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Unusual Lung Infection, Bronchiectasis, and

Cystic Fibrosis

Lisa K. Moores, MD, FCCP

Objectives:

e Compare actinomycosis and nocardiosis infections of the
lung

e Discuss the treatment of actinomycosis and nocardiosis
infection in the lung

¢ List the causes of bronchiectasis

e Discuss the therapeutic options for the treatment of
bronchiectasis

¢ Review the genetic aspects of cystic fibrosis

¢ Discuss the newer therapeutic approaches to the treatment
of pulmonary disease in patients with cystic fibrosis

Key words: actinomycosis; bronchiectasis; cystic fibrosis;
cystic fibrosis transmembrane regulator; nocardiosis

Unusual Lung Infections
Nocardiosis

Nocardiosis refers to invasive disease caused
by members of the genus Nocardia. Respiratory
tract disease and extrapulmonary dissemination
are the most common manifestations. Pulmonary
infection is increasingly seen in immunosup-
pressed patients, particularly those with defects in
cellular immunity. Other presentations include
cellulitis, lymphocutaneous syndrome, actinomy-
cetoma, and keratitis. Nocardia species are aerobic,
nonmobile, and non-spore-forming organisms that
live as soil saprophytes. In tissue specimens, the
organisms reveal delicate branching filamentous
forms that are Gram-positive and usually acid fast
if weak decolorizing agents are used for the stains.
Seven species have been associated with human
disease. Nocardia asteroides is the most common
species associated with invasive disease. Nocardia
farcinica is less common and is associated with dis-
semination. Other species known to cause human
infection are Nocardia pseudobrasiliensis and Nocar-
dia brasiliensis.

ACCP Pulmonary Medicine Board Review: 25th Edition

Epidemiology/Pathogenesis: Nocardia species
are common natural inhabitants of the soil
throughout the world. Epidemics within the hos-
pital environment are rare, and person-to-person
transmission has only rarely been suggested.
Although Nocardia can occur as a primary pul-
monary pathogen in patients with no underlying
disease and can complicate surgery or trauma,
it is frequently recognized as an opportunistic
disease, especially among patients with cell-
mediated immune deficiencies, including trans-
plantation (greatest frequency in those who have
undergone lung transplantation), lymphoma,
and AIDS. High-dose corticosteroids, cytomega-
lovirus infection in the past 6 months, and high
calcineurin inhibitor levels (cyclosporine or tacro-
limus) are independent risk factors for Nocar-
dia infection in organ transplant recipients. In
HIV-positive persons, nocardiosis most often pres-
ents with a CD4* lymphocyte concentration of
<100 cells/uL but can occur in patients with
counts <250 cells/uL.

Nocardiosis has also been reported to be asso-
ciated with pulmonary alveolar proteinosis, myco-
bacterial diseases, and chronic granulomatous
disease. Finally, nocardiosis is not uncommon in
patients with COPD receiving long-term cortico-
steroid treatment, but it is also increasingly being
seen in patients with COPD who have received
only a recent short course of corticosteroids for an
exacerbation. The disease has been reported world-
wide and is more common in men than women
(approximately 3:1). Most infections result from
the inhalation of bacilli. Lesions are characterized
by necrotizing abscesses that are not well encap-
sulated and spread easily. Granuloma formation
and fibrosis are infrequent. Because of its propen-
sity for hematogenous dissemination, Nocardia
often is associated with metastatic spread,
especially to the brain (in up to one third of cases).
Chest wall invasion may occur but is uncommon.



Radiographic Manifestations: The chest radio-
graphic patterns are variable. The most frequent
manifestation is an airspace consolidation, usu-
ally homogeneous, but occasionally patchy. Nod-
ules, either single or multiple, may be confused
with metastatic carcinoma. The most common
radiographic manifestation is cavitation, which is
found in both consolidations and nodules. Pleu-
ral involvement with an empyema is present in
approximately one third of cases.

Clinical Manifestations: Important features of
Nocardia infection include diverse clinical and
radiographic presentation, the ability to dissemi-
nate to any organ system in the body, and the
tendency to relapse or remain unresponsive to
therapy. The nonspecific features make diagno-
sis challenging, and the disease often is not sus-
pected early in the patient’s course of symptoms.
The median time to diagnosis ranges from 40 to
55 days in reported series. Nocardial pneumonia
is the most common respiratory tract presenta-
tion. Although the clinical course may be acute
in immunosuppressed patients, typically the
patients have a subacute presentation consisting
of several weeks of symptoms. Cough, purulent
sputum, occasional blood-streaked sputum, night
sweats, and pleuritic pain are the most common.
Superior vena caval syndrome, mediastinitis, and
pericarditis have been reported from direct spread
from the lungs. Nocardia rarely involves the chest
wall. In approximately 50% of pulmonary cases,
extrapulmonary dissemination occurs. In a sig-
nificant number of cases of disseminated disease,
the initial respiratory tract involvement does not
elicit symptoms. As noted previously, nocardiosis
has the propensity for dissemination to the brain,
but other extrapulmonary sites include the skin,
bone, and muscle. In the CNS, Nocardia brain
abscesses may be single or multiple. Nocardia
is not usually recovered from the cerebrospinal
fluid.

Diagnosis: In most cases of pneumonia, spu-
tum smear findings are negative. Bronchoscopy
may be necessary to obtain an adequate specimen
for the characteristic Gram-positive filaments that
may be acid fast and often take up silver stains.
Cultures for Nocardia require special handling
because colonies may not appear for 2 to 4 weeks.
Blood cultures require incubation aerobically for
up to 4 weeks. Advances in DNA extraction and

real-time polymerase chain reaction assays may
allow for identification of most Nocardia species
within hours. The isolation of Nocardia from
the sputum in a non-immunosuppressed patient
without radiographic abnormalities may repre-
sent colonization. However, a sputum culture that
is positive for Nocardia in an immunosuppressed
patient more often indicates disease. A number of
serologic tests have been evaluated, but the diver-
sity of species known to cause disease and the
potential lack of sensitivity for detecting an anti-
body response in immunocompromised patients
have limited their practical use.

Treatment: Sulfonamide agents remain the
drug of choice for nocardiosis (sulfadiazine or sul-
fisoxazole, 6 to 8 g/d, then decreasing to 4 g/d as
the disease is controlled). The combination of tri-
methoprim and sulfamethoxazole is thought to be
an equally effective alternate choice. Minocycline
is an alternative choice for an oral medication in
those patients who have sulfa allergies. IV regi-
mens include amikacin, ceftriaxone, cefotaxime,
ceftizoxime, and imipenem. Linezolid has now
been shown in vitro to be highly effective against
most strains of Nocardia. However, the high cost
and serious potential toxicities currently relegate
this agent to refractory cases. Because of the risk
of relapse, patients who have intact host defenses
are generally treated for 6 to 12 months, whereas
immunodeficient hosts and those with CNS
involvement are treated for 12 months. When
the CNS is involved, treatment with cefotaxime
or ceftriaxone in addition to the trimethoprim
and sulfamethoxazole is recommended. Surgical
drainage should be considered for patients with
brain abscesses, empyema, and subcutaneous
abscesses. The rate of mortality caused by pulmo-
nary nocardiosis is high (15 to 40%) and increases
significantly with CNS involvement. Delay in
diagnosis and treatment affects prognosis. It is
therefore imperative that practitioners have a high
index of suspicion in evaluating patients who
are immunosuppressed or who have significant
chronic lung disease.

Actinomycosis
Actinomyecosis is a slowly progressive infec-

tious disease that is caused by anaerobic or micro-
aerophilic bacteria from the genus Actinomyces.
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When they were first described, they were misclas-
sified as fungi. The word actinomycosis is derived
from the Greek terms aktino (the radiating appear-
ance of the sulphur granule) and mykos (mycotic
disease). The classic clinical picture is a cervicofa-
cial disease in which the patient presents with a
large mass on the jaw. It is now recognized that the
organisms colonize in the mouth, colon, and
vagina. Infection results from mucosal disruption
and can occur at any site in the body. Infection is
characterized by a pyogenic response and necrosis,
followed by intense fibrosis. Actinomycosis is dif-
ficult to diagnose and is often confused with tuber-
culosis, lung abscess, or malignancy.
Epidemiology/Pathogenesis: The organisms are
a normal inhabitant of the human oropharynx
and frequently are found in dental caries and at
the gingival margins of persons with poor oral
hygiene. Actinomycosis is most commonly caused
by Actinomyces israelii. Actinomycotic infections
in the lung are, however, usually polymicrobial.
In tissue, actinomycotic infection grows in micro-
colonies or granules. Because these granules
are yellow, they are often called sulfur granules,
although they contain minimal amounts of sulfa.
Actinomycosis of the respiratory tract is acquired
most commonly by aspiration, but direct exten-
sion of the disease from the head and neck or
abdominal cavity can occur. The peak incidence
is reported in the fourth and fifth decades of life;
nearly all series have reported a male predomi-
nance (3:1). The pulmonary form typically consti-
tutes only 15% of reported cases but has been as
high as 50% in some series. Most infections occur
in individuals who are immunocompetent. How-
ever, some cases have been reported in patients
with impaired host defenses. Patients with alco-
holism and poor dental hygiene are at increased
risk. The presentation of pulmonary actinomyco-
sis has changed in recent years to a less aggressive
infection, which is likely related to improved oral
hygiene and increased use of penicillins, even
when the specific diagnosis is not suspected.
Radiographic Manifestations: The usual pattern
of acute pulmonary actinomycosis consists of air-
space consolidation, commonly in the periphery
of the lung and often in the lower lung fields. The
typical CT scan feature is a chronic segmental
airspace consolidation containing necrotic low-
attenuation areas with frequent cavity formation.
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Other findings include hilar or mediastinal ade-
nopathy, bronchiectasis within the consolidation,
and localized pleural thickening and/or effu-
sion. If not treated with appropriate antibiotics, a
lung abscess may develop, and the infiltrate may
extend into the pleura with an associated empy-
ema. Subsequently, actinomycosis will extend
into the chest wall with osteomyelitis of the ribs,
abscess formation, and draining sinus formation.
CT of the chest may be a more sensitive imaging
modality, especially if bone windows are obtained
(which might reveal early rib erosion). Actinomy-
cosis often is mistaken for pulmonary carcinoma;
the presence of an air bronchogram in the mass
lesion should suggest the possibility of a nonneo-
plastic process. Actinomycosis also can present as
an endobronchial infection, which is often asso-
ciated with a broncholith or other foreign body.
Both actinomycosis and nocardiosis often are con-
fused with tuberculosis, cryptococcosis, anaerobic
pulmonary infection, bronchogenic carcinoma,
and lymphoma.

Clinical Manifestations: Actinomyces most com-
monly presents as a disease of the cervicofacial
region after dental extraction, with osteomyelitis
of the mandible or a soft-tissue abscess that drains
through the skin. Pulmonary actinomycosis usu-
ally presents with an indolent, progressive course.
The initial manifestations include a nonproductive
cough and low-grade fever, subsequently followed
by a productive cough, which can be associated
with hemoptysis. With chest wall involvement,
pleuritic pain will develop in the patient. Rarely,
a sinus tract may appear as a bronchocutaneous
fistula. When this occurs, it is highly suggestive
of actinomycosis. Late in the disease, the patient
may present with weight loss, anemia, and club-
bing of the digits.

Diagnosis: A diagnosis of actinomycosis is
rarely suspected; in one series, it was suspected
on hospital admission in <7% of the patients in
whom it was ultimately diagnosed. Because acti-
nomycosis often mimics malignancy, diagnosis
may not be made until surgical resection. Because
these organisms are normal oropharyngeal flora,
isolation in specimens of sputum or bronchial
washings is not considered significant, unless
sulfa granules are found. Actinomyces are fastidi-
ous bacteria that are difficult to culture and, thus,
correlation with the clinical and radiographic



presentation is essential. Bronchoscopy is usually
not diagnostic unless endobronchial disease is
present, and samples must be obtained anaerobi-
cally with a protected specimen brush and deliv-
ered to the laboratory under anaerobic conditions.
Histologic examination of lung tissue obtained by
either transbronchial lung biopsy or open lung
biopsy may be necessary to confirm the diagnosis.
There is no reliable serologic test.

Treatment: Untreated, actinomycosis is ulti-
mately fatal, but early treatment can result in cure
rates of >90%. Prolonged treatment with high
doses of antimicrobial agents is necessary. Peni-
cillin is the drug of choice. Regimens include IV
administration of 18 to 24 million units of penicil-
lin for 2 to 6 weeks, followed by oral penicillin for
an additional 6 to 12 months. Tetracyclines, ery-
thromycin, clindamycin, imipenem, and chlor-
amphenicol are acceptable alternatives. The
organisms generally are not sensitive to the fluo-
roquinolones, metronidazole, or the aminoglyco-
sides. Whether patients should be treated for the
copathogens usually associated with actinomyces
is not resolved, but most experts do not recom-
mend the administration of additional antibiot-
ics. Patients with actinomycosis have a tendency
to relapse, and prolonged therapy optimizes the
likelihood of a cure. However, small trials have
shown success with relatively brief courses of
therapy (6 weeks). Some cases may require both

Table 1. Distinguishing Features of Nocardiosis and Actinomycosis

medical and surgical therapies. Patients with
bulky disease should probably not receive short
courses of therapy unless surgical debulking is
also performed. A comparison of the main fea-
tures of both actinomycosis and nocardiosis is
shown in Table 1.

Bronchiectasis

Bronchiectasis is a syndrome, with many
underlying etiologies and associations, that has
been defined as an irreversible dilation and
destruction of one or more bronchi, and inadequate
clearance and pooling of mucus in the airways.
Bronchiectasis is also characterized by persistent
microbial infection and inflammation with release
of microbial toxins and immune mediators. Bron-
chiectasis often is divided into a form associated
with cystic fibrosis (CF) and a non-CF form. Non-
CF bronchiectasis will be reviewed first.

Classification

A classification system has been devised by
Reed. This system classifies bronchiectasis accord-
ing to anatomic and morphologic patterns of
airway dilatation as follows: (1) cylindrical bron-
chiectasis, in which there is uniform dilatation of
the bronchi which are thick walled and extend
to the lung periphery without normal tapering

Nocardiosis

Actinomycosis

Gram-positive aerobic*

Incidence increasing

Male 3:1 predominance

Occurs primarily in immunocompromised hosts

Gram-positive anaerobic*

Incidence decreasing

Male 3:1 predominance

Occurs primarily in immunocompetent hosts; alcoholism and poor

dental hygiene are risks

Pulmonary manifestations predominate

Chest wall involvement is uncommon

Metastatic spread (especially to the brain) is
common

Granuloma formation and fibrosis are rare

Pulmonary manifestations in a minority of patients (approximately
15%)

Chest wall involvement and bony erosion are common

Metastatic spread is uncommon; spread by direct contiguous invasion

Granuloma and intense fibrosis are common; form the characteristic

sulfur granule

Diagnosis can usually be made on sputum,
BAL fluid, or pleural fluid cultures

Treatment with sulfonamides

Surgical drainage often needed

Diagnosis often requires cytologic or histologic examination

Treatment with penicillin
Often treated successfully with antibiotics alone

*On Gram stain, the two organisms are indistinguishable as branching, Gram-positive filamentous organisms. However,
Nocardia species will stain weakly with modified acid-fast stain, whereas actinomycosis will not.
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(on a high-resolution CT scan, it has parallel “tram
track” lines or “signet ring” appearance); (2)
varicose bronchiectasis, which has an irregular
and beaded outline of bronchi with alternating
areas of constriction and dilatation similar in
appearance to saphenous varicosities; (3) cystic
bronchiectasis, which is the most severe form and
is common in patients with CF, is characterized by
bronchial dilation and clusters of round air-filled
and fluid-filled cysts, with a honeycomb appear-
ance; and (4) follicular bronchiectasis, which has
extensive lymphoid nodules and follicles within
thickened bronchial walls. Cystic, cylindrical, and
varicose forms may coexist in the same patient.
The fourth pattern, follicular bronchiectasis, usu-
ally occurs after the occurrence of childhood
pneumonia, measles, pertussis, or adenovirus
infection. The term traction bronchiectasis is a radio-
logic description of widened airways without
thickening, which is in response to surrounding
interstitial lung disease. These patients often do
not have symptoms related to the bronchiectasis.
Although insightful, these definitions are not par-
ticularly helpful from a clinical or therapeutic
standpoint.

Table 2. Predisposing Factors for Bronchiectasis

Etiology

The most common causes of non-CF bronchi-
ectasis are listed in Table 2. In general, the etiolo-
gies can be categorized as idiopathic, postinfectious,
or the result of an underlying anatomic or systemic
disease. The number of patients in each category
has changed since the introduction of modern
antibiotic therapy. Previously, untreated infection
was the leading cause of bronchiectasis, but with
prompt treatment of infection, it is becoming much
less common. In developed countries, the condition
is now most often idiopathic in adults. The preva-
lence of undiagnosed CF is not known, but studies
have suggested it is very low. Patients with focal
bronchiectasis, which is localized to a segment or
lobe, should undergo bronchoscopy to evaluate for
and eliminate an obstructing bronchial lesion.

The factor most commonly associated with
bronchiectasis in childhood is infection, although
it is being seen more commonly in adults now,
especially with the increased use of HRCT scan-
ning. Radiographic findings obtained with an
HRCT scan of the chest have been described in
patients with Mycobacterium avium complex (MAC).

Cause Disease Example

Localized Foreign-body aspiration

Mechanical airway obstruction External compression
Stenosis

Necrotizing pneumonia
Diffuse
Congenital

CF
Mucociliary clearance defects

Immune disorders

Postinfectious complications

Rheumatologic diseases

Sequelae of aspiration or toxic inhalation
COPD

Lung fibrosis

Miscellaneous

Lung tumors

Intraluminal webs
Absent cartilage
Pulmonary sequestrations

Kartagener syndrome

Primary cilia dyskinesia

Young syndrome

Hypogammaglobulinemia, IgG subclass deficiency, HIV, allergic
bronchopulmonary aspergillosis, post-lung transplant

Bacteria

Mycobacterial infections (tuberculous and NMTb*)

Whooping cough

Viral (measles, adenovirus, influenza virus)

Rheumatoid arthritis, Sjogren syndrome, inflammatory bowel disease

Sarcoidosis, after radiation therapy
o, -Antitrypsin deficiency, yellow nail syndrome

*NMTb = non-tuberculosis mycobacteria.
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The most notable finding in addition to bronchiec-
tasis is the presence of small nodular opacities or
the “tree-in-bud” appearance. Abnormalities most
often occur in the lower lung fields. Treatment with
multiple antimicrobial agents may lead to the reso-
lution of these abnormalities, but prolonged therapy
for up to 18 months may be necessary.

There are an increasing number of immune
deficiencies that have been associated with bron-
chiectasis. Ciliary disorders are considered to be
primary disorders of immune defense because
airway clearance mechanisms contribute an impor-
tant component of barrier immunity. Acquired
adult-onset hypogammaglobulinemia may involve
one or more of the Ig classes. IgG subclass deficien-
cies may be present even with normal total IgG
levels. Patients with HIV infection have been
found to have a high incidence of bronchiectasis,
which may in part be the result of recurrent bron-
chopulmonary infections (especially Pneumocystis
jeroveci pneumonia and Mycobacterium intracellulare
infection). The bronchiectasis observed in HIV-
infected patients is particularly aggressive. Allergic
bronchopulmonary aspergillosis (ABPA) predis-
poses patients to bronchiectasis as a consequence
of a persistent complex immune response to air-
way colonization by Aspergillus. This type of
bronchiectasis most commonly involves the central
airways, distinguishing it from other types of
bronchiectasis. Both ABPA and underlying immu-
nodeficiencies are important diagnoses to consider
because the administration of specific therapy may
prevent progression of the disease.

Clinical Manifestations

Clinical findings from a retrospective chart
review of patients with confirmed bronchiectasis
included cough (90%), chronic daily sputum pro-
duction (76%), dyspnea (72%), hemoptysis (56%),
and pleuritic chest pain (46%). Two symptoms that
are also very common are rhinosinusitis and
fatigue. The most common physical findings were
crackles (70%) and wheezing or rhonchi (<50%).
Symptoms is patients with HIV vary somewhat.
Daily cough and sputum production have been
reported in HIV-positive patients with bronchiec-
tasis confirmed by CT scan in <39% of cases. The
disease is more common in women and most com-
monly presents in the sixth decade of life.

Pulmonary function study results may be
normal if the involvement of bronchiectasis is
localized and mild. With diffuse disease, pulmo-
nary function tests may reveal an obstructive
ventilatory defect with hyperinflation and impaired
diffusing capacity of the lung for carbon monoxide.
Airway hyperresponsiveness has been seen in up
to 40% of patients with bronchiectasis in some
series. However, some patients with diffuse
disease may present with a combined obstructive
and restrictive ventilatory defect. Pulmonary
function tests are not useful in distinguishing
bronchiectasis from other obstructive airway dis-
eases. Laboratory studies in patients with bronchi-
ectasis include a mild degree of leukocytosis,
usually without a left shift, an increase in the
erythrocyte sedimentation rate, mild anemia, and
hypergammaglobulinemia.

Radiographic Findings

Routine chest radiograph findings are abnor-
mal in approximately 50% of patients with proven
bronchiectasis. The classic finding of tram tracks,
representing thickened dilated bronchial walls, is
best seen on radiographs obtained from a lateral
view. Other findings include hyperinflation and
air trapping, increased linear markings, rounded
opacities that represent areas of focal pneumonia,
and ring shadows that represent dilated airways
seen en face. HRCT scanning has become the diag-
nostic standard for the detection of bronchiectasis.
It is both highly sensitive and specific for the diag-
nosis of bronchiectasis.

Today, HRCT scanning is the method used in
nearly all cases of bronchiectasis. Given the high
sensitivity of HRCT scanning, it has become much
easier to diagnose the disorder, which may account
for the increased awareness and prevalence of the
disease. Standard criteria for the diagnosis of
bronchiectasis on HRCT scans have been estab-
lished. The most specific criteria are an internal
bronchus diameter that is wider than its adjacent
artery and the failure of the bronchi to taper as
they move toward the periphery of the lung paren-
chyma. Secondary criteria include excessive bron-
chial wall thickening, impacted mucus, and
crowding of the bronchi. Figure 1 shows the char-
acteristic large bronchi in a patient with Kartagener
syndrome.
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Figure 1. Large internal diameter of the bronchi (greater
than the accompanying vessel), which is diagnostic of bron-
chiectasis (large arrows). From the author’s personal files.

Differential Diagnosis

Given the list of possible etiologies, the follow-
ing information should be obtained in the evalua-
tion of patients with suspected bronchiectasis: age
of onset of symptoms; history of frequent upper
airway infections; smoking history; history of pre-
vious lung surgery; childhood infections (pertussis,
pneumonia, measles); pulmonary tuberculosis or
atypical mycobacterial infections; atopy or asthma;
connective tissue disorders; infertility; reflux symp-
toms; and risk factors for HIV infection. Bronchi-
ectasis should be distinguished from COPD
(particularly chronic bronchitis). Both diseases
present with cough, sputum production, wheezing,
and dyspnea. Exacerbations are common in both
disorders, although the volume of sputum produc-
tion is greater in patients with bronchiectasis.
Recurrent fever and hemoptysis are less likely to
be found in patients with chronic bronchitis. The
presence of Pseudomonas in the sputum may be
helpful to the diagnosis. The incidence of Pseudo-
monas aeruginosa is approximately 31% in patients
with bronchiectasis, but only 2 to 4% in patients
with COPD. Bronchiectasis also can be confused
with interstitial fibrosis, especially in patients with
end-state fibrosis who have a honeycomb-like
appearance seen on a chest radiograph. This paren-
chymal honeycomb appearance may mimic the
air-filled cysts of bronchiectasis.
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Therapy

The objectives of management for bronchiec-
tasis are the relief of symptoms, the prevention of
complications, the control of exacerbations, and a
reduction in mortality.

Antibiotics: Antibiotics are the cornerstone
for the treatment of exacerbations of bronchiecta-
sis. They are used to treat acute exacerbations, to
prevent exacerbations, or to reduce the bacterial
burden. The bacterial floras include Streptococcus
pneumoniae and Haemophilus influenzae, which can
be treated with trimethoprim-sulfamethoxazole,
ampicillin-clavulanate acid, or one of the newer
macrolide agents. In patients with Pseudomonas
colonization, oral therapy requires the use of a
fluoroquinolone. In some cases, IV administra-
tion of antipseudomonal antibiotics is required.
Whether prophylactic antibiotic therapy is nec-
essary remains an unresolved question. Patients
who experience frequent exacerbations may
benefit from a maintenance regimen, but the
evidence for this approach is fairly weak. Strat-
egies for prophylaxis with low-dose antibiotics
range from daily to 1 week of each month. Daily,
inhaled antibiotic prophylaxis is now recom-
mended in patients with CF who have been colo-
nized with P aeruginosa colonization. There is
debate as to whether P aeruginosa infection has a
similar effect on prognosis in patients with non-
CF bronchiectasis as in patients with CE. A few
small studies suggest that chronic infection with
P aeruginosa can cause an accelerated decrease in
lung function that might be altered by the use of
chronic nebulized antibiotic therapy. Large ran-
domized controlled trials, however, are lacking
in this population.

Bronchodilators: Most patients with bronchi-
ectasis have significant airway hyperresponsive-
ness, presumably as a result of transmural airway
inflammation. The routine use of bronchodilators
has the added potential advantage of the stimula-
tion of mucociliary clearance, which is associated
with the use of B-adrenergic agents. Both aerosol-
ized B-agonist therapy and aerosolized anticho-
linergic therapy should be tried when there is
evidence of reversible airway obstruction.

Antiinflammatory Agents: Although intense
airway inflammation characterizes bronchiec-
tasis, few studies have looked at the efficacy of



corticosteroids in the treatment of this disorder.
Inhaled steroids have been suggested as alterna-
tive therapy and may be useful in some patients,
especially those with significant airway hyper-
reactivity. It has been shown that inhaled corti-
costeroids can reduce the levels of inflammatory
mediators and improve dyspnea and cough. In
addition, inhaled corticosteroids appear to reduce
sputum volume and lead to improvements in
quality of life. However, a systematic review
found no significant improvement in pulmonary
function. Short courses of oral corticosteroid ther-
apy often are used during acute exacerbations.
Nonsteroidal antiinflammatory agents, such as
indomethacin (which is not currently approved
in the United States), have been used in Europe,
either orally or by inhalation. Leukotriene recep-
tor antagonists may be of benefit in patients with
bronchiectasis because they can inhibit neutro-
phil-mediated inflammation. However, there
have been no randomized controlled trials pub-
lished concerning patients in this population.
Macrolides suppress inflammation, independent
of their antimicrobial action, and have improved
the clinical status and lung function of patients
in a few small studies of bronchiectasis. Further
study is needed before they can be recommended
routinely.

Airway Clearance Techniques: Postural drainage
and chest physiotherapy are useful to enhance the
gravity-aided clearance of secretions. It is impor-
tant to consider that patients with non-CF bron-
chiectasis often have lower-lobe predominate
disease, and thus, postural drainage may play a
greater role in these patients. Alternative treat-
ment includes the use of a flutter device, a posi-
tive expiratory pressure mask, chest oscillation,
and humidification of inspired air.

Mucolytic Agents and Hydration: Adequate
oral hydration and the use of nebulized solu-
tions may improve airway mucus clearance.
Acetylcysteine is beneficial in some patients.
To date, there have been no randomized, con-
trolled clinical trials showing mucolytics to be
of benefit in the treatment of non-CF bronchiec-
tasis. Recombinant human deoxyribonuclease
(rhDNase) breaks down DNA that is released
from degenerating bacteria and neutrophils.
DNA has a tendency to form thick viscous gels.
DNase improves the clearance of secretions and

pulmonary function and reduces the number of
hospitalizations in patients with CF but has not
been found to be useful in non-CF bronchiectasis.
One study has suggested that DNase was ineffec-
tive and potentially harmful in > 300 adult outpa-
tients with idiopathic bronchiectasis who were in
stable condition. Therapy with inhaled mannitol
may improve impaired mucociliary clearance by
inducing an influx of fluid into the airways and
has shown clinical promise inpatients with non-
CF bronchiectasis. This is particularly exciting
because it is easier to inhale a dry powder than to
use a nebulizer.

Exercise Training: The role of pulmonary reha-
bilitation and inspiratory muscle training has only
been investigated in one well-designed trial, but
it has been suggested that rehabilitation increases
exercise tolerance in patients with bronchiectasis.

Surgery

In patients with localized bronchiectasis, surgi-
cal removal of the most affected segment or lobe
may be considered. The major indications for sur-
gery include the partial obstruction of a segment
or lobe as the result of a tumor or the presence of
a highly resistant organism in the affected area,
such as MAC or Aspergillus sp. Patients require
significant pulmonary function to withstand sur-
gery. Surgery also may be performed for massive
hemoptysis in patients with adequate pulmonary
reserve, although the increased success of bron-
chial artery embolization for hemoptysis makes
surgery less desirable.

Lung Transplantation

Patients with bronchiectasis and CF initially
were considered not to be good transplant candi-
dates because of concerns about overwhelming
infection after the use of prolonged immunosup-
pression. However, double-lung transplantation
has been successful in CF patients, and the
St. Louis International Transplant Registry lists
>1,000 CF patients and >200 non-CF bron-
chiectasis patients who have undergone lung
transplantation, with a 1-year survival rate of
72% and a 4-year survival rate of 49% in patients
with CE.
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Cystic Fibrosis
Genetics

CF is the most common genetic disease in the
United States, with an incidence of 1 in 3,000 births
in a white population. The incidence is much lower
in African-Americans, Asians, Hispanics, and
Native Americans. CF is an autosomal-recessive
disorder with variable penetrance. Carriers of the
CF gene are phenotypically normal. Approximately
5% of persons in the white US population are car-
riers of the CF gene, and approximately 20,000
individuals are affected by this disorder. The CF
gene, which was sequenced in 1989, is located in
the long arm of chromosome 7 and encodes for the
CF transmembrane regulator (CFTR) protein. The
CFTIR is located at the cell surface and acts as an
ion channel that regulates liquid volume on epi-
thelial surfaces through chloride secretion and the
inhibition of sodium absorption.

The CFTR protein may also regulate the func-
tion of other epithelial cell proteins. The defective
transport of ions across the epithelial membrane
leads to thick viscous secretions in many organs
and to excessive chloride concentration in the
sweat of patients with CE. This abnormality is the
basis for the laboratory test that is most frequently
performed to diagnose this disorder. The CFTR
protein is expressed in all of the epithelial cells
affected in patients with CF, including those in the
lung, pancreas, sweat glands, and liver. It is also
found in the large intestine and testes.

More than 1,600 mutations of the CFTR gene
have been described. The AF508 mutation is the
most common and accounts for approximately 90%
of CF chromosomes in patients of northern Euro-
pean descent but only 60% of CF chromosomes
worldwide. The mutation is caused by the deletion
of a single phenylalanine residue at position 508.
CFTR mutations are categorized into six classes:

Class I: absent or defective protein synthesis;

Class II: abnormal processing of transport of the
protein to the cell membrane;

Class III: abnormal regulation of CFTR function,
inhibiting chloride channel activation;

Class IV: normal amount of CFTR but reduced
function (abnormal conductance);
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Class V: reduced synthesis of fully active CFTR;
and

Class VI: decreased stability of fully processed
and functional CFTR.

These multiple mutations lead to varying phe-
notypic presentations of the disease. Even patients
with similar genetic mutations may manifest dif-
ferent clinical manifestations of the disease. The
degree of organ involvement and perhaps the dis-
ease severity correlate with the individual’s sensi-
tivity to the CFTR dysfunction, as well as the
amount of functional CFTR, which is influenced
by the specific type of mutation. It is now recog-
nized that some patients may present with only
one characteristic feature of CF and a borderline
abnormal sweat test finding in the presence of
either a known CFTR mutation or an abnormal
nasal potential difference (PD), which has led to
use of the term atypical or nonclassic CF. Nonclassic
CFis often associated with class IV or V mutations.
These patients typically present later in life, and
will display typical CF symptoms in at least one
organ, but often have a normal or borderline sweat
chloride test. They are typically pancreatic suffi-
cient and have milder pulmonary disease and a
better overall prognosis.

Pathogenesis

CF is initiated by a defect in the gene that is
normally responsible for encoding CFIR protein,
which is necessary for the flow of electrolytes and
fluid across cell membranes. The resultant abnor-
malities in salt and water transport lead to an
alteration in the composition of secretions in the
respiratory tract, pancreas, GI tract, sweat glands,
and other exocrine tissues. In the lung, these
alterations change the properties of the mucus
layer lining the epithelia and the composition of
the airway surface fluid, ultimately resulting in the
clinical features of CE. The net fluid loss on the
airway surface leads to the collapse of cilia and
impaired mucociliary clearance, persistent bacte-
rial infection, excessive host inflammatory response
(characterized by the accumulation of leukocyte-
derived DNA and secretions rich in elastase), and
airway obstruction, leading to progressive lung
destruction. Although bacterial infection clearly
leads to an intense inflammatory response, there



is mounting evidence that patients with CF have
increased basal and inducible airway inflammation
independent of infection. Figure 2 summarizes the
interaction between airway obstruction, infection,
inflammation, and destruction.

Diagnostic Tests

1. Before the mid-1990s, most patients were
treated for CF after presenting with typical
symptoms. Since that time, newborn screen-
ing (NBS) has become much more widespread.
Newborns with CF will have increased levels
of serum immunoreactive trypsinogen (IRT),
which can be detected via a radioimmunoassay

&

Leukotriene B4 and IL-8

or enzyme-linked immunosorbent assay per-
formed on samples of dried blood. After an
abnormal IRT, most NBS programs perform
DNA testing to identify the known CFIR
mutations, although some repeat the IRT after
2 weeks. NBS is not a diagnostic test and thus
only identifies newborns at risk for CE. An
increased IRT must be followed by direct diag-
nostic testing (typically with the sweat chloride
test). The diagnostic process for screened new-
borns is shown in Figure 3.

. Sweat test (pilocarpine iontophoresis): The

sweat chloride test remains the “gold stan-
dard” diagnostic test because genetic screen-
ing only identifies a small number of the most

Increase in PMNs h increased IL-8

4

plugging of airway

release of free
radicals

\ of elastin
structural damage;

bronchiectasis

elastase
secretion of
macromolecules
degradation
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complement receptors
and immunoglobulins

v
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Figure 2. Products of polymorphonuclear neutrophil and their effects on inflammation of the airways in patients with CF.
Adapted from Ramsey BW. Management of pulmonary disease in patients with CF. N Engl ] Med 1996; 335:179-188.

Positive IRT/DNA or IRT/IRT
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CF very'hnlikcly

DNA analysis(if notdone)
RepeatSweat Test in 2-6 months

Figure 3. The diagnostic process for screened newborns is shown. Adapted from Farrell PM, Rosenstein BJ, White TB, et al:
Guidelines for the diagnosis of cystic fibrosis in newborns through older adults: Cystic Fibrosis Foundation consensus report. |

Pediatr 2008; 153:54-514.
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common mutations. The results of this test are
abnormal in the large majority of patients with
CE. A chloride level of >60 mEq/dL is usually
diagnostic for CF. However, the test must be
repeated at least twice, and an adequate sample
containing at least 75 mg of sweat must be col-
lected over a 30-min period. Approximately 1%
of patients with CF have normal sweat chloride
test results. Abnormal sweat test results are
seen in patients with other disorders (as listed
in Table 3). Therefore, a diagnosis should only
be made if the clinical history is suggestive of
CF. The current diagnostic criteria for CF are
listed in Table 4.

3. Moleculardiagnosis: Approximately 1,600 muta-
tions have been identified after sequencing the
entire gene in a research laboratory. Genotyping
at commercial laboratories usually can identify
only 20 to 30 of the most common mutations.
This accounts for approximately 90% of CF
mutations in the general population.

4. PD across the respiratory epithelium: This is a
research tool that may be available at few cen-
ters to aid in the diagnosis of CE. The abnormal
transport of chloride leads to a very negative
PD across the nasal epithelium. The measure-
ment of this PD can establish a CF diagnosis.
Nasal perfusion with amiloride hydrochloride
and with chloride-free solutions leads to char-
acteristic changes in the PD.

Table 3. False-Positive Sweat Test Results

Adrenal insufficiency

Anorexia nervosa

Atopic dermatitis

Autonomic dysfunction

Celiac disease

Familial cholestasis

Fucosidosis

Glucose-6-phosphate dehydrogenase deficiency
Glycogen storage disease, type I
Hypogammaglobulinemia
Hypoparathyroidism
Hypothyroidism (untreated)
Klinefelter syndrome
Mucopolysaccharidosis, type I
Malnutrition

Nephrogenic diabetes insipidus
Nephrosis

Prostaglandin E1 infusion, long-term
Pseudohypoaldosteronism
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Table 4. Criteria for Diagnosis of CF

Elevated sweat chloride level =60 mmol/L on two
occasions

or

Identification of mutations known to cause CF in both CFTR
genes

or
In vivo demonstration of characteristic abnormalities in ion
transport across the nasal epithelium

plus

One or more phenotypical features of CF
Sinopulmonary disease
Characteristic GI or nutritional disorders
Obstructive azoospermia
Salt loss syndrome

or

Sibling with CF

or

Positive NBS result

Nonpulmonary Clinical Manifestations

In the pancreas, dysfunction of the exocrine
portion leads to fat malabsorption and malnutri-
tion. Glucose intolerance is present in as many as
50 to 70% of older patients with CF; diabetes mel-
litus occurs in approximately 15%. Malabsorption
of fat-soluble vitamins such as A, D, E, and K can
lead to vitamin deficiency and coagulopathy.
The liver is affected by biliary cirrhosis as a result
of thick secretions in the biliary ducts. This
is manifested by abnormal liver function test
results. Diffuse liver involvement can lead to por-
tal hypertension.

Meconium ileus is present in approximately
20% of infants with CF and is pathognomonic for
this disorder. A similar syndrome occurs in older
CF patients caused by inspissated mucus in the GI
tract. This results in the distal intestinal obstruction
syndrome, often requiring surgical treatment.

Approximately 95% of male patients with CF
are infertile. Although sperm maturation is nor-
mal, the Wolffian structures often are not devel-
oped. The vas deferens is often completely absent.
This absence may indicate a role for the CFTR
protein in the development of the male genital
tract. In fact, in subjects with congenital bilateral
absence of the vas deferens but without any other
abnormalities of CF, mutations in the CFTR gene
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have been reported. Women with CF are not infer-
tile, although they may have difficulty conceiving
because of thick cervical mucus and/or anovula-
tory cycles if their nutritional status is poor. Preg-
nancies can be successful, and pulmonary
function has not been found to deteriorate after
pregnancy.

Pulmonary Manifestations

The primary cause of morbidity and mortality
in CF patients is bronchiectasis and obstructive
lung disease. Pulmonary disease is present in 98%
of patients with CF by the time they reach adult-
hood. Despite the great advances in the manage-
ment of this disorder, the majority of the patients
succumb to respiratory complications. A recurrent
cough that becomes persistent is often the first
manifestation. Airway hyperreactivity and wheez-
ing are common in children. Bronchodilator
responsiveness tends to decrease with age, perhaps
as a result of the destruction of the cartilage.
Pansinusitis with opacification of the paranasal
sinuses is a universal finding in patients with CF.
Nasal polyps are present in up to 30% of patients
with CE.

In patients with CF, the lungs are normal at
birth, but infection occurs early in life and is per-
sistent. The abnormal ionic environment and
chronic airway obstruction by thick secretions
promote colonization with pathogenic bacteria,
which leads to the accumulation of inflammatory
cells. These cells release inflammatory mediators
that cause inflammation and damage to the airway
wall, leading to the development of bronchiolitis
and subsequently bronchiectasis (Fig 2).

H influenzae, Staphylococcus aureus and, later,
P aeruginosa, are the pathogens that are most com-
monly found in the airways of patients with CE.
The abnormal CFTR may be partly responsible for
colonization with Pseudomonas sp because the
normal CFTR appears to be involved in the clear-
ance of this organism from the airways. The high
sodium content in CF secretions may contribute to
chronic infection because low sodium content is
required for the effective killing of bacteria in air-
way epithelia. Colonization with P aeruginosa is not
benign because it has been found to be an indepen-
dent risk factor for the accelerated loss of lung
function and decreased survival. Colonization
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with Burkholderia cepacia denotes an even worse
prognosis.

The mucoid appearance of Pseudomonas is
caused by the production of alginate. This bacte-
rium is difficult to eradicate as the result of the poor
penetration of antibiotics into purulent airway
secretions and to the interference in phagocytic
killing by alginate. Bacteria may have native or
acquired antibiotic resistance. In addition, the
pharmacokinetics differ in patients with CF
because the volume of distribution of hydrophilic
drugs (eg, penicillins, cephalosporins, and amino-
glycosides) is increased as the result of decreased
amounts of adipose tissue. The renal clearance of
aminoglycosides is increased, and therefore, the
dosage has to be adjusted, usually at triple the
normal dose. Once-daily administration is not
recommended.

Management of Pulmonary Disease

Although the focus of this section is on the treat-
ment of pulmonary disease in patients with CF it
should be kept in mind that management in general
will be suboptimal unless all aspects of the disease
are addressed (e, exocrine pancreatic supplementa-
tion, nutritional support, glucose control, psycho-
social issues, and treatment compliance). Progress
has been made in attempts at addressing the under-
lying defect of CF with gene therapy, but current
clinical treatment is aimed at treating the effects of
the CFTR dysfunction—thickened airway mucus,
infection, and inflammation.

Clearance of Airway Secretions: The chief non-
pharmacologic means of enhancing airway secre-
tion clearance has been chest physiotherapy (either
manual or with use of an oscillatory vest) and pos-
tural drainage. Other techniques include forced
expiratory techniques, positive expiratory pres-
sure, and flutter valves. A Cochrane review in early
2009 noted that there is no high-level evidence that
any of these techniques are superior to the others.
All patients who produce daily sputum should be
instructed in clearance techniques. All of the tech-
niques require a great deal of time, and treatment
compliance can be an issue. Therefore, several
methods can be introduced to each patient.

Bronchodilator Therapy: As noted previously,
many patients with CF will demonstrate a degree
of bronchial hyperactivity and reversibility. The
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obstructive airway disease is typically only
partially reversible because the underlying causes
include the chronic infection, inflammation, and
resulting structural damage. Bronchodilator ther-
apy should be considered in patients who have
at least a 10% increase in FEV, in response to an
inhaled bronchodilator. In addition, bronchodila-
tors often are used in all patients with CF before
chest physiotherapy and immediately before the
inhalation of hypertonic saline solution, antibi-
otics, or dornase alfa because these medications
have the potential to induce nonspecific bron-
chial constriction. The role of these medications
in improving mucociliary clearance has not been
well defined.

Reduction in the Viscosity of Secretions: The
increased viscosity of the sputum in patients
with CF is caused partly by the presence of many
polymorphonuclear neutrophils and their deg-
radation products, including DNA from dying
cells. thDNase I (or dornase alfa) digests extracel-
lular DNA and can help to reduce the viscosity.
A metaanalysis of randomized trials of dornase
alfa has concluded that treatment improves lung
function and is well tolerated. There is some con-
troversy about when to initiate dornase alfa, but
most clinicians will consider a trial in patients
with documented chronic infection and obstruc-
tion in spirometry. A guideline committee for the
CF Foundation recommends chronic dornase alfa
for all children with CF > 6 years old. The recom-
mended dosage is 2.5 mg/d.

Osmotic Therapy: A decreased amount of air-
way surface liquid is an important factor in the
under lying pathophysiology of CE. Therefore,
osmotically drawing water onto the airway sur-
face via inhalation of a hypertonic substance
might help to clear secretions and restore muco-
ciliary transport. Inhaled hypertonic saline solu-
tion has been used for this purpose in patients
with CF, and has been associated with increased
mucus clearance and improvement in lung func-
tion, and, in one long-term study, with fewer exac-
erbations requiring antibiotic therapy. Prescribing
patterns vary, but twice-daily treatments (4 mL of
7% saline solution) in patients with chronic cough
and sputum production should be considered.
There have been no randomized controlled trials
comparing dornase alfa with hypertonic saline
solution. Because the mechanism of action differs
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somewhat between the two, it is reasonable to
assume that they maybe complementary.

Antibiotic Therapy: Patients with CF have
frequent exacerbations of infection. Acute exac-
erbations are manifested by increased cough
and sputum volumes, sometimes associated
with hemoptysis, and are often accompanied by
systemic symptoms such as decreased energy,
anorexia, and weight loss. Spirometry demon-
strates a decrease in lung function. Parenteral
antibiotics are generally administered for 14 to 21
days to reduce the burden of bacteria, to decrease
symptoms, and to improve lung function. The
most recent respiratory tract cultures should be
used to guide therapy. Cephalothin and nafcil-
lin are used for the treatment of infection with
S aureus, and vancomycin is used for patients
with a penicillin allergy. For patients with Pseu-
domonas sp, an antipseudomonal penicillin is
combined with an aminoglycoside. Combination
therapy reduces the risk of the development of
resistance. Intensified bronchodilator therapy
and chest physiotherapy are indicated during
the treatment of exacerbations. Therapy with
steroids may be used in patients with hyperre-
active airways, but it has not been systemically
studied.

Chronic infection with Pseudomonas sp is
associated with a more rapid decrease in pulmo-
nary function and increased mortality; delaying
the onset of chronic infection is critical. When the
organism is first isolated, a prolonged course of
antibiotics that eradicates the organism has been
shown to delay the onset of chronic infection.
Repeated attempts to eradicate the organism may
also be successful and beneficial. A combination
therapy consisting of an oral quinolone and an
inhaled aminoglycoside is typically used. Some
patients with CF are administered long-term
antibiotic therapy in the hopes of suppressing
bacterial growth and recurrent infections, although
this practice is controversial. The most common
current practice involves the use of nebulized
antipseudomonal antibiotics in patients with docu-
mented chronic infection. The inhaled route is
attractive because it allows the delivery of greater
concentrations to the airways with low systemic
absorption, thus reducing the risk of ototoxicity
and nephrotoxicity. A 2009 Cochrane review con-
firmed that long-term use is associated with
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improved lung function and a decreased number
of hospitalizations.

Antiinflammatory Agents: There is a neutrophil-
predominant inflammation in the airways of
patients with CE These neutrophils perpetu-
ate the inflammatory cycle through the release
of cytokines, chemotactants, and proteolytic
enzymes (Fig 2). As noted earlier, patients with
CF have abnormal basal and inducible airway
inflammation. This inflammation is not entirely
independent from infectious stimulation. When
considering potential antiinflammatory strate-
gies, several key concepts must be kept in mind:
the inflammatory process is primarily endobron-
chial; it is characterized by persistent neutrophil
influx; intracellular signaling pathways are a key
component; the inflammatory response is pro-
longed and involves heightened oxidative and
proteolytic stress.

Several early studies evaluated the effects of
systemic glucocorticoids in patients with CF.
Although a beneficial effect on lung function was
observed in some patients, the adverse effects
(glucose intolerance, growth retardation, cataracts)
limit widespread use. Therefore, therapy with
systemic glucocorticoids is recommended only for
patients with asthma or ABPA complicating the
disease. There is a lack of good clinical trials of
inhaled corticosteroids in patients with CF, and
these also are only recommended in patients with
asthma or ABPA.

Ibuprofen also has been studied because of its
ability to inhibit the migration and activation of
neutrophils. In high doses, ibuprofen appears to
slow the progressive decrease in lung function,
particularly in younger patients with a milder
form of disease. The 2009 Cochrane review, which
is based on four trials enrolling a total of 287
patients, confirms this finding. The beneficial
effects are dependent on achieving adequate
serum levels, and thus the drug must be individu-
ally dosed based on measured pharmacokinetics
(desired peak plasma concentrations between 50
and 100 ug/mL). This therapy has not been used
widely (only 6% based on current CF patient reg-
istry data) as the result of concerns about the
logistics of dosing and fear of GI and renal toxicity.
However, several clinical trials have suggested that
renal impairment does not occur at an increased
rate, and most GI complaints are related to the
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underlying disease. There is a statistically signifi-
cant increase in GI bleeding, but the event rates
remain very low. The CF Foundation currently
recommends high-dose ibuprofen therapy for
children 6 to 12 years of age with moderate-to-
severe lung disease.

Macrolide therapy was found to be beneficial
in patients with panbronchiolitis, which led to
empiric use by some physicians in patients with
CF. Several well-conducted clinical trials have now
shown that the long-term use of azithromycin
(which appears to act primarily as an antiinflam-
matory agent by inhibiting neutrophil migration
and elastase production) is associated with
improved lung function and a reduction in the
number of exacerbations. The CF Foundation cur-
rently recommends azithromycin (500 mg po
3 d/wk) for patients with long-term Pseudomonas
infection. Before the initiation of therapy, some
experts recommend that sputum be examined for
nontuberculous mycobacteria because macrolide
antibiotics are a vital in the treatment of nontuber-
culous mycobacteria.

Other antiinflammatory agents are being inves-
tigated in patients with CF. Increased oxidative
stress and reduced levels of glutathione in the
lungs of patients with CF have led to trials of the
antioxidant N-acetylcysteine, aerosolized glutathi-
one, and oral supplementation with antioxidant
vitamins. Evidence suggests that these agents
might attenuate lung inflammation, but further
study is needed. Pharmacologic therapies that
target proinflammatory and regulatory cytokines
have been developed for other diseases (rheuma-
toid arthritis, psoriasis, inflammatory bowel dis-
ease). No published data on their use in CF are
available. In addition, there is some concern that
these agents might overly suppress the inflamma-
tory response, leading to secondary infectious
complications. Finding ways to interrupt intracel-
lular signaling pathways that lead to increased
inflammation may also be an effective strategy, but
more understanding of the complex roles these
play in other important cellular mechanisms is
needed. The increased levels of neutrophils in the
lung lead to massive amounts of proteases that
overwhelm native antiproteases. Several trials
have examined the use of inhaled o, -antitrypsin
in patients with CF. Although it appears to be well
tolerated, no clear benefit on important outcomes
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have yet been demonstrated. In addition, this
therapy is limited by expense, supply, and the risks
of using plasma-derived products. Some of this
may be overcome in the future with recombinant
o, -antitrypsin.

New Therapies in Development: Because CFTR
mutations lead to defective or absent CFIR pro-
tein, the most logical way of treating CF would be
to replace the CFIR gene to restore normal pro-
duction. There are multiple steps to achieving this
goal: sufficient gene product must be delivered to
the primary target cells and it must be incorporated
so as to allow normal gene expression. Although
progress has been made, gene therapy is still some
years away from clinical practice. Other approaches
in development include correction of the abnormal
protein folding of the CFIR; improvement in the
ion channel function; induction of alternative ion
channels, and newer antibiotics.

Pulmonary Complications

Hemoptysis: Hemoptysis occurs frequently
during bronchitic exacerbations and usually is
self-limited. Conservative measures such as bed
rest, cough suppression, antibiotics, and correc-
tion of coagulopathy, if present, are adequate
treatment for most patients. Massive hemoptysis
is associated with a high mortality rate but may
respond favorably to bronchial artery emboliza-
tion. It is successful in as many as 90% of cases,
but recurrences can occur in approximately 20%
of cases. Repeated procedures can be performed if
necessary. If this proves unsuccessful, lung resec-
tion of the involved lobe may be the only alter-
native, but it is often difficult to ascertain with
certainty which lobe or segment is responsible for
the hemorrhage.

Pneumothorax: Spontaneous pneumothorax
occurs in approximately 16% of patients with
CFE. The vast majority of these patients have
severe pulmonary involvement antecedent to
the pneumothorax, with an FEV, of <50% pre-
dicted. The average recurrence rate is nearly
50%, and despite treatment, the mortality rate
is high at 30 to 60%. This high mortality rate
relates more to the severe underlying paren-
chymal involvement than to the pneumothorax
itself. Chemical pleurodesis may be necessary
for treating recurrences.
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Nontuberculous Mycobacterial Infections: Re-
cently, there has been a marked increase in the
isolation of nontuberculous Mycobacterium sp
(primarily Mycobacterium avium intracellulare
complex and Mycobacterium chelonei) in adult
patients with CF. Several centers have reported
positive culture findings from up to 18% of
patients studied. Distinguishing airway coloniza-
tion from infection can be difficult. HRCT scan-
ning may be useful in the evaluation. Nodular
opacities or a tree-in-bud appearance suggests
the presence of infection rather than colonization.
Transbronchial lung biopsies may be required to
demonstrate the presence of infection. If pulmo-
nary function declines and atypical Mycobacte-
rium sp are found in cultures from at least three
sputum samples, treatment with antimycobacte-
rial agents is recommended.

ABPA: ABPA develops in a small portion
of patients in the United States (1.8% in a 1995
report). ABPA should be suspected if there is evi-
dence of bronchospasm, peripheral eosinophilia,
sputum cultures positive for Aspergillus fumigatus,
and an immediate skin test response to A fumiga-
tus. Diagnosis is confirmed by total serum IgE
levels of >1,000 ng/mL and IgE or IgG specific
to A fumigatus.

Respiratory Failure and Cor Pulmonale: Respi-
ratory insufficiency develops as lung disease
progresses, initially with hypoxemia on exercise,
then at rest, and eventually with carbon dioxide
retention. Right ventricular failure represents the
culmination of the pathologic sequence of lung
disease with progressive respiratory failure. In
most cases, this process heralds the terminal stage
in a patient’s course with only limited survival
beyond a few months.

Transplantation: Patients with CF are gener-
ally good transplant candidates because they
are young and otherwise healthy and are used to
undergoing complex medical regimens. CF does
not develop in the transplanted lung. However,
transplantation in CF is not without contro-
versy, especially since some prediction models
suggest that transplantation rarely improves
survival in CF patients <18 years of age. Oth-
ers have found that only those patients with a
predicted 5-year survival of <50% and with-
out Burkholderia cepacia or CF arthropathy are
likely to have increased survival. These patients
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require bilateral lung transplantation using a
clamshell incision.

Indications for transplantation include dete-
riorating respiratory status despite aggressive
medical therapy and an FEV, of <30% predicted
in compliant patients with good nutritional status
and no other organ impairments. Patients also
can be considered if they manifest major life-
threatening pulmonary complications (eg, massive
hemoptysis), pulmonary hypertension, or increas-
ing antibiotic resistance of bacterial infecting the
lungs. The average wait for transplantation is
approximately 2 years. In 1997, the actuarial sur-
vival rate for CF patients was 72% at 1 year and
49% at 4 years. Female patients and those <18
years of age have a worse prognosis and should be
considered for earlier listing.

Contraindications to transplantation include
other organ failures, noncompliance with therapy,
psychosocial instability, profound malnutrition, or
active infection with Aspergillus or atypical Myco-
bacterium sp. An increased risk for transplantation
is associated with colonization with resistant
organisms (particularly B cepacia), previous tho-
racic surgery or pleurodesis, the need for mechan-
ical ventilation, and diabetes mellitus.

Prognosis

Most patients still die of respiratory complica-
tions. The degree of pulmonary impairment is
predictive of survival. In 1992, Kerem et al pub-
lished the results of a study that demonstrated that
when the FEV, decreased to <30% predicted, the
2-year survival rate was <50%. Women appear to
experience a greater deterioration of lung function
with age.

When the first accurate description of CF was
published by Andersen in 1939, > 80% of patients
died within 1 year of birth. Since then, advances in
diagnosis and therapy have been accompanied by
a gradual improvement in prognosis and increased
survival time. According to data from the CF
Patient Registry, the median survival time in the
United States was approximately 20 years in 1970
and had increased to 37.4 years by 2007. Recent
estimates have projected that children born with
CF in the United States today will survive into their
sixth decade of life.
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in improvement in pulmonary function in patients with CF
and mild lung disease.

Nichols DP, Konstan MW, Chmiel JF. Anti-inflamma-
tory therapies for cystic fibrosis-related lung disease.
Clinc Rev Allerg Immunol 2008; 35:135-153
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pharmacologic agents currently use (and those in develop-
ment) that address these multiple mechanisms.

O’Donnell AE. Bronchiectasis. Chest 2008; 134:815-
823

Bronchiectasis is now being recognized with increased fre-
quency around the world. This is a well-written clinical
review, including a discussion of pathophysiology and nat-
ural history, in addition to reviews of current therapeutic
approaches.
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of idiopathic bronchiectasis with aerosolized recombi-
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thDNAse was ineffective and potentially harmful in this
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nary disease in patients with CE. N Engl ] Med 1996;
335:179-188

Although somewhat out of date, this is an excellent and
well-organized approach to the management of pulmonary
complications of CF. Includes specific recommendations on
antibiotic coverage for acute exacerbations and chronic sup-
pression of pulmonary infections.

Ramsey BW, Pepe MS, Quan JM, et al. Intermittent
administration of inhaled tobramycin in patients with
CFE. N Engl ] Med 1999; 340:23-30

This article reports the results of a multicenter trial of inter-
mittent administration of preservative-free preparation of
inhaled tobramycin in CF patients with P aeruginosa, with
resultant improvement in pulmonary function and clinical
course.

Ratjen F. New pulmonary therapies for CE. Curr Opin
in Pulm Med 2007; 13:541-546

A very current and concise review of new approaches to the
management of CE, including gene therapy, CFTR modula-
tion, manipulation of ion channels, and other antiinflamma-
tory and antiinfective medications.

Swensen SJ, Hartman TE, Williams DE. Computed
tomographic diagnosis of Mycobacterium avium-intra-
cellulare complex in patients with bronchiectasis.
Chest 1994; 105:49-52

A clinical study of 100 patients with bronchiectasis with
chest CT scan evidence of MAC infection suggests that the
presence of multiple small lung nodules on CT scans is pre-
dictive of the presence of MAC on culture.

ten Hacken NH, Wijkstra PJ, Kersjens HA. Clinical
review: treatment of bronchiectasis in adults. BM]
2007; 335:1089-1093

Succinct, organized review with evidence tables of differing
therapeutic agents.

Vlahakis NE, Aksamit TR. Diagnosis and treatment of
allergic bronchopulmonary aspergillosis. Mayo Clin
Proc 2001; 76:930-938

ABPA is an underdiagnosed pulmonary disorder in asth-
matic patients and patients with CF. If ABPA is diagnosed
and treated before the development of bronchiectasis and
fibrosis, these complications may be prevented. Total serum
IgE and IgE-specific A fumigatus antibodies establish the
diagnosis. Long-term treatment with corticosteroids is often
required for management. Itraconazole may be effective as a
corticosteroid-sparing agent.
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Yankaskas JR, Marshall BC, Sufian B, et al. CF adult Yildiz O, Doganay M. Actinomycoses and Nocardia

care: consensus conference report. Chest 2004; pulmonary infections. Curr Opin Pulm Med 2006;
125(suppl):15-39S 12:228-234

This supplement is the most up-to-date summary of the Well-written, easy-to-understand review and comparison of
diagnosis and management of CF in the adult but is based pulmonary infections related to Actinomyces and Nocardia
on a CF Foundation consensus conference held in 1999. species.
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Pulmonary Vascular Diseases

Lisa K. Moores, MD, FCCP

Obijectives:

e Describe the risk factors and epidemiology of venous
thromboembolism (VTE)

e Provide approaches to the diagnosis and treatment of
VTE

e Discuss approaches to the prevention of VTE

e Describe the epidemiology and pathophysiology of pul-
monary hypertension (PH)

¢ Describe the steps in the diagnosis of pulmonary arterial
hypertension (PAH)

o List the recommended treatment regimens for PH

Key words: anticoagulation; hypercoagulable state; pulmo-
nary arterial hypertension; pulmonary embolism; pulmonary
hypertension; thrombolytic therapy; venous thrombosis

VTE

Pulmonary embolism (PE) and deep venous
thrombosis (DVT) constitute the spectrum of one
disease: venous thromboembolism (VTE). Approx-
imately 79% of patients who present with PE also
will have concomitant DVT; conversely, only
approximately 50% of patients presenting with
DVT will have PE. The estimated annual incidence
of VTE in the United States is one episode per 1,000
patients. As many as 3,000,000 people die each year
in the United States from acute PE.

Risk Factors

Risk factors associated with VTE often are
classified into acquired and genetic factors, and
these can overlap in an individual patient.
Acquired risks include prolonged immobility or
paralysis; cancer; major surgery (particularly,
operations involving the abdomen, pelvis, and
lower extremities); trauma; obesity; high estrogen
states (ie, pregnancy, taking birth control pills, and
hormone replacement therapy); varicose veins;
congestive heart failure; cor pulmonale; myocar-
dial infarction; stroke; fractures of the pelvis, hip,
or leg; indwelling femoral vein catheters;
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inflammatory bowel disease; heparin-induced
thrombocytopenia (HIT); and myeloproliferative
disorders, such as polycythemia vera and hyper-
viscosity syndromes. Patients with a history of
VTE are at increased risk for recurrence. Con-
genital or hereditary hypercoagulable states
include the following: activated protein C resis-
tance (factor V Leiden mutation); antithrombin III
deficiency (can also be acquired with the nephrotic
syndrome); protein C deficiency; protein S defi-
ciency; dysfibrinogenemia; disorders of plas-
minogen and plasminogen activation; the presence
of antiphospholipid antibodies and lupus antico-
agulant; and hyperhomocysteinemia. Many
patients may present with multiple risk factors for
VTE that can further increase their likelihood of
this complication developing. Examples include
the elderly patient with congestive heart failure
who sustains a hip fracture and the patient with
a myeloproliferative disorder who is undergoing
major surgery.

Pathogenesis

The Virchow triad of venous stasis, endothelial
vascular injury, and hypercoagulability explains
how various processes can interact to overcome
antithrombotic defenses resulting in VTE. Vascular
stasis predisposes the patient to VIE by allowing
activated coagulation factors to remain undiluted
and in contact with the vascular endothelium.
Vascular trauma or injury, to include the presence
of indwelling catheters, presumably initiates
thrombosis through the release of tissue factors
that activate coagulation proteins. The term hyper-
coagulability refers to abnormal fibrinolytic system
pathways or acquired and congenital deficiencies
or functional abnormalities that predispose the
patient to VIE.

The incidence of cancer is slightly increased in
a first episode of DVT (11% vs 9%, respectively) or
PE (6% vs 5%, respectively) compared with control
subjects. Cancers of the pancreas, liver, ovary, and
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brain, and metastatic disease account for most of
these. This hypercoagulability relates to the effects
of tumor cells on thrombin generation and fibrino-
lysis, as well as to tumor-derived activators of
factor X. Because these tumors are most commonly
incurable, an exhaustive evaluation for underlying
malignancy, apart from routinely obtaining a
medical history and conducting a physical exami-
nation, is not recommended.

DVT

PE usually arises from the deep venous system
of the body as a complication of DVT. Although
DVT usually begins in the lower extremities, occa-
sional thrombi form in pelvic veins, renal veins,
upper-extremity veins, and the right heart. Most
thrombi originate in the soleal veins of the calf,
often at sites of decreased blood flow such as the
valve cusps or bifurcations. The majority of calf
thrombi resolve spontaneously, and PE is uncom-
mon. Approximately 20 to 30% of DVTs propagate
to the popliteal, femoral, or iliac veins. An addi-
tional 10 to 20% of all DVTs occur in proximal veins
without previous calf involvement. Iliofemoral
thromboses appear to be the source of most clini-
cally apparent PEs.

The occurrence of DVT can be self-limited, with
resolution of the clot in most cases; can embolize
resulting in PE; and/or the postthrombotic

syndrome of venous insufficiency and the accom-
panying stasis changes can occur. The postthrom-
botic syndrome can occur in up to one half of
patients with acute DVT. Its frequency is likely
reduced by the use of compression stockings for 2
years after the initial event, but the underlying
predisposition for the disorder is very poorly
understood. Therefore, the prevention of DVT will
prevent these complications.

Detection of DVT

The clinical diagnosis of DVT of the lower
extremity is insensitive and nonspecific, with DVT
rates ranging from 10 to 25% of those suspected of
having the disease. Even when the classic signs
and symptoms of thrombophlebitis are present,
only 45% of patients are found to have DVT by
venography. Therefore, patients presenting with
suspected DVT should first have the pretest prob-
ability of disease determined. The Wells clinical
prediction rule (Table 1) has been assessed and
validated in multiple studies, and it can accurately
categorize patients into low, moderate, or high
probability of having the disease. Obtaining a
d-dimer level at this point in the evaluation further
simplifies the approach and may obviate the need
for further testing. Sensitive d-dimer assays (ie,
enzyme-linked immunosorbent assay [ELISA] or
semiquantitative rapid ELISA) have sufficient

Table 1. Simplified Clinical Model for Assessment of DVT (Wells Rule)*

Clinical Variable

Score

Active cancer (treatment ongoing or within previous 6 mo or palliative)
Paralysis, paresis, or recent plaster immobilization of the lower extremities

S

Recently bedridden for =3 d or major surgery within the previous 12 wk

requiring general or regional anesthesia

Localized tenderness along the distribution of the deep venous system

Entire leg swelling

Calf swelling at least 3 cm larger than that on the symptomatic leg (measured 10 cm below the tibial tuberosity)

Pitting edema confined to the symptomatic leg
Collateral superficial veins (nonvaricose)
Previously documented DVT

Alternative diagnosis at least as likely as DVT

S S

-2

*High probability if score is = 3; moderate if score is 1 to 2; and low if score is =0. Adapted from Wells PS, Owen C, Doucette
S, et al. Does this patient have deep vein thrombosis? JAMA 2006; 265:199-207.

22

Pulmonary Vascular Diseases (Moores)



sensitivity and predictive value to rule out DVT in
patients with a low or moderate clinical probabil-
ity. The false-negative result rate is too high to be
useful in patients with a high clinical probability.
In those patients and in any patients in the low-risk
or moderate-risk groups who have an abnormal
d-dimer level, imaging of the extremity is
necessary.

The “gold standard” imaging test for DVT is
compression ultrasound. The diagnosis of DVT
using compression ultrasonography is made by
findings such as abnormal compressibility or lack
of compressibility of the vein and abnormal Dop-
pler color flow study results. Studies have dem-
onstrated that a lack of compressibility of a vein
is highly sensitive (>95%) and specific (>95%)
for proximal vein thrombosis. Ultrasound imag-
ing is limited in that it does not detect isolated
calf vein thrombi, and serial studies may need to
be performed if the initial test result is negative
and the clinical probability is high. A repeat study
finding that is negative 5 to 7 days later is associ-
ated with a <1% incidence of subsequent VTE
during the next 3 months. Other tests used in the
evaluation of suspected DVT are shown in
Table 2. A recent evaluation of the Prospective
Investigation of Pulmonary Embolism Diagnosis
(PIOPED) II data as well as metaanalyses of pub-
lished trials have shown that CT venography is
diagnostically equivalent to compression sonog-
raphy. In patients who also have symptoms sug-
gestive of PE, it may be prudent to perform a
single diagnostic test.

Table 2. Diagnostic Tests for DV'T of the Lower Extremities

PE
Natural History of PE

The resolution of PE with the reestablishment
of vascular patency begins almost immediately
after PE. The National Institutes of Health trials
demonstrated that with heparin therapy alone, the
resolution of PEs occurred during the first several
weeks after the event, with 36% of the vascular
defects resolving by day 5, 52% resolving by day
14, 73% resolving by 3 months, and 76% resolving
by 1 year for patients who survive the initial event.
Untreated PE has a mortality rate of nearly 30%. If
treatment is initiated, the mortality rate is <8%.

Chronic Thromboembolic Pulmonary
Hypertension

Chronic thromboembolic pulmonary hyperten-
sion (CTEPH) will develop in approximately 3 to
4% of patients with acute PE. It is important to
detect this complication because it is the only
potentially curable form of severe PH without the
need for lung transplantation. A gradual increase
in pulmonary vascular resistance occurs in the
absence of documented recurrent PE, and it is
thought to be related to an increased resistance to
flow through the pulmonary arteries that results
from the initial obstruction and subsequently from
vascular remodeling in small, unobstructed ves-
sels. Risk factors for CTEPH have been identified
and include ventriculoatrial shunts, infected

Test Invasiveness Complications Comments
Contrast venography Most invasive Phlebitis, allergic Reference or “gold standard”
reactions, renal failure

Radionuclide venography Less invasive Minimal Sensitive for proximal DVT, not
commonly used in clinical practice

Impedance plethysmography Noninvasive Minimal Sensitive/specific for proximal DVT, limited
in congestive heart failure setting and
previous DVT

Fibrinogen scanning Less invasive Minimal Sensitive for calf vein thrombosis, not
commonly used in clinical practice

Real-time Doppler ultrasound Noninvasive Minimal Sensitive/specific for proximal DVT,
operator dependent; clinical “gold
standard”

CT venography Noninvasive Allergic reactions Diagnostically equivalent
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pacemakers, splenectomy, previous VTE, recurrent
VTE, malignancy, thyroid-replacement therapy,
and the antiphospholipid antibody syndrome.
Patients who experience a major central thrombo-
embolic event, or have significant hemodynamic
compromise on presentation, a documented throm-
bophilia, or persistent abnormalities seen on lung
perfusion studies on follow-up may need to be
monitored more closely. Ventilation/perfusion
(V/Q) scanning is the screening investigation of
choice because many chest radiologists are not
familiar with the distinguishing features of CTEPH
seen on CT angiography. Patients who are surgical
candidates should be referred to a specialty center
for the consideration of pulmonary endarterec-
tomy. All patients should receive life-long antico-
agulation therapy.

Diagnosis of PE

Clinical Suspicion: The clinical suspicion of PE
is often arrived at using an unstructured approach
based on a combination of factors, including the
presence or absence of identifiable risk factors (eg,
surgery in the past, obesity, or previous VTE);
symptoms (eg, dyspnea, pleuritic chest pain, and
hemoptysis); physical examination findings (eg,
tachypnea); the results of basic laboratory studies
(eg, hypoxemia); and the likely presence of alterna-
tive diagnoses (eg, asthma, pneumonia, or conges-
tive heart failure). As with DVT, there are now
prediction rules that can be applied. The two vali-
dated rules are shown in Table 3. It should be
emphasized that the tool or approach used is less
important than the idea that the clinical pretest
probability of disease must be determined in each
patient before further testing. As noted in the sec-
tion on “DVT,” moderately to highly sensitive d-
dimer assays have a sensitivity of 96 to 98% in
patients with suspected PE, which is sufficient to
rule out the disease in those patients with an
unlikely pretest probability. In patients with a high
pretest probability, imaging studies should be
performed instead of the d-dimer assay.

Diagnostic Imaging Studies for PE
Many studies have been used in diagnosing

acute PE. Until the mid-1990s, the first-line imaging
study was the V/Q scan. A normal V/Q scan
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Table 3. Clinical Prediction Rules for Acute PE*

Canadian (Wells) Clinical Prediction Score
Variable and score
Signs and symptoms of DVT, 3.0
PE as or more likely than an alternative diagnosis, 3.0
Heart rate > 100 beats/min, 1.5
Immobilization or surgery in previous 4 wk, 1.5
Previous DVT or PE, 1.5
Hemoptysis, 1.0
Cancer, 1.0
Total score
<2.0, low pretest probability
2.0 to 6.0, moderate pretest probability
> 6.0, high pretest probability
Dichotomized Wells score
=4.0 = PE unlikely
>4.0 = PE likely
Revised Geneva score
Variable and score
Age >65yr, 1.0
Previous DVT or PE, 3.0
Surgery or lower-limb fracture in previous week, 2.0
Active cancer, 2.0
Unilateral lower limb pain, 3.0
Hemoptysis, 2.0
Heart rate
75 to 94 beats/min, 3.0
=95 beats/min, 5.0
Pain on leg palpation or unilateral edema, 4.0
Total score
0 to 3, low pretest probability
4 to 10, moderate pretest probability
=11, high pretest probability

*Adapted from Tapson VE. Acute pulmonary embolism. N
Engl ] Med 2008; 358:1037-1052.

finding provides compelling evidence against the
diagnosis of PE. In one study of 515 consecutive
patients with clinically suspected PE who had
anticoagulation therapy withheld on the basis of a
normal perfusion scan finding, only 3 patients had
symptomatic VTE (PE, 1 patient) during a 3-month
follow-up period. When the PIOPED criteria are
used, a high-probability V/Q lung scan finding
accompanied with a high prescan clinical suspicion
is associated with confirmed PE in > 96% of cases.
V/Q scan patterns other than normal or high-prob-
ability patterns will require additional diagnostic
evaluation.

Spiral CT pulmonary angiography (CTPA) of
the pulmonary circulation has emerged as the
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primary diagnostic method for the evaluation of
PE. As a minimally invasive examination, this
technique is widely available and has replaced the
use of conventional pulmonary angiography in
most centers. However, its use in detecting small
peripheral PEs is unproven (6% of cases in the
PIOPED study). Such small clots may not be impor-
tant physiologically, but their detection may be
important markers for future VTE. Several analyses
have suggested that CT scanning may be a more
cost-effective initial test for suspected PE compared
with the V/Qlung scan because of its greater sen-
sitivity for PE and its ability to identify alternative
diagnoses to PE. In addition, the use of CT scan-
ning for the estimation of clot burden and right
ventricular function is emerging as a useful prog-
nostic measure in patients with documented acute
PE.

The use of magnetic resonance angiography
for the detection of PE is in the initial testing
phases. However, the initial results are promising,
especially with gadolinium enhancement of
the vasculature. A major limitation of the study is
the need for an experienced radiologist to interpret

the study. In addition, breath holds of 20 to 30 s are
required for lung imaging, which limits the efficacy
of the test in patients with acute PE. Newer scan-
ners may reduce the need for breath holds beyond
10to 15s.

Pulmonary angiography was considered to be
the reference “gold standard,” especially with the
subselective injection of contrast media and the
use of magnified views. A negative finding for a
pulmonary angiogram with magnification
appears to exclude clinically relevant PE, based
on data from two follow-up studies. The mortal-
ity rate for patients undergoing the procedure is
<0.5%, and the morbidity rate is about 5% (usu-
ally caused by catheter insertion and contrast
reactions). Because of the expense and invasive-
ness of pulmonary angiography, alternative diag-
nostic algorithms have been sought. Despite the
lack of an independent “gold standard,” outcome
studies have suggested that spiral CTPA is as
accurate as pulmonary angiography. On the basis
of the current evidence, the suggested approach
for the diagnosis of suspected acute PE is shown
in Figure 1.

Clinical Suspicion of Pulmonary

Embolism
I | 1
Low or Moderate High
ELISA d-Dimer Consider initiating
therapy
I ‘ 1
Normal Abnormal +
\—. Chest radiography
No Treatment
[ 1
Abnormal Normal
Chest CT | 5w
Angiography > VIQ Scan
| | | |
Pulmonary Pulmonary [ High probability
| Embolism Embolism Non-diagnostic Normal of Pulmonary Non-diagnostic
High absent present Embolism
Clinical ! i | | |
suspicion Additional Additional
No treatment Treatment |t_|ona No treatment Treatment m_ona
testing testing
¥

Figure 1. Diagnostic algorithm for acute PE. From: Tapson VF. Acute pulmonary embolism. N Engl ] Med 2008; 358:1037-1052.
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Treatment of VTE

The goals of short-term treatment of VTE are
to reduce the short-term and long-term complica-
tions, such as extension of the thrombus, fatal PE,
early or late recurrence, postthrombotic syndrome,
and CTEPH. When patients present with acute
VTE, they should be administered parenteral anti-
coagulation therapy with IV unfractionated hepa-
rin (UFH) or subcutaneous low-molecular-weight
heparin (LMWH) or the pentasaccharide
fondaparinux. Oral warfarin therapy can be initi-
ated on the first day of treatment. Treatment using
both agents should be continued for atleast 5 days
and until the international normalized ratio stays
in the therapeutic range of 2.0 to 3.0 for 2 consecu-
tive days (at which time the heparin or fondaparinux
therapy can be discontinued). Compared with
treatment of warfarin alone, overlap therapy with
heparin reduces the risk of recurrence. A validated
weight-based IV nomogram achieves a therapeutic
response more effectively than empiric heparin
dosing; thus, it is recommended that such a nomo-
gram be used if UFH therapy is used. The most
widely used test for monitoring heparin therapy
is the activated partial thromboplastin time, which
is a global anticoagulation test and does not mea-
sure heparin levels. Failure to achieve an adequate
anticoagulation response with heparin therapy (ie,
activated partial thromboplastin time, > 1.5 times
control) is associated with the increased recurrence
of VTE.

The LMWH preparations and pentasaccharides
share advantages over UFH, as follows: greater
bioavailability, more predictable dosing, and a
lower risk of HIT. These advantages negate the need
for monitoring in most instances, although measur-
ing the anti-factor Xa level in morbidly obese
patients or in those with significantly impaired
renal function can be considered. In patients with
suspected or documented HIT, treatment with a
direct thrombin inhibitor, such as argatroban or
lepirudin, should be considered. Treatment with
warfarin should not be initiated until the platelet
count has returned to normal, especially in those
with active thrombosis, as there is the potential for
worsening thrombotic complications.

Bed rest is not recommended for the treatment
of acute DVT unless there is significant pain and
swelling. Many patients with DVT can be treated
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entirely as outpatients. Although some patients
with PE likely can also be treated as outpatients,
the data for this population are less robust.
Recently, prognostic scores in patients with acute
PE have been developed and validated and may
help to accurately identify low-risk patients.

Patients with acute VTE require prolonged
anticoagulation to prevent extension and recur-
rence. The current guidelines recommend 3 months
of therapy for patients in whom thrombosis devel-
ops in the setting of documented transient risk
factors. In patients who experience idiopathic
(unprovoked) events, treatment should be given
for at least 3 months. At that point, patients should
be evaluated for the risk-benefit ratio of continuing
therapy indefinitely. Studies suggest that d-dimer
levels, persistent thrombus on ultrasound imaging,
thrombin levels, and perhaps other markers of
chronic inflammation may help to identify those
patients who are at the greatest risk of recurrence
after stopping anticoagulation therapy, but we are
not yet able to use these in a systematic fashion
that allows us to individualize the duration of
therapy. Therefore, in the absence of a high bleed-
ing risk, most patients with an unprovoked event
should receive indefinite therapy. There is no evi-
dence that longer (but finite) initial courses of
therapy (such as 6, 12, or 18 months) are more
effective than 3 months because the recurrence
rates upon discontinuation of therapy are identical.
In patients with continuing risk factors (such as
active malignancy) and patients who have had a
documented recurrent event, long-term (perhaps
lifelong) therapy is recommended.

Thrombolytic Therapy

Thrombolytic therapy is approved for the treat-
ment of proximal DVT and massive PE. These
agents dissolve thrombi by activating plasminogen
into plasmin. Plasmin degrades fibrin to soluble
peptides in the presence of a thrombus or hemo-
static plug. Streptokinase, urokinase, and tissue
plasminogen activator are approved for use in the
United States. Thrombolytic treatment of DVT has
been associated with decreased pain, swelling, loss
of venous values, and a reduced incidence of post-
phlebitic syndrome. For the treatment of PE,
thrombolytic agents produce more rapid resolution
of intravascular abnormalities than have been
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demonstrated by either V/Qlung scans or pulmo-
nary angiography. However, no proven effect on
mortality has yet been demonstrated. Thrombo-
lytic therapy is currently recommended for patients
with acute PE who show signs of hemodynamic
instability, unless there are major contraindications
related to the bleeding risk.

Inferior Vena Cava Interruption

Inferior vena cava interruption is most com-
monly achieved with the use of an intravascular
filter. A randomized trial found that the use of an
inferior vena cava filter reduced the rate of PE, had
no effect on mortality, and was associated with a
greater risk of recurrent DVT. These devices are
being used more frequently, especially now that
many can be safely retrieved after several months.
However, the approved indications remain few, as
follows: absolute contraindication to anticoagula-
tion; life-threatening bleeding while receiving
anticoagulation; and documented recurrent VTE
while receiving therapeutic anticoagulation.

Surgical Embolectomy

This procedure should be reserved for patients
with confirmed massive PEs who are hemody-
namically unstable and who are not candidates for
thrombolysis. The high mortality rates associated
with this procedure, especially if cardiopulmonary
arrest has occurred, has resulted in a limited enthu-
siasm for its use. Interventional catheter extraction
or fragmentation may become viable options for
these patients in the near future.

Prevention of DVT/PE

The rationale for DVT and PE prophylaxis is
based on the clinically silent nature of the disease
and the high prevalence of DVT among hospital-
ized patients. There is added importance for pro-
phylaxis when one considers that most patients
who die of PE do so within 30 min of the acute
event. The strategy used for the prevention of DVT
and PE should be based on the patient’s level of
risk, as suggested by the American College of Chest
Physicians Consensus Conference on Antithrom-
botic Therapy. The current approach involves
assessing patient risk by assigning them to a risk
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group based upon their primary reason for
hospitalization.

Low-Risk Patients

These patients can be defined as individuals
who are undergoing uncomplicated minor surgery
and fully mobile medical patients with no clinical
risk factors for VTE. Their risk of DVT without
prophylaxis is < 10%, and thus, no specific throm-
boprophylaxis is recommended.

Moderate-Risk Patients

These patients are most general, open gyneco-
logic or urologic surgery patients or medical
patients who are at bed rest (including all critical
care patients). Their approximate risk of DVT
without prophylaxis is 10 to 40%. These patients
should receive prophylaxis with LMWH, low-dose
UFH, or fondaparinux. Those with a very high risk
of bleeding should receive mechanical thrombo-
prophylaxis.

High-Risk Patients

These are patients undergoing hip or knee
arthroplasty, hip fracture surgery, or patients who
have had major trauma or spinal cord injury. The
recommended prophylaxisis LMWH, fondaparinux,
or an oral vitamin K antagonist (international nor-
malized ratio 2 to 3). As in moderate-risk patients,
if the bleeding risk is extremely high, mechanical
methods of prophylaxis should be used. Pharma-
cologic prophylaxis should be started as soon as
the bleeding risk decreases.

Although VTE is considered to be more com-
mon in surgery or trauma patients, 50 to 70% of
symptomatic thromboembolic events and 70 to
80% of fatal PEs occur in nonsurgical patients.
Hospitalization for an acute medical illness is
independently associated with a relative risk for
VTE of about 8. Thus, the appropriate prophylaxis
of medical inpatients is clearly as important as that
in surgical patients.

Several risk factors for VTE have been identi-
fied in hospitalized medical patients. Major risk
factors include New York Heart Association
(NYHA) functional class III and IV heart failure,
COPD exacerbations, and sepsis. Additional risk
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factors include advanced age, history of VTE, can-
cer, stroke with lower-extremity weakness, end-
stage renal disease, and bed rest. Many medical
patients have multiple risk factors. Unfortunately,
no systematic way of combining these to identify
risk categories in medical patients has been
accepted and validated. Therefore, medical patients
are generally classified as low risk if they are fully
mobile and have no additional risk factors for VTE.
All other medical patients are considered to be at
moderate risk and should receive thromboprophy-
laxis as noted previously.

Pulmonary Hypertension (PH)

PH is a hemodynamic state that is defined by
a mean pulmonary artery pressure (PAP) of
>25 mm Hg at rest or >30 mm Hg during exercise,
which is shared by many conditions. PH was pre-
viously categorized into primary or secondary PH,
based on the absence or presence of identifiable
causes or associated conditions. A revised classifi-
cation system that acknowledged the separation
of disorders directly affecting the arterial tree from
disorders affecting the venous circulation or those
affecting the circulation by altering respiratory
function was proposed in 1998. A revision of this
classification was proposed at the Third-World
Conference on Pulmonary Hypertension, held in
Venice, Italy, in 2003 (Table 4). The major changes
noted in these revisions were as follows: (1) aban-
donment of the term secondary PH and (2) the
replacement of the term primary PH with idiopathic
pulmonary arterial hypertension (IPAH) or, when
supported by genetic testing, familial pulmonary
arterial hypertension (FPAH).

PAH is a subset of PH that is defined as a mean
PAP of >25 mm Hg at rest or >30 mm Hg during
exercise with a normal pulmonary capillary wedge
pressure (<15 mm Hg) and a lesion localized to the
pulmonary arteriole. IPAH is an uncommon disor-
der affecting women more commonly than men
during the ages 20 to 40 years. In approximately
6% of patients, there is a family history of PAH (ie,
FPAH), which has been found to be related to 1 of
>70 identified mutations in the gene-encoding
bone morphogenetic protein receptor type II
(BMPR2), which is localized to chromosome 2q33.
Sporadic mutations in this gene are seen in up to
25% of patients with IPAH. Asymptomatic carriers
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Table 4. Revised Nomenclature and Classification of PH (2003)
from the Third-World Conference on Pulmonary Hypertension™

WHO group I
PAH
IPAH
FPAH
Associated with
Collagen vascular disease
Congenital systemic to pulmonary shunts (large, small,
repaired, or nonrepaired)
Portal hypertension
HIV infection drugs and toxins
Other (glycogen storage disease, Gaucher disease,
hereditary hemorrhagic telangiectasia, hemoglobin-
opathies, myeloproliferative disorders, splenectomy)
Associated with significant venous or capillary involvement
Pulmonary venoocclusive disease
Pulmonary capillary hemangiomatosis
WHO group II
Pulmonary venous hypertension
Left-sided atrial or ventricular heart disease
Left-sided valvular heart disease
WHO group III
Pulmonary hypertension associated with hypoxemia
COPD
Interstitial lung disease
Sleep-disordered breathing
Alveolar hypoventilation disorders
Chronic exposure to high altitude
WHO group IV
PH caused by chronic thrombotic and/or embolic disease
Thromboembolic obstruction of proximal pulmonary
arteries
Thromboembolic obstruction of distal pulmonary arteries
Pulmonary embolism (tumor, parasites, foreign material)
WHO group V
Miscellaneous
Sarcoidosis, histiocytosis X, lymphangiomatosis,
compression of pulmonary vessels (adenopathy,
tumor, fibrosing mediastinitis)

*Adapted from Rubin L]. Diagnosis and management of
pulmonary arterial hypertension: ACCP evidence-based
clinical practice guidelines. Chest 2004; 126(suppl):75-10S.

of the BMPR?2 gene often have an abnormal increase
in pulmonary artery (PA) pressures in response to
exercise and, given additional environmental or
genetic stimuli, may develop overt disease. Thus,
genetic testing and counseling should be offered to
patients with either IPAH or FPAH and their
families. The lack of a single genetic mutation, the
low penetrance of overt PAH in BMPR2 mutation
carriers, and the lack of a single environmental
stimulus have led to the development of the mul-
tiple-hit hypothesis in the etiology of PAH (Fig 2).
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Figure 2. Multiple-hit hypothesis of pathogenesis of PAH: BMPR-II, bone morphogenic protein receptor type 2. From Gabbay
E, Reed A, Williams TJ. Assessment and treatment of pulmonary arterial hypertension: an Australian perspective in 2006. Intern

Med ] 2006; 37:38-48.

PAH related to risk factors or associated condi-
tions is a heterogeneous group of disorders, includ-
ing connective tissue disease, congenital systemic
pulmonary shunt, portal hypertension, HIV infec-
tion, drugs and toxin, and those conditions such as
hemoglobinopathies and myeloproliferative disor-
ders. The use of appetite-suppressant drugs for >3
months has been associated with a 30-fold increase
in the risk of development of PH. Hepatosplenic
schistosomiasis may account for one of the most
prevalent forms of PAH worldwide. The World
Health Organization (WHO) also suggests that
other appetite stimulants such as amphetamines
may have a very likely causative role in PH.

Pathogenesis

The current understanding of PAH is as a vaso-
proliferative disease invoked by mitogenic stimuli.
The pathogenesis of PAH is complex and poorly
understood and, as mentioned previously, includes
both genetic and environmental factors that alter
vascular structure and function. The vascular
changes involve the pulmonary arteriole, and they
are characterized by vasoconstriction, vascular
remodeling with intimal and medial proliferation,
the formation of plexiform lesions, and thrombosis
(Fig 3). These changes lead to progressive obstruc-
tion of flow, increased pulmonary vascular
resistance, and eventual right heart failure and
death. Because the number of patients who respond
significantly to acute vasodilator challenge is very
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low, the contribution of vasoconstriction relative
to vascular remodeling is minimal.

The main cellular changes involve smooth
muscle cells, fibroblasts, endothelial cells, and
platelets. The following three pathways are
important: prostacyclin (prostaglandin 12),
nitric oxide (NO)—-cyclic guanosine monophos-
phate-phosphodiesterase 5, and endothelin. An
imbalance between the up-regulated vasoconstric-
tive/proproliferative endothelin system and the
down-regulated vasodilatory/antiproliferative/
antithrombotic NO and prostaglandin 12 systems

Figure 3. Typical micrograph of a lung from a patient with
PAH. The patient has normal alveolar structures but a small
PA, in which the lumen is occluded by concentric fibrosis.
The artery also has increased medial smooth muscle and a
reactive adventitia. Dilated small vessels border the airway
above the artery. From Newman JH, Phillips JA, Loyd JE. Pul-
monary hypertension. Ann Intern Med 2008; 148:278-283.



is a key contributor. Platelets likely play an impor-
tant role as procoagulants by increasing the plate-
let release of serotonin, vascular endothelial growth
factor, and platelet-derived growth factor.

Clinical Features

PH frequently presents with nonspecific symp-
toms (Table 5). The most common symptoms are
dyspnea on exertion, fatigue, and syncope, result-
ing from reduced cardiac output during activity.
Patients may also occasionally present with angina-
like chest pain with normal coronary arteries. This
chest pain may reflect right ventricular ischemia.
Hemoptysis as a consequence of pulmonary vas-
cular rupture is rare but may be a catastrophic
event. The Raynaud phenomenon is seen in
approximately 2% of patients with IPAH but is a
frequent finding in cases of PH associated with
connective tissue diseases such as scleroderma. The
physical examination findings are nonspecific but
may give clues to a secondary cause of PH. With
more advanced disease, the physical examination
reveals signs of right ventricular dysfunction. The
ECG most often reveals right atrial or right ven-
tricular hypertrophy and right-axis deviation. The
chest radiograph shows an enlarged cardiac sil-
houette that is consistent with right ventricular
hypertrophy, with enlarged pulmonary arteries.

Diagnostic Approach

The most important step in the diagnosis of
PAH is to suspect its presence. As noted, the symp-
toms are vague and nonspecific, and PAH should
be considered in any patient with unexplained
dyspnea on exertion (and perhaps in all those

Table 5. Signs and Symptoms of PH

Signs Symptoms

Jugular vein distention Dyspnea or exertion

Prominent right ventricular heave  Fatigue
Accentuated pulmonic valve

component (P,) Syncope
Right-sided third heart sound (S,)  Anginal chest pain
Tricuspid insufficiency murmur Hemoptysis

Hepatomegaly
Peripheral edema

Raynaud phenomenon

30

patients with an unexplained isolated reduction in
diffusing capacity). There are no early symptoms
of PAH, and thus, annual screening in high-risk
populations should be considered. Risk groups
thought to benefit from screening include patients
with known genetic mutations, first-degree rela-
tives of patients with PAH, patients with sclero-
derma, patients with portal hypertension before
liver transplantation, and patients with congenital
systemic to pulmonary shunts. The best screening
test for the detection of PAH is a transthoracic
echocardiogram (TTE). TTE is also a valuable tool
to detect features of left-sided heart disease or
intracardiac shunts. Increased PA systolic pressure
raises the possibility of PH but is clearly not spe-
cific for PAH. If the TTE confirms increased PAP,
further testing to identify the underlying cause is
warranted.

Spirometry, diffusing capacity, arterial blood
gas measurement, and CT scan of the lung can be
performed to exclude underlying respiratory dis-
ease and/or hypoxemia. When suggested by his-
tory, an overnight polysomnography can be
performed to assess for severe sleep apnea. The
tests for underlying liver disease, HIV, and autoim-
mune diseases are noninvasive and should be
performed in most patients with unexplained PH.
A V/Q scan should be performed to evaluate for
potential CTEPH because patients who qualify for
thromboendarterectomy can have a dramatic
improvement with this procedure.

Right-heart catheterization is the “gold stan-
dard” for diagnosis and should be performed in
all patients with suspected PH, especially if spe-
cific treatment is planned. Cardiac catheterization
is indicated to establish severity and prognosis,
measure wedge pressure, exclude congenital heart
disease, and test the response to selective pulmo-
nary vasodilators (eg, inhaled NO or IV adenosine
or epoprostenol). Most authors recommend heart
catheterization of both the right and left sides.
Left-sided heart catheterization can evaluate for
coronary artery disease, as well as measure left
ventricular end-diastolic pressure. Right-heart
catheterization measurements should include
sequential oxygen saturation for the presence of
an intracardiac shunt, pulmonary angiography for
thromboembolic PH, hemodynamic measure-
ments including PAPs, PA occlusion pressure, and
cardiac index. A positive response to therapy with
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vasodilators is defined as a decrease in mean PA
pressure of >10 mm Hg to reach a mean PA pres-
sure of <40 mm Hg, with an increased or
unchanged cardiac output. Very few patients
show a short-term response, but a negative chal-
lenge result will obviate a trial of calcium-channel
blockers.

Measurement of Exercise Capacity

Formal assessment of exercise capacity is an
integral part of the evaluation. A 6-min walk test
usually is performed to determine the degree of
exercise limitation because it has proven to be
reproducible and to correlate well with other mea-
sures of functional status. This test has been very
useful in monitoring the response to therapy and
has often been used as a primary end point in
clinical trials. Importantly, it has been found to be
an independent predictor of survival in patients
with PAH.

Treatment of PAH

No treatment for PAH has been found to
achieve a cure for this devastating disease. There
are six main types of treatment for PAH. The first
is prevention. Because some forms of PAH have
clear causal mechanisms, these factors should be
eliminated where possible. The second line of treat-
ment is screening of high-risk patients (as previ-
ously discussed) because it is generally believed
that earlier diagnosis and treatment may improve
outcomes. The third is to optimize the therapy for
any related diseases, such as heart failure, hypox-
emia, sleep disorders, or collagen vascular diseases.
The fourth line of therapy is supportive—directed
at the consequences of PAH. General measures
include pneumococcal and influenza vaccinations
in addition to the avoidance of pregnancy, high-
altitude exposure, tobacco, and medications such
as appetite suppressants, decongestants, and non-
steroidal antiinflammatory agents. In addition, the
following supportive treatments are available:

1. Anticoagulation: Patients with PAH should
receive long-term anticoagulation therapy.
Patients with this condition are prone to throm-
boembolism, in part caused by reduced PA
blood flow, right ventricular dilation, venous
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insufficiency, and inactivity. The range of anti-
coagulation that is recommended is an interna-
tional normalized ratio of 1.5 to 2.5.

2. Oxygen: All patients with PAH and docu-
mented hypoxemia should receive supplemen-
tal oxygen to maintain an oxygen saturation of
>90%.

3. Diuretics: Careful diuresis is indicated in
patients with evidence of right ventricular
failure.

4. Inotropic agents: There are no data on the
long-term use of inotropic therapy for PAH.
Some authors have suggested the use of digi-
talis because it may improve right ventricular
function. The use of cardiac glycosides is con-
troversial because of the lack of well-designed
randomized controlled trials in this population.

The fifth line of treatment is vascular-targeted
therapy aimed at reversing or reducing vasocon-
striction, endothelial cell proliferation, and smooth-
muscle cell proliferation. In patients who exhibit
evidence of an acute hemodynamic response to
vasodilator challenge testing, long-term treatment
with orally administered calcium-channel blockers
in relatively high doses can occasionally produce
a sustained hemodynamic response with a reduc-
tion in PAP and an increased cardiac output. This
group of responders not only shows improvement
in symptoms in exercise tolerance, but they also
have increased survival. Unfortunately, calcium-
channel blockers have no antiproliferative effect,
and thus, only a small subset of patients will ben-
efit from long-term use. In patients who do not
show a reduction in PAP (with the administration
of vasodilators) during right-heart catheterization,
it is not beneficial and is potentially dangerous to
initiate therapy with calcium-channel blockers.
Significant adverse effects include systemic hypo-
tension, pulmonary edema, and right ventricular
failure.

Current US Food and Drug Administration-
approved and investigational therapies aimed at
reducing endothelial and smooth-muscle cell pro-
liferation target the following three major path-
ways involved in the pathogenesis of PAH:
prostacyclin, NO, and endothelin. Continuous IV
epoprostenol, subcutaneous and IV treprostinil,
and inhaled iloprost are prostanoids that have
been shown to improve exercise capacity, functional
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capacity, hemodynamics and, in the case of epo-
prostenol, survival. In the NO pathway, sildenafil
(which inhibits phosphodiesterase 5) has demon-
strated improvement in exercise capacity, func-
tional status, and hemodynamics. Bosentan is an
oral nonselective endothelin receptor antagonist;
sitaxsentan and ambrisentan are selective endo-
thelin A receptor antagonists. These therapies have
been shown to improve exercise capacity, functional
status, and time to clinical worsening. Bosentan
has also been shown to improve hemodynamics.
Two studies have shown improved survival with
bosentan therapy compared with historical control
subjects. Although many of the trials that use these
classes of medications were not powered to detect
an improvement in survival, a recent metaanalysis
suggests that the rate of mortality is lower in
patients treated with targeted therapies.

The approach to the use of these agents in PAH
is typically based on their functional class, as
defined by the WHO classification system, which
is a modification of the NYHA functional class
system for heart failure (Table 6). In general,
patients who are in functional class I receive gen-
eral care only, although trials with early use of
specific therapy are currently underway. Oral
therapies are considered to be first-line agents for
patients who are in functional class II and class III,
whereas parental therapies generally are reserved
for patients who are in class IV. There is no clear
consensus as to which agent to start first, nor is
there any current consensus as to the role of com-
bination therapy.

Few studies have been published that directly
compare individual medications or classes of

medications. Multidrug treatment is appealing
because the three classes of medications approved
by the Food and Drug Administration exert their
effects by different mechanisms. The use of two or
more drugs may allow for dosing below the levels
that cause important side effects. A few small stud-
ies have confirmed this theory, but more data are
needed before firm recommendations can be made.
Authors of the American College of Chest Physi-
cians evidence-based guideline published updated
guidance for medical therapy for PH in June 2007.
Their overall recommended approach is shown in
Figure 4. If pharmacologic treatment fails, surgical
(the sixth line) treatment (lung transplantation or
atrial septostomy) should be considered.

Prognosis

Median duration of survival of patients diag-
nosed with PAH between 1980 and 1985 was
2.8 years. Since that time, survival has improved.
Patients without evidence of right ventricular
failure may survive >10 years. Responders to
calcium-channel blockers have a 95% 5-year sur-
vival rate. Patients in NYHA classes Il and IV who
have been treated with epoprostenol have a 5-year
survival rate that is twice that of matched control
patients.

Patients with evidence of right heart failure
have a much lower survival rate. Posttreatment
markers of poor prognosis included persistent
increases in right atrial pressure, low cardiac index,
low mixed venous oxygen saturation, continued
functional class III or IV symptoms, poor exercise
capacity (6-min walk test distance <380 m), and

Table 6. WHO Classification of Functional Status of Patients with PH*

Patients with PH but without resulting limitation of physical activity. Ordinary physical activity does not cause
Patients with PH resulting in slight limitation of physical activity. These patients are comfortable at rest, but ordi-

Patients with PH resulting in marked limitation of physical activity. These patients are comfortable at rest, but

less than ordinary physical activity causes undue dyspnea or fatigue, chest pain, or near syncope.

Class 1
undue dyspnea or fatigue, chest pain, or near syncope.
Class 2
nary physical activity causes undue dyspnea or fatigue, chest pain, or near syncope.
Class 3
Class 4

Patients with PH resulting in inability to perform any physical activity without symptoms. These patients mani-

fest signs of right-heart failure. Dyspnea and/or fatigue may be present at rest, and discomfort is increased by

any physical activity.

*Modified from the NYHA classification of patients with cardiac disease. From McGoon, Gutterman D, Steen V, et al. Screen-
ing, early detection, and diagnosis of pulmonary arterial hypertension: ACCP evidence-based clinical practice guidelines.

Chest 2004; 126:18S.
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increased serum B-type natriuretic peptide levels.
Patients with persistent poor functional class or
exercise capacity, severely reduced right heart func-
tion, a right atrial pressure >15 mm Hg, or cardiac
index <2I/min/m? should be considered for lung
transplantation. Either single- or double-lung
transplantation are options, but surgeons in most
centers prefer double transplantation because of
concerns about postoperative reperfusion injury
after a single-lung transplant. Experience has
shown that lung transplant recipients with primary
PH have survival rates of 73% at 1 year, 55% at 3
years, and 45% at 5 years. Obliterative bronchiolitis
is a common complication in transplant patients
with PAH. The recurrence of PAH after lung trans-
plantation has not been reported in the trans-
planted lung.
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PE, there were 1,727 cases of cancer. The expected number
of cancer cases was 1,372 based on national statistics from
Denmark (ratio of observed/expected number of cancer cases,
1.3; 95% confidence interval, 1.21 to 1.33). Forty percent of
patients with a diagnosis of cancer within 1 year of hospi-
talization for VTE had distant metastases at the time of the
diagnosis of cancer. The authors conclude that an aggressive
search for hidden cancer in patients presenting with VTE is
not warranted.

Stein PD, Fowler SE, Goodman LR, et al. Multidetec-
tor computed tomography for acute pulmonary embo-
lism. N Engl ] Med 2006; 354:2317-2327

In patients with suspected acute PE, multidetector CT angi-
ography (CTA) in combination with venous phase multide-
tector CT venography (CTV) was more sensitive than CTA
alone for diagnosing PE. However, it only increased the neg-
ative predicted value from 95 to 97% overall. Therefore, the
added dose of radiation from CTV may not be justified when
added to the dose from CTA. The multidetector CTA may be
accurate enough to eliminate PE, at least in patients with
low-to-intermediate clinical probability of PE.

Stein PD, Hull RD, Patel KC, et al. D-dimer for the
exclusion of acute venous thrombosis and pulmonary
embolism: a systematic review. Ann Intern Med 2004;
140:589-602

For the diagnosis of DVT, the ELISA and quantitative
rapid ELISA are more sensitive than latex and whole-
blood aggqlutination assays. For the diagnosis of PE, the
ELISA and quantitative rapid ELISA are more sensitive
than semiquantitative latex and whole-blood agglutination
assays.

Stein PD, Woodard PK, Weg ]G, et al. Diagnostic path-
ways in acute pulmonary embolism: recommenda-
tions of the PIOPEDII investigators. Am ] Med 2006;
119:1048-1055

The PIOPED II investigators recommend a stratification of
patients with suspected PE according to a clinical probabil-
ity assessment. The investigators conclude that the sequence
of diagnostic test for patients with suspected PE will depend
on the clinical circumstances.

Swensen SJ, Sheedy PEF, Ryu JH, et al. Outcomes
after withholding anticoagulation from patients with
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suspected acute pulmonary embolism and negative
computed tomographic findings: a cohort study. Mayo
Clin Proc 2002; 77:130-138

Results showed that the incidence of overall DVT, PE, or
fatal PE among patients with suspected acute PE, negative
CT scan results, and no other evidence of VTE is low. With-
holding anticoagulation therapy in these patients appears to
be safe.

Tapson VE Acute pulmonary embolism. N Engl ] Med
2008; 358:1037-1052

An updated review of the epidemiology, diagnosis, treat-
ment, and prevention of acute PE from an international
expert in the field.

Tillie-Leblong I, Marquette C-H, Perez T, et al. Pul-
monary embolism in patients with unexplained exac-
erbation of chronic obstructive pulmonary disease:
prevalence and risk factors. Ann Intern Med 2006;
144:390-396

This study showed a 25% prevalence of PE in patients with
COPD hospitalized for severe exacerbation of unknown
origin.

Van Belle A, Buller HR, Huisman MYV, et al. Effective-
ness of managing suspected pulmonary embolism
using an algorithm combining clinical probability, d-
dimer testing, and computed tomography. JAMA 2006;
295:172-179

This study assessed the clinical effectiveness of a simplified
algorithm using a clinical decision rule, d-dimer testing, and
CT scanning in patients with suspected PE. The use of this
algorithm was associated with a low risk for subsequent fatal
and nonfatal VTE.

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

Among inpatients and outpatients with suspected PE, only 3
of 665 patients (0.5%; 95% confidence interval, 0.1 to 1.3%)
with low or moderate pretest probability and a non—high-
probability V/Q lung scan finding who were considered to
be negative for PE had PE or DVT during a 90-day fol-
low-up. These data suggest that the management of patients
with suspected PE on the basis of pretest probability and the
results of V/Q lung scanning is safe.

Wells PS, Owen C, Doucette S, et al. Does this patient
have deep vein thrombosis? JAMA 206; 295:199-207
This article is part of the rational clinical examination
series in JAMA and uses a case scenario to walk the reader
through the approach to the evaluation of a patient with sus-
pected DV'T. In so doing, the authors have also performed
a systematic review of the literature regarding clinical
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prediction rules and d-dimer levels and applied these data in
the context of clinical decision making.

Wood KE. Major pulmonary embolism: review of
a pathophysiologic approach to the golden hour of
hemodynamically significant pulmonary embolism.
Chest 2002; 121:877-905

ACCP Pulmonary Medicine Board Review: 25th Edition

This is an extensive review of a pathophysiologic approach to
hemodynamically significant PE. The article also discusses
risk gratification in part based on right ventricular dysfunc-
tion. Thrombolytic therapy is acknowledged as a treatment
of choice with embolectomy for those patients in whom
thrombolysis is contraindicated.
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Lung Cancer

W. Michael Alberts, MD, MBA, FCCP

Obijectives:

¢ Qutline the various causes of lung cancer and the types of
clinical and radiographic presentations peculiar to each
cell type

® Review the paraneoplastic syndromesassociated withlung
cancer

e Place in perspective the appropriate use of laboratory
studies, imaging techniques, and diagnostic approaches
to patients with lung cancer

¢ Review theresults of various treatment modalities for both
small cell and non-small cell lung cancers

Key words: non-small cell lung cancer; paraneoplastic syn-
dromes; screening; small-cell lung cancer; solitary pulmonary
nodule; staging; treatment

The statistics are no doubt familiar but, nonethe-
less, staggering: An estimated 215,020 individuals
in the United States will receive a diagnosis of lung
cancer in 2009. More disconcerting is that 161,830
individuals will succumb to the disease within
1 year. The numbers from abroad are no more
comforting (and, in many cases, more ominous).
It has been estimated that 1 to 2 million people
worldwide die of this disease each year.

Lung cancer is currently the leading cause of
cancer deaths in both men and women in the
United States. Deaths from lung cancer in women
surpassed those from breast cancer in 1987 and are
expected to account for approximately 26% of all
cancer deaths in women in 2009. Thirty-one percent
of cancer deaths in men are attributable to lung
cancer. Lung cancer causes more deaths than the
next four most common cancers combined (colon,
49,962; breast, 40,930; pancreas, 34,290; and pros-
tate, 28,660). Fortunately, the death rate from lung
cancer in men in the United States began to
decrease in 1991, which is reflective of a decrease
in smoking that began in the 1950s. The mortality
rate in women has reached a plateau. The antici-
pated decrease has lagged behind the decrease in
men, likely to the result of smoking prevalence
among women. Currently, approximately 20% of
adults in the United States smoke (23.9% of men
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and 18.1% of women). Lung cancer is now more
prevalent in ex-smokers than active smokers.

The status of the treatment of lung cancer is no
more encouraging. The expected 5-year survival
for the diagnosis of lung cancer is 16% as compared
with 65% for colon cancer, 89% for breast cancer,
and nearly 100% for prostate cancer. Furthermore,
progress in treatment has been slow. The current
overall 5-year survival rate of 16% is only slightly
better than the 8% survival rate of the early 1960s.
Even when a small primary tumor (<3 cm in
diameter) is diagnosed “early” and no apparent
metastatic spread is found (ie, stage IA), the
expected 5-year survival is significantly <100%,
with the authors of most studies reporting only
65%. The 5-year survival for other potentially
resectable lesions is even worse (IB =57%, IIA =
55%, IIB = 39%, and IIIA = 23%). When diagnosed
“late” with documented extrathoracic spread, the
disease is incurable, with an expected 5-year sur-
vival of <1%. The median survival of patients with
untreated metastatic non-small cell lung cancer
is 4 to 5 months, with a survival rate at 1 year
of 10%.

Before reviewing the subject at hand, it must
be said that much of the effort evidenced in this
review might not be necessary but for the real
culprit, namely tobacco and tobacco products.
Tobacco use is the leading cause of preventable
death in this country and accounts for one of every
five deaths. Half of regular smokers die prema-
turely of a tobacco-related disease. Not to minimize
the efforts of clinicians and clinical researchers, but
the “biggest bang for the buck” comes in the form
of lung cancer prevention. Whether primary, sec-
ondary, or tertiary, the prevention of cigarette
smoking has the biggest potential to improve the
dismal statistics associated with this cancer.

Etiology of Lung Cancer
Tobacco causes 80 to 90% of all lung cancers.

There is a clear dose—response relationship between
the number of cigarettes smoked per day and the
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incidence of lung cancer. Cigarette smoking causes
damage to the DNA in the cells of the bronchial
epithelium. There are >20 known carcinogens in
tobaccos smoke. Nicotine, itself, does not appear
to be carcinogenic but leads to smoking addiction.
The risk of dying in white men is decreasing as the
result of lower rates of smoking. The increasing
rate in women parallels their increasing use of
cigarettes. The risk of lung cancer increases, in cigar
and pipe smokers, depending on inhalation prac-
tices. The effect of pipe and cigar use on the risk of
lung cancer is generally similar to that of light
cigarette smoking. Smokeless tobacco products (eg,
chewing tobacco and snuff) are carcinogenic for
the upper aerodigestive tract but not for the
lungs.

Passive Smoking

It is estimated that up to 25% of lung cancer in
nonsmokers comes from passive exposure to ciga-
rette smoke, which translates into an estimate that
passive smoking causes approximately 1.6 to 5% of
all lung cancers. Passive smoke differs significantly
from mainstream smoke inhaled by the active
smoker and may be even more carcinogenic. Sev-
eral studies show that spouses of smokers have a
twofold to threefold increased risk of lung cancer.

Other Carcinogens for Lung Cancer

Other carcinogens include asbestos, radon
daughters, a variety of polycyclic hydrocarbons,
cadmium, chloromethyl ethers (especially for small
cell lung cancer), chromium, nickel, and inorganic
arsenic. It has been conjectured that air pollution
may promote the action of other carcinogens but
may not be carcinogenic alone. As risk factors for
lung cancer, most, if not all, of these environmental
factors either require or are markedly augmented
by concomitant exposure to cigarette smoke.

Dietary Factors

Dietary factors are thought possibly to decrease
the risk of lung cancer. Vitamin A intake is inversely
associated with lung cancer risk, especially among
cigarette smokers. The constituents of green and yel-
low vegetables, such as beta-carotene and selenium,
appear to have potential as protective agents against
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lung cancer. More than 30 case—control and cohort
studies have suggested that people who eat more
vegetables and fruit have a lower risk of lung cancer
than those who eat fewer such foods or who have
lower beta-carotene concentrations in their blood.
These observations stimulated several large,
controlled trials of beta-carotene supplementation.
Most trials do not support the observed beneficial
association or a role for supplemental beta-carotene
in the prevention of lung cancer. Instead, the
same studies provide striking evidence of an exces-
sive lung cancer incidence in smokers (an adverse
effect). This finding stresses the importance of
establishing the efficacy of chemoprevention
agents in carefully conducted clinical trials.

Genetic Lesions and the Molecular Pathogenesis
of Lung Cancer

It is becoming apparent through candidate
gene and genome-wide approaches that clinically
evident lung cancers have accumulated numerous
(perhaps =20) clonal genetic and epigenetic
alterations in a multistep process. These alterations
include the classical genetic abnormalities of tumor
suppressor gene inactivation and overactivity of
growth-promoting oncogenes. These changes lead
to the so-called “hallmarks of lung cancer”:
(1) abnormalities in self-sufficiency of growth
signals, (2) evading apoptosis, (3) insensitivity to
antigrowth signals, (4) limitless replicative poten-
tial, (5) sustained angiogenesis, and (6) tissue
invasion and metastases. These findings may have
important clinical ramifications.

Advances in cell and molecular biology have
increased our understanding of the multiple events
that lead to the development of lung cancer. The
field cancerization theory suggests that multiple
genetic abnormalities occur throughout the respira-
tory epithelium as a result of long-term carcinogen
exposure. Mutations may occur during adult life as
a result of cigarette smoking, but it is also possible
that some of them may be acquired during embry-
onic development of the bronchial epithelium.

Inherited Predisposition to Lung Cancer
A predisposition to early age of onset of lung

cancer may be inherited in a Mendelian codominant
fashion. COPD is associated with the development
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of lung cancer, and there appears to be a familial
correlation with the development of such respira-
tory disease. Inheritance of an abnormality in
carcinogen metabolism is another possibility.
Inheriting genes predisposing to malignancy usu-
ally results in a high rate of secondary tumors
(lung, head and neck, esophagus, and other
organs). For example, patients cured of laryngeal
tumors have an increased risk of lung cancer.

Lung Cancer in Never Smokers

A small proportion of patients with lung cancer
do not have a significant history of cigarette use
(defined as <100 cigarettes in a lifetime). In the
United States, 10 to 15% of lung cancer occurs
in never smokers (5 to 10% in men and 15 to 25%
in women). This rate is greater than that of ovarian
cancer or Hodgkin disease. Worldwide, 15% of
men and 53% of women with lung cancer are
never-smokers.

The cause of lung cancer in never-smokers is
uncertain. Speculation surrounds environmental
tobacco smoke, cooking fumes, indoor air quality,
genetic factors, occupational exposures, hormonal
factors, and oncogenic viruses. The study of the
molecular basis for oncogenesis has led to specula-
tion that lung cancer in never smokers and lung
cancer in smokers may be different disease entities.

Smoking Cessation

Smokers should be offered counseling and
nicotine-replacement therapy (NRT) at every visit.
“Treating Tobacco Use and Dependence—2008
Update” was released and posted by the US Public
Health Service Commissioned Corps in May of
2008. This document provides the latest informa-
tion and techniques.

Psychological and behavioral techniques, such
as delivering a strong personalized message,
arranging intensive counseling (both individual
and group), providing self-help material, referring
to a tailored self-help programs, encouraging the
use of telephone “Quit-lines” (telephone therapy
isnow accessible in every state at 1-800-Quit now),
using aversive smoking techniques, and exercise,
have proven to be of benefit. Conversely, the use
of hypnosis or acupuncture has not proven to be
beneficial.
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Pharmacotherapy in the form of NRT is benefi-
cial. NRT may be delivered in the form of a gum,
a patch, a nasal spray, an inhaler, or as lozenges.
Both bupropion, an antidepressant that inhibits the
reuptake of dopamine and norepinephrine, and
varenicline, a partial nicotine agonist at a subtype
of the nicotinic acetylcholine receptor, have been
shown to be effective. A recent study demonstrated
smoking abstinence from weeks 9 to 12 of a 3-
month study of 44% for users of varenicline, 30%
for bupropion, and 18% for placebo. Nausea occurs
in 30 to 50% of patients on varenicline. In addition,
there have been recent alerts from the US Food and
Drug Administration on the use of varenicline.
There may be an increased risk of neuropsychiatric
symptoms, including agitation, depressed mood,
suicidal ideation, and worsening of preexisting
psychiatric disease.

Combination therapy may be more effective.
For example, the use of a baseline patch plus NRT
boost (gum, lozenge, spray) is common. A baseline
patch and oral bupropion plus NRT boost may be
helpful for heavy smokers. Pharmacotherapy
doubles the cessation success rate at 6 months
when compared with placebo. On occasion, long-
term therapy may be necessary.

Classification of Lung Cancer
World Health Organization Histologic Class

An important distinction is to separate small
cell lung cancer (SCLC; 15 to 18% of all lung can-
cers) from non-small cell bronchogenic carcinomas
(82 to 85%). Approximately 10% of SCLCs are
combined with non-small cell lung cancer (NSCLC)
components. The management approach to SCLC
is significantly different from that for all subtypes
of non-small cell bronchogenic carcinomas. Small-
cell carcinoma is generally regarded as a disorder
for which surgery is not indicated.

Microscopically, SCLC in made up of small,
round cells with large nuclei that stain blue when
hematoxylin and eosin is used. Histologically, they
are characterized by scant cytoplasm, fine chroma-
tin, and nuclear molding. “Crush artifact’ is com-
monly noted. SCLC arises from neuroendocrine
cells and stains positive for synaptophysin,
chromogranin A, and neuron-specific enolase.
SCLC is so strongly associated with cigarette
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smoking that such a diagnosis in a nonsmoker
should be questioned.

All other cell types of bronchogenic carcinoma,
depending on their stage, can potentially be man-
aged surgically with the potential for cure. Non-
small cell carcinomas are split into squamous cell
(29% of the total); adenocarcinoma, including
bronchioloalveolar cell carcinoma (32% of the
total), large-cell carcinoma (9% of the total), and
undifferentiated (11% of total). Non-small cell lung
carcinomas are believed to arise from lung epithe-
lial cells. They express cytokeratin in a distinct
pattern (negative for CK20 and positive for CK7)
and are commonly positive for thyroid transcrip-
tion factor 1.

Adenocarcinomas are the least closely associ-
ated with cigarette smoking and most commonly
arise in the lung periphery from epithelial cells
involved in gland formation. They may grow in
acinar, papillary, bronchioloalveolar, or solid
growth patterns, often in association with the pro-
duction of mucus. Up to 50% of patients have never
smoked, and 80% present with metastatic disease.

Bronchioloalveolar cell carcinoma (BAC) often
is characterized as a subtype of adenocarcinoma.
BAC is the most common type of lung cancer in
never-smokers. BAC tumors grow in lepidic fash-
ion, spreading along the lining of alveolar air
spaces, and there is no invasion of the stroma,
pleura, or lymphatics. Where such invasion occurs,
the disease process is termed adenocarcinoma mixed
type with a predominant BAC pattern. BAC often is
very slow growing and commonly spreads within
the lung through the airways. BAC is divided into
three subtypes: mucinous, nonmucinous, and a
mixed type.

Squamous cell carcinoma is characterized by
keratin formation, intercellular bridging, and a
nonglandular appearance. Squamous cell lung
cancer typically arises within the major bronchi
near the center of the chest. A total of 95% of
patients with squamous cell are smokers, and 60%
present with metastatic disease.

Large cell carcinoma lacks the features of either
a squamous cell or an adenocarcinoma. This tumor
is a more poorly differentiated form of NSCLC.
Large cell tumors that express neuroendocrine
tumor markers are less responsive to chemother-
apy than SCLC and carry a poor prognosis com-
pared with other types of NSCLC.
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Other cell types constitute a small minority of
all lung neoplasms. For example, carcinoid tumors
may arise in the lung. These tumors have a neuro-
endocrine phenotype, like SCLC, but grow slowly,
rarely metastasize, and the treatment is often sur-
gery alone. These tumors are composed of small,
round blue cells but can be differentiated from SCLC
by their low-grade appearance and lack of mitotic
figures. Carcinoid tumors tend to be highly
resistant to radiation therapy and chemotherapy
and are therefore best treated by surgery. More
aggressive carcinoid tumors with an intermediate
number of mitotic figures are termed atypical car-
cinoids. These tumors are faster growing and have
the potential for metastatic spread. Fortunately,
atypical carcinoid tumors of the lung are more
responsive to chemotherapy and radiation therapy.

Preinvasive lesions have been identified. These
include squamous dysplasia/carcinoma in situ
(leading to squamous cell carcinoma), atypical
adenomatous hyperplasia (leading to adenocarci-
noma), and diffuse idiopathic pulmonary neuro-
endocrine cell hyperplasia (leading to carcinoid).

International Staging System for Lung Cancer

Lung cancers are staged by the TNM system
(T =5 primary tumor, N =5 regional lymph nodes,
M = presence or absence of distant metastases). The
TNM system, developed in the late 1940s, is used
as a guide to estimate prognosis, to select treatment
options, and to report outcomes. Several changes
were made to the staging system in 1997. These
changes were made to more closely align patient
clinical presentation to appropriate treatment
options and expected outcomes. The seventh edi-
tion of the TNM Classification of Malignant
Tumors is expected to be published in 2009.

Stage 1 Patients Redefined: Only TINOMO
(stage IA) and T2NOMO (stage IB) patients are now
included in stage I. TIN1MO is now placed in stage
II. The prognosis for survival with N1 involve-
ment is significantly worse, especially in the
case of adenocarcinoma, than when there is no
lymph node involvement. The prognosis for 5-year
survival, with surgical resection, is 70 to 80% for
TINOMO patients and 50 to 60% for T2NOMO
patients.

Stage II Patients: The survival pattern for
TINIMO (stage IIA) patients more closely
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resembles the survival patterns for patients with
stage II lung cancer than stage I subsets. Stage IIB
includes T2NIMO and T3NOMO. T3NOMO was
moved from stage IIIA to IIB reflecting a progno-
sis more similar to other stage II tumors.

Stage III Patients: Tumors staged in this
grouping are very heterogeneous. The 10% of
patients with NSCLC who present with stage IIIA
cancer are described by the American College of
Chest Physicians (ACCP) guidelines as “perhaps
the most therapeutically challenging and contro-
versial subset” of lung cancer patients, because
they fit between the generally resectable stage I
and stage II tumors and the generally unresect-
able stage IIIB and stage IV cases.

Although not recognized by the American Joint
Committee on Cancer’s Cancer Staging Manual,
for treatment purposes, patients with N2 disease
may be artificially classified into four subgroups:

e IITA: incidental nodal metastases found on
final pathologic examination of the resection
specimen;

¢ IITA,: nodal metastases (single station) recog-
nized intraoperatively;

¢ IIIA,: nodal metastases (single or multiple sta-
tion) recognized by prethoracotomy staging;
and

e IIIA: bulky or fixed multistation N2 disease.

Stage 1IIA Patients: Patients with involve-
ment of the ipsilateral mediastinal lymph nodes
(N2 disease) are categorized as IIIA patients. A
better outcome is anticipated for these patients
than when mediastinal node metastasis is more
extensive (N3 disease). Patients with IITA tumors
(IITA1, IIIA2, and HIIA3 after neoadjuvant) may
potentially undergo complete resection. If nonop-
erative therapy is appropriate, randomized con-
trolled trials have shown that chemotherapy and
radiation therapy improve survival over the use
of radiation therapy alone. The role of surgical
resection as an adjunct to this combined method
of treatment is still not clear.

Stage IIIB Patients: Stage IIIB patients include
those with T4 tumors (T4 is for tumors of any size
that invade the mediastinum or involve the heart,
great vessels, trachea, esophagus, vertebral body,
or carina; or for the presence of a malignant pleural
effusion) and with any N3 metastases (contralateral
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medjiastinal lymph nodes, contralateral hilar lymph
nodes, ipsilateral or contralateral scalene, or supra-
clavicular nodes), but with MO disease. Selected
stage IIIB patients (good performance status) typi-
cally are treated with chemoradiation.

Stage IV Patients: Stage IV patients include
those with any T designation and any N involve-
ment accompanied by spread to different lobes of
the lung than the site of the primary tumor or, by
way of the bloodstream, to distant sites within the
body.

Exceptions for SCLC: The TNM and stag-
ing systems (I-IV) are appropriate for SCLC.
Many physicians, however, use the old Veteran’s
Administration staging system, the reason being
that there is less variation in survival for the stages
described by the TNM system when applied to
SCLC. Therefore, the more detailed TNM system
offers no advantage. Both treatment options and
prognosis can be adequately communicated by
the use of a two-stage system. In the two-stage
system developed by the Veteran’s Administra-
tion Lung Cancer study group, small cell lung
cancer is staged as “limited disease” or “exten-
sive disease.” Limited disease for SCLC (30% of
patients) typically is defined as no detectable dis-
ease outside of the hemithorax, with or without
ipsilateral, mediastinal, hilar, or supraclavicular
lymph nodes. Patients with unilateral pleural
effusion also have been classified as having lim-
ited disease. Extensive disease (70% of patients) is
any disease occurring beyond the sites listed for
limited disease.

Proposals for the Seventh Edition of the TNM
Classification and Stage Groupings: The Interna-
tional Association for the Study of Lung Cancer
(IASLC) recently has issued recommendations
for the seventh Edition of the TNM Classification
and Stage Groupings of Lung Cancer based on an
intensive and validated analysis of a database that
included >100,000 patients. The recommended
changes in the T classification are to subclassify
T1into Tla (=2 cm) and T1b (>2-=3 cm) and T2
into T2a (>3-=5 cm) and T2b (>5-=7 c¢m) and
to reclassify T2 tumors >7 c¢cm into T3. Further-
more, with additional nodules in the same lobe
as the primary tumor, T4 would be reclassified as
T3. With additional nodules in another ipsilateral
lobe, M1 would be reclassified as T4. With pleural
dissemination, T4 would be reclassified as M1.
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The IASLC recommends that the current N
descriptors should be maintained and that revi-
sions to should include grouping cases with malig-
nant pleural effusions and cases with nodules in
the contralateral lung in the Mla category, and
cases with distant metastases should be designated
M1b. In addition, cases with nodule(s) in the ipsi-
lateral (nonprimary lobe) currently staged M1
should be reclassified as T4MO0.

Recommendations for revisions to the stage
groupings include additional cutoffs for tumor
size, with tumors >7 ¢cm moving from T2 to T3;
reassigning the category given to additional pul-
monary nodules in some locations; and reclassify-
ing pleural effusions as an M descriptor. In
addition, IASLC suggested that T2bNOMO cases be
moved from stage IB to stage IIA, T2aN1MO cases
from stage IIB to stage IIA, and T4NO-1MO cases
from stage IIIB to stage IIIA.

Clinical Features of Lung Cancer

Lung cancer symptoms may range from none
to such problems as cough, hemoptysis, dyspnea,
fever, and hoarseness. Only 5 to 10% of cases are
asymptomatic at discovery, and 15% have extra-
pulmonary symptoms as the first clue to the diag-
nosis. The most common symptoms are listed to
follow: cough (75%), dyspnea (60%), chest pain
(45%), hemoptysis (35%), other pain (25%), club-
bing (22%), hoarseness (18%), dysphagia (2%), and
wheezing (2%). Items that should be included in
the history include weight loss, focal skeletal pain,
chest pain, headache, syncope, seizure, extremity
weakness, and change in mental status.

Resectable lung cancer will seldom be diag-
nosed based on the history. Approximately 50%
will have demonstrable metastatic lesions or evi-
dence of unresectability at the time of first diagno-
sis. Further testing will reveal that another 15% are
unresectable. Finally, another 5 to 10% will be found
to be unresectable at surgery. Thus, only 25 to 30%
of cases are potentially curable by surgery.

Physical examination findings usually parallel
the symptoms. The physical examination will
become positive only late in the course. If the first
clue to the diagnosis comes from the physical
examination, it is probably too late to expect
any chance for cure. Items that should be included
in the physical include lymphadenopathy,
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hoarseness, superior vena cava syndrome, bone
tenderness, hepatomegaly, focal neurologic signs,
papilledema, and soft-tissue mass.

Regional Spread of Tumor

Typical symptoms, when the lung cancer has
spread to the mediastinum, include dysphagia
(from esophageal compression or involvement)
and the development of effusions (from lymphatic
obstruction). Cardiovascular involvement can be
associated with arrhythmias and heart failure
(from pericardial involvement). The pericardium
or the myocardium is involved in 15 to 35% of
patients (autopsy data), but the frequency of clini-
cal symptoms is unknown. Malignant pericardial
effusion with tamponade may develop.

The superior vena cava syndrome is more com-
mon if the primary tumor is on the right side. In
NSCLC (usually squamous) the obstruction devel-
ops slowly, allowing development of a collateral
venous system evident at the time of physical
examination. Edema and suffusion may also be
present.

Regional nervous system involvement includes
Horner syndrome (unilateral dilated pupil, enoph-
thalmos, facial dryness, and ptosis) seen with
superior sulcus (Pancoast) tumors. Symptoms
include shoulder pain, with radiation to the ulnar
nerve distribution of the arm and often with radio-
graphic destruction of the first and second ribs.

Hoarseness is caused by involvement of the
recurrent laryngeal nerve. This is more common
on the left side because of the longer course of
the nerve. Phrenic nerve paralysis produces eleva-
tion of the hemidiaphragm and the potential for
dyspnea.

Malignant Pleural Effusions

These effusions can compromise lung function
by compressing the lung. Malignant pleural effu-
sions may be highly symptomatic, with shortness
of breath and pain. Among NSCLCs, the frequency
is highest with large-cell carcinoma (67%), followed
by adenocarcinoma (60%) and squamous cell car-
cinoma (34%). However, because of the greater
frequency of adenocarcinoma, this is the cell type
most likely to be associated with a malignant pleu-
ral effusion.
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Metastatic Disease Outside the Thorax

At autopsy, the frequency of extrathoracic
metastases is 54% for squamous cell carcinoma,
82% for adenocarcinoma, and 86% for large-cell
carcinoma. At the time of presentation, most small-
cell carcinoma has already spread outside the
thorax, although it may not be clinically evident,
even after all applicable staging maneuvers have
been completed.

Bone marrow involvement is encountered in
15 to 25% of patients with SCLC at the time of
diagnosis. Cortical bone involvement occurs in
approximately 22% of patients with SCLC and is
the isolated site of metastatic disease in 10%. The
CNS is commonly involved by metastatic lung
cancer. The brain is involved in approximately 10%
of cases of SCLC at presentation, but 30% of
patients will have parenchymal brain metastases
sometime during the course of disease.

For NSCLC, the most common cell types to
involve the brain are adenocarcinoma and large-
cell carcinoma. Spinal cord involvement usually is
preceded by back pain, followed by symptoms and
signs of compression (bladder/bowel dysfunction,
or paraplegia). Carcinomatous meningitis is less
common and usually causes death within 4 to 6
weeks.

Constitutional symptoms and signs include
anorexia and weight loss (31% at time of presenta-
tion); weakness; fever (21% of cases, caused by
tumor); and clubbing (29%). Cutaneous manifesta-
tions of lung cancer are uncommon but include
skin metastases, acanthosis nigricans, bullous
lesions (erythema multiforme), dermatomyositis,
scleroderma, and tylosis (hyperkeratosis of the
palms and soles). Vascular and hematologic man-
ifestations of lung cancer include anemia, throm-
bophlebitis (especially migratory), disseminated
intravascular coagulopathy, nonbacterial throm-
botic endocarditis with arterial emboli, granulocy-
tosis, and leukoerythroblastosis.

Paraneoplastic Syndromes

Paraneoplastic syndromes can be found in both
SCLC and NSCLC but are more common in the
former. They may be attributable to secretion of
biologically active peptides and hormones, or as a
result of tumor-related immune events. Parathyroid
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hormone secretion with hypercalcemia is a phe-
nomenon associated with squamous cell lung
cancer, whereas most of the other paraneoplastic
syndromes are far more commonly seen with
SCLC. It is estimated that approximately 20% of
patients with SCLC will present with some type of
paraneoplastic syndrome sometime during the
course of the disease. The reason SCLC is more
frequently accompanied by paraneoplastic syn-
dromes is unclear; it may be related to its putative
cell of origin, the APUD cell, which is of neuroen-
docrine origin, thus enabling it to elaborate a
number of hormones and other biologically active
proteins.

Specific Syndromes

Parathyroidlike  Hormone: Hypercalcemia is
more common from this cause than from skeletal
metastases. Parathyroidlike syndrome is unusual
inpatients with SCLC; if hypercalcemiais observed
in this setting, consider a coexistent non-small-
cell histology, coexisting hyperparathyroidism,
or transformation from SCLC to NSCLC. Hyper-
trophic pulmonary osteoarthropathy is seen more
often in adenocarcinoma (1 to 10% of cases).

Antidiuretic Hormone: Syndrome of inap-
propriate antidiuretic hormone (SIADH) is
the most common paraneoplastic syndrome in
SCLC. Approximately 5 to 10% of patients pres-
ent with this syndrome. An additional 40 to 50%
of patients can be shown to have subclinical
abnormalities compatible with SIADH on appro-
priate clinical testing. The source of the ADH can
be the primary tumor and/or the metastases.
Laboratory abnormalities include hyponatremia,
increased excretion of sodium in the urine, nor-
mal volume status and adrenal/renal function,
and failure to excrete maximally diluted urine
with water challenge.

Adrenocorticotropic Hormone: SCLC is the
most common tumor associated with ectopic cor-
ticotropin production. Approximately 3 to 7% of
patients with SCLC will have Cushing syndrome,
but a much greater percentage have a subclini-
cal form (11 to 72% by radioimmunoassay). The
clinical features of Cushing syndrome tend to
be masked by anorexia and significant weight
loss. Severe weakness and the profound miner-
alocorticoid effects of edema, hypertension, and
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hypokalemia are more common. The potassium
level is <3.0 mEq/L in 70 to 90% of patients.
Hyperpigmentation occurs in approximately 25
to 30% of patients. The calcitonin level is elevated
in 38 to 67% of all patients with lung cancer, but
SCLC is associated with the greatest frequency.
Calcitonin causes an immediate calciuresis, but it
does not produce symptoms.

Paraneoplastic Neurologic Syndromes: Neuro-
myopathies are most commonly associated with
SCLC. The incidence of neuromyopathies for all
lung cancers is 10%. Multiple small brain metas-
tases, carcinomatous meningitis, and spinal cord
or peripheral nerve compression by tumor can all
mimic neuromyopathies, as can diabetes and use
of steroids. Other considerations before diagnos-
ing a neuromyopathy as caused by the lung can-
cer itself are syndrome of inappropriate ADH and
infectious agents (progressive multifocal leukoen-
cephalopathy).

The carcinomatous neuromyopathy can occa-
sionally present up to 1 year before the clinical
diagnosis of SCLC, but it usually is apparent at the
initial presentation. Side effects of chemotherapy
(eg, Vinca alkaloids and cis-platinum) may be con-
fused with paraneoplastic neurologic syndromes.

Peripheral neuropathy is the most common
neurologic syndrome in SCLC, occurring in nearly
100% of patients sometime during its course. It
is probably related to the high-frequency use of
Vinca alkaloids. Perhaps an underlying subclinical
neuropathy exists in most patients with SCLC
and the Vinca alkaloids precipitate this to the
point where it can be clinically detected. The most
common symptoms are decreased sensation and
paresthesias in the extremities.

Dementia is the most common encephalopathy
in SCLC. It is characterized by forgetfulness, loss
of memory, or confusion. A response to treatment
of SCLC is not necessarily associated with improve-
ment in dementia. There is also a greater incidence
if prophylactic whole-brain irradiation is used.

Subacute Cerebellar Degeneration: Bilateral
symmetrical truncal and extremity ataxia are
characteristic features. Dysarthria and tremors
also are seen frequently. The clinical course is usu-
ally rapid, with the patient requiring a wheelchair
within weeks or months.

Eaton-Lambert Syndrome: The clinical pic-
ture is very similar to myasthenia gravis, with
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proximal muscle weakness and easy fatigability.
Symptoms are more pronounced in the lower
extremities, with difficulty in walking, climb-
ing stairs, and getting up from a chair. An elec-
tromyogram clearly distinguishes this syndrome
from myasthenia gravis in that there is facilitation
of muscular action potentials with repeated stim-
ulation. Unlike the other neuromyopathies, the
Eaton-Lambert syndrome frequently responds to
treatment of the tumor.

Early Detection and Screening
for Lung Cancer

In the 1970s, the National Cancer Institute sup-
ported three mass-screening programs at three
major institutions (Johns Hopkins, the Mayo Foun-
dation, and Memorial Sloan-Kettering Cancer
Center). No mortality difference was observed
between the screened and the control groups even
with extended follow-up through 1996. As a result
of these and other studies, no organizations cur-
rently recommend screening.

The NCI studies screened men who were at
high risk (smokers > 45 years of age who smoked
one or more packs per day for at least 20 years). In
the John Hopkins and Memorial Sloan Kettering
projects, annual chest radiographs in a control
group were compared with chest radiographs and
cytology in an experimental group. Cytology was
not associated with a different outcome over chest
radiographs alone, but long-term survival in both
studies was about three times greater than pre-
dicted from other data.

Two randomized trials (the aforementioned
Mayo study and a Czechoslovakian study) com-
pared regular and frequent rescreening chest
radiographs in an experimental group with spo-
radic and/or infrequent rescreening in a control
group. Both studies demonstrated a striking
advantage for screening with regard to stage dis-
tribution, resectability, survival, and fatality, but
mortality was somewhat greater in the screened
groups. Thus, it can be stated that intensive screen-
ing (every 4 months, compared with annual) with
chest radiographs and sputum cytology does
detect lung cancer earlier. The mortality rate from
lung cancer, despite its earlier detection and diag-
nosis, was not significantly different in the screened
group compared with the control group. The better
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survival rate may be a function of earlier lead
time.

A survival benefit, as opposed to a mortality
benefit, with screening compared with no screen-
ing may be anticipated because of several potential
inherent biases. Lead-time bias is defined as appar-
ent improved survival by earlier diagnosis with
screening even when the outcome, death caused
by lung cancer, remains unchanged. Length-time
bias has the effect of improving apparent survival
by selecting cancers that, by their slow growth,
have a good prognosis compared with cancers
found by symptoms. Overdiagnosis bias improves
the apparent overall survival by the identification
of cancer that, in the absence of screening, would
have gone undetected because the cancer would
neither cause symptoms nor death because of its
indolent nature.

The failure to improve mortality by screening
patients for lung cancer with plain chest radio-
graphs and sputum cytology led to an indifference
to screening for >2 decades. There is now a
renewed interest in screening, particularly for high-
risk populations (smokers, especially those with
airflow obstruction demonstrated by spirometry)
because of two new methods to screen for lung
cancer: low-dose spiral CT and autofluorescence
bronchoscopy.

Low-dose CT scanning allows imaging of the
entire chest with a single breath hold with low
radiation exposure. An observational study pub-
lished in 2006 reported on 31,567 asymptomatic
persons at risk for lung cancer screened by low-
dose CT. Screening resulted in a diagnosis of lung
cancer in 484 participants, and 412 (85%) had
clinical stage I disease. The results confirmed that
annual spiral CT screening can detect lung cancer
at a stage when surgical resection is possible. This
detection and subsequent treatment results in an
improvement in apparent survival but does not
confirm or refute a mortality (“true survival” as
opposed to “apparent survival”) benefit.

A study published in 2005 reported on low-
dose CT screening coupled with sputum cytology
screening on 1,520 smokers older than the age of
50 years and found noncalcified lung nodules in
66% over the course of 1 year. There were 25
prevalence cases and incidence cases of lung can-
cer; CT alone detected 23 of the cases. Twenty-two
patients underwent surgical resection that is
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thought to be curative; 7 of the patients underwent
resection of benign nodules. The authors conclude
that the use of spiral CT can detect early-stage lung
cancers but caution that this does not necessarily
translate into decreased mortality. They were par-
ticularly concerned about the high false-positive
rate.

Although these studies and others suggest
that lung cancer can be identified and at an earlier
stage by low-dose CT screening, many caution
that this screening method is not yet ready for
widespread application. The high rate of abnormal
screens, most of which are false- positive, creates
a necessity for follow-up CT scanning, subspe-
cialty consultations, and other testing that creates
a high total cost for such screening. The National
Cancer Institute has commissioned a randomized
prospective controlled trial, aiming to enlist 50,000
current or former smokers who will be followed
up for 8 years after three annual screening low-
dose CTs. Half the subjects will be randomized to
be screened with CT imaging, and the other half
by standard chest radiographs. Until the results of
this and other longer-term studies are available,
there should be caution and reservations about
spiral CT screening. Screening with low-dose
spiral CT should be conducted in the context of
well-designed clinical trials.

A second screening method that holds promise
for the detection of early-stage lung cancers is
autofluorescence bronchoscopy, which is also
undergoing extensive early multicenter trials for
smokers with obstructive lung disease and identi-
fied carcinoma cells or severe dysplasia in sputum
samples. Dual screening with both autofluores-
cence bronchoscopy and low-dose spiral CT may
someday become the norm for patients at high risk
for lung cancer. However, now is not the time to
begin such dual screening outside the context of
well-designed clinical trials, pending the outcome
of additional studies to prove efficacy, cost-
efficiency, and a mortality benefit for patients who
undergo such screening.

Solitary Pulmonary Nodule
Solitary pulmonary nodules (SPNs) are seen
on a plain chest radiograph, are <3 cm in diameter,

and are rounded or slightly ovoid. They are located
in the lung parenchyma, and there are no other
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associated abnormalities on the plain chest radio-
graph. Granulomas and hamartomas constitute
40 to 60% of all SPNs and are the leading cause of
SPNs in persons < 35 years of age. In older patients,
especially those with a history of cigarette smok-
ing, the key concern is whether the SPN represents
a malignancy. Availability of an old chest radio-
graph/CT that shows the same lesion, stable or
nearly stable in size for at least 2 years, will often
be a key arbiter of the proper treatment in such a
situation. Malignant lesions have a doubling time
of between 30 and 500 days, whereas benign
lesions may double in <30 days or show no growth
over the course of 2 years.

Although SPNs, especially those =2 cm in
diameter, can be definitively diagnosed as malig-
nant with bronchoscopy (> 65% yield) or transtho-
racic fine-needle biopsy (> 85% yield), it is the rare
patient who will truly benefit from such an
approach. Generally speaking, when the SPN is
strongly suspected to be malignant, it should be
resected both for definitive diagnosis and for cure
(assuming it turns out to be malignant). Exceptions,
in which a lesser invasive procedure is justifiable,
include patients who are poor surgical candidates
or situations in which the surgeon or patient
refuses surgery. In these cases, an invasive diag-
nostic procedure less than a thoracotomy is appro-
priate to define the nature of the lesion and to
facilitate alternative treatment planning (external
beam radiation therapy).

The probability of malignancy varies from 10
to 70%, depending on the patient population. The
probability can be estimated from the smoking
history, age, size of the lesion, and a history or
previous malignancy. Clinicians should estimate
the pretest probability of malignancy either qual-
itatively by using their clinical judgment or quan-
titatively by using a validated model. SPNs that
have a lower pretest probability (ie, <5%) for
malignancy may be monitored by follow-up serial
CT scans to assess stability. A reasonable schedule
is at 3 months for the first follow-up scan, at 6
months for the second, a third at 1 year, and a
fourth at 24 months. For SPNs that have an inter-
mediate probability of cancer (ie, 5 to 60%), addi-
tional testing (eg, positron emission tomography
[PET] imaging, transthoracic fine-needle aspira-
tion biopsy, bronchoscopy) is advised. For SPNs
that have a high probability of cancer (ie, > 60%),
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excisional biopsy with an intraoperative frozen
section examination is advised.

The Role of Diagnostic Tests

A complete history and physical examination
remain the key elements in the choice of all labo-
ratory studies for staging the cancer; particularly
performance status, a history of weight loss,
symptoms and signs suggestive of metastatic
disease, and the function of the vocal cords and
diaphragm.

Past and Current Chest Radiographs: Consider
whether the abnormality has been stable during a
2-year span; if it is stable, then it is almost always
associated with a benign lesion (less certain if the
lesion is a GGO). Certain types of calcifications
within a lesion indicate that it is benign, eg, con-
centric lamellated rings. Remember, however, that
not all calcified lesions are benign.

Screening Blood Work and Other “Routine”
Studies: Simple blood work is indicated as part
of the pretreatment assessment of all patients
known or strongly suspected of having lung can-
cer on the basis of their clinical and radiographic
presentation. Appropriate studies and the ratio-
nale for doing them include a CBC count (ane-
mia is a poor prognostic indicator); urinalysis
(may identify a renal paraneoplastic syndrome);
serum liver function tests (alkaline phosphatase,
alanine aminotransferase, total bilirubin, aspar-
tate aminotransferase to screen for the presence
of liver metastases—if liver function tests are
abnormal, additional investigation is warranted,
but liver enzymes are rarely abnormal unless
there are extensive metastases); serum calcium
test (to screen for parathyroid-like hormone syn-
drome and bone metastases); serum creatinine
(many chemotherapeutic agents are nephro-
toxic); and serum albumin (a low value is a poor
prognostic factor). No other laboratory tests are
routinely recommended, although a creatinine
clearance may be needed if chemotherapy is
contemplated because many chemotherapeutic
agents used in the treatment of lung cancer are
nephrotoxic.

Sputum Cytology: Sputum cytology may be
diagnostic in up to 20% of cases (74% of in central
lesions and 5% of peripheral lesions) and is there-
fore a reasonable first step in selected cases.
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Flexible Bronchoscopy: For central (endoscopi-
cally visible) cancer, flexible bronchoscopy is 90
to 95% sensitive (or greater). The main goal is to
establish a diagnosis and distinguish SCLC from
NSCLC. For peripheral tumors, flexible bronchos-
copy has a reasonable sensitivity (60 to 75%) if the
tumor is =2 c¢cm in diameter and fluoroscopy is
used. Flexible bronchoscopy is especially impor-
tant before thoracotomy for NSCLC with curative
intent to judge the proximal extent of the tumor
for transection of the bronchus and to look for
an occult central or contralateral second primary
(1 to 3% frequency). Flexible bronchoscopy can
often be done by the surgeon at the same anes-
thetic sitting, just prior to thoracotomy (especially
when the tumor is peripheral in its location).

Transbronchial Needle Aspiration: A transbron-
chial needle aspiration (TBNA) biopsy of the
mediastinal/hilar lymph nodes can stage the
extent of the disease at the same time the diagno-
sis is made. This biopsy is more important when
stage IIIA disease is suspected than in any other
situation. Some centers have a consistently greater
yield than others (depending on technique). A
greater yield can be expected if the TBNA is guided
by findings from CT than if done “blindly” or as
a routine part of every procedure. The TBNA
specimen should be obtained first, so as to avoid
contamination with possible false-positive results.
The need to perform TBNA is predicated, at
least in part, on the institutional philosophy of
whether stage IIIA NSCLC is a surgically resect-
able disease.

Endobronchial Ultrasound-Guided Needle Aspi-
ration: Ultrasound-guided transbronchial aspi-
ration (EBUS) of lymph nodes is proving to be a
valuable minimally invasive method of sampling
suspicious nodes. In experienced hands, EBUS
guidance may allow sampling of level 2, 4R, 7, 10,
and 11 lymph nodes.

Transesophageal ultrasound-guided needle
aspiration (EUS): Ultrasound-guided transesopha-
geal aspiration of mediastinal lymph nodes that
are not accessible by flexible bronchoscopy (or
cervical mediastinoscopy) is proving to be a valu-
able minimally invasive method of sampling suspi-
cious nodes. A false-negative rate of up to 23% is
a potential drawback. In experienced hands, EUS
guidance is especially useful for sampling level 4L,
7,8, and 9 lymph nodes. Some have opined that
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EBUS plus EUS may allow near-complete mini-
mally invasive mediastinal staging in patients with
lung cancer.

Fine-Needle Aspiration: Percutaneous fine-nee-
dle aspiration biopsy has a greater sensitivity (90
to 95%) than bronchoscopy for malignant periph-
eral solitary nodules, especially if the diameter is
<2 cm. A pneumothorax can be expected in 20 to
25% of patients; a chest tube will be required in
5% of all patients treated this way. Nondiagnostic
results may not obviate the need for thoracotomy
if the lesion is likely malignant. Bronchoscopy
is still needed before thoracotomy (at the same
anesthetic sitting, however) to exclude a second
primary.

Specific indications for fine-needle aspiration
include pulmonary masses in a patient unable to
undergo a curative thoracotomy (because of com-
promised pulmonary function, medical contrain-
dications to thoracotomy, or refusal of thoracotomy)
who needs a definitive tissue diagnosis; an undi-
agnosed localized or worsening pneumonic infil-
trate in an immunocompromised patient despite
standard antibiotic therapy; a history of another
malignancy and an abnormality on chest radio-
graph; and the evaluation of other masses on a
chest radiograph or CT scan (eg, mediastinal
masses) that need to be histologically evaluated to
develop a therapeutic plan.

Thoracentesis/Pleural Biopsy: In the setting
of lung cancer, a pleural effusion usually indi-
cates that the cancer has seeded the pleura and
the patient is not a candidate for curative treat-
ment. There are occasional exceptions, however.
Some pleural effusions will be parapneumonic in
nature (benign), when a tumor obstructs a more
centrally located bronchus with a postobstructive
pneumonitis. Likewise, there are rare situations
in which a patient’s lymphatics will be obstructed
by a tumor that involves the more central lymph
nodes, impeding fluid transfer through the pleu-
ral space with a benign effusion as a result. There-
fore, it is important to sample the pleural fluid
and to study it cytologically to determine if the
tumor has seeded the pleural space, rendering the
patient incurable. Cytologic analysis of a pleu-
ral effusion ultimately proven to be malignant is
associated with a 50 to 60% true-positive yield. A
second cytologic analysis of the fluid should be
done for those whose first pleural fluid specimen

49



is negative for malignant cells. Closed needle
biopsy of the pleura adds only approximately 8%
to the overall yield for malignancy, so it is gener-
ally not recommended as part of the approach to
a patient with a suspected malignant pleural effu-
sion. Instead, for patients with two negative cyto-
logic studies of their pleural fluid, a thoracoscopy
should be done, because the true-positive yield
when malignancy is present is approximately 98
to 99%.

Bone Scan: There is general agreement that
radionuclide scans of the bones are not warranted
during a preoperative evaluation unless symp-
toms, signs, or abnormal blood test results raise a
suspicion of metastatic involvement of the bones.
There are many other bone disorders that can give
rise to one or more focal areas of increased uptake;
thus, the false-positive rate is unacceptably high
when bone scans are performed routinely. Bone
scans should be done when the clinical evaluation
reveals bone pain, pathologic fractures, and/or an
elevated alkaline phosphatase or serum calcium
level. Additionally, a bone scan can be obtained
when nonspecific findings indicate the presence
of metastatic disease.

The increasing availability of whole-body PET
scans in the evaluation of the patient with lung
cancer may soon affect the frequency with which
bone scans are ordered. A recent study has found
PET scans to be 90% sensitive and 98% specific in
the search for bony metastases whereas compa-
rable figures for radionuclide bone scanning are
90% sensitive and 61% specific.

Bone Marrow Aspiration and Biopsy: This test
is not performed as part of NSCLC staging. For
SCLC, the incidence of bone marrow involvement
is 15 to 25% at the time of diagnosis. Therefore,
bilateral bone marrow aspiration and biopsy will
show a greater incidence of involvement. The pro-
cedure is not recommended for routine use. Bone
marrow involvement usually occurs in the setting
of other metastatic disease. The bone marrow is
the sole site of metastatic disease in 4 to 10% of
patients at the time of initial presentation.

Staging the Mediastinum
CT assessment is much more sensitive than

radiographs to detect direct extension of the pri-
mary tumor and regional lymph node enlargement.
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In the absence of distant metastases or inadequate
cardiopulmonary reserve, chest CT is generally
though to be an integral part of the pretreatment
planning. Situations in which a chest radiograph
alone is adequate include obvious metastatic bone
lesions or the presence of large, bulky contralat-
eral mediastinal lymph nodes. The sensitivity and
specificity of determining mediastinal lymph
node involvement is a function of the cut point
chosen. With a short axis diameter >1.0 cm
defined as abnormal, the sensitivity and specific-
ity are at best approximately 80%. (Some studies
list 40 to 70%.) Because of their imperfect specific-
ity, however, abnormal mediastinal CT findings
in an otherwise operable patient should never
preclude thoracotomy unless pathologically
confirmed.

MRI: MRI is not better than CT for the evalu-
ation of mediastinal metastases. It is more expen-
sive than CT, but it can be of particular value in
selected cases, such as determining whether the
chest wall is invaded when the tumor is shown
to be contiguous by plain chest radiograph or by
CT assessment. MRI may also display invasion
of vascular structures in the mediastinum with
greater specificity than is possible with CT.

Position Emission Tomography Scanning: There
areanumber of published studies thatindicate that
PET scanning is more sensitive and more specific
than CT for staging the mediastinum in lung can-
cer. PET is a metabolic imaging technique based
on the function of a tissue rather than its anatomy.
It is useful to differentiate neoplastic from normal
tissue, but it is not infallible because some non-
neoplastic diseases and infections may be positive
on PET imaging. Size limitations are also an issue,
with the lower limit of resolution of PET scanning
at approximately 1 cm. The sensitivity of PET
scanning for mediastinal nodes is approximately
85 to 91%, and specificity is approximately 86 to
88% from combined studies. Thus, PET has both
greater sensitivity and specificity for evaluation
of mediastinal lymph node staging than CT scan-
ning (sensitivity of 75% and specificity of 66% in
a recent study). For metastatic disease to the bone,
the PET is up to 90% sensitive and 98% specific,
whereas bone scanning is 90% sensitive but only
68% specific. Decision analyses demonstrate that
the use of fluorodeoxyglucose-PET may reduce
overall costs of medical care by identifying
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patients with false-negative CT scans in the medi-
astinum or otherwise-undetected sites of metas-
tases. The advent of fused CT-PET images may
prove to be a significant advance.

Although a negative mediastinal PET (NPV of
87 to 100%) may obviate the need for mediastinos-
copy before thoracotomy, a positive mediastinal
PET (positive predictive value of 74 to 80%) should
not be taken as a sign of unresectability because
there is a possibility of false-positive results on PET.
Cost and availability of PET scanning still limit the
use of this promising modality.

Cervical Mediastinoscopy: The diagnostic yield
ranges from 10 to 75%, depending on (1) the histo-
logic type of tumor, (2) the size and location of the
primary tumor, and (3) the extent of the disease.
The value of mediastinoscopy in the preopera-
tive evaluation is related directly to the therapeu-
tic philosophy of the surgeon. If involvement of
the mediastinum indicates that the tumor is not
resectable, the surgeon will perform mediastinos-
copy (or insist on some other sampling procedure
of the mediastinum) routinely. Those who resect
mediastinal involvement with curative intent
will use mediastinoscopy less frequently. At the
time of mediastinoscopy, the pretracheal/para-
tracheal lymph nodes can be sampled, as well as
some of the subcarinal nodes (right at the bifurca-
tion) and the azygous nodes (primarily levels 2,
4, and 7). Mediastinoscopy helps to exclude tho-
racotomy for patients with marginal chances for
survival after thoracotomy: those with poor per-
formancestatus,advanced age, or poor pulmonary
function.

Anterior Mediastinotomy: Anterior mediasti-
notomy is performed by resecting the second cos-
tal cartilage on either side. There is usually better
exposure and less likelihood of surgical mis-
adventure (uncontrollable bleeding) than with
mediastinoscopy. At the time of mediastinotomy,
the surgeon can sample the paratracheal, azy-
gous, superior hilar nodes on the right side, and
the nodes in the aortopulmonary window and the
anterior mediastinum on the left side. The pre-
tracheal, left paratracheal, and subcarinal lymph
nodes cannot be sampled with this approach,
however. The morbidity and mortality are essen-
tially nil with transbronchial/transcranial needle
aspiration. The morbidity is 2% with mediastinos-
copy or mediastinotomy. The false-negative rate
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is much greater with needle aspiration, gener-
ally approximately 8% with mediastinoscopy or
mediastinotomy, but it may be as much as 20%
in some series.

Supraclavicular/Scalene Node Biopsy: This is
not routine in the absence of palpable adenopa-
thy. It is not of value in patients with peripheral
tumors. Its value in patients with central tumors,
especially adenocarcinoma or those of unknown
histologic type, is still debated. An alternative is
needle aspiration/cytology in palpably enlarged
lymph nodes.

Other Radionuclide Scans: Brain and liver scans
have been replaced by CT assessment of these
organs in patients with suspicious clinical find-
ings, abnormal laboratory test results, or interme-
diate or advanced stages of tumor.

Imaging to Detect Occult Extrathoracic
Metastases

Patients undergoing surgical therapy for
NSCLC have occult metastatic disease 20% of the
time in the adrenal glands, liver, kidney, and/or
brain.

Brain CT Imaging and MRI: Some studies sug-
gest an increased utility of brain imaging, even in
the absence of symptoms or signs of CNS metas-
tases, for patients with stage IB or greater tumors,
adenocarcinoma, and/or undifferentiated carci-
noma/large-cell carcinoma. If a comprehensive
clinical evaluation is negative, however, patients
with NSCLC will be found to have brain metas-
tases by CT assessment only 3% of the time. MRI,
particularly when enhanced with gadolinium, is
more sensitive than CT.

Brain imaging in patients with NSCLC should
be performed for patients with headaches or
for those with nonspecific findings that suggest
widespread disease if metastatic disease has not
been found elsewhere. A brain CT scan (or prefer-
ably an MRI) usually os warranted for patients
with SCLC.

Hepatic and Adrenal (Abdominal) CT Imaging:
The liver is one of the most frequent sites of met-
astatic involvement in SCLC, seenin 15 to 28% of
patients at the time of presentation and 6 to 10%
of patients as the sole site of metastatic disease.
The use of screening liver function tests help
to determine which patients have metastatic
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liver disease, both for SCLC and NSCLC. In
NSCLC the absence of hepatomegaly or discrete
intrahepatic masses on physical examination
plus normal liver function test results indicate
that hepatic CT imaging should not be done
routinely. Conversely, routine hepatic imaging
is more reasonable for patients with SCLC, as
involvement is so common and hepatic CT imag-
ing provides useful information for staging and
monitoring response to therapy. CT imaging is
much superior to radionuclide imaging, partic-
ularly when contrast material is injected intra-
venously. Chest CT, done properly, will extend
into the upper abdomen and provide imaging
of the adrenal glands and the upper part of the
liver.

There are major pitfalls of CT in both organs,
however. Cysts and hemangiomas within the liver
are quite common. They usually are indistinguish-
able from metastases on CT imaging. When this
happens, an ultrasound study will help to differ-
entiate. Needle biopsy of the liver, or occasional
open liver biopsy, may be needed before denying
an otherwise resectable patient with NSCLC the
chance for a curative thoracotomy.

Adrenal adenomas occur in up to 2 to 10% of
the population and look just like metastases in the
adrenal by CT imaging. Thus, CT-guided needle
aspiration biopsy to prove they are metastases is
essential in NSCLC, provided this is the only site
of extrathoracic disease, before denying an other-
wise resectable patient with NSCLC the opportu-
nity for curative resection.

Tumor Markers: No tumor marker is useful to
screen for lung cancer in the general smoking pop-
ulation. Markers that have been studied include
carcinoembryonic antigen (CEA), total sialic acid,
lipid bound sialic acid, subunits of human chori-
onic gonadotropin, B,-microglobulin, lipotropin,
calcitonin, and parathyroid hormone. The routine
monitoring of any of these substances is not rec-
ommended in the screening, staging, or evalua-
tion of disease progression.

The CEA level may have prognostic value in
the follow-up of patients with NSCLC after sur-
gery, because a level > 15 ng/mL before surgery is
associated with a reduced possibility of a success-
ful resection. During follow-up, patients with an
elevated CEA level relapse more often than patients
with CEA levels that remain normal.
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Determination of Resectability and Operability

In contemplating potential surgery, one must
ask two questions: is the tumor resectable and is
the patient operable. The answer to the first ques-
tion should be apparent after the workup and
basically depends on whether all tumor tissue
can be removed at the time of surgery. It is a
search for metastatic disease, for there is no ben-
efit from debulking lung cancer. The answer to
the second question depends most heavily on the
overall health of the patient. In other words, can
the patient withstand the stress of surgery and
do the potential benefits of the surgery outweigh
the risks?

Operability usually relates to the functional
capacity of the cardiorespiratory system. Cardio-
respiratory problems account for at least three-
fourths of postoperative morbidity and mortality.
Cardiac complications cause approximately 20%
of postoperative deaths. A history of cardiac dis-
ease doubles the risk of major morbidity (18% vs
9%). Pulmonary complications, however, are more
common than cardiac problems.

The preoperative physiologic assessment of a
patient being considered for surgical resection of
lung cancer must consider the immediate periop-
erative risks from comorbid cardiopulmonary
disease, the long-term risks of pulmonary disabil-
ity, and the threat to survival due to inadequately
treated lung cancer. As with any planned major
operation, especially in a population predisposed
to atherosclerotic cardiovascular disease by ciga-
rette smoking, a cardiovascular evaluation is an
important component in assessing perioperative
risks. Measuring the FEV | and the diffusing capac-
ity of the lung for carbon monoxide DLcoO measure-
ments should be viewed as complementary
physiologic tests for assessing risk related to pul-
monary function. If there is evidence of interstitial
lung disease on radiographic studies or undue
dyspnea on exertion, even though the FEV, may
be adequate, a DLco should be obtained.

In patients with abnormalities in FEV, or DLco
identified preoperatively, it is essential to estimate
the likely postresection pulmonary reserve. The
amount of lung function lost in lung cancer resec-
tion can be estimated by using either a perfusion
scan or the number of segments removed. A pre-
dicted postoperative FEV, or DLco <40% indicates
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an increased risk for perioperative complications,
including death, from lung cancer resection. Exer-
cise testing should be performed in these patients
to further define the perioperative risks before
surgery.

Formal cardiopulmonary exercise testing is a
sophisticated physiologic testing technique that
includes recording the exercise ECG, heart rate
response to exercise, minute ventilation, and oxy-
gen uptake per minute, and allows calculation of
maximal oxygen consumption (Vo,max). Risk for
perioperative complications can generally be
stratified by Vo,max. Patients with preoperative
Vo,max >20 mL/kg/min are not at increased risk
of complications or death; Vo,max <15 mL/kg/
min indicates an increased risk of perioperative
complications; and patients with Vo,max <10
mL/kg/min have a very high risk for postopera-
tive complications. Alternative types of exercise
testing include stair climbing, the shuttle walk, and
the 6-min walk. Although often not performed in
a standardized manner, stair climbing can predict
Vo,max. In general terms, patients who can climb
five flights of stairs have Vo,max > 20 mL/kg/min.
Conversely, patients who cannot climb one flight
of stairs have Vo,max <10 mL/kg/min. Data on
the shuttle walk and 6-min walk are limited, but
patients who cannot complete 25 shuttles on two
occasions will have Vo max O,max <10 mL/kg/
min. Desaturation during an exercise test has been
associated with an increased risk for perioperative
complications

Morbidity and Mortality After Surgery: The
overall 30-day operative mortality rate is 3.7%.
Age is an important variable: for patients <60
years old, the mortality rate is 1.3%; between 60
and 69 years, 4.1%; and >70 years, 7.1%. Some
studies indicate a lower mortality, even among
octogenarians, when resection does not require
more than a lobectomy. The extent of resection
also influences mortality: pneumonectomy, 6.2%;
lobectomy, 2.0%; and lesser resections, 1.4%.
Microscopic tumor at the bronchial margin does
not appear to preclude prolonged survival. Micro-
scopic extramucosal spread to peribronchial tis-
sues is associated with much poorer outcome.

NSCLC with solitary cerebral metastases is a
special situation because of the potential for cure
in a few patients with resection of both the metas-
tasis (which should be addressed first) and the
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primary tumor. A recent randomized trial suggests
that surgical resection of the brain metastasis fol-
lowed by cranial irradiation is associated with
better survival and much better control of neuro-
logic symptoms than cranial irradiation alone. It is
important to recognize that not all pulmonary
cancers in previously treated patients with NSCLC
represent recurrence of the original tumor. Surgical
resection with curative intent is sometimes possible
for these patients.

Treatment

SCLC

SCLC, more than other solid tumors, acts as a
systemic disease, and therefore, the cornerstone of
therapy is chemotherapy. Combinations of active
drugs are more effective than any single agent.
Drugs active as single agents typically are chosen
for combination therapy, such as cisplatin, carbo-
platin, etoposide, docetaxel, and irinotecan. The
response rate to first-line chemotherapy is excellent
(>80%), so much so that the superior vena cava
syndrome attributable to SCLC may be treated
with chemotherapy.

First-Line Chemotherapy: Platinum-based che-
motherapy is the mainstay of treatment for SCLC.
This class of drugs is most commonly combined
with etoposide. Carboplatin plus etoposide
appears to be as effective as cisplatin plus etopo-
side but is less toxic (except for increased myelo-
suppression). Treatment is given for four to six
cycles, which takes about 4 to 5 months to com-
plete. Newer agents are under investigation and
may replace current programs because of greater
efficacy and lesser toxicity. Recent studies have
suggested that irinotecan plus cisplatin is an effec-
tive treatment. Initial response rates for extensive
disease may be 60 to 85%, with a complete remis-
sion in 20 to 30%. Median survival among those
treated is 6 to 12 months. Two-year survival is
20%, and 5-year survival is <5%.

Chemotherapy doses have been escalated up
to those requiring bone marrow transplant rescue
without any benefit. This strategy has failed. Main-
tenance chemotherapy beyond four to six cycles
only adds toxicity and expense without benefit.
The hypothesis that emergence of drug-resistant
tumor cells can be minimized by rapid alteration
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of equally effective non--cross-resistant combina-
tions of drugs has been tested. As yet, there has
been no evidence of benefit from the use of this
strategy.

Second-Line Regimens: Despite high initial res-
ponse rates to chemotherapy (complete response
in 45 to 75% of patients with limited disease and
20 to 30% in extensive disease), the response
duration is usually short. In general, the progres-
sion-free period is 4 months for extensive disease
and 12 months for limited disease. It goes without
saying, however, that when the relapse appears,
the prognosis is grim, with a median survival
time of 3 to 4 months. Palliation is usually the
goal.

Those who relapse >3 months after first-line
therapy may be retreated with the same induction
regimen used initially. The chance of a second
response is approximately 50%. Those who relapse
<3 months after first-line therapy and are in sat-
isfactory clinical condition should be offered a
second-line regimen. No single second-line treat-
ment is standard. A number of single agents and
combinations may be used but a response is found
in <10%.

A number of recent studies have looked at
topotecan as a second-line therapy. This drug has
now been approved as second-line therapy.
Response to topotecan in patients with a relapse
=3 months after therapy is 25 to 35%. Enrollment
in clinical trials is encouraged.

Limited-Stage Disease: Combined Modality Treat-
ment: Disease confined to one hemithorax (with-
out distant metastasis) and the mediastinum,
which can be encompassed within a radiation
therapy treatment field, is treated with concurrent
chest radiation and chemotherapy. This produces
superior survival compared with sequential ther-
apy or chemotherapy alone. Concurrent radia-
tion with the induction phase of chemotherapy is
judged “best” at the present time, as there seem
to be greater response rates for local control of
intrathoracic disease. Patients so-treated have a
median survival of 16 to 24 months, a response
rate of 65 to 90%, a complete response rate of 45 to
70%, and 20% may be alive at 5 years. Hyperfrac-
tionated concurrent radiation (smaller fractions
delivered twice daily) results in a slightly supe-
rior survival as compared with standard daily
fractionation.
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Extensive-Stage Disease: chemotherapy: Che-
motherapy alone is used. Radiotherapy is not
usually administered because patients with meta-
static disease usually relapse in the site of previ-
ous metastases, even if they achieve a complete
remission. The cause of death in these patients
is usually widespread metastatic involvement,
and not disease in the chest. Treatment is primar-
ily aimed at the systemic disease, and the patient
usually receives chemotherapy alone. Radiation
may palliate symptoms, but it does not prolong
survival.

Surgery: The role of surgery in patients known
to have small cell lung cancer is controversial.
Many would say that surgery is never indicated.
No randomized trial has shown a survival advan-
tage in patients with SCLC who receive surgical
treatment. A few highly selected nonrandomized
trials, however, have reported 5-year survivals in
the 25 to 40% range. A recent report that pooled
the available studies found a 5-year survival of 40
to 53%, which is clearly impressive. Taking this
into account, the ACCP Guidelines suggest that
in patients documented to have clinical T1 or T2,
NO tumors, surgery is an option in selected cases
and should be followed by platinum-based che-
motherapy.

Prophylactic Cranial Irradiation: The ACCP
guidelines suggest that prophylactic cranial irra-
diation (PCI) should be offered to patients with
either limited or extensive stage disease who
achieve a complete response to first-line therapy.
The argument for PCI suggests that in those who
achieve complete remission, there is a 60% chance
that CNS metastases will develop within 2 to 3
years of starting treatment. The high rate of CNS
failures can be attributed to the fact that most che-
motherapy agents do not adequately penetrate the
blood-brain barrier. The brain is a sanctuary site.
Once overtly present, although often respond-
ing to chemotherapy or radiation therapy (XRT),
the patient is rarely if ever cured. The chance of
developing a risk for CNS metastasis can be cut in
half by delivering whole brain radiation to about
2,500 to 3,000 cGy. In addition, one study found a
modest improvement in 3-year survival from 15
to 21%.

The argument against PCI suggests that whole-
brain XRT may result in a decrease in neuropsy-
chological functioning. Several prospective studies,
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however, have now shown that patients treated
with PCI do not have detectably different neuro-
psychological functioning than patients not treated,
at least in a 2-year follow-up. Any decrease in
functioning appears not to be caused by PCI but
by other treatment components or may be a part
of the disease.

NSCLC

¢ To oversimplify, for stage Ia And Ib, the treat-
ment is surgery.

¢ For stage Ila and IIb, the treatment is surgery.

¢ For stage IIIA, the treatment is surgery for
some, neoadjuvant therapy followed by sur-
gery for some, and chemotherapy/radiation
therapy for some.

¢ For stage Illb, except for some T4ANOMO, the
treatment is chemotherapy and XRT, preferably
concurrently, if possible.

¢ For stage IV, the treatment is “best supportive
care” or chemotherapy:.

Surgery: Surgery is the most effective method
for curing NSCLC. Surgical treatment for cure is
predicated on achieving a complete resection (R0
resection). Lobectomy is the most widely used
operation. Pneumonectomy must be performed to
remove all known tumor in 10 to 55% of patients.
There is increasing interest in the use of conser-
vative resections. The minimal operation encom-
passing all the known areas of disease is used,
conserving pulmonary tissue and pulmonary
function. Wedge resections, segmental resections,
and sleeve lobectomies are increasingly more
common. Resection via thoracoscopy has been
used, but complete dissection of lymph nodes is
not possible (and is clearly an important part of
optimal lung cancer surgery). No matter what
the extent of lung tissue resection, careful intra-
operative staging is needed, including frozen sec-
tions of biopsies of surgical margins and lymph
nodes. More aggressive resections may include
the chest wall, diaphragm, and lower roots of
the brachial plexus, and occasionally portions
of the atria. Resection of ipsilateral mediastinal
lymph nodes (N2 disease) is possible.

There are a few unique situations such as
T3/ NI/MO, which is a IITA tumor. The guidelines
suggest that those with T3N1 tumors be treated the
same way as patients with stage II disease. These
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tumors are grouped as IIIA by virtue of a 5-year
survival more in keeping with other IIIA tumors
(29% when staged pathologically and opposed to
39 to 55% for stage IIB and IIA, respectively). Addi-
tionally, a T4/N0,1,2,3/MO is stage IIIB tumor, but
surgery is an appropriate approach in those very
few patients who are T4NO because of either satel-
lite tumor nodules within the primary tumor lobe
or carinal involvement.

NSCLC of the superior sulcus (Pancoast tumor)
is uncommon. For such tumors demonstrated to
be without mediastinal node involvement, preop-
erative concurrent chemotherapy plus radiation
therapy, followed by surgical resection, provides
the best long-term survival.

Radiation Therapy: Radiotherapy has a role in
early, medically inoperable, and locally advanced
unresectable NSCLC, in the palliation of advanced
lung cancer of all types, and in the adjuvant treat-
ment of limited stage SCLC. Radiation therapy
is clearly inferior to surgery in the curative treat-
ment of NSCLC (15 to 35% cure rate). The limita-
tions of radiation therapy relate to the tolerance
of pulmonary tissues because nearly any tumor
can be eradicated by irradiation given sufficiently
high doses. Selected reports indicate a high cure
rate for early-stage lung cancers, but these studies
are uncontrolled. Radiation therapy leads to a loss
of lung function and is a poor choice for patients
who are inoperable because of insufficient pul-
monary reserve. Standard therapy consists of
approximately 60 Gy, with the dose divided
among 30 sessions during a period of 6 weeks,
although greater doses have been used. Techno-
logical improvements in XRT delivery, such as
three-dimensional conformal radiation therapy,
intensity modulated radiation therapy, and ste-
reotactic radiosurgery may allow the delivery of
higher doses of radiation to the tumor.

There is no established role for preoperative
radiation therapy in patients with operable lung
cancer, although uncontrolled studies suggest a
benefit from preoperative radiation therapy for
patients with Pancoast tumors. There is no role for
postoperative radiation therapy for patients with-
out nodal involvement.

The effect of prophylactic cranial radiation is
pronounced in preventing clinical brain metastases
in patients with adenocarcinoma (0% vs 29%) but
still not considered standard therapy. There is no
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apparent survival benefit, however, and significant
neuropsychological deficits may develop. Pallia-
tive radiation is clearly beneficial in the manage-
ment of specific symptoms, such as pain control,
hemoptysis, superior vena cava syndrome, and
atelectasis.

Chemotherapy: Chemotherapy agents available
in the 1980s were relatively ineffective, produc-
ing response rates of =15%. The combination of
two active agents produced only marginally bet-
ter response rates of 20%. Moreover, these slight
gains were accompanied by significant toxicity
and risk. As a result, many physicians adopted
an attitude of “therapeutic nihilism” (not without
merit) and routinely recommended no therapy
beyond “best supportive care” for most patients.
A 1992 state-of-the-art review of chemotherapy
for patients with lung cancer concluded that the
impact of chemotherapy on survival had not
been demonstrated and that “it is difficult to
recommend incorporating chemotherapy into
the standard care of patients with disseminated
NSCLC.”

Several years later, in 1995, a metaanalysis of
clinical trials that compared best supportive care
with cisplatin-based combination chemotherapy
demonstrated a slight benefit for the latter, with an
increased median survival of 1.5 months and a 10%
improvement in 1-year survival. Later in the 1990s,
a number of new agents (taxanes, gemcitabine,
vinorelbine, and irinotecan) became available.
When combined with platinum compounds, these
agents produced response rates of up to 60%,
median survival of >12 months, and 1-year sur-
vival rates of 50% or better in Phase II trials.

Unfortunately, as is usually the case, recently
published Phase III trials have yielded less opti-
mistic results. A recent study compared four com-
monly used treatment regimens (cisplatin plus
paclitaxel, cisplatin plus gemcitabine, cisplatin plus
docetaxel, carboplatin plus paclitaxel). The
response rate (>50% reduction in measurable
disease) for all 1,155 eligible patients was 19%, with
amedian survival of 7.9 months, a 1-year survival
of 33%, and a 2-year survival rate of 11%. None of
the combinations offered a significant advantage
over the others.

Despite the modest benefit, more recent meta-
analyses and randomized trials have suggested
that chemotherapy should be considered in
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patients with stage IV NSCLC who have a good
performance status (ECG/Zubrod 0, 1, 2, or
=70% on the Karnofsky scale). This therapy may
modestly prolong survival, reduce symptoms,
and improve quality of life with an acceptable
level of risk. The cost of chemotherapy compares
with that of other accepted medical interventions
and may be less than best supportive care. It can
be fairly concluded, however, that in 2009, state-
of-the-art standard chemotherapy treatment for
this population provides a median survival of
approximately 8 to 12 months (a mere 3- to 4-
month extension over nontreated) and a 1-year
survival rate of 33% (as compared with 10% in
untreated). This modest benefit must be weighed
against a 3 to 5% risk of chemotherapy-related
death, most often the result of infections during
periods of neutropenia.

Preoperative (“Neoadjuvant”) Therapy: This term
refers to the use of nonsurgical therapy as initial
treatment for cases in which surgery is a subopti-
mal initial approach. Neoadjuvant therapy might
result in both tumor shrinkage and early eradi-
cation of systemic micrometastases. Several stud-
ies, although not all, have suggested that patients
with stage IIIA NSCLC who are given several
cycles of chemotherapy followed by surgical
resection (postoperative treatment such as radia-
tion therapy or more chemotherapy has been
variable in these studies), have a survival advan-
tage over those treated without the addition of
preoperative chemotherapy. Preoperative chemo-
therapy (“neoadjuvant chemotherapy”) is best
considered an investigational approach requiring
further validation in controlled trials before it is
incorporated as the new standard of practice for
such patients.

Postoperative (“Adjuvant”) Therapy: This refers
to the use of radiation or chemotherapy to im-
prove survival after a tumor has been completely
resected. Genuine promise exists that systematic
adjuvant chemotherapy will increase the cure
rate in “operable” NSCLC. Because modern com-
bination chemotherapy produces remission in
40 to 50% of good performance status patients
with metastatic NSCLC and because adju-
vant chemotherapy increases survival in other
common malignancies (colorectal and breast
cancer), it is logical to suspect that adjuvant che-
motherapy may prolong survival in NSCLC. In
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theory, chemotherapy with a cytotoxic agent may
eliminate micrometastases, improving survival.

The International Adjuvant Lung Cancer Trial
evaluated the impact on survival of three to four
cycles of adjuvant cisplatin-based chemotherapy
after complete resection compared with resection
and no chemotherapy. Chemotherapy significantly
improved survival rates by 3% at 2 years and 5%
at 5 years (70% vs 67% at 2 years; 45% vs 40% at
5 years; p <0.03) and disease-free survival by 6%
at2 years and 5% at 5 years (61% vs 55% at 2 years;
39% vs 34% at 5 years; p<<0.003). The authors of a
metaanalysis published in 2006 found an overall
5.5% survival advantage. The stage II subset dem-
onstrated a 27% reduction in risk. The stage 1B
subset trended positive but the benefit was not
statistically significant. Unfortunately, there was a
negative impact in the stage IA subset. The ACCP
Guidelines recommend that adjuvant chemother-
apy be considered in completely resected stage II
and stage IIIA patients who can tolerate chemo-
therapy.

On the basis of these and other trials, most
consider the controversy surrounding adjuvant
chemotherapy to be over and state that that adju-
vant platinum-based chemotherapy should be
recommended after complete resection of selected
NSCLC in patients with a good performance
status. It is important to remember that the poten-
tial improvement in overall survival comes at the
cost of possible increased morbidity and even
mortality.

The results of adjuvant radiotherapy have been
variable, with some trials showing a benefit,
whereas most showing none. The authors of a large
metaanalysis published in 1998 suggested that
postoperative radiotherapy was actually detrimen-
tal with an increase in relative risk of death. The
risk was most marked in stage I patients but not
statistically significant in N2 patients. One must
say, however, that the data used in the analysis was
variable and often dated. A recent update of this
metaanalysis in 2005 continues to show decreased
survival for NO and N1 patients. Another signifi-
cant study concluded that adjuvant radiotherapy
improves local control in patients with N2 disease
but did not improve overall survival. The ACCP
Guidelines recommend against adjuvant radiation
in completely resected stage I and II lung cancer
but recommend that adjuvant XRT be considered
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in completely resected stage IIIA disease to reduce
local recurrence. Postoperative radiotherapy is,
however, indicated for incompletely resected dis-
ease and when surgical margins are positive but
re-resection is not feasible.

Stage llIA Disease

The 10% of patients with NSCLC who present
with stage IIIA cancer are described by the ACCP
guidelines as “perhaps the most therapeutically
challenging and controversial subset” of lung can-
cer patients because they fit between the generally
resectable stage I and stage II tumors and the unre-
sectable stage IIIB and stage IV cases. An approach
is the combination of induction chemotherapy or
chemoradiotherapy followed by surgery, but this
has not been widely used for long enough to pro-
vide reliable data involving large groups of
patients.

Patients with N2 disease may be divided into
four subgroups for the purpose of treatment:

¢ IIla: incidental nodal metastases found on final
pathologic examination of the resection speci-
men;

¢ IIla,: nodal metastases (single station) recog-
nized intraoperatively;

¢ Illa,: nodal metastases (single or multiple sta-
tion) recognized by prethoracotomy staging;

e IIla: bulky or fixed multistation N2 disease.

Patients with incidental N2 disease (stages
IITA, and IITA,) can undergo resection as planned
if only one nodal station is involved and the nodes
and primary tumor are all technically resectable.
The guidelines also recommend performing a
mediastinal lymphadenectomy. Those patients
who are completely resected may benefit from
adjuvant cisplatin-based chemotherapy.

In those patients in whom complete resection
is not possible, the ACCP Guidelines recommend
aborting the planned surgery but conducting sys-
tematic mediastinal lymph node sampling or
complete mediastinal lymph node dissection.
Adjuvant radiation therapy may reduce the risk of
local recurrence in selected patients.

Potentially resectable N2 disease (stage IIIA.,)
should be treated with two or more modalities,
according to the guidelines because surgery alone
has a poor prognosis. Multidisciplinary evaluation
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of each patient will assist in determining the best
treatment plan.

Bulky N2 disease (stage IIIA ) traditionally was
treated with radiation alone until the advent of
more effective platinum-based chemotherapy
regimens made the combination of both therapies
feasible. The guidelines recommend using both
modalities in patients with good performance
status.

Stage llIB Disease

Significant advances in the management of
“unresectable” locally advanced NSCLC (stage IIIB
and many IIIA patients) have been made. The older
traditional standard treatment of radiation alone
has been replaced by chemoradiotherapy. Although
consensus exists that chemoradiotherapy is supe-
rior, major issues that remain unresolved are:
sequential vs concurrent modality treatment;
induction chemotherapy vs concurrent treatment;
and the specific choice of dose and schedule of
chemotherapeutic agents to be used with radiation.
One common regimen is cisplatin plus etoposide
plus radiation concurrently. Results of the RTOG
9410 trial showed that concurrent chemoradio-
therapy was associated with better survival rates
than sequential therapy. The improved outcome
comes at a cost. Patients treated concurrently
have a greater rate of acute side effects, and severe
esophagitis is common.

Stage IV Disease

Single-agent chemotherapy is of little value.
The most active traditional drugs include cispla-
tin and vinblastine. In recent years, several new
drugs have demonstrated activity, such as
vinorelbine, paclitaxel, docetaxel, carboplatin,
topotecan, and gemcitabine. Combination chemo-
therapy offers a small survival advantage com-
pared with best supportive care. Two of the best
regimens are carboplatin plus paclitaxel and cis-
platin plus gemcitabine. These therapies are cost
effective compared with best supportive care.
They should be offered to ambulatory patients.
However, nonambulatory (poor performance
status; Eastern Cooperative Oncology Group
status > 2 or greater) patients have greater toxic-
ity and lower response rates. Consequently, they
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may be managed with single-agent therapy or
best supportive care.

Patients with stage IV disease should be limited
to three or four (perhaps up to six) cycles of two-
agent chemotherapy. Because virtually all treat-
ment for stage IV disease fails, second-line therapy
often will be necessary. Studies have suggested that
single-agent docetaxel or pemetrexed (and perhaps
other agents) may offer some survival benefit.
Erlotinib is approved for the treatment of patients
with locally advanced or metastatic NSCLC after
failure of first-line or second-line chemotherapy.
The use of this drug conveys a small survival ben-
efit (6.7 vs 4.7 months with placebo).

A recent study has shown that the addition of
bevacizumab to carboplatin and paclitaxel conveys
a 2-month survival benefit (10.2 vs 12.5 months)
over carboplatin and paclitaxel alone. Bevacizumab
is a humanized monoclonal antibody that targets
the vascular endothelial growth factor (VEGEF). By
preventing the growth factor from interacting with
endothelial cell, tumor-induced angiogenesis is
theoretically hampered. Hemoptysis has been
noted and is more commonly seen in patients with
squamous cell histology. As a result, patients with
squamous cell histology have been excluded from
recent trials

Virtually all patients with stage IV disease will
experience recurrence. In appropriate patients, a
second- or third-line chemotherapy regimen may
be used. In this setting, docetaxel has an 8.8%
response rate, and the median survival is improved
by 2.2 months. Similar results have been shown for
pemetrexed and erlotinib in this setting.

Targeted Therapy: A promising area of research
emanates from the study of tumor cell biology and
the molecular mechanisms of oncogenesis. The
recognition that alterations in proteins and genes
involved in cell signaling, the cell cycle, and the
control of programmed cell death has suggested
that therapies targeted directly at the molecular
alterations inherent in neoplastic cells may lead
to reversal of the malignant phenotype. Such “tar-
geted therapy” is distinguished by inhibition of
specific pathways and processes in the cancer cell
rather than a generalized attack on cell prolifera-
tion characterized by standard cytotoxic chemo-
therapy. A number of such “targeted therapies”
are under active investigation. As an example,
gefitinib and erlotinib affect signal transduction
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initiated by the binding of epidermal growth fac-
tor to cell surface receptors.

The initial trials of epidermal growth factor
receptor (EGFR)-blocking agents revealed that these
agents were not uniformly effective. A closer look at
the data indicated that patients with certain clinical
characteristics (never smokers, women, Asian eth-
nicity, and adenocarcinoma) may exhibit dramatic
results. This important clinical observation led to a
search for predictors of responsiveness to these
agents. Research focused on the detection of EGFR
mutations. Mutations have been demonstrated in
the first four exons (18 to 21) of the EGFR-TK
domain. The highest frequency of EGFR mutations
has been demonstrated in those patients with clini-
cal characteristics that predict TKI response.

Multiple prospective trials have demonstrated
that patients whose tumors harbor these genetic
changes have a collective response rate of nearly
75% to EGFR-TK inhibitors. In addition, it has been
shown that increased EGFR gene copy number (as
determined by fluorescent in situ hybridization) is
a positive predictor of EGFR-TKI response. Inter-
estingly, a mutated K-ras gene (KRAS) is a strong
predictor of nonresponse to EGFR inhibitors.
Tumors rarely have mutations in both EGFR and
KRAS. K-ras is a critical downstream effector of the
EGFR pathway that has been found to be mutated
in 15 to 30% of adenocarcinomas and in associated
with tobacco smoking.

Another target is neoangiogenesis. An increased
blood supply is necessary for tumor growth
beyond a certain volume. Tumor-derived and stro-
mal-derived VEGF binds to receptors on endothe-
lial cells triggering intracellular pathways that lead
to endothelial cell proliferation and increased per-
meability. Countering this process, as an example,
bevacizumab (a humanized anti-VEGF monoclonal
antibody) binds to and neutralizes VEGF, thus
preventing the initiation of the signaling pathway
that leads to angiogenesis. Many other drugs tar-
geting many other molecular level processes are
under study.

Tailoring therapy based on genetic or protein
expression profiles of individual tumors and utiliz-
ing targeted therapy based on this information has
significant theoretical promise and may prove to
be a significant advance.

Personalized Therapy: Recent studies have sug-
gested that tailoring chemotherapy based on the
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individual’s tumor profile may be efficacious.
One such study based therapy on whether the
tumor overexpressed ribonucleotide reductase
subunit 1 (RRM1) and excision repair cross-
complementing group 1 (ERCC1). RRM cat-
alyzes the biosynthesis of deoxyribonucleotides
from corresponding ribonucleotides. RRM1, the
regulatory subunit of RRM, plays a role in sup-
pressing tumor cell migration and metastasis for-
mation. It is the molecular target of gemcitabine.
High expression of RRM1 correlates negatively
with gemcitabine efficacy (ie, tumors with low
RRM1 expression responded better to treatment
compared with tumors with high levels of expres-
sion). ERCC1 is a DNA damage repair gene that
encodes the 5 endonuclease of the nucleotide exci-
sion repair complex. Increased ERCC1 predicts
resistance to cis-platin. In this study, selection of
double-agent chemotherapy based on RRM1 and
ERCC1 expression proved feasible and also effec-
tive when compared with historical controls in a
Phase II study (eg, survival at 1 year was 59% vs
a historical survival of 33%). Phase III studies are
underway.

Prognosis

SCLC

With changes in the treatment during the past
15 to 20 years, the median survival time has
increased from < 3 months to approximately 1 year.
For patients with limited disease, the median sur-
vival ranges from 1 to 2 years, and approximately
10 to 20% remain alive at 2 years. There is a poten-
tial for long-term cure. Thirty percent of patients
with small-cell carcinoma die of local tumor com-
plications, and 70% die of carcinomatosis. Fifty
percent of patients with small-cell carcinoma have
brain metastases at autopsy.

NSCLC

The most important determinant of survival
duration is stage of the disease. Seventy-five per-
cent of patients with squamous cell carcinoma die
of complications of the thoracic tumor, as only 25%
have extrathoracic dissemination at autopsy. Forty
percent of patients with adenocarcinoma and large-
cell carcinoma die of intrathoracic complications,
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whereas 55% have distant metastases. Fifty percent
of patients with large-cell carcinoma and adeno-
carcinoma have brain metastases at autopsy. CNS
deaths are seen in 8 to 9% of patients with large-cell
carcinoma and adenocarcinoma. Two percent of
CNS deaths are found in patients with squamous
cell carcinoma. Thus, there is a clear distinction
between squamous cell carcinoma and other forms
of lung cancer in terms of the mode of death.
Local/regional disease dominates squamous cell
carcinoma. Carcinomatosis dominates the latter
groups of patients. The median survival with
metastatic NSCLC varies from 6 weeks to more
than 1 year, depending on the initial Karnofsky
performance status (the most important variable),
the extent of disease, and the presence or absence
of weight loss in the 6 months before diagnosis.
Biological prognostic factors, including mutation
of the tumor suppressor gene (p53), activation
of K-ras oncogenes, and other biological markers,
may have significant value in predicting a poor
prognosis

Lung Cancer as a Second Primary

This disease may occur after a previous diag-
nosis of nonpulmonary primary cancer (which is
the case in up to 9.7% of all lung cancer patients).
Lung cancer may occur as a second or even a third
primary tumor after successful treatment of a pre-
vious primary lung cancer. Subsequent lung can-
cers may be any cell type, but the second tumor is
usually NSCLC. This is a particular problem in
long-term survivors of combined modality treat-
ment for small-cell carcinoma (up to 4.4 per person
per year). This underscores the need for patients
with a lung cancer to stop smoking cigarettes. The
ACCP Guidelines recommend that, after successful
surgery, patients be examined and undergo an
imaging study every 6 months for 2 years then
yearly thereafter.

Conclusion

Although a 5-year survival of 16% is meager
and still dismal, the near doubling of the 5-year
survival rate (when compared with the 1950s) has
provided some room for optimism and has begun
to shift the nihilism associated with lung cancer
treatment into a guarded optimism. In addition, a
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number of promising new drugs have been incor-
porated into clinical trials, and many more are in
the pipeline. Specifically targeted biological thera-
pies are particularly promising. New diagnostic
modalities, such as PET, are finding widespread
use and may alter our diagnostic and therapeutic
algorithms. New surgical procedures and tech-
niques have been developed and perfected. Safer
and more effective methods of delivering radiation
are coming into clinical use and the medical com-
munity is hopeful that lung cancer screening will
prove to convey a mortality benefit and be cost
effective. Even with all this, it must be said once
more that all the research, all the clinical care, and
even this review would not be necessary, if we could
find a way to eliminate the problem of tobacco.
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Hypersensitivity Pneumonitis

W. Michael Alberts, MD, MBA, FCCP

Obijectives:

* Discuss the features of dusts and particulate matter that
dictate possible clinical manifestations

e Identify the most common causes and the usual clinical
presentation of hypersensitivity pneumonitis

® Describe those clinical syndromes that are similar to
hypersensitivity pneumonitis but are clinically distinct
entities

* Review the most likely pathogenetic mechanisms and the
continuing gaps in our understanding

® Qutline an approach to the diagnosis of the disease

Key words: allergic alveolitis; farmer’s lung; inhalation fever;
organic dust toxic syndrome; pigeon breeder’s disease

Inspired air may contain a wide variety of poten-
tially harmful substances. These substances may
be in the form of aerosols, gases, vapors, fumes,
or particulate matter. Inhaled particles may cause
respiratory system dysfunction as the result
of an irritant, toxic, or hypersensitivity effect.
Hypersensitivity pneumonitis (HP) is one type of
hypersensitivity reaction caused by the inhalation
of particulate matter. The type of hypersensitivity
reaction that develops in response to inhaled par-
ticles is dependent on a number of factors, such
as the size of the particle, the concentration of the
particles, the duration of exposure, the frequency
of exposure, the nature of the substance, and indi-
vidual susceptibility.

Amajor factor is the size of the particle. Inhaled
particles of >10 wm in diameter are intercepted by
the nose and never reach the tracheobronchial
tree. In the nose, they are cleared by the usual
mechanisms or cause such problems as allergic
rhinitis. Particles between 5 and 10 pm impact on
the tracheobronchial mucosa. Here, they may be
cleared by the ciliary transport mechanism or cause
extrinsic asthma. Particles between 0.3 and 5 pm
may escape deposition and reach the alveolar
spaces. Here, they may be cleared by pulmonary
macrophages or cause a hypersensitivity reaction.
The hypersensitivity reaction that develops in the
alveoli and terminal bronchioles is HP. Particles
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< 0.3 pm will normally act as vapors or fumes and
are exhaled in the expired gas.

Definition

HP is an immunologic-induced, non-
IgE-mediated inflammatory lung disease resulting
from the sensitization and subsequent recurrent
exposure to any of a wide variety of inhaled
organic dusts. The disease is a diffuse, predomi-
nantly mononuclear inflammation of the lung
parenchyma, particularly the terminal bronchioles,
interstitium, and alveoli. There is little, if any,
involvement of the larger airways. The lympho-
cytic inflammation and monocyte accumulation
often organize into granulomas and may progress
to fibrosis. The disease is caused by the inhalation
of an organic dust in a sensitized individual.
Recently, the definition has been broadened to
include some diseases caused by inorganic chem-
icals that are capable of serving as haptens. These
reactive chemicals join native airway proteins to
form the complete antigen. HP is also known as
extrinsic allergic alveolitis. Previously considered
a rare disease, HP may be more common than
previously estimated.

Etiology

Since the original description of farmer’s lung
by Campbell in 1932, > 300 different occupational
and environmental sources of antigen exposure
have been identified. HP was once thought to be
primarily an occupational hazard. The disorder is
now known to be a recreational, avocational, and
general environmental hazard as well. The list of
offending agents seems to be ever-expanding. The
associated diseases often have been given colorful
and descriptive names. For example, bagassosis is
caused by exposure to moldy sugar cane, maple
bark stripper’s disease is caused by exposure to a
fungus found under the bark (Cryptostroma corti-
cale), paprika slicer’s lung is caused by exposure
to Mucor stolinfer, and duck fever is caused by
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exposure to duck feathers. The main etiologic
agents are microbial spores, animal products (eg,
avian-related antigens), and saprophytic fungi.

Farmer’s lung is the best known of the HP
syndromes. Farmer’s lung is caused by the inhala-
tion of one of the thermophilic actinomycetes, such
as Faenia rectivirgula (also known as Micropolyspora
faeni or Saccharopolyspora rectivirgula) and Thermo-
actinomyces vulgaris. These ubiquitous unicellular
organisms usually are thought of as fungi but, in
reality, are bacteria. These organisms grow exuber-
antly in hay that has not been properly dried or
stored. Farm workers are exposed when the stored
hay is subsequently raked or turned over. Thermo-
philic actinomycetes also have been isolated from
the soil, manure, and grain compost.

The thermophilic actinomycetes also grow in
air conditioners, home humidifiers, hot air fur-
naces, swimming pools, hot tubs, and fireplace
flues. When HP is acquired by these routes,
the disease may be termed forced air disease or
more commonly humidifier lung. Common to all
is the presence of warm stagnant water.

Another common mode of acquiring HP is the
inhalation of animal products (eg, serum proteins,
urine proteins, dried excrement, feathers, egg
whites, and bloom). The best-known example is
pigeon breeder’s disease (or bird fancier’s lung),
but also gerbil keeper’s lung, turkey handler’s
lung, and pituitary snuff taker’s lung.

HP may be caused by exposure to true fungi.
Examples include malt worker’s lung caused by
Aspergillus clavatus; cheese worker’s lung caused
by Penicillium caseii; and suberosis caused by
Penicillium frequetans growing on moldy cork. A
unique form of disease recently has been described
in Japan, occurring in summer. Summer-type HP
is associated with contamination of homes with
Trichosporon asahii or Trichosporon mucoides.

Highly reactive chemicals that are capable of
forming hapten-protein complexes with airway
proteins have been shown to cause HP. HP associ-
ated with exposure to toluene diisocyanate, diphe-
nyl methane diisocyanate, hexamethylene
diisocyanate, and trimellitic anhydride have been
described.

A number of ingested drugs have also been
shown to cause an “HP-like illness.” The best char-
acterized is probably amiodarone, but also gold,
minocycline, procarbazine, hydrochlorothiazide,
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among others. In general, these reactions are
not considered HP as the inciting agent is admin-
istered systemically and the pathogenesis is likely
different.

During the past several years, >100 cases of
HP have been reported in workers using water-
based metalworking fluids in the automotive
industry. An HP-like syndrome may develop after
exposure to aerosolized Mycobacterium avium-intra-
cellulare. Many exposures come from the use of
recreational hot tubs, thus the common term hot tub
lung. Separating actual infection from an immuno-
logic response to the organism often is difficult.

Epidemiology

The incidence of HP in exposed populations
varies widely. A survey of >1,000 farmers in Wis-
consin revealed precipitins in 8.5%. Clinical mani-
festations of the disease occurred in nearly one half
of the precipitin-positive group. In another study,
the prevalence of farmer’s lung in three agricul-
tural areas of Scotland ranged from 2.3 to 8.6%.
Studies of pigeon breeder clubs have found pre-
cipitins in 40 to 50% of members and disease
manifestations in from 6 to 21%. Reports of out-
breaks of HP resulting from microbially contami-
nated office buildings and industrial sites have
reported attack rates of 15% and up to 70% of those
exposed.

Because the disease is present in only a small
minority of identically exposed individuals, host
factors must be important. The reason for indi-
vidual sensitivity is unknown. A number of studies
have confirmed that HP occurs more frequently in
nonsmokers than in smokers. The mechanism for
this effect is not known. Atopic patients are not at
increased risk. Concomitant viral infections with
exposure may play a role

Arelated unanswered question is the frequency
with which undiagnosed HP presents as end-stage
idiopathic pulmonary fibrosis (IPF). It has been
estimated that 10% of patients referred to National
Jewish in Denver with IPF had histologic features
suggestive of HP.

Related Disorders

Several disorders often are confused with HP.
Silo filler’s disease (not to be confused with

Hypersensitivity Pneumonitis (Alberts)



farmer’s lung) is an acute toxic lung injury caused
by the inhalation of nitrogen dioxide. Nitrogen
dioxide develops as a result of an interaction of
nitric oxide and freshly stored silage. This chemical,
when inhaled, will affect the terminal airways of
all who are sufficiently exposed, regardless of pre-
vious exposure or sensitization. This is, in essence,
a chemical burn manifesting as bronchitis, bron-
chiolitis, or acute respiratory distress syndrome.
Organic dust toxic syndrome (ODTS) is an
inflammatory pneumonitis that develops when a
massive dose of organic dust is inhaled. This dis-
order was originally termed pulmonary mycotoxico-
sis by Emanuel in 1975 to describe fever and cough
in Wisconsin dairy farmers. The term ODTS has
been described as “clumsy and ugly.” As a result,
some prefer to use the term inhalation fever to
describe this and related illnesses. Clinically, ODTS
resembles HP with symptoms that are flu-like and
dominated by fever and chills. ODTS, however,
does not require previous sensitization, and most
of the time this disorder will develop in subjects
who are sufficiently exposed. The attack rate can
be 70% or greater, given sufficient exposure. No
long-term effects have been documented, and
complete recovery may be expected. In fact, the
afflicted worker should be able to work with the dust
again, if the levels are kept low. This may be very
important in rendering employment advice.
Bacterial endotoxins, mycotoxins, or spores
that reach the terminal airspaces may provoke an
intense inflammatory reaction. This reaction may
be caused by the direct activation of the alternate
complement pathway and/or stimulation of the
production of proinflammatory cytokines. ODTS
is most commonly recognized in an agricultural
setting. Exposure to dusts in swine-confinement
and poultry-raising buildings and exposure to
grain dust, resulting in grain fever, are common
forms of the disorder. The National Institute of
Occupational Safety and Health has estimated that
up to 30 to 40% of all heavily exposed workers,
predominantly in the agricultural sector, might
experience ODTS after organic dust inhalation.
ODTS is distinct from HP and far more common.
ODTS, or inhalation fever, also has been
reported with exposure to contaminated humidi-
fier water as found in industrial humidifiers, air
conditioning units, central heating and humidifica-
tion systems, and cool mist home vaporizers.
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Although HP (termed humidifier lung) has been
acquired by this route, sufficient evidence has
shown that inhalation fever (termed humidifier
fever) is a separate and distinct entity. Humidifier
fever is an ill-defined feeling of malaise, fever,
cough, and myalgia. These flu-like symptoms
resolve within 24 h. Symptoms tend to be worse at
the beginning of the work week (much like bys-
sinosis). There are no radiographic changes or
long-term effects. One theory of pathogenesis is
that recirculated water becomes contaminated by
Gram-negative organisms that produce endotoxin.
Subsequent inhalation of the endotoxin triggers
the clinical syndrome.

Metal fume fever is a nonspecific, self-limited
acute illness that resembles an attack of influenza.
The syndrome is chiefly caused by exposure to zinc
oxide. The most common modern industrial activ-
ity associated with zinc oxide fume inhalation is
electric arc welding on galvanized steel. Although
the data are sparse, metal fume fever also has been
reported to occur after exposure to copper, mag-
nesium, antimony, and iron. The pathogenesis is
believed to be a direct toxic effect rather than a
hypersensitivity reaction. Polymer fume fever is a
similar syndrome resulting from exposure to com-
bustion products of polymers and reactive chemi-
cals used in polymer production.

Ornithosis (not to be confused with pigeon
breeder’s disease) is an infectious disease acquired
by inhaling contaminated droppings. The illness
is usually caused by Chlamydia psittaci. The disease
usually resembles a flu-like illness but may be a
fulminant toxic syndrome.

Clinical Presentation

The clinical picture of HP is very similar regard-
less of the inciting agent. Although there is consid-
erable overlap and an individual patient may be
difficult to categorize, it is conceptually expedient
to describe three forms of the disease, namely
acute, subacute, and chronic. Some authors list two
forms by combining the acute with the subacute
form. The chronic form, in turn, appears to be the
final common pathway for either multiple episodes
of acute HP or prolonged subacute disease.

Acute HP is commonly caused by a brief-
but-intermittent intense exposure. Abrupt onset of
symptoms occurs 4 to 8 h after exposure. The
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illness resembles the “24-h flu” with cough, dys-
pnea, tachypnea, diffuse end inspiratory rales,
chills, fever, malaise, diaphoresis, headache, and
myalgias. The clinical picture is often mistaken for
a viral or Mycoplasma pneumonia. Symptoms last
for 12 to 24 h, with a peak at 8 to 12 h after exposure.
Between attacks, the patient is usually asymptom-
atic. In most instances, the acute febrile episode
occurs after each contact with the responsible
antigen.

Subacute HP is likely attributable to a less
intense but more prolonged exposure. The disease
is insidious, and symptoms resemble progressive
chronic bronchitis with chronic cough, exertional
dyspnea, malaise, anorexia, fatigue, and weight
loss. Symptoms are much less specific and do not
readily associate themselves with exposure to
inhaled substances. This form of the disease pres-
ents a diagnostic challenge to even the most astute
clinician. Nevertheless, subacute disease must be
recognized because it may progress to the chronic
form if avoidance of the responsible agent is not
practiced.

Chronic HP may be the final result of inade-
quately treated or unrecognized acute or subacute
disease. Signs and symptoms of chronic HP are
those of any chronic interstitial pulmonary fibrosis
in which irreversible lung damage has occurred.
At this stage, the entire picture is indistinguishable
from end-stage IPF of any cause.

Pathogenesis

The pathogenesis of HP is complex and
incompletely understood. This is an area of
intense controversy and ongoing research. The
final story is not in at this time, but there is much
speculation. In fact, several mechanisms may be
involved. We do know that HP occurs in the set-
ting of exposure to dust and particles of the cor-
rect size and composition. Particles must be
approximately between 0.5 and 5 pm. Particles
must be capable of providing an antigenic stimu-
lus for not all particles of this size will cause the
syndrome. Particles must be relatively resistant
to degradation so that the antigen can persist long
enough in lung tissue to allow sensitization. The
patient must have been sensitized during a previ-
ous exposure. The period of sensitization is vari-
able and may be as short as several months or
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may require a number of years of exposure. Not
all of those exposed will become sensitized, and
the disease may not occur, upon being re-exposed,
in all who do. Individual susceptibility is important
but not well characterized.

Current speculation suggests that the patho-
genesis may involve both immune complex-
mediated disease and cell-mediated immunity,
perhaps in a sequential fashion. Immune complex
mechanisms may initiate and mediate the acute
syndrome. There is little to suggest that type I or
type Il immune mechanisms are involved.

BAL studies in humans have provided some
insights into possible pathogenetic mechanisms.
Fluid analysis <48 h after the last exposure
is characterized by neutrophilia. Fluid analysis,
>2to 5 days after last exposure, may reveal T-cell
differential counts of as high as 70 to 80%. There
appears to be a preferential expansion of CD8+
cells (suppressor/cytotoxic T cells). HP has there-
fore been termed a T-suppressor cell alveolitis.

Recent studies have suggested that proinflam-
matory cytokines and chemokines are involved in
pathogenesis. These substances activate alveolar
macrophages, cause an influx of CD8+ lympho-
cytes, facilitate granuloma formation, and promote
the development of fibrosis. Interferon gamma,
interleukin-10, tumor necrosis factor-o, and trans-
forming growth factor-B have been implicated.

In summary;, it is clear that a type III or a type
IV reaction alone cannot explain all the observed
phenomena, and there is little evidence for a type
I or type Il reaction. As a result, a possible scenario
is that an immune complex-mediated hyper-
sensitivity reaction initiates acute lung injury and
induces the syndrome. This is followed by
T-cell-mediated hypersensitivity mechanisms that
perpetuate the acute injury and induce the inflam-
mation, granuloma formation, and interstitial
fibrosis seen in subacute and chronic disease. Once
again, this is an active area of ongoing research.
The pathogenetic mechanisms discussed may or
may not prove to be correct.

Diagnosis
No single clinical feature or laboratory test
result is diagnostic of the disease. The diagnosis

should therefore be made from a combination of
characteristic symptoms, physical findings,
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radiographic changes, pulmonary function test
results, and immunologic test results. Of prime
importance is a high index of suspicion. In patients
with recurrent bouts of an influenza-like illness or
in patients with active interstitial lung disease, a
complete occupational, avocational, and environ-
mental history is vital.

Laboratory studies are neither sensitive nor
specific. In the setting of acute disease, a mild leu-
kocytosis (25,000 mL) with a left shift is usually
seen. Eosinophilia is variable. Increased erythro-
cyte sedimentation rate, rheumatoid factor, and
antinuclear antibody levels are common. A non-
specific polyclonal increase in gamma globulins
often is noted. IgE levels are normal.

The chest radiograph is variable, and normal
radiographs do not rule out the disease. In one
study, 4% of acute cases of farmer’s lung had nor-
mal radiographs and another 40 to 45% had mini-
mal changes that might have otherwise been
overlooked. In acute or subacute disease, a fine soft
poorly defined reticulonodular pattern (often
described as “alveolar mottling”) is noted. The
mottling is less distinct than miliary tuberculosis
and is widespread or predominantly located in the
lower lung fields. Another common picture is scat-
tered patchy interstitial infiltrates that may
coalesce. Segmental or lobar consolidation is
unusual. Pleural effusions, thickening, and hilar
adenopathy are rare. The degree of radiographic
abnormalities correlates poorly with symptoms.
The symptoms often are worse than the chest
radiograph as opposed to Mycoplasma pneumonia
in which the chest radiograph may look “worse”
than the patient. The chest radiograph usually
returns to normal in several days to weeks after an
acute episode.

High-resolution CT (HRCT) may be helpful,
although no single pathognomonic feature identi-
fies the syndrome. Some believe that HRCT can be
used to distinguish IPF from HP in most, but not
all cases. Authors of one studied noted that des-
quamative interstitial pneumonitis looked like
acute or subacute HP. Chronic HP looked like
IPF. These investigators concluded that a lung
biopsy specimen was still the “gold standard” for
diagnosis.

Characteristic findings in subacute HP on
HRCT included the following: poorly defined cen-
trilobular micronodules, widespread ground-glass
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opacities, a mosaic attenuation on inspiratory
images, and air trapping on expiratory CT images.
A predominance of disease in upper and middle
lung zones often is mentioned. A pattern of centri-
lobular ground-glass nodules is fairly specific for
the diagnosis of HP with the appropriate clinical
history.

In chronic stages, the chest radiograph is indis-
tinguishable from diffuse interstitial fibrosis of any
cause. A reticular pattern throughout the lung
tields and/or honeycombing is common. Diffuse
volume loss is evident, and features of right ven-
tricular enlargement and pulmonary hypertension
may dominate the film. In some cases, upper lung
zones contract with upward retraction of the pul-
monary arteries. The final appearance may be
indistinguishable from tuberculosis, sarcoidosis,
ankylosing spondylitis, and eosinophilic granu-
loma, all of which are in the differential for upper
lung zone fibrosis. The HRCT picture of chronic
HP is that of reticulation superimposed on the
findings of subacute HP.

Pulmonary function testing most commonly
suggests a restrictive ventilatory impairment,
although obstructive and mixed patterns occasion-
ally are noted. In acute disease, the forced vital
capacity is commonly approximately 80% of pre-
dicted. Decreased flow rates in concert with vol-
umes (ie, a normal ratio) are usually noted. The
diffusing capacity is reduced (commonly about
60% of predicted). Decreased lung compliance and
a decreased Po, with an increased alveolar-arterial
oxygen pressure difference gradient are noted.
Pulmonary function usually returns to normal
between episodes of acute disease but may require
several weeks to completely recover. Progressive
and irreversible restrictive changes are found in
the chronic form of the disease.

Skin testing is neither appropriate nor practical
in most patients. Few antigens are available and,
where available, they often are nonspecifically
irritating, not well standardized, and/or impure.
Where good antigens are available, an immediate
wheal-and-flare reaction is observed in 80%. This
reaction is not IgE mediated and is either nonspe-
cific or IgG4 mediated. A classic Arthus skin reac-
tion may be noted 6 to 8 h after placement but
delayed skin reactions are rarely, if ever, seen

Precipitating antibodies were once believed to
be the sine qua non of the disease. They are now
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more useful in establishing evidence of exposure
to specific antigens. Serum precipitins are antigen-
specific complement-fixing antibodies of the IgG
class, although IgM and IgA have also been
detected. Precipitating antibody to the offending
agent is found in 90 to 100% of patients with clini-
cal disease. False-negative results are likely to be
caused by methodologic problems or an inability
to define the relevant antigen. Serum precipitins
may disappear over time. Antibodies persist for at
least a year, and many are present at 3 years after
cessation of exposure. There are a number of com-
mercially available farmer’s lung and bird fancier
batteries. These batteries are not for screening
purposes nor are they useful in the absence of
a clinical suspicion of HP. Reference laboratories
may be able to prepare antigens for testing from
dust extracts or fungal cultures.

Although the composition of BAL fluid varies
with the stage of the disease, certain findings have
been suggested as being of clinical use. There is an
increase in lymphocytes in HP vs non-HP patients
(65% vs 6%). Moreover, HP appears to be mainly
characterized by a low CD4*/CDS8* ratio. In con-
trast, a high CD4*/CD8" ratio frequently is found
in sarcoidosis. The presence of plasma cells in BAL
fluid samples is highly suggestive of HP. BAL has
also been touted as useful in separating IPF from
HP. BAL fluid analysis in patients with IPF com-
monly reveals a neutrophil predominance as
opposed to the lymphocyte predominance in HP.
Unfortunately, BAL findings do not distinguish
disease from exposure, CD4*/CD8" ratios vary
widely (and are not stable over time), do not cor-
relate with disease activity, and do not serve as
prognostic indicators. These latter findings would
suggest that BAL analysis may not fulfill its early
diagnostic promise.

A biopsy may not be necessary but often is
useful in establishing a diagnosis. Unfortunately,
histopathology varies depending on the stage of
the illness and is distinctive but not diagnostic.
Lung tissue usually is obtained by open biopsy
rather than transbronchial lung biopsy. Very few
biopsies have been performed during the acute
form of the disease. Where available, they have
shown alveolar and interstitial accumulation of
polymorphonuclear leukocytes, fluid, and macro-
phages. One of the most characteristic features is
a centrilobular distribution of changes.
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More often, biopsies are conducted in the sub-
acute or chronic phases. At this stage of the disease,
biopsy specimens show a predominant lympho-
cyte, plasma cell, and macrophage infiltration in
the alveolar wall and interstitium. Seventy percent
show noncaseating granulomas described as less
compact and less well defined than those seen in
sarcoidosis. Sixty-five percent show varying
degrees of fibrosis. Foam cells are seen in 65%.
Foam cells are large foamy histiocytes representing
activated macrophages. Fifty percent of specimens
show bronchiolitis obliterans. Vasculitis and
eosinophils are distinctly unusual. The typical
biopsy specimen is best described by the finding
of cellular bronchiolitis, a bronchiolocentric lym-
phocytic interstitial pneumonitis, and poorly
formed noncaseating granulomas.

Inhalation challenge tests are rarely performed
but may be available in specialized centers. These
challenge tests are not as well standardized, as is
the case for asthma. Each test must be individual-
ized. The test is not to be taken lightly, as the reac-
tion may be quite severe. Once a reaction is
established, bronchodilators are of little benefit.
Corticosteroids must be used. Outside of research
settings, it would be difficult to recommend testing.
In general, after a simulated exposure, the patient
is observed for 12 to 24 h. Reproduction of the
clinical syndrome is a positive test. Some or all of
the following parameters are monitored: tempera-
ture, WBC count, lung volumes, physical examina-
tion, carbon monoxide diffusing capacity, arterial
blood gases, and spirometry.

In summary, the diagnosis of HP may be chal-
lenging. A high degree of suspicion bolstered by a
compatible history may permit a presumptive
diagnosis. Removal of the suspected antigen source
or avoidance by the patient followed by resolution
of symptoms is very strong circumstantial evi-
dence. The authors of several recent articles have
emphasized the difficulties encountered in making
the diagnosis.

In 1997, Schuyler and Cormier suggested six
major and three minor criteria for the diagnosis. A
diagnosis of HP may be confirmed if four of the
major and two of the minor criteria are present.
Major criteria are as follows: (1) symptoms compat-
ible with HP, (2) evidence of exposure to appropri-
ate antigen by history or detection of antibody in
serum and/or BAL fluid, (3) findings compatible
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with HP on chest radiograph or HRCT, (4) BAL
fluid lymphocytosis, (5) histologic changes compat-
ible with HP, and (6) positive “natural challenge”
(ie, reproduction of symptoms and laboratory
abnormalities after exposure to the suspected
environment). Minor criteria are (1) bibasilar rales,
(2) decreased diffusing capacity, and (3) arterial
hypoxemia.

In 2003, the Hypersensitivity Pneumonitis
Study Group attempted to develop a clinical pre-
diction rule for this diagnosis. Six significant pre-
dictors were identified: (1) exposure to a known
offending antigen, (2) positive precipitating anti-
bodies to the offending antigen, (3) recurrent epi-
sodes of symptoms, (4) inspiratory crackles on
physical examination, (5) symptoms occurring 4 to
8 h after exposure, and (6) weight loss.

Treatment

The key is prevention and avoidance of reex-
posure is the top priority. This may require a job
change, discarding a hobby, or moving to a new
home. These changes may not be well received by
the patient. In one study, 75% of pigeon breeders
with disease were still breeding (pigeons, that is)
at a 10-year follow-up. Changes in industrial pro-
cedures have proven beneficial. For example, maple
bark stripper’s disease has all but vanished because
of the adoption of alternate work procedures. The
act of spraying bagasse with dilute propionic acid
has decreased the incidence of bagassosis. Improve-
ments in ventilation, air filtering systems, or masks
may help in some circumstances.

For symptomatic relief of the inflammatory
pneumonitis, antipyretics and supplemental oxy-
gen may be needed. Bronchodilators generally are
not beneficial. Corticosteroids, such as prednisone
at(0.5to 1 mg/kg/d for 1 to 4 weeks, may decrease
toxicity of the acute form but probably offer no
long-term advantage. Recurrence of acute farmer’s
lung, however, may be more common in patients
treated with corticosteroids suggesting that this
treatment may also suppress the counterregulatory
aspects of the immune response in these patients.
Longer periods of treatment may be necessary for
the subacute form (up to 3 to 6 months), but once
again, these are of variable and questionable ben-
efit. Once the chronic phase has developed, any
treatment is of marginal benefit.
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Prognosis

Prognosis is incompletely understood. In the
acute form, recovery is usually complete. Symp-
toms have usually disappeared in 12 to 48 h, but
fatigue, lassitude, and exertional dyspnea may last
for several weeks. The patient usually is asymp-
tomatic between attacks. In the subacute form,
recognition is crucial. With avoidance, signs and
symptoms may completely disappear. In one study,
30 to 60% of patients with farmer’s lung who con-
tinued to be exposed were disabled in 5 years and
10 to 15% were dead. However, this also means
that 40 to 70% did not suffer clinical deterioration
despite continued exposure. A study in pigeon
breeders in Mexico demonstrated a 5-year mortal-
ity of 30%. Some patients with HP, for example,
pigeon breeders, may experience progression of
the disease despite avoidance of repeated expo-
sure. In the chronic form, progressive functional
deterioration to respiratory insufficiency is likely,
but progression to end-stage disease is not a uni-
form finding.

Building-Related Lung Disorders

Americans generally spend > 90% of their time
indoors, and more than half of the workforce now
works primarily in offices or commercial buildings.
Therefore, it is not surprising that the quality of
indoor air has become an important public concern.
A number of well-publicized outbreaks of work-
related illness acquired from the indoor work
environment have heightened the public aware-
ness of this issue.

Unfortunately, the popular media has begun
to lump all signs and symptoms related to the
indoor working environment under the catchy but
somewhat inflammatory term, sick building syn-
drome. There are, however, a number of clinical
syndromes associated with indoor working envi-
ronment that are distinctly different in terms of
diagnosis, prognosis, and management. The sick
building syndrome is but one of these syndromes.
A more inclusive term, building-related illness, better
describes the entire spectrum of disorders acquired
in the indoor working environment.

The building-related illnesses may be further
classified or into the following: (1) specific
disorders and (2) nonspecific disorders (ie, sick
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building syndrome). Specific disorders are charac-
terized by well-defined signs, symptoms, and
laboratory findings. A specific cause can be estab-
lished and a long recovery time is the norm.
Examples would include HP, humidifier fever,
asthma, and various respiratory tract infections.
Conversely, nonspecific building-related disorders
are characterized by nonspecific symptoms and
variable signs. There are no characteristic labora-
tory findings, and no single cause can be identified.
Symptoms appear soon after arriving at work,
worsen during the day, and dramatically disappear
on leaving the building.

Worldwide, it has been estimated that in 25%
of the investigations of apparent outbreaks of
building-related illness, a specific cause can be
identified, such as microbial contamination of
humidification systems or the accumulation
of motor vehicle exhausts. The remaining 75% of
outbreaks are unexplained and are considered to
be due to the sick building syndrome. In a review
of 356 cases of building-related illness in the United
States, the National Institute for Occupational
Safety and Health found that 39% involved iden-
tifiable contaminants and 50% were associated with
inadequate provision of fresh air with no identifi-
able contaminants. In 11%, no cause was found.

Building-Related llIness: Specific Disorders

These disorders are conditions with a uniform
clinical picture attributable to a specific identifiable
cause. The symptoms of specific building-related
disorders are due to identifiable allergens, toxins,
or infectious agents that may be identified by
appropriate laboratory tests or identification of the
source in the building. In turn, the treatment of
these disorders hinges on removing the source
rather than merely altering building ventilation.
The etiology of the specific disorders may be
categorized into those caused by the following:
(1) antigens and organic dusts, (2) infectious
agents, and (3) toxins and irritants.

Building-Related llIness: Sick Building
Syndrome

In the 1970s, a remarkably consistent pattern of

complaints from office workers began to surface: dry
eyes, dry skin, stuffy nose, fatigue, and headache.

70

This was the time of the energy crisis, and newly
constructed or remodeled buildings were being
designed with energy efficiency in mind. Most of
these buildings had no windows that opened, and
outside air was provided only through a recirculat-
ing air-conditioning system. Moreover, ventilation
standards had been lowered from 20 cubic feet of
outdoor air per minute per occupant to 5 cubic feet
per minute per occupant. This lower standard is
below the circulation rate of 15 cubic feet per minute
per occupant, which is necessary to ensure a CO,
level of <1,000 parts per million. A CO, level of
<1,000 parts per million ppm generally is believed
to indicate an adequate fresh air supply. As a result,
the building-related symptoms were assumed to be
attributable to lower rates of ventilation that resulted
ininadequate dilution of irritants. The eye, nose, and
throat irritation, headache, and difficulty concentrat-
ing that occurred in workers in these buildings came
to be called the sick building syndrome.

In the 1990s, similar complaints were heard
from occupants of many buildings, regardless of
design, age, or geography. The World Health Orga-
nization estimated that 30% of newly constructed
or remodeled buildings are associated with health
and discomfort problems and that between 10 and
30% of the occupants of these buildings may
develop symptoms of sick building syndrome.

The World Health Organization has defined
the sick building syndrome as follows: an excess
of work-related irritations of the skin and mucous
membranes and other symptoms, including head-
ache, fatigue, and difficulty concentrating, reported
by workers in modern office buildings. Because
most of these symptoms are commonly experi-
enced by the general population, an outbreak of
sick building syndrome is defined by an excessive
reporting of one or more symptoms by the occu-
pants of a building. Excessive is defined as in
excess of what would ordinarily be expected as the
“background” level of such complaints. It has been
estimated that the background rate of similar vague
symptoms in any population of people is 10 to 20%.
In addition, symptoms must be work-related.
Symptoms must develop after coming to work,
worsen during work, and disappear on leaving
work. Finally, there should be no evidence of
apparent nonoccupational cause (such as a
preexisting medical condition) nor an obvious
exposure to occupational toxic materials.
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Core symptoms of sick building syndrome are
remarkably consistent and consist of lethargy;
mucous membrane irritation (dry throat, stuffy
nose); headache; eye symptoms (itchy, irritated,
watery); and dry skin. These symptoms are not the
result of tissue damage detectable by physical
examination or laboratory tests. The most com-
monly reported symptoms are mucous membrane
irritation (46%), headache (43%), and lethargy
(57%). These symptoms, although not threatening,
can be very unpleasant, disruptive to work and
home life, cause lost work time and decreased
productivity, and create concern about more seri-
ous health problems.
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Eosinophilic Lung Diseases

W. Michael Alberts, MD, MBA, FCCP

Obijectives:

e Highlight the heterogeneous nature of these disorders and
suggest a usable classification system

¢ Discuss important aspects of the eosinophil

* Review diseases that involve the eosinophil and the
airways

® Discuss known parenchymal lung disorders that are as-
sociated with peripheral and/or tissue eosinophilia

e Highlight the idiopathic eosinophilic lung diseases

Key words: acute eosinophilic pneumonia; allergic broncho-
pulmonary aspergillosis; chronic eosinophilic pneumonia;
eosinophil; Loeffler pneumonia

The eosinophilic lung diseases are a heteroge-
neous group of clinical entities in which there is
an increased number of eosinophils in the airways
and/or lung parenchyma. These disorders may
or may not be accompanied by peripheral eosino-
philia. The presence of eosinophils does not estab-
lish a cause-and-effect relationship. In some cases,
the eosinophil is merely a part of the inflammatory
process and may even be present to protect host
tissues. In other cases, the eosinophil appears to be
directly responsible for the tissue damage.

Classification of the Eosinophilic
Lung Syndromes

There have been many attempts to create a
clinically useful classification system. In the 1950s,
the first classification system was based on Croft-
on’s five syndromes, marked by peripheral blood
eosinophilia and pulmonary infiltrates. The five
categories were as follows: (1) simple pulmonary
eosinophilia, (2) prolonged pulmonary eosino-
philia, (3) pulmonary eosinophilia associated with
asthma, (4) tropical eosinophilia, and (5) pulmo-
nary eosinophilia with polyarteritis nodosa. These
are the so-called PIE syndromes (pulmonary infil-
trates with eosinophilia) as coined by Reeder and
Goodrich.

In the 1960s, a new group of diseases
was included. These disorders had increased
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parenchymal eosinophils but did not necessarily
have peripheral blood eosinophilia. A lung biopsy
specimen was needed to identify these disorders.
Chronic eosinophilic pneumonia, as reported by
Carrington, is an example. In the 1980s, additional
diseases were added to this heterogeneous collec-
tion of syndromes by virtue of their association
with an increased percentage of eosinophils in
BAL specimens; “acute eosinophilic pneumonia”
is an example.

Currently, there is no universally accepted or
optimal way to classify these disorders. In their
state-of-the-art review, Allen and Davis state that
an improved understanding of the role of cytokines
and the other factors that control eosinophil traffic
in the lung may ultimately permit a scientifically
plausible classification of these disorders. One sug-
gested classification scheme is listed in Table 1 and
will be used in this review.

Table 1. Classification Scheme

Airway disorders
Asthma
Eosinophilic bronchitis
Allergic bronchopulmonary aspergillosis
Bronchocentric granulomatosis
Interstitial disorders
Secondary (associated with known underlying disease
processes)
Bacterial infections (eg, brucellosis, mycobacterial)
Fungal infections (eg, Coccidiomycosis and Aspergillus)
Interstitial lung diseases
Idiopathic pulmonary fibrosis
Sarcoidosis
Systemic lupus erythematosus
Eosinophilic granuloma
Hypereosinophilic syndrome
AIDS-associated Pneumocystis carinii pneumonia
Parasitic infections
Pulmonary vasculitis
Hodgkin disease
Drug reactions
Lung cancer
Others
Primary (idiopathic eosinophilic pneumonia)
Simple pulmonary eosinophilia
Chronic eosinophilic pneumonia
Acute pulmonary pneumonia
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The Eosinophil

The eosinophil is a polymorphonuclear leuko-
cyte that is produced in the bone marrow. The
individual cell is 12 to 15 pm in diameter. The
nucleus has two lobes. There is abundant endoplas-
mic reticulum and an active Golgi apparatus.
Eosinophils contain three different types of gran-
ules: two smaller granule populations and one
larger eosin-specific granule population. There are
approximately 200 of these larger granules per cell.
The larger granules are responsible for the charac-
teristic red staining. The eosin-specific granule has
a very characteristic electron microscopic appear-
ance. The internal core of the eosin-specific granule
is comprised primarily of major basic protein. Major
basic protein is an arginine-rich, highly cationic
polypeptide that is highly toxic to parasites, tumor
cells, and respiratory epithelial cells. The cell con-
tains other cationic proteins, such as eosinophil
cationic protein, eosinophil peroxidase, eosinophil-
derived neurotoxin, and several collagenases.
Another unique constituent of this cell is the mem-
brane associated Charcot-Leyden crystal protein.

Differentiation of the eosinophil in the bone
marrow is under the control of interleukin (IL)-3,
IL-5, and granulocyte macrophage colony-
stimulating factor. There are two populations of
circulating eosinophils that differ in their bio-
chemical makeup and their functional activities.
They are termed normodense cells and hypodense
cells. An increased proportion of hypodense cells
can be found both in the tissues and blood in
eosinophilic disorders. These cells are more meta-
bolically active and may represent “activated” cells.

The eosinophil is primarily a tissue cell. After
a brief time in the peripheral circulation (usually
13 to 18 h), the cell moves into tissues and organs
throughout the body. There are 100 to 400 times as
many eosinophils in the tissues as compared with
the circulation at any one time. The eosinophil
tends to settle in submucosal areas of organs
exposed to the environment such as the lungs, the
GI tract, and the genitourinary tract. The move-
ment of eosinophils into the tissues is controlled
by many factors. Known chemotactic factors
include complement components, histamine,
eosinophil chemotactic factor of anaphylaxis, plate-
let-activating factor, leukotrienes, lymphokines,
tumor-associated factors, and IL-5.
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There are several teleological theories of eosin-
ophil function: host defense against parasites,
modulator of inflammation, and tissue-destructive
cell. The host defense theory builds on the well-
established clinical observation that the tissue
invasive stages of parasitic infection are associated
with a striking peripheral eosinophilia. In vitro
studies have shown that eosinophils can degranu-
late into and kill parasites. The modulator of
inflammation theory holds that the eosinophil
protects host tissues by dampening the damaging
effects of inflammation. Eosinophils contain a vari-
ety of substances that have been shown to dampen
or modulate the effect of various inflammatory
mediators. Eosinophils tend to encircle areas of
acute and chronic inflammation, perhaps represent-
ing an attempt to contain inflammation. The tissue-
destructive cell theory holds that the eosinophil is
activated at sites of inflammation and is directly
responsible for the damage of host tissues.

Eosinophilic Lung Diseases
Airway Disorders

Asthma: Peripheral eosinophilia is present
in many asthmatics and is independent of the
type of asthma (intrinsic vs extrinsic). Eosinophil
counts may in fact be used to follow the course
of the disease in a given patient. In many cases,
there is a quantitative linear relationship between
the eosinophil count and the degree of expiratory
airflow limitation.

Eosinophilic ~ Bronchitis  (Without — Asthma):
Eosinophilic bronchitis with a high percentage
of eosinophils (approximately 40%) in sputum
is a well-recognized cause of chronic cough.
This entity is responsive to corticosteroid treat-
ment. In contrast to patients with asthma, those
with nonasthmatic eosinophilic bronchitis do
not have variable airflow limitation or bronchial
hyperresponsiveness.

Fungus-Induced Asthmatic Reactions: Inhalation
of fungal spores by the asthmatic may result in
several types of reactions: (1) IgE-mediated aller-
gic rhinitis and asthma and (2) allergic bron-
chopulmonary mycosis. Fungal IgE-mediated
asthma is a noninfectious disease resulting from
the immune response of the atopic host. The
response to inhaled fungal spores or mycelial
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antigens resembles the response to other inhal-
ant allergens, such as house dust mite. Allergic
bronchopulmonary mycosis is an “infectious
disease” characterized by periods of persistent
fungal growth or colonization of the respiratory
tract. Both types of disorders can cause long-
standing asthmatic manifestations in susceptible
individuals.

Allergic Bronchopulmonary Aspergillosis: Aller-
gic bronchopulmonary aspergillosis (ABPA)
is the most common type of allergic broncho-
pulmonary mycosis. ABPA is a complication of
allergic asthma in which the ubiquitous fun-
gus, Aspergillus fumigatus, colonizes the lower
respiratory tract. Patients with cystic fibrosis are
particularly vulnerable. ABPA may be found in
up to 15% of patients with cystic fibrosis and 2
to 28% of asthmatics. An ABPA-like disorder
may be caused by other fungi such as Candida
albicans, Helminthosporium species, and Curvu-
laria lunata. Each of these organisms is capable of
hyphal growth at body temperature. The hyphae
persist in the airways and continually release
antigens. The antigen combines with specific IgG
and IgE to cause actual tissue damage. This tis-
sue damage may result in permanent damage,
as evidenced by proximal bronchiectasis and
irreversible airways obstruction.

Bronchocentric Granulomatosis: Bronchocentric
granulomatosis (BG) is a rare granulomatous dis-
order characterized by granuloma formation and
necrosis centered on and limited to bronchi and
bronchioles. Vasculitis is not a major component.
BG may be a nonspecific response to a number of
substances. A surgical biopsy specimen is required
for diagnosis. The disease is defined by morpho-
logic criteria and is not a clearly defined clinical
syndrome. It has been debated whether BG is
a separate disease entity or purely a pathologic
description of one of the limited ways in which
bronchi and bronchioles respond to injury.

Parenchymal Disorders (Associated With Other
Known Disease Entities)

Interstitial Lung Diseases: Increased BAL eosin-
ophils (>5%) may be present in approximately
10 to 20% of interstitial lung diseases. Common
interstitial diseases associated with increased
BAL eosinophils include idiopathic pulmonary
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fibrosis, sarcoidosis, systemic lupus erythemato-
sus, and eosinophilic granuloma. The pathoge-
netic importance of eosinophils in these disorders
is unknown. The presence of BAL eosinophilia
in idiopathic pulmonary fibrosis may correlate
with clinical deterioration and may predict a poor
response to therapy.

Drug Reactions: A number of drugs have been
associated with the PIE syndrome. Most have
been reported as isolated cases, such as nitrofu-
rantoin, sulfasalazine, phenytoin, bleomycin, and
tetracycline. The reactions are generally mild and,
therefore, little is known about the pathologic
condition of the pulmonary infiltrates or even
whether the reaction involves eosinophilic lung
inflammation. Most patients with drug-induced
eosinophilic lung disease will improve by simply
discontinuing the medication. In severe or per-
sistent cases, corticosteroids have been used with
some success.

Pulmonary Vasculitis: Eosinophils may be asso-
ciated with lung lesions that accompany pulmo-
nary vasculitis syndromes. Pulmonary vascular
inflammation is found most frequently as a mani-
festation of primary systemic vasculitis but also
occurs in association with a number of conditions,
including rheumatologic disorders (eg, systemic
lupus erythematosus and polymyositis); chronic
infection; lymphoma; sarcoidosis; and extrinsic
allergic alveolitis. Primary vasculitic processes
affecting the lung include giant cell arteritis, pul-
monary capillaritis, Takayasu arteritis, and those
associated with circulating antibodies to neu-
trophil cytoplasmic enzymes (eg, Churg-Strauss
syndrome, Wegener granulomatosis, and micro-
scopic polyangiitis).

The Churg-Strauss syndrome, also known as
allergic granulomatosis and angiitis, is a rare but
distinctive disorder. Patients with the Churg-
Strauss syndrome generally have long-standing
established asthma and a dramatic peripheral
eosinophilia. Manifestations of the disease appear
to be attributable to a granulomatous inflammatory
response that results in vascular necrosis, primarily
involving the lungs. An open lung biopsy specimen
usually is necessary for diagnosis. In the past, the
pathophysiology of this disorder was presumed to
be caused by immune complex deposition in the
walls of small- and medium-sized arteries and
veins. More recent speculation involves the role of
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anti-neutrophilic cytoplasmic antibody (ANCA) and
the characteristic vasculitis. The association with
asthma and eosinophilia is unexplained.

Clinical features include asthma, a history of
atopic disease, fever, malaise, and weight loss.
Systemic manifestations of the illness may include
upper airway involvement (sinusitis, rhinitis, nasal
polyps); skin changes (nodules, purpura, urti-
caria); arthralgias; myalgias, mononeuritis multi-
plex; abdominal symptoms (pain, diarrhea,
bleeding); cardiac findings (heart failure, pericar-
ditis, hypertension); and microscopic hematuria.
Chest radiographs commonly reveal patchy and
transient infiltrates, but large and small nodules
also have been reported. Thin-section CT findings
include bilateral subpleural consolidation with
lobular distribution, centrilobular nodules (espe-
cially within the ground-glass opacity), or multiple
nodules, especially in association with bronchial
wall thickening. Pleural effusions may be noted in
one-third of cases. The effusions are exudative and
may contain a significant number of eosinophils.
Common laboratory abnormalities include leuko-
cytosis with marked eosinophilia, a high percent-
age of BAL eosinophils, prolonged erythrocyte
sedimentation rate, and anemia. The IgE level is
often markedly increased and appears to correlate
with disease activity. In Churg-Strauss syndrome,
the prevalence of a positive serum ANCA result
ranges from 44 to 66%. The p-ANCA pattern is
often present as opposed to the c-ANCA observed
in Wegener granulomatosis.

Clinically, there are three distinct phases: (1) a
prodromal phase that may persist for many years,
consisting of asthma, often preceded by allergic
rhinitis; (2) a second phase of marked peripheral
blood eosinophilia and eosinophilic tissue infil-
trates resembling Loeffler syndrome, or chronic
eosinophilic pneumonia, which may recur during
a period of years; and (3) a third, life-threatening
vasculitic phase.

Survival is dramatically enhanced with treat-
ment. In the past, without treatment, 50% of
patients died within 3 months of onset. Myocardial
involvement was the most frequent cause of death.
In patients treated with corticosteroids, a mean
survival of 9 years has been reported. Corticoste-
roids alone usually are effective in the treatment
of Churg-Strauss syndrome. The addition of oral
cyclophosphamide may reduce the rate of relapse
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but has not been shown to improve survival. In
patients who fail to respond to corticosteroid
therapy, however, “pulse” methylprednisolone,
azathioprine, or cyclophosphamide may be effec-
tive. It is important to separate the Churg-Strauss
syndrome from other necrotizing vasculitides, such
as Wegener granulomatosis and polyarteritis
nodosa, which may require treatment with
cytotoxic agents.

The association of leukotriene antagonists with
the Churg-Strauss syndrome originally described
in patients taking zafirlukast has now been recog-
nized to occur with montelukast as well and is
therefore most likely an uncommon but docu-
mented class association with an incidence of
approximately 1 in 20,000 patients. The patho-
physiology is unknown, but these patients may
have had a primary eosinophilic infiltrative disor-
der that had been clinically recognized as asthma,
was quelled by steroid treatment, and was
unmasked after corticosteroid withdrawal
facilitated by the initiation of the leukotriene
inhibitor.

Parasitic Disease: PIE syndrome may develop
in conjunction with a number of parasitic infec-
tions. In the United States, the most common
infections are caused by Strongyloides, Ascaris,
Toxocara, and Ancylostoma. The syndrome may
arise because of the presence of the parasite in the
lung at certain stages of its life cycle. At this point,
eosinophils may be recruited to the lung to kill
the parasite. Eosinophils have been shown to be
present in the lung, however, when parasites are
not demonstrable, which suggests that immuno-
logic mechanisms may be involved. GI symptoms
usually dominate the clinical picture of parasitic
infestation. Respiratory symptoms of cough and
wheezing are usually mild. The lung disease
commonly resolves with therapy directed at the
specific parasite. Corticosteroids usually are not
needed.

The most serious and best-characterized para-
sitic eosinophilic lung disease is tropical pulmonary
eosinophilia. This disorder is caused by the filarial
worms Wuchereria bancrofti and Brugia malayi.
These organisms are found primarily in India,
Africa, South America, and Southeast Asia. Micro-
filariae released from adult worms cause an intense
inflammatory reaction in the lung. This reaction
commonly causes nocturnal cough, dyspnea,
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wheezing, fever, weight loss, and malaise. A his-
tory of residence in a filarial endemic region and a
finding of peripheral eosinophilia >3,000/mm?
should initiate a consideration of this disease.
Cases of tropical pulmonary eosinophilia typically
have been reported to masquerade as acute or
refractory asthma. The recommended treatment is
diethylcarbamazine. If left untreated or treated late,
the disease may lead to long-term sequelae of pul-
monary fibrosis or chronic bronchitis with chronic
respiratory failure.

Idiopathic Hypereosinophilic Syndrome: Idio-
pathic hypereosinophilic syndrome is a rare
illness of unknown etiology. This disorder affects
multiple organ systems, primarily as the result of
the infiltration of mature eosinophils. This disor-
der is likely related to unchecked T-cell secretion
of IL-3, IL-5, or granulocyte macrophage colony-
stimulating factor. Specific diagnostic criteria for
the hypereosinophilic syndrome have been estab-
lished: (1) peripheral eosinophilia (>1,500 cells
per microliter) for 6 months; (2) involvement of
various organ systems with evidence of end organ
damage; and (3) no evidence of parasitic, allergic,
vasculitic, or other known causes of eosinophilia.

The illness may be mild or fatal. The major
cause of morbidity and mortality is cardiac dis-
ease where endocardial fibrosis; restrictive car-
diomyopathy; valvular damage (supportive
structures around the valves, especially the mitral
valve, are prone to fibrosis); and mural thrombus
formation occur. Lung involvement occurs in 40%
of cases. Symptoms are nonproductive cough and
dyspnea. The chest radiograph may show pulmo-
nary edema and pleural effusions associated with
cardiac dysfunction but may also reveal intersti-
tial infiltrates presumably due to perivascular
eosinophilic infiltration or fibrosis. Patients usu-
ally are treated with oral corticosteroids, but only
about 50% will have a good clinical response.
Other drugs, such as busulfan, interferon alfa,
and hydroxyurea, may be used in steroid-unre-
sponsive patients. Advances in molecular diag-
nostics have enabled the identification of subtypes
of the hypereosinophilic syndrome that may
respond to imatinib, a small molecule tyrosine
kinase inhibitor. Additionally, studies have
reported success in treatment with the use of
mepolizumab, which is a monoclonal antibody
against IL-5.
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Miscellaneous: Bronchogenic carcinoma occa-
sionally is associated with lung and peripheral
eosinophilia. Eosinophils have been shown to
invade the tumor, which suggests that eosino-
phils may be involved in host defense against
tumors. Hodgkin disease may be associated with
peripheral, BAL, and lung eosinophilia. Fungal
disease may be associated with peripheral eosin-
ophilia. Peripheral blood eosinophilia is noted in
the majority of cases of primary coccidiomycosis.
Pulmonary eosinophilic infiltrates may be noted
on biopsy specimen or BAL. Administration of
corticosteroids to patients early in their infection
can result in an acceleration of the infection with
possible fatal dissemination. In AIDS-associated
Pneumocystis carinii pneumonia, 15% of patients
had BAL eosinophils >5%. A number of other
diseases have been reported to be associated
with pulmonary infiltrates and blood or alveo-
lar eosinophilia. They include bronchiolitis oblit-
erans organizing pneumonia, ulcerative colitis,
mycobacterial infection, Sjogren syndrome, and
postradiation fibrosis.

Parenchymal Disorders (Idiopathic)

Simple Pulmonary Eosinophilia (Loeffler pneumo-
nia): Simple pulmonary eosinophilia was origi-
nally described by Loeffler in 1932. This disorder
is characterized by migratory pulmonary infil-
trates accompanied by peripheral eosinophilia.
Respiratory symptoms are minimal or absent.
Malaise, fever, and cough may be noted. At times,
the chest radiographic pattern may be almost
diagnostic, with transitory and migratory ill-
defined peripheral, nonsegmental, and relatively
homogeneous densities. By definition, the disease
resolves within 4 weeks. Afflicted patients have
an excellent prognosis. Complete resolution with
or without treatment is the rule. In the original
description of this disorder, most of the patients
likely had a parasitic infection or a drug reaction.
Currently, it is estimated that up to one-third of
cases do not have a clinically identifiable cause.
This latter group is included in the idiopathic
eosinophilic pneumonias. Apparent simple pul-
monary eosinophilia, however, should be viewed
as a sign of possible underlying disease. A care-
ful search for parasitic infection or drug reaction
should be pursued.
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Chronic  Eosinophilic Pneumonia: Although
uncommon, this entity is the best characterized
of the idiopathic eosinophilic pneumonia syn-
dromes. Both histologic and BAL studies strongly
implicate the eosinophil in the pathogenesis of
the disorder. A recent study found strikingly
increased levels of IL-5, IL-6, and IL-10 in BAL
fluid recovered from involved lung segments. No
such increase was noted in serum or uninvolved
lung segments. Furthermore, the presence of cir-
culating immune complexes, increased levels of
IgE, and a frequently positive rheumatoid factor
suggest an immunopathogenic mechanism.

Chronic eosinophilic pneumonia (CEP) is a
serious disease that requires specific treatment. The
disease usually affects middle-aged atopic women,
but it has been reported in both sexes and all ages.
Onset of the disorder is insidious with progressive
respiratory and constitutional symptoms. In one
study, symptoms have been present for an average
of 7.7 months before the correct diagnosis is made.
The most common symptoms are cough, dyspnea,
fever, night sweats, malaise, and weight loss.
Asthma is present in 50 to 60% of patients and is
usually of recent onset. Laboratory evaluation may
reveal increased IgE levels, and the levels may cor-
respond to the clinical activity. Peripheral eosino-
philia occurs in up to 88%.

Diffuse peripherally based infiltrates in the
outer two thirds of the lung fields are found in 63%
of patients. On occasion, the chest radiograph may
be so characteristic as to be diagnostic. Bilateral
peripheral or pleural-based dense infiltrates with-
out segmental or lobar distribution may be noted.
These infiltrates may form a pattern described as
“the photographic negative of pulmonary edema.”
Unfortunately, <50% of patients demonstrate this
classic plain radiographic picture. A CT scan will
reveal peripheral infiltrates in all afflicted. Biopsy
specimens show interstitial and alveolar eosino-
phils that are degranulated. Common findings
include eosinophilic microabscesses (which are
aggregates of necrotic eosinophils surrounded by
a rim of palisading histiocytes), low-grade vascu-
litis, and interstitial fibrosis. BAL specimens usu-
ally show eosinophilia that average 44%.

Fewer than 10% of patients will have spontane-
ous resolution, and deaths from CEP have been
reported. The disease responds quickly and
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dramatically to corticosteroid therapy. The patient
may become asymptomatic in hours or a few days.
The prognosis is excellent, but treatment for pro-
longed periods is usually necessary, at least 6
months. Steroid therapy must be tapered slowly
as the disease tends to relapse. If a relapse occurs,
treatment must be continued for a prolonged
period before trying to taper again.

Acute Eosinophilic Pneumonia: In 1989, sev-
eral well-documented cases of acute respiratory
failure associated with increased BAL or tissue
eosinophils were reported. The cause is unknown
but may be a unique hypersensitivity reaction to
an inhaled antigen. Various drug toxicities have
been reported to produce this syndrome. The fol-
lowing diagnostic criteria have been suggested:
(1) acute febrile illness of <5 days in duration,
(2) hypoxemic respiratory failure, (3) diffuse
mixed alveolar and interstitial chest radiographic
infiltrates, (4) BAL eosinophilia (>25%), (5) no
apparent infectious etiology, (6) rapid and com-
plete response to corticosteroid therapy, and
(7) no relapse after discontinuing corticosteroid
therapy. Recent studies have suggested that new
cigarette smokers may be at increased risk.

Patients typically present with an acute febrile
illness accompanied by myalgias, pleuritic chest
pain, and hypoxemic respiratory failure, often
requiring mechanical ventilation. Clinically, there
is little to distinguish acute eosinophilic pneumo-
nia from an acute infectious process or ARDS. It is
the BAL that provides the clue to the diagnosis.
Peripheral blood eosinophil percentage is usually
normal, but a very high percentage of BAL eosino-
phils is characteristic, with an average of 42% in
one series. Small-to-moderate pleural effusions are
frequent. Fluid analysis may reveal a high percent-
age of eosinophils.

Patients usually respond rapidly to high doses
of corticosteroids, usually within 24 to 48 h. The
dose is then tapered, but treatment is usually con-
tinued for 2 to 4 weeks. Most patients survive and
recover normal lung function. Acute eosinophilic
pneumonia is a diagnosis of exclusion. An infec-
tious etiology should be pursued even after corti-
costeroid therapy is begun. It is especially important
to look closely for disseminated fungal disease in
all patients and P carinii in the HIV-positive
patient.
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Conclusion

In these disorders, teleologically, the eosinophil
may be: (1) a “good guy,” (2) a “bad guy,” or (3) an
“innocent bystander.” The eosinophil may be a
good guy. The “host defense” theory builds on the
clinical observation that the tissue invasive stages
of parasitic infections are associated with a striking
eosinophilia. In vitro studies have shown that
eosinophils can kill parasites. Conversely, the
eosinophil may be a bad guy. The eosinophil is
activated at sites of inflammation and thus may be
responsible for the actual tissue damage. Alterna-
tively, the eosinophil may be an innocent bystander.
The appearance of the cell may be part of the
body’s attempt to dampen or contain the effects of
inflammation—the so-called modulator of inflamma-
tion theory.

Whatever the function of the eosinophil, it is
important to remember that the disease processes
lumped together as the eosinophilic lung diseases
are a heterogeneous group of diseases. In an
attempt to categorize these disorders, we may have
either appropriately or artificially connected them
by their association with the eosinophil.
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Asthma

Sidney S. Braman, MD, FCCP

Obijectives:

e Understand the epidemiology of asthma and the con-
tributions of genetic predisposition and environmental
factors

* Learn the pathology and pathophysiology of asthma and
the importance of inflammatory mechanisms of this
disease

® Appreciate the risk factors for asthma and the causes of
exacerbation of symptoms

* Be able to objectively and accurately diagnose this
disease

* Learnthestrategies of treating asthmabased on the National
Institutes of Health NAEPP (National Asthma Education and
Prevention Program) guidelines

Key words: asthma; atopy; diagnosis; epidemiology; patho-
physiology; treatment

Definition of Asthma

A universally accepted definition of asthma
was elusive for most of the 20th century. Many of
the clinical and physiologic features appeared to
overlap with other diseases of the airways.
Although the inflammatory nature of asthma was
known in the latter part of the 19th century and
was even reported in Sir William Osler’s Textbook
of Medicine during that time period, this important
distinctive aspect of asthma was put aside for most
of the 20th century.

The definition instead emphasized the clinical
and physiologic consequences of reversible bron-
chospasm and bronchial hyperresponsiveness
(BHR). This emphasis resulted in controversy
because these two major features of asthma are
found in other common pulmonary conditions
such as COPD and acute viral tracheobronchitis.
During the past decade or so, the emphasis in
asthma research and patient care has again shifted
to inflammation and the recognition that this dis-
tinct feature allows for a more precise definition of
this disease.

An expert panel of the National Institutes of
Health has provided us with the most widely
accepted definition of asthma. The first report of

ACCP Pulmonary Medicine Board Review: 25th Edition

this group was published in 1991. It is often
referred to as the NAEPP Asthma Guidelines. It was
updated as the “Expert Panel Report 3” in 2007.
The guidelines define asthma as

a chronic inflammatory disease of the airways
in which many cells play a role, in particular,
mast cells, eosinophils, and T lymphocytes.
In susceptible individuals this inflamma-
tion causes recurrent episodes of wheezing,
breathlessness, chest tightness, and cough, par-
ticularly at night and / or in the early morning.
These symptoms are usually associated with
widespread but variable airflow limitation that
is at least partially reversible either spontane-
ously or with treatment. This inflammation
also causes an associated increase in airway
hyperresponsiveness to a variety of stimuli.

Pathophysiology

Asthma is caused by a complex interaction of
cells, mediators, and cytokines that results in
inflammation. This interaction causes the following
important pathophysiologic changes in asthma
patients: airway smooth-muscle contraction,
hypertrophy and hyperplasia, microvascular leak-
age, activation of airway neurons, stimulation of
mucus-secreting cells, disruption of the ciliated
epithelium, and the laying down of collagen in the
lamina reticularis of the basement membrane layer.
The characteristic cellular changes involve the fol-
lowing: (1) constitutive cells such as epithelial cells,
mucous glands, endothelial cells, and myofibro-
blasts; (2) resident cells such as bone marrow-
derived mast cells and macrophages; and (3)
infiltrating cells such as eosinophils, CD4 (helper-
cell) T lymphocytes, neutrophils, basophils, and
platelets. These inflammatory cells, including
histamine, platelet-activating factor, and a number
of derivatives of the arachidonic cascade such
as prostaglandin (PG) D, and the cysteinyl leuko-
triene (LT) C,, LTD,, and LTE,, are capable of
generating a wide variety of mediators that can

81



induce bronchoconstriction. A number of typical
histopathologic findings can be found in the
airways of patients with asthma.

Histopathologic Findings

Infiltration of the airways by inflammatory
cells such as mast cells, eosinophils, activated T
lymphocytes, and neutrophils can be demonstrated
by bronchial biopsies and inferred by demonstrat-
ing increased numbers of these cells in BAL fluid.
The extensive bronchial wall infiltration by eosin-
ophils may be accompanied in severe cases by
eosinophilic infiltration of the alveolar septae and
adjacent arteries. The number of activated lympho-
cytes found in bronchial biopsy specimens has
been correlated with the number of local activated
eosinophils and the severity of asthma.

Specific cytokines, most of which are products
of lymphocytes and macrophages, appear to direct
the movement of cells to the site of airway inflam-
mation. They also activate the cells, causing them
to release their mediators. For example, interleukin
(IL)-3, IL-5, and granulocyte-macrophage colony-
stimulating factor direct eosinophils to release a
number of mediators from their preformed gran-
ules. These mediators are major basic protein,
eosinophil cationic protein, eosinophil-derived
neurotoxin, and eosinophil peroxidase. All have
inflammatory effects that contribute to the patho-
genesis of asthma.

Mast cells, usually as a result of IgE-mediated
stimulation, also release preformed mediators,
such as histamine and proteases (eg, tryptase, chy-
motryptase, carboxypeptidase, and kininogenase)
and further act as a regulator of inflammation by
producing cytokines that promote eosinophil infil-
tration and activation. Several mast-cell products
(histamine, LTC,, and PGD,) are smooth-muscle
constrictors and, hence, induce bronchoconstric-
tion. LTs also cause increased mucus secretion.
Increased vascular permeability is caused by
histamine, LTC,, platelet-activating factor, and
bradykinin.

Denudation of the airway epithelium can lead
to airway edema and the loss of substances in the
mucosa that protect the airway. Epithelial damage
promotes BHR because access by irritating sub-
stances to sensory nerve endings is increased.
Similarly, aeroallergens can more readily penetrate
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the airways. It is believed that eosinophil-derived
basic proteins, together with partial reductive
products of oxygen and proteases, contribute to
epithelial fragility. Regeneration first appears as
simple or stratified squamous epithelium before
differentiation and maturation to new ciliated and
mucus (goblet) cells.

One of the characteristic findings in patients
with severe asthma is the presence of tenacious
mucus plugs in the airways. There are approxi-
mately 20 mammalian mucin genes. There are
identified with the letters MUC followed by a
number. MUC5AC is the principal mucin up-regu-
lated by asthma inflammation. Strategies to sup-
press mucin secretion may be possible in the future.
Death from asthma usually occurs from blockage
of the airways by diffuse mucus plugging. In fatal
asthma, evidence shows >98% of the airways are
occluded to some extent with mucus. The presence
of mucus is associated with hyperplasia and meta-
plasia of goblet cells; it may cause lung hyperinfla-
tion caused by the trapping of air or, when more
severe and located in central airways, can cause
atelectasis.

Edema of the airway mucosa is caused by
increased capillary permeability with leakage of
serum proteins into the interstitium. A number of
cell-derived mediators are capable of inducing
edema formation, including histamine, PGE, LTC,,
LTD,, LTE,, platelet-activating factor, and bradyki-
nin. The intense mucosal thickening in asthma
contributes to the airway wall thickness and, there-
fore, airway wall narrowing.

Growing evidence points to asthma as a disease
of airway wall restructuring that involves the acti-
vation of the epithelial mesenchymal trophic unit
(EMTU). Inflammatory cells and mediators interact
with the EMTU to cause the changes we refer to as
airway remodeling. The airway epithelium becomes
an important source of mediators, growth factors,
and chemokines that perpetuate the inflammatory
and repair response. Biopsy studies in patients
with chronic asthma have shown a number of
pathologic changes that support the hypothesis of
increased release of fibroproliferative and fibro-
genic growth factors in in vivo models of asthma.
Growth factors that are thought to be important in
asthma include fibroblast growth factor-2, insulin-
like growth factor-1, platelet-derived growth factor,
endothelin-1, and transforming growth factor-p.
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Thickening of the reticular basement mem-
brane, the laminar reticularis, is observed with
light microscopy, is a constant feature of asthma,
and is diagnostic of the disease. In other chronic
respiratory diseases such as COPD, bronchiectasis,
and tuberculosis, basement membrane thickening
appears to be more focal and variable.

There is evidence of increased bronchial
smooth-muscle mass that contributes considerably
to the thickness of the airway wall. The smooth
muscle of asthmatic patients does not behave
abnormally after isolation; there is no correlation
between airway hyperresponsiveness in vivo and
increased airway muscle sensitivity measures in
vitro. New evidence suggests that the smooth-
muscle cell may secrete cytokines and chemokines
and express cellular adhesion molecules. There-
fore, the smooth muscle that traditionally has been
thought of only as a passive effector cell of asthma,
responsible for bronchomotor tone, may also con-
tribute to the inflammation of asthma. This immu-
nomodulatory function of the smooth muscle is
similar to that found in epithelial cells. There is also
evidence that smooth-muscle cells in the airways
are capable of producing growth factors that can
themselves promote proliferation in an autocrine
manner. The airway architecture is changed by the
deposition of type Il and V collagen and fibronec-
tin beneath the basement membrane. This deposi-
tion has been referred to as subepithelial fibrosis.
Increased numbers of myofibroblasts are also seen
in the reticular layer in biopsy material obtained
from asthmatic patients. There is a microvascular
component to airway remodeling in asthma, with
evidence of angiogenesis in biopsy material and
increased levels of vascular endothelial growth
factor in BAL fluid and sputum.

The structural changes that occur in the air-
ways of asthmatic patients are likely to be detri-
mental and contribute to fixed airway narrowing.
This is particularly true in patients with severe
asthma. Biopsy studies have shown the changes of
airway remodeling in such patients despite treat-
ment with high doses of inhaled and oral cortico-
steroids. Thickening the inner airway wall may
also amplify the degree of luminal narrowing for
a given degree of smooth-muscle shortening,
which might result in an exaggerated narrowing
of the airway after a bronchoconstricting stimulus.
It has been argued that some aspects of remodeling
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have beneficial effects, as follows: stiffening the
airway may result in decreased compressibility
allowing the airways to better resist dynamic com-
pression; and extra connective tissue surrounding
the smooth-muscle cells may provide a radial con-
straint to maximal shortening.

Physiologic Mechanisms

Neurogenic Influences: There is growing evi-
dence that the neural control of the airways is
abnormal in patients with asthma and that neuro-
genic mechanisms may augment or modulate the
inflammatory response. The autonomic nervous
system regulates many aspects of airway function,
such as airway tone, airway secretions, blood flow,
microvascular permeability, and the release of
inflammatory cells. A primary defect in autonomic
control, the B-adrenergic receptor theory, has been
postulated for asthma. It is more likely, however,
that autonomic dysfunction is a secondary defect
caused by inflammation or by the effects of treat-
ment. For instance, inflammatory mediators can
modulate the release of neurotransmitters from
airway nerves such as irritant receptors and C-fiber
endings. They can also directly act on autonomic
receptors such as those that cause reflex broncho-
constriction from gastroesophageal reflux.

There is also evidence that the nonadrenergic,
noncholinergic nervous system is important in the
pathogenesis of asthma. As the airway epithelium
becomes denuded, sensory nerve endings may
become exposed, causing a release of potent neu-
ropeptides such as substance P, neurokinin A, and
calcitonin gene-related protein. These neurome-
diators can lead to bronchoconstriction, microvas-
cular leakage, and mucus hypersecretion.

This neurogenic inflammation of the airways,
triggered by sensitized sensory nerve endings, has
been postulated to cause airway “hyperalgesia”
and result in symptoms such as cough and chest
tightness. Nitric oxide (NO) also appears to be one
of the neurotransmitters of the nonadrenergic,
noncholinergic system and is an important braking
mechanism that can initiate bronchodilation.

BHR: Airway inflammation is thought to be
a key factor in producing BHR, which is a cardi-
nal feature of asthma. This inflammation can be
described as an exaggerated bronchoconstrictive
response by the airways to a variety of stimuli such
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as aeroallergens, histamine, methacholine, cold air,
and environmental irritants. It is not clear whether
bronchial hyperreactivity is acquired or is present
at birth and genetically determined to appear with
the appropriate stimulus. It is thought that airway
inflammation is the stimulus for BHR because it
may be induced by a number of inciting events.
These events include viral respiratory infections, an
IgE-mediated allergic reaction, and the inhalation
of noxious agents such as ozone or sulfur dioxide.
Antiinflammatory agents such as inhaled cortico-
steroids (ICS) are effective in reducing BHR.

The degree of BHR can be determined in the
pulmonary function laboratory by standard inha-
lation challenge testing. The methacholine and
histamine inhalation challenges are the most fre-
quently used clinical tools to determine the pres-
ence and degree of BHR. Cold air and hypotonic
saline solution challenges also are performed.
Although the end result of this testing, airway nar-
rowing, is the same for these provocative agents,
the mechanisms that cause the airways to constrict
vary. Methacholine and histamine act directly on
airway smooth muscle. Exercise and hyperosmolar
or hypoosmolar solutions act indirectly by releas-
ing pharmacologically active substances from
mediator-secreting cells such as mast cells. Sulfur
dioxide and bradykinin act by directly stimulating
airway sensory nerve endings.

The inhalation of hypertonic saline solution or
mannitol and adenosine 5-monophosphate have
been advocated as producing more diagnostic
provocation for asthma than histamine or metha-
choline but have not attained widespread use
clinically. The degree of BHR usually correlates
with the clinical severity of asthma and the medi-
cation needs of the patient. In addition, fluctuations
of diurnal peak flow measurements correlate with
the degree of BHR.

Airway Obstruction: Airway obstruction is
another cardinal feature of asthma. The causes
of airflow limitation in patients with asthma are
listed in Table 1. During an acute asthma attack,
lung hyperinflation occurs. This results in an
increase in lung elastic recoil forces, which act on
the airways to prevent further narrowing. This
occurs because of the interdependence of lung
volume and airway caliber because parenchymal
attachments cause greater tethering of the airways
at greater lung volumes.
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Table 1. Causes of Airflow Limitation in Asthma

Acute bronchoconstriction
Mucus plugging of airways
Bronchial wall edema
Inflammatory cell infiltration
Airway wall remodeling (fibrosis)
Smooth-muscle hypertrophy
Uncoupling of elastic recoil forces

Inflammation of the bronchial wall, however,
may uncouple the mechanical linkage between the
parenchyma and the airway, which may contribute
to airway narrowing and also to BHR. During an
acute attack of asthma, airway resistance increases,
and all measures of airflow (eg, peak expiratory
flow rate [PEFR], FEV , FEV /FVC ratio, and spe-
cific conductance) are abnormal. During remission,
the results of these tests may be normal, and yet
considerable dysfunction may be present in periph-
eral airways. Studies in which the authors used a
wedged bronchoscope technique have shown that
peripheral resistance can be 10-fold greater than
that in healthy subjects. There is evidence that this
resistance is linked to BHR. In many asthmatic
patients, particularly children and younger adults
with milder disease, airflow obstruction is com-
pletely reversible. In most elderly asthmatic
patients and those of any age group with more
severe and persistent symptoms, airflow obstruc-
tion is only partially reversible despite continuous
intense antiinflammatory and bronchodilator
therapy, including large doses of oral corticoste-
roids. The reasons for these permanent physiologic
changes remain obscure, and it is suspected that
airway remodeling is, at least in part, responsible.

Atopic Asthma

Atopy may be defined as the largely genetic
susceptibility for developing IgE directed to epit-
opes expressed on common environmental aller-
gens such as dust mites, animal proteins, pollens,
and fungi. Atopic (allergic) reactions in the upper
airways (eg, nose and sinuses) and lower airways
are both important in the pathogenesis of asthma.
The term extrinsic asthma has been used to describe
asthma that is triggered by exposure to inhaled
aeroallergens. Cellular responses may occur with
the first exposure to a specific antigen in such
genetically predisposed individuals. The antigen
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is trapped in airway mucus and is exposed to
underlying epithelial cells and resident dendritic
(Langerhans) cells. As the antigen penetrates
beneath the mucosa, it is likely exposed to granu-
locytes and tissue macrophages and eventually
enters the lymphatic system after enzymatic
degradation.

In performing these functions, antigen-
presenting cells (APCs) are setting the stage for
subsequent lymphocyte activation to occur. It is
not definitely known which cells are the APCs.
There is a key role for naive CD4" T thymocytes
(called THO cells). As they come in contact with the
antigen on the APCs, these lymphocytes become
differentiated and activated (CD4"/CD25" state).
The specific subclass of THO cells that become dif-
ferentiated during this allergic reaction are called
TH2 cells and are to be distinguished from the TH1
subclass that is associated with the delayed hyper-
sensitivity reaction. The TH2 subclass is associated
with the release of specific ILs and other cytokines
that are responsible for episodic and chronic aller-
gic reactions. For example, in the sensitization
stage, the release of IL-4 enhances the synthesis of
IgEs by antigen stimulated B lymphocytes (plasma
cells). IgE infiltrates the airways and becomes fixed
to mast cells, basophils, and dendritic cells through
high-affinity cell surface receptors. This step sets
the stage for the acute allergic response with the
inhalation of more antigens.

This reaction can be divided into an early (min-
utes after exposure) bronchospastic response and
a late (hours after exposure) inflammatory
response. First, the antigen bridges to at least two
IgE antibodies. Then, mast-cell degranulation and
synthesis of proinflammatory molecules occurs.
The synthesized mediators are IL-3, IL-4, IL-5,
tumor necrosis factor (TNF)-a, granulocyte-mac-
rophage colony-stimulating factor, and arachidonic
acid derivatives LTs, PGD,, and thromboxane A,.
The late-phase response is initiated by mast-cell
mediators as follows: IL-5 is a chemoattractant for
eosinophils, IL-3 and IL-5 are chemoattractants for
basophils, LTB, appears to attract neutrophils, and
TNF-o increases the number of adhesion molecules
on endothelial cells that enhance the adhesion of
leukocytes.

The formation of antigen-specific IgE antibody
usually does not occur until the second or third
year of life. The prevalence of allergic asthma is,
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therefore, less common during infancy. Allergen
exposure during infancy to cat antigen has been
shown to be a predictor of skin test sensitivity and
asthma at age 6 years. The prevalence of atopy
increases throughout childhood and adolescence
and peaks in the second decade of life. Sensitiza-
tion to indoor aeroallergens (eg, dust mites, cock-
roaches, molds, and animals) and outdoor
aeroallergens (eg, pollens and molds) may be an
important cause of acute and chronic recurrent
symptoms in patients in these age groups. Often
allergic asthma has a well-defined seasonal varia-
tion; avoidance of the offending antigen may result
in a dramatic improvement of symptoms and in
pulmonary function and BHR.

Nonatopic Asthma

The term intrinsic asthma is used to describe
patients who have none of the typical features of
atopy, including a positive family history of allergy
and asthma, positive immediate hypersensitivity
reactions to skin-prick tests after exposure to a
variety of aeroallergens, and an increased serum
IgE level. Usually, such patients are older than
atopic asthmatic patients and have a later onset of
asthma. Bronchial biopsy studies in patients with
intrinsic asthma have been compared with a group
of patients with extrinsic asthma with a compa-
rable severity of symptoms. There is a more intense
inflammatory cell infiltrate in the bronchial mucosa
of the intrinsic asthmatic patients with leukocytes,
macrophages, and CD3 and CD4 cells. Patients
with intrinsic asthma have an exaggerated T-cell
response to maintain the same degree of symptoms
and BHR. This may mean that intrinsic asthma may
involve activation by an as-yet unidentified anti-
gen. Putative nonallergic antigens that may cause
such reactions include viral antigens or inappro-
priately recognized “self-antigens.”

Risk Factors for Asthma
Genetics of Asthma

Although it is generally agreed that there is a
major hereditary contribution to the etiology of
asthma, the inheritance patterns are complex, and

asthma cannot be simply classified as having
an autosomal-dominant, autosomal-recessive, or
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sex-linked mode of inheritance. This may be in
large part caused by the marked heterogeneity of
the asthma phenotype. For example, the role of
contributing factors such as atopy, viruses, aspirin
sensitivity, exercise, and occupational exposure
differs greatly among patients with asthma. Vari-
ability in clinical symptoms, severity of disease,
degree of BHR, and response to therapy are other
examples of disease heterogeneity. However,
genetic studies have discovered multiple chromo-
somal regions that may contain genes that contrib-
ute to asthma. High serum IgE levels have been
linked to chromosomes 5q, 11q, and 12q. Clinically,
there is a strong correlation between BHR and
increased IgE levels, and evidence shows there is
coinheritance of genes for atopy and BHR found
on these same chromosomes.

Population studies that have conducted
genome-wide screens have contributed to our
understanding of the inheritance of asthma. They
have shown the linkage of asthma, BHR, total IgE
levels, and elevated eosinophil counts to multiple
chromosomal regions. Chromosomes 2q, 3p, 5q,
6p, 12q, 13q, 19q, and 21q are likely to contain
genes for allergy and asthma. These genome
screens also have found numerous loci that contain
potential candidate genes that can regulate the
immune response of asthma. For example, genes
that regulate IgE production, 8,-adrenergic and
glucocorticoid receptor function, and the inflam-
matory mediator response have been found. They
may be important in determining genetic suscep-
tibility, responses to environmental stimuli, and
responses to treatment.

After the identification and characterization of
the B-receptor gene, variants of the gene were
evaluated to see whether they could be responsible
for the expression of asthma. One mutation (the
substitution of glycine for arginine at position 16)
was associated with more severe asthma and espe-
cially with more severe nocturnal symptoms. This
mutation causes an increase in the degree of ago-
nist-promoted down-regulation of receptor expres-
sion. Studies by researchers in China have shown
that the increased risk for the development of
asthma in homozygotes for this allele is profoundly
affected by cigarette smoking. Another mutant at
position 27 renders the receptor more resistant to
B-agonist down-regulation and has been associated
with less intense BHR in patients with asthma.
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Genes determining the specificity of the immune
response also may be important to the pathogen-
esis of asthma. Genes located on the human leuko-
cyte antigen complex may govern the response to
aeroallergens in some individuals. Genes on chro-
mosomes 11, 12, and 13 may direct the control of
proinflammatory cytokines. Chromosome 12, for
example, contains genes that encode for interferon-
7, mast-cell growth factor, insulin-like growth fac-
tor, and NO synthase. Polymorphisms of the IL4RA
gene have been associated with severe exacerba-
tions and poor lung function, and the ADAM33
gene, which is expressed on smooth-muscle cells,
fibroblasts, and myofibroblasts and plays a role in
cell signaling, appears to be a susceptibility gene
for asthma and is associated with an accelerated
decrease in lung function. It should be noted that
despite many encouraging reports, most studies
on the genetics of asthma that show an association
between asthma-related phenotypes and alleles
within a specific gene have generally lacked statis-
tical power.

Sexand Race

Childhood asthma is more prevalent in boys,
but this prevalence is reversed in puberty and
adulthood. The overall prevalence, therefore, is
greater in female individuals. Black race/ethnicity
is associated with a greater risk of asthma death,
independent of socioeconomic status and educa-
tion. The greater incidence of asthma that has been
observed with urbanization suggests that environ-
mental factors maybe as important as genetic and
racial factors. In fact, subjects of different races
acquire the risk of the population to which they
move.

Environmental Factors

Allergens and occupational factors are consid-
ered to be the most important causes of asthma.
Several epidemiologic studies have shown a cor-
relation between allergen exposure and the preva-
lence of asthma and the improvement of asthma
when allergen exposure ceases. Important indoor
allergens include domestic (house dust) mites;
animal allergens (eg, cats, dogs, and rodents); cock-
roach allergen; and fungi (Alternaria, Aspergillus,
Cladosporium, and Candida sp). House dust is
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composed of several organic and inorganic com-
pounds, including insects and insect feces, mold
spores, mammalian dander, pollen grains, fibers,
mites, and mite feces. Outdoor allergens include
pollens (mainly from trees, weeds, and grasses);
fungi; molds; and yeasts. Occupational asthma is
discussed in a later section.

Air Pollution

Both outdoor and indoor pollutants contribute
to worsening asthma symptoms by triggering
bronchoconstriction, increasing BHR, and enhanc-
ing responses to inhaled aeroallergens. The two
main outdoor pollutants are industrial smog (sul-
fur dioxide particulate complex) and photochemi-
cal smog (ozone and nitrogen oxides). Whether
long-term exposure is further injurious is not clear.
Modern construction techniques have been sus-
pected of causing greater indoor air pollution. In
energy-efficient buildings, there is 50% less turn-
over of fresh air. Indoor pollutants include cooking
and heating fuel exhausts as well as insulating
products, paints, and varnishes that contain form-
aldehyde and isocyanates. Long-term passive
cigarette smoke exposure has been linked to new-
onset asthma in children and adults as well as
worsening asthma symptoms in those with preex-
isting asthma. The effect of cleaning solutions and
sprays in the home a number of times a week has
been linked to an increased risk of asthma develop-
ing. Health-care professionals also have increased
odds of asthma developing when exposed to aero-
solized irritants, cleaning solutions, nebulized
medications, and powdered latex gloves. Nurses
show the greatest risk; there is a correlation with
the length of time on the job.

Respiratory Infections

The role of respiratory infections in the patho-
genesis of asthma has been under intense investiga-
tion. It has been established that viral respiratory
infections are common precipitators of asthma.
Whether they can initiate the disease de novo is sus-
pected but has not been strongly suggested. There
are strong data to suggest that some of the atypical
bacteria, such as Chlamydia pneumoniae and Myco-
plasma pneumoniae, also may be involved. These
organisms are temporally related to exacerbations
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of asthma and can be found by the use of poly-
merase chain reaction techniques to be present in
bronchial biopsy specimens obtained from patients
with chronic stable asthma. There have also been
reports of asthma appearing for the first time after
an active infection with both of these organisms, as
well as significant improvement in lung function
and symptoms with antimicrobial therapy directed
to these organisms. In one prospective study, M
pneumoniae or C pneumoniae was found in the air-
ways of >60% of a group of stable patients with
chronic asthma. Therapy with the macrolide anti-
biotic clarithromycin improved lung function and
decreased tissue expression of IL-5 in those patients
who were polymerase chain reaction positive to
these organisms. This finding suggests that antibi-
otic use in some patients with persistent asthma
may help to control the disease.

Allergic Rhinitis

Nasal and sinus diseases are common comor-
bidities in patients with asthma. Allergic rhinitis
(AR) and asthma commonly occur together; > 40%
of children with AR have asthma. Furthermore, the
presence of AR in a child <7 years of age predicts
future asthma; smokers with AR have a threefold
increased risk for developing asthma. Whether this
risk is because AR and asthma are the same disease
process or are two different diseases that affect the
same susceptible population is not known. The fact
that the eosinophilic and lymphocytic inflamma-
tion in the upper and lower airways are the same,
and also that the severity of both diseases occurs
in parallel, support the former theory. It has been
discovered that patients with AR, despite the pau-
city of pulmonary symptoms, have abnormal lung
function and, when tested with methacholine or
histamine, demonstrate BHR. Exhaled NO also has
shown to be increased in such patients, and bron-
chial biopsies have demonstrated eosinophils and
mast cells. There has been considerable interest in
whether treatment of the upper airway improves
asthma control. Retrospective studies suggest it,
but prospective studies have been disappointing.

Other Factors

A number of interesting epidemiologic asso-
ciations have come to light concerning the risk of
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the development of asthma and atopy. For instance,
being underweight and being overweight are both
associated with an increased risk of the develop-
ment of asthma. There is some evidence that
weight loss in obese asthmatic patients is associ-
ated with improved symptoms and lung function,
especially PEFR variability. Growing up on a farm
decreases the risk of atopy and allergic rhinitis in
adulthood, suggesting that environmental factors
may have a lifelong protective effect against the
development of allergy. In developing countries,
the move to cities is associated with a switch from
biomass fuels such as wood, charcoal, and animal
wastes to gas and electricity. The use of modern
fuels has been associated with an increased rate of
allergic sensitization and symptoms. Studies indi-
cate a reverse relationship between family size and
asthma. This finding and others suggest that the
exposure of young children to older children at
home or to children at day-care centers protects
against the development of asthma. There has been
some suggestion that the use of dietary antioxi-
dants may protect against the development of
asthma. In one study, for example, the severity of
asthma was negatively associated with the con-
sumption of red wine. This is another bit of evi-
dence to suggest that flavonoids and other dietary
antioxidants may protect against asthma.

The Natural History of Asthma

The most reliable information on the natural
history of asthma comes from large community
surveys. Comparisons from country to country and
even within the same country are difficult to make
because of the varying criteria used to make the
diagnosis and the inclusion of cigarette smokers
who might also have underlying COPD. The peak
prevalence of asthma in all studies is in childhood
and is approximately 10% of the population. This
rate decreases to approximately 5 to 6% in adoles-
cence and early adulthood, when remission rates
are quite high. The prevalence increases again dur-
ing later adulthood to 7 to 9%.

The relationship of atopy and asthma has been
carefully studied. In children and adults, the pres-
ence of bronchial hyperreactivity correlates with
the presence and number of positive immediate
hypersensitivity skin test results to inhalant aller-
gens. The presence of positive skin test results in
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infants of allergic parents correlates with the onset
of asthma in later childhood, and the number of
positive skin test results shows a correlation with
the severity of asthma in childhood and early
adulthood. Studies correlating skin test reactivity
to house dust mite exposure and asthma also
strongly implicate atopy in the pathogenesis of
asthma. One alternative theory is that there is one
common mechanism involved in the development
of both IgE-mediated hypersensitivity and bron-
chial hyperreactivity or that the two may be related
by genetic linkage. This would suggest that there
is not a causal relation between atopy and asthma
and would explain why certain patients (intrinsic
asthmatic patients) have no allergic basis for their
asthma.

It has been stated that most patients with
asthma during childhood will outgrow it by early
adulthood. Statistics show that this is true in only
30 to 50% of children with asthma and is more
likely in male patients than in female patients.
Lung growth appears to be relatively normal in
children with asthma but can be reduced in some
with more severe and persistent symptoms. Even
in those who become asymptomatic at puberty,
lung function frequently remains abnormal, and
cough and BHR persist. The following three fea-
tures of childhood asthma may predict those who
are more likely to have persistent symptoms into
adulthood: severe atopy determined by skin test-
ing; a marked degree of bronchial reactivity; and
difficult-to-control asthma. This is particularly
evident in young girls. Elevations in serum IgE
levels, eosinophilia, and skin test reactivity to
aeroallergens are seen in children with persistent
wheezing from early childhood to later childhood
but not in those who wheeze in the first 6 years of
life but outgrow their wheezing by age 6 years (ie,
transient wheezers).

In adulthood, there is a steady incidence of
new-onset asthma through patients of all ages, even
in elderly patients. Many patients begin with recur-
rent wheezing after respiratory viral infections.
This pattern may gradually or abruptly develop
into persistent wheezing and often severe, poorly
responsive disease. At other times, asthma devel-
ops explosively, with no previous respiratory
symptoms, immediately after the onset of a typical
viral respiratory infection. Longitudinal studies of
asthmatic patient populations have shown that
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although remission from asthma is common in the
second decade, it is much less common in older age
groups, although it still may be as high as 20 to
30%. Asthmatic subjects who have severe symp-
toms, reduced ventilatory function, and a con-
comitant diagnosis of COPD are much less likely
to experience remission. Not infrequently, heavy
cigarette smokers in whom COPD has developed
may also manifest acute bronchospasm that is
responsive to therapy with inhaled bronchodila-
tors. This pattern is similar to that seen with
asthma. Because of the underlying emphysema and
chronic bronchitis, these patients have an element
of irreversible airflow obstruction, and they often
are labeled as having asthmatic bronchitis to dis-
tinguish them from those with pure asthma and to
identify the irreversible component of their disease.
Unlike some adult asthmatic patients, those
patients with asthmatic bronchitis will not ever
have a complete remission of their disease. Asthma
may also result from exposure to occupational
hazards. Remission usually occurs when the patient
is removed from the offending environment, but
unfortunately, this is not always the case.

Clinical Features of Asthma
Symptoms of Asthma

The typical triad of symptoms of asthma is
wheezing, shortness of breath, and cough with or
without sputum production. These symptoms are
not specific for asthma and can be seen in other
acute and chronic airway diseases. For example,
an acute viral tracheobronchitis associated with or
after typical upper respiratory infection symptoms
can cause the asthma triad of symptoms and can
be associated with BHR for up to 6 weeks. Unlike
asthma, these symptoms usually resolve com-
pletely over time. COPD caused by emphysema
and chronic bronchitis can also cause typical
asthma symptoms, and the distinction between
these conditions can become quite difficult, espe-
cially when COPD is complicated by acute viral or
irritant-induced bronchospasm.

In general, the symptoms of asthma are con-
siderably more episodic and of more sudden onset
than those of COPD, and periods of prolonged
remission are typical. Attacks of asthma are likely
to be provoked by known aeroallergens, especially
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in the younger atopic population. It is not unusual
for asthmatic patients to have a history of wheezing
and shortness of breath after exposure to house-
hold pets such as cats and dogs. Sensitivity to rats,
guinea pigs, and other small animals may similarly
develop in animal handlers and laboratory work-
ers. Asthma may occur seasonally, such as during
ragweed season in the fall or during flower and
tree blooming in the spring. It is believed that
exposure to household mites that live in bedding,
in floor rugs, and on other fabrics found in the
house also is a major cause of asthma symptoms,
especially in warmer climates that favor their
growth. Similarly, in areas of the inner city, espe-
cially where poverty is found, cockroach exposure
is an important inciting agent of atopic asthma.

The immediate hypersensitivity reaction
(atopic reaction) has two phases, an immediate
reaction that causes symptoms within minutes
after exposure and a delayed reaction that occurs
up to 6 h after exposure. Sometimes exposure to
an aeroallergen results in a predominantly delayed
allergic reaction. The patient may not recognize the
offending agent since the exposure has occurred
many hours previously.

Typically, the triad of symptoms of asthma
presents simultaneously, but this is not always the
case. There is evidence that some patients with
asthma perceive their symptoms poorly. In studies
of acutely ill asthmatic patients, up to 10% of them
have no shortness of breath and complain only of
wheezing and cough. The reasons for the lack of
dyspnea remain obscure, but the following several
observations are relevant:

¢ Asthmatic subjects have a greater threshold for
tolerating resistive loads than normal subjects.

¢ Asthmatic subjects with greater resting baseline
airflow obstruction are less likely to perceive
worsening lung function after a cholinergic
inhalation challenge.

¢ Symptoms caused by a precipitous decrease in
lung function caused by the immediate hyper-
sensitivity reaction are better perceived than
those that may occur as a result of a slower
equal decline in lung function caused by the
late-onset reaction.

¢ Abnormalities in the perception of asthma
symptoms have important therapeutic implica-
tions, eg, an asthmatic patient who is not able to
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detect increased airway resistance will not reach
for appropriate medication when necessary.

e Finally, it has been postulated that poor percep-
tion of asthma in some patients may be respon-
sible for fatal and near-fatal attacks, especially
in the elderly because impaired perception of
bronchospasm is also a feature of aging. Objec-
tive monitoring of airway function by means of
spirometry and peak flowmeters is essential for
asthma prevention.

Other variant manifestations of asthma also
occur. Patients with asthma may present with only
cough or dyspnea as isolated symptoms. A non-
productive cough may be present for years as a
sign of asthma before the full triad of symptoms
begins. Cough is probably caused by the stimula-
tion of airway sensory nerves by inflammatory
mediators. The asthmatic cough is often provoked
by respiratory irritants such as cigarette smoke and
by cold air, laughter, and cough itself. Many times,
a single cough will begin a series of violent cough-
ing paroxysms that may last for many minutes and
lead to exhaustion. Cough may be provoked also
by deep inhalation and by forced exhalation. This
mechanism may be useful as a bedside test because
a coughing paroxysm induced by a deep-breathing
maneuver suggests hyperreactive asthmatic
airways.

Because patients with isolated cough or dys-
pnea may have normal findings on pulmonary
function studies, reversible airflow obstruction
may not be possible to document. In such cases,
bronchoprovocation testing with histamine or
methacholine may be useful in making the proper
diagnosis. Other symptoms of asthma are chest
tightness, substernal pressure, chest pain, and
nocturnal awakenings. These symptoms are more
likely to be confused with cardiac disease, espe-
cially ischemic heart disease, in the older individ-
ual. Gastroesophageal reflux also causes a feeling
of chest tightness in addition to heartburn. Reflux
can exacerbate asthma, especially in children, and
sometimes the treatment of reflux can result in
improvement of asthma. In patients with symp-
tomatic reflux, upper respiratory symptoms are
very common, and they can be confused with the
symptoms of asthma. For example, cough may be
the sole presenting manifestation of gastroesopha-
geal reflux. Symptoms of nasal and laryngeal
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irritation are common to both gastroesophageal
reflux and asthma, and objective measures of air-
way disease can be helpful in distinguishing the
two.

Physical Signs of Asthma

The physical findings associated with acute
bronchospasm of asthma are (1) the direct result of
diffuse airway narrowing and hypersecretion of
mucus, and (2) the indirect result of reflex influ-
ences from an increase in the work of breathing,
increased metabolic demands on the body, and
diffuse sympathetic nervous discharge. Tachypnea
and tachycardia are universal features of acute
asthma. The average respiratory rate is between 25
and 28 breaths/min, and the average pulse rate is
100 beats/min. Respiratory rates of > 30 breaths/
min and heart rates of >120 beats/min are not
uncommon and may be seen in as many as 25 to
30% of patients.

Sinus tachycardia is also a known complication
of asthma therapy that occurs with the use of drugs
such as sympathomimetics and theophylline. Usu-
ally, however, because airway function improves
with sympathomimetic treatment, sinus tachycar-
dia actually improves rather than worsens. In
patients with acute asthma, premature ventricular
contractions occur occasionally, whereas atrial
arrhythmias are extremely uncommon. Other ECG
abnormalities seen in acute severe asthma include
P-pulmonale, right axis shift, right bundle-branch
block, and right ventricular strain.

Diffuse musical wheezes are characteristic of
asthma, but their presence or intensity does not
reliably predict the severity of asthma. By the time
wheezing can be detected by stethoscope, peak
flow rates may be decreased by as much as =25%.
In general, wheezing during inspiration and expi-
ration, loud wheezing, and high-pitched wheezing
are associated with greater airway obstruction. In
very severe cases, wheezing may be absent. This
suggests very poor air movement and impending
respiratory failure.

A prolonged phase of exhalation is typically
seen, as is chest hyperinflation. These are the
result of airflow obstruction and trapped air,
respectively. Accessory muscle use, pulsus para-
doxus, and diaphoresis are associated with severe
airflow obstruction, although their absence does
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not rule out a severe attack. Cyanosis and signs of
acute hypercarbic acidosis, such as mental obtun-
dation, are absent in all but extreme cases. Acces-
sory muscle use and pulsus paradoxus are caused
by large negative changes in intrapleural pressure,
and they may not be manifest in the patient with
rapid, shallow breathing. They are reported to be
present in 30 to 40% of patients with acute
asthma.

Objective Measures of Asthma
and Asthma Severity

The use of objective measurements of pulmo-
nary function is important in patients with asthma
because the perception of asthma symptoms often
is poor and the physician’s findings on physical
examination may either overestimate or underes-
timate the severity of the airflow obstruction. The
following four tests of pulmonary function are
extremely useful for establishing the diagnosis of
asthma and/or for following the clinical course of
the patient once the diagnosis has been made: (1)
spirometry, (2) PEFR measurements with a peak
flowmeter, (3) arterial blood gas analysis, and (4)
bronchoprovocation testing.

During an acute attack of asthma, on average
the FEV, is reduced to approximately 30 to 35% of
predicted, and the FVC to approximately 50% of
predicted. The FEV, in absolute terms is reduced
to approximately 1 L. The PEFR is reduced to
approximately 150 L/min. Reversible airflow
obstruction is characteristic of asthma and can be
demonstrated by spirometry: a >15% improve-
ment in the FEV, (and an absolute value >200 mL)
5 to 10 min after treatment with a short-acting
inhaled B-agonist generally is accepted as a sig-
nificant change. Alternatively, after outpatient
treatment, a >15% improvement in the FEV,
between office visits proves the presence of revers-
ible airway disease and supports a diagnosis of
asthma.

Short-term home monitoring with the PEFR
meter can be useful in the diagnosis of asthma and
identification of environmental triggers of asthma
and also can be used to detect early signs of dete-
rioration when symptoms change. Long-term
monitoring is useful for those with severe brittle
asthma and for those who have a poor perception
of asthma symptoms. Peak flow measurements
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ideally should be performed early in the morning
(when measurements tend to be lowest) and in the
evening (when they should be highest), 5 to 10 min
after the patient inhales a B-agonist. Each patient
should establish a personal best PEFR after a
period of maximal therapy. The severity of asthma
is reflected not only by the level of baseline obstruc-
tion but also its variability during a 24-h period.
A zone system has been provided by the NAEPP
guidelines for patient ease, as follows: green is 80
to 100% of the personal best and shows good con-
trol; yellow is 50 to 80% of the personal best and
signals caution that asthma is not under sufficient
control, and red is <50% of personal best and
signifies danger and the need for immediate phy-
sician intervention.

A diurnal variation in PEFR of 20% is diagnos-
tic of asthma. The magnitude of peak flow vari-
ability is in general proportional to the severity of
the disease. A high degree of variability signals
unstable asthma that demands increased medica-
tion. Virtually all asthmatic patients have hypox-
emia during an acute exacerbation; the more severe
the attack, the lower the arterial oxygen tension.
Arterial blood gas analysis is helpful during a
severe attack. During an acute attack, an assess-
ment of oxygen saturation by transcutaneous
oximetry is helpful to ensure adequate oxygen-
ation. The mechanism of arterial hypoxemia is
ventilation/perfusion mismatch. Areas with low
ventilation/perfusion ratios cause hypoxemia and
are caused by bronchospasm, mucus plugging, and
mucosal swelling from inflammation.

Hypocarbia and respiratory alkalosis are pres-
ent in approximately 75% of patients with acute
asthma. When the obstruction worsens and the
FEV, approaches about 15 to 20% of predicted, the
Pco, normalizes. Carbon dioxide retention occurs
when the FEV, reaches <15% of predicted and the
absolute FEV is very severely reduced to <0.5 L.
Acute respiratory acidosis results. This occurs in
approximately 10% of asthmatic patients who seek
emergency care. The mechanism of carbon dioxide
retention in patients with severe asthma is severe
ventilation-perfusion mismatch. High ventilation/
perfusion ratios result in dead space or wasted
ventilation. As the work of breathing increases and
carbon dioxide production rises, the lungs become
incapable of removing the carbon dioxide that is
produced, and respiratory acidosis occurs.
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It is believed that respiratory muscle fatigue
also contributes to respiratory failure and, in
extreme cases, sudden respiratory muscle failure
can result in acute cardiopulmonary arrest. Super-
imposed metabolic acidosis is observed on blood
gas analysis in severe cases. This may be the result
of lactic acidosis caused by vigorous muscle con-
traction or to inadequate cardiac output and may
possibly be seen as a complication of excessive
symptomatic use. Inhalation challenge testing is
useful in some patients when the diagnosis of
asthma is not secure. This occurs when the patient
has normal peak flow rates and spirometry findings
yet typical asthma symptoms are present. In such
cases, an FEV, response to an inhaled bronchodila-
tor cannot be used as a criterion for asthma. If the
fluctuation in diurnal PEFR is also not useful,
methacholine or histamine bronchoprovocation
testing can be helpful. Low concentrations of the
agonist are inhaled after baseline spirometry
ensures normal or nearly normal airway function.

Gradually increasing doses are administered,
either by tidal volume breathing or by single deep
breaths from a dosimeter, and the forced spirogram
is repeated after each dose. A calculation of the
FEV, at the administration of each dose produces
a dose-response curve. If the FEV, decreases 20%
below baseline at any standard dose, the test result
is positive. An inhaled B-agonist is administered,
which promptly returns lung function to baseline.
A positive methacholine challenge result is typical
of asthma, but it is not specific because it can be
seen in a number of other inflammatory airway
diseases and in patients who have allergic rhinitis
without asthma. A normal response to methacho-
line or histamine is incompatible with asthma, and
an alternative diagnosis should be considered.

Exercise testing is a form of bronchoprovoca-
tion testing that is especially useful in children.
Using a standard 6-min protocol, a 15% decrease
in FEV, or a 20% decrease in PEFR from baseline 5
to 15 min after exercise is considered to be diag-
nostic. Although the presence and quantification
of various inflammatory cells and mediators in
sputum and body fluids have been used to reflect
the activity of inflammation in asthma, there is
unfortunately there are no biomarkers of disease
activity that can be used clinically. NO is a reactive
gas that is formed from arginine through the action
of NO synthase. In asthma, there is some evidence
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that this enzyme is up-regulated, and elevated
levels of NO have been detected in the exhaled air
of asthmatic subjects. Exhaled NO is well estab-
lished as a marker of eosinophilic inflammation
and has been shown to correlate with sputum
eosinophil counts, BHR, serum IgE levels asthma
symptoms and lung function tests. It has been
shown to be a fairly effective screening tool with a
sensitivity of 88% when there are levels of =20
parts per billion in patients with asthma symp-
toms. Unfortunately, exhaled NO levels do not
correlate with disease severity, but serial measure-
ments may aid in monitoring disease activity. They
have shown promise, for example, in identifying
pending exacerbations of asthma. A standardized
method of measurement must be carefully fol-
lowed to prevent spurious results. The availability
of a low-cost, hand-held analyzer may lead to more
use, especially when adequate reimbursement by
insurance companies is available.

The Treatment of Asthma

There are both short-term and long-term thera-
peutic objectives for every asthmatic patient. The
short-term objectives are the control of immediate
symptoms and the response to decreasing peak
flow rate measurements. Long-term objectives are
those directed at disease prevention because there
are now well-proven strategies to avoid serious
exacerbations of acute bronchospasm that often
lead to ED visits or hospitalization. To meet these
therapeutic objectives, four components of asthma
care should be addressed. First, the optimal treat-
ment of asthma depends on a careful assessment of
the patient’s symptoms as well as objective moni-
toring by office spirometry and home PEFR mea-
surements. Second, the treatment of asthma with
bronchodilator and antiinflammatory medications
is tailored to the patient’s needs and relies on a
staging system that is based on the symptoms and
objective measures of lung function. Third, mea-
sures should be taken to avoid exposure to respira-
tory allergens and irritants that can cause the
worsening of symptoms, including the avoidance
of outdoor allergens such as ragweed, grass, pol-
lens, and molds and indoor allergens such as animal
dander, house-dust mites, and cockroach antigen.
When exposure cannot be avoided, allergen immu-
notherapy should be considered, although this
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modality is somewhat controversial. Indoor irri-
tants such as smoke from cigarettes and wood-
burning stoves, strong odors, and cleaning solutions
are particularly troublesome. Fourth, patient educa-
tion can be a powerful tool in asthma control. Fam-
ily members also can be helpful, especially with
children and elderly adults. Active participation by
a patient in monitoring lung function, the avoid-
ance of provocative agents, and decisions regarding
medications provide asthma management skills
that give that patient the confidence to control his
or her own disease.

Medications for Asthma

Antiinflammatory ~ Agents: Antiinflammatory
agents are capable of reducing airway inflamma-
tion and thus improving lung function, decreasing
bronchial hyperreactivity, reducing symptoms, and
improving the overall quality of life. Corticoste-
roids are the most useful antiinflammatory agents.
They act by preventing the migration and activa-
tion of inflammatory cells, interfering with the pro-
duction of PGs and LTs, reducing microvascular
leakage, and enhancing the action of 3,-adrenergic
receptors on airway smooth muscle.

Corticosteroids are available for oral, paren-
teral, and inhaled use. Oral preparations such as
prednisone are useful for the treatment of acute
exacerbations of asthma that are unresponsive to
bronchodilator therapy. Doses of 40 to 60 mg/d are
administered until the patient responds, and then
the dosage can be slowly tapered down. Often,
poorly controlled asthma requires daily or every-
other-day maintenance therapy with prednisone
in dosages of 10 to 15 mg. IV corticosteroids, usu-
ally administered as methylprednisolone, 60 to 80
mg every 6 to 8 h for 1 or 2 days, are effective within
4 to 6 h of administration in preventing further
progression of the severe asthma exacerbation that
requires hospitalization.

ICS are safe and effective treatment for moder-
ate-to-severe asthma and have been in use for > 20
years. Formulations of beclomethasone, triam-
cinolone, flunisolide, fluticasone, budesonide, and
ciclesonide can reduce airway inflammation with
one to several months of treatment. Several studies
have shown that the therapeutic effects of ICS are
imparted in active cigarette smokers. The long-
term use of ICS has been associated with a good
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safety profile. High doses of inhaled steroids (eg,
>1,000 ug/d) are capable of causing hypophysea
l-pituitary—adrenal axis suppression. Local adverse
effects such as hoarseness, dysphonia, cough, and
oral candidiasis do occur but can usually be
avoided by the use of a spacer or holding chamber
and by rinsing the mouth after each use. Oral and
parenteral corticosteroids are associated with many
side effects such as the risk of osteoporosis, cata-
racts, diabetes mellitus and, rarely, depression of
immunity to infection. Attempts to reduce depen-
dence on oral corticosteroids should be made,
especially by the use of inhaled agents.

Cromolyn sodium and nedocromil sodium are
two antiinflammatory agents that are available in
inhaled form and have an extremely good safety
profile. A 4- to 6-week trial may be useful to deter-
mine their effectiveness in the prevention of asthma
symptoms. These agents are capable of preventing
allergen-induced bronchospasm. LT pathway
modifiers (LPMs) are also medications that are
considered to be asthma controllers. There are two
subclasses, as follows: the 5-lipoxygenase inhibi-
tors, which inhibit the cysteinyl LTs and also LTB,,
and the LTD, receptor antagonists (LTRAs) of the
cysteinyl LTs LTC,, LTD,, and LTE,. These agents
have been shown to be effective in preventing
allergen-induced asthma, exercise-induced asthma
(EIA), and aspirin-induced bronchospasm and
allergic rhinitis. The use of antihistamines with the
LPMs provides a more complete protection to
allergen challenge. Studies comparing the LPMs
with low-dose ICS have favored the latter with
respect to FEV ; however, symptom scores, daily
B,-agonist use, and patient preferences are similar.
The use of LPMs also may reduce asthma exacerba-
tion rates and the need for steroid bursts.

The authors of several studies examined the
role of LTRAs as steroid-sparing agents. In patients
whose symptoms were well controlled on an ICS/
LABA combination, switching to a regimen of
LTRA/LABA resulted in greater numbers of treat-
ment failure (26% vs 9%), showing clear inferiority
of the LTRA/LABA combination. In a large ran-
domized trial of asthmatic patients with poorly
controlled symptoms, an LTRA (or theophylline)
did not add any benefit when added to existing
treatment regimens. There is some evidence that
the use of LTRAs in active smokers may improve
outcomes compared with the use of an ICS.
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The LPMs are generally very safe, which has led
to more use in younger asthmatics, especially <4
years of age. The rare cases of Churg-Strauss vas-
culitis have occurred in patients with severe ste-
roid-dependent asthma who have had a recent
steroid taper. Because this form of vasculitis has
been seen in patients in whom inhaled steroids
have been substituted when oral steroids have
been tapered, the reaction may not be specific to
the LT-modifying agents.

Omalizumab, a humanized murine monoclo-
nal antibody that inhibits the binding of IgE to mast
cells by forming complexes with circulating free
IgE, has been shown to be effective in the treatment
of patients with atopic asthma. The reduction of
free IgE in the circulation leads to a down-regula-
tion of basophil and mast-cell receptors. This fur-
ther reduces the potential for mast cell/basophil
activation and the subsequent release of inflamma-
tory mediators. Randomized, controlled trials have
been conducted in patients with moderate-to-
severe asthma. The agent has been shown to reduce
the asthma exacerbation rate and the use of ICS.
Many patients are able to completely eliminate the
need for corticosteroid therapy. Symptom scores
and quality-of-life indexes also improve. The
medication must be administered by injection
twice a month, and many patients can be taught
self-administration. The drug is well tolerated,
with serious adverse events rarely reported. The
US Food and Drug Administration (FDA) issued
a warning regarding omalizumab in 2007 after it
was notified of case reports of anaphylaxis after
injection of this agent. The reaction may occur at
random time points and not just after the first injec-
tion. Physicians are advised to have epinephrine
available for such an adverse reaction after treat-
ment, and patients should carry an epinephrine kit
after leaving the office.

Bronchodilators: Inhaled short-acting B-adren-
ergic agonists (SABAs) are the treatment of choice
for the acute exacerbation of asthma symptoms.
Inhaled agents can be delivered by metered-dose
inhaler, dry-powder capsules, and compressor-
driven nebulizers. Long-acting p-agonists
(LABAs) may be helpful for long-term mainte-
nance therapy and also used to control nocturnal
symptoms. Studies of inadequately controlled
asthmatic patients have shown a benefit to adding
a LABA to a moderate-dose ICS regimen rather
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than doubling the dose of the ICS, adding the-
ophylline, or adding an LPM. However, because
of potential safety concerns with LABA therapy,
the most recent NAEPP guidelines (Expert Panel
Report 3) retracted previous recommendations to
give alow-dose ICS/LABA combination in prefer-
ence over doubling the dose of an ICS. The Global
Initiative for Asthma (GINA) guidelines have not
made this change because of the robust literature
supporting combination therapy superiority.

The safety of LABA therapy was questioned
mainly as a result of a study called the SMART trial,
a 28-week randomized observational study in
which the authors found a small but statistically
significant increase in respiratory-related and
asthma deaths in patients receiving salmeterol. A
subgroup analysis suggested that the risk was
greater in African Americans. A post hoc analysis
suggested that deaths were mainly found in patients
who were not receiving effective controller medica-
tion. It has been argued that the bronchodilator effect
of the LABA offered symptomatic relief, thereby
masking inflammation and worsening the disease.

The need for regularly scheduled doses of
SABAs should alert the physician to the need for
more intense antiinflammatory medication. Regu-
larly scheduled doses of SABA agents have been
associated with diminished control of asthma and
heightened bronchial reactivity. In addition, epi-
demiologic evidence has linked excessive 3-agonist
use to increased mortality. Ideally, SABA therapy
should be prescribed for acute symptom relief on
an as-needed basis.

With the discovery and sequencing of the
B-agonist receptor gene (ADRB2), interest has
turned to the role of B-adrenergic polymorphisms
in the control of asthma. The variant at amino acid
position 16 (Glyl6Arg) has received the most
clinical attention. Most studies have shown no
influence on bronchodilator responses. Prospective
studies such as the B-Adrenergic Response by
Genotype Study study have shown that patients
homozygous for Argl6 have worse asthma control
when treated with regularly scheduled short acting
B-antagonist, albuterol, than those asthmatics
homozygous for Gly 16. The effect of continuous
long acting B-adrenergic therapy on asthma control
is less clear. Numerous large retrospective phar-
macogenetic analyses have failed to show an effect
in all racial groups and in children and adults.
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Theophylline is an effective bronchodilator and
has antiinflammatory properties. It is available as
a sustained-release preparation and can be taken
once or twice daily. The monitoring of theophylline
blood levels is important to avoid toxicity, espe-
cially in the elderly, who are more prone to adverse
effects. GI side effects are seen with mild toxicity
and blood levels in the range of 20 to 30 ug/mL.
Serious cardiac arrhythmias and seizures may
occur with blood levels in excess of this range.
Ablood level of 8 to 15 ug/mL is generally consid-
ered to be therapeutic.

Inhaled anticholinergic agents such as ipratro-
pium produce bronchodilatation by reducing vagal
tone and are widely used in patients with COPD.
They may be useful in combination with 3-agonists
for a severe acute exacerbation of asthma. Their role
in long-term maintenance therapy for asthma has
not been established. They may be tried as a sub-
stitute bronchodilator when side effects preclude
the use of B-agonists, although it must be remem-
bered that they have a slower onset of action of 30
to 60 min until the maximal effect is produced.

Treatment Protocols for Asthma
A global strategy for asthma management and

prevention has been offered in the NAEPP guide-
lines. The most recent 2007 NAEPP guidelines

Table 2. Asthma Treatment by Severity of Disease

(Expert Panel Report 3) have offered two new treat-
ment plans. Treatment protocols use step-care
pharmacologic therapy based on the intensity of
asthma symptoms and future risk as measures of
control and the clinical response to these interven-
tions. As symptoms and lung function worsen,
step-up or add-on therapy is administered. As
symptoms improve, therapy can be stepped
down.

Asthma Severity: The severity classification and
recommended treatment protocols are listed in
Table 2.

Asthma Control: The classification of asthma
by severity has proven useful when decisions are
being made about management at the time of the
initial assessment of a patient. Asthma severity,
however, involves both the severity of the under-
lying disease and its responsiveness to treatment.
This classification of severity is no longer recom-
mended as the basis for ongoing treatment deci-
sions in the new NAEPP guidelines. Instead, the
concept of asthma control has been suggested as
a basis for treatment decisions. The term control
refers to control of the manifestations of disease,
including symptoms, effects on the quality of
daily living, and use of rescue medication. A peri-
odic assessment of asthma control is useful and
strongly recommended. The new classification of
asthma control is listed in Table 3.

Mild intermittent asthma

Severity: symptoms <2 times/wk nocturnal symptoms <2 times/mo FEV, and PEFR >80% of predicted; PEFR variability

<20%

Treatment: NEAPP guidelines call this step 1 therapy: inhaled SABA as needed

Mild persistent asthma

Severity: symptoms <2 times/wk and <1 time/d; nighttime symptoms > 2 times/mo; FEV, and PEFR >80% of predicted;

PEFR variability of 20 to 30%.

Treatment: step 2 therapy: Begin antiinflammatory therapy; low-dose ICS are preferred, or consider a LPM or cromolyn.
Use short-acting B-agonist as needed for quick relief; however, increased use means need for additional controller therapy.

Moderate persistent asthma

Severity: daily symptoms and daily use of rescue B-agonist; > 2 exacerbations/wk and 1 nighttime exacerbation/mo;
FEV, and PEFR of 60 to 80% of predicted; PEFR variability > 30%.

Treatment: Step therapy is advised in the 2007 NAEPP guidelines. Adding an LABA is given equal weight to increasing to
medium-dose ICS; if symptoms still persist, may increase dose of ICS or add LABA, whichever applies, or medium-dose
ICS with LPM or consider theophylline; continue a SABA for short-term relief. Step 5 is high-dose ICS plus LABA and

consider omalizumab.
Severe persistent asthma

Severity: continuous symptoms; limited physical activity; frequent exacerbations; frequent nighttime symptoms; FEV, and

PEFR < 60% of predicted; PEFR variability > 30%.

Treatment: high-dose ICS, LABA, possibly theophylline, oral corticosteroids, and consider omalizumab.
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Table 3. Classification of Asthma Control in Youths >12 Years of Age and Adults

Controlled (All of Not Well Controlled (Any Very Poorly
Characteristics the Following) Measure Present in Any Week) Controlled
Daytime symptoms None (=2/wk) >2 times/wk Throughout day
Interference with normal activities None Any Extremely limited

<2 times/ mo
None (=2/wk)

Nocturnal symptoms/awakening
Need for SABA (rescue treatment)
Lung function (PEFR or FEV))
personal best
Validated questionnaire >20
(eg, Asthma Control Test score)

> 80% of predicted or

1 to 3 times/wk
>2 times/wk

>4 times/wk
Several times a day
60 to 80% of predicted or <60% of predicted

personal best or personal best
16 to 19 =15

Step-down Care. There are no hard and fast rules
on stepping down asthma care when asthma con-
trol is improved. Studies conducted by the Asthma
Clinical Research Centers have shown that patients
with mild persistent asthma controlled with a low
dose of ICS do better with continuation of the cor-
ticosteroid than switching to a LTRA but do as well
when switched to a once-a-day regimen of ICS/
LABA. In another study with similar patients, as-
needed use of a ICS/SABA combination did as well
as daily ICS twice daily with less total inhaled
corticosteroid use, but patients randomized to as-
needed SABA did worse. The use of an ICS/LABA
combination concurrently as a scheduled mainte-
nance controller and as an as needed controller
reliever is another new approach (not approved by
the FDA in the United States). The use of a
budesonide/formoterol combination product in
this manner has led to fewer exacerbations and
better lung function.

Asthma Syndromes

EIA

Nearly all asthmatic patients experience
increased bronchospasm after vigorous exercise at
some point in their history (ie, EIA). If they are
tested in the pulmonary function laboratory while
not receiving medication, 70 to 80% of patients will
show a characteristic decrease in peak flow or FEV,
immediately after a 6- to 8-min exercise challenge.
During exercise, patients seem to be protected as
the airways actually dilate, possibly attributable to
the presence of circulating catecholamines. Symp-
toms of cough and shortness of breath parallel the
decrease in lung function that usually reaches its
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peak response 5 to 10 min after exercise. Often
patients hear no wheezing during the attack, and
in some patients, atypical presentations of chest
tightness or chest pain alone will occur. A cardiac
workup may often precede pulmonary testing in
such patients. The symptoms usually abate without
treatment, although the administration of a short-
acting 3-agonist immediately returns lung function
to normal. Occasionally, the attack after exercise
can be very severe and may require emergency
treatment.

The mechanisms that cause exercise-induced
bronchospasm in susceptible patients (eg, asth-
matic patients, some patients with allergic rhinitis,
and patients with cystic fibrosis) have been
intensely studied. As ventilation increases with
exercise, cooler, dryer air is drawn into the airways
in greater quantities. This action causes heat and
water loss from the airways into the airstream.
Airway cooling and mucosal drying are thought
to trigger mast cells to release their mediators. The
greater the heat and water loss, the greater the
degree of bronchospasm. A number of factors may
enhance or reduce the risk of exercise-induced
bronchospasm, including the following;:

¢ Patients with poorly controlled asthma are more
likely to have EIA.

¢ Exercise in cold, dry air is more likely to cause
EIA.

* Running, especially outdoors, is more likely
to cause EIA than other activities such as
swimming.

¢ The greater the intensity of the exercise, the
more likely the bronchospasm.

¢ Bronchoconstriction becomes less intense dur-
ing a second challenge if performed an hour or
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so after the first. An intense warm-up period
30 to 60 min before competitive sports can be
helpful.

* Pretreatment can effectively block exercise-
induced bronchospasm in >90% of patients.
B-agonists are the first choice for treatment,
and cromolyn is a good alternative. They can
be used together if needed.

Nocturnal Asthma

Exacerbations of wheezing and shortness of
breath are a common cause of sleep deprivation in
asthma patients and tend to be underreported by
patients and overlooked by physicians. Even
patients who have mild disease that is apparently
controlled by medication may awake at least one
time during the night because of their asthma.
Deaths from asthma have been increasing in many
countries during the past few decades, and most of
these deaths from asthma occur at night between
midnight and 8:00 Am. The mechanisms of nocturnal
asthma are not completely understood. Bronchial
biopsy specimens have not shown increases in
T cells, eosinophils, or mast cells at 4:00 AM in asth-
matic patients with nocturnal asthma. Transbron-
chial biopsy specimens have shown accumulations
of eosinophils and macrophages in alveolar and
peribronchial tissue in these patients, leading to the
concept that adventitial inflammation in the periph-
eral airways leads to excessive airway narrowing.
This leads to an altered airway-parenchymal inter-
dependence and the loss of the normal elastic recoil
forces that normally keeps the airways open.

It has been observed that lung function has a
definite circadian rhythm and that PEFRs are high-
est at 4:00 pm and lowest at 4:00 am. Healthy indi-
viduals show a fluctuation of only about 8%,
whereas many asthmatic patients can, during peri-
ods of unstable symptoms, show as much as a 50%
variation in peak expiratory rates in a 24-h period.
This variation can result in frequent nocturnal awak-
enings and the need for frequent rescue therapy.
Sustained-release theophylline has proven to be a
valuable tool in the control of nocturnal asthma, and
LABAs such as oral extended-release albuterol and
inhaled salmeterol are also helpful. Because research
with transbronchial biopsy specimens has shown
that the levels of inflammatory cells are greatest at
4:00 aMm, the key to controlling nocturnal asthma is
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the control of the inflammatory response with ICS
or, if necessary, oral corticosteroids.

Aspirin-Induced Asthma

Acute idiosyncratic reactions to aspirin may
result in either acute bronchospasm or urticaria/
angioedema, rarely both together. Aspirin-induced
asthma is a syndrome that predominantly affects
adults rather than children and nonatopic indi-
viduals. One third of patients, however, may
manifest positive immediate skin-test hypersensi-
tivity to inhaled aeroallergens. The disease usually
evolves during the course decades and first begins
as chronic nonallergic perennial rhinitis, often
complicated by nasal polyposis and recurrent bac-
terial sinusitis. Asthma then appears, is often
severe and unremitting, and requires treatment
with systemic steroids.

The symptoms of rhinosinusitis, however, may
continue to be more troubling to the patient than
the asthma. Although aspirin may have previously
been tolerated, suddenly acute bronchospasm
develops in the patient 30 min to several hours
after ingesting a standard dose of oral aspirin. The
use of aspirin also may be associated with flushing
of the face and ocular and nasal congestion. Cross-
sensitivity occurs with the use of other nonsteroi-
dal antiinflammatory drugs such as indomethacin,
naproxen, ibuprofen, sulindac, and piroxicam, all
of which are inhibitors of PG synthesis from the
cyclooxygenase pathway of arachidonic acid
metabolism. Noninhibitors such as sodium salicy-
late, salicylamide, propoxyphene, and acetamino-
phen do not cause the reaction.

It is believed that, by blocking the cyclooxy-
genase pathway, arachidonic acid metabolism is
preferentially shifted to the 5-lipoxygenase path-
way to produce LTs, including the cysteinyl LTs
LTC, LTD,, and LTE,. They are potent inflamma-
tory mediators that can induce bronchoconstric-
tion, mucous secretion, bronchial wall edema, and
swelling of the nasal mucosa. They are also potent
chemokines for eosinophils. There is a fourfold
increase in urinary LTE, levels after aspirin provo-
cation in the aspirin-sensitive patient. It has also
been shown that aspirin-sensitive patients have
increased expression of the cysteinyl LT receptor
CysLT1 on leukocytes from nasal mucosalbiopsy
specimens compared with those who do not have
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this syndrome. The precise mechanism for this
syndrome is not known. The overexpression of the
enzyme LTC, synthase has been reported, and
some studies have described polymorphisms of
the LTC, synthase promoter region.

The prevalence of aspirin-induced broncho-
spasm in the population of asthmatic patients
depends on the population studied. Approximately
3 to 5% of hospitalized asthmatic patients report a
history of a reaction to aspirin. This number is
greater at highly specialized referral centers at
which patients with the most severe asthma are
cared for. The treatment is, of course, the avoidance
of aspirin and nonsteroidal antiinflammatory drugs
with known cross-reactivity. For the occasional
patient who needs these drugs, oral desensitization
protocols using gradually increasing doses of aspi-
rin are effective. With the use of aspirin desensitiza-
tion, approximately two thirds of the patients report
a significant improvement in their rhinosinusitis,
and approximately one half have improvement in
their asthma. The addition of LT inhibitors (eg,
zileuton) and receptor antagonists (eg, montelukast)
as therapeutic options for asthma is important
because the agents have been shown to block aspi-
rin-induced bronchospasm in sensitive patients.

Occupational Asthma

Asthma that is precipitated by a particular
occupational environment and not to stimuli out-
side of the workplace is called occupational asthma.
The following two types have been described: (1)
asthma that follows a latent period of exposure to
either a high-molecular-weight or a low-molecular-
weight “sensitizing” antigen and (2) asthma that
follows exposure to workplace irritants. One form
of irritant-induced asthma is called reactive airways
dysfunction syndrome, a condition that usually
results from the sudden inhalation of a large dose
of a highly irritating substance. Occupational
asthma associated with a latency period causes
asthma by immunologic events that affect only a
small proportion of exposed subjects.

Although some compounds induce asthma
through the production of specific IgE antibodies,
the immunologic mechanisms responsible for other
agents have not been identified. The reaction
between specific IgE antibodies and antigens may
cause an isolated early asthmatic reaction that
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occurs within a few minutes after the occupational
exposure. It typically reaches a maximum within
30 min and subsides within 1 to 1.5 h. Also, a bipha-
sic reaction may occur, and the spontaneous recov-
ery may be followed by a late bronchospastic
reaction 4 to 6 h after exposure. This reaches max-
imal intensity within 8 to 10 h and subsides after
24 to 48 h. When an isolated late reaction occurs,
the affected individual may be away from the
workplace, making the diagnosis less obvious. The
presence of sensitization to occupational agents can
be detected by skin tests, radioallergosorbent tests,
or enzyme-linked immunosorbent assay, which can
strongly support the diagnosis. Unfortunately,
there are very few standardized commercially
available materials for skin tests or for radioal-
lergosorbent tests in patients with this disorder.

The following six major categories of agents
have been described in the pathogenesis of occu-
pational asthma:

1. Exposure to animals, shellfish, fish, and arthro-
pods can cause asthma in farmers, laboratory
workers, grain handlers, and poultry workers.

2. Exposure to wood, plants, and vegetables can
cause asthma in woodworkers, carpenters,
grain handlers, bakers, and tobacco workers.

3. Enzymes and pharmaceuticals are known to
cause asthma in pharmaceutical workers, phar-
macists, and detergent industry workers.

4. Low-molecular-weight chemicals cause asthma
in solderers, spray painters, chemical manufac-
turers, polyurethane manufacturers, and elec-
tronics workers.

5. Metals and metal salts such as aluminum,
chromium, cobalt, nickel, and platinum fumes
can cause asthma in electroplaters, hard metal
workers, polishers, and solderers.

6. Dusts, fumes, and gases may cause asthma via
a sudden, high-concentration exposure, usually
as the result of an accident in the workplace or
via less severe repetitive exposures.

Estimates of the prevalence of occupational
asthma vary, but it is estimated that 2 to 15% of all
cases of adult-onset asthma occur from workplace
exposure. Seeking the occupational causes of
asthma in the patient’s history can be very reward-
ing and can lead to primary prevention by the
avoidance of the offending environment.
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Cough-Variant Asthma

At times, cough may be the sole presenting
manifestation of asthma, and the characteristic
findings of variable airflow obstruction may not
be present. Such patients represent a subgroup of
patients with asthma, rather than being asthmatic
patients who cough. As a result, cough-variant
asthma (CVA) is significantly underdiagnosed.
Prospective studies have shown that asthma is
among the most common causes of chronic cough
(24 to 29%) in adult nonsmokers.

There is evidence that cough receptors in the
airways are separate from bronchoconstrictive
receptors, and this may explain why such patients
do not wheeze. Cough receptors are more abun-
dant in the central airways. Patients with CVA
have demonstrated heightened sensitivity of
their cough reflexes, whereas those with the
typical form of asthma do not differ from healthy
volunteers when cough reflex sensitivity is
experimentally measured. Methacholine sensitiv-
ity, on the other hand, occurs less often in patients
with CVA when compared with those with typi-
cal asthma. The cough receptors are presumably
stimulated by inflammatory cell mediators that
are released by airway inflammation. Subepithe-
lial layer thickening, which is a pathologic fea-
ture of airway remodeling that is thought to be
caused by chronic inflammation, is present in
CVA.

The diagnosis of CVA should be suspected in
a patient who has a chronic cough, usually present
for months and even years, and no obvious cause
seen on the chest radiograph. The history is often
suggestive in that the patient coughs vigorously
after exposure to fumes, cigarette smoke, and other
irritants and often after laughter and exercise. The
diagnosis is supported by a positive response to
bronchial inhalation challenge with methacholine,
histamine or exercise, and is confirmed by a clini-
cal response to bronchodilators and /or antiinflam-
matory agents. Most patients will respond to
treatment with the use of inhaled bronchodilators
and ICS. A subgroup of patients will require the
addition of LT receptor antagonists and /or a short
course of oral corticosteroids. A negative metha-
choline inhalation challenge test result essentially
excludes asthma from the differential diagnosis of
chronic cough.
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Allergic Bronchopulmonary Aspergillosis

Allergic bronchopulmonary aspergillosis
(ABPA) is a syndrome most commonly found in
patients with asthma and cystic fibrosis. Patients
present with wheezing, fleeting, pulmonary infil-
trates, and expectoration of brown mucus plugs.
ABPA is suspected on clinical grounds, and
the diagnosis is confirmed by radiologic and sero-
logic testing. In the United States, the accepted
criteria for diagnosis are as follows: (1) asthma, (2)
immediate cutaneous reactivity to Aspergillus
fumigatus, (3) precipitating (IgG) antibodies to
A fumigatus, (4) elevated total serum IgE levels
(>1,000ng/mL), (5) elevated serum IgE antibodies
to A fumigatus, (6) proximal bronchiectasis, (7) infil-
trates seen on the chest radiograph, and (8) periph-
eral eosinophilia with radiographic infiltrates.

A radiologic classification of ABPA has been
proposed: ABPA-S (seropositive) and ABPA-CB
(central bronchiectasis). Patients with ABPA-S
represent the earliest form of disease, and the
clinical outcome is more favorable. The presence
of central bronchiectasis, often accompanied by
central mucoid impaction of the bronchus, is an
independent predictor of failure to achieve long-
term remission.

It is wise to diagnose ABPA early and begin the
treatment of patients to prevent the development
of bronchiectasis. The mainstay of treatment for
ABPA is oral corticosteroids to control the asthma
symptoms as well as the immunologic response to
the Aspergillus antigens. Usually, prednisone, 40
to 60 mg, is required for complete clearing. The use
of low-dose corticosteroids has been associated
with relapse and corticosteroid dependence, and
ICS are ineffective. On effective therapy the IgE
concentration should decrease in 1 to 2 months,
and a subsequent increase suggests recurrence of
the disease. The goal is to decrease the IgE level by
30 to 50%. Azoles such as itraconazole have also
shown effectiveness in the treatment of this condi-
tion and usually are reserved for relapses or corti-
costeroid dependency.

Gastroesophageal Reflux and Asthma
The prevalence of gastroesophageal reflux in

asthma is quite high and has been discovered in as
many as 30 to 90% of patients. In patients with
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reflux symptoms, 24-h pH monitoring has proven
reflux to be present in >80% of patients. Even
when reflux symptoms are not present, reflux can
be demonstrated with this study nearly 30% of the
time. Asthmatic patients have been shown to have
decreased lower esophageal sphincter pressures
when compared with healthy individuals. Medica-
tions such as theophylline and B-agonists can
lower the lower esophageal sphincter as can certain
foods, such as those with a high fat content, choc-
olate, caffeinated beverages, alcohol, and pepper-
mint. In addition, the administration of prednisone
orally has been shown to increase esophageal acid
contact time.

Alarge study of veterans showed that patients
with significant esophageal disease, such as erosive
esophagitis and /or esophageal stricture, had a 1.5
odds ratio of having asthma compared with
healthy subjects. In patients with difficult-to-
control asthma, reflux should be considered as a
possible triggering agent. A favorable asthma
response to antireflux medical therapy has been
shown to occur, especially in patients with reflux
symptoms, but also in as many as 24% of patients
with no reflux symptoms. Unfortunately, such
studies have not shown consistent results. A trial
of therapy with a proton-pump inhibitor used in
high doses (eg, omeprazole, 20 mg bid) may be
necessary and has been shown to be more effective
than the use of histamine type 2 blocker therapy.
Consensus has not been reached on the role of
surgery when medical therapy fails. The following
two possible mechanisms of gastroesophageal
reflux-induced asthma exacerbation have been
proposed: (1) a vagally mediated reflex caused by
acid in the esophagus, which stimulates sensory
mucosal receptors, and (2) microaspiration into the
upper airway, which stimulates other vagally
mediated reflexes. With either mechanism, height-
ened cholinergic tone could result in significant
bronchoconstriction.

Corticosteroid-Resistant Asthma

Patients with severe unremitting asthma symp-
toms despite the use of high doses of corticoste-
roids have been termed corticosteroid-resistant
asthmatic patients when no confounding factors
have been discovered. These factors include poor
adherence to recommended therapy, uncontrolled
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gastroesophageal reflux, unrecognized food or
environmental antigen exposure, aspirin-sensitive
asthma, ABPA, systemic vasculitis, and fixed air-
way disease secondary to COPD. By definition,
such patients have an FEV, <75% of predicted,
with a failure to improve by 15% after an adequate
dose and duration of glucocorticoid therapy
(eg, 40 mg/d of prednisone for 1 to 2 weeks); are
clinically resistant to corticosteroid therapy; and
have a longer duration of asthma, lower morning
lung function, and a greater degree of bronchial
reactivity than corticosteroid-sensitive asthmatic
patients.

Although some abnormalities have been dem-
onstrated in other tissues, such as the cutaneous
vasoconstrictor responses to beclomethasone
dipropionate, metabolic effects suggesting gluco-
corticoid resistance in other tissues such as bone
have not been seen, and the hypothalamic pituitary
adrenal axis response in such patients has been
shown to be normal. Glucocorticoid resistance
probably is produced by a number of heteroge-
neous mechanisms. It is thought that the major
mechanisms for resistance occur distal to the
nuclear translocation step. The management of
patients with glucocorticoid-resistant asthma pres-
ents a difficult challenge as there are no effective
and well-tolerated alternatives to therapy with
steroids. Methotrexate and cyclosporine have been
used.

Fatal and Near-Fatal Asthma

Despite our better understanding of the patho-
genesis of asthma and more effective treatment
programs, the rates of morbidity and mortality
associated with this condition still remain a prob-
lem in most countries in the industrialized world.
Many factors have been proposed to explain this
dilemma. These factors include poor compliance
with medication and asthma monitoring; an under-
estimation by the patient and physician alike of the
severity of the asthma; poor long-term access to
medical care, especially for the poor; and overreli-
ance on inhaled B-agonist therapy. Near-fatal and
fatal attacks of asthma are the result of acute hyper-
carbic respiratory acidosis; fatalities rarely are
caused by serious cardiac arrhythmias.

Despite severe degrees of acidosis, even to pH
levels of <7.0, recovery can be rapid and complete.
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In fact, there is evidence that when the asthma
attack is sudden and respiratory failure occurs
within a few hours, recovery too is rapid. Improve-
ment occurs more rapidly than when the asthma
attack has been slowly progressive over days. The
term sudden asphyxic asthma has been given to such
explosive attacks. There is evidence that such
patients are immunohistologically different in that
their airways have a relative paucity of eosinophils
and a larger number of neutrophils compared with
the classic asthma picture. Typically, in patients
who die of asthma, the lungs are overinflated, and
both large and small airways are filled with plugs
consisting of a mixture of mucus, serum proteins,
inflammatory cells, and cell debris. Microscopi-
cally, there is infiltration of the airway lumen and
wall with eosinophils and mononuclear cells. This
is accompanied by vasodilation, evidence of micro-
vascular leakage, and epithelial cell sloughing.
The most commonly identified causes of near-
fatal asthma are listed in Table 4. Risk factors for
fatal or near-fatal asthma are as follows: (1) high
medication use (three or more medications), (2)
overuse of inhaled B-agonist agents, (3) a history
of recurrent hospitalizations, (4) previous occur-
rences of life-threatening attacks, and (5) marked
fluctuations in morning and evening peak flow rate
measurements. In addition, investigations have
shown that patients with near-fatal attacks have
abnormal respiratory control mechanisms such as
a blunted perception of dyspnea and a reduced
hypoxic ventilatory response to hypoxia. They are
also more likely to have a drinking problem, to
smoke cigarettes, and to have family problems.
Asthma management plans are becoming
popular, especially with high-risk patients. Studies
have shown that death from asthma can be reduced
by the use of a peak flowmeter, a written action
plan, and oral glucocorticoids prior to a severe
attack. The risk of death is enhanced by the use of

Table 4. Identified Causes of a Near-Fatal Asthma Attack

Environmental allergen exposure

Upper respiratory viral infection

Aspirin and nonsteroidal antiinflammatory drug ingestion
Profound emotional upsets

B-Blocker drugs

Exposure to indoor air pollutants

Air pollution after a thermal inversion
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a nebulizer for symptomatic relief in the month
before death. Because blood levels of albuterol are
2.5 times greater in patients dying of asthma com-
pared with control subjects, closer supervision of
B-agonist use should reduce asthma mortality.
Structured educational plans to teach management
may also offer improved mortality statistics in
asthma patients.

Annotated Bibliography

Abramson M]J, Bailey MJ, Couper FJ, et al. Are asthma
medications and management related to deaths from
asthma? Am ] Respir Crit Care Med 2001; 163:12-18

A questionnaire was administered to the next-of-kin of
patients who had died of asthma. Smoking, drinking, and
family problems were more likely among patients dying of
asthma than in a group of control subjects. The risk of death
was reduced by the use of a peak flowmeter in the previous
year. The use of oral glucocorticoids also appeared to reduce
the risk of death. The risk of death was increased by the use
of a nebulizer for symptomatic relief in the previous month.
Blood albuterol levels were considerably greater in patients
dying of asthma, suggesting that albuterol overuse is a
marker for asthma mortality.

Adams RJ, Fuhlbrigge A, Guilbert T, et al. Inadequate
use of asthma medication in the United States: results
of the asthma in America National Population survey.
I Allergy Clin Immunol 2002; 110:58-64

This study is based on a cross-sectional national telephone
survey. It reveals that appropriate therapy for asthma remains
inadequate. Antiinflammatory therapy is still greatly under-
used, especially in socioeconomically disadvantaged groups.
Agarwal R, Gupta D, Aggarwal AN, et al. Allergic bron-
chopulmonary aspergillosis: lessons from 126 patients
attending a chest clinic in north India. Chest 2006; 130:
442-448

This article describes the clinical findings in 126 cases of
ABPA. A total of 27% of the patients had ABPA-S (serologic
positivity alone) and the remainder had ABPA-CB (with cen-
tral bronchiectasis); many of the latter had other radiologic
findings such as patchy infiltrates and atelectasis. This study
showed no significant difference between the stages of ABPA
and the duration of illness, the severity of asthma, and the
serologic findings (ie, absolute eosinophil count, total IgE
levels, and IQE levels for A fumigatus). All patients went
into “remission” at 6 weeks on corticosteroids. Twenty-five
patients had a “relapse” during the course of their treatment.
One hundred nine patients had “complete remission,” 17
patients were classified as having “glucocorticoid-dependent

101



ABPA,” and 7 patients were classified as having “end-stage
ABPA.”

Barnes PJ. The cytokine network in asthma and chronic
obstructive pulmonary disease. J Clin Invest 2008;
118:3546-3556

This article discusses how cytokines orchestrate the chronic
inflammation and structural changes of the respiratory tract
in both asthma and COPD and have become important tar-
gets for the development of new therapeutic strategies in
these diseases.

Barnes PJ, Adcock IM. How do corticosteroids work in
asthma? Ann Intern Med 2003; 139:359-370
Corticosteroids suppress a number of pathways of chronic
inflammation in asthma. Inflammatory genes are regulated by
proinflammatory transcription factors such as nuclear factor-
KB and activator protein-1. These factors can switch on gene
transcription. Corticosteroids act to suppress the action of
these factors. This review discusses the mechanisms involved.
Bateman ED, Boushey HA, Bousquet J, et al. Can guide-
line-defined asthma control be achieved? Am ] Respir
Crit Care Med 2004; 170:836-844

This is the Gaining Optimal Asthma Control study, which
examined the use of inhaled ICS/LABAs such as fluticasone
and salmeterol for the treatment of asthma. This study spe-
cifically looked at the guideline-defined approach, using dose
escalation as necessary to achieve improved asthma care. The
study looked at increasing the dose of ICS alone or increas-
ing the dose of ICS and coupling it with a LABA for asthma
control. Total control was achieved across all levels of treat-
ment in 41% vs 28% of patients, respectively, at 1 year for
ICS-LABA therapy vs ICS therapy alone. Asthma was well
controlled (ie, nearly totally controlled) in 71% vs 59%
of patients, respectively. This study confirmed that Quide-
line-derived asthma control can be achieved in a majority of
patients; however, the asthma of a significant percentage of
patients cannot even be well controlled with this combina-
tion therapy.

Berry MA, Hargadon B, Shelley M, et al. Evidence
of a role of tumor necrosis factor alpha in refractory
asthma. N Engl ] Med 2006; 354:697-708

A double-blind, placebo-controlled study was conducted in
patients with severe asthma to determine the effect of block-
ing TNF-o. with etanercept. When etanercept was added to
usual care, significant improvements in FEV  and BHR were
found. Further studies are needed because the study group
was quite small (ie, 10 patients). Blocking TNF-o. may prove
to be an effective disease-modifying strategy for asthma.
Blaiss MS. Management of rhinitis and asthma in preg-
nancy. Ann Allergy Asthma Immunol 2003; 90(suppl):
16-22

102

This report from the FDA, the American College of Allergy,
Asthma, and Immunology, and the American College of
Obstetricians and Gynecologists underscores the important
differences in pregnant and nonpregnant patients. For preg-
nant women with asthma, inhaled cromolyn should be the
first-line therapy, followed by inhaled budesonide if symp-
toms worsen. Other agents, such as salmeterol, LT modifiers,
and the newer ICS, may be considered if the patient had a
good response to these drugs before pregnancy.

Blitz M, Blitz S, Beasely R, et al. Inhaled magnesium
sulfate in the treatment of acute asthma. Cochrane
Database Syst Rev. Issue 4, 2005

This Cochrane Database review concludes that nebulized
inhaled magnesium sulfate in addition to a 3-agonist for the
treatment of an acute asthma exacerbation appears to have
benefits with respect to improved pulmonary function. In
patients with severe asthma, there is a trend toward benefit
in terms of hospital admissions.

Borish L. Allergic rhinitis: systemic inflammation and
implications for management. ] Allergy Clin Immunol
2003; 112:1021-1031

This review of the inflammatory mechanisms of allergic rhi-
nitis reminds us that some inflammatory cells and mediators
may pass into the bloodstream and create a systemic reac-
tion. It offers justification for the use of LT modifiers to treat
the systemic antiinflammatory effects of rhinitis.

Boulet LP, Lemiere C, Archambault E, et al. Smoking
and asthma: clinical and radiologic features, lung func-
tion, and airway inflammation. Chest 2006; 129:661-668
This study shows that compared with nonsmoking asthma
patients, smoking asthma patients have features similar to
what could be found in patients with early stages of COPD.
Braman SS, Hanania NA. Asthma in older adults. Clin
Chest Med 2007; 28:685-702

This review underscores the differences between asthma in
the young and elderly. Airflow obstruction in the elderly
is often difficult to reverse, and many elderly patients have
fixed airway disease, even with maximum therapy. Pitfalls
in asthma therapy in treating the elderly are discussed as
well as differences in pathogenesis.

Chalmers GW, Macleod KJ, Little SA, et al. Influence of
cigarette smoking on inhaled corticosteroid treatment
in mild asthma. Thorax 2002; 57:226-230

This study showed that active cigarette smoking impairs the
efficacy of short-term ICS treatment in patients with mild
asthma. This study obviously has important implications for
patients with mild asthma who smoke.

Chung KF. Individual cytokines contributing to asthma
pathophysiology: valid targets for asthma therapy?
Curr Opin Invest Drugs 2003; 4:1320-1326

Asthma (Braman)



This article reviews the evidence for cytokine-targeted ther-
apy. IL- 4, IL-5, and IL-13 contribute to the inflammation of
asthma; the inhibition of these cytokines might be useful in
the future.

Cochrane MG, Bala MV, Downs KE, et al. Inhaled cor-
ticosteroids for asthma therapy: patient compliance,
devices, and inhalation technique. Chest 2000; 117:
542-550

This article presents a systematic literature review concern-
ing compliance, inhalation techniques, and ICS devices for
the treatment asthma.

Compalati E, Penagos M, Tarantini F, et al. Specific
immunotherapy for respiratory allergy: state of the
art according to current meta-analyses. Ann Allergy
Asthma Immunol 2009; 102:22-28

A meta analyses of studies that met the inclusion criteria,
five evaluating sublingual immunotherapy and two evaluat-
ing subcutaneous immunotherapy, reported a reduction in
symptom and medication scores. The authors conclude that
according to evidence-based criteria, specific immunotherapy
can be recommended for the treatment of respiratory allergy
because of its efficacy in reducing asthma and rhinitis symp-
toms and that future methodologic approaches that consider
safety and costs should corroborate this positive evaluation.

Cote], Bowie DM, Robichaud P, et al. Evaluation of two
different educational interventions for adult patients
consulting with an acute asthma exacerbation. Am ]
Respir Crit Care Med 2001; 163:1415-1419

These authors show that a structured educational plan
emphasizing self-capacity to manage asthma exacerbation
and the use of peak flow rate reduce the morbidity of patients
with asthma.

Creticos PS, Reed CE, Norman PS, et al. Ragweed
immunotherapy in adult asthma. N Engl ] Med 1996;
334:501-506

This article examined the efficacy of immunotherapy for
asthma in ragweed-sensitive patients. Patients were fol-
lowed up for 2 years of treatment. Although immunotherapy
for adults in this study had positive effects and produced
objective measures of improvement of asthma and allergy
during the first year of therapy, the improvement was not
sustained during the second year.

Currie GP, Devereux GS, Lee DK, et al. Recent develop-
ments in asthma management. BMJ 2005; 330:585-589

This is an evidence-based review of developments from the
past few years in asthma management. It is a comprehensive
literature search up to 2005 on a number of approaches to
asthma therapy including allergen avoidance, dietary manip-
ulation, asthma action plans, and pharmacologic manage-
ment. It is an up-to-date review with excellent references.

ACCP Pulmonary Medicine Board Review: 25th Edition

Dicpinigaitis PV. Cough: 4: cough in asthma and eosin-
ophilic bronchitis. Thorax 2004; 59:71-72

This author discusses the difference between CVA and eosin-
ophilic bronchitis. The main distinction is that the former is
associated with BHR. Eosinophilic bronchitis patients have
a negative methacholine challenge result. Evidence suggests
that LT receptor antagonists might be useful in treating
CVA. Eosinophilic bronchitis responds to therapy with ICS.
Dicpinigaitis PV. Chronic cough due to asthma: ACCP
evidence-based clinical practice guidelines. Chest 2006;
129(suppl):755-79S

Asthma should be considered a potential etiology in any
patient with chronic cough. A subgroup of asthmatic
patients presents with CVA. This group of patients has only
cough with no other asthma symptoms. The cough should
respond to standard antiasthma therapy. This article is taken
from the American College of Chest Physicians Evidence-
Based Practice Guidelines on Cough, which was published
in 2006.

Donohue JE. The expanding role of long-acting -ago-
nists. Chest 2000; 118:283-285

The author summarizes the use of salmeterol, an LABA, for
hospital inpatients. He first provides evidence that salme-
terol users are at no greater risk for asthma-related hospi-
talizations, emergency department visits, or ICU stays. The
treatment of an acute asthma attack is not compromised by
maintenance therapy with this long-acting agent. In addi-
tion, salmeterol can be safely used for the treatment of acute
exacerbation of COPD along with albuterol. Minimal car-
diac effects are seen in most patients; however, there are very
few data on this subject in patients with preexisting heart
disease. Careful monitoring is urged if both agents are used.
Drazen J. Asthma and the human genome project: sum-
mary of the 45th annual Thomas L. Petty Aspen Lung
Conference. Chest 2003; 123(suppl):4475-449S

This article discusses more recent thinking on the genetics
of asthma.

Forbes L. Do exogenous estrogens and progesterone
influence asthma? Thorax 1999; 54:265-267

This interesting article discusses the influence of estrogens
and progesterone on asthma. The author believes that there
was no convincing evidence to suggest that hormonal con-
traceptives either exacerbate or improve asthmatic symp-
toms. Their use in patients with severe asthma or those with
premenstrual exacerbations of asthma will require future
clinical trials. The author concludes that, “[a]t the present
[time,] there is not enough evidence to suggest any change to
current prescribing practice.”

Gern JE. Viral respiratory infection and the link to
asthma. Pediatr Infect Dis J 2004; 23(suppl):S578-586

103



Acute asthma symptoms have been correlated with a variety
of viral pathogens. Most commonly, it is respiratory syncy-
tial virus in infancy and rhinovirus in older children. This
article enhances our knowledge of how viruses can adversely
affect lung or immune development in asthma patients.
Grau RG. Churg-Strauss syndrome: 2005-2008 update.
Curr Rheumatol Rep. 2008; 10:453-458

This article provides a recent update on this disease.
Greenstone IR, Ni Chroinin MN, Masse V, et al. Combi-
nation of inhaled long-acting B,-agonists and inhaled
steroids versus higher dose of inhaled steroids in chil-
dren and adults with persistent asthma. Cochrane
Database Issue 4, 2005

This Cochrane Database review presents data on the use of
high-dose ICS vs ICS plus LABA. It concludes that the com-
bination of LAB A and ICS leads to greater improvement in
lung function, symptoms, and the use 3,-agonists for rescue.
There are also fewer withdrawals from poor asthma control
when the combination therapy is used. However, in head-
to-head comparison, the combination of LABA and ICS vs
greater-dose ICS showed no significant differences for the pre-
vention of exacerbations requiring systemic corticosteroids.
Harding SM. Recent clinical investigations examining
the association of asthma and gastroesophageal reflux.
Am ] Med 2003; 115(suppl):395-44S

This article reviews the association between gastroesophageal
reflux disease and asthma. Esophageal acid may alter BHR.
Medical and surgical therapy for gastroesophageal reflux
disease may improve asthma outcomes in selected patients.
Holgate ST, Chuchalin AG, Herbert ], et al. Efficacy
and safety of a recombinant anti-immunoglobulin E
antibody (omalizumab) in severe allergic asthma. Clin
Exp Allergy 2004; 34:632-638

This study investigated the role of omalizumab, the I1gG
monoclonal antibody, in patients with severe allergic asthma
that is refractory to corticosteroid therapy. In this 16-week
study, the primary end point was corticosteroid withdrawal.
Anti-IgE therapy led to greater reductions in ICS dosage
compared with placebo. It also led to significantly improved
symptoms, lung function, quality of life, and reduced con-
trol or medication use.

Holgate ST, Davies DE, Puddicombe S, et al. Mecha-
nisms of airway epithelial damage: epithelial-mesen-
chymal interactions in the pathogenesis of asthma. Eur
Respir ] 2003; 44(suppl):245-29S

The authors provide evidence that asthma is a disease of air-
way wall restructuring that engages activation of the EMTU.
Activation of this unit provides a stimulus for altered airway
wall structure and function and may explain the decline in
lung function observed over time with asthma. In asthma

104

patients, the epithelium shows considerable evidence of
injury and activation as well as goblet-cell metaplasia. The
altered epithelium becomes an important source of media-
tors, chemokines, and growth factors that sustain ongoing
inflammation. Injury to the epithelial cells is thought to
result in increased release of fibroproliferative and fibrogenic
growth factors. This results in the deposition of interstitial
collagens in the lamina reticularis, the deposition of collagen
in the submucosa, smooth-muscle hyperplasia, and micro-
vascular neuronal proliferation.

Israel E, Deykin A, Mitra N, et al. Use of regularly
scheduled albuterol treatment in asthma: genotype-
stratified, randomised, placebo-controlled cross-over
trial. Lancet 2004; 364:1505-1512

Genetic polymorphisms of the B-adrenergic receptor have
been described. Homozygosity for arginine (Arg/Arg)
rather than glycine (Gly/Gly) predicts adverse events with
asthma. This is a prospective clinical trial in patients with
mild asthma that show that when albuterol was kept to a
minimum, patients with Arg/Arg genotype had an increase
in morning peak flow rate, whereas the change in patients
with Gly/Gly genotype was not significant. Patients with
Gly/Gly genotype using reqularly scheduled albuterol had
an improvement in PEFR. By contract, the Arg/Arg geno-
type group had lower morning peak flow rates during the
treatment with albuterol. This suggests that bronchodila-
tor treatments avoiding albuterol may be appropriate for
patients with Arg/Arg genotype.

Jones SL, Kittelson ], Cowan JO, et al. The predictive
value of exhaled nitric oxide measurements in assess-
ing changes in asthma control. Am ] Respir Crit Care
Med 2001; 164:738-743

ENO has been confirmed as a marker of airway inflamma-
tion. It is present in greater concentrations in steroid-naive
asthmatic patients compared with healthy control individu-
als. This group of investigators measured exhaled NO in
75 asthmatic subjects with mild-to-moderate asthma. ICS
therapy was withdrawn and loss of asthma control ensued.
There were highly significant correlations between exhaled
NO and symptoms, sputum eosinophils, and BHR. Exhaled
NO had an 80 to 90% predictive value for the loss of asthma
control. It has also been previously confirmed that exhaled
NO is closely related to several other markers of asthma
control such as asthma symptoms, dyspnea score, and daily
use of rescue medication. This technique is noninvasive and
can be performed repeatedly. It appears that a change in the
exhaled NO levels measured over time could be useful in
monitoring asthma control.

Kéllén B. The safety of asthma medications during
pregnancy. Exp Opin Drug Saf 2007; 6:15-26

Asthma (Braman)



This article reviews the literature on asthma or use of anti-
asthmatic drugs during pregnancy.

Lee-Wong M, Dayrit FM, Kohli AR, et al. Compari-
son of high-dose inhaled flunisolide to systemic cor-
ticosteroids in severe adult asthma. Chest 2002; 122:
1208-1213

High-dose ICS are as effective as systemic corticosteroids in
the 7 days after hospital admission for severe asthma.

Le Gall C, Pham S, Vignes S, et al. Inhaled corticoste-
roids and Churg-Strauss syndrome: a report of five
cases. Eur Respir ] 2000; 15:978-981

The association of Churg-Strauss syndrome with LPMs
has been well documented. This group presents five cases of
Churg-Strauss syndrome in severe steroid-dependent asth-
matic subjects in which the use of ICS allowed systemic cor-
ticosteroid withdrawal. It gives further evidence for systemic
steroid withdrawal as a cause of Churg-Strauss syndrome
since these patients were not receiving LPMs.

Leone FT, Fish JE, Szefler S, et al. Systematic review
of the evidence regarding potential complications of
inhaled corticosteroid use in asthma: collaboration
of American College of Chest Physicians, American
Academy of Allergy, Asthma, and Immunology, and
American College of Allergy, Asthma, and Immunol-
ogy. Chest 2003; 124:2329-2340

This multisociety report discusses the complications of ICS
use in asthma patients. ICS use is not associated with a
reduction in bone density in children with asthma. This can
be said in adults but less conclusively. The risk of cataracts
may be negligible in young asthmatic patients but it may
be increased in older patients. The risk of glaucoma may be
small, and further study is warranted. Therapy with ICS in
children is associated with a decrease in short-term growth
rates in children, but the overall effect is small and may not be
sustained with long-term therapy. The risk of skin thinning
and easy bruising is elevated in patients receiving ICS.
Lima JJ, Blake KV, Tantisira KG, et al. Pharmacogenet-
ics of asthma. Curr Opin Pulm Med 2009; 15:57-62
This article discusses genetic variations in patient responses
to drugs, including topics of B-agonist polymorphisms and
responses to corticosteroids and LT antagonists.

Malo JL, Lemiere C, Gautrin D, et al. Occupational
asthma. Curr Opin Pulm Med 2004; 10:57-61

This article reviews some of the more recent information
reqarding the pathophysiology, diagnosis, and prevention
of occupational asthma. High-molecular-weight inhaled
antigens work through an IgE mechanism. The second cat-
egory of agents that induce occupational asthma are low-
molecular-weight agents. They are generally chemicals,
and the pathophysiology is not as well understood. There is
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little evidence for an IgE-mediated mechanism. The effects
of exposure to isocyanates, the chemical most frequently
responsible for occupational asthma, may work through the
overproduction of matrix metal-loproteinase-9, which may
cause symptoms and BHR. There is a predominant sputum
neutrophilia after exposure to isocyanates. Specific inhala-
tion challenges represent the “gold standard” for the diag-
nosis of occupational asthma. When not available, the serial
recording of PEFRs has been advocated. The risk for men is
greatest among bakers, laundry workers, shoemakers, ani-
mal skin and hide workers, and metal plating and coating
workers. For women, the greatest risks are for shoemakers,
railway station personnel, jewelry engravers, engine room
crews, foundry molders, round-timber workers, and bak-
ers. Results indicate that respiratory symptoms and airway
responsiveness to methacholine persist in subjects who are
removed from exposure to the isocyanates for > 10 years.
Matricardi PM, Rosmini F, Panetta V, et al. Hay fever
and asthma in relation to markers of infection in the
United States. ] Allergy Clin Immunol 2002; 110:381-387
This study shows that hay fever and asthma were less com-
mon in participants who were seropositive for hepatitis A,
Toxoplasma gondii, and herpes simplex virus 1 compared
with seronegative participants. This finding suggests that
the acquisition of certain infections, primarily food-borne
and orofecal infections, is linked with a lower probability
of having hay fever and asthma. These data are from the
National Health and Nutrition Examination Study III.
McFadden ER Jr. Acute severe asthma. Am ] Respir
Crit Care Med 2003; 168:740-759

This review discusses the current therapeutic options for the
acute exacerbation of asthma. Seventy to 80% of patients in
emergency departments clear within 2 h with standard care.
The relapse rate is between 7% and 15%. The 20 to 30% of
patients who are resistant to B-agonist therapy in the emer-
gency department slowly reverse their condition over 36 to
48 h but require intensive treatment with corticosteroids.
McFadden ER Jr., Zawadski DK. Vocal cord dysfunc-
tion masquerading as exercise-induced asthma. Am ]
Respir Crit Care Med 1996; 153:942-947

This article discusses an interesting group of patients and
extends the syndrome of vocal cord dysfunction to those who
have only exercise-induced symptoms. Although the combi-
nation of exertion and wheezing suggests EIA, when patients
presented in this article underwent clinical and physiologic
evaluations, including bronchoprovocation testing, asthma
was ruled out. Laryngoscopy was helpful in diagnosing
vocal cord dysfunction.

McParland BE, Macklem PT, Pare PD. Airway remod-
eling: friend or foe? ] Appl Physiol 2003; 95:426-434
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In asthmatic patients, chronic inflammation of the airway
wall results in an abnormal repair process. Changes that
occur include subepithelial fibrosis, smooth-muscle hyper-
plasia and hypertrophy myofibroblast hyperplasia, epithelial
hypertrophy, and mucus gland and goblet-cell hyperplasia.
Collectively, these changes are called airway remodeling.
These structural changes are thought to be detrimental as
they contribute to fixed airway narrowing. Thickening of
the inner airway wall may also amplify the degree of lumi-
nal narrowing for a given degree of smooth-muscle short-
ening. This might result in an exaggerated narrowing of
the airway after a bronchoconstricting stimulus. It has
been arqued that some aspects of remodeling have beneficial
effects: stiffening the airway may result in decreased com-
pressibility allowing the airways to better resist dynamic
compression; and extra connective tissue, surrounding
the smooth-muscle cells may provide a radial constraint to
maximal shortening.

Mitsunobu F, Tanizaki Y. The use of computed tomog-
raphy to assess asthma severity. Curr Opin Allergy
Clin Immunol 2005; 5:85-90

Chronic inflammation in asthma can lead to airway remod-
eling and airway narrowing. This can be quantified by the
use of CT scanning. High-resolution CT scanning is a use-
ful tool for imaging the airways of asthmatic patients. Asth-
matic patients have thicker airways compared with control
subjects. The thickness is related to disease severity, airflow
obstruction, and airway reactivity. This is a new tool for
assessing asthma severity.

Moore WC. Update in asthma 2007. Am ] Respir Crit
Care Med 2008; 177:1068-1073

This review discussed the articles published in 2007 in this
respiratory journal.

Morgan WJ, Crain EF, Gruchalla RS, et al. Results of
a home-based environmental intervention among
urban children with asthma. N Engl ] Med 2004; 351:
1068-1080

This group looked at a cohort of children with atopic asthma.
A controlled trial of environmental intervention to reduce
allergies and environmental smoke that included the reduc-
tion of exposure to indoor allergens, including cockroach and
dust mite allergens, resulted in reduced asthma-associated
morbidity.

Morgan W], Stern DA, Sherrill DL, et al. Outcome of
asthma and wheezing in the first 6 years of life: follow-
up through adolescence. Am ] Respir Crit Care Med
2005; 172:1253-1258

The authors found that in children who start having asthma-
like symptoms before the preschool years, the prevalence of
wheezing and the levels of lung function are established by
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age 6 years and do not appear to change significantly by age
16 years. Transient early wheezers (ie, children who wheeze
during early life but who were not wheezing at age 6 years)
were no more likely to wheeze after age 6 years than healthy
children. These children have lower lung function before the
transient wheezing and continue to have lower levels of lung
function through adolescence. It is known from other studies
that COPD is more likely to develop during later adult years
in individuals who enter adult life with lung function defi-
cits. Whether early wheezing predicts COPD is not known.
The study also showed that deficits in lung function that are
observed in children with asthma are not the consequence
of ongoing disease, but rather are due to changes before the
age of 6 years. Although the transient wheezers have lower
lung function that is present as early as the first 3 months
of life, they do not have the elevations in serum IgE levels,
eosinophilia, and skin test reactivity to aeroallergens that are
seen in those with persistent wheezing from early childhood
to later childhood.

Murphy VE, Clifton VL, Gibson PG. Asthma exac-
erbations during pregnancy: incidence and associa-
tion with adverse pregnancy outcomes. Thorax 2006;
61:169-176

This article reminds us that exacerbations during pregnancy
occur primarily in the late second trimester. The major trig-
gers are viral infection and nonadherence to ICS therapy.
Women who have an exacerbation during pregnancy are at
a significantly increased risk of having a low-birth-weight
baby compared to women without asthma.

Murugan A, Prys-Picard C, Calhoun W]J. Biomarkers
in asthma. Curr Opin Pulm Med. 2009; 15:12-18

This article reviews the current literature about the use of
biomarkers for the diagnosis and monitoring of asthma. To
date, evidence suggests that exhaled NO may become a clini-
cal test for asthma control. The article discusses the limita-
tion of this measurement and recent clinical trials showing
some promise.

Nathan RA, Sorkness CA, Kosinski M, et al. Develop-
ment of the asthma control test: a survey for assess-
ing asthma control. ] Allergy Clin Immunol 2004; 113:
59-65

The NAEPP guidelines have concentrated on a classification
of asthma that is static and does not really discuss asthma
control and response to therapy. This asthma control test
presents a scoring system for asthma control that includes
five items for gauging the status of current asthma. These
include asthma symptoms, the use of rescue medications,
and questions regarding the impact of asthma on everyday
functioning. This is a brief, easy-to-administer, patient-
based index of asthma control.
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National Asthma Education and Prevention Program.
Expert panel report 3: guidelines for the diagnosis and
management of asthma. Bethesda, MD: National Insti-
tutes of Health, August 2007

This guideline should be on the bookshelf of every pulmon-
ologist. This particular report is the most recent update of the
first report published in 1991. This updated report is posted
on the Internet (http://www.nhlbi. NAEPP.gov/guidelines/
asthma/index.htm). Key differences in the report include the
following comments: (1) The critical role of inflammation
has been further substantiated, but evidence is emerging for
considerable variability in the pattern of inflammation, thus
indicating phenotypic differences that may influence treat-
ment responses. (2) Gene-by-environmental interactions are
important to the development and expression of asthma. Of
the environmental factors, allergic reactions remain impor-
tant. Evidence also suggests a key and expanding role for
viral respiratory infections in these processes. (3) The onset of
asthma for most patients begins early in life, with the pattern
of disease persistence determined by early, recognizable risk
factors, including atopic disease, recurrent wheezing, and a
parental history of asthma. (4) Current asthma treatment
with antiinflammatory therapy does not appear to prevent
progression of the underlying disease severity. (5) The key
elements of assessment and monitoring are refined to include
the separate, but related, concepts of severity, control, and
responsiveness to treatment. Classifying severity is empha-
sized for initiating therapy; assessing control is emphasized
for monitoring and adjusting therapy. Asthma severity and
control are defined in terms of two domains: impairment and
risk. (6) The distinction between the domains of impairment
and risk for assessing asthma severity and control empha-
sizes the need to consider separately asthma’s effects on qual-
ity of life and functional capacity on an ongoing basis (ie,
in the present) and the risks it presents for adverse events
in the future, such as exacerbations and progressive loss of
pulmonary. (7) Emphasis on the many potential points of
care and sites available in which to provide asthma educa-
tion, including review of new evidence regarding the efficacy
of asthma self~-management and education outside the usual
office setting. (8) Greater emphasis on the two aspects of the
written asthma action plan—i(a) daily management and (b)
how to recognize and handle worsening asthma. Use of the
terminology “written asthma action plan” encompasses
both aspects. This change addresses confusion over the pre-
vious guidelines” use of different terms. One term is now
used for the written asthma action plan, although in some
studies cited, investigators may have used a variation of this
term. (9) New sections on the impact of cultural and eth-
nic factors and health literacy that affect delivery of asthma
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self-management education. (10) Information about asthma
medications has been updated based on review of evidence
published since 1997. This updated report (Expert Panel
Report 3) continues to emphasize that the most effective
medications for long-term therapy are those shown to have
antiinflammatory effects. (11) New medications—immuno-
modulators—are available for long-term control of asthma.
(12) New data on the safety of LABAs are discussed, and
the position of LABA in therapy has been revised). The most
significant difference is that for youths =12 years of age and
adults who have moderate persistent asthma or asthma inad-
equately controlled on low-dose ICS, the option of increasing
the dose of medium-dose ICS should be given equal weight
to the option of adding LABA to low-dose ICS. (13) The
estimated clinical comparability of different ICS prepara-
tions has been updated. The significant role of ICS in asthma
therapy continues to be supported.

Nelson HS, Weiss SC, Bleecker ER, et al. The Salme-
terol Multicenter Asthma Research Trial: a comparison
of usual pharmacotherapy for asthma or usual phar-
macotherapy plus salmeterol. Chest 2006; 129:15-26
The safety of salmeterol vs placebo was studied in a 28-week
randomized observational study. In a telephone follow-up, it
was found that there were small but statistically significant
iincreases in respiratory-related and asthma deaths in the
population of patients receiving placebo. Subgroup analysis
suggested that the risk was greater in African Americans.
A post hoc analysis was conducted to explore the effect of
ICS use on the results of this trial, often called the SMART
trial. The number of deaths that occurred in patients who
were not receiving ICS at baseline was greater in the sal-
meterol group, suggesting a relationship. The study was
not designed to evaluate the effects of ICS therapy; there-
fore, adequate conclusions could not be drawn. The study
raised the alert that therapy with LABAs may have adverse
effects in some populations. Further studies need to clarify
the veracity of these findings. In the meantime, the US Food
and Drug Administration has placed a warning on the pack-
age insert because of this study.

Newman KB, Mason UG III, Schmaling KB. Clinical
features of vocal cord dysfunction. Am ] Respir Crit
Care Med 1995; 152:1382-1386

This article reviews vocal cord dysfunction in asthmatic and
nonasthmatic patients. All patients had laryngoscopic evi-
dence of paradoxical vocal cord motion with inspiratory and/
or early expiratory vocal cord adduction. The patients were
predominantly women and had a misdiagnosis of asthma for
an average of almost 5 years. Many were steroid dependent,
and medical utilization was enormous. Twenty-eight per-
cent of the patients had been intubated. This study helps to
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define the historical and clinical features of vocal cord dys-
function.

Ngoc LP, Gold DR, Tzianabos AO, et al. Cytokines,
allergy, and asthma. Curr Opin Allergy Clin Immunol
2005; 5:161-166

This article is a review of more recent articles on the rela-
tion ship of cytokines to allergy and asthma. It discusses the
immune mechanisms involved in the phenotypic expression
of allergic diseases, including the allergen-specific T-helper
type 2 responses that release IL-4, IL-13, and IL-5.
O’Bryne PM, Bisgaard H, Godard PP, etal. Budesonide/
formoterol combination therapy as both maintenance
and reliever medication in asthma. Am ] Respir Crit
Care Med 2005; 171:129-136

This group hypothesized that the conditions of patients
receiving low-dose ICS/LABA therapy whose asthma was
not under good control would be improved with as-needed
ICS/LABA (ie, budesonide/formoterol) therapy rather than
short-acting ,-agonist reliever medication. In a double-
blind randomized study of 2,760 patients with asthma,
the budesonide/formoterol maintenance therapy plus relief
medication prolonged the time to first exacerbations and
resulted in a 45% lower exacerbation risk vs therapy with
budesonide/formoterol plus a short-acting B,-agonist. The
therapy also improved symptoms, nighttime awakenings,
and lung function.

O’Byrne PM, Inman MD. Airway hyperresponsive-
ness. Chest 2003; 123(suppl):4115-416S

This is a review of the features of airway hyperresponsive-
ness, a feature that is constant in asthma. Measurements of
airway responsiveness are useful in making a diagnosis of
asthma, especially when symptoms are present and there is
no airflow obstruction.

O’Byrne PM, Pedersen S. Measuring efficacy and
safety of different inhaled corticosteroid preparations.
J Allergy Clin Immunol 1998; 102:879-886

This is a review of ICS therapy in patients with asthma.
An excellent section on potential systemic effects is also
included. Differences in pharmacologic properties among
the ICS are discussed.

Panettieri RA Jr. Airway smooth muscle: an immuno-
modulatory cell. J Allergy Clin Immunol 2002; 110:
5269-5274

The airway smooth muscle is a major effector cell of asthma
that is responsible for bronchomotor tone. Some evidence
suggests that it also may be active in secreting cytokines
and chemokines and also may express cellular adhesion mol-
ecules. Growth factors may be formed from airway smooth-
muscle cells, and hence, an autocrine-like proliferative
response may occur.
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Pearlman DS. Pathophysiology of the inflammatory
response. | Allergy Clin Immunol 1999; 104:5132-5137
This article provides a review of the pathophysiology of the
atopic inflammatory response. An in-depth discussion of
antigen sensitization and the subsequent cytokine response
is provided.

Phipps P, Garrard CS. The pulmonary physician in
critical care: acute severe asthma in the intensive care
unit. Thorax 2003; 58:81-88

This review discusses the approach to status asthmaticus
in the ICU, including a good discussion on modes of ven-
tilation, ventilator setting, and the use of extrinsic positive
end-expiratory pressure. Other modalities, including the
use of helium, magnesium sulfate, and inhalation anesthetic
agents, also are discussed.

Restrepo RD, Peters J. Near-fatal asthma: recogni-
tion and management. Curr Opin Pulm Med 2008; 14:
13-23

This review discusses recent advances in our understanding
of the pathophysiology, diagnosis, and treatment of near-
fatal asthma

Ringdal N, Chuchalin A, Chovan L, et al. Evaluation
of different inhaled combination therapies (EDICT):
a randomised, double-blind comparison of Seretide
(50/250 microg bd Diskus vs formoterol (12 microg
bd) and budesonide (800 microg bd) given concur-
rently (both via Turbuhaler) in patients with moder-
ate-to-severe asthma. Respir Med 2002; 96:851-861
This study was the first comparison of LABA/ICS combi-
nation therapies. Salmeterol plus fluticasone was at least as
effective as formoterol plus budesonide in improving pulmo-
nary function despite a lower corticosteroid dose. The former
combination also significantly reduced exacerbation rates
and nocturnal symptoms. More studies are needed to con-
firm these results.

Rodrigo GJ, Rodrigo C, Pollack CV, et al. Use of helium-
oxygen mixtures in the treatment of acute asthma: a
systematic review. Chest 2003; 123:891-896

This study discusses the use of helium in the treatment of
acute asthma and concludes that evidence does not provide
support for heliox mixtures in patients with acute severe
asthma. Conclusions, however, are based on small studies.
Salvi S5, Krishna MT, Sampson, et al. The anti-inflam-
matory effects of leukotriene-modifying drugs and
their use in asthma. Chest 2001; 119:1533-1546

This article reviews the beneficial effects of LT-modifying
drugs in the management of all grades of asthma severity.
It concludes that certain patient groups, such as those with
EIA or aspirin-induced asthma, may be particularly suitable
for such therapy.
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Schaub B, von Mutius E. Obesity and asthma, what
are the links? Curr Opin Allergy Clin Immunol 2005;
5:185-193

This article reviews the relationship between obesity and
asthma. A number of prospective studies have shown that
weight gain can antedate the development of asthma. Several
hypotheses have been proposed to explain the epidemiologic
associations and are discussed in this article, including air-
way mechanics, influences on immune responses, and hor-
monal influences. Particularly, the diminished tidal lung
expansion in overweight individuals may partially account
for the findings. Studies in animal models have indicated
that elevations of IL-6 levels may contribute to and up-regu-
late inflammation in the airways. The levels of the hormone
leptin, a member of the IL-6 family, are increased in obese
persons. Leptin may have an effect on inflammation by pro-
moting the release of IL-6 from macrophages in lymphocytes.
Other potential factors also are discussed.

Sciurba FC. Physiologic similarities and differences
between COPD and asthma. Chest 2004; 126(suppl):
1175-124S

There are significant differences in the physiologic conse-
quences of COPD in asthma, as described in this article.
However, it also takes a closer inspection of the literature
and reveals significant overlaps between the two conditions.
It veminds us that there is a subgroup of COPD patients that
has features indistinguishable from asthma.

Sears MR, Greene JM, Willan AR, et al. A longitudinal,
population-based, cohort study of childhood asthma fol-
lowed to adulthood. N Engl ] Med 2003; 349:1414-1422
The outcome of childhood asthma is reported in this population-
based study. The risk factors for the persistence and relapse of
asthma into adulthood are described. In this study, more than
one in four children had wheezing that persisted from childhood
to adulthood or that relapsed after remission. The factors pre-
dicting persistence or relapse were sensitization to house dust
mites, airway hyperresponsiveness, female sex, smoking, and
early age at onset. These findings, together with persistently
low lung function, suggest that outcomes in adult patients
with asthma may be determined primarily in early childhood.
Shore SA, Drazen JM. B-Agonists and asthma: too
much of a good thing? J Clin Invest 2003; 112:495-497
This interesting article discusses a theory of why a paradoxi-
cal response sometimes develops in asthmatic patients who
receive long-term treatment with short-acting B-agonists.
Sin DD, Sutherland ER. Obesity and the lung: 4.
Obesity and asthma. Thorax 2008; 63:1018-1023

This review examines the clinical and epidemiological rela-
tionship between obesity and asthma and the purported
mechanisms that may link these two processes together.
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Smith AD, Cowan ], Brassett K, et al. Exhaled nitric
oxide: a predictor of steroid response. Am ] Respir Crit
Care Med 2005; 172:453-459

Patients with asthma symptoms who had not previously
received a diagnosis of asthma were studied to determine
whether exhaled NO measurements would predict steroid-
responsive phenotypes. Levels of exhaled NO proved to be
more sensitive and specific for identifying steroid responders
than was FEV | percentage of predicted, peak flow variability,
or tests of BHR.

Smith AD, Cowan ], Brassett K, et al. Use of inhaled
nitric oxide measurements to guide treatment of
chronic asthma. N Engl ] Med 2005; 352:2163-2173
These authors determined whether measurements of the
fraction of exhaled NO constitute a noninvasive marker of
inflammation that may be a useful alternative for the adjust-
ment of ICS treatment. A threshold of =15 parts per billion
of exhaled NO was used to increase the dose of ICS. They
found that with fraction of exhaled NO measurements main-
tenance doses of ICS could be significantly reduced without
compromising asthma control.

Smith AD, Taylor DR. Is exhaled nitric oxide measure-
ment a useful clinical test in asthma? Curr Opin Allergy
Clin Immunol 2005; 5:49-56

This is a good review on the use of exhaled NO measure-
ments in the management of asthma. Epidemiologic data
confirm that exhaled NO measurements reflect the presence
and severity of airway inflammation in asthma patients.
Reference values and thresholds for an abnormal test need to
be agreed on internationally.

Sont JK, Willems LNA, Bel EH, et al. Clinical control
and histopathologic outcome of asthma when using
airway hyperresponsiveness as an additional guide to
long-term treatment. Am J Respir Crit Care Med 1999;
159:1043-1051

This group of investigators explored whether a treatment
strateqy aimed at reducing airway hyperresponsiveness
added to the strategies used in the asthma guidelines would
provide more effective control of asthma and greater improve-
ment in chronic airway inflammation. They did show that
reducing airway hyperresponsiveness led to more effective
control of asthma. This implies that the monitoring of airway
hyperresponsiveness (by repeated bronchial inhalation chal-
lenge) may improve the long-term management of asthma.
Suissa S, Ernst P, Benayoun S, et al. Low-dose inhaled
corticosteroids and the prevention of death from
asthma. N Engl ] Med 2000; 343:332-336

This important article gives evidence that the regqular use
of low-dose ICS is associated with a decreased risk of death
from asthma.
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Sur S, Crotty TB, Kephart GM, et al. Sudden-onset fatal
asthma: a distinct entity with few eosinophils and rela-
tively more neutrophils in the airway submucosa? Am
Rev Respir Dis 1993; 148:713-719

This study determined the histologic differences in the air-
ways of patients who died of sudden-onset asthma (<1 h)
compared with those who had the more commonly seen slow-
onset asthma. Patients with slow-onset asthma had more
eosinophils and fewer neutrophils than patients with sudden-
onset asthma. The authors concluded that sudden-onset
asthma is immunohistologically distinct from the slow-onset
type because of these differences in eosinophilic and neutro-
philic airway infiltration. They raise the possibility that the
mechanisms involved in these two distinct forms of asthma
are different.

Sutherland ER, Martin R]. Asthma and atypical bacte-
rial infection Chest. 2007; 132:1962-1966

This article reviews the basic and clinical science that impli-
cates the atypical bacterial pathogens M pneumoniae and
Chlamydophila (formerly Chlamydia) pneumoniae
as potentially important factors in asthma. Although their
exact contribution to asthma development and/or persistence
remains to be determined, evidence links them to new-onset
asthma and asthma exacerbations.

Szczeklik A, Stevenson DD. Aspirin-induced asthma:
advances in pathogenesis, diagnosis, and manage-
ment. ] Allergy Clin Immunol 2003; 111:913-921

This article discusses aspirin-induced asthma, including the
clinical presentation and the molecular biology. It concludes
that aspirin-induced asthma runs a protracted course even if
therapy with cyclooxygenase-1 inhibitors is avoided. Aspi-
rin desensitization followed by daily aspirin treatment is a
valuable therapeutic option.

Tan WC. Viruses in asthma exacerbations. Curr Opin
Pulm Med 2005; 11:21-26

This review discusses the role of viruses as triggers for
acute exacerbations of asthma. The application of molecular
diagnostic methods has shown that rhinovirus is the most
common cause but coinfection is frequent. Viruses provoke
asthma attacks by additive or synergistic interactions with
allergen exposure or air pollution. Respiratory viruses cause
asthma exacerbations by triggering the recruitment of T-
helper type 2 cells into the lung.

Tarlo SM, Balmes ], Balkissoon R, et al. Diagnosis and
management of work-related asthma: American Col-
lege of Chest Physicians Consensus Statement. Chest
2008; 134(3 suppl):15-41S

This review replaces a previous American College of Chest
Physicians Consensus Statement on asthma in the workplace
was published in 1995. This current Consensus Statement
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was written by a panel of experts, including allergists, pulm-
onologists, and occupational medicine physicians, The Con-
sensus Document defined work-related asthma to include
occupational asthma (ie, asthma induced by sensitizer or
irritant work exposures) and work-exacerbated asthma (ie,
preexisting or concurrent asthma worsened by work factors).
The Consensus Document focuses on the diagnosis and man-
agement (including diagnostic tests, and work and compen-
sation issues), as well as preventive measures.

Turner WS, Palmer L], Rye PJ, et al. The relationship
between infant airway function, childhood airway
responsiveness and asthma. Am ] Respir Crit Care
Med 2004; 169:921-927

This study sought to determine whether there are early life
factors that can predict the development of asthma later in
childhood. A total of 243 Australian children were prospec-
tively studied during the course of 11 years. The presence of
wheezing at age 11 years was associated with lower lung func-
tion during infancy and was independent of increased airway
responsiveness and atopy at a younger age. This suggests
that intrinsic disturbances in lung function, possibly related
to lung development, maternal factors, and/or environmental
factors close to the time of birth, have a role in the later devel-
opment of asthma. Ongoing atopy and BHR predicted wheez-
ing that persisted from ages 4 to 6 years to age 11.

Van Hove CL, Maes T, Joos GF, Chronic inflamma-
tion in asthma: a contest of persistence vs resolution.
Allergy 2008; 63:1095-109

Recent investigations have highlighted that endogenous
antiinflammatory mediators and immune-requlating mecha-
nisms are important for the resolution of inflammatory pro-
cesses. A disruption of these mechanisms can be causally
related not only to the initiation of unnecessary inflammation,
but also to the persistence of several chronic inflammatory
diseases. This article discusses these potential mechanisms
with asthma.

Vonk JM, Jongepier H, Panhusen CIM, et al. Risk fac-
tors associated with the presence of irreversible airflow
limitation and reduced transfer coefficient in patients
with asthma after 26 years of follow up. Thorax 2003;
58:322-327

Fixed airflow obstruction develops in some asthmatic
patients. In this study, after 20 to 30 years of follow-up,
adults with a history of asthma were reexamined to assess
the risk factors for the development of irreversible airway
obstruction and low diffusing capacity. In this study, irre-
versible airflow obstruction developed in 16% of patients.
This was associated with a lower FEV, (percentage of pre-
dicted), a lower level of BHR, less reversibility at initial test-
ing, and with less use of corticosteroids at follow-up.
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Walker S, Monteil M, Phelan K, et al. Anti-IgE for
chronic asthma. Cochrane Database Syst Rev (database
online). Issue 3, 2004

This Cochrane Database report discusses the use of recombi-
nant humanized monoclonal antibody directed against IQE.
This therapy (called omalizumab) is significantly more effec-
tive than placebo at increasing the number of patients who
are able to reduce or withdraw from therapy with ICS. It also
reduces the number of asthma exacerbations.

Wark PA, Gibson PG, Wilson AJ. Azoles for aller-
gic bronchopulmonary aspergillosis associated with
asthma. Cochrane Database Syst Rev (database online).
Issue 34, 2004

This review concludes that itraconazole modifies the immu-
nologic action associated with ABPA and improves clinical
outcomes.

Wenzel S. Severe/fatal asthma. Chest 2003; 123(suppl):
4055-410S

This is a discussion of severe fatal asthma, including the
genetic and environmental factors that are responsible. It
discusses the pathologic findings, including eosinophilic
inflammation, structural changes, and distal disease.
Wenzel S. Severe asthma in adults. Am ] Respir Crit
Care Med 2005; 172:149-160

This is a pulmonary perspective on severe asthma, which
disproportionately consumes health-care resources related
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to this disease. Early-onset severe asthma is a more allergic
associated disease. Severe asthma with persistent eosino-
philia (either early onset or late onset) is more symptomatic
and has more near-fatal events. At least 50% of patients with
severe asthma have little identifiable inflammation. Steroid
resistance in severe asthma is also discussed in this article.
Wenzel SE, Szefler SJ, Leung DY, et al. Bronchoscopic
evaluation of severe asthma. Am J Respir Crit Care
Med 1997; 156:737-743

This study was designed to evaluate the type of airway
inflammation in patients with severe asthma who are
receiving high-dose oral glucocorticoids. Eosinophils were
not found in healthy control individuals or patients with
severe asthma but were seen in patients with moderate
asthma. In contrast, patients with severe asthma demon-
strated a greater concentration of neutrophils in BAL fluid.
Findings suggest that inflammation remains in symptom-
atic patients with severe asthma despite glucocorticoid
treatment.

West PM, Fernandez C. Safety of COX-2 inhibitors in
asthma patients with aspirin hypersensitivity. Ann
Pharmacother 2003; 37:1497-1501

This study concludes that cyclooxygenase-2 inhibitors
provide a potentially safe alternative for the treatment of
inflammatory conditions in patients with aspirin-induced
asthma.
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Cardiopulmonary Exercise Testing

Darcy D. Marciniuk, MD, FCCP

Objectives:

e Provide a brief overview of normal exercise physiology
and responses

¢ Outline the indications, conduct, and interpretation of
cardiopulmonary exercise testing

¢ Highlightcharacteristic responses commonly demonstrated
by patients with various disorders frequently assessed by
the pulmonologist

Key words: cardiopulmonary exercise testing; exercise;
interpretation; pulmonary function laboratory; pulmonary
function testing

Exercise in the normal human involves the effective
integration of respiratory, cardiovascular, neuro-
muscular, and metabolic functions. The organs
involved in these varied and important roles have
a sizeable reserve, with the consequence that clini-
cal manifestations of a disease state or abnormal-
ity may not become readily apparent until the
functional capacity of the organ(s) is markedly
impaired. When this manifestation occurs, patients
often experience the distressing and disabling
symptoms of shortness of breath with activity
and exercise limitation. Cardiopulmonary exercise
testing (CPET) has secured an essential role in
our practice of clinical medicine by allowing the
clinician to objectively evaluate these important
functions and symptoms.

Objective assessment and measurement of
various parameters during exercise, which places
an increased physiologic demand on the func-
tional reserve capacity of these organs, can also
provide a sensitive method for the early detection
of abnormal function and response(s). The results
from exercise testing parallel functional capacity
and quality of life more closely than measure-
ments obtained only at rest, and they have been
shown to accurately predict important outcomes,
such as the rate of mortality, in a variety of
patients and clinical circumstances. Although the
use of CPET has been previously viewed as
being merely interesting in the hands of a few
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individuals, CPET is now cemented into main-
stream clinical practice. In view of these meaning-
ful benefits, the conduct and interpretation
of CPET is now an essential competency for prac-
ticing pulmonologists.

Normal Exercise Physiology

Knowledge and a thorough understanding of
normal exercise physiology are essential for the
appropriate interpretation of exercise responses in
disease. Although relevant principles of normal
exercise physiology will be briefly summarized, a
comprehensive review of this subject topic is
beyond the intent of this course and syllabus. The
reader is encouraged to consult more detailed
appropriate source literature and documents on
this topic (see the references section).

To meet the increased metabolic demands of
exercise, the respiratory and cardiovascular sys-
tems must be able to augment oxygen delivery to
the working skeletal muscles. Oxygen transport in
the body depends on a series of linked mechanisms
that can be schematically expressed as follows
(adapted from Jones; 1). Potential factors that may
affect these mechanisms are shown in parentheses,
but these are not inclusive:

Inspired O,
(altitude)
\J

Respiratory ventilation
(alveolar ventilation, distribution)

Respiratory gas exchange
(diffusion, ventilation/perfusion)

Arterial O,
(oxygen capacity, saturation)

Cardiac output
(SV, cardiac frequency)
\J
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Circulation and muscle blood flow
(peripheral vascular resistance)

l
O, extraction
(capillary-tissue diffusion)
l
Muscle O, utilization — O, stores
(respiratory enzymes)

\J

Venous O,

Similarly, the removal of carbon dioxide (CO,),
which is a byproduct of metabolism, can be
expressed with the following scheme (adapted
from Jones; 1):

CO, production (aerobic, anaerobic)
1 — CO, stores
Muscle blood flow and circulation
l
Venous CO,
l
Venous return
(cardiac output)
l
Respiratory gas exchange
(ventilation/perfusion)
l
Respiratory ventilation
(alveolar ventilation, distribution)
l
Expired CO,

Understanding the cardiorespiratory and metabolic
responses to exercise is further facilitated by closer
examination of the direct physiologic determinants
of oxygen uptake (\702) and carbon dioxide output
(Vco,) as depicted in the following equations. The
cardiovascular responses are represented by rear-
rangement of the Fick equation:

(1) \./o2 = Qr (Cao, — Cvo,)
or

(2) Vo, = (HR - SV) (Cao, — Cvo,)

where Qt is cardiac output, the product of stroke
volume (SV) and heart rate (HR), and Cao, — Cvo,
is the oxygen content difference between systemic
arterial and mixed venous blood.
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Meanwhile, when the inspired CO, concentra-
tion is negligible, the respiratory response to exer-
cise can be represented by the following
equation:

B)va=k- \./co2
Paco,
or
(4) Ve = k- \'/co2
Paco, (1 — Vb/VT)

where VE is minute ventilation, the sum of alveolar
ventilation (VA) and dead space ventilation (VD).
VD/VT is the ratio of physiologic dead space to
tidal volume. These relationships are used to
understand the ventilatory response during exer-
cise because VE and VA are associated more closely
to \‘7C02 than to \702. Graphical representations of
how the respiratory and cardiovascular systems
respond to meet the demands of exercise in the
normal human are shown in Figures 1 and 2.
These relationships and equations also serve
toillustrate and emphasize the integrative aspects
of exercise, which result in the total response being
greater than could be supported by any individual
contribution alone. For instance, oxygen supply in
a fit athlete may increase to > 20 times the resting
oxygen consumption (ie, from 0.25 L/min at rest
to >5.0 L/min at peak exercise). This net increase

MVC (Maximal Ventilatory Capacity)

Ve (L/min)

Vo,max predicted

Vo, (I/min)

Figure 1. Respiratory system responses during exercise.
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Figure 2. Cardiovascular system responses during exercise.

is not brought about by a 20-fold increase in any
one mechanism but rather is shared between
mechanisms. For example, the increase in VE dur-
ing exercise occurs not only because of the typical
hyperventilation (attributable to metabolic acido-
sis) at the end of exercise but also because of a
significant decrease in VD /VT during exercise.
The fractional changes in various components
of the cardiovascular and respiratory systems dur-
ing exercise are summarized in Figure 3, which
shows representative data from a population of

20 -
®
o oL
[
N
(]
0
S 1of
(]
x
Lo
=
o 5}
>
0 ;
Vo, QT Cao,—Cvo, SV HR
(L/miny (L/min)  (mi/L) ~ (ml)  (min )
Rest 0.29 5.8 50 77 75

Maximal 3.00 21.6 140 120 180

normal middle-aged men. These data illustrate the
major demands placed on cardiorespiratory func-
tion during exercise, and they exemplify the sig-
nificant reserve that exists to meet the increased
demands of exercise. These demands are met by
increases in ventilation (breathing frequency and
VT) and cardiac output (HR and SV) as well as by
redistribution of blood to the exercising muscles.
In addition, VD decreases as VA becomes more
efficient. The \./o2 increases with increasing exercise
and, in some fit and motivated individuals, reaches
a plateau near the end of exercise. Meanwhile, as
CO, production continues, further fueled by
anaerobic respiration and progressive increases in
lactate production later in exercise, the respiratory
exchange ratio (RER) increases in the normal
human. The peak \./o2 is usually determined by the
capacity of the cardiovascular system to deliver
oxygen to the working muscles. Except in well-
trained athletes and perhaps the fit elderly, gas
exchange remains well preserved during exercise,
although the hyperventilation induced by lactic
acid production typically results in a slight decrease
in Paco, and an increase in Pao,.

Clinical Indications for CPET

The indications for CPET are varied and
depend on the clinical setting and question(s) to
be addressed. Shortness of breath with exercise and
limitation of activity are cardinal and common
symptoms of dysfunction and are therefore some

RER \'/co2 Paco, VA Vb/VT1 Ve
(L/min) (mmHg) (L/min) (L/min)

0.83 0.24 40 5,2 0.34 7.9

1,12 3.36 33 88 0.18 107

Figure 3. Relationship between resting and maximal exercise values in normal humans. Adapted from Gallagher.
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of the most frequent reasons for testing in the
clinical laboratory. CPET also has significant utility
in distinguishing normal from abnormal responses
and in establishing cardiovascular from respiratory
causes for activity limitation.

Our understanding of the clinical utility of
CPET is also increasing as further work is published
demonstrating the prognostic value of exercise
testing in various clinical settings."**> Results from
exercise testing have been shown to correlate with
important clinical outcomes, including rate of mor-
tality, in COPD, interstitial lung disease (ILD),
cystic fibrosis, primary pulmonary hypertension,
and chronic heart failure. Generally accepted
clinical indications for CPET are listed in Table 1.

Equipment, Conduct, and
Measurements

Exercise testing is most commonly performed
with either a stationary cycle ergometer or a motor-
ized treadmill. Both cycle ergometer and treadmill
testing are appropriate, although the cycle ergom-
eter is used more frequently. The cycle ergometer
allows for a direct measurement of work rate, has
less potential for the creation of artifacts, and seems
to be better tolerated by patients, particularly those
with significant lower-limb joint problems. Alter-
natively, the treadmill yields greater values for the
peak \./o2 (approximately 8 to 12%) and is better
accepted by fit normal subjects.®

Specialized equipment is required for CPET,
necessitating both increased cost and expertise.
Although reliable and user-friendly equipment is
now available as the result of advances in technol-
ogy, these advances also have ushered in a multi-
tude of confusing numbers and graphs that this

Table 1. Clinical Indications for CPET*

Objective assessment of symptoms

Evaluation of severity of impairment

Appraisal of contributors to exercise limitation

Early detection of disease or impairment

Assessment of response to therapy

Disability assessment

Assessment/titration of supplemental oxygen therapy
Identification of exercise-associated bronchoconstriction
Preoperative risk and transplantation assessment

*Adapted from Palange et al* and Weisman et al.>
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new equipment now produces. Similar to pulmo-
nary function testing equipment, exercise testing
equipment systems, whether mixing chamber or
breath-by-breath ones, require meticulous calibra-
tion procedures to ensure that measurements are
and remain accurate and precise. In addition to
daily calibration, routine physiologic calibration
should be performed. This calibration is best
undertaken by having a healthy staff member
exercise at several constant work rates for a speci-
fied duration while \./E, \702, and \./COZ are mea-
sured. This procedure might entail measurements
after 4 to 6 min each of rest, 50 W and 100 W. Values
should remain consistent (<5% variation) with
measurements collected previously under identical
circumstances. If not, the cause of any discrepancy
must be investigated and corrected. The ventilatory
measurements unique to CPET are listed in Figure
4, in which measured variables are denoted by
solid lines, whereas derived variables are denoted
by dashed lines.

In addition to the aforementioned measure-
ments, the Pao, (arterial sampling) or arterial
oxygen saturation (Spo,; ie, oxygen saturation by
pulse oximetry) work rate (cycle ergometer), BP
(cuff sphygmomanometer), heart rate/rhythm
(ECG), and symptoms of shortness of breath and
leg fatigue (modified Borg scale or visual analog
scale) are measured. The reason(s) for stopping
exercise should always be noted.

Together, these measurements allow for a com-
prehensive evaluation of behaviors during exercise
and for the determination of various derived vari-
ables that provide additional information in the
interpretation process. However, as noted, it is
important to be focused on the overriding princi-
ples, values, and relationships of both normal and
abnormal responses rather than become confused
and misled by the often-unnecessary plethora of
confusing numbers and graphs.

Cycle ergometers and treadmills should
undergo periodic calibration, although this calibra-
tion is typically necessary only every few years or
if the equipment has been moved. The manufac-
turer should be contacted to facilitate these proce-
dures, which are more detailed and require more
specialized expertise and techniques.

The patient should wear comfortable clothes
and shoes, and he or she should refrain from heavy
activity or meals for 2 h before testing. All testing

Cardiopulmonary Exercise Testing (Marciniuk)
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Figure 4. Measured and derived ventilatory measurements.

procedures should be explained, and informed
consent should be obtained. A brief review of the
clinical history and a physical examination should
be performed. Baseline spirometry is measured,
and the patient should be familiarized with use of
the equipment before the test. If a cycle will be
used, the seat and handlebars should be adjusted
for comfort. In the case of a treadmill, the patient
should be shown how to get on and off the moving
belt comfortably and safely.

The choice of which test to perform depends
in large part on the clinical question being
addressed. Maximal symptom-limited incremental
protocols are most commonly performed. Endur-
ance exercise protocols often are conducted in
clinical trials to determine a treatment effect, and
they may have clinical utility in the individual
patient when the clinician is assessing a response
to an intervention. They are often completed at a
constant work rate (approximately 75% of the
maximal work rate is typical) and continued until
the patient is no longer able to exercise. Exercise
challenge testing frequently is performed to objec-
tively assess for the presence of exercise-induced
bronchoconstriction (EIB). The test is performed to
illicit approximately 6 min of very intense exercise
associated with high levels of VE. Spirometry is
then performed after exercise at frequent intervals
(1,5, 10, 15, 20, and 30 min are recommended), with
a decrease in the FEV, of 10% indicating possible
and 15% probable EIB.® Readers are asked to con-
sult referenced guideline statements for further
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information and detail regarding the conduct of
this specialized testing.”®

The performance and conduct of the 6-min
walk distance test will not be addressed in this
chapter, but it is discussed in more detail else-
where.” However, timed walk tests (typically
6 min or 12 min) are the standard “simple” test for
the assessment of activity limitation. They are safe
and practical, and they tend to mimic activities of
daily living. Their utility has been confirmed to
improve with standardization, although they are
susceptible to a training effect (similar to other
tests). Their major limitation is they provide
restricted information regarding physiologic con-
tributors and mechanisms of exercise limitation.
Nonetheless, they have become embedded in our
field because of the meaningful information they
yield.®?

Shuttle walk tests are emerging as another
option in this setting, and reports'®'! have vali-
dated their usefulness in detecting a treatment
effect. The obstacle to more widespread use at this
time relates to a lack of familiarity. However, as
further reports validating their utility are pub-
lished, our understanding of the role of both incre-
mental and endurance shuttle walk test protocols
will mature.

In short, CPET is the current “gold standard”
for assessing exercise performance. It allows deter-
mination of mechanistic insights, recognition of
coexistent and multiple exercise-limiting factors,
and provides a thorough evaluation of respiratory
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responses and constraint. Both incremental and
endurance protocols may be used, and the results
from endurance exercise testing have been found
to be more responsive to a treatment effect than
either incremental exercise or 6-min walk testing.
If a thorough evaluation of exercise performance
is required, particularly in patients with multiple
comorbidities, CEPT remains the testing method
of choice.

CPET is safe, with the risk of death for patients
approximating 2 to 5 per 100,000 exercise tests
performed.’ These risks can be minimized by a
number of practical and common sense precau-
tions, including the following;:

e direct physician supervision (the importance
of this cannot be overemphasized) and a thor-
ough understanding of the contraindications to
undergoing testing, as well as the indications
for terminating exercise testing;

e appropriate cardiac and BP monitoring;

e resuscitation equipment and expertise; and

e accurate Sao, monitoring and availability of
supplemental oxygen.

Specific contraindications for testing are listed
in Table 2. Indications for prematurely terminating
CPET are listed in Table 3.

Specific Variables Assessed During
Exercise

Although a discussion of individual measure-
ments is presented, it is important to recognize that
CPET involves their collective integration for inter-
pretation. In many instances, specific individual
measurements are of lesser importance and are

Table 2. Contraindications to CPET

Unstable angina or recent acute coronary syndrome

Uncontrolled arrhythmias causing symptoms or hemo-
dynamic compromise

Active endocarditis, myocarditis, or pericarditis

Symptomatic, severe aortic stenosis

Poorly or uncontrolled heart failure

Acute pulmonary embolism or infarction

Thrombosis of the lower limbs

Suspected dissecting aortic aneurysm

Uncontrolled asthma

Pulmonary edema

Significant hypoxemia
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Table 3. Indications for Terminating CPET in the Clinical
Laboratory*

Unstable angina or chest pain suggestive of myocardial
ischemia

ECG changes suggestive of ischemia, complex ectopy, or
second- or third-degree heart block

Systolic BP decrease >20 mm Hg from highest value

Systolic BP >250 mm Hg, diastolic BP >120 mm Hg

Desaturation to <80%

Sudden pallor or dizziness

Mental confusion

Signs of respiratory failure

*Adapted from Weisman et al.>

dictated by the clinical question being addressed
and, in part, by responses demonstrated by the
patient during testing.

Vo,

\702 is determined by cellular oxygen demand
and maximal oxygen transport (see the section
“Normal Exercise Physiology”). It is typically pre-
sented together with work rate, and it increases
nearly linearly as external work increases. The
slope of this relationship reflects the efficiency of
metabolic conversion of energy to work and the
mechanical efficiency of the musculoskeletal sys-
tem. Values of 8.5 to 11.0 mL/min/W are normal
for the A\.fo2 /Awork rate relationship and are unaf-
fected by age, height, or sex. Although obese indi-
viduals may have an increased ratio, the slope of
that relationship remains normal.

As exercise progresses, \./o2 increases until one
of more of its determinants approach limitation
(HR, SV, or tissue extraction), at which time the
\./02/ work rate may begin to plateau. This plateau
has been used as the best evidence of maximum
\702, which is the “gold standard” used for assess-
ing cardiorespiratory fitness. However, in the
clinical setting, a plateau may not be reached, and
the peak \‘702 is often used for this purpose. The
peak Vo, is often normalized for body size by
dividing it by weight in kilograms. Unfortunately,
normalization by body weight in obese individu-
als may provide a falsely low value. Although use
of the lean body mass or height may be more
desirable, there is no consensus on how best to
account for body size.

Cardiopulmonary Exercise Testing (Marciniuk)



A reduced peak \‘/02 is the starting point for
interpretation, and underlying causes responsible
for reduced exercise capacity are determined by
inspecting the pattern of responses in other vari-
ables. The peak \'/02 should be expressed as both
an absolute value and also as a percentage of the
predicted value.

Vco N

VCO is determined by factors similar to Vo
but because CO, is more soluble, VCO is more
closely related to VE than to Vo Importantly, the
body uses CO, to compensate for acute metabolic
acidosis, Wthh contributes to the VCO vs work
intensity relationship above the point of anaerob1c
metabolism. An accurate measurement of VCO is
important because it serves in the calculatlon of
several meaningful derived variables. Moreover,
because VE i is so closely related to VCO itis helpful
to analyze VE in relation to VCO

RER

The RER is the ratio of \./COZ / \.702, which under
steady-state conditions approximates the respira-
tory quotient. An RER of 1.0 indicates metabolism
by primarily carbohydrates, 0.7 by primarily fat,
and 0.8 by primarily protein. Values >1.0 may
indicate carbohydrate metabolism but also CO,
derived from lactic acidosis or, importantly, hyper-
ventilation. The RER should be reported as a func-
tion of the Vo

Anaerobic Threshold

Anaerobic threshold (AT), also often referred to
as the lactate threshold or gas exchange threshold, is
considered an indicator of the onset of metabolic
acidosis caused predominantly by increased arterial
lactate during exercise. The AT should be expressed
as a percentage of the peak Vo In normal indi-
viduals, the AT occurs at 50 to 60% of peak Vo
with the range of normal being 40 to 80%. The AT
is affected by the type of exercise (lower for arm vs
leg exercise) and method of testing (lower for cycle
vs treadmill testing). From a practical point of view,
the AT denotes the upper limit of exercise intensity
that can be accomplished aerobically, and exercise
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above the AT is associated with a progressive
decrease in exercise tolerance.

Invasive methods for measuring the AT include
arterial blood sampling of lactate or bicarbonate.
There are various proposed methods for estimating
the AT noninvasively (Fig 5), including the ventila-
tory equivalents method (VE/ VO VE/ VCO end-
tidal Po, [PET0,], and end tidal PCO [PETCO, ]) and
the V- slope method (Vco vs Vo ,)- Conﬁrmatory
evidence is provided by noting the change in slope
of the VE vs \.70 relationship, and when the RER
approximates 1.

Like the peak Vo a reduced AT is nonspecific
and requires mspectlon of other variables to deter-
mine the underlying etiology of the reduction.
Values >40% may be witnessed with a wide variety
of cardiovascular, respiratory, and musculoskeletal
conditions. In some patients with severe respiratory
limitation (for example, severe COPD), the AT
cannot be determined noninvasively.

HR and HR/\702

In normal healthy individuals, HR increases
linearly with increasing exercise and \702. Pre-
dicted maximal HR is often estimated by 220 —
age, but this equation may underestimate
maximal HR in the elderly. The difference
between predicted maximal HR and the observed
maximal HR is called the HR reserve. In normal
individuals, there is little or no HR reserve at the
end of exercise, which suggests a maximal or
near-maximal patient effort. Peak HR may be
reduced in a variety of cardiovascular conditions
(including with pharmacologic agents) or in a
submaximal study, but if a patient achieves pre-
dicted maximal HR, it suggests that cardiovascu-
lar function contributed to exercise limitation.
In this instance, examination of other variables
(ie, \702, AT) will assist in the determination
of whether this occurrence was normal or
abnormal.

The slope of the HR-\.IO2 relationship is a func-
tion of SV; the greater the SV, the lower the HR
(Figs 2 and 6). In patients with significant lung
disease, the opposite may be seen, often reflecting
deconditioning, mechanical ventilatory limitation,
or potentially the hemodynamic consequences of
dynamic hyperinflation.
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Figure 5. Noninvasive estimations of the AT.
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Figure 6. Cardiovascular responses during exercise in different clinical situations.
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Oxygen Pulse

The ratio of \702 to HR is referred to as the oxy-
gen pulse and is often used as a correlate of SV
during exercise. Although under ideal conditions
this relationship generally holds true (see equa-
tions 1 and 2), in many settings the variable must
be used with caution. The assumptions in the equa-
tions are not valid in the presence of significant
desaturation or with impaired skeletal muscle
oxygen extraction. A low oxygen pulse may there-
fore not only reflect cardiovascular disease but also
deconditioning, early exercise termination caused
by respiratory factors, symptoms or submaximal
effort, and/or the presence of arterial oxygen
desaturation.

BP

Systolic BP typically increases progressively
during exercise as Voz increases, whereas diastolic
BP typically increases only slightly or remains
relatively unchanged. Abnormal patterns of
response during exercise include an exaggerated
increase, a reduced increase, or a decrease. Exag-
gerated increases are found with resting hyperten-
sion, but in those without a known diagnosis, they
may also predict the future onset of resting hyper-
tension. A reduced increase may suggest underly-
ing cardiovascular or sympathetic control
abnormalities. A decreasing BP during exercise is
very serious, and it is an indication for immediate
termination of the test. If a decrease occurs, serious
efforts to exclude heart failure, ischemia, or outflow
tract obstruction should be undertaken.

Breathing Pattern and Ventilation

The increase in VE with exercise is accompa-
nied by increases in both the depth and frequency
of breathing (Fig 1). Increases in VT are primarily
responsible for the increase in VE at low levels of
exercise, but as exercise progresses, both VT and
respiratory rate increase. At 70 to 80% of peak
exercise, increases in VE are achieved primarily by
increases in respiratory rate.

There are various methods used to estimate
peak Ve, including actual measurement of the
maximal voluntary ventilation. Predicted maximal
Ve may also be estimated with various equations,
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most commonly the FEV, x 37 to 40. Unfortunately,
none of these methods are perfect, and a pressing
need exists for enhancements in this area. The use
of the maximal voluntary ventilation is limited by
concerns regarding patient effort and repeatability
and with the unique breathing strategy adopted
during the maneuver that does not parallel the
strategy used during exercise. Equations are there-
fore most commonly used, but they may be less
suited for patients with neuromuscular disorders
or respiratory muscle weakness. Despite these
limitations and regardless of the method used,
estimating the peak Ve has significant clinical util-
ity and has withstood the test of time.

The terms breathing reserve or ventilatory reserve
are used to denote the relationship between
predicted peak Ve and the actual measured peak
Ve, displayed both as an absolute value (in liters)
and as a percentage of the predicted peak Ve.
Patients with respiratory disease characteristically
have reduced ventilatory capacity and increased
ventilatory demand, resulting in reduced ventila-
tory reserve. Ventilatory demand is usually increased
both at rest and during exercise in patients with
COPD, ILD, and pulmonary vascular disease, for
example, as the result of ventilation/perfusion
inequality and increased Vp/VT, hypoxemia, and /
or increased stimulation of lung receptors (which
serves to increase ventilation). It is also dependent
on other factors such as metabolic requirements,
lactic acidosis, behavioral factors, deconditioning,
body weight, and mode of testing. In most healthy
adults, peak Ve at the end of exercise approaches
70% of the maximal Ve, although this percentage
may be greater with increased fitness and with aging
(Fig 7). In patients with significant respiratory dis-
ease and mechanical abnormalities, the patient’s
end-of-exercise Ve may reach or even exceed the
predicted maximal peak Ve. A plot of Ve vs either
\'/co2 or \702 is acceptable for the graphical represen-
tation of ventilatory data.

Ventilatory Equivalents for \702 and \7c02

The ratio of VE to VOZ is called the ventilatory
equivalent for oxygen and the ratio of VE to Vco, is
called the ventilatory equivalent for CO,. They are
both related to Vb/VT and are greater as Vp/VT
increases. They also both increase with hyperven-
tilation. Normal responses for these variables are
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Figure 7. Respiratory responses during exercise in different clinical situations.

shown ip Figure 5 (bottom le.ft). l:he initial increase
in the VE/Vo, (while the VE/Vco, has still not
increased) that typically occurs in concert with
metabolic acidosis is different than the pattern
demonstrated with hyperventilation (attributable
to anxiety, pain, or hypoxemla) whereby both the
VE/ Vo and the VE/ Vco, increase together. The
subsequent increase in the VE/ VCO represents
the respiratory compensation assoc1ated with a
decrease in the Paco, and the PeTco,.

The VE/ VCO is usually <34at the AT and usu-
ally <37 to 40 at the end of exercise. Increased
values reflect either an increased Vb/VT or a low
Paco,. A lack of an increase with exercise reflects
either insensitivity to the stimulus of metabolic
acidosis, or an inability of the respiratory system
to respond to that stimulus (ie, significant
COPD).

Pero, and Perco,

The characteristic response of these variables
during exercise is shown in Figure 5 (bottom right).
The period of increasing PeTo, with relatively
stable PETCO, has been termed isocapnic buffering.
Ahigh VE/ Vco without a corresponding decrease
in PeTCO, suggests increased Vp/VT, whereas a
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decrease in PETCo, when the VE / \./(:o2 is high sug-
gests hyperventilation.

Flow-Volume Curves

Although first reported in 1961, flow-volume
curves during exercise were not adopted nor well
studied until the 1990s. Since that time, our insight
of their usefulness to better understand respiratory
responses and symptoms during exercise has
grown (12). This greater understanding, coupled
with advances in technology, has led to the routine
analysis of flow-volume curves during exercise.
The added value garnered from their use relates to
their ability to provide information about the over-
all breathing strategy adopted by patients during
exercise. They also enable an appreciation of the
behavior of operational lung volumes, including
the end-expiratory lung volume (derived from the
total lung capacity and the inspiratory capacity)
and the end-inspiratory lung volume. Additionally,
analysis of flow-volume curves provides an objec-
tive assessment of the presence and degree of flow
limitation during exercise.

In patients with significant disease, there are a
number of characteristic patterns of response in
lung volumes that differ from normal patients

Cardiopulmonary Exercise Testing (Marciniuk)
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Figure 8. Behavior of operational lung volumes during exercise.

(Fig 8: volume vs VE; Fig 9: flow vs volume). In
addition to COPD and ILD, patients with signifi-
cant obesity and central airway obstruction also
demonstrate distinguishing responses.”® Analysis
of flow-volume curves during exercise is also espe-
cially useful in helping to assess a therapeutic
response.'*!

In these examples, the end-expiratory lung
volume, the inspiratory reserve volume, and the
presence/absence of flow limitation serve to dis-
tinguish the various disease states from normal,
these changes being unique and characteristic. The
value of flow-volume curves during exercise is
being further studied, and it is likely that addi-
tional indications and applications such as using
them to better estimate maximal ventilatory capac-
ity may be adopted.

Normal

COPD

Pao,, Sao,, and Alveolar-Arterial Po,

Normal exercise responses are enabled by effi-
cient gas exchange. Arterial hypoxemia is uncom-
mon during exercise in normal humans, but it may
occur in some elite or aging athletes during high-
intensity exercise. Inefficient gas exchange is dem-
onstrated by the alveolar-arterial oxygen pressure
difference, or P(A-a)o,, gradient and by the Pao,.
Asignificant widening of the gradient and decrease
in the Pao, are abnormal, and they are most char-
acteristic of ILD and significant right-to-left shunts
as well as some patients with COPD and pulmo-
nary vascular disease (PVD). A reduced Pao, with
anormal P(A-a)o, may be seen in processes associ-
ated with abnormal respiratory control and in a
hypoxic environment (ie, altitude), although the

Ti ILD

Flow (L/sec)

Flow (L/sec)

Volume (L)

Volume (L)

Flow (L/sec)

Volume (L)

Figure 9. Maximal and tidal flow-volume curves at rest and during exercise.
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latter is rarely reproduced in the clinical laboratory.
A reduced Pao, with an abnormally widened
P(A-a)o, would suggest worsening ventilation/
perfusion inequalities, right-to-left shunt, and/or
diffusion limitation, potentially accompanied by a
decrease in the mixed venous Po,.

The P(A-a)o,is normally <10 mm Hg at rest
but may normally increase to >20 mm Hg during
exercise. Values >35 mm Hg are abnormal and
indicate possible gas exchange abnormalities.
Occasionally, a less-than-optimal substitute, Spo,,
is used as an alternative to arterial blood gas sam-
pling. In the normal individual, both the Pao, and
the Spo, are not appreciably different during exer-
cise when compared with rest.

Vo/VT

VD/VT is another index of gas exchange effi-
ciency. An increase in VD/VT represents an
increased inefficiency of ventilation, which requires
an increase in VE to maintain Paco,. Vb/VT is
highly dependent on the breathing pattern because
arapid shallow breathing pattern increases Vp/VT
without any other abnormalities. The VD/VT is
calculated from the Paco, and the PEco, using the
following equation:

(5) Vb/VT = (Paco, — PEco,)
Paco,

where the PEco, is the mixed expired CO, value of
alveolar and dead space gas. VD/VT is obtained
directly by collecting expired gas and measuring its
CO, concentration. This test can easily be performed
with a mixing chamber or, for breath-by-breath sys-
tems, after determination of the VE / \./COZ ratio.
Approaches that substitute end-tidal Pco, for Paco,
yield unreliable results, particularly in disease, because
pulmonary gas exchange abnormalities in themselves
affect the difference between Paco, and Perco,.

At rest, the VD/VT may normally be approxi-
mately 0.30 and decrease to approximately 0.10 to
0.15 at the end of exercise. Patients with respiratory
disease may have at rest either normal or increased
values that fail to decrease normally during exercise.
In some instances, the Vb/VT will increase during
exercise in patients with significant disease. How-
ever, the VD/VT is neither sensitive nor specific for
lung disease and, thus, an isolated abnormality
should be interpreted with caution. This finding
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also emphasizes the importance of evaluating the
patterns of response from a collection of variables
rather than reacting to just a single measurement.

Symptoms During Exercise

Patients often report that breathlessness and/
or leg fatigue limits their exercise, although other
reasons such as musculoskeletal complaints and
exhaustion are also reported. Objective evaluation
of these end points is valuable, and the use of either
a visual analog scale'® or a modified Borg scale' is
recommended. These scales have shown to be
repeatable and responsive and are commonly used
in clinical laboratories. The reproducibility of
results obtained from these scales can be enhanced
by providing a consistent set of written instructions
to the patient prior to testing. As noted, the
reason(s) for discontinuing exercise should be
recorded. The value of these ratings is further
enhanced when relationships such as VE or work
rate vs dyspnea or leg fatigue are examined, par-
ticularly in serial studies or after interventions.

Reference Values

The selection of appropriate reference values
for use in interpreting CPET is essential. The
reader is advised to consult source references’ > '
for guidance in selecting which reference values
may be most appropriate for their specific clinical
laboratory.

Reproducibility of CPET Results

Whenever serial testing is undertaken, for
example, to assess the response to therapy, the
variability of the measurements during CEPT must
be considered before a beneficial, detrimental, or
no effect can be concluded. The coefficient of
variation (ratio of the SD to the mean, expressed
as a percentage) reported for serial measurements
during maximal testing in the same subject are as
follows (range of reported values listed):

Vo,  3.0-84% Vco, 5.0-9.6%
HR 1.4-8.6% VE 5.0-12.3%
AT 9.2-13.0% Systolic B/P  2.2-6.7%
Sao 2.5% Duration 3.6-13.8

(work rate)
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It should be understood that the variability
depends on a number of factors, such as the popu-
lation studied, the type of testing performed, and
the specific variable examined. However, it appears
reasonable to assume that differences in most mea-
surements obtained during CEPT should exceed
approximately 12 to 20% to be considered clinically
significant (ie, twice the coefficient of variation)
and not caused by inherent variability alone.

Interpretation and Reporting of CPET

Interpretation of CPET begins with the requisi-
tion form. Requisition forms should be designed
to encourage the requesting physician to provide
as much clinical information as is reasonable to
enable the interpretation to be valuable. This infor-
mation will enhance the ability of the reporting
physician to provide the most meaningful inter-
pretation possible from the available measured
data. There are a number of important fundamen-
tal questions that the reporting physician must
address when interpreting CPET (19), including
the following;:

1. Are the results normal or abnormal?

2. How limited is the patient?

3. What factors are responsible for the limitation?

4. What abnormal patterns of response are dem-
onstrated?

5. What clinical disorders may result in these pat-
terns of response?

Determining whether a test is physiologically
maximal is necessary in excluding potential under-
lying diseases or abnormalities. Useful indicators
may include the following;:

1. A plateau of peak \702, or peak Voz is achieved.
2. Maximum work rate is achieved.

3. HR or V& reach predicted maximum.

4. RER >1.15.

5. Blood lactate level >4 (mmol/L).

6. Patient exhaustion.

The clinician must also decide on contributors to
exercise limitation and whether they are normal (e,
appropriate) or abnormal. Potential factors that may
contribute to limit exercise include the following:

1. Cardiovascular function.
2. Respiratory mechanics (and/or respiratory
muscle function).
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. Arterial hypoxemia.

. Dyspnea.

. Unfitness/deconditioning.

. Musculoskeletal disorders, peripheral vascular
disease.

7. Other factors, ie, motivation, secondary gain,

and technical factors.

N Ul = W

Although responses during exercise may vary
in normal individuals, and the range of normal is
quite broad, an understanding of “normalcy” and
normal exercise physiology is essential for the
recognition of disease. This understanding is essen-
tial for the appropriate interpretation of CPET.
Suggested normal values for various measure-
ments obtained during CPET are listed in Table 4.

In interpreting CPET, it is important to focus on
what is most important; patterns of responses dur-
ing exercise and the reason(s) for testing. This focus
will ensure that a correct and meaningful interpre-
tation will result. The multitude of both graphical
and numerical results and an overreliance and
overdependence on complicated algorithms has
contributed to confusion. They distract and deter
us from cardinal measurements and relationships,
the fundamental importance of patient’s symptoms
during exercise, and the basic physiologic principles
that would help us to better understand and appre-
ciate the role and benefit (as well as the limitations)
of exercise testing in clinical practice. They also
detract from the practical reality that, unlike in
textbooks, guideline statements, and / or the lecture
hall, CPET is never ordered nor interpreted in isola-
tion. It should be requested and its results translated
within the context of all available clinical informa-
tion from the patient, with the specific goal of
addressing the question(s) being asked. CPET does
not replace common sense, starting with the clinical
assessment of the patient. For example, there are
more appropriate methods than CPET to differenti-
ate COPD from ILD. To aid in achieving this goal,
the characteristic patterns of response during exer-
cise demonstrated in various disease states are
noted in Table 5. These values highlight the impor-
tance of understanding that no single measurement
is diagnostic of any specific disease entity.

Summary

CPET typically involves the measurement of
respiratory gas exchange (Vo,, Vco,, VE, and other
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Table 4. Suggested Normal Values for Selected CPET Variables*

Variable Normal Value

Peak \'/02 > 85% predicted

AT > 40% predicted peak \./02

Peak HR >90% predicted peak HR

HR reserve > 15 beats/min

BP <200/90 mm Hg

Oxygen pulse (\'702 /HR) > 80% predicted

Peak VE <85% (peak VE/ predicted peak VE)

Ventilatory reserve

>11 L (predicted peak VE [minus] peak \./E)

RR <60 breaths/min
VE/ Vco, <34 at AT; <37-40 at end of exercise
Vbp/VT <0.30

Pao, >80 mm Hg
Sao, desaturation <5%

P(A-a)o, <35mm Hg

HR 1.4 to 8.6%

AT 9.2 to 13.0%

Veco, 5.0 t0 9.6%

VE 5.0 to 12.3%
Systolic BP 2.2t0 6.7%

Duration (work rate)

3.6 to 13.8%

*Adapted from Weisman et al.>

variables) while the ECG, BP, Spo,, and perceived
exertion (Borg scale) is monitored during a
maximal symptom-limited incremental exercise
test on a cycle ergometer or on a treadmill. In some
circumstances, a constant workload exercise test
(based on maximal test results) may be performed.
Measurement of arterial blood gases provides more
detailed information on pulmonary gas exchange.
Resting and exercise tidal flow-volume loops

should also be monitored to accurately assess/
understand the degree of ventilatory constraint.
CPET provides a global assessment of the inte-
grative exercise responses that are not adequately
reflected by measurement of individual organ sys-
tem function at rest: Resting values cannot reliably
predict exercise performance and functional capac-
ity. CPET is safe, comorbidities can be identified,
and enhanced understanding and insight into

Table 5. Characteristic Patterns of Response During Exercise Demonstrated in Various Disease States*

. Congestive Pulmonar ..
Variable Heaft Failure COPD ILD Vascular gisease Deconditioned
Peak \702 l l l l l
AT l v or indeterminate l l —ord
Peak HR A% —ord l —ord —ord
Oxygen pulse l —ord —ord l l
Peak VE/maximal. . —ord T oorT PN =

voluntary ventilation
VE/Vco, T T T T =
Vp/VT T T T T =
Pao, o v l l o
P(A-a)o, PN v ) ) PN

*Adapted from several sources.*>!8202! 1 =decreased; <> = unchanged from normal; T =increased; v = variable.
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various responses, including exercise limiting
factors, is possible. Importantly, CPET promotes an
integrative approach to assessing metabolic, venti-
latory, and cardiac function and reserve. Although
technically more demanding than simpler tests, the
use of CPET provides the clinician with a measure-
ment of the peak VOZ (and relationships involving
the peak Vo,), which remains the “gold standard”
for assessing aerobic exercise capacity.
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Hypercapnic Respiratory Failure

Mark J. Rosen, MD, FCCP

Obijectives:

¢ Understand the determinants of Paco, and the types of
physiologic derangements that lead to hypercapnia

® Review specific neurologic and muscular disorders that
cause respiratory failure

e Discuss respiratory muscle function and the assessment of
respiratory muscle strength

¢ Qutline the types of situations in which an imbalance be-
tween the work of breathing and energy supply to respira-
tory muscles leads to fatigue

¢ Discuss how hypercapnia may occur when excessive con-
centrations of inspired oxygen are administered to suscep-
tible persons

Key words: hypercapnia; neuromuscular diseases; respira-
tory failure; respiratory muscles

Components of the Respiratory
System

The respiratory system can be considered as
two distinct parts: the lungs and a ventilatory
pump. Disorders of the lungs interfere with gas
exchange, manifested mainly by hypoxemia. Dis-
orders of the pump impair ventilation, manifested
by hypercapnia. Arterial carbon dioxide is related
to carbon dioxide output (VCOZ) by metabolism and
is removed by alveolar ventilation (VA). VA is the
total minute ventilation (VE) minus dead space
ventilation (V). Paco, is determined by the fol-
lowing: Paco, = K(Vco,/VA), where K = 0.863 mm
Hg; (VA = Vi — VD) or, rearranged, Paco, =
K(Vco,/VE (1 — Vp/tidal volume [VT]).

Increased Vo,

Hypercapnia may occur when \‘/co2 increases
without a corresponding increase in Va.
VCOz increases in proportion to the metabolic rate,
as with fever and exercise. Carbohydrate utiliza-
tion also increases the respiratory quotient (or
Vco, /oxygen consumption) compared with fat
and protein metabolism, producing more carbon
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dioxide for each calorie expended. In patients with
limited ventilatory reserve, an increase in Vco, may
culminate in an increase in Paco,.

Reduced VA

Any disorder causing a reduction in Va will
increase Paco,. This occurs with three types of
pathophysiologic derangements:

e VE (the product of respiratory rate and VT) is
reduced.

e VT is reduced. Even if the overall VE is normal
or high, the portion of each breath that is dis-
tributed to anatomic or physiologic dead space
(dead space fraction, or Vp/ VT) increases, and
Va is reduced. If VE does not increase propor-
tionally, Paco, increases. This occurs commonly
in patients with rapid, shallow breathing pat-
terns.

e Vb/VT increases, with normal or high VE and
VT. An extreme example would be a patient
with fixed VE who has a massive pulmonary
embolism. Here, although Vi and VT remain the
same, the increase in Vp/VT that results from
the newly underperfused lung units reduces
Va and increases Paco,.

Disorders of Ventilation
Central Control

The medullary central controller sends signals
that set the respiratory rate and V. This center
receives inputs from higher CNS centers, periph-
eral chemoreceptors, and receptors in the lungs,
chest wall, and airways. The carbon dioxide sensor
(chemoreceptor) is located in the medulla and
responds to changes in pH of extracellular fluid.
Oxygen sensors in the carotid body and aortic body
sense changes in Po,. Disorders of central respira-
tory control include the following: (1) congenital
central hypoventilation syndrome (CCHS, or
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Ondine’s curse) and inborn failure of autonomic
control of breathing, linked to mutations in the
PHOX2B gene; (2) central sleep apnea; (3) over-
doses with narcotics or sedatives; (4) diseases of
the medulla (infarct, tumor); (5) hypothyroidism;
(6) metabolic alkalosis, in which the Paco, usually
increases 0.7 to 0.8 mm Hg for every 1.0 mEq/L
increase in plasma bicarbonate; and (7) rabies.

Rabies is a viral infection transmitted in the
saliva of infected mammals that causes an enceph-
alomyelitis that is almost always fatal. In North
America, bats are implicated in transmission in
>90% of cases. The virus may involve the entire
nervous system in infected persons, and respira-
tory failure may occur from either central respira-
tory depression or ascending spastic paralysis,
which occurs in 20% of cases. Postexposure pro-
phylaxis with rabies immune globulin and rabies
vaccine is recommended for the unvaccinated
person who is exposed to bat saliva. Because the
consequences of rabies are so devastating, postex-
posure prophylaxis should be considered even if
a bite cannot be reasonably excluded.

Motor Neurons

Interruption of transmission impulses from the
respiratory centers to the respiratory muscles also
leads to hypoventilation. Motor neuron diseases
include the following: (1) spinal cord injury, espe-
cially at the C3 level; (2) tetanus; and (3) diseases
involving the anterior horn cells, including amyo-
trophic lateral sclerosis (ALS) and poliomyelitis. In
tetanus, the anaerobe Clostridium tetani may inocu-
late a disruption of the skin barrier and elaborate
the exotoxin tetanospasmin, which reaches the
spinal cord by retrograde axonal transport and
blocks the release of inhibitory transmitters. Tris-
mus is often the first symptom, which progresses
to spastic paralysis, especially of the laryngeal and
respiratory muscles, causing respiratory failure that
may persist for several months. Subcutaneous injec-
tion of heroin, or “skin popping,” accounted for the
increasing incidence of tetanus and would botulism
in California since 1997. In surgical wound infec-
tion, contraction of the muscles surrounding the
wound could be the first sign. The disease is pre-
ventable through vaccination; patients with tetanus
should be treated with wound care, tetanus
immune globulin to neutralize remaining exotoxin,
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support of ventilation and hemodynamics, and
medications to suppress muscle rigidity.

ALS is characterized by the presence of dysar-
thria, tongue atrophy and fasciculations, amyotro-
phy (muscle atrophy), extremity fasciculations,
weakness, and hyperreflexia. The diagnosis of ALS
is confirmed with electrophysiologic studies.
Although new cases of poliomyelitis are almost
unheard of in developed nations, late manifesta-
tions may occur many years after the primary
infection. The “postpolio syndrome” may occur in
up to half of the survivors of paralytic poliomyeli-
tis, with the onset of new weakness or abnormal
muscle fatigue, muscle atrophy, or generalized
fatigue. Muscle weakness may even lead to respi-
ratory failure in a few patients.

Peripheral Neuropathy

Disorders of the peripheral nerves commonly
cause hypercapnic respiratory failure. Guillain-
Barré syndrome (GBS) is the most common cause
of acute generalized paralysis after the virtual
elimination of poliomyelitis around the world.
There are at least four subtypes of GBS; the most
common is an acute, inflammatory demyelinating
polyradiculopathy; others are acute motor and
sensory neuropathies (alone or together), acute
pandysautonomic forms, and overlap syndromes.
GBSis believed to be the result of an aberrant T-cell
response to a previous infection, leading to a mac-
rophage-mediated destruction of myelin. The
majority of cases involve either a flu-like illness or
gastroenteritis within the previous 6 weeks, and
approximately one fourth of patients with GBS,
especially those with axonal forms of the disease,
have had a recent infection with Campylobacter
jejuni.

The lipopolysaccharide of C jejuni cell walls
shares similar antigens with peripheral nerve gan-
gliosides. Patients usually present with ascending
paralysis, paresthesias, and hypoflexia or areflexia.
The disorder usually is diagnosed by finding elec-
tromyography (EMG) evidence of conduction
block in motor nerves. Cerebrospinal fluid studies
typically show few or no cells, increased protein
after 1 to 2 weeks, and circulating or cerebrospinal
fluid antiganglioside antibodies in some patients.
Plasmapheresis and infusion of y-globulin appear
to be equally effective, and the combination of both
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treatments confers no additional benefit. There is
no established role for therapy with corticosteroids
in this disorder.

Critical illness polyneuropathy (CIP) is an acute
sensory-motor disorder that mainly affects the
lower limbs of critically ill patients. It may be the
consequence of microcirculatory damage caused
by decreased perfusion or endothelial injury from
a systemic inflammatory cytokine response. Criti-
cal illness myopathy (CIM) is an acute myopathy
that causes weakness and paralysis in critically ill
patients and that usually occurs with CIP. Because
CIP and CIM usually overlap, the term critical ill-
ness polyneuromyopathy is often used. Sepsis, mul-
tiorgan failure, and hyperglycemia often are cited
as risk factors but cannot be confirmed because of
methodologic limitations of investigations into
these disorders.

These patients often present with “weaning
problems” after sepsis resolves, typically with flac-
cid paresis that spares the cranial muscles, muscle
atrophy, and reduced or absent deep tendon
reflexes. EMG shows axonal neuropathic and/or
myopathic patterns, and muscle biopsies (when
performed) show denervation atrophy. If the
patient survives the critical illness, the syndrome
may resolves over weeks to months, but many
patients remain permanently disabled. There is no
specific treatment, but efforts to prevent this dis-
order include minimizing the use of corticoste-
roids, and some studies have suggested that
rigorous glycemic control is associated with a
reduced incidence.

Unusual causes of neuropathy include diph-
theria, porphyria, and tick paralysis. Exposure to
toxins also may cause severe neuropathy and
paralysis. For example, fugu, a puffer fish, elabo-
rates a potent neurotoxin, and ingestion of
improperly prepared fugu sushi accounts for
approximately 50 deaths in Japan each year.

Neuromuscular Junction

Disorders/particulars interfering with trans-
mission of impulses at the neuromuscular junction
include the following:

Myasthenia Gravis: In this disease, binding of
IgG antibodies to the postsynaptic acetylcholine
receptor induces complement-mediated recep-
tor destruction and skeletal muscle weakness.
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Most cases are idiopathic, but the disease may
be induced by penicillamine and transiently
exacerbated by corticosteroids. The diagnosis is
supported by the following: (1) impaired neuro-
muscular transmission on EMG, with decremen-
tal response to repetitive stimulation; (2) clinical
response to cholinergic agents (edrophonium);
and (3) the presence of acetylcholine receptor anti-
bodies in the serum (85 to 90% of patients with
generalized weakness). Myasthenia gravis is asso-
ciated with both benign and malignant thymoma.
Treatments include cholinergic drugs, corticoste-
roids for mild-to-moderate disease (and some-
times with other immunosuppressive agents),
and plasma exchange or IV Ig for patients with
severe weakness. Plasma exchange and IV Ig are
equally effective in exacerbations of myasthenia
gravis, and the role of these treatments in chronic
disease is unproven. Even in the absence of thy-
moma, thymectomy is generally recommended
for patients with generalized myasthenia gravis
between puberty and 60 years of age because it is
associated with a greater likelihood of remission
or improvement.

Eaton-Lambert Syndrome: This paraneoplastic
disorder often is associated with small cell carci-
noma of the lung. Weakness is mainly proximal
and spares the ocular and bulbar muscles. Unlike
myasthenia, EMG in Eaton-Lambert syndrome
shows an incremental pattern with repetitive
stimulation.

Organophosphates: Organophosphates, a compo-
nent of some insecticides, inhibit choline-esterase.

Botulism: The spores of Clostridium botulinum
generate a potent neurotoxin that causes a poten-
tially lethal, descending flaccid paralysis. Patients
typically present with oculomotor palsies, pro-
gressing to facial muscle paralysis and diffi-
culty swallowing, and then limb and respiratory
muscle weakness and paralysis. Although botu-
lism is best known to be acquired by ingestion
of preserved food containing preformed toxin,
a similar syndrome may occur when the organ-
ism is inoculated into a wound or other devital-
ized tissue; it may also be acquired by inhalation,
making it a potential bioterrorist weapon. Similar
to tetanus, a dramatic increase in reported cases
of wound botulism was linked to subcutane-
ous or IM injection of “black tar” heroin in Cali-
fornia. Like Eaton-Lambert syndrome, there is
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augmentation of muscle action potential with
repetitive nerve stimulation, although to a lesser
degree. The diagnosis is established by identify-
ing the toxin in the serum, stool, or wound, or the
organism in stool or wound. Treatment includes
debridement, botulinum antitoxin, and support-
ive care.

Prolonged Muscle Weakness: Prolonged mus-
cle weakness after nondepolarizing neuromus-
cular blocking agents is common. Discontinuing
mechanical ventilation may be delayed, and
weakness may persist for months. Two types
of neuromuscular dysfunction occur. Persis-
tent blockade of the neuromuscular junction
may occur as the result of accumulation of the
drug or active metabolites, especially in patients
with renal failure. This occurs more commonly
with aminosteroid agents (pancuronium and
vecuronium), in which renal excretion of active
metabolites is important, than with the benzyl-
isoquinolone agents (atracurium, doxacurium,
and cisatracurium), which are inactivated spon-
taneously in the blood. The second is an acute,
generalized, necrotizing myopathy that clinically
resembles and may be indistinguishable from
CIM in the absence of these agents, except that
these patients generally have intact sensation,
usually have greater creatine kinase levels, and
nerve conduction is normal. This complication is
most common in patients who are receiving high
doses of corticosteroids along with neuromuscu-
lar blocking agents, including the benzylisoqui-
nolones. Treatment is supportive, but patients
maybe incapacitated for months after recovery
from the acute illness. Minimizing the dose and
duration of paralytic agents and corticosteroids is
the best way to prevent this complication.

Respiratory Muscles

The respiratory muscles perform the work of
breathing. The diaphragm is the most important
inspiratory muscle, responsible for 60 to 90% of
work of breathing at rest. Contraction of the costal
component displaces abdominal viscera down-
ward and lifts the lower rib cage; the crural com-
ponent displaces abdominal viscera downward.
The external intercostals, scaleni, and sternocleido-
mastoids comprise the accessory muscles of inspi-
ration and are used when VEis increased or when
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the diaphragm is weak or fatigued. Contraction of
these muscles elevates the rib cage.

The expiratory muscles (internal intercostal and
abdominal) are not used during resting breathing
because exhalation is passive. However, they con-
tract actively when VE is increased and are essential
to the cough reflex. The internal intercostals depress
the ribs, and the abdominal muscles depress the
lower ribs and pull the abdominal wall inward.

Muscle Weakness

Weakness is defined as a reduced capacity of a
rested muscle to generate an expected force. Weak-
ened inspiratory muscles may be incapable of
performing the work of breathing, leading to
hypercapnia. Expiratory muscle weakness impairs
the cough reflex, promoting retention of secretions
and pneumonia. Causes of muscle weakness are
listed in Table 1.

As part of normal aging, respiratory muscle
strength generally declines in parallel with overall
muscle performance. Malnutrition causes all
muscles, including those of respiration, to become
atrophic and weak, causing predisposition to respi-
ratory failure. Respiratory muscles may become
weak as the result of denervation, myopathy, and
endocrinopathies. Metabolic disorders, including
severe abnormalities in serum potassium,
magnesium, and phosphate, may interfere with
contractile function, causing inadequate Ve and

Table 1. Causes of Respiratory Muscle Weakness

Aging

Malnutrition

Denervation

Myopathy

Muscular dystrophy

Polymyositis

Drug-induced (neuromuscular blocking agents,
corticosteroids)

Endocrinopathy (hyperthyroidism, Cushing syndrome)

Metabolic

Hypokalemia

Hyperkalemia

Hypophosphatemia

Hypomagnesemia

Hypermagnesemia

Acidosis

Hyperinflation
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hypercapnia. When acidosis impairs the contractile
force of respiratory muscles, a positive feedback
loop of respiratory muscle weakness and respira-
tory acidosis may be established.

Hyperinflation places the inspiratory muscles
at mechanical disadvantage, largely because of a
reduction in muscle length. Inspiratory muscle
weakness with hyperinflation is more pronounced
in acute disorders like severe asthma than in
COPD. With time, remodeling of sarcomeres
restores them to normal length, and the proportion
of slow-twitch muscle fibers increases. These adap-
tive responses improve contractile function and
increase resistance to fatigue. Also, many patients
with COPD lose weight; these patients have
increased circulating levels of tumor necrosis fac-
tor-a,, which promotes muscle wasting and weak-
ness. The benefits of lung volume reduction
surgery (LVRS) in patients with severe COPD are
probably attributable to enhanced ventilatory
pump function; LVRS reduces hyperinflation and
air trapping, improving diaphragm mechanics and
increasing VA.

Assessment of Respiratory Muscle Strength

In clinical practice, the strength of respiratory
muscles usually is measured with maximal pres-
sures at the mouth against a closed airway (maxi-
mum inspiratory pressure, maximum expiratory
pressure). The “gold standard” measurement, used
more in scientific investigations than in clinical
practice, is transdiaphragmatic pressure (Pdi) dur-
ing a maximal inspiratory effort. Pdi is calculated
as the difference between abdominal pressure
measured with a gastric balloon catheter, and pleu-
ral pressure measured in the esophagus.

Respiratory Muscle Fatigue

Fatigue is defined as a reduced capacity to
generate an expected force, which is corrected with
rest. Fatigue can be classified as central, transmis-
sional, and contractile. Central fatigue describes a
reversible decrease in central neural respiratory
drive caused by overuse of muscles. It may be
motivational when strength can be restored by
voluntary effort and nonmotivational when strength
is not restored by increased effort but the muscle
responds normally to electrical stimulation. Central
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fatigue is probably a consequence of reflex inhibi-
tion, influenced by afferent and cortical signals,
perhaps endogenous opioids. Transmission fatigue
is a reversible, exertion-induced impairment of
neural transmission; its pathophysiology and sig-
nificance are unknown.

Contractile fatigue is a reversible impairment
in contractile response to neural impulses not
caused by drugs or alteration in length/tension or
force/velocity relationships. It occurs when energy
demands on contracting muscles exceed the energy
supply. Energy demand is a function of the work
of breathing (VE, compliance, and resistance) and
the efficiency of the respiratory system. Fatigue
typically occurs when the tension time index is
>0.15. The tension-time index is defined as fol-
lows: Pdi/maximal Pdi X Tt/ Tt, where T1 = dura-
tion of inspiration, and Tt = duration of one
respiratory cycle.

Put more simply, fatigue occurs when
Pbreath/ MIP X Ti/Ttis excessive, where P breath =
inspiratory pressure for a given breath, and MIP =
maximal inspiratory pressure. Therefore, a weak
muscle (where maximal Pdi and MIP are reduced) is
more likely to fatigue and fail than a normal muscle.

The efficiency of inspiratory muscle contraction
is impaired by lung volume, the presence of neu-
romuscular disease, and malnutrition. Body posi-
tion also influences contractile efficiency; inspiration
requires less effort in the upright position because
the abdominal contents are displaced downward
by gravity, unloading the diaphragm. Patients with
lung disease and an increased work of breathing
usually are more comfortable in an upright com-
pared with supine position. This is especially true
for patients with massive obesity, when assuming
the supine position may precipitate respiratory
arrest because the diaphragm cannot overcome the
intolerable load imposed by the weight of the
abdominal contents.

The energy supply to muscles varies directly
with blood flow. Shock often culminates in respira-
tory failure because blood flow and oxygen supply
to contracting respiratory muscles are reduced. In
cardiogenic shock, hypercapnic respiratory failure
occurs because pulmonary edema increases the
work of breathing, and impaired hemodynamic
function reduces blood flow to the respiratory
muscles. Hypoxemia may compromise oxygen
supply to respiratory muscles, but hypoxemia
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alone does not usually cause muscle fatigue; oxy-
gen consumption can be maintained by increased
cardiac output and augmented oxygen extraction
from capillary blood.

When respiratory muscles are fatigued, the
EMG power spectrum is shifted, with increased
low-frequency and decreased high-frequency com-
ponents. Dyspnea and tachypnea are common.
Respiratory alternans, the alternating recruitment
and derecruitment of the diaphragm and other
inspiratory muscles, often precedes the onset of
paradoxical abdominal motion with respiration.

Treatment of fatigue depends on correcting the
underlying disorders and rest. If the underlying
condition that provoked muscle fatigue is not read-
ily reversible, the patient will require mechanical
ventilation until adequate rest is achieved. Phar-
macologic approaches to improve respiratory
muscle function have been investigated. Although
aminophylline, digoxin, and dobutamine have all
been demonstrated to increase the contractility of
the diaphragm, their clinical utility in patients with
respiratory muscle fatigue is unproven. Similarly,
the role of strength and endurance training of the
respiratory muscles has been under investigation
for decades, but there is still no good evidence to
support its use.

Hypercapnia With Oxygen Administration

Excessive oxygen administration may worsen
preexisting hypercapnia, especially in patients
with COPD. Mechanisms include the following:
(1) increased physiologic dead space. This factor is
an important one, but the precise explanation for
this phenomenon is not completely understood;
(2) attenuation of hypoxic ventilatory drive;
patients with chronic hypercapnia become insensi-
tive to increments in Paco,; and (3) the Haldane
effect, in which oxygen releases co, bound to
hemoglobin, increasing Paco,.

Primary Disorders of the Chest Wall

Severe kyphoscoliosis, obesity, thoracoplasty,
and pleural thickening all may cause hypoventila-
tion by one of two general mechanisms, which can
be categorized as “can’t breathe” and “won’t
breathe.” Significant increase in the work of breath-
ing caused by severe mechanical derangements of
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the chest wall may lead to reduced VTs and increased
VD/VT (can’t breathe). Many patients with chest
wall restriction have central carbon dioxide nonre-
sponsiveness, either as a primary disorder or to
compensate for increased work of breathing (won't
breathe). In acute illness, respiratory muscle fatigue
imposed by increased work of breathing may pre-
cipitate frank hypercapnic respiratory failure.

The interplay of increased work of breathing
and diminished respiratory drive is a prominent
feature of the obesity-hypoventilation syndrome
(OHS), defined as a combination of obesity (body
mass index > 30 kg/m?) and hypercapnia (Paco,
> 45 mm Hg) during wakefulness in the absence
of other known causes of alveolar hypoventila-
tion. In many patients, severe obesity is associated
with chronic daytime hypercapnia and hypox-
emia, erythrocytosis, and right ventricular failure.
Most (but not all) patients with OHS also have
obstructive sleep apnea, but only a minority of
obese patients with obstructive sleep apnea have
OHS. Patients with OHS have a blunted central
drive in response to hypercapnia and hypoxemia,
possibly related to decreased circulating levels or
receptor hyporesponsiveness to leptin, a hormone
that acts on the hypothalamus to suppress appe-
tite and probably also on central respiratory
centers to maintain hypercapnic ventilatory
responses. Obesity-related upper airway narrow-
ing, dependent atelectasis, and excessive loading
of respiratory muscles may all be contributing
factors.
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Thoracic Imaging
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Obijectives:

® Review the basic plain radiograph and cross-sectional
anatomy and pathology of the tracheobronchial tree, lobar
atelectasis, and the mediastinum

e Evaluate the role of CT pulmonary angiography in the
diagnosis of both acute and chronic pulmonary thrombo-
embolic disease

® Review the current methods for evaluation of solitary
pulmonary nodule

* Learntointerprethigh-resolution CT scanimagesin patients
with diffuse lung disease

Key words: chest imaging; CT pulmonary angiography;
high-resolution CT scan; positron emission tomography

This chapter is divided into six broad sections:
(1) evaluation of the nonneoplastic diseases of
the tracheobronchial tree, (2) lobar atelectasis,
(3) evaluation of mediastinal structures and patho-
logy, (4) CT pulmonary angiography in the diag-
nosis of acute and chronic thromboembolic disease,
(5) current concepts in the evaluation of solitary
pulmonary nodule, and (6) high-resolution CT
(HRCT) scan findings in patients with diffuse lung
disease.

Tracheobronchial Tree

Focal or diffuse lesions of the tracheobronchial
tree are produced by a variety of diseases. The
etiologies include infection, malignancy, trauma,
collagen vascular disease, and idiopathic entities
such as amyloidosis and tracheobronchopathia
osteochondroplastica. These conditions may pro-
duce symptoms of cough, dyspnea, wheezing, or
stridor. Despite significant symptomatology, air-
way abnormalities frequently are not apparent or
often are overlooked on chest radiographs, which
results in a delay of the diagnosis. CT scan of the
chest is the imaging modality of choice if there is
a clinical suspicion of tracheobronchial abnormal-
ity. The following is a brief description of the
important nonneoplastic diseases that are associ-
ated with tracheal narrowing.
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Tracheal Stenosis

Most tracheal stenoses are complications of
tracheal intubations. Narrowing occurs at the tho-
racic inlet where the cuff has been inflated for
tracheostomy or intubation. As the cuff pressure
exceeds the capillary pressure, blood supply to the
tracheal mucosa is compromised. This compromise
leads to inflammation, followed by ulceration and
necrosis. Eventually, scarring occurs and leads to
stenosis. On CT, 1- to 2-cm long circumferential
narrowing of the trachea is noted at the thoracic
inlet.

Tracheobronchomalacia

Tracheobronchomalacia is a condition defined
by excessive expiratory collapse of the trachea and
bronchi. It is a result of weakness of the airway
walls or supporting cartilage. Some cases are con-
genital in nature; however, most cases are acquired
and are caused by previous intubation, trauma,
infection, or chronic inflammation. On CT, diagno-
sis is suggested when greater than a 50% decrease
in the cross-sectional area of the airway lumen is
noted on dynamic expiratory images.

Saber-Sheath Trachea

Saber-sheath trachea is characterized by
marked decrease in the transverse diameter of the
intrathoracic trachea associated with an increase
in its sagittal diameter. Changes in tracheal con-
figuration are a result of abnormal intrathoracic
transmural pressures. It is found in men who
smoke and have COPD.

Tracheobronchopathia Osteochondroplastica

It is a rare, benign disease characterized by
development of osseous or cartilaginous nodules
within the anterolateral walls of the trachea. The
posterior membrane of the trachea is spared
because of the absence of cartilage in this area. It
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occurs in men older than 50 years and usually is
detected incidentally. On CT, calcified nodules
protruding into the tracheal lumen are noted.
Resultant tracheal narrowing may be present.

Relapsing Polychondritis

Relapsing polychondritis is a rare inflamma-
tory disease that affects the cartilages of the ear,
nose, respiratory tract, and joints. It is characterized
by repeated episodes of cartilaginous inflamma-
tion, leading to loss of structure and fibrosis. The
respiratory tract is affected in approximately one
half of all the patients. On CT, thickening of the an-
terolateral tracheal wall with sparing of the poste-
rior membrane is noted. Resultant luminal
narrowing and airway collapse are best demon-
strated on dynamic expiratory CT scans.

Amyloidosis

Amyloidosis is a rare condition characterized
by deposition of insoluble protein in the extracel-
lular tissues. It may involve any portion of the
respiratory tract. Within the lung parenchyma,
abnormal amyloid deposition can appear as single
or multiple nodules or diffuse interstitial opacities.
Deposits within the tracheobronchial tree lead to
concentric or nodular thickening of the tracheal
submucosa with resultant narrowing of the lumen.
Calcification and/ or ossification of the lesions may
occur.

Wegener Granulomatosis

It is a necrotizing granulomatous vasculitis that
involves the upper and lower respiratory tract.
Involvement of the lung parenchyma shows mul-
tiple nodules with or without cavitation. Involve-
ment of the tracheobronchial tree is rare and
usually presents late in the disease. On CT, circum-
ferential thickening, ulceration, and luminal nar-
rowing of the trachea are noted.

Mounier-Kuhn syndrome
(Tracheobronchomegaly)

Tracheobronchomegaly, also referred to as

Mounier-Kuhn syndrome, is a rare condition charac-
terized by diffuse dilatation of the trachea and the
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main bronchi. It is thought to result from atrophy
of muscular and elastic tissue found in both trachea
and main bronchi. On CT, thin wall trachea with
scalloped or corrugated appearance, increased
tracheal diameter of >3 cm, and diverticulosis are
present.

In summary, diagnosis of the nonneoplastic
diseases of the tracheobronchial tree requires
knowledge of the anatomy, and observation of the
following on CT scans:

1. Is the trachea dilated or narrowed?

2. If there is thickening of the airway wall? If so,
is it focal or diffuse? Is the thickening at the
thoracic inlet or not?

. Is there stenosis? If so is it focal or diffuse?

. Is calcification present or not?

. Is ulceration present or not?

. Is the posterior membrane involved or spared?

. Is there collapse of the tracheal wall on dynamic
expiratory images?
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The differential diagnosis can be significantly
narrowed once the above questions have been
answered.

Atelectasis

Atelectasis is defined as decrease in volume of
lung or a portion of the lung. Resorption, passive,
cicatrization, and adhesive are the four types of
atelectasis that can be explained by the mechanism
in which the loss of lung volume occurs. Resorptive
atelectasis is the most common type and results
from absorption of gas from the alveoli when the
communication between the alveoli and the tra-
chea is obstructed by an endobronchial lesion or a
mucus plug. Passive atelectasis is caused by extrin-
sic pressure on the lung from a large pleural effu-
sion, pneumothorax, or mass resulting in collapse.
Cicatrisation atelectasis occurs in patients with scar-
ring or pulmonary fibrosis. The exact mechanism
of adhesive atelectasis is poorly understood but is
thought to be caused by widespread collapse of
alveoli. It is usually seen in patients with respira-
tory distress syndrome and in those who are recov-
ering from surgery.

Lobar atelectasis may be complete or partial.
The most common cause of lobar atelectasis is
obstruction by a central endobronchial lesion.
However, in hospitalized patients and particularly
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in those who are intubated, a mucus plug is the
most common cause of partial or lobar atelectasis.
Primary and secondary signs on chest radiograph
help identify the atelectasis and site of endobron-
chial obstruction. The major sign of lobar atelec-
tasis is opacification of the affected lobe due to
airlessness and displacement of the interlobar
fissure. Secondary signs of atelectasis include
displacement of the mediastinal structures, eleva-
tion of the hemidiaphragm, decrease in the dis-
tance of the intercostals spaces, displacement of
the hila, and compensatory overinflation of the
remaining lung. Discussion of the major and
minor radiographic features of the main lobar
atelectasis follow.

Right Upper Lobe Atelectasis

On the frontal chest radiograph, the right
upper lobe collapses superiorly and medially, cre-
ating a wedge-shaped opacity in the upper right
hemithorax. The major fissure is displaced anteri-
orly and the minor fissure is displaced upward.
Right upper lobe collapse secondary to a central
carcinoma may produce a characteristic appear-
ance on the frontal chest radiograph, termed the
“reverse S-sign” of Golden. On the lateral projec-
tion, the collapsed lobe may appear as a triangular
opacity with its apex at the hilum and its base at
the apex of the hemithorax.

Left Upper Lobe Atelectasis

When the left upper lobe collapses, the frontal
chest radiograph demonstrates a hazy opacifica-
tion in the left perihilar area with partial obscura-
tion of the left heart border. Sometimes, the
resultant overinflation of the superior segment of
the left lower lobe inserts between the apex of the
atelectatic upper lobe and the aortic knob, creating
a sharp lucent interface called the Luftsichel sign.
On the lateral radiograph, there is forward dis-
placement of the major fissure that is almost paral-
lel to the anterior chest wall.

Lower Lobe Atelectasis

The pattern of lower lobe collapse is similar in
both lungs because of the equivalent anatomy
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bilaterally. Both lower lobes collapse posteromedi-
ally and inferiorly. On the frontal radiograph, a
triangular opacity is visualized in the paraspinal
location of the lower hemithorax, while on the lateral
projection, increased opacity overlying the lower
thoracic vertebral bodies and loss of visualization
of the posterior left hemidiaphragm are noted.

Right Middle Lobe Atelectasis

On the frontal chest radiograph, the right
middle lobe collapse shows a vague opacity in the
lower right hemithorax with obliteration of
the right heart border. On the lateral projection, the
collapse is seen as a linear band or triangular
opacity overlying the cardiac silhouette as a result
of displacement of the minor fissure inferiorly and
major fissure superiorly.

Rounded Atelectasis

Itis an unusual form of passive atelectasis that
is thought to occur from pleural fibrosis as a result
of chronic pleural effusion and/ or asbestos-related
disease. The pleural fibrosis causes folding of the
adjacent lung parenchyma that appears as a focal,
rounded opacity. On CT, a peripherally situated
rounded opacity with associated pleural thicken-
ing, “comet-tail” sign, and volume loss of the
affected lobe are noted.

Pulmonary Embolism

Pulmonary embolism (PE) is an important
cause of morbidity and mortality, particularly in
the postsurgical and hospitalized patients. Unfor-
tunately, the diagnosis of acute PE is often delayed
or unrecognized because of the nonspecific nature
of its symptoms, signs, and laboratory test find-
ings. The chest radiograph is often nonspecific or
normal. Ventilation/perfusion scans have high
sensitivity but low specificity, whereas pulmonary
angiography is invasive, underused, and has con-
siderable interobserver variability.

Pathophysiology of PE
PE refers to the transport of venous thrombus

to the pulmonary artery circulation. Most thrombi
arise from clots within the deep venous system of
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the lower extremities. Emboli are often multiple,
and they have predilection for the lower lobes of
the lung. This predilection is likely related to
increased blood flow in the lower lobes.

CT Technique

In recent years, great advances have been made
in the CT technology. Because of its ability to
directly visualize PE noninvasively and with high
accuracy, multirow detector CT scanners have
become the imaging test of choice for the diagnosis
of PE. One of the other potential advantages is the
ability to diagnosis alternative diagnosis that may
mimic PE clinically.

On multirow detector CT scanners, approxi-
mately 80 to 100 mL of iodinated IV contrast is
injected at 4 mL /s after a fixed scan delay or a tim-
ing bolus of 20 mL. The patient is scanned in a
single breath hold from the lung apices to the level
of the diaphragm. Approximately 250 to 400
images per scan are obtained because the study is
performed at 1.25-mm collimation. Thus, the CT
interpretation is performed on computer worksta-
tion by actually scrolling through the images and
altering the window width and level to optimally
evaluate the pulmonary arteries.

CT Findings

The CT findings of acute PE are direct visual-
ization of low-attenuation thrombus within the
contrast-opacified pulmonary artery. Thrombus
may be identified as partial or complete filling
defect in the vascular lumen. Secondary signs of
PE include oligemia of the affected segment and
pulmonary infarcts.

Pitfalls in the diagnosis of PE can be classified
into anatomic and technical etiologies. Common
anatomic pitfalls include lymph nodes, pulmonary
veins, impacted bronchi, and volume averaging of
pulmonary arteries. On the computer workstation,
if one scrolls in and out from the main pulmonary
artery, following each of the lobar, segmental, and
subsegmental arteries, it is impossible to mistake
an artery for a vein, lymph node, or mucoid
impacted bronchi for PE. Technical causes for sub-
optimal quality examinations are poor enhance-
ment of pulmonary arteries, breathing motion
artifact, and excessive noise in large patients. Bolus
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tracking software built into most CT scanners has
significantly reduced nondiagnostic scans from
poor enhancement. In addition, motion artifact is
less of a problem with greater detector scanners
because of the shorter breath holds needed.

Chronic Thromboembolism

Chronic thromboembolism is scarring of the
pulmonary arteries after lysis of thrombi from
either single or repeated bouts of PE. As a result,
webs and occlusions are formed within the
branches of the pulmonary arteries. The global
effect of these is the overall increase of the pulmo-
nary vascular resistance and subsequent pulmo-
nary hypertension.

Characteristic CT findings can be classified into
three categories: cardiac, pulmonary arteries, and
parenchymal. The cardiac findings include right-
sided chamber enlargement and right ventricular
hypertrophy. Pulmonary artery findings include
eccentric thrombus, abrupt vessel cut-off, webs,
beaded vessels, and enlarged central arteries.
Parenchymal findings include alternating hazy and
lucent areas in lung called mosaic attenuation and
enlarged bronchial arteries.

Mediastinum

The mediastinum is an anatomic region within
the thoracic cavity that is bound laterally by the
lungs, anteriorly by the sternum, and posteriorly
by the vertebral bodies. A wide variety of focal
and diffuse abnormalities occur within the medi-
astinum. To facilitate the differential diagnosis,
the mediastinum has been divided into several
compartments, primarily based on landmarks
noted on the chest radiographs and CT rather than
true anatomic fascial planes. They include the
following: (1) anterior mediastinum, which
includes the retrosternal clear space and cardio-
phrenic angle; (2) the middle mediastinum, which
includes the retrosternal clear space, subcarinal
region, and retrocardiac clear space; and (3) pos-
terior mediastinum.

Retrosternal Clear Space

This is the region that is posterior to the ster-
num and anterior the aorta and great vessels. It
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corresponds to the region of the anterior junction
line noted on the frontal chest radiographs. Nor-
mal structures that are present in this location
include the thymus gland, lymph nodes, and fat.
The differential diagnoses of lesions in this space
include lesions of thymic origin (thymoma, thy-
mic cyst); lymphoma; teratoma; aortic aneurysm;
lipomatosis; and sternal lesions. In adults, thy-
momas account for the majority of the lesions in
this space. On CT, they appear as round or lobu-
lated soft-tissue density lesions. Most of them
enhance homogeneously after IV contrast admin-
istration and may contain calcification. Most
of the thymomas are encapsulated and conside-
red benign, but roughly 30% demonstrate inva-
sion through the fibrous capsule and are
considered malignant. Imaging features that sup-
port malignancy include the following: (1) inva-
sion of mediastinal structures, including the
superior vena cava and great vessels; (2) chest
wall invasion; and (3) contiguous spread along
pleural surfaces.

Cardiophrenic Angle

This region is situated anterior and to the right
of the heart. Typically, this region contains fat and
lymph nodes. Most of the lesions occurring in this
space are benign and include prominent fat,
lipoma, pericardial cyst, and Morgagni hernia.
Occasionally, they may contain lymph nodes from
lymphoma or metastasis.

Retrotracheal Clear Space

This region is posterior to the trachea, anterior
to the thoracic spine, and superior to the posterior
portion of the aortic arch. It corresponds to the
region of the posterior junction line as noted on the
frontal chest radiograph. Normal structures that
are present in this space include esophagus and
lymph nodes. The differential diagnosis of lesions
in this region includes abnormalities of the esoph-
agus (tumor, achalasia, Zenker’s diverticulum).
However, a large percentage of lesions in this
region are vascular (aberrant right subclavian
artery) or thyroid in origin. The majority of the
thyroid masses represent goiters, which almost
always extend inferiorly from the thyroid gland
into this space.
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Subcarinal Region

This region is inferior to the carina and superior
to the left atrium. Fat, lymph nodes, and the
esophagus are normal structures that live in this
space. Differential diagnoses of lesions in this
region include lymphadenopathy, bronchogenic
cyst, esophageal diverticula, and esophageal
tumors. Lymphadenopathy is the most common
lesion in this space. It may be neoplastic, inflam-
matory, or infectious in nature. CT is very helpful
in detecting and characterizing the lymph nodes.
On imaging, the nodes may demonstrate homoge-
neous enhancement, hyperenhancement, calcifica-
tion or low-density (fat or necrosis) center. When
present, these lymph node characteristics signifi-
cantly help shorten very lengthy differential diag-
nosis of subcarinal adenopathy:.

Retrocardiac Clear Space

This region is posterior to the heart and ante-
rior the thoracic spine. The esophagus, aorta, azy-
gos vein, fat, and lymph nodes are present in this
region. Differential diagnoses include esophageal
lesions (duplication cyst, varices, hiatal hernia,
tumor); aortic aneurysm; and lymphadenopathy.

Posterior Mediastinum

It is defined as the area posterior to the anterior
margin of the vertebral bodies. Normal structures
that are present in this location include the verte-
bral column, fat, and nerves. The majority of the
lesions occurring in this space are neurogenic (con-
genital, malignant, infection) in nature. MRI is the
preferred imaging modality of choice for evalua-
tion of posterior mediastinal lesions because of its
ability to demonstrate intraspinal extension of
tumor and detect spinal cord abnormalities.

Solitary Pulmonary Nodule

A solitary pulmonary nodule (SPN) is defined
as a well-circumscribed round lesion that is sur-
rounded by lung parenchyma measuring <3 cm.
A larger lesion with the same characteristics is
called a mass. A SPN can be solid, ground glass, or
part solid (containing both ground-glass and solid
components). The differential diagnoses are many,
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including benign and malignant neoplasms,
granuloma, infection, vascular abnormalities, and
intrapulmonary lymph nodes.

Once anodule is detected on plain chest radio-
graphs, comparison with previous films, if avail-
able, is recommended. If none are available, then
HRCT scans at 1- to 2-mm thick sections through
the nodule should be obtained. This scanning is
helpful in detecting calcification, fat, and in defin-
ing the morphology of the nodule.

Morphologic characteristics of SPN often are
nonspecific. For example, malignant lesions can be
round and well-defined, whereas benign lesions can
be irregular and speculated. However, some lesions
have morphologic characteristics typical enough to
allow a diagnosis to be made on CT. These include
arteriovenous fistula, pulmonary artery pseudoan-
eurysms, mycetomas, and mucous plugs.

Demonstration of specific types of calcification
or fat is the only reliable sign that a SPN is benign.
“Benign” types of calcification include those with a
central nidus, “popcorn,” and laminated. Eccentric
calcification can be identified in a small percentage
of lung carcinomas that may incorporate adjacent
calcified granulomas, or they may themselves cal-
cify. In these instances, the calcification is often
stippled or punctuate. Presence of fat within a nod-
ule suggests the lesion as being a hamartoma.

Nodules <8 mm in size and present at the lung
bases and in the peripheral aspect of the lung may
be classified as intrapulmonary lymph nodes if
they fulfill the following criteria: (1) a triangular
shape and situated on the fissure and/or periph-
eral subpleural location or (2) be well-defined,
smooth, round],] or elliptical in contour, situated
on a interlobular septa, and adjacent to a draining
pulmonary vein. Nodules that fulfill the aforemen-
tioned criteria are benign and do not require fur-
ther workup.

If the nodule is found to be indeterminate,
further evaluation should be performed with:
(1) nodule enhancement; (2) transthoracic percu-
taneous needle (TTPN) biopsy, bronchoscopy, and
surgery; (3) PET scan; or (4) periodic follow-up.

Nodule Enhancement
After noncontrast images, sections through the

nodule are obtained after IV contrast administration
for up to 4 min at 1-min intervals. Attenuation of
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the nodule is measured before and at the peak of
contrast enhancement. Those nodules that enhanced
<15 Hounsfield units (HU) are strongly predictive
of benign lesions. Lesions that enhanced >15 HU
are indeterminate because carcinomas, active
granulomas, inflammatory lesions, and hamarto-
mas all can demonstrate enhancement.

TTPN Biopsy

TTPN biopsy can be performed on most CT-
visible lesions. It has a high sensitivity for the
diagnosis of malignant cells (79%) but is less accu-
rate for benign processes.

PET Imaging

PET is a physiologic imaging technique in
which 2-[fluorine-18]-fluoro-2-deoxy-D-glucose
(FDG), a D-glucose analog, is labeled with a posi-
tron emitter (**F). Increased glucose metabolism in
lesions result in increased uptake and accumula-
tion of FDG. Thus, metabolically active lesions will
demonstrate increased FDG uptake. The degree of
FDG accumulation is measured by the use of the
standardized uptake ratio. Typically, lung cancers
demonstrate standardized uptake ratio of >2.5.
For nodules >1 ¢cm, FDG-PET has sensitivity of
about 95%. However, its role in evaluation of SPN
should be approached with caution. The reason is
infectious and inflammatory SPN can demonstrate
increased FDG uptake and thus may give false-
positive results. False-negative results may occur
with carcinoid and bronchioloalveolar carcinomas.
Those nodules that are too small for the resolution
of PET imaging, are not approachable by biopsy,
and do not qualify as intrapulmonary lymph nodes
need periodic follow-up CT scans to ensure their
stability or to assess for interval growth.

In summary, SPN is a common radiologic find-
ing that may require extensive workup to establish
a definitive diagnosis. There is no one correct man-
agement approach. The objective is to use a logical
approach using clinical history and radiologic
findings.

HRCT Features of Diffuse Lung Disease

HRCT scans provide detailed visualization of
the lung parenchyma. Indications for HRCT scans
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include the following: (1) suspected diffuse lung
disease, (2) for possible prebiopsy workup, and
(3) assessment of disease activity. Knowledge of
the secondary pulmonary lobule and the flow of
lymphatics within the pulmonary interstitium are
absolutely necessary for interpretation of HRCT
scans. The secondary lobule is the smallest unit of
the lung visible on HRCT. It is polyhedral in shape
and measures about 1 to 2.5 cm. The core structures
of the lobule include central pulmonary artery and
terminal bronchiole. The septal structures include
venules, lymphatics, and fibrous septa. The pul-
monary lymphatic channels flow from the subpleu-
ral interstitium that is loculated beneath the
visceral pleura into the interlobular septa of
the secondary pulmonary nodule. It then flows to
the intralobular interstitium and into the peribron-
chovascular interstitium before reaching the medi-
astinal lymph nodes.

HRCT Patterns

Several basic patterns of diffuse lung disease
are characterized on HRCT scans. They include the
following: (1) linear, (2) reticular, (3) nodular,
(4) ground-glass opacity (GGO), (5) consolidation,
and (6) cysts. Recognition of these basic patterns
along with their distribution (central or peripheral,
upper, or lower) on HRCT scans can help narrow
the differential diagnosis in large majority of
cases.

Linear pattern is defined by the presence of
Kerley’s lines and represents thickening of the
interlobular septa. This pattern has a long differ-
ential diagnosis but is commonly seen in patients
with pulmonary edema and lymphangitic spread
of carcinoma.

Reticular pattern consists of interlacing line
shadows that appear as a mesh or net-like. Visual-
ization of this pattern suggests that the patient has
pulmonary fibrosis and “honeycombing.” It is seen
in patients with usual interstitial pneumonia,
asbestosis, collagen vascular disease, and drug
toxicity.

Nodular pattern refers to multiple round
opacities that are <1 cm in diameter. They are
further classified based on their distribution within
the lung. They can be present in the perilymphatic
space, centrilobular location, or random distribu-
tion. Perilymphatic nodules occur at the pleural
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surfaces, on the interlobular septa, and in the
peribronchovascular interstitium. Nodules in peri-
lymphatic distribution are caused by diseases such
as sarcoidosis and lymphangitic spread of carci-
noma. Random nodules are evenly distributed
throughout both lungs and suggest hematogenous
spread of disease. Entities include metastasis and
infections such as military tuberculosis. Centri-
lobular nodules occur in the center of the second-
ary pulmonary lobule. They are seen in patients
with hypersensitivity pneumonitis and infection.
Tree-in-bud opacities are a form of centrilobular
nodules and represent dilated and impacted distal
terminal bronchioles. Their presence is almost
always indicative of endobronchial spread of
infection.

GGO represents hazy increased attenuation of
lung with preservation of the underlying broncho-
vascular margins while consolidation represents
increased attenuation of lung with complete obscu-
ration of underlying bronchovascular margins.
GGO represents partial filling, whereas consolida-
tion represents complete filling of the air spaces by
transudative fluid, infectious material, blood, or
malignancy. Both have a very long differential diag-
nosis. The presence of GGO with superimposed
interlobular septal thickening has been termed a
crazy-paving pattern. It has classically been described
in cases of alveolar proteinosis; however, it can be
seen in a number of entities. Most common etiolo-
gies in everyday practice include pulmonary edema
and Pneumocystis jiroveci pneumonia. Other causes
include hemorrhage, malignancy (such as bron-
chioloalveolar carcinoma), and lipoid pneumonia.

Cystic pattern refers to thin-walled, well-
defined air lesions that are <1 c¢cm in diameter.
Entities manifesting a cystic pattern include
lymphangioleiomyomatosis and Langerhans cell
histiocytosis. In summary, knowledge of the pul-
monary anatomy, recognition of HRCT patterns
and their distribution are prerequisites in the
proper interpretation of diffuse lung disease on
HRCT scans.
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Ethics in Pulmonary and Critical Care Medicine

Mark J. Rosen, MD, FCCP

Obijectives:

* Discuss the basic principles of bioethics as they apply to
the practice of medicine (the Georgetown mantra)

® Summarize the common ethical issues that apply to all
physicians

e Focus on issues that are most pertinent to pulmonary and
critical care physicians, especially regarding ethical issues
at the end of life

Key words: autonomy; end-of-life care; ethics; futility; prefer-
ences

When caring for patients, decisions about what is
a “right” or “wrong” course of action are not
always based on randomized clinical trials or even
science. The complex and at times competing inter-
ests of patients, families, the care setting, the payor,
society, the law, and physicians often complicate
patient care, and these issues cannot be resolved
by the use of scientific methods. Pulmonary and
critical care physicians are on the front lines of
these dilemmas, but few have formal training in
bioethics, communication, conflict resolution, and
related disciplines. Therefore, we often improvise
based on past experience or a “see one, do one”
training pathway. At the same time, physicians as
a group (like the rest of humanity), including pul-
monary and critical care physicians, may not want
to confront difficult problems and choices.

This reticence was demonstrated by the land-
mark Study to Understand Prognosis and Prefer-
ences for Outcomes and Risks of Treatments, in
which the authors attempted to improve end-of-life
decision making and to reduce the frequency of
prolonged and potentially unwanted and painful
care at the end of life. Despite interventions that
included providing physicians with prediction
models and decision-making tools, together with
timely reports by trained nurses of patient and
surrogate preferences, there was no improvement
in physician communication, knowledge of
patients’ preferences not to be resuscitated, control
of pain, or duration of ICU stay and mechanical
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ventilation. This section will review the general
principles of bioethics as they apply to patient care
and will focus on the issues most pertinent to pul-
monary and critical care physicians.

Basic Principles

Most medical ethics discussions can be framed
in terms of the following four principles, which
often are referred to as the Georgetown mantra. Some
ethicists criticize the wide application of these prin-
ciples as being simplistic and sometimes irrelevant,
but their simplicity and clarity have stood the test
of decades of use by frontline clinicians who lack
formal training. The four principles are as follows:

¢ Autonomy: The patient has the right to accept
or refuse every treatment;

¢ Beneficence: The clinician should act in the best
interest of the patient;

¢ Nonmaleficence: “First, do no harm”; and

e Justice: The distribution of limited resources
must be fair.

Many (or most) bedside ethical dilemmas arise
when two or more of these values are in conflict.
However, other conflicts are believed to arise from
ethical concerns as a consequence of a lack of com-
munication among patients, families, and the
health-care team. With open communication
(which may require the presence of a mediator
when communications have broken down), the
ethical issues often disappear.

In addition, two other core values are also com-
monly applied to the analysis of ethical issues, as
follows:

¢ Dignity: Both the patient and the caregiver have
a right to dignity; and

* Truthfulness and honesty: Clinicians should
tell the truth.

Some criticize the term medical ethics as
having a physician focus and prefer to use the term

147



health-care ethics to make it more comprehensive.
That physician focus is obvious in the American
Medical Association preamble to their “Principles
of Medical Ethics” (Table 1). Despite the focus on
physicians, these principles are generally accepted.

Autonomy

The patient’s right to make an informed and
uncoerced decision regarding treatment generally
overrides the other values, but autonomy has its
limits. First, a decision must be legal; a request for
euthanasia must be denied, even if it comes from
an informed patient because it is against the law.
Second, the patient must be competent, which is
defined here as having the capacity to make deci-
sions about the care (see the section “Informed
Consent”). If patients with severe illness do not
have this capacity, then we depend on surrogate
decision makers. Autonomy depends on the proper
process of informed consent, where the risks, ben-
efits, and alternatives are explained honestly.

Beneficence and Nonmaleficence

A physician is not obligated to provide care
that would not benefit the patient. However,
conflicts arise when the patient or surrogate
perceives of a benefit that is different from the
clinician’s view of their duty to beneficence and

nonmaleficence. The obvious example is the com-
mon conflict between a family who wants “every-
thing” despite all evidence that “everything” will
not be effective and the clinician’s view that such
care will not lead to a benefit, may cause harm,
and wastes resources. In most cases, patient
autonomy dictates that the benefit must be judged
by the patient’s and surrogate’s preferences, not
by those of the team. Frustrating as this often is,
it also provides a check against other pressures
that may influence care (eg, need for an ICU bed
or a perceived waste of money).

Justice

Although justice is one of the four basic tents
of the Georgetown mantra, this should enter bed-
side decision making rarely, if ever, at least in the
United States. All physicians are obligated to use
resources in an appropriate and efficient manner,
but the primary role of the physician is as a patient
advocate. Therefore, we are not charged with
rationing health-care resources at the bedside.
Rather, this is a policy issue. The perennial exercise
of “who gets the last bed in the medical ICU?” fol-
lowed by a list of candidates often is amusing but
usually specious because there are probably other
ICU beds in the institution that could receive a
critically ill patient temporarily. Unless there is a
shortage of beds, physicians must allocate ICUs

Table 1. The American Medical Association Principles of Medical Ethics*

1. A physician shall be dedicated to providing competent medical care, with compassion and respect for human dignity and

rights.

2. A physician shall uphold the standards of professionalism, be honest in all professional interactions, and strive to report
physicians deficient in character or competence, or engaging in fraud or deception, to appropriate entities.

3. A physician shall respect the law and also recognize a responsibility to seek changes in those requirements that are contrary

to the best interests of the patient.

4. A physician shall respect the rights of patients, colleagues, and other health professionals and shall safeguard patient confi-

dences and privacy within the constraints of the law.

5. A physician shall continue to study, apply, and advance scientific knowledge; maintain a commitment to medical educa-
tion; make relevant information available to patients, colleagues, and the public; obtain consultation; and use the talents of

other health professionals when indicated.

6. A physician shall, in the provision of appropriate patient care, except in emergencies, be free to choose whom to serve, with
whom to associate, and the environment in which to provide medical care.

7. A physician shall recognize a responsibility to participate in activities contributing to the improvement of the community

and the betterment of public health.

8. A physician shall, while caring for a patient, regard responsibility to the patient as paramount.

9. A physician shall support access to medical care for all people. Adopted by the AMA’s House of Delegates June 17, 2001.

*Available at www.ama-assn.org/ama/pub/physician-resources/medical-ethics /code-medical-ethics / principles-medical-

ethics.shtml. Accessed June 22, 2009.
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beds, dialysis slots, bags of packed RBCs, and any
other unit of resource fairly to all who would
qualify to receive it. At the same time, we should
advocate vigorously for rational health policies
that would provide proper care to those who need
it while educating the public about the limits of
what such care can provide.

Ethical Decision Making

Ideally, medical decisions should be based on
empiric information like the results of randomized
trials. However, ethical dilemmas usually involve
subjective considerations, including the prefer-
ences of patients, their surrogates, and clinicians,
which in turn are often influenced by their experi-
ences. These considerations defy a standard
“evidence-based” approach to decision making.
There is an emerging and contentious literature on
“evidence-based ethics” that attempts to apply
principles of evidence-based medicine to ethical
dilemmas in clinical medicine.

Regardless of the outcome of this controversy,
some basic principles apply. One potentially useful
method includes first framing the ethical dilemma
in the dimensions of autonomy, beneficence, non-
maleficence, and justice. The next step would be to
evaluate potential decisions in terms of patient
preferences, the medical benefits and harms, and
how they impact on access to care and societal
costs.

Specificlssues
Informed Consent

Physicians are required to obtain informed
consent from patients before initiating treatment,
and informed consent is valid only when a patient
is competent to make voluntary choices among
treatment options. This consent requires that the
patient is capable of understanding the relevant
information and the consequences of treatment
options, can rationally process this information,
and can communicate a choice.

Competent patients may refuse any treatment,
even if that decision is contrary to the physician’s
recommendation. Studies of competency in
patients with unstable angina, diabetes mellitus,
and HIV infection failed to show an increased
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likelihood of incapacity to make medical decisions.
However, impairment in the capacity for making
medical decisions was found in outpatients with
cancer, the elderly, and patients with dementia.
Even patients with psychiatric illnesses are not
necessarily incompetent to make treatment deci-
sions; rather, they should be assessed by use of the
same criteria as used for other patients.

Often, the great majority of patients in an ICU
are deemed to lack the capacity to make decisions;
therefore, the determination of capacity is an
important part of ICU management. Obviously,
critically ill patients who are deeply sedated or
obviously delirious do not have decisional capac-
ity, and their treating clinicians can determine
incapacity. Other patients may lack capacity
because they have cognitive impairments caused
by preexisting disease, acute illness, or the effects
of analgesics. Standardized assessment tools for
these conditions may be helpful in assessing
delirium, which is usually underestimated in hos-
pitalized patients. Psychiatric consultation is not
necessary to determine whether a patient is incom-
petent; rather, consultations should be reserved for
cases in which the clinician believes that the patient
is making an irrational decision, when there is
associated mental illness, or in other situations that
pose uncertainty.

Problems often arise in patients who lack the
capacity to make decisions and also lack a surro-
gate. In most situations, physicians use the prin-
ciple of “substituted judgment” and proceed with
a course that most patients with capacity would
choose. Often, hospitals have policies that require
consultation and approval by an independent
practitioner or an ethics committee. Withdrawing
life support in a patient without capacity and with
no surrogate presents a special issue. In one study
surveying seven medical centers, 5.5% of all deaths
occurred among patients in this category; in most
cases, decisions were made by physicians with no
institutional or judicial review, contrary to their
institution’s policies.

Informed consent for research also presents
unique issues, especially when it involves subjects
who are critically ill and incapable of providing
consent because of their illness or medications that
impair cognition. US Federal regulations permit
consent by the subject’s “legally authorized rep-
resentative,” which is defined as “an individual

149



or judicial or other body authorized under appli-
cable law to consent on behalf of a prospective
subject to the subject’s participation in the
procedure(s) involved in the research.” This
requirement may be waived if an institutional
review board determines that the research poses
minimal risk, defined in U.S. Federal guidelines
as “the probability and magnitude of harm or
discomfort anticipated in the research are not
greater in and of themselves than those ordinarily
encountered in daily life or during the perfor-
mance of routine physical or psychological exam-
inations or tests.” However, state laws vary widely
in permitting surrogates to consent for participa-
tion in clinical research, and critical care research
is generally not conducted in some states unless
there is a court-appointed guardian. Others permit
“emergency research” in situations such as after
cardiopulmonary resuscitation.

Withdrawal of Life Support

It is widely accepted in modern societies that
patients and their surrogates have the authority to
decline or withdraw any medical intervention, as
long as the decision maker is intellectually and
psychologically competent to make such a deci-
sion. Withdrawing ventilatory support is generally
deemed the moral and ethical equivalent of with-
holding it, but many families and physicians can-
not help but think and act otherwise. Although it
is ethically and legally prohibited to withdraw care
with the specific intent of hastening death, the
principle of “double effect” supports the use of
medications intended to prevent or relieve suffer-
ing even if it incidentally hastens death.

The withdrawal of mechanical ventilatory sup-
port may be undertaken in most locations if there
is an oral advance directive by the patient or with
the agreement of the clinical team and family; the
requirement for a written advance directive is
unusual. The process should begin only after there
is a consensus of both the medical team and the
patient and family that this treatment is both
unwanted and not likely to lead to a desired patient
outcome. When the decision to limit or withdraw
treatment is reached, the clinician is still respon-
sible for treating the patient throughout the dying
process and being attentive to the needs of the
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patient, family, and the clinical team. The ICU team
needs to attend the family almost as much as the
patient because they are often under great emo-
tional stress. This process should be planned and
communicated to the team and the family, prefer-
ably with an organized protocol including the
administration of analgesics and sedatives titrated
to maintain the comfort of the patient.

Whether to simply extubate the patient after
administering and maintaining sedatives (called
terminal extubation) or to gradually reduce support
(ie, respiratory rate and fraction of inspired oxygen)
with the endotracheal tube in place (called terminal
wean) is a topic of ongoing controversy. Prompt
extubation has the advantages of not prolonging
the dying process, and the goals of care are clear
and morally transparent. Gradual withdrawal of
support with the endotracheal tube in place reduces
the likelihood that visible distress will develop in
patients from stridor and oral secretions, often
promoting their own comfort and that of their fam-
ily by reducing anxiety. However, this approach
may prolong the dying process, and some family
members may misinterpret this process as
an attempt to extubate the patient successfully.
No randomized trials have compared these
two approaches from a patient-centered or family-
centered perspective, and there is no consensus
among clinicians and ethicists on which method is
preferable. Rather, decisions on how to extubate
patients who are expected to die depend on the
preferences of the ICU team in consultation with
the family.

Neuromuscular blocking agents have no seda-
tive or analgesic properties, would mask signs of
discomfort after the withdrawal of ventilatory sup-
port, and should almost always be discontinued
before withdrawing ventilatory support. In addi-
tion, some patients survive to be discharged from
the hospital despite predictions that the with-
drawal of support will lead to death; this would
be impossible in the presence of neuromuscular
blockade. Unusual situations in which continuing
therapy with these agents are warranted during
the withdrawal of mechanical ventilator support
would include patients who are certain not to sur-
vive more than a short interval after the with-
drawal of support even without this treatment, or
if the benefits of waiting for the return of neuro-
muscular function do not outweigh the burdens.
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Regardless of the process of extubation, there
is no evidence that increasing the dose of benzodi-
azepines and opiates before extubation with the
goal of maintaining patient comfort is associated
with a shorter time to death after extubation.
Indeed, one study showed no relationship between
narcotic dose and the time to death, and a direct
relationship between the dose of benzodiazepines
and the time to death after extubation. Therefore,
ajudicious use of sedation and analgesics does not
appear to hasten death in these patients and should
be part of any standard protocol.

Brain Death

It is now almost universally accepted that a
person is considered to be dead when the whole
brain (including the brainstem) is dead; therefore,
establishing a precise diagnosis of brain death is
often crucial in decisions about terminating life sup-
port and organ donation. Although the criteria for
diagnosing brain death have evolved, the current
guidelines and the laws in most countries require a
detailed clinical assessment that includes the pres-
ence of coma and the absence of brainstem reflexes
and apnea over the course of two successive exam-
inations. These criteria must also be fulfilled in the
absence of a complicating condition that may render
clinical examination unreliable, including severe
hypothermia, hypotension, severe metabolic distur-
bances, drug intoxication, and the use of neuromus-
cular blocking agents. A disorder that would
preclude performing an apnea test (eg, high cervical
cord injury, in which a patient may be incapable of
breathing spontaneously) would also make clinical
assessment impossible. In these cases, confirmatory
tests of the cessation of brain function are needed.

Although EEG is frequently used because it can
be performed at the bedside, the interpretation of
the findings is subject to interobserver variability,
as well as the possibility of false-positive findings
(eg, as a result of the use of barbiturates or anesthet-
ics, or undetectable subcortical neuronal activity)
and false-negative results (eg, as a result of electri-
cal artifacts in an ICU environment or agonal
electrical activity). Tests of brain flow are more
reliable for confirming the diagnosis. Cerebral
angiography with findings that show a cessation
of blood flow to the brain is considered to be the
“gold standard,” and technetium nuclear imaging
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is also reliable. CT scanning and magnetic reso-
nance angiography are probably as accurate but
are less well validated. Transcranial Doppler exami-
nations of cerebral blood flow are safe, noninva-
sive, and can be performed at the bedside, although
performing them requires a high level of skill. The
determination of a complete absence of flow using
this examination is unreliable in the diagnosis of
brain death because false-positive results may
occur in 10 to 15% of cases as the result of technical
factors, which are often related to poor image
acquisition.
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Chronic Obstructive Pulmonary Disease

Sidney S. Braman, MD, FCCP

Obijectives:

¢ Review the definition of COPD that describes this disease
as an airway and systemic inflammatory condition

¢ Explore the impact of COPD, including rates of morbidity
and mortality

¢ Review the risk factors for COPD

e Explore the natural history of COPD from its earlier
asymptomatic stages to the late stages associated with
morbidity and mortality

¢ Explore the current understanding of the pathophysiology
of COPD: the pathologic consequences of airway inflam-
mation and parenchymal lung destruction.

¢ Explore the systemic consequences of the disease and the
comorbidities associated with COPD

* Review the current state of pharmacologic and non-
pharmacologic therapy for COPD, including preventive
measures such as smoking cessation.

Key words: chronic bronchitis; COPD; emphysema; natural
history; risk factors; treatment

Definition and Epidemiology

Internationally, the accepted definition of
COPD s as a disease state characterized by chronic
airflow limitation attributable to chronic bronchitis
and emphysema. Chronic bronchitis has been
defined in clinical terms: the presence of chronic
productive cough for at least three consecutive
months in two consecutive years. Other causes of
chronic productive cough must been ruled out.
Emphysema, on the other hand, has been defined
by its pathologic description: an abnormal enlarge-
ment of the air spaces distal to the terminal bron-
chioles accompanied by destruction of their walls
and without obvious fibrosis. Contrary to this
traditional view, recent data have shown that
this destructive process is accompanied by a net
increase in the amount of collagen, suggesting
there is indeed active fibrosis associated with the
breakdown of the elastic framework of the lung.

During the past decade, as it became recognized
that the disease was having a major worldwide
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impact, there has been increasing interest in the
pathogenesis and management of COPD. It has
been calculated that COPD ranks as the twelfth-
largest disease burden in the world, with projec-
tions that it will rank as the fifth by the year 2020.
In the United States, estimates from national inter-
views taken by the National Center for Health
Statistics showed that >16 million people are
afflicted with COPD; about 14 million are thought
to have chronic bronchitis, whereas 2 million have
emphysema. It is likely that these statistics under-
estimate the prevalence of COPD by as much as
50% because many patients underreport their
symptoms and remain undiagnosed.

In the National Health and Nutrition Examina-
tion Survey (NHANES) III the prevalence of COPD
in the United States was found to be 23.6 million
adults (13.9% of the adult population). These sta-
tistics were derived using telephone surveys and
physical examinations as well as pulmonary func-
tion testing of randomly selected subjects. The
average number of days of restricted activities
reported by patients with COPD is very high,
ranking this condition among the highest chronic
conditions for this measure of morbidity in the
nation. In 1996, COPD was listed as the eighth-
leading cause of disability-adjusted life-years in
men and the seventh-leading cause of disability-
adjusted life-years among women.

COPD is a leading cause of hospitalizations in
the United States. In 1998, nearly 2% of all hospi-
talizations were attributed to COPD, and 7% of
patients had COPD as a contributing cause of hos-
pitalization. From 1995 to 2000, the trend in COPD
hospitalization rates was about the same for men
and women. However, the rates were slightly
greater among black than white patients during this
same period. In 2000, the COPD hospitalization
rates were 31.5 and 36.0 per 10,000 persons for white
and black subjects, respectively. More striking are
COPD statistics regarding the elderly. Nearly 20%
of all hospitalizations in patients >65 years had
COPD as a primary or contributing cause.
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Perhaps even more striking and ominous are
the magnitude and trend of the mortality rates for
COPD. During the past few decades, the mortality
rates associated with other common diseases such
as cardiovascular disease and stroke were decreas-
ing. During the same time period, the mortality
rate for COPD was increasing at an alarming rate.
For example, the US death rate for COPD rose
almost 33% during the years 1979 to 1991, resulting
in COPD becoming the fourth-leading cause of
death in this country. Although the death rate for
men has reached a plateau in recent years, among
women it has continued to increase. In 1998, 54,615
men and 51,377 women died from COPD. From
1995 to 1998, the death rate for COPD increased
9% for US women. In the year 2000, for the first
time more women died from COPD than men.

The cost of COPD has also increased dramati-
cally. In 2002, it was estimated to be $32.1 billion.
Direct medical services accounted for $18.0 billion,
and the indirect cost of morbidity and premature
mortality was $14.1 billion. Medicare expenses for
COPD beneficiaries were nearly 2.5 times that of
the expenditures for all other patients. The cost per
patient in other countries around the world varies
depending on how health-care is provided and
paid. There is a striking direct relationship between
the severity of COPD and the cost of care.

As a result of the impact of COPD on morbid-
ity, mortality, and health-care utilization and
finances, a number of thoracic and respiratory
disease societies offered consensus statements
regarding the assessment and management of
COPD. The dawn of the twenty-first century brings
another guideline, the Global Initiative on Chronic
Obstructive Lung Disease (GOLD) initiative spon-
sored by the World Health Organization and the
National Heart, Lung, and Blood Institute (NHLBI).
GOLD presents an evidenced-based approach that
can be followed by all health-care systems through-
out the world.

The term COPD defined by GOLD differs
from previous consensus statements. It does
not incorporate the terms chronic bronchitis
and emphysema into the definition. Instead, it
defines COPD as a disease state characterized by
airflow obstruction that is no longer fully revers-
ible and is usually progressive. The disease is
caused by the interaction of noxious inhaled
agents such as cigarette smoke, industrial, and
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other environmental pollutants and host factors
(genetic, respiratory infections, etc) that result in
chronic inflammation in the walls and lumen of
the airways. The pathology of COPD, as well as
the symptoms, the pulmonary function abnor-
malities, and complications all can be explained
on the basis of the underlying inflammation.

In the 2006 GOLD definition of COPD, the
phrase “preventable and treatable” was added,
similar to recent American Thoracic Society /Euro-
pean Respiratory Society (ATS/ERS) recommenda-
tions. This was done to encourage a positive
outlook for patients and the healthcare community
toward COPD and to stimulate effective manage-
ment programs to treat those with the disease.

Although the GOLD document does not spe-
cifically include chronic bronchitis and emphysema
in the definition of COPD, it is clear that they are
considered the predominant causes of COPD. In
the past, asthma was also included under the
umbrella term COPD. As asthma became recog-
nized as an inflammatory disease with a different
cellular and inflammatory mediator profile com-
pared with smoking-induced chronic bronchitis
and emphysema, it was no longer considered under
the term COPD. This was also justified by the fact
that asthma is thought to be distinct: airflow
obstruction is predominantly reversible, and the
airways of asthmatic subjects are markedly hyper-
responsive to a variety of specific (aeroallergens)
and nonspecific (methacholine, histamine, cold air)
inhaled substances. Although it is still clinically
useful to distinguish asthma from COPD (chronic
bronchitis and emphysema), it is important to rec-
ognize three problems with this nosology:

* Remission rates for adults with asthma are
much less than those observed in children, and if
remission does occur, the probability of relapse
increases with increasing age. As a result, most
asthmatics, even those who have never smoked,
who are at the age when COPD is most often rec-
ognized (>60 years), have evidence of poorly
reversible airflow obstruction on pulmonary
function testing. This statement is supported
by data from longitudinal studies that the aver-
age FEV, in asthmatics decrease over a period
of years. Despite these findings, there are many
patients who show no correlation between their
FEV, and the duration of their disease.
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¢ Bronchial hyperresponsiveness, the exagger-
ated bronchoconstrictive response to nonspe-
cific agonists such as methacholine, is a constant
feature in asthmatics and is so important to
its pathogenesis it has been incorporated into
the definition of asthma. However, increased
responsiveness to constrictors such as metha-
choline and histamine (but not indirect bron-
choconstrictors such as cold air and bradykinin)
is found in most middle-aged smokers with
COPD and has even been shown to be a strong
predictor of progression of airway obstruction
in those who continue to smoke. In asthma,
bronchial hyperresponsiveness is not related to
baseline airway caliber, whereas in COPD the
increased responsiveness to bronchoconstric-
tors can be explained entirely by the geometric
effect of fixed airway narrowing.

¢ Unfortunately, many adult patients with
asthma are current or former smokers. It is
likely that such patients have more than one
pathologic process with several pathways of
inflammation. Although studies on the effects
of smoking on the rate of decrease of FEV, in

asthma have given conflicting results, most
smoking asthmatics will present with some
degree of fixed airflow obstruction. This find-
ing has raised a complexity of semantic issues
that have not been solved. One attempt has
been to combine two of the major pathologic
processes and describe such patients using the
term asthmatic bronchitis, but this definition
does not have widespread acceptance.

Risk Factors for COPD

The major risk factors for the development of
COPD are listed in Table 1. All of these factors have
one thing in common: they are associated with an
accelerated decrease in FEV, over time. Cigarette
smoking leads the list and in most countries is the
responsible agent in at least 85 to 90% of cases.
Because the basic cellular and molecular mecha-
nisms of disease are still poorly understood, the
reasons why only certain individuals with a posi-
tive exposure history become affected are not
known. For example, it is common to see pulmo-
nary function abnormalities reflecting obstruction

Table 1. Risk Factors for COPD

Risk Comment

External factors
Cigarette smoking: the most important risk factor in 85 to
90% of cases; 15 to 20% of one pack per-day smokers and
25% of two pack per-day smokers develop COPD
Pipe and cigars
Passive smoking

High risk but lower than cigarette smokers
Children of smoking parents have more respiratory symp-
toms and lower airway function; unknown significance for
adult COPD
Occupational exposure: risk in certain professions such as
coal miners, gold miners, grain handlers, cement and
cotton workers; interacts with smoking
Environmental pollution: indoor use of biomass fuels for
cooking and heating in underdeveloped countries;
unknown particulate matter from urban pollution
Host factors
Genetic factor AAT deficiency, >90% caused by homozygous ZZ pheno-
type. Gender: men are more at risk than women
More common with low socioeconomic status
A strong predictor of progressive airway obstruction in
smokers

Socioeconomic
Bronchial hyperresponsiveness

Atopy and asthma Many adult nonsmoking asthmatics develop fixed airway
obstruction; atopy alone not a factor
Childhood illnesses Low birth weight, respiratory infections, and symptomatic

childhood asthma

Dietary influences Vitamin C and E (tocopherol) deficiencies
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in the small airways and nonuniform distribution
of ventilation in young adults who smoke. These
changes are not predictive, because only 15 to 20%
of these heavy smokers will develop an accelerated
decrease of their FEV, over time and clinically
evident COPD. The differences in susceptibility to
tobacco smoke injury are likely to be related to
genetic factors.

It has been more difficult to demonstrate the
association between COPD and occupational expo-
sures than with cigarette smoking. There have been
several reasons offered but perhaps the most com-
pelling is that many exposed workers are also
cigarette smokers or have been exposed to second-
hand smoke. An increasing body of literature is
providing longitudinal evidence that coal workers,
hard rock miners, tunnel workers, concrete manu-
facturing workers, and other non-mining industrial
workers (exposures to dusts, gases and/or fumes)
have an excess annual loss of FEV, of 8 mL/yr
compared with 9 to 11 mL/yr attributable to smok-
ing. Some workers have been shown to have acute
airflow obstruction when exposed to organic and
inorganic dusts, isocyanates, and irritant gases.
Such events appear to predict later findings of
chronic, fixed obstructive lung disease. Recent
estimates by the ATS suggest that for COPD, a
population-attributable risk of approximately 15
to 20% is caused by occupational exposures.

Genetic Risk Factors for COPD

a-Antitrypsin Deficiency: One genetic abnor-
mality that has been known and well studied
is o -antitrypsin (AAT) deficiency. Also called
a, antiprotease deficiency, this disorder accounts
for <1% of COPD in the United States. AAT is
a serum protein made in the liver that is capable
of inhibiting the activity of specific proteolytic
enzymes such as trypsin, chymotrypsin, and neu-
trophil elastase. If not inactivated by AAT, neu-
trophil elastase destroys lung connective tissue,
particularly elastin, which leads to the develop-
ment of emphysema.

AAT is coded for by a single gene on chromo-
some 14. The serum protease inhibitor phenotype
(Pi type) is determined by the independent expres-
sion of two independent alleles. More than 90% of
severely deficient patients are homozygous for the
Z allele. Such patients are designated PiZZ and
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have a reduced serum AAT level to approximately
20% of the normal level. Other rarely observed
phenotypes associated with very low levels of AAT
are Pi SZ, Pi null-null, and Pi null-Z. The normal
M allele phenotype is designated Pi MM. Indi-
viduals with this phenotype have AAT levels of
150 to 350 mg/dL reported from most commercial
laboratories. Often the true laboratory standard
values are reported. Normal levels are 20 to
48 wmol /L.

Most patients homozygous with the Z allele
are of northern European descent. Asian and Afri-
can Americans are rarely affected. Cigarette smok-
ing is the most important risk factor for in the
development of COPD in patients with AAT defi-
ciency. Symptoms begin early in adult life (usually
by age 40), and COPD leads to an early death.
However, it is rare that PiZZ lifetime nonsmokers
ever develop COPD. Most never develop any pul-
monary symptoms, have a normal life expectancy,
and remain undetected unless they are found
through family screening. Heterozygotes that are
Pi MZ have intermediate levels of [propto]-1 anti-
trypsin deficiency. Epidemiologic evidence sug-
gests that they are not at increased risk for
developing COPD when compared with Pi MM
phenotypes. It is important to screen patients for
AAT deficiency (Table 2) for family counseling and
because multivariate analyses from the National
Institutes of Health Registry suggest that severely
deficient patients who receive augmentation
therapy (IV infusions of human AAT) had decre-
ased rates of mortality. In addition, those
who were treated who had an FEV, percentage

Table 2. Diagnosis of AAT Deficiency

Features that prompt suspicion for screening
1. Onset of COPD in patients <50 years
2. COPD without a smoking history or other risk factor
3. Family history of AAT deficiency
4. Family history of COPD, bronchiectasis, panniculitis
5. Young adult asthmatic unresponsive to therapy
6. Patient with predominant lower-lobe emphysema
7. Necrotizing panniculitis
8. C-ANCA vasculitis
9. Unexplained liver disease
Laboratory testing for diagnosis
1. Protein electrophoresis reveals absence of o, peak
2. Serum AAT levels 2.5 to 7 pmol/L (normal 20 to
48 pmol/L)
3. Phenotyping by isoelectric focus; >90% PiZZ
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predicted of 35 to 49% had a slowing in their
decline in lung function compared with an un-
treated group. In addition to developing advanced
emphysema, hepatitis and cirrhosis, AAT defi-
ciency patients are at a 70 to 100% increased risk
of developing lung cancer.

Other Genetic Factors: It is likely that a number
of other genetically determined abnormal protec-
tive mechanisms against protease, oxidant, and
toxic peptide injury are important in the patho-
genesis of COPD. Multiple association studies
have been performed for COPD using case-control
and population- and family-based studies. Unfor-
tunately, these studies have often yielded incon-
sistent results. Candidate genes that have been
studied in COPD are those regulating proteases
and antiproteases. For example, polymorphisms
of the [propto]-1 antitrypsin gene not associ-
ated with deficiency of the protein predispose
to the development of COPD. These abnormali-
ties are located at the Tagl and HindllI sites of the
[propto]-1 antitrypsin gene. There is speculation
that abnormalities at these sites of the gene may
not be normally responsive to inflammatory cyto-
kines, which may lead to inappropriate synthesis
and, hence, a relative deficiency of the protein
during times of stress.

Antioxidant genes have also been of interest.
Polymorphisms in the gene that controls glutathi-
one S-transferases have also recently been linked
to the development of COPD. This family of meta-
bolic enzymes may play an important part in cel-
lular defense by detoxifying various substances in
tobacco smoke. There is recent evidence that
genetic polymorphisms of cytochrome p450 and
microsomal epoxide hydrolase may also be associ-
ated with the development of COPD, and also
variants in the gene ADAM33 have been signifi-
cantly associated with COPD. Finally, genes regu-
lating mucociliary clearance (eg, cystic fibrosis
transmembrane regulator and mucins) and genes
that regulate inflammatory mediators (tumor
necrosis factor [TNF]-[propto], vitamin D-binding
protein, and transforming growth factor-g1) have
been of interest.

Natural History of COPD

The natural history of COPD includes a pro-
longed preclinical period of approximately 20 to
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40 years. During this asymptomatic period, there
is deterioration of lung function in marked excess
of the normal age-related decline. This was first
shown in population studies on London working
men and reported in the 1970s. It was discovered
that the FEV, decreases continuously and evenly
during an individual’s life. Nonsmokers without
respiratory disease can expect to lose 25 to
30 mL/yr of lung function after age 35. The rate of
decrease appears to accelerate slightly with aging,
but sudden large irreversible decreases are very
rare. Although nonsmokers lose FEV, slowly, they
never develop significant airflow obstruction; this
is also true of most smokers.

Susceptible smokers, on the other hand, deve-
lop varying degrees of airflow obstruction, as they
often demonstrate a decrease in lung function of
60 mL/yr and more. This ultimately causes exer-
tional dyspnea when the FEV | is 40 to 59% of its
predicted value and becomes disabling when the
FEV, decreases by approximately 70%. Such an
inexorable decrease may lead to fatality; when the
FEV, decrease to <1 L, the 5-year mortality is
approximately 50%. Smoking cessation in the
susceptible smoker will not result in recovery of
lost FEV, but will slow the rate of decrease to
normal (Fig 1). Smoking cessation in the patient
with early changes of COPD at age 45 can make
the difference between a normal life span and
premature death.

A prospective multicenter longitudinal study
of the effects of smoking cessation in patients iden-
tified with mild-to-moderate airflow obstruction
has been conducted in this country and supported
by the NHLBI. This Lung Health Study showed

----------- Normal
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Figure 1. Natural history of COPD. Accelerated decline in
lung function (FEV,) in smoker and “susceptible” smoker in
whom the progressive disability of COPD develops.
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that smokers who stopped smoking with the help
of an aggressive smoking-intervention program
significantly reduced the decrease in their FEV,
during a 5-year study period when compared with
those who continued to smoke. The inhaled bron-
chodilator ipratropium did not slow the decline of
lung function when given over the same time
period.

The slowly progressive course of COPD is often
interrupted by a sudden change in symptoms and
lung function. These acute respiratory illnesses or
exacerbations are usually caused by viral or bacte-
rial infections and are heralded by an increase in
symptoms. Patients with milder stages of COPD
will often develop one to two exacerbations per
year; those with more severe disease are likely to
have many more. The exacerbations cause a
decrease in lung function for up to 90 days. There
is evidence that more frequent exacerbations play
a causal role in accelerating the development of
chronic airflow obstruction.

Pathology and Pathophysiology

The pathologic changes in COPD are found in
the large and small (<2 mm) airways and in the
lung parenchyma (Fig 2). In advanced stages, there
are also changes in the pulmonary circulation, the
heart, and the respiratory muscles. Alveolar
hypoxia causes medial hypertrophy of vascular
smooth muscle with extension of the muscularis
layer into distal vessels that do not ordinarily con-
tain smooth muscle. Intimal hyperplasia also

‘ INFLAMMATION
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Figure 2. Mechanisms underlying airflow limitation in
COPD. Inflammation caused by cigarette smoke and other
irritants causes inflammation in the large and mainly small
airways (chronic bronchitis) and parenchymal destruction
(emphysema).
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occurs in advanced stages. These latter changes are
associated with the development of pulmonary
hypertension and its consequences: right ventricu-
lar hypertrophy and dilation. Loss of vascular bed
also occurs with emphysema in association with
the destructive alveolar processes. In some patients
with advanced COPD, there is atrophy of dia-
phragmatic muscle, loss of skeletal muscle, and
wasting of limb muscles.

Changes in the Airways of Smokers

Early structural changes have been described
in otherwise-healthy smokers even as young as
20 to 30 years of age. These changes are attributed
to the toxic effects of cigarette smoke and possibly
the added effects of environmental pollution.
Cigarettes contain a complex mixture of particles
and gases and thousands of chemicals. The smoke
that is inhaled contains many free radicals and
reactive oxygen species that are injurious to the
lungs. The burden of gases and particles that are
inhaled into the lungs results in inflammatory and
immune responses that are both innate and adap-
tive. The innate respiratory defense system
includes an epithelial cell barrier and mucociliary
transport system. When they are overwhelmed,
foreign particles may penetrate the airway, and
the epithelial disruption initiates an immune
response. Inflammatory cells migrate into the
epithelial layer, including polymorphonuclear
cells, eosinophils, macrophages, natural killer
cells, and mast cells. Uncommitted B cells and
CD4 and CD8 lymphocytes also participate in the
innate response. Antigens that are deposited on
the epithelium are transported within the airway
by antigen-presenting cells, the specialized epi-
thelial M cells, and the dendritic cells. The anti-
gens are transported to the bronchial-associated
lymphatic tissue layer and to regional lymph
nodes, where B and T lymphocytes initiate the
cellular and humoral components of the adaptive
immune response. This response assists in
the destruction of microbes that may penetrate
the airway as the innate immune system is over-
whelmed and in the neutralization extracellular
microbial toxins that are released by these micro-
organisms.

BAL studies in cigarette smokers have shown
an increase in the number of neutrophils and
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macrophages. Macrophages likely play an impor-
tant role in perpetuating the inflammatory process
of COPD and are increased 5- to 10-fold in the BAL
when the disease is present. They may release
neutrophil chemotactic factors as well as proteo-
lytic enzymes, such as matrix metalloproteinases,
that damage the epithelial barrier. Neutrophils are
also thought to be important in causing the tissue
damage of COPD. They release a number of
mediators, including proteases such as neutrophil
elastase and matrix metalloproteinases, oxidants
such as the oxygen free radical H,O,, and toxic
peptides such as defensins. Proteases and free
radicals can damage the epithelium as well as the
basement membrane. The repair process that
ensues includes the secretion of antiproteases, such
as secretory leukocyte protease inhibitor and tissue
inhibitor of metalloproteinases, by epithelial cells
to regulate the proteolytic process.

The process of repair may be impaired in
patients with COPD. In patients with more
advanced airflow obstruction, T lymphocytes and
neutrophils are found in the epithelium, and
T lymphocytes and macrophages are found in the
subepithelium of centriacinar airways where
emphysema is most marked. Although CD4" lym-
phocytes are found in the airways of atopic asth-
matics, the T lymphocytes of patients with
cigarette-induced COPD are CD8" cells. These
cells are also thought to cause cell damage. Eosin-
ophilic inflammation of the airways is also a hall-
mark of asthma and not usually seen in chronic
bronchitis, although there is an increase in eosino-
philic basic proteins (eosinophil cationic proteins
and eosinophil peroxidase) in induced sputum.
This may indicate that eosinophils had been pres-
ent in the sputum but were destroyed, possibly by
neutrophil elastase. During attacks of acute bron-
chitis, to the contrary, the number of tissue and
sputum eosinophils is markedly increased. Bron-
chial biopsies from former smokers show similar
inflammatory changes as the active smoker, sug-
gesting that inflammation may persist in the air-
way once established. The inflammatory cells
involved in the pathogenesis of COPD are listed
in Table 3.

A number of extracellular-signaling proteins
called cytokines are important in the pathogenesis
of COPD because they are thought to mediate the
tissue damage and repair induced by cigarette
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Table 3. The Inflammatory Cells of COPD

Neutrophils
Potent chemokines (IL-8) and leukotriene B, attract neu-
trophils to airways
Increased numbers in sputum and BAL fluid, few in
airways
Neutrophil numbers correlate with degree of airflow
obstruction
Secrete proteases: neutrophil elastase, cathepsin, and
proteinase-3
A causative link to mucus hypersecretion
Phagocytic ability of neutrophils impaired by cigarette
smoke (by suppression of caspase-3-like activity)
predisposing to respiratory infection
Macrophages
Activated by cigarette smoke
Increased numbers found in sputum, BAL fluid, and
bronchial submucosa
Release inflammatory mediators: TNF-a, leukotriene B,
IL-8, reactive oxygen species
Release increased amounts of metalloproteinase-1 and
metalloproteinase-9
Have defective phagocytic function against apoptotic
epithelial cells
Numbers of macrophages increase with increasing
COPD severity
T lymphocytes
Increased numbers in lung parenchyma and airways
Greatest number are CD8" cells
T-cell numbers correlate with amount of alveolar
destruction
T-cell numbers also correlate with severity of airflow
obstruction
CD8* cells shown to cause cytolysis and apoptosis
of alveolar epithelial cells
Eosinophils
Usually not in sputum in COPD, but eosinophil basic
protein is found
Hence, they may have been present and degranulated by
sputum elastase
Increased numbers predict corticosteroid responsiveness
and also asthma
Increased in BAL fluid and airway biopsy in acute exacer-
bation of COPD
Epithelial cells
Likely an important source of inflammatory mediators as
in asthma
Activated by cigarette smoke to produce IL-1 and IL-§,
TNF-o, and granulocyte colony-stimulating factor
Airway epithelial cells important source of transforming
growth factor-
Transforming growth factor-B may the cause of airway
fibrosis in COPD
VEGF important
VEGEF receptor blockade causes alveolar cell destruction
(emphysema)
Dendritic cells and B cells
Found in increased numbers in lymphoid follicles in
bronchial wall
May reflect an adaptive immune response to infection
May reflect a role for autoimmunity in COPD
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smoking. Increased quantities of certain proinflam-
matory cytokines, including interleukin (IL)-8,
IL-1, IL-6, and TNF-a, and the antiinflammatory
cytokine IL-10 have been found in the sputum of
smokers and even further increased during an
acute exacerbation. Mediators found to be elevated
during a COPD exacerbation are listed in Table 4.
Exposure of bronchial epithelial cells to cigarette
smoke causes a release of neutrophilic and mono-
cytic chemotactic factors, with IL-8 and granulo-
cyte colony stimulating factor accounting for
increased neutrophilic activity and monocyte che-
motactic protein-1 causing increased monocytic
activity.

Cytokines may also be involved with tissue
remodeling in COPD. There are distinct pathologic
features of airway remodeling seen with COPD,
including inflammatory cell proliferation, epithelial
damage, subepithelial fibrosis, myofibroblast pro-
liferation, increased collagen deposition in the lung
parenchyma, smooth muscle hypertrophy, and
neovascularization. Increased expression of trans-
forming growth factor-B and epidermal growth
factor (EGF) may activate fibroblastic proliferation
in the airways of patients with COPD. Patients with
COPD have increased levels of total collagen and
collagen [, III, and IV in the lungs, and levels of
collagen I and III, fibronectin, and laminin have
been inversely related to FEV , suggesting that the
deposition of extracellular matrix proteins contri-
bute to the airflow obstruction observed with
COPD. Vascular endothelial growth factor (VEGEF),
which is expressed in airway smooth muscle cells,

Table 4. Inflammatory Mediators Elevated in Acute
Exacerbations of COPD

C-reactive peptide

Copeptin

IL-8

IL-6

TNF-a

Leptin

Eosinophilic cationic protein
Myeloperoxidase

o -Antitrypsin

Leukotrienes E, and B,

Fibrinogen

Myeloid progenitor inhibitory factor-1
Pulmonary and activation-regulated chemokine
Soluble intercellular adhesion molecule-1
Adiponectin (ACRP-30)
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plays a key role in neovascularization and vascular
permeability and the in the expression of fibroblast
growth factors. Vascular remodeling changes have
also been inversely related to measures of lung
function (FEV).

Other structural changes in the airways of
smokers include mucus hyperplasia, bronchiolar
edema and smooth muscle hypertrophy, and peri-
bronchiolar fibrosis. These changes result in nar-
rowing of the small airways (<2 mm). Recent
studies suggest that the inflammatory cellular
infiltrate, fibrosis, and muscle in the airway wall
show a progression worsening of pathologic
changes when nonsmokers, smokers with mild
COPD, and smokers with more severe disease are
compared, and there is a progression of the number
of airways <400 wm in diameter as the disease
worsens.

Because the total cross-sectional area of these
small airways is so much larger than the cross-
sectional area of the central conducting airways
(and hence they contribute so little to total airway
resistance), dyspnea and changes in the FEV, are
usually absent until the disease is quite advanced.
This zone of the lungs is often referred to as the
“silent zone” because these pathologic abnormali-
ties usually go undetected by symptom assessment
and routine spirometry. In some smokers, the
inflammation and peribronchiolar fibrosis prog-
ress, and the pulmonary functional abnormalities
associated with the small airway changes and the
symptoms of COPD become progressively worse.
However, the presence of chronic bronchitis (cough
and sputum production) in cigarette smokers is not
useful in predicting the future development of
airflow obstruction. Progression from GOLD stages
0 to 4 has been correlated with the following:
(1) the thickness of the airway walls; (2) degree to
which the airway lumen is filled with mucous
exudates; and (3) the extent of the inflammatory
response measured by the number of airways con-
taining polymorphonuclear leukocytes, macro-
phages, and lymphocytes (CDS8 cells, CD4 cells,
and B cells).

In addition to the structural abnormalities seen
in the small airways, there is also a loss of alveolar
attachments to the airway perimeter, which impairs
elastic recoil and favors increased tortuosity and
early closure of the small airways during expira-
tion. Several tests, such as frequency dependence

COPD (Braman)



of compliance, nitrogen slope of the alveolar pla-
teau, the closing volume and Vmax at low lung
volume (eg, VMaX75) are thought to reflect small
airway narrowing. These pathophysiologic abnor-
malities in airways =2 mm have been referred to
as “small airway disease,” implying that it is a
distinct clinical entity. It is more important instead
to think of the early inflammatory changes in the
small airways as the first stage in a protracted
process that eventually leads to persistent airflow
obstruction and progressive decrease in the FEV..
The pathogenesis of COPD that targets the airways
(chronic bronchitis) and lung parenchyma (emphy-
sema) is thought to occur because of a complex
interaction between extracellular signaling pro-
teins, oxidative stress, and proteolytic digestion of
connective tissue (Fig 3).

Pathology of Chronic Bronchitis

The presence of a gel-like mucous in the air-
ways of healthy people is essential for normal
mucociliary clearance. This mucous is swallowed
and rarely noticed. Smokers with chronic bronchi-
tis produce larger amounts of sputum each day,
averaging about 20 to 30 mL/d and even as high
as 100 mL/d. This production occurs as a result of
an increase in the size and number of the submu-
cosal glands and an increase in the number of
goblet cells on the surface epithelium. Mucous
gland enlargement and hyperplasia of the goblet
cells are therefore the hallmark of chronic bron-
chitis. Goblet cells are normally absent in the small
airways, and their presence there (often referred
to as mucous metaplasia) is important to the
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Figure 3. Pathogenesis of COPD. COPD is caused by oxida-
tive stress and proteolytic breakdown of connective tissue
seen in this schema.
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development of COPD. In the larger airways in
chronic bronchitis, there is a reduction in serous
acini of the submucosal glands. This depresses
local defenses to bacterial adherence because these
glands are known to produce deterrents such as
lactoferrin, antiproteases, and lysozyme. Other
epithelial alterations are seen in chronic bronchitis
are a decrease in the number and length of the cilia
and squamous metaplasia. The mucociliary abnor-
malities of chronic bronchitis cause a continuous
sheet or blanket of mucous lining the airways
instead of discreet deposits of mucous seen on
normal airways. Pooling of secretions also may
occur. This provides additional cause for bacterial
growth, which, in turn, causes a release of toxins
that are further damaging to the cilia and epithelial
cells. Bacterial exoproducts are known to stimulate
mucous production, slow ciliary beating, impair
immune effector cell function, and destroy local
immunoglobulins. This cycle is especially seen in
current as opposed to former smokers.

Pathology of Emphysema

Emphysema is a destructive process that occurs
in the gas-exchanging airspaces: the respiratory
bronchioles, alveolar ducts, and alveoli. It results
in perforations (fenestrae), obliteration of airspace
walls, and coalescence of small distinct air spaces
into much larger ones. There is permanent enlarge-
ment of the gas-exchanging units of the lungs
(acini). These pathologic changes cause loss of
elastic recoil of the lungs and abnormal gas
exchange. Recent studies have shown good cor-
relation between physiologic measurements of
lung elastic recoil and diffusing capacity and
microscopic measures of airspace wall per unit of
alveolar volume and alveolar surface area.

Two morphologic forms of emphysema have
been described (Table 5). It should be recognized
that most smoking-related emphysema has fea-
tures of both and the clinical relevance is limited.
The mechanisms by which emphysema and chronic
bronchitis cause airflow obstruction are shown in
Table 6. The release of large amounts of neutrophil
elastase and metalloproteinases from inflammatory
cells that overwhelm the antiprotease defenses of
the lung are the most likely cause of the alveolar
destruction of emphysema. In addition, lung repair
is inhibited by cigarette smoke.
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Table 5. Pathologic Types of Emphysema

Centriacinar (centrilobular): focal destruction of respiratory
bronchioles; surrounded by normal lung parenchyma
More severe in upper lobes
Type most frequently associated with smoking

Panacinar (panlobular): uniform destruction of all airspaces
beyond the respiratory bronchioles
More lower-lobe distribution
Occurs in smokers earlier in life
Associated with AAT deficiency

Pathophysiology

The physiologic hallmark of COPD is the
limitation of expiratory flow with relative preser-
vation of inspiratory flow. Reductions in the FEV,
and FEV /FVC percent are characteristic, whereas
the maximal inspiratory flow rate is normal or near
normal. The degree of reversibility in COPD is
seldom brisk as it is in asthma. Differences in the
degree of reversibility in COPD and asthma may
be explained by the fact that in the latter disease,
many inflammatory mediators have been impli-
cated, including potent bronchoconstrictors such
as histamine, kinins, and prostaglandins. In con-
trast, there are few bronchoconstrictor mediators
released in COPD. One important inflammatory
mediator found in the sputum of patients with
COPD is leukotriene B,. Itis a potent chemoattrac-
tant for neutrophils. The term “partial reversibil-
ity” has been used in COPD, although this term
has not been adequately defined. Reversibility in
COPD patients can be acute, in response to bron-
chodilator drugs, mainly as the result of the release

Table 6. Mechanisms of Airflow Obstruction in COPD

Emphysema
Loss of elastic recoil
1. Less driving pressure from alveoli to proximal air-
ways
2. As patency in smaller airways depends on elastic
recoil, intraluminal pressure is reduced, and airways
collapse during forced expiration
Chronic bronchitis
Airway inflammation and hypersecretion of mucous
1. Peribronchiolar fibrosis results in narrowing of
peripheral airways, loss of alveolar attachments, and
loss of elastic recoil
2. Intraluminal mucous may contribute to airflow
obstruction
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of cholinergic tone. It also may be in response to
oral or inhaled corticosteroids, presumably as a
result of decreased inflammation. Studies have
shown that most patients with COPD will have a
small but significant degree of reversibility of air-
flow obstruction (defined as a 12% and at least a
200-mL improvement in the FEV ). Some longitu-
dinal studies have suggested that increased revers-
ibility is associated with a greater risk of dying
from COPD, whereas others have suggested that
the presence of reversibility coupled with close
clinical treatment and follow-up is associated with
better survival rates.

Early in the course of COPD, the expiratory
flow-volume curve shows a scooped out lower part
of the expiratory limb as a result of abnormal flow
at low lung volume. In later stages there is
decreased expiratory flow at all lung volumes.
Nonuniform ventilation of the lungs is seen even
in the earlier stages of COPD and can be demon-
strated with the N2 washout test. The multiple
inert gas test has been used to quantify the ventila-
tion/perfusion (V/Q) mismatch in the lungs of
patients with COPD and has also shown these
abnormalities in early stages of COPD. The pre-
dominant abnormalities detected by this test are
low V/Q regions. This type of mismatch causes
arterial hypoxemia. There is little right-to-left
shunting in COPD. Lung and thoracic wall hyper-
inflation are another consequence of the loss of
elastic recoil. This favors expiratory flow. As lung
volume increases, elastic recoil pressure also
increases and causes the airways to enlarge, which
in turn reduces the airway resistance. The hyper-
inflation may also have a deleterious effect. As the
chest wall volume expands, the thoracic cage and
diaphragm are placed at a mechanical disadvan-
tage. This disadvantage increases the work
of breathing and contributes to the sensation of
dyspnea.

Systemic Inflammation and COPD

There is growing evidence that the inflamma-
tory response of COPD is not limited to the lungs.
Table 7 lists a number of systemic consequences
of the disease that are considered related to
systemic inflammation. Individuals with stable
COPD have significantly increased blood levels
of C-reactive protein (CRP), fibrinogen, TNF-«,
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Table 7. Systemic Consequences of COPD

Cardiovascular disease
Osteoporosis

Metabolic disease (diabetes mellitus)
Gastrointestinal disease
Anorexia

Weight loss

Skeletal muscle dysfunction
Anemia of chronic disease
Generalized fatigue
Depression

Altered sleep

Cor pulmonale

endothelin-1, IL-6, and circulating leukocytes
compared with normal subjects. Levels of VEGF,
known to be involved in angiogenesis and inflam-
mation, also have been shown to be increased in
patients with COPD. Elevated levels of inflamma-
tory cytokines in the blood of COPD patients
suggests that there is a persistent level of systemic
inflammation, possibly caused by a “spill over”
of inflammatory from the inflammation that is
occurring in the airways, the lung parenchyma,
and the pulmonary vasculature. This latter theory
has not been proven. There is some evidence that
individuals with increased inflammatory markers
such as fibrinogen and CRP are at risk for an
accelerated decrease in FEV , greater rates of hos-
pitalization, and death.

An analysis of the relative risk for systemic
disease in patients with COPD followed by general
practitioners has shown that patients with COPD
are at increased risk for glaucoma, angina, frac-
tures, myocardial infarction, osteoporosis, and
respiratory infection when compared with control
subjects without COPD. Anemia may occur in 10
to 15% of patients with severe COPD. Reduced
hemoglobin in patients on long-term oxygen
therapy has proven to be a strong predictor of
survival and is associated with a greater hospital-
ization rate and a longer cumulative duration of
hospitalization. In a nationally representative
sample of 47 million hospitalizations from 1979 to
2001, hospital discharges with a diagnosis of
COPD were more likely to be hospitalized with
pneumonia, hypertension, heart failure, ischemic
heart disease, pulmonary vascular disease, tho-
racic malignancies, and ventilatory failure when
compared with age-adjusted discharges without
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COPD. Further, a diagnosis of COPD was associ-
ated with greater age-adjusted in-hospital rates of
mortality for pneumonia, hypertension, heart
failure, ventilatory failure, and thoracic malignan-
cies when compared with hospital discharges with
these comorbidities who did not have a diagnosis
COPD. These results suggest that the burden of
disease associated with COPD is largely underes-
timated because having a diagnosis of COPD is
associated with increase risk for hospitalization
and in-hospital mortality from other common
diagnoses.

Another marker of inflammation, surfactant
protein D (SP-D), has been recently studied. SP-D
is a glycoprotein produced in the lungs. In addition
to regulating surfactant homeostasis, SP-D also has
a role in innate immunity and host defense
responses to microorganisms and inhaled particles.
Lung injury has been shown to increase levels of
lung and systemic SP-D and systemic SP-D may
be harmful. It has been associated with an increased
risk of atherosclerosis and poor clinical outcomes
with a variety of conditions. There is some evi-
dence that treatment with an inhaled corticosteroid
and long-acting B-agonist can reduce systemic
SP-D levels. Attenuating lung inflammation may
result in less leakage of SP-D into the systemic
circulation. Further research on this mechanism of
inflammation is needed.

The relationship of COPD, systemic inflam-
mation, and cardiovascular disease has gained a
great deal of attention because the presence of
airflow obstruction doubles the risk of cardiovas-
cular mortality irrespective of current smoking
status. Ischemic heart disease, stroke, and sudden
cardiac death rates can each be increased by the
presence of COPD. Because systemic low-grade
inflammation is implicated in affecting clot for-
mation and subsequent cardiovascular events,
the findings of systemic inflammation in COPD
has a putative link. The direct effects of inflam-
matory markers of inflammation such as the CRP
on the pathogenesis of clot formation and discov-
ery of increased CRP levels in the blood of
patients with COPD has provided a possible
mechanism. Using the NHANES III population
database, investigators have found that an
increased CRP score coupled with moderate-to-
severe airflow obstruction was associated with
an increased occurrence of ischemic changes on
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the electrocardiograms of participants. The effects
of inhaled corticosteroids, newer antiinflamma-
tory agents such as phosphodiesterase-4 inhibi-
tors, and statins on the cardiovascular and
overall rate of mortality of COPD patients are
under active investigation.

The prevalence of the metabolic syndrome has
also been investigated in patients with COPD.
Nearly half of all COPD patients in a pulmonary
rehabilitation program were shown to have three
or more features of the metabolic syndrome,
including abdominal obesity, elevated triglyceride
levels, elevated high-density lipoprotein choles-
terol levels, elevated BP, and high fasting blood
glucose levels. COPD patients with diabetes who
have been hospitalized for an acute exacerbation
have a greater rate of mortality than those without
diabetes mellitus.

Patients with COPD have an increased risk for
osteoporosis. This risk may be attributable to life-
style, genetics, treatment with corticosteroids,
endocrine abnormalities, or the impairment of the
body composition and peripheral skeletal muscles.
Some specifically identified risk factors for osteo-
porosis in patients with COPD are smoking,
increased alchohol intake, reduced vitamin D lev-
els, genetic factors, treatment with corticosteroids,
reduced skeletal muscle mass and strength, low
BMI and changes in body composition, hypogo-
nadism, reduced levels of insulin-like growth fac-
tors, and chronic systemic inflammation.

Clinical Aspects of COPD
Symptoms of COPD

The symptoms that are associated with COPD
are usually not present until the patient has been
smoking a pack of cigarettes a day for at least
20 years. The patient usually presents in the fifth
decade with a chronic cough that often is worsened
after a viral respiratory infection. The second major
symptom is dyspnea. It usually does not present
until the sixth or seventh decade. Dynamic hyper-
inflation during exercise is recognized as an impor-
tant factor in exercise limitation in COPD. The
extent of dynamic hyperinflation during exercise
in COPD correlates with a reduced resting inspira-
tory capacity. This limits the tidal volume response
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to exercise. This inability to expand the tidal
volume in response to increasing metabolic
demand is an important contributor to exercise
intolerance in patients with COPD.

Dyspnea is a common symptom in the older
population, and often it is difficult to distinguish
whether heart disease or pulmonary disease is the
cause or when both are present. High levels of
brain natruretic protein (BNP) in the blood have
been very helpful in differentiating cardiac and
pulmonary causes of dyspnea in the acute setting.
Natruretic peptides are the major hormones of the
natruretic peptide system, which is highly acti-
vated in patients with both left and right heart
failure. BNP is predominantly secreted by the car-
diac ventricles, and in both acute and chronic left
heart failure serum levels are increased. BNP levels
can be increased in patients with COPD, but
the levels are not nearly as high as those found
with CHFE.

In a large clinical trial called the Breathing Not
Properly trial, a subgroup analysis of those with
pulmonary disease (asthma or COPD) showed that
BNP had a negative predictive value of 97.7% at a
cut-off of 100 pg/mL. BNP levels have been shown
to be associated with diminished exercise tolerance
and a poor prognosis in patients with chronic left
heart disease. In addition, BNP levels have been
found to be increased in patients with pulmonary
arterial hypertension and reflect the clinical and
hemodynamic status in this patient population.
Elevated BNP levels resulting from pulmonary
hypertension secondary to end-stage lung disease
have been reported in the absence of left ventricu-
lar failure. They have been shown to be a risk fac-
tor for death, independent of lung functional
impairment or hypoxemia. Serum BNP can be used
as a prognostic marker as well as a screening tool
for significant pulmonary hypertension in patients
with chronic obstructive lung disease.

The diagnosis of acute pulmonary embolism
(PE) in patients with COPD is also often difficult
to make, especially during an acute exacerbation
of COPD when symptoms of the two conditions
may be indistinguishable. In fact, the diagnosis
may not be possible on clinical grounds. The
prevalence of PE in postmortem series of patients
with COPD is extremely high, ranging from 28 to
51%. In the Prospective Investigation of Pulmonary
Embolism Diagnosis study, in a subgroup of
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patients with COPD and suspected PE, 19%
received a diagnosis of PE on pulmonary angiog-
raphy. Risk factors and symptoms were similar to
those with and without pulmonary embolus.
Recent studies have reported a 25% prevalence of
PE in a group of patients admitted to the hospital
for a severe exacerbation of COPD, but the study
results may not be generalized to most occurrences
of COPD because some patients in this study
were excluded if they had evidence of a potential
infection.

More recent evidence, which excluded the
diagnosis of PE on the basis of a normal
(<500 pg/mL) d-dimer test and negative diag-
nostic imaging studies, showed a much lower
prevalence of pulmonary embolism. Only 6.2% of
patients who had a clinical suspicion of pulmo-
nary embolism and only 1.3% who had no clinical
suspicion, judged by emergency department phy-
sicians, were discovered to have PE. This study
showed that the prevalence of suspected PE in
patients presenting with a COPD exacerbation is
very low, and routine investigation for PE in this
group is not warranted. There are some important
lessons from these recent studies. When there is
no suspicion of infection, either viral or bacterial,
suspicion for PE in patients with a COPD exacer-
bation should be greater, especially in those
patients who are sick enough require hospitaliza-
tion as they my have more severe and debilitating
disease that predisposes them to PE. Other clues
that should increase clinical suspicion of pulmo-
nary embolism in COPD patients are a previous
history of malignancy and a decrease in the Paco,
compared with baseline values. PE is a serious
comorbid condition in patients with COPD, and
a high clinical suspicion should be maintained in
the appropriate clinical setting.

During the last two decades, as a result of an
intense antismoking campaign, the rate of smok-
ing in the United States has been reduced from
approximately one third of the adult population
toits current level of approximately 22%. In many
susceptible smokers who stopped smoking in mid-
life, the onset of COPD symptoms is delayed
until late in life. It is not unusual to see a patient
with COPD present for the first time with symp-
toms at =75 years. The main symptoms and
various stages of disease severity are presented in
Table 8.
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Table 8. GOLD Guidelines: Classification of Severity of COPD,
2006

Stage/characteristics
I: Mild COPD
FEV, =80% of predicted
With or without chronic symptoms (cough, sputum
production)
FEV,/FVC <70%
II: Moderate COPD
FEV,/FVC <70%
50% =FEV, <80% of predicted
Dyspnea worsens; = cough sputum
III: Severe COPD
FEV,/FVC <70%
30% = FEV, <50% of predicted
Dyspnea worsens; = cough sputum
IV: Very severe COPD
FEV,/FVC <70%
FEV, <30% of predicted or respiratory/heart failure
Weight loss and anorexia
Hemoptysis
Cough syncope
Coughing spells
Depression and or anxiety
Cor pulmonale

Physical Examination and Laboratory Tests

The signs of COPD are well known: slow and
prolonged expiration, wheezing, chest wall hyper-
inflation, limited diaphragmatic motion on auscul-
tation, distant breath sounds, and heart sounds and
often coarse early inspiratory crackles. The acces-
sory muscles of respiration may be in use, and the
patient may be using pursed-lip breathing. Signs
of cor pulmonale include pedal edema, a tender
congested liver, and neck vein distention. Cyanosis
may be present as well as asterixis, which is associ-
ated with severe hypercapnia. The roentgeno-
graphicsigns of COPD include alow flat diaphragm,
increased retrosternal airspace, and a teardrop-
shaped heart. Pruning of the pulmonary arterial
vessels and bullae are seen in emphysema. The
high-resolution CT scan has a much better sensitiv-
ity and specificity but is not recommended for
routine use. It may be helpful when surgery for
large bullae is contemplated.

Pulmonary function studies are important for
the diagnosis and staging of COPD. Because the
best correlate with rates of morbidity and mortal-
ity is the FEV,, proposals for staging have used
this test. The 1995 ATS standards suggested a
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severity scoring on the basis of the severity of
airflow obstruction: stage I is FEV, =50% of pre-
dicted; stage I1is FEV, 35 to 49% of predicted, and
stage Il is FEV, of <35% of predicted. Patients
with stage I disease usually have little impair-
ment in their quality of life. Patients with stage
IT COPD have a significant impairment in the
quality of their lives, which results in a large per-
capita health-care cost. Patients with stage III
disease are profoundly impaired, are often hos-
pitalized with severe exacerbations of disease,
and therefore are frequent users of health-care
resources.

Anew severity scoring system was introduced
by the GOLD guidelines (Table 8). It began staging
with an “at-risk” group, stage 0, to emphasize the
point that patients with risk factors (cigarette
smoking, occupations) who have symptoms cough
and sputum need to be counseled about COPD
even though their screening spirometry is normal.
The GOLD guidelines were updated in 2006
(www.goldcopd.com). The spirometric classifica-
tion of severity of COPD now includes only four
stages: stage I, mild; stage II, moderate; stage III,
severe; stage IV, very severe. The category stage 0,
at risk, is no longer included as a stage of COPD.
The GOLD committee believed that there was
incomplete evidence that the individuals who meet
the criteria for this stage (chronic cough and spu-
tum production, normal spirometry) necessarily
progress on to stage I. Other GOLD stages are
modifications of the previous (1995) ATS criteria
now adopted in the new ATS/ERS Statement.

Although the measurement of lung function
remains the best way to diagnose COPD, the rou-
tine use of spirometry for case finding in adults
with exposure to risk factors (such as cigarette
smoking) or for those with persistent respiratory
symptoms remains controversial. This controversy
is, in part, because no randomized clinical trial has
demonstrated that early detection of COPD
changes the course of disease or increases the rate
of smoking cessation. A conclusion not to recom-
mend spirometry screening was reached through
a systematic review of the evidence by a task
force of the Agency for Health-Care Research and
Quality. The Agency for Health-Care Research
and Quality conclusion was that the evidence does
not justify recommending spirometry as a routine
tool in the practice of primary care.
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Differentiation From Asthma

Table 9 lists the most common distinguishing
features between asthma and COPD. Epidemio-
logic studies have shown that as many as 30% of
patients with fixed airflow obstruction have a his-
tory of asthma. Differentiating asthma from COPD
may be difficult and at times not possible, espe-
cially in older patients. The most useful discrimina-
tor, the response to an inhaled short-acting
B-agonist bronchodilator, may not differentiate
asthma from COPD. When the postbronchodilator
FEV, returns to normal, the diagnosis is asthma
(no fixed airflow obstruction). On the one hand,
many asthmatics, especially those with long-
standing disease, may not show any response, and
some patients with COPD will show a brisk bron-
chodilator response. On the other hand, asthmatics
with fixed airflow obstruction show other features
that are distinct from COPD caused by cigarette
smoking.

When compared with patients with COPD of
comparable age, patients with asthma have sig-
nificantly more eosinophils in the peripheral
blood, sputum, and BAL fluid on bronchial biopsy;
have greater numbers of neutrophils in the sputum
and BAL fluid, have greater ratios of CD4*/CD8*
T cells infiltrating the airway, and have greater
thickness of the airway basement membrane than
patients with COPD. Other distinguishing features
include greater levels of exhaled nitric oxide, lower
emphysema scores on high-resolution CT scans,
and greater diffusing capacities. Because many of
these tests are impractical, not available for wide-
spread use, or not discriminatory enough for
clinical use, the most recent ATS/ERS Statement

Table 9. Distinguishing Features of COPD and Asthma

COPD Asthma

Onset in midlife Onset early in life (often
childhood)

Symptoms slowly progres-  Symptoms vary from day to
sive day

Long history of tobacco Allergic rhinitis and /or

smoking eczema history
Dyspnea during exercise Sudden dyspnea after acute
exposure
Largely irreversible airflow Largely reversible airflow
limitation limitation

COPD (Braman)



on COPD stated: “Some patients with asthma
cannot be distinguished from COPD with the
current diagnostic tests. The management of these
patients should be similar to that of asthma.”

COPD: Outpatient Management

Once the diagnosis of COPD is established,
pulmonary function testing can be helpful by stag-
ing the disease. Pharmacologic intervention is
offered according to disease severity and the
patient’s tolerance for specific drugs (Fig 4). The
goals of therapy are to induce bronchodilation,
decrease airway inflammation, and improve muco-
ciliary transport. Because COPD is basically an
irreversible condition, disease management of
daily symptoms and other impacts on quality of
life are most essential. The patient who still smokes
should be encouraged to quit. Preventive therapy
with a pneumococcal vaccine and a yearly influ-
enza vaccine is recommended. Vaccination with
the flu shot has been shown to result in 52% fewer
hospitalizations for pneumonia and influenza in
patients with COPD. Vaccinated patients also have
fewer outpatient visits for respiratory symptoms.

Smoking Cessation

Cigarette smoking compromises airway func-
tion by damaging airway epithelial cells, increasing
mucous viscosity, and slowing mucociliary clear-
ance. There is a greater bacterial adherence to
oropharyngeal epithelial cells in smokers com-
pared with nonsmokers. Smokers are prone to

0: At |I: Mild

Risk

“Cluonic | “FEV, FVC
<%

II:Moderate | III: Severe [IV: Very Severe

*FEV,FVC <70% *FEV, FVC <T0% |+FEV)FVC <70%

symptoims "50% <FEV,<80% | *30% <FEV, +FEV, <30% or presence of
‘Exposure | <FEV, 280% *With or without <80% chronic respiratory failure or
to visk *With or withew | symptoms “With or withow | vight heart failure

factors symptoms Symploms
*Normnal
spirometry

Aveidance of risk factor(s); influenza vaccination

Add short-acting bronchodilator when needed

Add regular treatment with one or more long-acting
bronchodilators

Add rehabilitation

Add ICS if repeated exacerbations

Oxygen for chronic
respiratory failure
Consider surgical
treatinents

Figure 4. Treatment plan from the GOLD guidelines.
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attacks of acute bronchitis. As a result, they show
increased rates of acute exacerbations, visits to the
emergency department, work absences, and fre-
quency of medication use. Smokers also show
greater decrease in lung function, worsening of
respiratory symptoms, and lower quality of life
scores than a comparable group of nonsmoking
patients. The presence of respiratory illness such
as COPD is not a motivator for smoking cessation.
Physician-delivered smoking cessation interven-
tions can significantly increase smoking abstinence
rates. Smoking cessation interventions for COPD
should include the following: (1) physician inter-
vention (set a quit date), (2) group smoking cessa-
tion clinics, and (3) pharmacologic therapy with
nicotine replacement is needed in highly depen-
dent smokers. These patients can be identified as
those who smoke a pack a day or more, require
their first cigarette within 30 min of arising in the
morning, and find it difficult refraining from smok-
ing in places where it is forbidden. Therapy with
the antidepressant bupropion hydrochloride has
also been shown to be effective. The Lung Health
Study showed that despite intensive antismoking
efforts, middle-age smokers with COPD are not
likely to quit. Only 22% were sustained quitters
after a 5-year follow-up.

Pharmacologic Therapy

Short-Acting B,-Agonists: Short-acting 3,-agonists
can be used for the following:

* Achieve variable degrees of bronchodilatation,
ie, rapid onset of action with duration of 4 to
6 h;

e Improve symptoms and, in most studies, exer-
cise capacity; and

* Metered-dose inhaler use of B,-selective agents
is safe tid or qid; greater doses may cause
hypokalemia, cardiac arrhythmia, and reduced
arterial oxygen tension.

Long-Acting B,-Agonists: Long-acting [3,-agonists
have the following advantages:

e Maximal effect comparable with short-acting
B,-agonists with longer duration of action (12 h)
for agents such as salmeterol and formoterol;

e Improved symptoms and quality-of-life mea-
sures; no tachyphylaxis found, and
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* Good safety profile with recommended doses:
occasional tremor is noted that improves after
several days of use.

Anticholinergic Therapy

Short-acting agents (ie, ipratropium) afford
bronchodilatation and relieve of symptoms for 4
to 6 h. The long-acting anticholinergic tiotropium
offers improved bronchodilatation for 24 h and
therefore can be given once a day. No tachyphy-
laxis is noted with these agents, but their effects on
long-term prognosis of COPD are being studied.
Tiotropium has been shown to reduce exacerbation
rates and hospitalizations caused by exacerbations.
Finally, they have mild side-effects, such as occa-
sional dry mouth.

B,-Agonists Plus Anticholinergic Drugs: Com-
bining both agents provides a small additional
benefit to either drug alone, and no additional
side effects from combination therapy are noted.

Theophylline: Theophylline causes small chan-
ges in FEV, with chronic use and an improve-
ment in symptoms and exercise capacity. Frequent
adverse effects, including nausea, diarrhea, head-
ache, and irritability, are noted with therapeutic
blood levels. Seizures and cardiac arrhythmias are
considerably (ie, 10 to 15 times) more common in
elderly with toxic blood levels.

Systemic Corticosteroids: Twenty to thirty per-
cent of patients with chronic COPD symptoms
improve if administered oral steroid therapy.
Responders have more eosinophils in induced spu-
tum and bronchial biopsies and likely have con-
comitant asthma. Long-term treatment with oral
corticosteroids is not recommended for patients
with COPD. The treatment of hospitalized patients
with high doses results in fewer treatment failures
and shorter stays; 2 weeks of therapy is sufficient
after hospital discharge. Complications include
cataracts, osteoporosis, secondary infection, and
diabetes and skin damage.

Inhaled Corticosteroids: No significant benefit
in long-term decline in FEV, has been noted for
inhaled corticosteroids. They may provide small
but significant improvements in lung function and
6-min walk test results. Studies have also demon-
strated fewer exacerbations of COPD and improved
quality of life indexes. Benefits are enhanced when
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coupled with long-acting B-agonist treatment.
Guidelines recommend with FEV, <50% predic-
ted and frequent exacerbations.

Mucolytic Drugs: The use of mucolytic drugs
has a variable effect in patients with COPD. Ran-
domized controlled trials suggest that they are
ineffective at shortening the course or improving
outcomes of patients with acute exacerbations.

Antibiotics: The results of multiple trials favor
the use of antibiotics for acute exacerbations of
COPD that include worsening dyspnea, increased
sputum volume, and sputum purulence. How-
ever, there is little evidence to support their pro-
phylactic use.

Oxygen Therapy: Several controlled studies
have been completed: oxygen vs no oxygen (Medi-
cal Research Council [MRC]) and continuous vs
nocturnal oxygen (Nocturnal Oxygen Therapy
Trial). In patients with hypoxemia and congestive
heart failure, death rates are significantly lower
and quality of life indexes are improved when
oxygen is in chronic use. Patients who used oxy-
gen for at least 15h/d had a significant decrease in
their pulmonary artery pressures and an increase
in cardiac output.

Oxygen should be prescribed when the follow-
ing occur: (1) the arterial Pao, is <55 mm Hg or
arterial oxygen saturation <88%, and (2) Pao, is
56 to 59 mm Hg with ECG evidence of P pulmo-
nale, pedal edema, and/or secondary erythrocy-
tosis. Long-term oxygen therapy does not improve
survival in patients with moderate hypoxemia
(Pao, 56 to 656 mm Hg) or in patients with only
nocturnal hypoxemia. Supplemental oxygen dur-
ing exercise training may improve dyspnea and
allow patients with COPD to tolerate greater levels
of exercise. However, studies evaluating quality of
life in patients who show hypoxemia during
exercise have not supported oxygen use for this
indication.

Pulmonary Rehabilitation: Pulmonary reha-
bilitation (PR) is a multidisciplinary program
that attempts to return the patient with COPD
to the highest functional capacity possible.
PR addresses deconditioning, social isolation,
anxiety and depression, muscle wasting, and
weight loss. Evidence supports the use of lower-
extremity exercise training because it improves
exercise tolerance, and upper-extremity strength
and endurance training is recommended as well.
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PR improves dyspnea, improves quality of life
scores, and reduces the number of hospitalizations
and days in the hospital; however, the effects on
survival are not definite. PR has been shown to
help patients requiring long-term mechanical ven-
tilation by improving overall strength, weaning
outcomes, and functional status.

Nutrition and COPD

Malnutrition occurs in one quarter to one third
of patients with moderate-to-severe COPD and is
an independent risk factor for mortality. Both fat
mass and fat-free mass are depleted, the latter
caused by depressed protein synthesis. Because the
proinflammatory cytokines IL-6 and TNF-a have
been shown to be elevated, tt is believed that weight
loss, particularly skeletal muscle mass loss, is asso-
ciated with a systemic inflammatory response in
malnourished patients with COPD. Skeletal muscle
loss in COPD is probably multifactorial in origin.
There is a link to systemic inflammation even with-
out weight loss.

Studies have shown that leptin, an adipocyte-
derived hormone involved in the control of body
weight, is decreased in patients with COPD. Serum
leptin levels have been correlated with TNF-«
levels, thus creating a link between nutritional
status and systemic inflammation in COPD. Rest-
ing energy expenditure is elevated and contributes
to the negative energy balance. Nutritional supple-
ments alone do not reverse the loss; results with
anabolic steroids, growth hormone, and the pro-
gestational agent megestrol acetate show some
effect on appetite and body weight; however,
improved exercise tolerance and respiratory
muscle function do not always follow. A combina-
tion of nutritional support and exercise as an
anabolic stimulus appears to be the best approach
to obtaining marked functional improvement

Noninvasive Positive Pressure Ventilation

A theoretical advantage has been shown to rest-
ing chronically fatigued muscles at night. Patients
with COPD have a high prevalence of sleep apnea
and hypoxemia and hypercarbia at night. They
have less REM sleep and shorter sleep times than
normal subjects. It has been theorized that nonin-
vasive positive pressure ventilation (NPPV) would
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help. However, trials have shown conflicting con-
clusions. Patients without CO, retention show little
gain; patients with severe CO, retention, especially
those that have severe nocturnal O, desaturation,
appear to respond most favorably.

The most recent Cochrane evidenced-based
review on this topic concluded that nocturnal
NIPPYV for at least 3 months in hypercapnic patients
with stable COPD had no consistent clinically or
statistically significant effect on lung function, gas
exchange, respiratory muscle strength, sleep effi-
ciency, or exercise tolerance. However, the small
sample sizes of these studies precluded a definite
conclusion regarding the effects of NPPV in
patients COPD.

Surgery for COPD

Lung volume reduction surgery (LVRS) has
emerged as a treatment for far advanced COPD
caused by emphysema. LVRS involves resection of
functionless areas of emphysematous lung to
improve lung elastic recoil and lung and chest wall
hyperinflation. The overall rate of mortality with
the procedure is 0 to 6% within 30 days of surgery
and 0 to 8% at 6 months, although in patients with
very severe degrees of obstruction the rates are
much greater. The range of FEV, improvement
before and after surgery is approximately 250 to
350 mL. Borg scale dyspnea scores on the 6-min
walk test show improvement as do the distances
walked. Sixteen percent to 42% of patients no lon-
ger require oxygen after surgery.

The recently completed National Emphysema
Treatment Trial (NETT) defined a subgroup of
patients a very high risk for mortality. Interim
analysis showed that if the FEV, was <20% pre-
dicted and the CT scan of the lungs showed homo-
geneous emphysema or the carbon monoxide
diffusing capacity was <20%, there was a high risk
of death after surgery and little chance of func-
tional improvement. Among those not in the high-
risk group, there was a 2.2% mortality with surgery
at 30 days compared with a 0.2% mortality in the
medically treated group. After 1 month, 28% of the
surgery group were hospitalized, living in a nurs-
ing home or rehabilitation facility, or unavailable
for interview. Changes in exercise capacity, pulmo-
nary function, quality of life measures, and dys-
pnea at 6 to 24 months all favored surgery. Further
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subgroup analysis showed that those with upper-
lobe emphysema on CT scans and with low
exercise capacity at the beginning of the trial had
the most favorable outcomes.

Given the potential risks of median sternotomy
and thoracoscopy, the usual surgical approaches
to LVRS, less-invasive procedures are being stud-
ied, including bronchoscopic LVRS, which is per-
formed with the placement of endobronchial
one-way valves. Preliminary studies have shown
improvement in exercise capacity and dynamic
hyperinflation with this procedure.

Resection of large bullae is occasionally neces-
sary for dyspnea, chest pain, or recurrent pneumo-
thorax. Other complications that can occur with
large bullae are bleeding and infection. The best
results occur when the bullae occupy more than
one third of the hemithorax. Factors that do not
favor surgical resection are the presence of multiple
small bullae and diffuse emphysema in the remain-
der of the lungs. No prospective clinical trials have
been performed. Case series have shown improve-
ment in dyspnea and even reversal of respiratory
failure after bullectomy. However, in those with
underlying emphysema there is a progressive
decline in the FEV, over time and return of crip-
pling dyspnea in many. Bullectomy can be per-
formed by thoracoscopic surgery in selected
patients.

Lung transplantation can be life-saving for
patients with very advanced disease complicated
by respiratory failure and secondary pulmonary
hypertension. Patients are considered for single or
double lung transplantation when the FEV| is
<25%, and/or the Paco, is >55 mm. Hg. The
procedure is costly, limited by lack of organs, and
requires prolonged immunosuppression. Recent
studies have suggested that unlike patients with
cystic fibrosis and idiopathic pulmonary fibrosis,
patients with COPD do not fair well after trans-
plantation, with limited exercise capacity because
of skeletal muscle dysfunction. In January 2008,
The International Society for Heart and Lung
Transplantation has reported survival figures for
COPD of 85% at 1 year and 68% at 3 years.

Acute Exacerbation of COPD

Unfortunately, many definitions of the acute
exacerbation or “flare” of COPD exist, and many
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authors use substantially different criteria. A
widely quoted description of a COPD exacerbation
includes “the Winnipeg criteria,” which have also
included a staging proposal. Patients with COPD
exacerbation have the following three changes in
their clinical condition: (1) worsening of dyspnea,
(2) an increase in sputum volume, and (3) sputum
purulence. Patients with type I exacerbations have
all of the aforementioned symptoms. Patients with
type II exacerbations have two of the three symp-
toms. Type III exacerbations are characterized by
at least one of these symptoms and also one of the
following clinical criteria: upper respiratory infec-
tion in the past 5 days, fever without other appar-
ent cause, increased wheezing, increased cough,
and increased respiratory rate or heart rate by 20%
above baseline. A more simple and practical defi-
nition has been offered by the ATS as “an event in
the natural course of the disease characterized by
a change in the patient’s baseline dyspnea, cough
and/or sputum beyond day-to-day variability
sufficient to warrant a change in management.”
The classification of severity offered with this
definition ranks the clinical relevance of the epi-
sode and its outcome: level I, treatment at home;
level I, requiring hospitalization; and level III,
respiratory failure.

Before the onset of an exacerbation of COPD,
there is usually a prodromal period of up to 7 days
when symptoms of increased dyspnea, cough, sore
throat, and the common cold occur. These symp-
toms are not accompanied with a decrease in lung
function. On the day of the exacerbation, there is
a small but significant decrease in lung function,
including peak flow rates, FEV,, and FVC. Peak
flow rate recovery to baseline values is complete
in 75% of patients by 1 month. Approximately 7%
of patients with a COPD exacerbation do not return
their peak flow rates to baseline by 3 months. This
finding suggests that a substantial proportion of
exacerbations of COPD are associated with a per-
manent loss of lung function. If this were to occur
repeatedly, it could lead to an accelerated decrease
in FEV, over years. Whether repeated respiratory
infections or exacerbations of COPD do lead to a
more rapid decrease of lung function over time has
not been proven.

The most frequent cause of an acute exacerba-
tion of COPD is thought to be respiratory infec-
tion. Sputum cultures in patients with mild to
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moderately severe COPD often show nonpatho-
genic bacteria (Gram-negative and Gram-positive
such as Streptococcus viridans, Neisseria sp, or
Corynebacterium sp). Pathogenic bacteria include
Haemophilus influenzae (22%), Pseudomonas aerugi-
nosa (15%), Streptococcus pneumoniae (10%), and
Moraxella catarrhalis (9%). Sputum samples may
have limited validity considering the possible
contamination from oropharyngeal secretions.

Techniques that potentially preclude contami-
nation include transtracheal aspirates, BAL, and
protected brush sampling during bronchoscopy.
Studies in which the authors used these techniques
have shown that patients requiring hospitalization
compared with those treated as outpatients for an
exacerbation of COPD and those outpatients with
the most severe degree of airflow obstruction are
more likely to harbor Gram-negative enteric organ-
isms. The presence of bacterial colonization in the
stable state is associated with an increased exacer-
bation frequency, and patients colonized with
H influenzae have an increased total symptom count
and more sputum purulence at the time of exacer-
bation. When molecular typing is used, it has also
been shown that the acquisition of new strains of
bacteria such as H influenzae, M catarrhalis, and
S pneumoniae are associated with an exacerbation
of COPD in as many as one third of cases.

The role of viral infection has been recently
revisited with the use of sophisticated methods
such as polymerase chain reaction viral detection
as well as more standard methods such as serologic
testing and culture. Viruses may be detected in
nearly 40% of COPD exacerbations when these
techniques are used, including rhinovirus, respira-
tory syncytial virus, coronavirus, influenza, and
parainfluenza. Evidence for Mycoplasma infection
has been found in up to one third of the acute
exacerbations of chronic bronchitis in some studies;
however, in most patients Mycoplasma and Chla-
mydia pneumonia are seen in <10% of cases. A
COPD exacerbation associated with a virus is likely
to produce more severe symptoms, and the exac-
erbation is likely to last longer (13 days). There is
also more laboratory evidence of an acute-phase
response (eg, elevated levels of IL-6 and fibrinogen)
with an associated viral infection.

Clearly, environmental factors are also impor-
tant. Hospital admissions for COPD appear to be
high when air pollution levels in the ambient
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Table 10. Factors Associated With Increased Risk for
Exacerbations

Increased age

Severity of airway obstruction

(FEV, impairment)

Chronic bronchial mucus hypersecretion
Frequent past exacerbations

Daily cough and wheeze

Persistent symptoms of chronic bronchitis
Hypercapnia

Hypoxia

Comorbid heart disease

Right ventricular failure

Low serum albumin

Single nucleotide polymorphism in CCL1 gene

environment are high. Small increases in SO, and
airborne particles have been shown to cause
increases in emergency room visits for COPD dur-
ing winter and summer seasons by 6% and 9%,
respectively. Whatever the cause of an acute exac-
erbation of COPD, it is clear that bronchial inflam-
mation is enhanced during this event. Increased
levels of myeloperoxidase have been found in the
sputum, indicating neutrophilic activity, and high
levels of IL-8 and leukotriene B,, well-known neu-
trophil chemoattractants, are also seen. During
recovery, levels of sputum chemoattractants and
inflammatory markers rapidly decrease. Risk fac-
tors associated with COPD exacerbations are listed
in Table 10.

Diagnostic and Therapeutic
Approaches

Often, patients present to a local emergency
department or hospital with an acute exacerbation
of COPD. It is useful to do a chest roentgenogram.
The chest roentgenogram may be positive in
approximately 15% of cases, and in 25% of such
patients there is a change of management prompted
by the chest roentgenogram result. Spirometry, on
the other hand, has not been helpful in decision-
making for patients with an acute exacerbation of
COPD. There is poor correlation between arterial
blood gases and the FEV, at the time of presenta-
tion. The FEV, has not been helpful in predicting
need for hospital admission. Although severe
abnormalities of arterial blood gases and history of
previous relapses are helpful, there are no predic-
tive models of adequate sensitivity and specificity
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on which to rely. The best indicators for the need
for mechanical ventilation include the blood gas
values on admission and the degree of change in
pH after initial oxygen therapy. Significant predic-
tors of hospital mortality include older age, lower
body mass index, poor functional status before
admission, lower ratio of arterial partial pressure
of oxygen (Pao,) over the fraction of inspired oxy-
gen ratio, history of congestive heart failure, low
serum albumin, and presence of cor pulmonale.

Most therapeutic interventions for the treat-
ment of the acute exacerbation of COPD have been
studied through randomized controlled trials. In
general, mucolytic agents are ineffective in shorten-
ing the course and improving the outcome of
patients. Chest physiotherapy and mechanical
percussion of the chest are also ineffective and
may be potentially harmful. B -agonists and anti-
cholinergic agents appear to be equivalent in their
usefulness and are superior to all parenterally
administered bronchodilators, including methyl-
xanthines. The addition of a methylxanthine to
inhaled bronchodilators has also been carefully
examined. One study showed a statistical trend
toward lower hospitalization rates for patients
given IV aminophylline in the emergency depart-
ment, whereas two other studies showed no sig-
nificant advantage. The effect of adding two
inhaled bronchodilators has also been carefully
studied. There appears to be only marginal
improvement to the use of both agents. The side-
effects of anticholinergic therapy are generally
fewer and mild. The adverse effects of albuterol in
the acute setting include tremors, headache, and
palpitations. Changes in heart rate, BP, and ECG
tracings are also possible.

The use of systemic steroids for patients with
an acute exacerbation of COPD who require hos-
pitalization is helpful. A change to po therapy
continues to have a positive effect, but only for
2 weeks after hospitalization. The most common
adverse effect was hyperglycemia. Antibiotic
therapy has been a controversial issue. Patients
with more severe exacerbations are more likely to
benefit. For instance, antibiotics appear to be effec-
tive when two of the three symptoms of increased
dyspnea, sputum volume, and purulence are
present. However, there is still some controversy
concerning the role of antibiotics for COPD
exacerbations, especially in studies performed in
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primary care, where generally patients with milder
disease are treated. Treatment with antibiotics in
addition to oral corticosteroids has been associated
with a longer time to the next exacerbation and a
decreased risk of developing a new exacerbation.
The most consistently measured end point with a
positive result is an improvement in peak expira-
tory flow rate that improves a mean of 11 L/min,
more in patients with the antibiotic treatment.

Arterial blood gas measurements should be
done if a patient does not show prompt improve-
ment with initial measures. The initiation of
mechanical ventilation should be considered when,
despite optimal medical therapy and oxygen
administration, there is acidosis (pH <7.35) and
hypercapnia (Paco, 45-60 mm Hg) and a persis-
tently elevated respiratory rate > 24 breaths/min.
Mechanical ventilation can be administered via
invasive ventilation (use of an endotracheal tube)
or noninvasive (nasal or face masks). NPPV is
beneficial for patients who have a high likelihood
of respiratory failure and who may require inva-
sive mechanical ventilation. In the first hours,
NPPV requires the same level of supervision as
conventional mechanical ventilation. The use of
NPPV provides a statistically significant difference
in the need for intubation reported in several
clinical trials. Arterial blood gases improve because
of an increase in alveolar ventilation without sig-
nificant modifications in the alveolar V/ Q mis-
matching and gas exchange in the lungs.

The addition of NPPV to standard care in
patients with an acute exacerbation of COPD have
decreased the rate of endotracheal intubation 28%,
length of hospital stay 4.57 days, and in-hospital
mortality rate 10%. Subgroup analyses have shown
that these beneficial effects occurred only in
patients with severe exacerbations (pH < 7.30), not
in those with milder exacerbations. Optimal NPPV
delivery methods, optimal duration of treatment,
and appropriate delivery pressures are additional
questions that need to be addressed in the litera-
ture. In general, a bilevel ventilatory support with
continuous positive airway pressure of 4 to
8 cmH,O and pressure support ventilation of 10 to
15 cmH,O provides the most effective mode of
NPPV.

Contraindications for NPPV include the follow-
ing: respiratory arrest; cardiovascular instability
(hypotension, arrhythmias, myocardial infarction);
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impaired mental status causing an inability to
cooperate, copious and/or viscous secretions with
high aspiration risk, recent facial or gastroesopha-
geal surgery, craniofacial trauma and/or fixed
nasopharyngeal abnormality, burns, and extreme
obesity. Patients meeting these exclusion criteria
should be considered for immediate intubation.

Patients who are hospitalized with an acute
exacerbation of COPD have a mortality rate of
approximately 3%. Almost half of all patients
admitted with hypercarbic respiratory failure will
be readmitted to the hospital within the next
6 months. There is a significant decrement in
functional status and quality of life and the likeli-
hood in such patients. Mortality for those patients
who require treatment in an ICU may be close
to 50%.

Outcomes of COPD

COPD is the only major cause of mortality with
an increasing incidence worldwide, and it is
expected to become the third-leading cause of
death by 2020. Traditionally, clinical staging of
severity and risk of mortality has relied on the
measurement of FEV.. Staging criteria for COPD
with use of the percentage of predicted FEV, can
be useful in predicting impairment in health-
related quality of life. Even patients with mild
disease show substantially compromised health-
related quality of life. Comorbid conditions are
common, and they also negatively influence
health-related quality of life.

Other measures of COPD such as the BMI and
dyspnea scores have proved useful in predicting
outcomes such as survival. BMI is easily obtained
by dividing weight (in kilograms) over height
(in m?). Values <21 kg'm™2 are associated with
increased rates of mortality. Functional dyspnea
can be assessed by the MRC dyspnea scale as fol-
lows: 0, not troubled with breathlessness except
with strenuous exercise; 1, troubled by shortness
of breath when hurrying or walking up a slight
hill; 2, walks slower than people of the same age
because of breathlessness or has to stop for breath
when walking at own pace on the level; 3, stops
for breath after walking approximately 100 m or
after a few minutes on the level; and 4, too breath-
less to leave the house or breathless when dressing
or undressing. A simple grading index, the BODE
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Table 11. Outcome Measures for COPD (Morbidity/Mortality)

FEV,

Dyspnea (MRC scale)

BMI

Exercise capacity

BODE index

Arterial blood gases
COPD exacerbations
Quality of life health status

index, has been proposed as a useful tool to grade
COPD severity and predict outcomes. The system
uses the body mass index (B), the degree of airflow
obstruction measured as the FEV, as percent pre-
dicted (O), dyspnea measured by the MRC dys-
pnea scale (D), and exercise capacity measured by
the six-minute walk test (E). Patients with greater
BODE scores were at greater risk for death. The
score proved to be a better discriminator than lung
function alone. A summary of indexes of COPD
outcomes is listed in Table 11.

Summary

In the United States, > 16 million adults have
COPD. As the United States population ages, the
prevalence for this disease will increase even
more. COPD currently accounts for approximately
110,000 deaths per year. There are > 500,000 hos-
pitalizations in this country for COPD and >16
million office visits to physicians. The direct
health costs are $18 billion/yr. It is likely that
the care of patients with COPD will consume a
growing proportion of the pulmonologist’s
time in the years to come. Differentiation from
another chronic airway disease, asthma, is often
difficult.
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chronic obstructive pulmonary disease: mechanisms
and implications. Pulm Pharmacol Ther 2002; 15:425-
432

Weight loss is a common occurrence in COPD, and when
severe, it is labeled the pulmonary cachexia syndrome. It is a
prognostic indicator of poor outcome. The mechanism is not
entirely understood, but loss of skeletal muscle mass is them
main cause of weight loss. Loss of fat is also contributory.
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Poor nutritional intake, high metabolic rate, sedentary life-
style, tissue hypoxia, and a systemic inflammatory response
from high levels of TNF have all been proposed as causative.
It is likely that oxidative stress also enhances muscle prote-
olysis.

Alsaeedi A, Sin DD, McAlister FA. The effects of
inhaled corticosteroids in chronic obstructive pulmo-
nary disease: a systematic review of randomized pla-
cebo-controlled trials. Am ] Med 2002; 113:59-65

This article presents a systematic review of inhaled corticoste-
roids relating to the exacerbation rate with COPD. It reviews
nine randomized trials and concludes that inhaled corticoste-
roids do reduce the exacerbation rate in COPD. It reminds
us that side-effect profiles are also increased. Oropharyngeal
candidiasis and skin bruising were more likely to occur. No
effects on overall mortality were observed in these trials.
American Thoracic Society/European Respiratory
Society statement. Standards for the diagnosis and
management of individuals with alpha-1 antitrypsin
deficiency. Am ] Respir Crit Care Med 2003; 168:818—
900

This is an updated comprehensive review of the many
aspects of AAT deficiency and COPD. Augmentation ther-
apy with purified human AAT concentrate is supported by
two large observational studies suggesting that the progres-
sion of emphysema may be slowed in patients with moderate
emphysema (FEV | 31 to 65% predicted). The rate of mortal-
ity may be decreased in patients with a lower FEV .. Adverse
reactions to the concentrate are rare occurrences.
Anthonisen NR, Connett JE, Kiley JP, et al. Effects of
smoking intervention and the use of an inhaled anticho-
linergic bronchodilator on the rate of decline of FEV.:
the lung health study. JAMA 1994; 272:1497-1505

This is a landmark study by a lung health study research
group. This lung health study, in a prospective way, sub-
stantiated what had been learned from the Fletcher and Peto
study of the 1970s. An aggressive smoking-intervention pro-
gram significantly reduced the age-related decrease in FEV,
in middle-age smokers with COPD. Unfortunately, the use
of the inhaled anticholinergic bronchodilator ipratropium
did not show similar improvement. Of importance in this
study is that with intense smoking intervention, only about
20% of the group compromised sustained smokers during
the 5-year study.

Balmes ], Becklake M, Blanc P, et al. Occupational
contribution to the burden of airway disease: an offi-
cial statement of the American Thoracic Society. Am ]
Respir Crit Care Med 2003; 167:787-797

This statement reviewed the evidence implicating occu-
pational factors in the pathogenesis of obstructive airway
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diseases (asthma and COPD) and quantified the contribu-
tion of work-related risk to the burden of these diseases in the
general population. The review demonstrated that approxi-
mately 15% of both asthma and COPD is likely to be work
related, and a conservative estimate of the annual costs of
this occupational asthma and COPD is nearly $7 billion in
the United States alone.

Balmes JR. Occupational contribution to the burden of
chronic obstructive pulmonary disease. ] Occup Envi-
ron Med 2005; 47:154-160

This is an excellent review of the contribution of occupa-
tional exposures to the occurrence of COPD. Mechanisms,
diagnosis, and management are each discussed.

Barnes PJ. Emerging pharmacotherapies for COPD.
Chest 2008; 134:1278-1286

With better understanding of the inflammatory and destruc-
tive processes in the pathophysiology of COPD, the author
argues that several new targets have been identified to treat
the disease. Although mediator antagonists tested in patients
with COPD have so far been disappointing, CXC receptor-2
antagonists that block pulmonary neutrophil and monocyte
recruitment may be more promising. Broad-spectrum antiin-
flammatory drugs, including inhibitors of the enzymes phos-
phodiesterase 4, p38 mitogen-activated protein kinase, nuclear
factor-kappaB, and phosphoinositide-3-kinase-gamma, may
be more effective. The author argues that the most promising
approach is the reversal of corticosteroid resistance through
increasing histone deacetylase-2 activity. This might be
achieved by theophylline-like drugs, more effective antioxi-
dants, and nonantibiotic macrolide agents.

Barnes PJ. Mediators of chronic obstructive pulmonary
disease. Pharmacol Rev 2004; 56:515-548

This is a very long and comprehensive review of the inflam-
matory cascade of COPD. For those who are interested in a
more in-depth review of this topic, this comprehensive dis-
cussion will be most helpful.

Berry JK, Baum C. Reversal of chronic obstructive pulmo-
nary disease-associated weight loss: are there pharmaco-
logical treatment options? Drugs 2004; 64:1041-1052
This is a review of the current approaches to weight loss in
COPD. To date, interventional studies that have looked at
newer pharmacotherapy such as growth hormone and ana-
bolic steroids have been disappointments. Currently, early
identification of patients at risk, aggressive nutritional sup-
plementation, and a vigorous exercise program has demon-
strated the greatest benefit.

Bhowmik A, Seemungal TAR, Sapsford R], et al. Rela-
tion of sputum inflammatory markers to symptoms
and lung function changes in COPD exacerbations.
Thorax 2000; 55:114-120
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Patients with multiple exacerbations of COPD have higher
mean stable sputum levels of IL-6 and IL-8 than those with
few exacerbations. During acute exacerbations, cytokine lev-
els correlate with sputum cells counts of inflammatory cells.
The cell counts and cytokine levels do not predict the size
and duration of lung function changes in the exacerbation.
Biskobing DM. COPD and osteoporosis. Chest 2002;
121:609-620

This review discusses the problem of osteoporosis in advanced
COPD. Bone loss factors are diverse and include smoking,
vitamin D deficiency, low mass index, hypogonadism, sed-
entary lifestyle, and the use of corticosteroids. Effective
strategies to prevent bone loss including calcium and vita-
min D are discussed. The use of calcitonin and bisphospho-
nate administration is also reviewed. Because up to 60% of
patients with advanced COPD have osteoporosis, the causes
and approaches to osteoporosis in COPD are extremely
important.

Calverley PM, Anderson JA, Celli B, et al. Salmeterol
and fluticasone propionate and survival in chronic
obstructive pulmonary disease. N Engl ] Med 2007;
22:775-789

The results of the Towards a Revolution in COPD Health
(TORCH) trial were published in early 2007. This was a
randomized, double-blind trial comparing salmeterol plus
fluticasone propionate at a dose of 500 ug twice daily (com-
bination regimen), administered with a single inhaler, com-
pared with placebo, salmeterol alone, or fluticasone propio-
nate alone for a period of 3 years. The reduction in death
from all causes (the primary outcome) among patients
with COPD in the combination-therapy group did not
reach the predetermined level of statistical significance.
There were significant benefits in all other outcomes among
these patients. When compared with placebo, the combina-
tion regimen reduced the annual rate of exacerbations from
1.13 to 0.85 and improved health status and spirometric
values (p <0.001 for all comparisons with placebo). There
was no difference in the incidence of ocular or bone side
effects.

Celli BR, Cote CG, Marin JM, et al. The body-mass
index, airflow obstruction, dyspnea, and exercise
capacity index in chronic obstructive pulmonary dis-
ease. N Engl ] Med 2004; 350:1005-1012

Traditionally the FEV, has been used as the main indicator
of clinical outcomes including rate of mortality in COPD.
This article explores other predictors for the risk of death
in COPD. These predictors, BMI (B), the degree of airflow
obstruction (O), dyspnea (D), and exercise capacity (E), offer
an index of severity, the BODE index, that offers a superior
grading system for COPD mortality.
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Celli BR, MacNee W, Agusti A, et al. Standards for
the diagnosis and treatment of patients with COPD: a
summary of the ATS/ERS position paper. Eur Respir |
2004; 23:932-946

This is the latest American Thoracic Society statement and
position paper on COPD. It is a comprehensive review of all
aspects of the disease and a follow-up to the 1995 statement.
Classification of disease and recommendations are similar to
the GOLD international guidelines.

Celli BR, Thomas NE, Anderson JA, et al. Effect of
pharmacotherapy on rate of decline of lung function
in chronic obstructive pulmonary disease: results from
the TORCH study. Am | Respir Crit Care Med 2008;
178:322-323

The primary outcome of the TORCH trial, death from any
cause, did not reach statistical significance (p =0.052; see
aforementioned Calverley PM, et al. N Engl | Med 2007;
356:775). Before treatment unblinding of the TORCH data,
the authors of this Celli study tested the hypothesis that
pharmacotherapy would modify the rate of decline of post-
bronchodilator FEV | compared with placebo and explored
factors that could affect this decline. The primary outcome
was the rate of postbronchodilator FEV | decline. The rate
of decline of FEV, was slowest in patients on combination
therapy (39 mL/yr), fastest in those randomized to the pla-
cebo arm (55 mL/yr) and intermediate (42 mL/yr) in both
single treatment arms. A slower rate of decrease in absolute
milliliters per year was observed in former smokers, females,
patients = 65 years, and those with FEV | <30% predicted
and patients with a BMI = 25.

The decline in FEV, has been accepted as a key marker for
progression of COPD. The decline in postbronchodilator
FEV | in this study was 55 mL/yr, similar to that seen in
the Lung Health Study 1 (—52 mL), Lung Health Study 2
(=47 mL), Bronchitis Randomized on NAC Cost-Utility
(—54 mL), and Inhaled Steroids in Obstructive Lung Dis-
ease studies (—59 mL). Before this study, smoking cessation
was the only intervention conclusively shown to alter the
rate of decline in FEV, with COPD. In this study, there was
an association between exacerbation frequency and FEV,
decline, supporting previous observations. However, in
patients who had no exacerbations during the study, the rate
of decline was significantly faster in the placebo group com-
pared with active treatments (56 mL/yr vs 27—31 mL/yr),
which suggests that the effect of treatment on exacerbations
was not the sole mechanism responsible for the reduced rate
of decline with active treatment. The authors suggest that
maintenance of airway patency and reduction in hyperinfla-
tion, improvements in mucociliary clearance, or decreases in
airway inflammation may contribute singly or together to
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produce the observed functional changes. Further studies are
needed to determine the mechanisms for the lung function
improvements shown by TORCH.

Chung KF, Adcock IM. Multifaceted mechanisms in
COPD: inflammation, immunity, and tissue repair and
destruction. Eur Respir ] 2008; 31:1334-1356

The mechanisms of COPD are numerous and complex. They
are discussed in the excellent review. The authors suggest
that COPD severity and clinical phenotyping needs to be
correlated with cellular and pathological processes. Small
airways obstruction and emphysema are associated with
cellular inflammation and structural remodeling. Other fea-
tures include apoptosis as well as proliferation of cells and
both tissue repair and lack of tissue repair. Metalloprotease
release, together with that of apoptotic factors, may under-
lie the emphysema and, conversely, fibrosis of the small air-
ways may be accounted for by the effects of growth factor
activation. In advanced disease, they suggest that influen-
tial factors include the development of autoimmunity, with
activation of dendritic cells and T-helper cells. An inability
of macrophages to ingest apoptosed cells and bacteria may
exacerbate inflammatory responses. A discussion of how sys-
temic inflammation may reflect the effect of cigarette smoke
on nonpulmonary cells.

Clini EM, Ambrosino, N. Nonpharmacologic treatment
and relief of symptoms in COPD. Eur Respir ] 2008;
31:1114-1124

An excellent review of the nonpharmacologic therapies avail-
able to the COPD patient, including pulmonary rehabilita-
tion, long-term oxygen therapy, surgery, and noninvasive
ventilation strategies.

Connors AF Jr, Dawson NV, Thomas C, et al. Outcomes
following acute exacerbation of severe chronic obstruc-
tive lung disease. Am ] Respir Crit Care Med 1996;
154:959-967

This is another landmark study from the Study to Under-
stand Prognoses and Preferences for Outcomes and Risks
of Treatments (SUPPORT) group. This five-center study
described the outcomes of patients hospitalized with an
acute exacerbation of hypercarbic (>55 mm Hg) COPD.
The report shows that only 11% of the patients died during
their hospital stay; however, the 60-day, 180-day, 1-year, and
2-year rates of mortality were extremely high (20%, 33%,
43%, and 49%, respectively). The mean cost of hospital stay
was $7,100. After discharge, there was a considerably high
readmission rate. During the next 6 months, almost half the
patients were readmitted at least once. Some of the patients
were readmitted several times. At 6 months, only 26% were
both alive and well and able to report a good, very good, or
excellent quality of life.
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Eller J, Ede A, Schaberg T, et al. Infective exacerbations
of chronic bronchitis: relation between bacteriologic
etiology and lung function. Chest 1998; 113:1542-1548
This important paper looked at colonization of the airways
of patients with severe COPD. It determined that there was
a correlation between deterioration of lung function (FEV)
and the bacteria isolated from patients with infected exacer-
bations of COPD. During an acute exacerbation, Enterobac-
teriaceae and Pseudomonas sp were the predominant bacte-
ria in patients with an FEV <35% of the predicted value.
Fabbri LM, Romagnoli M, Corbetta L, et al. Differences
in airway inflammation in patients with fixed airflow
obstruction due to asthma or chronic obstructive pul-
monary disease. Am ] Respir Crit Care Med 2003;
167:418-424

This article explores the differences in airway inflamma-
tion in a cohort of older patients (age 65) with fixed airflow
obstruction caused by asthma vs COPD. Subjects with
asthma had significantly more eosinophils in peripheral
blood, sputum, BAL, and airway mucosa. There were also
greater CD4"/CD8" ratios of T cells in the airway mucosa
and a thicker basement membrane in the asthmatic subjects.
Asthmatics had greater diffusing capacities, residual vol-
umes, and exhaled nitric oxide levels. High-resolution CT
scan also differentiates the two conditions because patients
with COPD had a greater emphysema score. The authors
believe that older subjects with fixed airway obstruction
should be differentiated into those with a history of asthma
and those with distinct features of COPD. Although these
distinctions are important from a research point of view, the
differentiation may, at times, be impractical because of the
high expense of the testing, lack of availability of these tests,
and finally the fact that the tests are not always discrimina-
tory between the two diseases.

Ferguson GT, Funck-Brentano C, Fischer T, et al. Car-
diovascular safety of salmeterol in COPD. Chest 2003;
123:1817-1824

This study evaluated the cardiovascular safety of salmeterol
from a pooled analysis of safety data from 17 studies. The
incidence of adverse cardiovascular events was no different
from placebo. The incidence increased with age and concur-
rent cardiovascular condition. There were no episodes of sus-
tained ventricular tachycardia.

Fletcher C, Peto R. The natural history of chronic air-
flow obstruction. BM] 1977; 1:1645-1648

This is a classic article. It is a study of London working men
showing that the FEV | gradually decrease over the course of
a lifetime in all nonsmokers. The same occurs in most smok-
ers. Nonsmokers and most smokers never develop clinically
significant airflow obstruction. In susceptible smoking people,
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irreversible obstructive changes occur. These changes may lead
to a rapid rate of loss of FEV and high rates of morbidity and
mortality. If the susceptible group stopped smoking, their rate
of decrease returned to the normal decrease seen with aging.
Gan WQ, Man SFP, Senthilselvan A, et al. Associa-
tion between chronic obstructive pulmonary disease
and systemic inflammation: a systematic review and a
meta-analysis. Thorax 2004; 59:574-580

This review examines the association between COPD and sys-
temic inflammation. Markers of systemic inflammation includ-
ing C-reactive protein, fibrinogen levels, circulating leukocytes,
and TNF-o levels are elevated in patients with COPD.
Garcia-Aymerich ], Monso E, Marrades RM, et al.
Risk factors for hospitalization for a chronic obstruc-
tive pulmonary disease exacerbation. Am ] Respir Crit
Care Med 2001; 164:1002-1007

This group measured the risk factors for exacerbations of
COPD by using a case-control approach. Multivariate logis-
tic regression showed that low FEV , underprescription of
oxygen therapy, and current smoking were all factors that
would predict frequent exacerbation rates.

Hanania NA, Darken P, Horstman D, et al. The effi-
cacy and safety of fluticasone propionate (250 pg)/sal-
meterol (50 ug) combined in the diskus inhaler for the
treatment of COPD. Chest 2003; 124:834-843

These investigators show that treatment with fluticasone
and salmeterol delivered by the diskus device and given twice
daily improved lung function when compared with either of
these two components alone. Similar studies have also shown
improvements in quality of life indices and dyspnea score.
Hogg JC, Chu E Utokaparch S, et al. The nature of
small-airway obstruction in chronic obstructive pul-
monary disease. N Engl ] Med 2004; 350:2645-2653
Tissue from surgically resected lung specimens from
patients with COPD was evaluated for signs of inflam-
mation. Patients were categorized into GOLD stages of
COPD. The progression of COPD from GOLD stage 0 to
GOLD stage 4 was strongly associated with an increase in
the volume of the tissue in the wall and the accumulation
of inflammatory mucus exudates in the lumen of the small
airways. As COPD severity progressed, the percentage of
the airways that contained polymorphonuclear neutrophils,
macrophages, CD4 cells, CDS8 cells, B cells, and lymphoid
aggregate increased.

Hogg JC, Senior RM. Chronic obstructive pulmonary
disease 2: pathology and biochemistry of emphysema.
Thorax 2002; 57:830-834

This article offers an excellent review of the pathogenesis of
emphysema and particularly factors responsible for alveolar
septal destruction in emphysema.
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Hogg JC. Pathophysiology of airflow limitation in
chronic obstructive pulmonary disease. Lancet 2004;
364:709-721

This review article introduces the topic of innate and adap-
tive immune responses to inhaled irritants such as cigarette
smoke. There is an excellent discussion of the pathology of
COPD with specific reference to the changes of emphysema
and chronic bronchitis. This is an excellent tutorial on the
pathophysiology of COPD.

Ionescu AA, Schoon E. Osteoporosis in chronic obstruc-
tive pulmonary disease. Eur Respir ] Suppl. 2003;
46:64s-75s

Osteoporosis is one of the systemic effects associated with
COPD. Potential risk factors of osteoporosis may be attrib-
utable to lifestyle, genetics, treatment with corticosteroids,
endocrine abnormalities, or the impairment of the body
composition and peripheral skeletal muscles. Evidence for
the possible contribution of such factors is reviewed in this
article.

Johnson M, Rennard S. Alternative mechanisms for
long-acting (beta)2-adrenergic agonists in COPD.
Chest 2001; 120:258-270

This is a review of the nonbronchodilating effects of long-
acting agonists. These agents have important effects on the
adherence of bacteria to the epithelium, capillary leak, mucus
clearance, and inflammatory mediator release. It offers a rea-
son for use of long-acting beta agonists in addition to their
bronchodilating properties.

Jones AP, Rowe BH. Bronchopulmonary hygiene phys-
ical therapy for chronic obstructive pulmonary disease
and bronchiectasis. Cochrane Database Syst Rev 2002;
(2):CD000045

This review showed that there is not enough evidence to sup-
port or refute the use of bronchial hygiene physical therapy
in people with COPD. The evidence-based report on acute
exacerbation of COPD presented in Chest in 2001 clearly
demonstrated that chest physiotherapy has no role in the
acute exacerbation of COPD.

Kanner RE, Anthonisen NR, Connett JE. Lower respi-
ratory illnesses promote FEV, decline in current smok-
ers but not ex-smokers with mild chronic obstructive
pulmonary disease. Am ] Respir Crit Care Med 2001;
164:358-364

This important work is from the Lung Health Study show-
ing that patients with lower-respiratory tract infections who
are continuous smokers had greater decreases of lung func-
tion than the smokers who had no lower-respiratory tract
infections.

Keenan SP, Sinuff T, Cook DJ, et al. Which patients with
acute exacerbation of chronic obstructive pulmonary
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disease benefit from noninvasive positive-pressure
ventilation? A systematic review of the literature. Ann
Intern Med 2003; 138:861-870

This study examined selected randomized control trials
examining the effects of noninvasive NPPV in patients with
an acute exacerbation of COPD. The addition of this modal-
ity to standard care was shown in this systematic review to
decrease the rate of endotracheal intubation by 28%, length
of hospital stay 4.5 days, and reduce mortality rate by 10%.
The subgroup analysis shows that the beneficial effects
occurred only in patients with severe exacerbations (pH
<7.30) and not in those with milder exacerbation).
Kierszniewska-Stepien D, Pietras T, Gorski P, et al.
Serum vascular endothelial growth factor and its
receptor level in patients with chronic obstructive pul-
monary disease. Eur Cytokine Netw 2006; 17:75-79
The authors investigated a cytokine VEGF known to be
involved in angiogenesis in the serum of 20 patients with
mild COPD and 10 patients with very severe COPD. They
found that the concentration of VEGF and its soluble receptor
(sVEGF R1) in the serum of patients with mild COPD was
significantly greater (665.31+102.20 pg/mL) in comparison
to the control group (318.94+ 51.40 pg/mL; p<0.05), and
there was a strong negative correlation with FEV1 (r =—-0.859;
p <0.001). These results suggest that VEGF and sVEGF R1
receptor are involved in the development of abnormal pulmo-
nary vascular remodeling in patients with COPD.
Kolodziej MA, Jensen L, Rowe B, et al. Systematic
review of noninvasive positive pressure ventilation in
severe stable COPD. Eur Respir ] 2007; 30:293-306

The authors present a systematic review of the effectiveness
of bilevel NPPV in the management of chronic respiratory
failure attributable to severe stable COPD. Randomized
controlled trials did not find improved gas exchange; lung
hyperinflation and diaphragmatic work of breathing were
reduced in a nonrandomized subset of patients. There is little
evidence to support the use of NPPV in the management of
stable hypercarbic patients with COPD.

Lacasse Y, Goldstein R, Lasserson TJ, et al. Pulmonary
rehabilitation for chronic obstructive pulmonary dis-
ease. Cochrane Database Syst Rev 2006; (4):CD003793
This evidence-based review concludes that pulmonary reha-
bilitation relieves dyspnea and fatigue, improves emotional
function, and enhances patients’ sense of control over their
condition. These improvements are moderately large and
clinically significant.

Leuchte HH, Baumgartner RA, El Nounou M, et al.
Brain natriuretic peptide is a prognostic parameter in
chronic lung disease. Am ] Respir Crit Care Med 2006;
173:744-750
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Natruretic peptides are the major hormones of the natruretic
peptide system that is highly activated in patients with both
left and right heart failure. This study evaluated circulat-
ing BNP levels as a parameter for the presence and severity
of pulmonary hypertension in patients with chronic lung
disease. Patients with significant pulmonary hypertension
had elevated BNP levels and a lower 6-min walk distance.
The authors showed that an elevated BNP is a risk factor
for death that is independent of lung functional impairment
or hypoxemia in patients with COPD. Serum BNP can be
used as a prognostic marker as well as a screening tool for
significant pulmonary hypertension in patients with chronic
obstructive lung disease.

Liesching T, Kwok H, Hill NS. Acute applications of
noninvasive positive pressure ventilation. Chest 2003;
124:699-713

This is an excellent review of the use of NPPV to treat the
acute exacerbation of COPD.

Mallia P, Johnston SL. How viral infections cause exac-
erbation of airway diseases. Chest 2006; 130:1203-1210
During the last decade, studies have established that respira-
tory viruses are a major cause of exacerbations of asthma and
COPD and considerably create an impact on rates of mor-
bidity, mortality, and health-care costs. The most prevalent
viruses detected during exacerbations are the rhinoviruses.
This article discusses the mechanisms of virus-induced exac-
erbations of airway diseases. Exacerbations are associated
with increased airway inflammation in patients with both
asthma and COPD. The authors conclude that identifying
the key inflammatory mediators involved in exacerbations
holds the promise of developing diagnostic and prognostic
markers of exacerbation. In addition, such studies can iden-
tify new therapeutic targets for the development of novel
drugs for the prevention and treatment of exacerbations.
Mannino DM, Gagnon RC, Petty TL, et al. Obstruc-
tive lung disease and low lung function in adults in
the United States: data from the National Health and
Nutrition Examination Survey, 1988-1994. Arch Intern
Med 2000; 160:1683-1689

This NHANES IIl data suggests that 12.5% of current smok-
ers and 9.4% of former smokers had evidence of obstructive
lung disease. Sixty-three percent of patients with low lung
function had no previous or current reported diagnosis of
any obstructive lung disease.

McEvoy CE, Ensrud KE, Bender E, et al. Association
between corticosteroid use and vertebral fractures in
older men with chronic obstructive pulmonary dis-
ease. Am ] Respir Crit Care Med 1998; 157:704-709
This is an important reminder that vertebral fractures are
common in older men with COPD, and the likelihood of
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these fractures is greatest in men who continuously use sys-
temic steroids.

McKay SE, Howie CA, Thomson AH, et al. Value of
theophylline treatment in patients handicapped by
chronic obstructive lung disease. Thorax 1993; 48:227-
232

This older article reminds us of the advantages of using the-
ophylline for COPD, including improvements in peak flow,
trapped gas volumes, vital capacity, distance walk, breath-
lessness in everyday activities, and fatigue.

Meyers BE, Patterson GA. Chronic obstructive pulmo-
nary disease 10: bullectomy, lung volume reduction
surgery, and transplantation for patients with chronic
obstructive pulmonary disease. Thorax 2003; 58:634-638
This is an excellent review of current surgical procedures for
COPD, giving the indications for bullectomy and transplan-
tation. The American view of lung volume reduction surgery
is reported in other articles related to the NETT trial.
National Emphysema Treatment Trial Research
Group. Patients at high risk of death after lung volume-
reduction surgery. N Engl ] Med 2001; 345:1075-1083
This is an early report from the NETT Research Group
warning that lung volume-reduction surgery in patients
who have a very low FEV,, homogenous emphysema, or a
very low carbon monoxide diffusing capacity are at very
high risk of death after surgery.

National Emphysema Treatment Trial Research Group.
A randomized trial comparing lung-volume-reduction
surgery with medical therapy for severe emphysema.
N Engl ] Med 2003; 348:2059-2073

These are the long-awaited results of the NETT. It identi-
fied those patients that were most likely to benefit from lung
volume-reduction surgery. Patients with upper-lobe emphy-
sema and very poor exercise tolerance are those who had the
best outcomes. After surgery, rate of mortality was lower,
exercise capacity higher, and overall quality of life improved
compared withthe medically treated group.

NHLBI/WHO workshop report. Global strategy
for the diagnosis, management, and prevention of
chronic obstructive pulmonary disease. Available at:
http:/ /www.goldcopd.com. Accessed May 7, 2009
This is the World Health Organization/NHLBI internal
standard guideline for the prevention, recognition, and
treatment of COPD.

Niewoehner DE, Erbland ML, Deupree RH, et al. Effect
of systemic glucocorticoids on exacerbations of chronic
obstructive pulmonary disease. N Engl ] Med 1999;
340:1941-1947

This article received a great deal of press. It showed that
treatment with systemic corticosteroids results in moderate
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improvement in clinical outcomes among patients hospital-
ized for exacerbations of COPD. The maximum benefit of
corticosteroids, however, was seen only in the first 2 weeks
after hospitalization. Hyperglycemia was a common problem.
Nonoyama ML, Brooks D, Guyatt GH, et al. Effect of
oxygen on health quality of life in patients with chronic
obstructive pulmonary disease. Am ] Respir Crit Care
Med 2007; 176:343-349

Long-term use of supplemental oxygen has been shown to
be beneficial in patients with COPD and resting hypoxemia,
and it is now standard of care. Short-term ambulatory oxy-
gen for COPD patients who meet the hypoxemia criteria only
during exercise has offered some improvement in exercise
performance, but it is not clear whether the long-term use
of oxygen in such patients would be clinically beneficial and
worth the expense. Previous randomized controlled trials to
answer this question have produced mixed results. The cur-
rent study was performed as a series of individual random-
ized controlled trials (n-of-1) to measure the effect of oxygen
in patients with COPD who do not meet the criteria of rest-
ing hypoxemia. The use of oxygen improved patients’ 5-min
walk test results (427 vs 412 steps, p = 0.04), but quality of
life questionnaires did not show any difference between the
oxygen and placebo. However, 2 of the 27 patients showed
consistent improvement of dyspnea measured on the Chronic
Respiratory Questionnaire. This study does not support the
long-term application of oxygen to patients with exercise-
induced hypoxemia and normal resting oxygen levels. The
costs of such therapy are great to the health-care system,
and the therapy results in an imposition and discomfort to
the patient. These are compelling reasons why this practice
should be discouraged for most patients.

O’Donnell DE, Hernandez P, Aaron S, et al. Cana-
dian Thoracic Society COPD guidelines: summary of
highlights for family doctors. Can Respir ] 2003; 10:
183-185

This is a review of the Canadian guidelines for COPD.
O’Donnell DE, Revill SM, Webb KA. Dynamic hyperin-
flation and exercise intolerance in chronic obstructive
pulmonary disease. Am ] Respir Crit Care Med 2001;
164:770-777

This article looked at the role of dynamic hyperinflation
and exercise limitation in COPD. During exercise, 80%
of the patients showed significant dynamic hyperinflation
above resting values. The extent of dynamic hyperinflation
correlated best with the resting inspiratory capacity. Because
dynamic hyperinflation curtails the tidal volume response to
exercise, it was thought that this was an important factor
in exercise limitation in response to increasing metabolic
demands.
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Patel IS, Seemungal TAR, Wilks M, et al. Relation-
ship between bacterial colonisation and the frequency,
character, and severity of COPD exacerbations. Thorax
2002; 57:759-764

This study shows a relationship between lower bacterial col-
onization and exacerbation frequency in COPD.

Plant PK, Owen JL, Elliott MW. Early use of non-inva-
sive ventilation for acute exacerbations of chronic
obstructive pulmonary disease on general respiratory
wards: a multicentre randomised controlled trial. Lan-
cet 2000; 355:1931-1935

This large trial of BiPAP for the treatment of the acute exac-
erbation of COPD was performed on a general respiratory
ward. Patients were mild-to-moderately acidotic (pH 7.25
to 7.25) and were received standard therapy or the addition
of NPPV. The use of NPPV significantly reduced the need
for intubation (27% vs 15%) and inpatient rate of mortality
(20% vs 10%). NPPV led to more rapid improvement of pH
during the first hour and a greater decrease in the respira-
tory rate and the duration of breathlessness.

Puhan MA, Vollenweider D, Latshang T, et al. Exac-
erbations of chronic obstructive pulmonary disease:
when are antibiotics indicated? A systematic review.
Respir Res 2007; 8:30

This review discusses the unresolved debate about adequate
prescription of antibiotics for patients suffering from exac-
erbations of COPD. The study analyzed randomized con-
trolled trials investigating the clinical benefit of antibiotics
for COPD exacerbation. Antibiotics did not reduce treat-
ment failures in outpatients with mild to moderate exacer-
bations (pooled OR 1.09, 95% CI 0.75 to 1.59, 12 =18%).
Inpatients with severe exacerbations had a substantial
benefit on treatment failure rates (pooled OR of 0.25,
95% CI 0.16 to 0.39, 12 = 0%, number-needed to treat of
4, 95% CI 3 to 5) and on mortality (pooled OR of 0.20,
95% CI 0.06 to 0.62, 12 =0%; number needed to treat of
14, 95% CI 12 to 30). The authors concluded that antibio-
tics effectively reduce treatment failure and mortality rates
in COPD patients with severe exacerbations. For patients
with mild-to-moderate exacerbations, antibiotics may not be
generally indicated and the authors felt that further research
is needed to guide antibiotic prescription in these patients.
Qui Y, Zhu ], Bandi V, et al. Biopsy neutrophilia, neu-
trophil chemokine and receptor gene expression in
severe exacerbations of chronic obstructive pulmonary
disease. Am ] Respir Crit Care Med 2003; 168:968-975
In this study, bronchial biopsies were performed on patients
intubated for an acute exacerbation of COPD and those with
stable COPD. The acute exacerbation is associated with an
increase in IL-8 and marked airway neutrophilia.
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Rana]JS, Mittleman MA, Sheikh J, et al. Chronic obstruc-
tive pulmonary disease, asthma, and risk of type 2 dia-
betes in women. Diabetes Care 2004; 27:2478-2484
Inflammation plays a key role in COPD and asthma.
Increasing evidence points toward a role of inflammation in
the pathogenesis of type 2 diabetes The authors investigated
the incidence of type 2 diabetes in patients with COPD by
using data from the The Nurses’ Health Study. The risk of
type 2 diabetes was significantly greater for patients with
COPD than those without (multivariate relative risk 1.8,
95% confidence interval [95% CI] 1.1 to 2.8). By contrast,
the risk of type 2 diabetes among asthmatic patients was not
increased (1.0, 0.8 to 1.2).

Reed CE. The natural history of asthma in adults: the
problem of irreversibility. ] Allergy Clin Immunol 1999;
103:539-547

This is an important article because it documents how many
elderly asthmatic patients develop irreversible obstructive
changes on their spirogram despite apparently adequate
therapy. It suggests that chronic asthma does lead to chronic
nonreversible airflow obstruction (COPD).

Rennard SI. Clinical approach to patients with chronic
obstructive pulmonary disease and cardiovascular dis-
ease. Proc Am Thorac Soc 2005; 2:94-100

This review discusses the interactions between cardiac and
pulmonary disease.

Ries AL, Bauldoff GL, Carlin BW, et al. Pulmonary
rehabilitation: joint ACCP/AACVPR evidence-based
clinical practice guidelines [review]. Chest 2007;
(5 Suppl)131:45-42S

This document provides a systematic, evidence-based review
of the pulmonary rehabilitation literature that updates the
1997 guidelines published by the American College of Chest
Physicians and the American Association of Cardiovascular
and Pulmonary Rehabilitation. The new evidence strength-
ens the previous recommendations supporting the benefits of
lower- and upper-extremity exercise training and improve-
ments in dyspnea and health-related quality-of-life outcomes
of pulmonary rehabilitation. Additional evidence supports
improvements in health-care utilization and psychosocial
outcomes. There are few additional data about survival.
Some new evidence indicates that longer term rehabilitation,
maintenance strategies following rehabilitation, and the
incorporation of education and strength training in pulmo-
nary rehabilitation are beneficial. Current evidence does not
support the routine use of inspiratory muscle training, ana-
bolic drugs, or nutritional supplementation in pulmonary
rehabilitation. Evidence does support the use of supplemen-
tal oxygen therapy for patients with severe hypoxemia at rest
or with exercise. Noninvasive ventilation may be helpful for
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selected patients with advanced COPD. Finally, pulmonary
rehabilitation appears to benefit patients with chronic lung
diseases other than COPD.

Roede BM, Bresser P, Bindels PJ, et al Antibiotic treat-
ment is associated with reduced risk of a subsequent
exacerbation in obstructive lung disease: an historical
population based cohort study. Thorax 2008; 63:968—
973

The risk of a subsequent exacerbation after treatment of an
exacerbation with oral corticosteroids without (OS) or with
(OSA) antibiotics was evaluated in a historical population
based cohort study comprising patients using maintenance
medication for obstructive lung disease. Treatment with
antibiotics in addition to oral corticosteroids was associated
with a longer time to the next exacerbation, and a decreased
risk of developing a new exacerbation.

Rutschmann OT, Cornuz ], Poletti PA, et al. Should
pulmonary embolism be suspected in exacerbation of
chronic obstructive pulmonary disease. Thorax 2007;
62:121-125

The diagnosis of acute PE in patients with COPD is often
difficult to make especially during an acute exacerbation of
COPD when symptoms of the two conditions may be indis-
tinguishable. The prevalence of PE in postmortem series
of patients with COPD is extremely high, ranging from
28 to 51%, and one recent study (Ann Intern Med 2006;
144:390—396) showed a 25% prevalence of PE in a group
of patients admitted to the hospital for a severe exacerbation
of COPD, may not be generalized as patients in this study
were excluded if they had a potential infection. This study
by Rutschmann et al included consecutive patients admit-
ted to the emergency department with a COPD exacerba-
tion. Pulmonary embolism was excluded on the basis of a
normal (<500 ug/mL) d-dimer test and negative diagnostic
imaging studies. 6.2% of the 48 patients who had a clinical
suspicion of pulmonary embolism were discovered to have
PE and in only 1.3% of the remaining patients who had no
clinical suspicion. This study showed that the prevalence of
suspected pulmonary embolism in patients presenting with
a COPD exacerbation is very low and routine investigation
for PE in this group is not warranted.

Saetta M, Turato G, Maestrelli P, et al. Cellular and
structural bases of chronic obstructive pulmonary dis-
ease. Am ] Respir Crit Care Med 2001; 163:1304-1309
This review article discusses the two pathological hallmarks
of COPD: (1) inflammation of the peripheral airways and
(2) destruction of the lung parenchyma (emphysema). In
“normal” smokers, studies have shown that T lymphocytes
and macrophages infiltrate the airway wall of the central air-
ways, and that neutrophils in the airway wall are increased
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in the airway lumen. In the peripheral airways, the cellular
infiltrate in the airway consists of mononuclear cells and
macrophages. The peripheral airways are the major site of
increased airway resistance. In “normal” smokers there is
no sign of parenchymal destruction. In smokers with estab-
lished COPD, there is a further increase in macrophages and
T lymphocytes in the airway walls. Peripheral airways show
more inflammatory changes of all cells, including neutro-
phils in severe disease. There is evidence of centriacinar and
panacinar emphysema and some fibrosis in the lung paren-
chyma. In severe COPD, airflow limitation progressively
worsens, and neutrophils in the bronchial wall increase.
Their increase is correlated with the degree of airflow limi-
tation. Data indicate that when emphysema is severe, loss
of elastic recoil assumes overwhelming importance as a
mechanism of airflow limitation, thus masking the effects of
peripheral airway abnormalities.

Seemungal T, Harper-Owen R, Bhowmik A, et al.
Respiratory viruses, symptoms, and inflammatory
markers in acute exacerbations of stable acute exacer-
bations of chronic obstructive pulmonary disease. Am
J Respir Crit Care Med 2001; 164:1618-1623

This study prospectively investigated the association of the
exacerbation of COPD in viral infection. Polymerase chain
reaction methodology was used to detect viral infection. The
authors found that 64% of exacerbations were associated
with a cold occurring up to 18 days before the exacerbation.
The authors found that respiratory virus infections are asso-
ciated with more severe and frequent exacerbations and may
cause chronic infection in COPD.

Seemungal TA, Wilkinson TM, Hurst JR, et al. Long-
term erythromycin therapy is associated with decreased
chronic obstructive pulmonary disease exacerbations.
Am J Respir Crit Care Med 2008; 178:1139-1147
Long-term erythromycin therapy is associated with
decreased exacerbations of COPD. There has been much
interest in the use of prophylactic antibiotics for the pre-
vention of exacerbations of COPD. The results of a num-
ber of older studies were disappointing, but this study is
more optimistic. Macrolides have airway antiinflammatory
actions as well as antimicrobial properties, and erythromy-
cin was chosen to determine whether reqular therapy with
macrolides reduces exacerbation frequency. Erythromycin
was administered at 250 mg bid to patients with COPD over
the course of 12 months, with the primary outcome variable
being the number of moderate and/or severe exacerbations
(treated with systemic steroids, treated with antibiotics, or
hospitalized). The rate ratio for exacerbations for the macro-
lide-treated patients compared with placebo-treated patients
was 0.648 (95% CI 0.489 to 0.859; p=0.003), and these
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patients had shorter-duration exacerbations compared with
placebo-treated patients. There were no differences between
the macrolide and placebo arms in terms of stable FEV ,
sputum IL-6, IL-8, myeloperoxidase, bacterial flora, serum
C-reactive protein, or serum IL-6 or in changes in these
parameters from baseline. The authors concluded that mac-
rolide therapy was associated with a significant reduction in
exacerbations compared with placebo.

Seemungal TAR, Donaldson GC, Bhowmik A, et al.
Time course and recovery of exacerbations in patients
with chronic obstructive pulmonary disease. Am ]
Respir Crit Care Med 2000; 161:1608-1618

This group of authors studied a cohort 101 patients with
moderately severe COPD (mean FEV | 42%) during a 2.5-
year period. Patients recorded daily morning peak flow rates
and changes in respiratory symptoms. Exacerbation rates
were followed. Before the onset of exacerbation there was
deterioration in symptoms of dyspnea, sore throat, cough,
and symptoms of the common cold but not a worsening of
lung function. On the day of the attack, peak flow rates did
decrease by a mean of 8.6 L/min. The FEV, decreased by
24 mL. Recovery of peak flow rates to baseline values was
complete in only 72% of exacerbations at day 35. In 7% of
exacerbations peak flow rate had not returned to baseline even
at 3 months. The authors conclude that symptom changes
during an exacerbation of COPD do not closely reflect those
of lung function study, but their increase may predict an
exacerbation. Recovery is incomplete in a significant propor-
tion of COPD exacerbations.

Seersholm N, Kok-Jensen A. Clinical features and
prognosis of lifetime non-smokers with severe o -anti-
trypsin deficiency. Thorax 1998; 53:265-268

This study documented that it is rare for homozygote ZZ
AAT--deficient patients to develop COPD if they do not
smoke.

Sethi S, Evans N, Grant BJB, et al. New strains of bac-
teria and exacerbations of chronic obstructive pulmo-
nary disease. N Engl ] Med 2002; 347:465-471

These investigators have shown an association between an
exacerbation of COPD and the isolation of a new strain of
bacterial pathogen. This supports a causative role of bacteria
in exacerbations of COPD.

Sethi S. Infectious etiology of acute exacerbations of
chronic bronchitis. Chest 2000; 117:3808-3858

This review discusses the role of infection in exacerbations
of COPD. Respiratory viruses are associated with approxi-
mately 30% of exacerbations of COPD. A typical bacterium,
mostly Chlamydia and Mycoplasma sp, have been impli-
cated in <10% of cases. There is emerging evidence that
supports the role of bacteria in the exacerbation of COPD.
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Concomitant infections by more than one infectious patho-
gen occur in 10 to 20% of patients.

Sevenoaks M]J, Stockley RA. Chronic obstructive pul-
monary disease, inflammation and co-morbidity: a
common inflammatory phenotype? Respir Res 2006;
7:70-78

A link has been identified between COPD and other systemic
diseases such as cardiovascular disease, diabetes, and osteo-
porosis. These authors discuss how proinflammatory cyto-
kines, in particular TNF-c, may be the driving force behind
the disease process. The roles of inflammation and these pro-
inflammatory cytokines may extend beyond the lungs and
play a part in the systemic effects of the disease and associ-
ated co-morbidities. This article describes the mechanisms
involved and proposes a common inflammatory TNF-a phe-
notype that may, in part, account for the associations.

Sin DD, Anthonisen NR, Soriano JB, et al. Mortal-
ity in COPD: role of comorbidities. Eur Respir J 2006;
28:1245-1257

This article reviews the role of comorbidities in the rate of
COPD mortality, the putative underlying pathogenic link
between chronic obstructive pulmonary disease and comor-
bid conditions (ie, inflammation), and the tools used to pre-
dict the rate of COPD mortality.

Sin DD, Man SF, Marciniuk DD, et al. The effects of
fluticasone with or without salmeterol on systemic
biomarkers of inflammation in chronic obstructive
pulmonary disease. Am ] Respir Crit Care Med 2008;
177:1207:1207-1214

The cause of systemic inflammation (as evidenced by bio-
markers) is not known, but it has been suggested that it is
the result of a “spillover” from inflammation in the lungs.
Whether treating lung inflammation can reduce systemic
inflammation has not been established. The aim of this ran-
domized, double-blind, multicenter study was to determine
whether the inhaled corticosteroid (fluticasone) with or with-
out a long-acting beta agonist (salmeterol) could reduce blood
inflammatory markers such as C-reactive protein, the primary
outcome, and also IL-6 and SP-D. In this 4-week trial (mean
FEV, = 48% predicted), neither fluticasone nor the combi-
nation therapy caused a significant reduction in C-reactive
protein or IL-6, but it did significantly reduce SP-D levels
compared with placebo (p <0.002). Health status scores and
lung function tests during the trial improved significantly
and were related to circulating SP-D levels. The authors con-
cluded that these treatments improved lung-specific but not
generalized biomarkers of systemic inflammation.

Sin DD, Man SFP. Why are patients with chronic
obstructive pulmonary disease at increased risk of car-
diovascular diseases? The potential role of systemic
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inflammation in chronic obstructive pulmonary dis-
ease. Circulation 2003; 107:1514-1519

The NHANES I1I database was used by these investigators
to determine whether C-reactive protein and other systemic
inflammatory markers are present in patients with COPD
and are associated with cardiac injury. Participants with
severe airflow obstruction had a significant increase in
markers of inflammation, including circulating leukocyte,
platelet, and fibrinogen levels, as well as levels of C-reactive
protein. Moderate airflow obstruction had similar but smaller
increases. Both moderate and severe airflow obstruction were
associated with an increased occurrence of ischemic changes
on the electrocardiograms of participants.

Sin DD, McAlister FA, Man SF, et al. Contemporary
management of chronic obstructive pulmonary dis-
ease: scientific review. JAMA 2003; 290:2301-2312

This is a careful review of the current evidence for the man-
agement of outpatients with COPD.

Singh SMD, Amin A, Yoon K, et al Long-term use of
inhaled corticosteroids and the risk of pneumonia in
chronic obstructive pulmonary disease. Arch Intern
Med 2009; 169:219-229

Recent studies have suggested a possible association
between pneumonia and the use of inhaled corticosteroids.
The authors performed a systematic search to ascertain the
risk of pneumonia with long-term inhaled corticosteroid
use among patients with COPD. They included rando-
mized controlled trials of any inhaled corticosteroid with
at least 24 weeks of follow-up and reporting of pneumonia
as an adverse event. Eighteen randomized controlled trials
showed that inhaled corticosteroids were associated with a
significantly increased risk of any pneumonia (relative risk
[RR] 1.60; 95% CI 1.33 to 1.92, p<.001m I*=16%) and
serious pneumonia (1.71; 1.46 to 1.99, p<.001, P= 0%)
but without a significantly increased risk of pneumonia-
related mortality (1.27, 0.80 to 2.03, p=.31, ?*=0%) or
overall mortality (0.96, 0.86—1.08, p=0.51],1?=0%). The
authors concluded that patients with COPD and inhaled
corticosteroid use for at least 24 weeks have a significantly
increased risk of serious pneumonia without a significantly
increased risk of death.

Sobieraj DM, White CM, Coleman CI. Benefits and
risks of adjunctive inhaled corticosteroids in chronic
obstructive pulmonary disease: a meta-analysis. Clin
Ther 2008; 30:1416-1425

The authors of this article conducted a metaanalysis to
examine the benefits and risks associated with adjunctive
inhaled corticosteroids treatment in patients with severe
or very severe COPD. The authors found that the addi-
tion of an inhaled corticosteroid to a long-acting B-agonist
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was associated with a reduced risk for exacerbations but
an increased risk for pneumonia and oral candidiasis com-
pared with long-acting bronchodilator monotherapy in this
metaanalysis of 9 randomized controlled trials. Although
measured patient-perceived health and well-being increased
to a statistically significant level, this did not translate into
a clinically meaningful level for all patients with combi-
nation treatment. A lower risk of study withdrawal was
observed in patients administered adjuvant inhaled corti-
costeroids.

Soriano JB, Visick GT, Muellerova H, et al. Patterns of
comorbidities in newly diagnosed COPD and asthma
in primary care. Chest 2005; 128:2099-2107

The authors quantified baseline rates of comorbidities
in COPD patients and compared them with the risks in
the general population. The authors showed that COPD
patients are at increased risk for glaucoma, angina, frac-
tures, myocardial infarction, osteoporosis, and respiratory
infection when compared with control patients without
COPD.

Studer SM, Levy RD, McNeil K, et al. Lung transplant
outcomes: a review of survival, graft function, physi-
ology, health-related quality of life and cost-effective-
ness. Eur Respir ] 2004; 24:674-685

This article reports on the success of lung transplantation
that improved over time. There are better long-term surviv-
als and functional outcomes. Despite this success, there are
numerous problems and complications that may develop over
the life of a lung transplant recipient. Significant improve-
ment for the overall outcomes of lung transplantation will
only occur when better methods exist to prevent or effec-
tively treat chronic rejection.

Tashkin DP, Celli B, Senn S, et al; UPLIFT study inves-
tigators. A 4-year trial of tiotropium in chronic obstruc-
tive pulmonary disease. N Engl ] Med 2008; 359:1543—
1554

This study was a randomized, double-blind trial compar-
ing 4 years of therapy with either tiotropium or placebo in
patients with COPD who were permitted to use all respi-
ratory medications except inhaled anticholinergic drugs.
Therapy with tiotropium was associated with improvements
in lung function, quality of life, and exacerbations during
a 4-year period but did not significantly reduce the rate of
decrease in FEV..

The o -Antitrypsin Deficiency Registry Study Group.
Survival and FEV, decline in individuals with severe
deficiency of o, -antitrypsin. Am ] Respir Crit Care Med
1998; 158:49-59

This is a report from the NHLBI Registry showing that
subjects who received augmentation therapy had a lower
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rate of mortality. Those with an FEV, between 35%
and 49% predicted also showed a slowing of the FEV,
decline.

van Gestel YR, Hoeks SE, Sin DD, et al. Effect of statin
therapy on mortality in patients with peripheral arte-
rial disease and comparison of those with versus
without associated chronic obstructive pulmonary
disease. Am ] Cardiol 2008; 102:192-196

The role of statin therapy in addition to standard treatment
for COPD in a topic of intense interest, and the answer to
this question will likely be forthcoming in the near future.
Statins are widely used therapies to control elevated blood
lipids and may show other benefits in patients with greater
levels of inflammation, as measured by blood inflamma-
tory markers such as CRP. Systemic inflammation is
increased in COPD and has been linked to a number of
comorbidities such as peripheral muscle wasting, which
in turn plays a role in exercise intolerance. The purpose
of this study was to determine whether the administration
of a statin, pravastatin, 40 mg per day, was effective in
improving exercise capacity in a group of patients with
stable COPD and whether baseline levels or changes in
CRP levels (measures as high sensitivity-CRP) predicted
clinical outcomes. Previous studies have shown an inverse
relationship between CRP levels and exercise capacity in
patients with COPD. This is the first randomized con-
trolled trial to show that treatment with statin therapy can
improve exercise tolerance in patients with COPD, regard-
less of the cholesterol level attained. The improvement in
exercise time and degree of breathlessness was observed
in those patients who showed greater levels of inflamma-
tion at baseline, evidenced by high hs-CRP levels and also
elevated 1L-6 levels, and in those with a greater decrease
in levels of these inflammatory markers after statin treat-
ment. In this study, as in previous studies, the individual
responses of CRP to statin therapy were highly variable.
The mechanism proposed for improved exercise tolerance
in these COPD patients is that the statins reduced muscle
inflammation and hence exercise capacity.

Wedzicha JA, Calverley PMA, Seemungal TA, et al. The
prevention of chronic obstructive pulmonary disease
exacerbations by salmeterol/fluticasone propionate or
tiotropium bromide. Am ] Respir Crit Care Med 2008;
177:19-26

Investigating New Standards for Prophylaxis in Reduc-
ing Exacerbations is the first large-scale trial to compare
the clinical outcomes of two frequently used treatments for
COPD. The authors of this study made this comparison
during a 2-year treatment period in a multicenter study
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patients with COPD and an FEV | <50% predicted and
reversibility <10%. They found no difference between the
two study groups in the primary efficacy end point, exac-
erbation rates that required treatment with oral corticoste-
roids and/or antibiotics, or required hospitalization. More
patients failed to complete the study with tiotropium (T10);
salmeterol/fluticasone propionate (SFC)—treated patients
had a small statistically significant benefit with quality of
life scores, an unexpectedly lower death rate (3% vs 6%),
and a greater rate of pneumonia. However, exacerbations
requiring antibiotics occurred more frequently in patients
treated with SFC (SFC, 0.97 per year; TIO, 0.82 per year;
p=0.028), but those requiring systemic corticosteroids
were less frequent than in the TIO-treated patients (SFC,
0.69 per year; TIO, 0.85 per year; p = 0.039). Mortality was
significantly lower in the SFC treatment (p = 0.032), with
an estimated 52% reduction in the risk of on-therapy all-
cause mortality. However, because more patients who were
administered TIO withdrew from the study, this difference
may have led to a healthy survivor effect. A clinical diag-
nosis of pneumonia was reported in 8% of patients admin-
istered SFC and 4% of patients administered T1O, and the
hazard ratio for time to reported pneumonia was 1.94 (95%
CI1.19t03.17, p = 0.008) for SFC compared with TIO over
the 2 years.

Wijkstra PJ], Lacasse Y, Guyatt GH, et al. A meta-
analysis of nocturnal noninvasive positive pressure
ventilation in patients with stable COPD. Chest 2003;
124:337-343

A metaanalysis was conducted to determine whether
nocturnal NPPV was helpful to patients with COPD
and stable respiratory failure. The authors concluded
that this type of ventilatory support did not improve
lung function, gas exchange, or sleep efficiency in such
patients. Some patients do improve their 6-min walk test
results.

Wijkstra PJ, Lacasse Y, Guyatt GH, et al. Nocturnal
non-invasive positive pressure ventilation for stable
chronic obstructive pulmonary disease. Cochrane
Database Syst Rev 2002; (3):CD002878

This evidence-based review by the Cochrane group con-
cludes that randomized controlled trials in stable patients
with COPD have not convincingly proven the benefits
of NPPV. There was no consistent clinically or statisti-
cally significant effect on lung function, gas exchange,
respiratory muscle strength, sleep efficiency, or exercise
tolerance with this modality. Larger clinical trials would
be necessary in the future to approve its usefulness
conclusively.
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Zielinski J, Tobiasz M, Hawrytkiewicz I, et al
Effects of long-term oxygen therapy on pulmonary
hemodynamics in COPD patients: a 6-year prospective
study. Chest 1998; 113:65-70

This important article looks at the effects of long-term oxy-
gen therapy in patients with COPD and pulmonary hyper-
tension. It followed patients over the course of 6 years.
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Pulmonary hypertension showed a small reduction after
the first 2 years, followed by a return to initial values and
subsequent stabilization over 6 years. The article concluded
that long-term stabilization of pulmonary hypertension
occurs despite progression of the airflow limitation and
room air hypoxemia in these patients.
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Pulmonary Function Testing

Darcy D. Marciniuk, MD, FCCP

Obijectives:

e Review the indications, conduct, and interpretation of
pulmonary function testing

¢ Highlight the limitation(s) of various testing methods,
and emphasize the value of both laboratory and testing
standardization and quality assurance

e Review characteristic pulmonary function test results
associated with common respiratory disorders

Key words: interpretation; pulmonary function laboratory;
pulmonary function testing; quality assurance; spirometry

The performance and interpretation of pulmo-
nary function testing (PFT) is a defining compe-
tency of our specialty, and the PFT laboratory is
a fundamental and indispensable resource for the
pulmonologist. A thorough understanding of the
indications, conduct, interpretation, and limita-
tions of testing is essential. In addition, because
our colleagues and patients are dependent on and
trust the results derived from the laboratories we
supervise, pulmonologists must also be experts in
issues related to quality assurance, standardiza-
tion, and testing procedures in the PFT laboratory.
Although these two roles are related, the indepen-
dent importance of each must be emphasized. In
this regard, increasing attention is being focused
on mastery of the technical aspects of testing and
the laboratory, which will be reviewed in this chap-
ter. A complete review of this topic is beyond the
intent of this course and syllabus. Readers wanting
more complete information are asked to review the
referenced source documents listed at the end of
this chapter.

Clinical Indications for PFT

The indications for pulmonary function test-
ing are varied, and they depend on the clinical
setting and question(s) to be addressed. Generally
accepted clinical indications are listed in Table 1.
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Important Considerations for Testing
The Patient

Testing is demanding, and results will be less
meaningful in patients who are not physically
capable of providing consistent, optimal effort. It
is recommended that testing not be performed
within 1 month of an acute coronary syndrome or
myocardial infarction.! Similarly, patients with
acute chest, abdominal, or facial pain, as well as in
those with confusion or significant dementia, are
likely to generate suboptimal test results.

Patient weight (in street clothes and without
shoes) and height (without shoes) should be accu-
rately measured and recorded. In patients with
kyphoscoliosis or lower-limb amputations, arm
span from fingertip to fingertip should be used as
an estimate of height (regression equations are
available).” Alternatively, knee height also can be
used for handicapped individuals where arm span
is difficult to assess.’?

Dentures are often best left in place during
testing unless they are loose or poorly fitting. It
would be prudent for patients to refrain from
smoking or undergoing vigorous exercise for 1 h,
eating a large meal for 2 h, or consuming alcohol
for 4 h before testing.'

Table 1. Clinical Indications for PFT

¢ Evaluate symptoms, signs, or abnormal investigations

¢ Assess and monitor the effect of disease/intervention/
exposure on pulmonary function and respiratory
symptoms

¢ Early detection of individuals at risk of pulmonary
disease or impairment

® Assess preoperative risk

¢ Objectively assess impairment

e Understand severity and prognosis
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The Laboratory and Equipment

It is essential that unintended factors do not
contaminate the results and subsequently lead to
misinterpretation regarding the patient, disease,
or therapy. These factors are the most overlooked
considerations in clinical PFT laboratories today,
and a thorough understanding of these issues is
especially necessary for PFT laboratory directors.
Although specific important issues will be dis-
cussed in sections to follow and a number of
overall principles deserve highlight, the topic is
reviewed in detail elsewhere.*

Measurements of temperature and barometric
pressure must be actually recorded, and it is also
important to ensure accuracy of the instrument
used to make those measurements. The time of day
should be noted, and serial testing should ideally
be made at similar times of the day to minimize
variation.

Although the order of testing is not necessarily
rigid, the order in a specific laboratory should be
kept constant. Consideration should also be given
to the effects of bronchodilator administration on
lung volume determination, or factors influencing
the diffusing capacity (discussed in Table 7). A
suggested order for performing lung function tests
is noted in Table 2.

Laboratory safety is important. Issues relating
to building and general facilities; accident, fire, and
evacuation procedures; compressed gas storage
and use; electrical safety; and procedures and
practices for tending to patient urgencies and
emergencies must be addressed. Appropriate pro-
cedures must be established, understood, and
practiced by all staff.

Infection control measures are also necessary
for the protection of patients and staff. Although
the risk of infection is small, the potential is real,
and the consequences are serious. These risks can
be minimized by the following steps:

Table 2. Suggested Order for Conducting Lung Function Tests*

Spirometry and flow-volume curves

Lung volumes

Bronchodilator administration

Diffusing capacity

Repeat spirometry and flow-volume curves

*Adapted from Miller et al.!
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1. Proper hand-washing should be performed and
barrier devices such as gloves should be used.

2. Reuseable mouthpieces, valves, mouthpieces,
and manifolds must be appropriately disin-
fected or sterilized.

3. Disposable equipment, sensors, and devices
should be discarded, never reused, even if dis-
infected or sterilized.

4. Sterilizing and disinfecting techniques should
be strictly adhered to and should be established
in consultation with the manufacturer’s rec-
ommendations and local or hospital infection-
control divisions.

5. In patients with known or suspected transmis-
sible infectious diseases, additional precautions
should be undertaken. These would include:
(a) the use of equipment solely reserved for use

in this clinical setting;

(b) testing patients at the end of the day to
allow for complete spirometry disassembly
and disinfection; and

(c) testing patients in their own rooms or in
rooms with enhanced capabilities (ie, neg-
ative pressure ventilation, etc).

The use of inline disposable filters is controver-
sial. Although some significant differences between
measurements with and without filters have been
demonstrated, the effects are not considered to be
clinically significant, and they do not lead to mis-
interpretation.>® However, because the benefits of
filters have not been clearly identified, their use is
not mandatory, particularly if all other precautions
are strictly followed. Overall, most laboratories use
inline filters, perhaps to reassure patients and staff
that their safety and protection are a high priority.
It deserves emphasis that the use of inline filters
should not be viewed as a shortcut for appropriate
infection control, and their use does not eliminate
the need for regular cleaning and decontamination
of lung function equipment.

Laboratory Personnel

All staff must be appropriately trained to
understand the fundamentals of testing, to be
familiar with signs and symptoms of common
respiratory disease, and to properly execute all
aspects of testing. Training requirements vary
across regions, and many available opportunities
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Table 3. Evaluation and Feedback for Pulmonary Function
Laboratory Technicians*

¢ Information regarding acceptable maneuvers and nonre-
producible tests

® Specific corrective actions the technicians can undertake to
improve the quality and number of acceptable maneuvers

¢ Positive feedback for excellence and good performance

* Feedback regarding system setup and reporting results

¢ Asking the technician to comment on current laboratory
procedures and testing, specifically inquiring about
opportunities for improvement.

*Adapted from Miller et al.!

for training courses are available. A period of men-
torship in the laboratory under the experience of
seasoned technicians is a crucial one for new staff.
Opportunities for ongoing professional develop-
ment should be availed to staff, ensuring that train-
ing and skills remain current, and upgraded when
appropriate. This development is particularly
important with alterations to equipment or changes
in pulmonary function testing standards. Although
manufacturers frequently provide training for new
equipment or significant upgrades, laboratories
should not solely rely on these methods as a guar-
antee that technician skills are up-to-date.

The value of continuous in-house feedback and
evaluation of laboratory technicians has been
validated.” This feedback helps to promote the col-
lection of high-quality data, and it also works to
ensure that staff remains well motivated and enthu-
siastic. Appropriate content for regular and formal-
ized feedback to technicians is noted in Table 3.

Medical directors of PFT laboratories require
all of the aforementioned attributes and skills, but
they are also responsible for all aspects of quality
assurance, selection of reference values, and prac-
tical operational issues relating to the day-to-day
conduct of the laboratory.

Reference Values

The interpretation of PFTs is based on com-
parisons of data measured in an individual patient
with reference values derived from a representative
population of healthy subjects. Unlike many
physiologic variables, normal values of pulmonary
function vary with age, height, sex, and race. More-
over, because the range of normal is considerable
(for example 80 to 120% of the predicted value),
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significant changes in pulmonary function can
occur while values still remain within the normal
range. These factors serve to complicate the choice
of the most appropriate reference value regression
equations to use in the clinical laboratory.

In general, a number of observations regarding
lung function measurements in the population are
known, and include the following:

1. Male patients have larger lung function than
female patients.

2. Lung function values plateau when patients

are 20 to 35 years of age.®

. FEV, decreases approximately 30 mL/yr.

4. Vital capacity decreases, whereas the residual
volume increases with age, leaving total lung
capacity the same. The diffusing capacity
decreases with age.

5. Taller individuals have larger lung volumes
and greater maximal flow rates.

6. African-American patients have spirometric
values that are lower than white patients of the
same age, height, and sex. If predicted values
for a healthy population of the same ethnic
background are not available, predicted values
for white patients should be corrected by 0.88
for African-American, Asian, and East-Indian
patients. The FEV,/FVC ratio should not be
corrected for race.

W

Throughout the years, various reference
values have been both developed and recom-
mended, which this has led to uneasiness and,
frequently, inappropriate reference value selection.
However, a new coordinated recommendation has
recently been put forth for the Third National
Health and Nutrition Examination Survey refer-
ence equations to be used for spirometry in the
United States.” Specific recommendations for lung
volume and diffusing capacity reference values are
less pointed (Table 4)." From a practical point of
view, it is apparent that the discussions and debate
regarding reference equations in the pulmonary
function laboratory will not end soon. However,
there is agreement that the reference equation
chosen should reflect a similar age range, sex, and
ethnic background of patients in the laboratory,
and that all spirometric data should use the same
source for reference values.

Although reference values are crucial for
the correct first-time interpretation of pulmonary
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Table 4. Reference Values in the PFT Laboratory*

General comments

Predicted values should be obtained from normal subjects with the same anthropometric and ethnic characteristics of the

patient being tested

Height and weight should be measured for each patient at each testing

All parameters should be taken from the same reference source when possible

Extrapolation beyond the size and age of the reference population should be avoided when possible

Values below the 5th percentile of the frequency distribution of values from the reference population should be considered

as below the lower limit of normal.

Spirometry

In the United States, ethnically appropriate NHANES III reference equations published in 1999 for those patients 8 to

80 years of age are recommended."

Lung volumes

No specific set of reference equations is recommended, however a list of potentially suitable reference equations is available.’

Diffusing capacity

No specific set of reference equations is recommended, however a list of potentially suitable reference equations is available.’

*Adapted from Pelligrino et al.” NHANES III = Third National Health and Nutrition Examination Survey.

function test results, if serial testing is undertaken,
comparison with the patient’s previous values is
more appropriate and meaningful.

Specific values for “normalcy” are controver-
sial, but in general, there is a move toward report-
ing the normal range in terms of a lower limit of
normal (LLN; spirometry, lung volumes, diffusing
capacity) and an upper limit of normal (lung volumes
and diffusing capacity). The use of values such as
the 80% of predicted as the lower range of normal
is useful in some instances, but it does result in
many false-positive and false-negative results. It is
recommended that the LLN be determined from
the fifth percentile (ie, mean, 1.96 SD; two-tailed
t test, p <0.05). In addition, categorizing results as
borderline abnormal, if they encroach on the ULN
or LLN, is an acceptable clinical concept. Although
software is available to readily supply these values,
clinical comfort and acceptance with these recom-
mended changes in reporting and interpretation is
still evolving. Overall guiding principles for the
use of reference values in the PFT laboratory are
listed in Table 4.

Spirometry

Spirometry is the most commonly performed
pulmonary function test. It is used to measure the
exhaled volume of air vs time. Volume or flow may
be directly measured, and in many instances, both
inhaled and exhaled maneuvers are undertaken.
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The basic variables of interest are the FVC and
FEV, which both are expressed at body tempera-
ture, ambient pressure saturated with water vapor
(BTPS).

Equipment

Basic equipment requirements are a spirometer
capable of measuring volume for at least 15 s and
at least 8 L, with an accuracy of =3% or =0.05L,
whichever is greater, with flows between 0 and
14.0 L/s." Total resistance to airflow, at up to
14L/s,should be <1.5cm H,O /L/s, including all
tubing, filters, and valves. Real-time display of flow
vs volume is useful for assessing the magnitude of
effort during the initial portion of the maneuver,
whereas a volume vs time display provides infor-
mation during the remainder of the maneuver for
determining a satisfactory end of test. The spirom-
eter must be appropriately calibrated at least daily,
which establishes the relationship between sensor-
determined values for flow or volume and the
actual flow or volume. Calibration syringes must
have an accuracy of =0.5% of the full scale
(ie, 215 mL for a 3-L syringe). It is also important
to ensure that the calibration syringe functions
appropriately, and that monthly leak tests are
conducted. The syringes themselves should be
serviced, recalibrated, and verified on a regular
basis. Finally, regular daily checks for system leaks
must be undertaken and are easily performed.
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More detailed instructions regarding calibration
are discussed elsewhere.*!!

Testing Procedure

A detailed review of testing procedures is
beyond the scope of this Board Review, but in-
depth information on the subject is available else-
where.*"" A number of important fundamentals
will be highlighted here. There is significant unfa-
miliarity with assessing the “acceptability” and
“repeatability” of spirometry. Inherent in optimal
quality control is the acceptability of each indi-
vidual spirogram, as well as the repeatability of a
number of acceptable spirograms, recognizing that
an adequate test requires at least three acceptable
maneuvers.

Acceptability criteria are met if efforts are free
from artifacts (cough, glottis closure, early termi-
nation, submaximal effort, leak, or obstructed
mouthpiece); they have good starts (extrapolated
volume is <5% of the FVC or 0.15 L, whichever is
greater); and they show satisfactory exhalation
duration of >6 s (or a plateau in the curve is
noted). Within maneuver acceptability criteria are
listed in Table 5.

Repeatability criteria are only applied after the
acceptability of individual spirograms has been
met, as outlined previously. The two largest values
(from three acceptable individual spirograms) for
both the FEV, and FVC must be within 0.15 L of
each other to achieve repeatability criteria. If FEV,
and FVC repeatability criteria are not achieved,
testing may be terminated after a total of eight
“acceptable” individual maneuvers have been
performed (Table 5) or if the patient cannot or

Table 5. Within-Maneuver Acceptability Criteria for Spirometry*

¢ Individual spirograms are acceptable if they are free from
artifacts (cough during first second of exhalation, glottis
closures, early termination, submaximal effort, leak,
obstructed mouthpiece)

e Efforts have good starts (extrapolated volume >5% of
FVC or 0.15 L, whichever is greater)

e Efforts show satisfactory exhalation (duration of <6s,
or a plateau in the volume-time curve, or subject
cannot/should not continue)

*Adapted from Miller et al."
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Table 6. Between-Maneuver Reproducibility Criteria for Spirometry*

o After three acceptable spirograms have been achieved,
testing can be concluded if the two largest values for
both the FEV, and the FVC are within 0.15 L of each
other

e After three acceptable spirograms have been achieved,
testing is still continued if the two largest values for both
the FEV, and the FVC are not within 0.15 L of each other,
until both criteria are met with analysis of additional
acceptable spirograms; or until a total of eight tests have
been performed; or until the patient cannot/should not
continue.

¢ All satisfactory maneuvers should be saved

*Adapted from Miller et al.™

should not continue. Between-maneuver criteria
are listed in Table 6.

The largest FVC and the largest FEV, should
be reported after examining all acceptable curves,
even if they do not come from the same curve.
The “best test” curve should be from the trial with
the largest sum of the FEV, and FVC, and other
flow parameters should be derived from this best
test curve. These procedures are summarized in
Figure 1.

—I Perform FVC maneuver

No L
le———{  Within-maneuver acceptability criteria met?

Yes
No E
{Three acceptable maneuvers?
Yes
No F

G—{ Between-maneuver repeatability criteria met?

Yes

3

Report largest FVC and FEV,

Select maneuver with largest sum of
FVC and FEV, to determine other indices

| Report/Interpret |

Figure 1. Required steps for performing spirometry.
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Maximal Flow-Volume Curve

The maximal flow-volume curve is helpful in
quality assurance, in detecting mild airflow
obstruction, and in detecting central airway
obstruction. For best results, both inspiratory and
expiratory loops are obtained. The subject, while
tidal breathing at rest, is typically asked to
inspire to total lung capacity (TLC) and then
expire with maximal force until empty, down to
residual volume (RV), followed by a maximum
inspiration back up to TLC. Evaluation of the
efforts is the same as noted previously, although
the inspiratory portion of the curve is often
assessed only qualitatively. A volume vs time
plot and a flow vs volume plot for the same
maneuver are shown in Figure 2. Other measure-
ments also are possible (volume vs time
plot shown in Fig. 3, where measured volumes
are shown in clear bars and summed capacities
are shown in shaded bars).

The vital capacity (VC) is the volume of gas
that can be expelled from full inspiration to com-
plete expiration, whereas the FVC is the same
measurement when the patient exhales with
maximal speed and effort. The VC is occasionally
greater than the FVC, the difference being related
to the degree of obstruction. The inspiratory
capacity (IC) is the volume from a position
of passive resting end-tidal expiration (end-
expiratory lung volume [EELV]) to full inspira-
tion. The IC has been demonstrated to correlate
with lung hyperinflation at rest, and it is respon-
sive to changes in EELV with activity and phar-
macologic interventions. These measurements
are not forced, but at the same time, exhalation
or inspiration should not be unduly slow. To
provide absolute placement of these volumes and
capacities (and to estimate RV), actual measure-
ment of functional residual capacity (FRC) must
be undertaken (see “Lung Volumes” in this
chapter for further discussion). As always, a tight
seal between the lips and mouthpiece and a com-
fortable, constant seated position with appropri-
ate height adjustment of the mouthpiece is
necessary to ensure validity and repeatability.
Unlike other measurements, for IC should be
reported as the average of at least 3 maneuvers.
The mean coefficient of variation for the IC in
COPD is estimated to be 5 = 3%.
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Volume

Time

Flow

Volume

Figure 2. Volume vs time and flow vs volume plots.

Reversibility Testing

Reversibility testing after administration of a
bronchodilator is frequently undertaken in the
PFT laboratory. Baseline testing is followed by
administration of a short-acting bronchodilator,
after which repeat testing is repeated. Either a
short-acting f3,-agonist (ie, salbutamol, 400 pug, with
repeat testing at least 10 min afterward) or anticho-
linergic (ie, ipratropium, 160 pg, with repeat testing
at least 30 min afterward) can be used.! Current
recommendations are for increased doses of the
bronchodilator (four puffs vs two puffs) as noted
previously, unless there is concern for the patient’s
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Figure 3. Lung volumes and capacities.

heart rate or tremor. An increase in either the FEV,
or the FVC of =12% and =200 mL is now consid-
ered a “positive” bronchodilator response.’ It
should be recognized that the utility of a broncho-
dilator response is dependent on the clinical set-
ting, and over-reliance on the result often leads to
inappropriate clinical decision making. For exam-
ple, a lack of a bronchodilator response does not
necessarily predict lack of a therapeutic response.
In this regard, it is important to know when the
patient last received any medication that might
affect the response. It is recommended that patients
withhold taking short-acting bronchodilators for
at least 4 h before testing and any long-acting or
sustained-release bronchodilators for at least 12 h
before testing.

Peak Expiratory Flows

Peak expiratory flow (PEF) is the highest flow
achieved from a maximal forced expiratory
maneuver from TLC. When obtained from a spi-
rometer, PEF is normally expressed at BIPS in
L/s, whereas most portable monitoring instru-
ments display results in L/min. The measurement
(and derived/related variables) is highly depen-
dent on lung volume and effort. After achieving
full inflation, the patient should deliver the blow
without hesitation. A delay of as little as 2 s can
alter tracheal viscoelastic properties enough to
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IRV
IC
vC
TLC
VT
ERV
FRC
RV

cause a reduction in the PEF by as much as
10%."2

Work on the measurement and clinical utility
of the PEF are ongoing. These measurements are
now embedded in asthma management strategies,
but difficulties have been experienced with too
much trust in the measurement. There are many
other related and derived variables from the PEF
(Fig. 4), but they have not been proven to be equal
or superior to spirometry in the individual clinical
setting.!!

Maximum Voluntary Ventilation

The maximum voluntary ventilation is the
maximum volume of air a subject can breathe
over a period of time (typically 12 to 15 s), and it
is expressed in L/min at BTPS. Its clinical contri-
bution has largely been superseded by the FEV,
and FVC and is now rarely measured. It may be
useful in some clinical settings in which ventila-
tory capacity may be impaired by mechanisms
different than those directly affecting the FEV ,
for example, neuromuscular disorders and cen-
tral airway obstruction. Although it has been
used as an estimate of maximal ventilation dur-
ing exercise, there are significant limitations with
this approach. (This will be discussed in further
detail in the chapter “Cardiopulmonary Exercise
Testing.”)

193



Expiratory

Flow 0

(L/sec)

Inspiratory

L FvC

Volume (L)

line for FEF ¢ 55 Hi//-—

75% ﬁ
FVC

FEV, FVC

Volume (L)

Expired Time (sec)

Figure 4. Peak expiratory flow and derived variables in flow
vs volume [A] and volume vs time [B] plots.

Lung Volumes

Measurement of absolute lung volumes is more
challenging and less available than assessing basic
lung volumes by spirometry. However, although
their utility in a variety of clinical settings contin-
ues to be studied, their measurement remains the
gold standard for establishing a restrictive abnor-
mality. There are a variety of available techniques
in the pulmonary function laboratory that may be
used to measure absolute lung volumes, including
body plethysmography, nitrogen washout, and
inhaled inert gas dilution. The lung volumes of
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interest are noted in Figure 3. In addition to the VC
and IC (discussed and defined previously), other
measurements are as follows:

e FRC is the volume of gas present in the lung
at end-expiration during tidal breathing and is
the absolute volume measured in the PFT labo-
ratory.

e Expiratory reserve volume (ERV) is the volume
of gas maximally exhaled from EELV during
tidal breathing.

e Inspiratory reserve volume is the volume of gas
that can be maximally inhaled from the end-
inspiratory lung volume during tidal breathing.

e Tidal volume is the volume of gas inhaled or
exhaled at rest with each breath.

e Total lung capacity (TLC) is the volume of gas
in the lungs after maximal inspiration (the sum
of all volumes).

The determination of FRC is the key compo-
nent in the measurement of lung volumes. Regard-
less of the technique used to measure FRC, TLC
and RV will be estimated from the FRC and the
measurements of IC and ERV. Although opinion
varies on the best technique, the preferred method
is to measure ERV immediately after the FRC mea-
surement, followed by a slow inspiratory vital
capacity (IVC) maneuver, all performed with the
patient remaining on the mouthpiece until the
completion of the maneuver (Fig. 5).

Assuming technically satisfactory measure-
ments, the reported value for FRC is the mean of
FRC measurements associated with the ERV and
IVC maneuvers used to calculate the RV and TLC.
The reported value for the RV is the reported FRC
minus the ERV linked to the acceptable FRC. The
reported value for the TLC is the reported RV plus
the largest of the IVCs. " An alternative recom-
mended method involves determination of IC
immediately after the measurement of FRC to
estimate TLC. The VC measurement can then either
linked to this maneuver, or it can be performed
separately after an ERV maneuver as described
previously.

Body Plethysmography Technique
The term thoracic gas volume refers to the

plethysmographic measurement of intrathoracic
gas volume at the time of airflow occlusion, ie, the
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Figure 5. Recommended method for measuring lung volumes.

compressible gas within the thorax. In normal
individuals, FRC measured by plethysmograph
and gas dilution techniques yield similar results.
In patients with obstructive lung disease and gas-
trapping, FRC determined by plethysmography is
typically greater than measured by gas dilution
techniques.

Plethysmographic testing is performed by hav-
ing the patient sit in a sealed box and pant against
a closed shutter. During the inspiratory phase of
the pant, thoracic volume increases slightly,
decompressing the volume of air in the lungs while
slightly compressing the volume of air in the box.
Conversely, during the expiratory phase of the
pant, thoracic volume decreases slightly, compress-
ing the volume of air in the lungs while slightly
decompressing the volume of air in the box. Using
Boyle’s law, where at a given temperature, the
product of gas volume and pressure is constant:

(1) V,X P, =V, X P,

where the initial pressure and volume at FRC
are P, and V.. Pressure and volume at the end of
the inspiratory phase of the pant are P, (P, + AP)
and V, (V, + AV). Thus:

(2) V, X P, = (V, + AV) X (P, + AP)
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P, + AP are measured at the mouth, assuming
that mouth and alveolar pressures are equal, and
AV is measured using the change in box pressure,
thus allowing for V| to be solved.

Body plethysmography measured lung vol-
umes are considered the gold standard, but strict
attention to testing methods, equipment upkeep
and quality control, and panting technique and
frequency is essential.

Gas Dilution Techniques

Gas dilution techniques measure the gas vol-
ume in the lungs that communicates via the air-
ways by use of a mass balance approach. A mass
balance equation uses both the initial volume and
tracer gas concentration and the final tracer con-
centration to calculate the volume in the patient’s
lungs at the moment the tracer gas breathing
began. The assumption that the tracer gas is largely
insoluble, inert, and is well mixed in the lung is
fundamental. For example, incomplete gas mixing
would cause lung volumes to be underestimated,
whereas use of a soluble gas would lead cause lung
volumes to be overestimated. Either helium (He)
rebreathing or nitrogen (N,) washout techniques
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may be used, although both tend to underestimate
lung volume when airway obstruction is present.
For nitrogen washout, the washout is satisfactory
when the N, concentration is <1.5% for at least
3 successive breaths." For He rebreathing, a typical
10% He concentration with 25 to 30% oxygen (O,)
gas mixture inspirate is breathed until equilibration
is reached, when the change in He concentration
is <0.02% for at least 30 s.” If only room air is
added to the 10% He gas mixture, it is important
to ensure adequate O, replacement during the test.
Both measurements must be corrected to BTPS,
and the volume of the equipment dead space
should be subtracted.

Diffusing Capacity

The carbon monoxide diffusing capacity of the
lung (DLco) assesses gas exchange by measuring
the rate of carbon monoxide (CO) transfer from the
lungs to the blood, with values reported in
mL/min/mm Hg (standard temperature [0°C],
pressure [760 mm Hg], dry). A number of both
structural and functional properties influence the
capacity of the lung to exchange gas across the
alveolar-capillary border. These include the volume
and distribution of ventilation, mixing and diffu-
sion, the composition of the gas, characteristics of
the alveolar membrane and lung parenchyma, the
volume of alveolar capillary plasma, the concentra-
tion and binding properties of hemoglobin (Hgb),
and the gas tensions in blood entering the alveolar
capillaries.

As a test of gas transfer, CO uptake by the lung
can be measured by a number of techniques
(ie, steady-state, intrabreath, rebreathing, and
single-breath techniques), but the most commonly
used methodology is the single-breath technique.
Testing begins with the patient exhaling down to
RV, at which time a valve opens and the patient
rapidly inhales the test gas to TLC. The patient
holds his or her breath for 10 s and then breathes
out rapidly while the exhaled gas is collected.

The gas inspirate usually consists of a mixture
of N, 0.3% CO, an inert tracer gas such as He, and
19 to 21% O,. An alveolar sample of the exhaled
gas is considered after anatomic and mechanical
dead space gas is discarded from the collected gas
(~0.75 to 1.0 L, but as little as 0.5 L if the patient’s
vital capacity is <2.0 L). A submaximal inspired
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volume (V) can affect CO uptake. Therefore, it is
important that the V, be as close to the known VC
as possible. Because a reduction in V| of >15% may
significantly reduce the measured Drco, a V, target
of 85% of the largest VC is suggested." To minimize
variability in the measurement, inspiration should
be rapid (<4 s), breath-hold should be 10+2 s, and
expiration should ideally also be <4 s in duration.
At least 4 min should transpire between repeat
testing to allow for adequate elimination of the test
gas from the lungs. This time period should be
extended (~10 min) in patients with significant
obstruction.

Conditions affecting the DLco are listed in
Table 7. Other factors known to affect the DLco
are diurnal variation (increased in the morning,
and reported to decrease 1 to 2%/h throughout
the day),” menstrual cycle (up to 13% change,
increased premenses), alcohol consumption
(increased after ingestion), and bronchodilator
administration (increased up to 6% after use).

Adjusting the D.co Measurement

The DrLco measurement is dependent on a
number of physiologic conditions, specifically

Table 7. Factors Affecting Drco*

Conditions that reduce DLco
Submaximal inspiration or respiratory muscle weakness
Anemia
Valsalva maneuver
COHgb
Increased fraction of inspired O,
Lung resection
Chronic COPD
Interstitial lung diseases
Pulmonary vascular disease, ie, emboli, pulmonary

hypertension, vasculitis

Conditions that increase DrLco
Polycythemia
Left-to-right shunt
Asthma
Pulmonary hemorrhage
Muller maneuver
Exercise
Supine position
Obesity
Decreased fraction of inspired O,

*Adapted from MacIntyre et al."*
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changes with Hgb, lung volume, carboxyhemoglo-
bin (COHgpb), fraction of inspired oxygen, exercise
and body position, in addition to age, sex, height,
and possibly race." Specific adjustments should be
made for Hgb, COHgb, and fraction of inspired
oxygen before interpretation.

Adjusting for Hemoglobin

Because COHgb binding is fundamental to the
measurement of DLco, Hgb concentration can
substantially affect its measurement. Expressing
Hgb in g/dL, the recommended equation for
adjusting the predicted Drco in adolescents and
adult men is as follows':

(3) DLco (adjusted) = DLco (predicted) X (1.7
Hgb/[10.22 + Hgb ])

The recommended equation for adjusting the
predicted DLco in women is as follows™:

(4) DLco (adjusted) = DLco (predicted) X (1.7
Hgb/[9.38 + Hgb ])

Adjusting for Pao,

Pao, also affects the measurement of DLco
either because of supplemental O, (higher F10,) or
because of testing at altitude (lower F10,). The
Dvrco will change by ~0.35% per mm Hg increase
change in Pao,, or by ~0.31% per mm Hg decrease
change. The recommended equation for adjusting
the predicted DrLco in a subject on supplemental
O,, and assuming a room air PAo, at sea level of
100 mm Hg is:

(5) DLco (adjusted) = DLco  (predicted)/(1.0 +
0.0035[Pao, — 100])

The recommended equation for adjusting the
predicted Drco for altitude, and assuming a PO,
at sea level of 150 mm Hg is:

(6) DLco (adjusted) = DLco  (predicted)/(1.0 +
0.0031[P,0O, — 150])

Adjusting for COHgb Concentration and CO
Back Pressure

COHgb may acutely reduce the DLco' by

occupying Hgb binding sites and by reducing driv-
ing pressure for CO transport from alveolar gas to
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capillary blood. Typical exposure to environmental
CO and endogenous production results in mea-
sured COHgb of 1 to 2%, which is already incor-
porated into reference values based on healthy
nonsmoking subjects. Cigarette smoke and other
environmental sources of CO can lead to further
appreciable increases in measured CO back pres-
sure and COHgb that should be considered.
Increases in COHgpb also occur with repeated mea-
surements because CO is inspired in the DLco test.
For example, five tests will increase COHgb by
~3.5%, which will decrease the measured DrLco by
3.0 to 3.5%. It is therefore recommended that no
more than five repeated measurements be under-
taken at any sitting.

Accounting for both the back pressure and
COHgpb effects, a 1% increase in COHgb reduces
the measured Drco by 0.8 to 1% from both known
effects. This is represented by the following equa-
tion™:

(7) DLco (adjusted) = DLco (predicted) X (102%
— COHgb %)

Adjusting for Lung Volume

Adjusting the Drco for lung volume is both
complex and confusing. It is complex because the
reason(s) responsible for a reduced lung volume
vary, as do the effects of the specific underlying
reason on the resultant measured DLco. Adjusting
the Drco for lung volume is also confusing because
in some instances the relationship is proportional,
whereas in other settings it is unpredictable and
varied. In view of these realities, drawing definitive
clinical conclusions based on a volume-corrected
DrLco should be made with caution. As recom-
mended in international guidelines,* further study
and understanding is required before more specific
volume-adjustment recommendations for the
Drco can be made and uniformly adopted.

The average of at least two acceptable tests
should be reported for interpretation of the DLco.
Reporting should include the unadjusted Dvrco,
predicted and percent predicted DrLco, predicted
and percent predicted DLco/ alveolar volume, and
a list of any adjustments made to the value because
of corrections (ie, Hgb, COHgb, Pao,, or lung
volume). As always, technician comments regarding
the quality of the measurements should be noted.
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Respiratory Muscle Pressures

Respiratory muscle strength can be assessed by
determining the maximal inspiratory pressure
(MIP) and the maximal expiratory pressure (MEP).
The MIP reflects the strength of the diaphragm and
other inspiratory muscles, whereas the MEP reflects
the strength of the abdominal and other expiratory
muscles. Clinical indications for assessing respira-
tory muscle strength are varied, but they relate to
any clinical setting in which respiratory muscle
weakness or neuromuscular disorders affecting
respiratory status are suspected. Testing can be
helpful in the diagnosis of respiratory muscle
weakness, in assessing the severity of respiratory
muscle weakness, in predicting clinical outcomes,
and in the longitudinal follow-up of patients diag-
nosed with respiratory muscle weakness.

The equipment necessary for measuring the
MIP and MEP is simple, and similar techniques are
used in both measurements. A pressure gauge con-
nected to a mouthpiece can be readily assembled
or, alternatively, commercially available systems
may be used. In either case, there must be a small
hole of approximately 1 mm in the system to allow
for an air leak, which minimizes the likelihood of
the patient generating pressure with the use of their
cheek muscles.

The MIP measurement is performed with the
patient maintaining a tight seal between the lips
and the mouthpiece, exhaling down to RV, and
then breathing in as hard and fast as they can. The
patient should keep up the maximal inspiratory
pressure for ~2 s, with the largest negative pressure
sustained for 1 s being recorded. A longer continu-
ous inspiratory effort is not required nor recom-
mended. After resting for ~1 min, the procedure
is repeated for a total of at least three times, with
the intent of obtaining repeat measurements with
a variability of <10 cm H,O. It must be emphasized
that testing is very dependent on a patient’s effort
and cooperation, which may be enhanced by the
technician initially demonstrating the maneuver
to the patient and by the use of a practice test. Other
potential sources of error in the measurements
include pressure gauge accuracy, the patient-device
interface, and leaks.

The MEP measurement is similarly performed
except that the patient is instructed to inhale to
TLC and then blow out as hard and fast as he or
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she can. In similar fashion to the MIP, the largest
positive pressure sustained for 1 s is recorded. After
resting for ~1 min, the procedure is repeated for a
total of at least three times, with the intent of
obtaining repeat measurements with a variability
of <10 cm H,O.

In both instances, the maximum value obtained
from the three suitable maneuvers should be
reported. Definitive reference ranges for the MIP
and MEP have not been agreed on, although many
are available.'”’® In general, a number of key
remarks are appropriate:

1. Values decrease with age, and are approxi-
mately one third lower in women when com-
pared with men.

2. In adults 18 to 65 years of age, the MIP should
exceed —90 cm H,O inmen and =70 cm H,O in
women. In adults > 65 years, the MIP should
generally exceed —65 cm H,O in men and
—45 cm H,O for women.

3. In adults, the MEP should exceed 140 cm H,O
in men and 90 cm H,O in women.

4. A MIP less than on third of normal predicts
hypercarbic respiratory failure.”

5. AMEP <60 cm H,O predicts a weak cough and
difficulty clearing secretions.”

A normal MIP reliably excludes inspiratory
muscle weakness (ie, good negative predictive
value), but a low MIP does not reliably confirm
inspiratory muscle weakness. The poor positive
predictive value reflects the high frequency of
falsely low MIP measurements caused by unrecog-
nized poor effort or technique.”’ In normal healthy
individuals, 95% of the test-to-test variation has a
magnitude of <25 cm H,0.> Moreover, it has been
demonstrated that improvements in the MIP
of =13 cm H,O and MEP of 24 cm H,O do not neces-
sarily correlate with symptomatic improvement.

The VC or the FVC often are used as alterna-
tives or complimentary measurements to the MIP
and MEP in clinical practice. Comparisons of the
MIP and the VC demonstrate similar sensitivity
and specificity for detecting hypercarbic respira-
tory failure. In the upright position, a reduced FVC
seems to be less specific for detecting respiratory
muscle abnormalities than the MIP. However, a
decrease in the FVC from upright to the supine
position appears to detect inspiratory muscle
weakness more reliably than the MIP.*
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Airway Challenges

Assessing airway responsiveness is most com-
monly undertaken to either confirm or exclude a
suspected diagnosis of asthma, recognizing that
airway hyperresponsiveness (AHR) to exogenous
stimuli is a characteristic feature of the disease.
Testing can be performed by the use of a number
of various techniques, using either selective (typi-
cally specific allergens, but uncommonly used
outside of the research laboratory) or nonselective
agents. Nonselective stimuli can be either direct
(for example, methacholine and histamine) or
indirect (for example, exercise, eucapnic voluntary
hyperventilation, cold air and mannitol).

Methacholine is the most commonly performed
direct challenge. It is typically undertaken with two
different techniques: the tidal breathing method or
the dosimeter method. Recent studies have ques-
tioned the sensitivity of the dosimeter method
using TLC inhalations in patients with mild airway
hyperresponsiveness. Thus, the use of the tidal
breathing method or a modified dosimeter method
is now recommended.” A more detailed descrip-
tion of the testing methods is available else-
where 2%

Methacholine responsiveness is usually report-
ed as the provocation concentration (or dose)
causing a 20% decrease in the FEV (ie, PC,, or PD,)).

The PC,is log-normally distributed in the popula-
tion, can be measured into the normal range, and
is a relatively imprecise measurement with a repeat-
ability of =1 doubling concentration. The results
are typically interpreted as follows*: normal
PC,, >16 mg/mL;borderline PC, = 4 to 16 mg/mL;
mild AHR PC,, =1to4 mg/mL; moderate AHR
PC,, = 0.25 to 1 mg/mL; and marked AHR PC,
<0.25 mg/mL. An example of results consistent
with moderate AHR is demonstrated in Figure 6.

From a diagnostic point of view, the test has a
strong negative predictive value, and therefore
functions best when normal to rule out current
asthma. Several caveats should be remembered.
First, methacholine challenges should not be per-
formed with TLC inhalations to maintain diagnos-
tic sensitivity. Second, it is critical that symptoms
be current (ie, within the past few days). It follows
that a normal (“negative”) methacholine challenge
test in a currently asymptomatic patient cannot
rule out asthma.

Most patients with exercise-associated bron-
choconstriction (which when clinically occurring
in isolation is frequently a manifestation of mild
asthma) will have a positive direct inhalational
challenge. However, it is now recognized that
some patients, in particular high-performance
athletes, may have positive exercise challenges but
anegative direct (ie, methacholine) challenge. The

Methacholine Dosage (mg/mL)
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Figure 6. Methacholine challenge test study results.
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implication is that a negative methacholine
challenge will not completely rule out exercise-
associated bronchoconstriction in this population.
Exercise challenge testing will be discussed in
further detail in the chapter “Cardiopulmonary
Exercise Testing.”

Another important and more frequent cause of
a false-negative methacholine challenge is recent
exposure to bronchodilating agents, including both
B,-agonists and anticholinergics. The suggested
time periods these agents should be withheld before
testing are listed in Table 8. The specificity of direct
(ie, methacholine and histamine) challenge testing
is affected by underlying airflow obstruction, which
reflects resting airway geometry and not asthma.”
Airflow obstruction is a clinical feature that reduces
the specificity of the methacholine challenge, but it
does not directly influence the sensitivity.

In summary, the clinical utility of the metha-
choline challenge test is primarily to exclude cur-
rent asthma in a symptomatic patient when the
tidal breathing methacholine PC,, >16 mg/mL. A
positive methacholine challenge test is not syn-
onymous with a diagnosis of asthma, particularly
in the presence of significant airflow obstruction
(ie, FEV, <70% predicted). It is also suggested that
5 to 15% of normal individuals and 20 to 40% of
patients with rhinitis may also have a false-positive
methacholine challenge test.”

General Considerations in Interpreting
PFTs

Pulmonary function testing requires appropri-
ate equipment, calibration, testing procedures,

Table 8. Common Medications That Decrease Bronchial
Responsiveness*

Suggested Time
Interval to Withhold

Administration
Short-acting 3, agonists 8h
Short-acting anticholinergics 24h
Long-acting [3, agonists 48h
Long-acting anticholinergics Upto7d
Short-acting theophyllines 24h
Sustained-release theophyllines 48 h

*Adapted from Crapo et al.?®
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assessment of acceptability and repeatability, inter-
pretation, and integration with the patient’s clinical
presentation. Interpretation of PFT results should
be meaningful, ie, a rendition of only which results
are normal or abnormal can readily be provided
by a machine. Requisition forms for PFTs should
be designed to encourage the requesting physician
to provide as much clinical information as is rea-
sonable to enable the interpretation to be valuable.
The key principles for diagnosing common abnor-
mal ventilatory disorders are listed in Table 9.
Typical examples of commonly encountered flow-
volume curves are shown in Figure 7.

Early evidence of airflow obstruction is quali-
tatively demonstrated by a concave shape of the
expiratory flow-volume curve. Quantitative evi-
dence is often inferred by a reduction in expiratory
flows at mid-lung volumes (ie, FEF*7° and others).
However, a reduction in the mid-volume expira-
tory flows is not specific and not necessarily diag-
nostic for small airways disease in an individual
patient. As airways disease becomes more pro-
nounced, a disproportionate reduction in the FEV,
compared with the FVC becomes evident and, as
noted, this is more certain for a diagnosis of airway
obstruction.

Pneumothoraces and bullae are clinical situ-
ations often characterized by a normal FEV, /FVC
and TLC measured in a body plethysmograph,
but reduced FEV, and FVC values. In this instance,

Table 9. Diagnosing Common Respiratory Disorders*

Obstruction

FEV,/VC > 5th percentile of predicted

Reduced flows at low lung volumes are not specific for
small airways disease in individual patients.

A combined reduction in both FEV, and VC is most
commonly related to suboptimal effort. This pattern
may occasionally indicate airflow obstruction, but
confirmation requires absolute lung volume measurement.

Measurement of absolute lung volume measurement may
assist in diagnosing and assessing COPD and asthma.

Restriction

TLC > 5th percentile of predicted

Spirometry can not accurately diagnose restriction.

Areduced TLC from a single-breath technique should not
be used to diagnosis restriction.

Mixed obstruction/restriction
FEV,/VC and TLC > 5th percentile of predicted.

*Adapted from Pelligrino et al.’
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Figure 7. Flow-volume curves in common respiratory disorders.

TLC assessed by gas dilution techniques will be tion, often accompanied by a significantly
low. This difference between TLC measured in a increased RV.

body plethysmograph vs by gas dilution is also Although the FVC is often used in place of the
seen in patients with significant airflow obstruc- VC, itis suggested to use the largest measured VC,
201
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whether it is the IVC, the slow expiratory vital
capacity, or the FVC. The forced expiratory volume
in 6 s may be substituted for the FVC, if appropri-
ate reference equations are used.

Attention should always be paid to possible
technical issues or problems, as well as to the com-
ments from the performing technicians. In addition
to common obstructive, restrictive, and mixed
disorders, suspicion of possible neuromuscular
disorders and central airway obstruction should
always be present. Although they infrequently
are found, these conditions should be actively
excluded.

Typical flow-volume plots observed with dif-
fering types of physiologic central airway obstruc-
tion are shown in Figure 8. Poor or submaximal
efforts should always be considered in this setting.
It is important that repeated flow-volume maneu-
vers are maximal and reproducible, and the techni-
cian should confirm this in the report. In this
setting, a printout of each individual maneuver can
be very helpful.

Serial testing is routinely undertaken in clinical
practice to monitor results over time, and to evalu-
ate change following intervention(s). An under-
standing of test variability is required before one
can conclude that any observed change relates to
the underlying process or to an intervention. The

Flow
Flow

M\

reproducibility of variables can be presented in
many different ways, and there is ongoing debate
about which method is best. For example, the
American Thoracic Society / European Respiratory
Society recommends that in normal individuals,
the year-to-year change in the FEV, should exceed
15% before confidence can be given that a meaning-
ful clinical change has occurred.’ The coefficient of
variation (CV) is also commonly used for this pur-
pose, and is calculated as:

CV (%) = SD divided by the mean X 100

It is assumed that a difference of 2 X CV% is
required to conclude a clinically significant change.
Under ideal conditions, the mean CV for commonly
measured lung function tests is as follows:**
FEV, =3.2t07.5%, FVC = 4.5t07.9%, TLC (pleth-
ysmography) = 2.2 to 4.3%, TLC (He) = 1.5
to 3.7%, FRC (plethysmography) = 3.5 to 6.8%,
FRC (He) = 4.9 t0 10.4%, RV (plethysmography) =
8.9t012.4%, RV (He) = 2.4 to 14.0%, and DLco 4.1
to 4.5%.

The use of severity classification systems is
currently fraught with difficulty and frustration
for the practicing clinician. First, none have been
specifically validated—as stated by others, “the
number of categories and exact cut-off points are
arbitrary.”® Second, conflicting classifications

Flow

Volume

Volume

J

Volume

Figure 8. Flow-volume curves in physiologic central airway obstructions. A = variable intrathoracic obstruction; B = variable
extrathoracic obstruction; C = physiologically fixed central airway obstruction.
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Table 10. Classifying Severity of Airflow Obstruction*

ATS/ERS Standardization of
Lung Function Testing’

ATS/ERS COPD Guidelines,*
Canadian Thoracic Society,*

and GOLD?*
Degree of severity (FEV, % predicted) (FEV, % predicted)
Mild <70 <80
Moderate 60-69 50-9
Moderately severe 50-59 —
Severe 35-49 30-49
Very severe >35 >30

*ATS/ERS = American Thoracic Society /European Respiratory Society; GOLD = Global Initiative for Chronic Obstructive

Lung Disease.

schemas exist (see Table 10).313% It is therefore
recommended that clinicians choosing to use a
specific classification system should recognize
these limitations, and make note of the specific
schema utilized in their interpretation.

Similarly, a severity classification scheme has
been proposed for the Drco (mild >60% and
<LLN; moderate 40 to 60%; severe <40% pre-
dicted). As mentioned previously, the relationship
between DLco and lung volume is not linear.
Therefore, the Drco/alveolar volume is not an
appropriate method to normalize Drco for lung
volume.” Other methods to adjust the Drco for
lung volume have not been validated.

The author is grateful to Mr. R. Clemens for his
assistance in the preparation of the figures and the
manuscript.
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Bronchoscopy and Interventional Pulmonology

David Feller-Kopman, MD, FCCP

Obijectives:

® Review the indications for flexible and rigid bronchos-
copy

® Review the diagnostic yield from various bronchoscopic
procedures

® Review the procedures available to the interventional
pulmonologist

e Stress the need for specific training in advanced proce-
dures

Key words: airway obstruction; bronchoscopy; hemoptysis;
interventional pulmonology; laser; lung cancer; pleuroscopy;
stent; thoracoscopy

Gustav Killian has been described as the father of
bronchoscopy.! Using a metallic tube, electric light,
and topical cocaine anesthesia, Killian removed a
pork bone from a farmer’s airway in 1897.> Before
the development of rigid bronchoscopy, more than
one half of the patients who aspirated foreign bod-
ies died as the result of pneumonia. Rigid bronchos-
copy with foreign body removal quickly evolved
into the treatment of choice in these patients, with
a clinical success rate >98%.? Over the subsequent
years, Killian published extensively and lectured
throughout Europe and the United States. He went
on to develop bronchoscopes, laryngoscopes, and
endoscopes, and he described techniques such as
the use of fluoroscopy and x-ray to define endo-
bronchial anatomy and endoluminal radiotherapy
(brachytherapy).

Chevalier Jackson, an otolaryngologist
who practiced in Philadelphia, is credited with
advancing the field of bronchoscopy and airway
interventions in the United States. During the next
150 years, bronchoscopic techniques and instru-
ments continued to be refined. In 1966, Shigeto
Ikeda presented the first prototype flexible fiber-
optic bronchoscope at the Ninth International
Congress on Diseases of the Chest in Copenhagen.
In 1968, Machita and Olympus both introduced
commercially available fiberoptic bronchoscopes.*
In 1980, Dumon presented his use of the Nd:YAG
laser via the fiberoptic bronchoscope, and since

ACCP Pulmonary Medicine Board Review: 25th Edition

that time, the flexible bronchoscope has been
widely used as both a diagnostic and therapeu-
tic tool for both diseases of the parenchyma and
central airways. With the miniaturization of elec-
tronic devices, the first video bronchoscope was
introduced in 1987. This development allowed
endoscopic pictures to be printed out and shared
and, even more importantly, physicians no longer
needed to look through an eyepiece. Instead, the
endoscopic image could be projected onto moni-
tors, allowing everyone in the room to see what
was happening in the airway.

Little has changed in the appearance of bron-
choscopes since 1968. The external diameter of the
flexible bronchoscope ranges from 2.8 to 6.3 mm
in diameter. The diameter of the working channel
ranges from 1.2 to 3.2 mm. A working channel
=2.8 mm is recommended for more therapeutic
flexible bronchoscopy because it allows for better
suction and the passage of larger instruments. It is
important to note the relative anatomy at the tip of
the bronchoscope. By convention, as viewed from
the operator’s perspective, the camera is at 9:00,
suction at 6:00, and the working channel at 3:00.
These landmarks play a role when navigating the
airways because the bronchoscope may need to be
rotated to visualize or sample the intended target.
There are several outstanding texts and review
articles in which the authors summarize the current
state of the art for bronchoscopy and interventional
pulmonology.”® This chapter will review some of
the key factors associated with these fields.

Thoracic Anatomy

It is crucial that the bronchoscopist become an
expert in airway and thoracic anatomy, including
knowledge of the nasopharnyx and oropharynx
in addition to the bronchial tree and mediastinal
structures. Several excellent chapters/texts'"! are
available to assist one with this process. The seg-
mental anatomy of the lungs from both an external
and internal perspective are required, and one
should become familiar with the name (ie, superior
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segment of the right lower lobe), as well as the num-
ber system (ie, RB6) as initially proposed by Jackson
and Huber'? and Boyden."” It is also important to
appreciate mediastinal anatomy, including intra-
thoracic vessels and lymph nodes, as well as their
relationship to endobronchial landmarks. These will
serve as reference points for transbronchial needle
aspiration (TBNA) and endobronchial ultrasound
(EBUS) and help avoid injury to the patient should
the bronchoscopist use therapy such as the Nd:YAG
laser or brachytherapy. The use of endoscopic
simulators has been associated with a more rapid
acquisition of bronchoscopic expertise.™

Diagnostic Bronchoscopy

There are many indications for diagnostic
bronchoscopy. The most common indication is
for the diagnosis of suspected lung cancer. Other
indications include evaluation of diffuse lung dis-
ease, infiltrates in the immunocompromised host,
hemoptysis, and cough. Additionally, bronchos-
copy with bronchoalveolar lavage (BAL) and/or
brushing may be useful for the diagnosis of ventila-
tor-associated pneumonia.’>*

Cancer Diagnosis and Staging

Lung cancer is the leading cause of cancer
deaths in the United States, and it will account for
approximately 161,840 deaths in 2008, more than
colon, breast, and prostate cancers combined." It
is estimated that there were 215,020 new cases of
lung cancer in 2008, and the incidence and num-
ber of lung cancer deaths continues to increase
among women in the United States.”® Bronchos-
copy provides a minimally invasive approach
for the diagnosis tumors in the central airways.
Although the yield is somewhat lower for solitary
parenchymal lesions, advances in navigation such
as CT fluoroscopy and electromagnetic and vir-
tual bronchoscopic navigation have significantly
improved the yield for peripheral tumors. Several
comprehensive reviews discussing the diagnosis
and staging of lung cancer, as well as the role of
bronchoscopy, are available.”*

The bronchoscopic evaluation of patients
with suspected malignancy is guided by clini-
cal symptoms as well as radiographic findings.
Depending on the history and chest CT/PET-CT
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findings, bronchoscopy may be the diagnostic
modality of choice because it can be used to make
the diagnosis and stage the patient at the same
sitting. If appropriate staging is to be performed,
biopsy of the lesion that will place the patient in
the highest clinical stage should occur before other
biopsies. For example, if a patient presents with a
left lower lobe mass and an enlarged subcarinal
(station 7) and right paratracheal (station 4R)
lymph node, the appropriate procedure would be
a bronchoscopy with TBNA of the 4R node because
this procedure would stage the patient with N3
disease, making the patient unresectable. If a diag-
nosis was not obtained from 4R, station 7 should be
sampled next because this would be considered an
N2 node if involved with cancer. Only if sampling
of this node is nondiagnostic would one need to
proceed with addressing the left lower lobe mass.
Initial biopsy of the mass could contaminate the
working channel and make the TBNA a false-posi-
tive finding, precluding the patient from curative
surgery.

There are several available tools by which to
obtain specimens during bronchoscopy, including
forceps biopsy, brushing, bronchial wash/lavage,
and TBNA. Electrocautery snare forceps is an
excellent tool for the removal of a pedunculated
airway lesion because it can open the airway and
also provide excellent tissue for the pathologist.*
The choice of the aforementioned modalities
is primarily determined by the location of the
pathology. However, data support the use of the
combination of techniques to improve diagnostic
yield, as opposed to using them in isolation.'?22>2
Additionally, endobronchial needle aspiration
should be used with all visible lesions because its
use in combination with conventional techniques
has been associated with an improvement in the
yield from 65 to 96%.”

If the lesion is not visible endoscopically, BAL
can be performed.?**° In brief, the bronchoscope is
wedged in the target segmental or subsegmental
bronchus leading to the lesion. Aliquots of normal
saline solution are instilled and then aspirated. Ide-
ally, the return should be 40 to 60% of the instilled
volume; however, this result is dependent on
the segment lavaged, with better return coming
from less-dependent locations.” BAL is thought
to sample approximately 1 million alveoli, and
the cellular and noncellular contents of the lavage
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fluid have been shown to closely correlate with the
inflammatory nature of the entire lower respiratory
tract.’***** Transbronchial biopsy (TBBx), brushing,
and TBNA can also be performed for peripheral
lesions.

The diagnostic yield of BAL for peripheral
cancer ranges from 4 to 68%.%¥ Without advanced
guidance (discussed in the next paragraph), the
yield for TBBx ranges from 49 to 77%; for brushing,
it is 26 to 57%. However, again, the combination
of all three increases the yield to 68%.>> TBNA
of peripheral nodules has been shown to have
a greater diagnostic yield than other sampling
techniques, and it should be used for the biopsy
of peripheral lesions.*** Kawaraya et al* recom-
mend washing the tools used to obtain samples
and sending the wash for cytologic analysis, with
a combined diagnostic yield of 93%.

As for peripheral nodules and masses, despite
TBNA being introduced > 25 years ago, it remains
an underused technique, with only 12% of pulmon-
ologists reporting its routine use for the evaluation
of patients with suspected lung cancer.***! The tech-
nique, however, is incredibly useful. A study of 365
patients with documented malignancy found that
the use of standard TBNA (without EBUS) would
preclude further invasive surgery in 29% of patients
and was able to establish exclusively a diagnosis
in 18% of cases.**® The yield with TBNA has
been associated with tumor cell type (small cell >
non-small cell > lymphoma), lymph node size, and
lymph node location.**

The use of CT fluoroscopy to guide TBNA
and TBBx has several advantages over standard
fluoroscopy. As opposed to standard fluoroscopy,
which is typically only used in two dimensions, CT
provides the ability to visualize the target in three
dimensions. With standard fluoroscopy, either the
patient or the C-arm needs to be rotated to confirm
the biopsy tool is not anterior or posterior to the
target. CT fluoroscopy provides real-time three-
dimensional confirmation of the appropriate and
inappropriate biopsy sites. The use of CT fluoros-
copy has been associated with an accuracy of 88%,
including patients who have previously undergone
a nondiagnostic bronchoscopy with standard
TBNA.* The one frustration that can occur with
CT-guided bronchoscopy is that one may be able
to see the lesion but be unable to steer the broncho-
scope/catheter into the correct airway.
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EBUS is another important modality used to
help improve the accuracy of sampling peripheral
nodules, as well as in guiding TBNA. The earliest
EBUS system used a radial probe with a 20-MHz
transducer that could be inserted via a 2.8-mm
working channel. Despite not allowing for real-
time guidance, early studies*** with radial-probe
EBUS found significant improvements in the yield
of TBNA, sampling of peripheral nodules, and
distinguishing tumor invasion vs compression in
the central airways. The sonographic characteris-
tics of peripheral nodules also have been shown to
correlate well with histology findings.**

More recently, a bronchoscope with a dedi-
cated convex 7.5-MHz linear array transducer and
a distinct working channel has been developed
and has the major benefit of providing real-time
guidance for TBNA of mediastinal and hilar
lymph nodes, with excellent results.”">* Despite
the high sensitivity and specificity of EBUS-
TBNA, it is crucial to understand that a non-
diagnostic result is not equivalent to a negative
result. The false-negative rate for EBUS-TBNA can
be as high as 20%. Therefore, it is mandatory
for the physician to follow all nondiagnostic
procedures with a confirmatory surgical biopsy
or appropriate clinical follow-up before conclu-
ding that the test produced a true-negative
result.”

Autofluoresence bronchoscopy can be used for
the early detection of cancer in the central airways,
primarily carcinoma in situ (CIS), and squamous
cell carcinoma. When exposed to light in the violet-
blue spectrum (400 to 450 nm), the normal airway
fluoresces green. As submucosal disease progresses
from normal, to metaplasia, to dysplasia, to CIS,
there is a progressive loss of the green autofluo-
resence, causing a red-brown appearance of the
airway wall. Several studies®** have shown that
the use of autofluoresence increases the detection
of early-stage lung cancer by up to sixfold when
compared with white light bronchoscopy. The
major limitation of autofluoresence lies in its low
specificity, and one study® suggests that only one
case of CIS is identified per 100 bronchoscopies.
Other new technologies such as narrow-band
imaging, optical coherence tomography, and con-
focal imaging may also help in the diagnosis of
early-stage lung cancer, although definitive data
are still pending.
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Diffuse Parenchymal Lung Disease

Diffuse parenchymal lung disease describes a
group of infectious and inflammatory and fibrotic
disorders that may involve the interstitial, alveolar,
bronchial, and vascular structures of the tracheo-
bronchial tree. The most commonly used sampling
techniques for patients with diffuse disease include
BAL bronchial brushing, TBBx and, occasionally,
endobronchial biopsy and TBNA.

Although associated with a low morbidity
and mortality, TBBx should be used only when
the potential results will have an impact on treat-
ment decisions. Diseases in which TBBx can prove
diagnostic or when it has been shown to signifi-
cantly increase the diagnostic yield as compared
with less-invasive means include lymphangitic
carcinomatosis, sarcoidosis, rejection after lung
transplantation, hypersensitivity pneumonitis
and, sometimes, mycobacterial and invasive fun-
gal infection.”***” The overall diagnostic yield for
TBBx clearly depends on the disease entity as well
as severity. For example, the yield for sarcoidosis
can approach 90% in patients who have stage II
and III disease.”®

Aside from providing a specific diagnosis in
cases of cancer or infection, the results of BAL can
serve to limit the differential diagnosis consider-
ably.> For example, BAL findings with lymphocyte
predominance suggest granulomatous disease such
as sarcoidosis, berylliosis, or a lymphoprolifera-
tive disorder. Neutrophil predominance suggests
bacterial infection, acute interstitial pneumonia,
and may also be found in patients with asbestosis
or usual interstitial pneumonitis. Eosinophils are
seen in patients with eosinophilic pneumonias,
hypereosinophilic syndromes, or Churg-Strauss
syndrome. The BAL fluid of patients with pulmo-
nary alveolar proteinosis has a unique appearance
that is described as milky or opaque. The alveolar
macrophages are filled with pulmonary alveolar
proteinosis-positive material, and lamellar bodies
can be seen with electron microscopy.

Infectious Diseases
Community-Acquired Pneumonia

The role of bronchoscopy in community-
acquired pneumonia remains controversial.”
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When used, BAL and protected brush are the main
diagnostic procedures, and the specimens should
ideally be sent for quantitative culture, with a
threshold of 10* cfu in the BAL and 10° cfu in the
protected brush. A study by van der Eerden and
colleagues® found bronchoscopy to be of addi-
tive diagnostic value in 49% of patients who were
unable to raise sputum for Gram stain and culture
and in 52% of patients for whom treatment failed.
As expected, pretreatment with antibiotics may
significantly reduce the yield,* although Feinsilver
et al” found an 86% yield in patients with non-
resolving pneumonia who had already received
antibiotics. Another important indication for bron-
choscopy in patients with community-acquired
pneumonia is the ruling out of an obstructing
endobronchial lesion. Obviously, it is crucial to
avoid contamination with upper airway secre-
tions when performing bronchoscopy in patients
with pneumonia. Key procedural aspects include
minimizing suctioning, as well as minimizing the
instillation of saline solution or lidocaine, because
secretions in the working channel will be flushed
back into the airways, and high concentrations
of lidocaine can be bacteriostatic. Baselski and
Wunderink™ reviewed the indications, procedural
details, mechanisms for specimen transport/hand-
ling, and interpretation of results.

Health Care and Ventilator-Associated
Pneumonia

By using the techniques of evidence-based
medicine to guide their recommendations,
the American Thoracic Society and Infectious
Diseases Society of America have recently
reviewed these topics in great detail.®®* Some major
points included the collection of a lower respira-
tory tract culture before the initiation of antibiot-
ics, the use of semiquantitative or quantitative
culture data, and the use of negative culture data
to discontinue antibiotics in patients who have not
had changes in their antibiotic regimen within the
last 72 h.®* Additionally, the use of a bronchoscopic
strategy was supported as a way to reduce 14-day
mortality.”>* More recently, an invasive strategy
was found to have no impact on mortality." A
major criticism of this study was the fact that the
authors excluded patients with pseudomonas and
Staphylococcus pneumoniae.
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The Immunocompromised Host

The early diagnosis and initiation of the appro-
priate antibiotic administration is the cornerstone of
successful treatment of the immunocompromised
patient with pneumonia. Additionally, it is impor-
tant to note that multiple diagnoses often can be
present simultaneously in these patients® and that
noninfectious conditions may have a similar pre-
sentation of cough, dyspnea, fever, and an infiltrate
on imaging. Bronchoscopy is an excellent method
of evaluating these patients because the use of
less-invasive techniques can miss the diagnosis in
approximately 30% of patients.** In addition, earlier
diagnoses may improve rates of mortality.®®

Helmers and Pisani*® suggest three broad cat-
egories of immunocompromised patients: those
who are pharmacologically immunosuppressed,
those with hematologic malignancy /malfunction,
and those with immunodeficiency. The reason for
these categories is because each type of immuno-
deficiency predisposes the patient to distinct infec-
tions. For example, infection with S pneumoniae and
Haemophilus influenzae is common in patients with
hypogammaglobulinemia, whereas Aspergillus
sp is more likely to cause disease in patients with
neutropenia. Cryptococcus sp, Histoplasma sp, and
viruses such as cytomegalovirus are seen in patients
with defects in cell-mediated immunity.*

BAL, which has an overall diagnostic yield of
approximately 60 to 70%, is the most commonly
used bronchoscopic technique used to obtain a
diagnosis in immunocompromised patients.® In
comparative studies, the sensitivity of TBBx has
been shown to be roughly the same,*® although
the combined use of both techniques may increase
the yield.® The results of BAL have been shown
to change disease management in up to 84% of
cases.”” Unfortunately, although bronchoscopy
changed disease management in patients who
have undergone bone marrow transplantation, the
rate of mortality has remained extremely high.®”*
Bronchoscopy with BAL remains a safe procedure,
even in the immunocompromised host. Brushing
and TBBx have been associated with a greater
incidence of bleeding complications in patients
who are thrombocytopenic.”? The “gold standard”
remains open-lung biopsy, which can yield a spe-
cific diagnosis in 62% of patients and result in a
significant increase in survival.”?
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Hemoptysis

There are many causes of hemoptysis, includ-
ing infectious and inflammatory, vascular, and
neoplastic processes.” Although one would think
that the use of bronchoscopy can often aid in the
diagnosis of a radiographic occult neoplasm in a
patient who presents with hemoptysis, a broncho-
scopic diagnosis of malignancy is made in <5%.
The incidence of cancer is increased in patients
who present with hemoptysis and normal chest
imaging if they are >40 years of age, are male,
and have a >40 pack-year smoking history.””"”
As such, bronchoscopy is recommended in this
patient population. Although the appropriate
timing for bronchoscopy is controversial, there
is a greater likelihood of identifying the bleeding
source when performed within the first 48 h of
symptoms.” The combined use of bronchoscopy
and CT is also recommended.” If patients are
clinically stable, I would recommend performing
the CT first because it can serve as a road map to
guide bronchoscopy.”

Therapeutic Bronchoscopy

Although many advanced techniques can be
performed with flexible bronchoscopy, the rigid
bronchoscope is the preferred tool in many situa-
tions.®® The rigid bronchoscope provides an air-
way in which to oxygenate/ventilate the patient as
well as pass multiple devices, including large-bore
suction catheters, laser /argon plasma coagulation/
electrocautery fibers, the microdebrider blade, and
larger biopsy instruments. The rigid bronchoscope
itself can also be used to achieve relative lung
isolation, dilate stenosis, and “core-out” tumor
tissue from the central airways. Unfortunately,
only approximately 4% of pulmonologists cur-
rently perform rigid bronchoscopy,® and its use is
typically not taught in pulmonary and critical care
fellowship programs.®

Massive Hemoptysis

The definition of massive hemoptysis ranges
from 100 to 1,000 mL expectorated during a 24-h
period.®*® Because the majority of patients with
massive hemoptysis die from asphyxia, not exsan-
guination, and because the anatomic dead space
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is approximately 150 mL, I consider any amount
>100 mL in 24-h period as massive. By using a
definition of 500 mL/24 h, Hirshberg et al” found
that 14% of 208 patients presenting with hemop-
tysis had massive hemoptysis.

In addition to identifying the source and
cause of bleeding, bronchoscopy clearly plays an
important therapeutic role in patients with mas-
sive hemoptysis. If available, rigid bronchoscopy
is generally considered the airway procedure of
choice in these patients. If rigid bronchoscopy is
not available, the options include intubation with
a single-lumen endotracheal tube, a double-lumen
tube, or placement of a bronchial blocker. Because
double-lumen endotracheal tubes, or specialized
tubes that come with an endobronchial blocker (ie,
Univent; Vitaid; Williamsville, NY), can be more
difficult to place, especially in the setting of mas-
sive hemoptysis, my practice is to place a larger
single-lumen tube.

The main role of flexible bronchoscopy in the
patient with massive hemoptysis lies in helping to
obtaining lung isolation by guiding the endotra-
cheal tube or bronchial blocker and providing some
therapeutic aspiration to protect the “good” lung.
All bronchoscopists should become familiar with
bronchial blockers (ie, Arndt Bronchial Blocker;
Cook Critical Care; Bloomington, IN), which can
be passed in parallel to the bronchoscope. These
catheters are guided to the culprit segmental,
lobar, or mainstem bronchus, and the balloon is
inflated to the recommended volume/pressure.
After a maximum of 24 h, the balloon should be
deflated under bronchoscopic visualization.%-#
Other bronchoscopic techniques used to control
hemoptysis include the topical application of iced
saline, epinephrine (1:20,000), and thrombin/
thrombin-fibrinogen/or cyanoacrylate solutions,
although the data supporting these techniques are
extremely limited.®

Advanced Bronchoscopic Techniques
Argon Plasma Coagulation

Argon plasma coagulation (APC) is a noncon-
tact method that uses ionized argon gas (plasma) to
achieve tissue coagulation and hemostasis. Because

the plasma is directed to the closest grounded
source, APC has the ability to treat lesions lateral
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to the probe. The depth of penetration for APC is
approximately 2 to 3 mm and, hence, the risk of
airway perforation is less when compared with
lasers. Gas flow through the APC fiber should be
kept to the lowest setting possible (ie, 0.5 L/min) to
avoid the potential of gas emboli formation.*>

Laser Therapy

The Nd:YAG laser is the most widely used
laser in the lower respiratory system and has been
used for both benign and malignant disease.”
The primary advantage of laser photoresection
is that it provides rapid destruction/vaporiza-
tion of tissue. Care must be taken because the
depth of penetration can approach 10 mm, and
airway perforation with resultant pneumothorax,
pneumomediastinum, and vascular injury has
been reported. As such, it should be used only
by experienced interventional bronchoscopists.
Despite this caveat, the safety record of laser
bronchoscopy is excellent, with an overall com-
plication rate of <1%.” Lesions most amenable
to laser therapy are central, intrinsic, and short
(<4 cm), with a visible distal endobronchial
lumen.” When lesions meet these criteria, patency
can be reestablished in >90% of cases. Of note, the
tissue destruction obtained with laser therapy is
often more than that is visually appreciated at the
time of the procedure.

Cryotherapy

Cryotherapy is a safe and effective tool for a
variety of airway problems.”” By releasing nitrous
oxide or carbon dioxide stored under pressure,
the tip of the cryoprobe rapidly cools to -89°C.
Cryotherapy is especially useful for the removal
of organic foreign bodies with high water content,
such as grapes and vegetable matter, in addition
to facilitating the removal of tenacious mucus or
blood clots when performing flexible bronchos-
copy. Compared with other techniques for tumor
destruction, cryotherapy has a delayed effect and,
thus, requires a repeat bronchoscopy to remove the
necrotic tissue. The distinct advantage of cryother-
apy lies in the fact that the normal airway tissue is
relatively cryoresistant. Additionally, unlike “hot”
thermal techniques, cryotherapy is not associated
with a risk of airway fires.
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Electrocautery

Electrocautery uses alternating current at high
frequency to generate heat, which cuts, vaporizes,
or coagulates tissue depending on the power.
Electrocautery is a contact mode of tissue destruc-
tion, and a variety of cautery probes are available,
including blunt tip probes, knifes, and snares. The
snare is an ideal tool for pedunculated lesions
because the stalk can be cut and coagulated while
preserving the majority of the tissue for pathologic
interpretation.” The knife is also an excellent tool
for producing radial incisions before dilation of
web-like tracheal stenosis. As with laser therapy, the
risks of electrocautery include airway perforation,
airway fires, and damage to the bronchoscope.

Photodynamic Therapy

Photodynamic therapy (PDT) involves the IV
injection of a photosensitizing agent, and then
activating the drug with a nonthermal laser to
produce a phototoxic reaction and cell death.
Because the laser is not a heat source, airway fires
are not an issue. Because tumor cells retain the drug
longer than other tissues, waiting approximately
48 h after drug injection will lead to preferential
tumor cell death as compared with normal tissue
injury. Similar to cryotherapy, maximal effects are
delayed, and a repeat, “clean-out” bronchoscopy
should be performed 24 to 48 h after drug activa-
tion. The primary side effect from PDT is systemic
phototoxicity, which can last up to 6 weeks after
injection. Newer drugs are being developed with
the hope of increasing tumor selectivity and
reducing the duration of skin phototoxicity. PDT
has been shown to be curative for early-stage lung
cancer of the airways and is an especially attrac-
tive option for patients with endobronchial CIS
are not surgical candidates as the result of other
comorbidities.”®*

Brachytherapy

Brachytherapy refers to endobronchial radia-
tion, primarily used for the treatment of endobron-
chial malignant airway obstruction.''! The most
commonly used source of radiation is **’Ir, which
is delivered through a catheter inserted broncho-
scopically. Brachytherapy may be delivered by
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either low-dose rate, intermediate-dose rate, or
high-dose rate (HDR) methods, with most authors
currently recommending the afterloading HDR
technique. This technique allows the bronchosco-
pist to place the catheter in the desired location and
the radiation oncologist to deliver the radiation in
a protected environment. The main advantage of
HDR is patient convenience because each session
lasts <30 min; however, multiple bronchoscopies
are required to achieve the recommended total
1,500 cGy dose. The low-dose rate technique may
be appropriate for patients who live far from the
hospital or who are otherwise hospitalized because
it only requires one bronchoscopy; however, the
catheter has to stay in place for 20 to 60 h, which
is often poorly tolerated by the patient. The main
advantage of brachytherapy as compared with
external-beam radiation is the fact that less normal
tissue is exposed to the toxic effects of radiation.
The most common side effects include intolerance
of the catheter, radiation bronchitis, airway per-
foration and, occasionally, massive hemorrhage.
The greatest incidence of hemorrhage occurs
during the treatment of tumors in the right and
left upper lobes because they are located near the
great vessels.

Airway Stents

Montgomery is credited as initiating the wide-
spread use of airway stents after his development
of a silicone T tube in 1965 for use in patients with
tracheal stenosis.!®> Dumon, however, introduced the
first completely endoluminal airway stent in 1990.'
Airway stents are the only technology that can alle-
viate extrinsic airway compression. They are com-
monly used in conjunction with the other modalities
for patients with intrinsic or mixed disease.

During the last 15 years, there has been an
explosion in both stent design and in the number of
endoscopists who place airway stents. As with any
procedure, it is crucial to understand the indica-
tions and contraindications of the procedure as well
as be able to anticipate, prevent, and manage the
associated complications. Unfortunately, the ideal
stent has not yet been developed. This stent would
be easy to insert and remove, yet not migrate; of
sufficient strength to support the airway, yet be
flexible enough to mimic normal airway physiol-
ogy and promote secretion clearance; biologically
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inert to minimize the formation of granulation tis-
sue; and available in a variety of sizes.

There are currently two main types of stents:
metal, which generally is composed of Nitinol
Super-Elastic Archwire (3M Unitek; Monrova,
CA), and silicone. Although metal stents are easy
to place, they can be extremely difficult to extract.
They are available in covered (typically with
silicone or polyurethane) and uncovered varieties.
For malignant airway obstruction, the only appro-
priate metal stents are covered models, which
minimize tumor in-growth. Some authors believe
that there is no indication for an uncovered metal
stent. The overuse of metallic stents in patients
with nonmalignant airway obstruction has led to
the US Food and Drug Administration creating
a black-box warning recommending their use as
a modality of last resort in these patients.'” The
main advantage of metal stents is their larger inter-
nal/external diameter ratio as compared with sili-
cone stents. Although silicone stents require rigid
bronchoscopy for placement, they are more easily
removed and are significantly less expensive.

In addition to malignant airway obstruction,
airway stents can be helpful in patients with
tracheobronchomalacia and tracheoesophageal
fistula. In patient with tracheoesophageal fistula,
double stenting of the esophagus and airway is
recommend to maximally prevent aspiration.'®

Future Directions in Bronchoscopy
Bronchoscopic Lung Volume Reduction

In the patient with upper-lobe-predominant
disease and low exercise capacity, lung volume
reduction surgery has been shown to improve both
quality and length of life."™ The major drawback to
surgical lung volume reduction is its invasiveness
and cost. As such, several techniques to achieve
lung volume reduction bronchoscopically are
currently under investigation, although no such
device has been approved by the US Food and
Drug Administration.

Bronchial Thermoplasty
Bronchoscopic thermoplasty is a technique in

which controlled thermal energy (radiofrequency
energy at 65°C) is applied directly to visible airways
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through the bronchoscope. The goal is to achieve
ablation of the airway smooth muscle without
causing scarring and stenosis. In a preliminary
study, 7 the use of this technique in the treatment
of patients with mild-to-moderate asthma led to
reduction in airway hyperresponsiveness, which
was associated with improvements in daily symp-
toms and peak expiratory flow for a period of
2 years. In a study'® of 112 subjects in whom asthma
control was impaired, bronchial thermoplasty
reduced the rate of mild exacerbations, and at
12 months, there were significantly greater improve-
ments in the bronchial-thermoplasty group than
in the control group. Widespread clinical applica-
tion of this technique requires validation by other
ongoing multicenter studies.

Enhanced Navigation

The use of electromagnetic navigation, espe-
cially when used in conjunction with radial-probe
EBUS, is a novel technology that has been shown
to allow accurate sampling of peripheral solitary
pulmonary nodules <2 cm in diameter."'"" In
brief, a virtual bronchoscopy is generated from the
patient’s CT scan. Anatomic landmarks that are
easily identified, such as the carina, are marked,
as is the target. At the time of bronchoscopy, the
patient lies in an electromagnetic field and a steer-
able, locatable guide is placed through an extended
working channel of the bronchoscope. The location
of the guide in the electromagnetic field is accurate
to <5 mm in the X, y, and z axes, as well as yaw,
pitch, and roll. The points previously identified in
the virtual bronchoscopy are then marked with the
locatable guide that in essence fuses the CT scan
with the patient’s anatomy.

Navigation is then performed by examining
the CT in the axial, saggital, and coronal planes,
and the guide is steered toward the target. Once
found, the guide is removed, and standard bron-
choscopic tools such as TBNA needles, forceps,
and brushes are placed through the extended
working channel. This technology can be used for
both diagnostic bronchoscopy as well as thera-
peutic modalities. For example, if a patient with
a 2.5-cm, stage Ia non-small cell cancer is not an
operative candidate, this technology may allow for
bronchoscopic treatment by either radiofrequency
ablation or the implantation of fiducials to allow
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stereotactic radiosurgery."! Other techniques of
virtual bronchoscopic navigation are also being
developed that do not require the presence of an
electromagnetic field and rely on high-definition
virtual bronchoscopic road maps with ultrathin
bronchoscopes.'**

Other Interventional Pulmonary
Procedures

Pleural Interventions

Ultrasound has revolutionized the evalua-
tion and management of patients with pleural
disease.'® Although randomized trials have not
been performed, the use of ultrasound appears to
be associated with an increased success as well as
a reduction in the pneumothorax rate for patients
undergoing thoracentesis. Ultrasound allows for
the precise placement of small-bore chest tubes
in loculated effusions and has been shown to be
extremely accurate in ruling out pneumothorax.'

Medical thoracoscopy describes the insertion
of a semirigid or rigid thoracoscope with the intent
of draining pleural fluid, obtaining biopsies of
the parietal pleura, and/or instilling an agent to
achieve pleurodesis.®*!"”""® Whereas video-assisted
thoracic surgery is typically performed in the oper-
ating room with general anesthesia and lung isola-
tion with two or three ports, medical thoracoscopy
is commonly performed in an endoscopy suite with
moderate sedation on a spontaneously breathing
patient with one access port. Common indications
for medical thoracoscopy include a recurrent exu-
dative effusion with no clear diagnosis or a known
malignant effusion requiring pleurodesis.

Indwelling, tunneled pleural catheters are an
excellent treatment option for patients with dys-
pnea caused by a recurrent malignant pleural effu-
sion. Although the treatment of choice for patients
with lung entrapment, they may also be used for
patients with expandable lung. Pleural palliation
can be achieved in close to 90% of patients, and
side effects are relatively few.""”

Additional Airway Procedures
Many interventional pulmonologists routinely

perform percutaneous dilational tracheostomy. As
compared with open tracheostomy, percutaneous
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tracheostomy is at least as safe, and it may be
associated with reduced infectious and bleeding
complications. It is also less expensive and does
not require transport of a critically ill patient to
the operating room.'*

Complications

Bronchoscopy is generally considered a rela-
tively safe procedure.” However, it is common that
patients in whom bronchoscopy is performed can
have multiple comorbidities, and therefore, the bron-
choscopist needs to be aware of the patient’s medical
history, including medications and allergies. Addi-
tionally, the bronchoscopist needs to have a thorough
understanding of the effects and side effects of the
medications he or she will use to achieve adequate
topical anesthesia and moderate sedation and to be
skilled in airway management should the patient
experience hypoxemia/hypercapnia.

Transient fever is the most common adverse
event after BAL is performed, and it can be seen in
up to one-third of patients. Major adverse events
including hypoxemia, pneumothorax, bleeding,
and death may also occur, and both patient and
procedure-related factors are important determi-
nants. The British Thoracic Society has published
their recommendations concerning the perfor-
mance of diagnostic flexible bronchoscopy. These
recommendations include steps that should be
taken to minimize complications.’ Although still
relatively safe, complications associated with the
more advanced procedures including rigid bron-
choscopy, pleuroscopy/thoracoscopy, indwelling
pleural catheters, and percutaneous tracheostomy
are slightly greater as a result of the increased acu-
ity of the patient population as well as the invasive-
ness of the interventions.®’

Training

Flexible bronchoscopy is one of the most com-
monly performed procedures by the pulmonolo-
gist. Although 96% of fellowship programs offer
the recommended number of diagnostic flex-
ible bronchoscopies, the percentage of programs
achieving the recommended number was only 69%
for TBNA and decreased dramatically for more
advanced procedures.® As such, recommendations
are forthcoming that a year of advanced training
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should be required for the majority of procedures
considered essential to the interventional pulmo-
nologists. Clearly, it is not necessary to obtain a
formal additional year of training to become an
expert in any one technique, such as EBUS. To fully
understand the diagnostic approach and available
therapeutic modalities as well as obtain the nec-
essary skills to anticipate, prevent, and manage
complications in patients with complex central
airway or pleural disease, it is best to obtain for-
mal training in the subspecialty of interventional
pulmonology.
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Pulmonary Complications of HIV Infection

Mark J. Rosen, MD, FCCP

Obijectives:

® Review the types of pulmonary disorders that occur in
patients with HIV infection

e Understand how demographic factors, the degree
of immunosuppression, and the application of anti-
Pneumocystis prophylaxis and antiretroviral therapy
influence the risk of the development of different types of
pulmonary disorders

e Summarize the clinical, radiographic, and laboratory
features of infections, neoplasms, and other pulmonary
disorders in patients with HIV infection

* Discuss the diagnostic evaluation and treatment of HIV-
associated pulmonary disorders

Key words: bacterial pneumonia; cytomegalovirus; fungi;
HIV; Kaposi sarcoma; mycobacteria; Pneumocystis jiroveci
pneumonia; pulmonary diseases

For the last two decades, the AIDS pandemic
has remained the most serious infectious global
health problem. In 2007, every day, > 7,400 per-
sons become infected with HIV, and > 5,400 die
from AIDS; an estimated 33.2 million people are
living with HIV infection worldwide. Around
the world, the pandemic seems to have leveled
off as the result of intensive public health efforts
at prevention; in developed nations, the rates of
opportunistic infections and death in persons
with AIDS have decreased dramatically since 1995
because of advances in the treatment of HIV. There
is now a general perception that AIDS may be
considered to be not uniformly fatal but a chronic
and controllable disorder. By the end of 2007, > 1
million cases of AIDS had been reported in the
United States, of whom approximately 583,000
have died. Approximately 56,000 Americans are
infected with HIV each year; in 2006, persons 13
to 29 years of age accounted for approximately
one third of new HIV infections. African Ameri-
cans comprised approximately half of the new
cases in the past few years. At the end of 2007,
an estimated 732,000 people in the United States
were living with HIV infection, of whom 468,000
had AIDS. However, the US death rate in persons
with AIDS decreased 17% from 2004 to 2007.
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In many urban communities, AIDS-related dis-
eases are still the leading causes of death among
young adults.

The lung is a frequent site of opportunistic
infection in immunocompromised patients, and
noninfectious pulmonary disorders associated
with HIV infection and antiretroviral treatments
are increasingly common. Table 1 lists the infec-
tious, neoplastic, and inflammatory diseases that

Table 1. HIV-Associated Respiratory Disorders

Bacterial pneumonia
S pneumoniae
H influenzae
P aeruginosa
Staphylococcus aures
Moraxella catarrhalis
R equi
M tuberculosis
MAC
Other nontuberculous mycobacteria
Fungal infections
P jiroveci
C neoformans
H capsulatum
Aspergillus fumigatus
Coccidioides immitis
Blastomyces dermatitidis
Protozoal infections
Strongyloides stercoralis
Toxoplasma gondii
Viral infections
CMV
Adenovirus
Herpes simplex
Malignancies
KS
Non-Hodgkin lymphoma (NHL)
Primary effusion lymphoma (PEL)
Carcinoma of the lung
Other disorders
Sinusitis
Bronchitis
Bronchiectasis
Emphysema
Lymphocytic interstitial pneumonia
Nonspecific interstitial pneumonia
Cryptogenic organizing pneumonia
Primary pulmonary hypertensio