survival statistics have been compiled for
most commonly fatal lung diseases, duration of survival remains difficult to pre-
dict for individual patients. COPD, for example, progresses at a slow rate that
varies considerably. Many patients die not from primary respiratory failure, but
instead from some unanticipated acute event, such as bronchitis, pneumonia, or
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• When evaluating the acutely agitated
patient, key medical emergencies to
consider and rule out include hypoxia,
hypercarbia, hypoglycemia, alcohol
withdrawal, central nervous system
infections, sepsis, and visceral pain.

• Depth of sedation in the intensive care
unit should be monitored with a clinical
sedation scale such as the Ramsay scale
or Richmond Agitation-Sedation Scale.

• Midazolam is most useful for the treat-
ment of agitation when a near immedi-
ate effect and/or short duration of
action is required; in contrast,
lorazepam is most useful for mainte-
nance therapy due to its longer duration
of action.
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myocardial infarction. The 95% confidence interval around the median survival
of a group of patients with advanced COPD is particularly broad. Among 19
common indications for referral to hospice, only dementia has a more uncertain
prognosis than COPD.

Recent information suggests that general performance status and the sever-
ity of exercise limitation may predict death in patients with chronic lung disease
with greater confidence than physiologic measures of disease severity, such as
FVC or FEV1 (Nishimura et al.). Provided that a patient is not limited by neu-
romuscular or skeletal impairment, exercise performance may be a particularly
useful predictor because it assesses overall integrated function of the respiratory
and circulatory systems. For example, in COPD, mortality rates rise sharply
when maximum exercise tolerance falls below 25 watts for women and 40 watts
for men (Ramsey et al.). Clinicians are encouraged to advise patients that death
may be near when an irreversible, nonmalignant lung disease has progressed to
the point that a patient must stop to rest because of dyspnea after walking one-
half a city block or less.

Advance Medical Planning
Once a poor prognosis is clearly understood, the patient or a family member
may raise the subject of planning for death with a trusted physician. If not, the
physician should raise this issue at an appropriate time, ideally in an outpatient
setting when the patient is medically stable. The subject is not easily broached
(Elkington et al.). To avoid unintended implications, the physician can begin
by saying, “I share your hopes and expectations for the best. It is also wise to
prepare for the worst” (Back et al.). The physician should explain that respira-
tory failure often develops unpredictably in patients who have severely limited
cardiopulmonary reserve. Some patients, particularly young adults, do not want
to talk about dying. The physician should accept their reluctance and express a
willingness to revisit the subject at a later time.

For patients who are receptive, the physician should schedule a separate
meeting devoted to advance medical planning among the physician, the patient,
and the closest family member or friend. The purpose of the meeting is to elicit
the patient’s preferences and fears about dying and to plan for them. After
briefly stating this purpose, the physician should turn to the patient with an
open-ended invitation to speak, such as: “I expect that you have been thinking
about this meeting. What are your thoughts?” Other helpful, open-ended ques-
tions include, “What are your hopes for the future?” and “What are your great-
est concerns and fears?” Answers to these broad questions remind physicians
that patients with advanced lung disease and their family members often have
other concerns that may be more important to them than the technical aspects
of medical life support or cardiopulmonary resuscitation (Steinhauser et al.).
The patient’s surrogate should have an opportunity to speak next. Finally, the
physician should raise or clarify specific medical decisions that should be con-
sidered in advance.

Depending on the circumstances, several practical issues are often appro-
priate for shared decision making among the patient, family, and physician in
meetings devoted to advance medical planning for terminal care (Table 46).
Family members who provide home care for patients with a terminal illness are
often concerned about certain “what ifs,” such as, “What should I do if I find
the patient unconscious on the kitchen floor?” and “What if the patient starts
coughing up blood again?” Home caregivers appreciate guidance in advance on
how they should respond if an uncontrolled or frightening situation develops
suddenly or at an inconvenient hour.
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Shortly after completion of initial discussions, the patient ideally, or the
family member or physician, should write a summary of the decisions that were
made in the meeting. In addition to the patient, both the proxy and the physi-
cian should also sign the document, indicating that they will do their best to
ensure that the patient’s stated wishes are fulfilled. Copies of this document
should be filed by all three participants in readily accessible locations.

Management of Dyspnea
Dyspnea is the cardinal symptom of chronic lung disease. Although opioids may
be useful in some circumstances, no known drug specifically counteracts dysp-
nea. Beyond reversing underlying causes when possible, the most useful ther-
apy for dyspnea, short of terminal sedation, is counseling on avoidance and tol-
eration (Luce and Luce).

For purposes of palliation, it is useful to consider three types of dyspnea.
Dyspnea on exertion is experienced primarily as a functional impairment such
as when the patient says, “I can’t do anything” and “My world is becoming so
small.” Symptomatic treatment is focused on pulmonary rehabilitation and on
counseling patients in pacing, planning, and purse-lipped breathing.
Paroxysmal dyspnea is often triggered by excessive exertion, such as carrying
groceries up steps, or by coughing spells. Severe paroxysmal dyspnea is associ-
ated with a panicky sense of immediate suffocation and may contribute to the
development of sustained anxiety in patients with advanced lung disease.
Treatment consists of reassurance, “you will not actually die from overexertion
or coughing,” and counseling in avoidance. In contrast to the first two types of
dyspnea, patients cannot escape from a third type, sustained dyspnea at rest.
Aside from measures to reverse the underlying cause, the only treatment known
to be effective is administration of an opioid, sometimes at doses that uninten-
tionally accelerate respiratory failure. Noninvasive mechanical ventilation is used
increasingly in these settings, but the actual benefit of this treatment in allevi-
ating dyspnea is unclear. Under certain circumstances, it may be appropriate to
initiate mechanical ventilation through translaryngeal intubation as a pretermi-
nal palliative measure to enable rapid pharmacologic relief of dyspnea.

Anxiety and depression are exceedingly common in advanced lung disease
and closely linked to dyspnea. Benzodiazepines and antidepressant drugs appear
beneficial in this setting when combined with appropriate counseling. These
drugs should be used carefully. Haloperidol is used to calm agitated delirium
after reversible causes have been identified and treated.
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TABLE 46 Issues for Advance Medical Planning

Discuss the most appropriate location for terminal care: the patient’s or a family member’s home compared to an institutional setting

Determine patient preferences for initiation and termination of life support:

Should mechanical ventilation be initiated in the event of respiratory failure?

Should terminal withdrawal of life support occur in the event of irreversible impaired consciousness?

Should terminal withdrawal of life support or institutional care be provided in the event of prolonged dependency on mechanical
ventilation?

Identify preferred providers for terminal home or institutional care:

Home care organization

Acute care hospital

Skilled nursing facility

Plan for anticipated “what ifs,” e.g.:

“What if I find the patient unconscious on the kitchen floor?”

“What if the patient starts coughing up blood again?”
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Hospice Home Care
Patients with advanced lung disease should be encouraged to consider hospice
home care (Abrahm and Hansen-Flaschen). Prior to enrollment, Medicare
and most other insurers require that the patient sign an agreement indicating
understanding and acceptance of the hospice approach to palliative health care.
The referring physician and the hospital medical director must certify that the
patient is expected to die within 6 months. However, there is no penalty for liv-
ing beyond 6 months. Given the uncertainty of prognosis in advanced lung dis-
ease, three “common sense” criteria have been proposed for referral of patients
with advanced lung disease to hospice (Table 47). The Medicare capitated-hos-
pice benefit covers all medical expenses other than physician’s fees, including
the cost of medications, supplies, durable medical equipment, and long-term
oxygen. Patients with a terminal illness who are unwilling or ineligible to enroll
in a hospice program may obtain some of the same benefits from a visiting nurse
agency.

Dying at Home
Although most patients with advanced lung disease express a desire to die at
home, relatively few in North America actually do so. Unless a fatal complica-
tion supervenes, many patients spend an extended period of time confined to
bed completely dependent on others for sustenance, hygiene, and comfort.
Constant attendance and considerable skill are often required. Dyspnea at rest
and accompanying anxiety or panic, or both, are distressing to onlookers and
difficult to manage, even under the best of circumstances. Hospice programs
can provide considerable support, including 24-hour a day bedside care for a
few days. Other patients may best be served by terminal hospitalization.
Provided that the intent is palliative, hospitalization is covered by the Medicare
hospice benefit on a per diem rather than a capitated basis. Some hospitals have
established specialized inpatient units specifically for this purpose. To avoid
undesired invasive emergency care, this possibility should be planned in advance
whenever possible.

Physicians who learn palliative care recognize that death is not a failure, but
an opportunity to practice a form of professional care that is as old as medicine
and potentially as gratifying as any other service offered.
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TABLE 47 Referral to Hospice: Common Sense Guidelines for Patients with
Advanced Lung Disease 

1) Despite an adequate trial of therapy, cardiopulmonary reserve has been exhausted
by progressive disease such that death can occur at any time, AND

2) Because of distressing symptoms or a severely limited performance status, the
patient can be expected to benefit from the specialized services offered by hospice
programs, AND

3) The patient accepts that death may be near and does not want to suffer needlessly.

K E Y P O I N T S

• Consider raising the subject of planning
for death in an outpatient setting when
an irreversible chronic lung disease has
progressed to dyspnea at very low 
levels of exertion.

• Raise the subject of planning for death
without undermining hope by saying,
“I share your hopes and expectations
for the best. It is also wise to prepare
for the worst.”

• Advanced medical planning is best pur-
sued in a physician’s office during a
dedicated meeting between physician,
patient, and proxy.

• No known medication offers specific
relief for dyspnea. The management of
irreversible dyspnea in chronic lung dis-
ease focuses on counseling aimed at
avoidance and tolerance.

• Referral to a hospice should occur when
a patient: 1) is at risk of death at any
time in the event of an ordinary respira-
tory infection, 2) has needs that are well
served by a hospice, and 3) understands
that death may be near.




