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Syndromes of Bronchiolitis

Sat Sharma, MD

he term bronchiolitis refers to a group of di-

verse clinical disorders that share a common

instigating mechanism: inflammatory injury

to the small airways.! Lange? in 1901 first used
the term bronchiolitis obliterans in describing 2 cases of
interstitial bronchiolar disorder, and the following
year, Fraenkel® reported a case of airway bronchiolar
disorder caused by nitrogen oxide inhalation. Over
the years, bronchiolar disorders have been increasingly
recognized by clinicians, radiologists, and pathologists,
and many variations of these disorders have been de-
scribed. In the literature, interchangeable terminology,
numerous classification systems, and overlap between
histopathologic lesions and clinical syndromes have
contributed to confusion surrounding bronchiolitis.*
The terms used to refer to these disorders can be
confusing as they are often used to describe both the
clinical syndromes and their histopathologic mani-
festations.™® In addition, multiple terms may refer to
the same clinical entity (eg, constrictive bronchiolitis,
bronchiolitis obliterans, and obliterative bronchiolitis).
Given this sometimes baffling terminology as well as
the recent increase in knowledge of the bronchiolitis
syndromes, these disorders can pose a challenge to the
practicing clinician.”'® A recent classification scheme
has helped categorize these disorders into 2 disparate
groups: airway and interstitial bronchiolar disorders.
This article reviews the causes of these unique syn-
dromes and discusses in detail the 2 prototypes belong-
ing to each category: constrictive bronchiolitis and
cryptogenic organizing pneumonia.

ROLE OF THE BRONCHIOLES IN DISEASE

Bronchioles are small airways (< 2 mm in diameter)
that lack cartilage and submucosal glands. The gas
exchange unit of the lung, or acinus, comprises re-
spiratory bronchioles, alveolar ducts, and alveoli. The
terminal bronchiole, a 16th generation airway, is the
final conducting airway that terminates into the respi-
ratory bronchioles. The bronchiolar lining consists of
surfactantsecreting Clara cells and the neuroendo-
crine cells that are the source of bioactive products
such as somatostatin, endothelin, and serotonin. In-
jured bronchiolar epithelium may play a role in the
bronchiolar disease process."!
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TAKE HOME POINTS

¢ The syndromes of bronchiolitis comprise a hetero-
geneous group of etiologically, clinically, and patho-
logically disparate lesions of the small conducting
airways.

¢ Constrictive bronchiolitis is an irreversible concen-
tric fibrotic process in the bronchiolar submucosal
layer with external circular scarring. The clinical
features of constrictive bronchiolitis (bronchiolitis
obliterans) consist of a chest radiograph that is often
normal, early inspiratory crackles, and irreversible
airflow obstruction by pulmonary function testing.

¢ Bronchiolitis obliterans organizing pneumonia
(BOOP) is a histopathologic lesion characterized
by the presence of buds of granulation tissue within
the alveolar lumen, usually associated with prolifera-
tive bronchiolitis obliterans.

® BOOP may result from several causes, but crypto-
genic organizing pneumonia is a distinct clinico-
pathologic entity with characteristic clinical and
imaging features.

® While treatment of bronchiolitis obliterans is un-
satisfactory, the response to corticosteroids is rapid
and complete in cryptogenic organizing pneumo-
nia. However, relapses occur frequently and pro-
longed corticosteroid treatment is often necessary.

The small airways of the lungs were initially consid-
ered to be a quiet zone but are now known to play an
important pathophysiologic role in asthma, chronic
obstructive pulmonary disease (COPD), and bronchio-
lar disorders. The small airways are pathways of low re-
sistance and normally contribute about 10% of the total
resistance to flow; therefore, a sizeable affliction of the
small airways is a prerequisite for the development of
symptoms. More recently, computational analyses based
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Table |. Histopathologic Classification of Bronchiolitis

Airway lesions
Constrictive bronchiolitis
Cellular bronchiolitis
Diffuse panbronchiolitis
Follicular bronchiolitis
Mineral dust bronchiolitis

Respiratory bronchiolitis

Interstitial lesions
Bronchiolitis obliterans organizing pneumonia
Hypersensitivity pneumonitis

Respiratory bronchiolitis-associated interstitial lung disease

on quantitative histology have shown that the small
airways account for the majority of airway hyperrespon-
siveness among patients with asthma.'? Similarly, in-
flammation in small airways is said to be a determinant
of the progression and severity of disease in COPD.
Multiple mechanisms limit airflow in small airways, in-
cluding disruption of alveolar attachments, thickening
of the airway wall by an inflammatory cell infiltrate or
structural changes, and occlusion of airway lumen by
mucous secretions.”? Narrowing of small airways results
in hyperinflation of the lungs, which are unable to
empty; this effect in turn results in dyspnea on exertion
and, eventually, even at rest.

CLASSIFICATION

The pathogenesis of the bronchiolitis syndromes is
poorly understood. It is believed that the diverse histo-
pathologic and clinical syndromes of bronchiolitis are
the sequelae of injury to the bronchiolar epithelium and
alveoli adjacent to the small airways and the interaction
of inflammatory and mesenchymal cells during the re-
pair process that follows the initial injury.'*!® The repair
process may result in inflammatory/fibrosing changes
within the small airways that are characterized by 2 broad
histologic patterns: peribronchiolar fibrosis that sur-
rounds the lumen, resulting in extrinsic narrowing or
obliteration of the lumen (“constrictive” pattern), and
proliferation of granulation tissue that fills the lumen of
the bronchioles (“interstitial proliferative” pattern).>%?

The injury of membranous and respiratory bron-
chioles and the ensuing repair process gone awry will
result in 1 of 2 broad clinical patterns: a syndrome of
constrictive bronchiolitis with airflow obstruction, or a
syndrome of proliferative bronchiolitis with ventilatory
restriction. A system to classify these disorders accord-
ing to the underlying histopathologic lesion has been
proposed by Colby and Myers,” who classified bron-
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chiolar disorders into 2 clinicopathologic syndromes:
airway bronchiolar disorders and interstitial bronchio-
lar disorders (Table 1). These disorders have charac-
teristic clinical presentation, physiologic and radiologic
features, treatment, and outcome.

Airway Bronchiolar Disorders

Several patterns of primary bronchiolitis have been
described. These include constrictive bronchiolitis/
bronchiolitis obliterans, acute bronchiolitis, diffuse
panbronchiolitis, respiratory bronchiolitis, mineral dust
airway disease, follicular bronchiolitis, and aspiration
bronchiolitis. These histologically distinct disorders
can occur in dissimilar clinical settings. For example,
constrictive bronchiolitis may occur in patients with
connective tissue diseases, transplant recipients, and in
an idiopathic form (cryptogenic constrictive bronchio-
litis). Constrictive bronchiolitis is the prototypical airway
bronchiolar process associated with airflow obstruction.

Interstitial Bronchiolar Disorders

Many parenchymal lung diseases can involve the
bronchioles with varying degrees of inflammation
and scarring. Pulmonary function testing and high-
resolution computed tomography (HRCT) of the
chest demonstrate primarily an interstitial process
with evidence of bronchiolar involvement. These dis-
orders include hypersensitivity pneumonitis, respira-
tory bronchiolitis-associated interstitial lung disease
(RB-ILD), and cryptogenic organizing pneumonia/
idiopathic bronchiolitis obliterans organizing pneumo-
nia (BOOP).

Disorders with Mixed Lesions

Despite attempts to neatly classify bronchiolar disor-
ders as airway or interstitial, it is important to remem-
ber that both airway and interstitial bronchiolar lesions
can occur in some forms of bronchiolitis. Cellular
and follicular bronchiolitis are such disorders where
an overlap exists and the clinical manifestation could
be obstructive, restrictive, or a mixed obstructive and
restrictive physiology on pulmonary function testing.
Cellular bronchiolitis is an acute or chronic inflamma-
tion of the bronchioles; the inflammation may be sub-
mucosal, mural, or peribronchiolar. It is characterized
by the presence of an inflammatory cellular infiltrate
involving both the bronchiolar lumen and the wall and
therefore can present either as an airway bronchiolar
or interstitial disorder. Subtypes of cellular bronchiolitis
are infectious bronchiolitis, hypersensitivity pneumo-
nitis, follicular bronchiolitis, diffuse panbronchiolitis,
and aspiration bronchiolitis. Follicular bronchiolitis is a
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descriptive term for a subset of cellular bronchiolitis as-
sociated with lymphoid hyperplasia and reactive germi-
nal centers along the small airways and bronchioles.

Diffuse panbronchiolitis is a rare form of bronchio-
litis that has been described in Japanese adults with pu-
rulent sputum, dyspnea, and airflow obstruction. These
patients are colonized with Pseudomonas aeruginosa and
have inexorable progression of disease. On HRCT, the
disease is characterized by a “tree-in-bud” appearance
and centrilobular nodules.”'” Respiratory bronchiolitis
is a smoking-related small airways disease often found at
autopsy in young cigarette smokers. There is prominent
accumulation of pigmented macrophages in the lumen
of respiratory bronchioles and adjacent alveoli. When
symptomatic diffuse parenchymal lung infiltrates occur,
the syndrome is referred to as RB-ILD."” Mineral dust
exposure is generally associated with restrictive lung dis-
ease due to parenchymal fibrosis; however, mineral dusts
can also produce abnormalities in the small airways and
airflow obstruction. Inhaled dust primarily affects respi-
ratory bronchioles and sometimes alveolar ducts with in-
creased fibrous tissue in the walls of the bronchioles with
luminal narrowing.®'* Diffuse aspiration bronchiolitis
refers to chronic inflammation of bronchioles caused by
recurrent aspiration of foreign particles in elderly and
bedridden patients.

The most common form of bronchiolitis is acute
bronchiolitis, an illness most frequently seen in infants
and children. It is an infectious and inflammatory
disease of the upper and lower respiratory tract that
results in obstruction of the small airways. Respiratory
epithelial necrosis is followed by proliferation of gob-
let cells and excessive mucus production.'® There is
epithelial regeneration, lymphocytic infiltration, and
cellular recruitment into infected airways. Obstruction
of bronchioles from inflammation, edema, and debris
leads to hyperinflation, increased airway resistance,
atelectasis, and ventilation-perfusion mismatching.
Although acute bronchiolitis may occur in all age
groups, severe respiratory symptoms are usually limited
to young infants because of their small airways, high
closing volumes, and insufficient collateral ventilation.

APPROACH TO EVALUATION
History and Physical Examination

In bronchiolar disorders, it is imperative to inte-
grate the clinical and radiologic manifestations with
pathologic findings to make an accurate diagnosis.!” '
Patients with bronchiolar disorders usually present with
exertional dyspnea and gradually progress to dyspnea
at rest. Nonproductive cough is another common fea-
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Table 2. Clinical (Etiologic) Classification of Airway
Bronchiolar Disorders

Idiopathic
Postinfectious
Viral (respiratory syncytial virus, adenovirus, influenza, parainfluenza)
Mycoplasma
Drug-related
Penicillamine
Gold
Rheumatologic or connective-tissue disorders
Rheumatoid arthritis
Eosinophilic fasciitis
Systemic lupus erythematosus
Bone marrow transplantation
Lung transplantation
Fumes or oral toxin exposure

Sulfur dioxide, ammonia, chlorine, phosgene, nitrogen dioxide,
mustard gas

Sauropus androgynous, diacetyl from butter flavoring
Miscellaneous

Ulcerative colitis

Stevens-Johnson syndrome

Neuroendocrine cell hyperplasia/carcinoid tumorlets

Chronic aspiration

ture, although copious expectoration can be a feature
of diffuse panbronchiolitis. A detailed history should
be obtained to elicit any features of connective tissue
diseases as well as identify exposure to inhalational ir-
ritants, drugs, and radiation. While BOOP is commonly
an idiopathic disorder, an etiologic agent often can
be identified in patients with constrictive bronchiolitis
(Table 2 and Table 3). On physical examination, club-
bing is not seen. Inspiratory wheeze may be heard in
patients with bronchiolitis obliterans, whereas crackles
may be present in BOOP.

Pulmonary Function Tests

Patients with airway bronchiolar disorders demon-
strate an obstructive pattern with no significant bron-
chodilator response. The interstitial bronchiolar disor-
ders typically have a restrictive pattern with a reduction
in lung volumes and diffusing capacity. Small airway
function is difficult to assess with simple spirometry as
patients are often asymptomatic and forced expiratory
volume in 1 second is normal. However, lung function
tests such as maximal mid-expiratory flow rate, forced
expiratory flow 25%-75%, frequency dependence of
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Table 3. Clinical (Etiologic) Classification of Interstitial
Bronchiolar Disorders

Table 4. Patterns of Lung Involvement on High-Resolution
Computed Tomography in Bronchiolitis

Respiratory bronchiolitis-associated interstitial lung disease
Hypersensitivity pneumonitis
Bronchiolitis obliterans organizing pneumonia
Idiopathic
Postinfectious
Adenovirus
Chlamydia
Cytomegalovirus
Influenza
Legionella
Mycoplasma
Drug-related
Amiodarone
Bleomycin
Gold
Rheumatologic or connective-tissue disorders
Dermatomyositis
Rheumatoid arthritis
Sjogren’s syndrome
Systemic lupus erythematosus
Bone marrow transplantation
Lung transplantation
Miscellaneous
Chronic thyroiditis
HIV infection
Inflammatory bowel disease
Lymphoma and cancer
Radiation therapy
Seasonal syndrome with cholestasis

Tryptophan

compliance, and closing volume can detect abnormali-
ties in the small airways. Frequency dependence of com-
pliance, also called dynamic compliance, measures lung
compliance in patients at a higher breathing frequency.
The alveoli distal to the affected small airways fill and
empty slowly but have sufficient time to empty at a slow
breathing frequency.” However, at a higher breathing
frequency these units trap air and contribute to reduced
compliance. Closing volume is defined as the lung vol-
ume at which the airways in the dependent part of the
lungs begin to close. Small airways disease predisposes
abnormal airways to close at a higher volume compared
with the normal lung.

An alternative approach to assessing small airways
disease measures airway resistance (Raw) using body
plethysmography or total respiratory system resistance
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Bronchiolar disease with tree-in-bud pattern

Infections (bacterial, Mycoplasma, Chlamydia, tuberculosis,
cytomegalovirus, pneumocystis pneumonia)

Diffuse panbronchiolitis
Bronchiolar disease with diffuse centrilobular nodules

Hypersensitivity pneumonitis, respiratory bronchiolitis-associated
interstitial lung disease, follicular bronchiolitis, lymphocytic inter-
stitial pneumonitis

Bronchiolar disease with decreased lung attenuation
All causes of airway bronchiolar disorders (see Table 2)
Bronchiolar disease with ground-glass opacity and/or consolidation

All causes of interstitial bronchiolar disorders (see Table 3)

(Rrs) using the forced oscillation technique or impulse
oscillometry system. All 3 methods should be able to
detect bronchiolitis and expiratory flow limitation in
early COPD, although these tests are only available at
specialized centers.

Radiologic Evaluation

Plain chest radiograph is usually normal in patients
with bronchiolitis obliterans; however, hyperinflation,
attenuation of peripheral vascular markings, and re-
ticulonodular infiltrates may be seen. Bilateral patchy
infiltrates are generally seen in interstitial bronchiolar
disorders. HRCT scan plays a critical role in the di-
agnosis of bronchiolar disorders. When interpreting
an HRCT scan in a patient with suspected bronchio-
litis, 2 questions need to be asked: Does the patient
have bronchiolar disease, and what is the pattern of
involvement? Bronchiolar disease on HRCT can be
identified by either direct or indirect signs. Direct find-
ings include bronchiolar wall thickening, bronchiolar
dilatation, and luminal impaction. Centrilobular nod-
ules or a tree-in-bud pattern denotes bronchiolitis or
bronchiolectasis. Indirect signs on HRCT include sub-
segmental atelectasis and air trapping. Patterns of lung
involvement associated with particular bronchiolar
disorders are shown in Table 4.

Lung Biopsy

After a detailed history and physical examination,
pulmonary function testing, and HRCT, most patients
can be categorized either as having airway bronchiolar
disorder or interstitial bronchiolar disorder. A spe-
cific etiology also can be identified in most cases. A
lung biopsy is rarely required in airway bronchiolar
disorder, whereas in interstitial bronchiolar disorders,
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lung biopsy is often necessary, especially in patients
with an atypical presentation. Transbronchial biopsy
is an insensitive diagnostic tool because of the patchy
involvement of the lungs in bronchiolitis. Therefore,
a surgical or thoracoscopic lung biopsy is necessary for
histologic confirmation.

AIRWAY BRONCHIOLAR DISORDERS

Airway bronchiolar disorders encompass clinical en-
tities that involve acute or chronic bronchiolar inflam-
mation. The nonspecific inflammation may be submu-
cosal, mural, or peribronchiolar. The histologic lesions
may vary from mild inflammation to concentric fibrosis
and complete obliteration of the airway lumen.'s!?

Constrictive Bronchiolitis

Constrictive bronchiolitis (clinically referred to as
bronchiolitis obliterans) is a histopathologic lesion
that is characterized by obliteration of the bronchioles
with concentric, mural, or adventitial scarring. Acute
and chronic inflammation of the airway is evident sur-
rounded by normal lung parenchyma. Most types of
airway bronchiolar disorder exhibit constrictive bron-
chiolitis, although in some cases there are findings of
cellular and follicular bronchiolitis, which eventually
progress to concentric bronchiolitis.'"®* The follicular
bronchiolitis is often present in rheumatologic disor-
ders and is defined by lymphoid hyperplasia and reac-
tive germinal centers along the bronchioles. Patients
with airway bronchiolar disorders characteristically
develop a syndrome of irreversible airflow obstruction,
which is often severe at low lung volumes. Airflow ob-
struction is determined by the extent of bronchiolar
involvement and the degree of narrowing.?'

Symptoms of constrictive bronchiolitis are nonspe-
cific but include chronic progressive exertional dysp-
nea and nonproductive cough. The chest radiograph
in patients with constrictive bronchiolitis may be nor-
mal or may show hyperinflation or a nodular or reticu-
lonodular pattern.?”?' Regular computed tomography
(CT) scan of the thorax has a limited role in the diag-
nosis, whereas HRCT scans show a variety of direct and
indirect findings (Figure 1). The direct signs (features
of bronchiolitis) are ill-defined centrilobular nodules
and branching lines, also called a tree-in-bud pattern.
The indirect features (secondary changes in lungs)
show widespread or patchy areas of decreased lung
attenuation due to reduced perfusion of areas with
bronchiolar obstruction and redirected blood flow
to normal areas, a phenomenon termed mosaic perfu-
sion.” Mosaic perfusion can also be seen in pulmonary
vascular disease and some forms of interstitial diseases.
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Figure I. High-resolution computed tomography findings con-
sistent with bronchiolitis obliterans (airway bronchiolar disorder)
in a 48-year-old nonsmoking woman who presented with several
month’s history of progressive dyspnea. Hyperinflation, reflected
by patchy areas of hyperperfusion interspersed with decreased
lung attenuation (termed mosaic perfusion), is evident.

However, expiratory HRCT scan is considered to be a
more accurate indicator of constrictive bronchiolitis
since abnormal lung density persists in both phases of
respiration, which is not a feature of the pulmonary
vascular diseases and other interstitial diseases.

Underlying Causes and Associated Disorders

The underlying causes of constrictive bronchiolitis
can be categorized as infectious and noninfectious. In-
fections are the most common cause of acute bronchio-
litis, a disease seen most commonly in children. The
offending organisms include adenovirus (types 3, 7,
21), respiratory syncytial virus, measles, Mycoplasma,
influenza A, and pertussis.”** The pathologic find-
ings demonstrate cellular or follicular bronchiolitis
that may progress to constrictive bronchiolitis. Lung
biopsy is not required since the diagnosis can be made
clinically and the condition most often resolves spon-
taneously. On imaging studies, hyperinflation with
increased bronchial markings is the usual finding; dif-
fuse nodular or reticulonodular patterns may also be
evident on chest radiograph and CT scan. Pulmonary
function testing may be normal or show obstructive
changes, and there may be associated hypoxemia.
Treatment is symptomatic, and recovery within days to
weeks is the rule.
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Noninfectious causes of or conditions associated
with constrictive bronchiolitis include organ transplan-
tation, collagen vascular disease, inhalation of toxins
and drugs, and an idiopathic form. Constrictive bron-
chiolitis occurs in 9% of allogenic bone marrow trans-
plant patients but is rarely seen after autologous trans-
plants.?*® The cumulative incidence of constrictive
bronchiolitis at 5 years posttransplant is 50% to 80%.
Five-year survival after onset of constrictive bronchio-
litis is only 30% to 50%.% Constrictive bronchiolitis is
a well-recognized but rare complication of rheumatoid
arthritis, polymyositis, and other collagen vascular dis-
eases. Pathologically, small airways disease, cellular and
follicular bronchiolitis, and bronchiectasis have also
been reported.?”?® Inhalation injury by toxic fumes
and gases (ammonia, sulfur dioxide, phosgene, nitro-
gen dioxide), mineral dusts, or organic material may
lead to mild or severe disease.*!

Idiopathic (primary or cryptogenic) constrictive
bronchiolitis is a rare condition mainly affecting women
between ages 40 and 60 years.* Patients present with
chronic cough and dyspnea. These patients are non-
smokers and lack other known causes of constrictive
bronchiolitis. Bronchial wall thickening and expiratory
air trapping is very common on imaging studies. Lung
biopsies in these patients show constrictive bronchio-
litis, airway obliteration, and mucus stasis. The disor-
der can be confused with asthma clinically; however,
absence of eosinophilic inflammation and/or lack of
bronchial hypersensitivity can be useful in differentiat-
ing between them. Early treatment with corticosteroids
may be beneficial, as most patients progress to irrevers-
ible airflow obstruction.”® The disease often stabilizes
and generally has a good prognosis.

INTERSTITIAL BRONCHIOLAR DISORDERS
Respiratory Bronchiolitis-Associated Interstitial Lung
Disease

RB-ILD is a clinically overt, smoking-related inter-
stitial lung disease in which the essential histologic
features are indistinguishable from smoking-related
respiratory bronchiolitis. This disorder can be viewed
as an exaggerated respiratory bronchiolitic response to
cigarette smoke. There is major overlap of clinical pre-
sentation and histopathologic and radiologic manifes-
tations between respiratory bronchiolitis and RB-ILD.
Many experts consider the 2 patterns to have features
in common and regard them as ends of a spectrum of
the same smokingrelated disease process rather than
as separate entities.">* The pathologic findings of re-
spiratory bronchiolitis and RB-ILD are inflammation
of membranous and respiratory bronchioles. The hall-
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mark of these disorders is the presence of tan-brown
pigmented macrophages within the respiratory bron-
chioles and adjoining alveolar ducts."* The pulmonary
parenchyma away from the airways is usually normal.
Respiratory bronchiolitis and RB-ILD present with
insidious onset of cough, dyspnea, and fine-end inspi-
ratory crackles on auscultation. Mild to moderate re-
striction with reduced diffusion or a mixed obstructive-
restrictive pattern is demonstrated on pulmonary func-
tion tests. Diffuse reticulonodular infiltrates are found
on chest radiograph. HRCT shows distinctive features
consisting of centrilobular ill-defined nodules, ground-
glass opacity, mosaic perfusion, and evidence of lung
fibrosis. A disorder with HRCT findings similar to
respiratory bronchiolitis/RB-ILD is encountered with
mineral dust exposure to asbestos, silica, or other met-
als. Smoking cessation leads to resolution of respiratory
bronchiolitis/RB-ILD.

Proliferative Bronchiolitis/Bronchiolitis Obliterans
Organizing Pneumonia

Proliferative bronchiolitis is the underlying histo-
pathologic lesion in interstitial pulmonary disorders and
is characterized by an organizing intraluminal exudate.
These characteristic intraluminal buds of granulation
tissue and fibroblasts, called Masson bodies, are seen in
the respiratory bronchioles, alveolar ducts, and alveoli.”
Organizing pneumonia (eg, inflammatory changes in
the surrounding alveolar walls and prominent foamy
macrophages in alveolar spaces) is frequently present
in patients with proliferative bronchiolitis. BOOP is a
histopathologic lesion (not a specific diagnosis) char-
acterized by proliferative bronchiolitis or bronchiolitis
obliterans in association with organizing pneumonia.
BOOP has features of sequential inflammatory response
similar to asthma, COPD, and granulomatous diseases;
yet these disorders are different as bronchiolitis is only a
small part of the overall pathologic and clinical manifes-
tations of these disorders. Restrictive ventilatory abnor-
mality on lung function tests along with cough, dyspnea,
and systemic symptoms are the clinical correlates.>”!>17
Proliferative bronchiolitis causes diffuse infiltrates on
chest radiograph. While multiple etiologies may cause
the lesions of organizing pneumonia (Table 3), crypto-
genic organizing pneumonia (idiopathic BOOP) is the
typical syndrome with characteristic clinical, pathologic,
and radiographic features.”

Cryptogenic Organizing Pneumonia

Cryptogenic organizing pneumonia is also referred
to as idiopathic BOOP since an etiologic factor is not
identified in up to 50% of cases.”'2% The usual age of
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onset is between 50 and 60 years; there is no gender
predilection.”” Patients develop subacute symptoms of
cough and dyspnea, occasionally following flu-like ill-
ness. Systemic symptoms such as fever, malaise, and an-
orexia and weight loss are common. Patients often are
initially diagnosed with community-acquired pneumo-
nia and typically do not respond to antibiotics. Physical
examination shows absence of clubbing and bilateral
inspiratory crackles.

Erythrocyte sedimentation rate and C-reactive pro-
tein levels are elevated with peripheral blood leukocy-
tosis and neutrophilia. Pulmonary function tests show
a restrictive ventilatory pattern and reduced diffusion.
The diffusing capacity is reduced in the majority of
patients, and gas exchange abnormalities are extremely
common.>” The majority of patients develop arterial
hypoxemia at rest and/or during exercise.® Bilateral
patchy alveolar opacities with peripheral distribution
are seen on chest radiograph. Pleural effusions, nod-
ules, and cavities are rare.® A less common pattern
of linear opacities similar to interstitial pneumonitis
is associated with a poorer prognosis. The infiltrates
may progress or new infiltrates may appear; unilateral
BOORP also has been reported." CT scan of the chest
shows findings similar to the chest radiograph, with
bilateral patchy areas of consolidation and ground-
glass opacities, usually with a peripheral location. The
appearance of opacities may vary from ground glass to
consolidation on air bronchogram." The CT patterns
may be migratory, and this finding is highly characteris-
tic of cryptogenic organizing pneumonia. The periph-
eral opacities may form the shape of triangles, with the
base along the pleural surface and the tip towards the
mediastinum." The linear opacities may be along the
bronchi toward the pleura and in a subpleural location,
predominantly in lower lobes (Figure 2).

Bronchoalveolar lavage (BAL) shows absence of
pathogens and a mixed cellular pattern with increased
counts of lymphocytes (CD8), neutrophils, and eosin-
ophils.” The BAL findings are most similar to those
reported in hypersensitivity pneumonitis. Other BAL
abnormalities found in cryptogenic organizing pneumo-
nia include foamy macrophages, mast cells, plasma cells,
and a decreased CD4/CD8 cell ratio. A typical clinicora-
diologic pattern with compatible BAL findings has been
used to make a presumptive diagnosis to initiate therapy.
However, because of the need for long-term corticoste-
roid treatment and potential for side effects, a definitive
diagnosis by surgical lung biopsy is more appropriate.

Surgical lung biopsy is necessary for confirmation
of the diagnosis in many cases. Recently, video-assisted
thoracoscopic procedure has become the preferred
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Figure 2. The radiologic hallmarks of bronchiolitis obliterans
organizing pneumonia: bilateral patchy alveolar opacities with
peripheral distribution and ground-glass attenuation on (A) chest
radiograph and (B) computed tomography scan.

technique. Pathologically, the newly formed plugs of
granulation tissue (fibroblasts and connective matrix)
are present in the distal bronchioles and extend into
the alveolar ducts and alveoli (Figure 3). Lung archi-
tecture is maintained in BOOP but not in usual inter-
stitial pneumonitis lesions. Interestingly, the pathologic
lesions can be completely reversed by corticosteroid
therapy. Abundant capillarization in the intraluminal
fibromyxoid lesions in BOOP compared with minimal
vascularization in interstitial pneumonitis/idiopathic
pulmonary fibrosis is believed to be the differentiating
factor for corticosteroid response.!’
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Figure 3. Histopathology slide demonstrating bronchiolitis ob-
literans organizing pneumonia (BOOP), which is characterized
by plugs of granulation tissue in distal bronchioles and minimal
interstitial inflammation. In this patient, no etiology was found
on clinical evaluation; thus, the clinical disorder was cryptogenic
organizing pneumonia, or idiopathic BOOP. (Figures are courtesy
of Dr. Julianne Klein.)

TREATMENT

Treatment of bronchiolitis depends upon the un-
derlying cause or the associated disorder. Response to
therapy and prognosis in general also depends upon
the stage of disease and whether the disorder is airway
or interstitial.

Constrictive bronchiolitis is generally progressive
with minimal response to therapy, and corticosteroids
have little role in treating bronchiolar disorders associ-
ated with this lesion. In cases due to toxic inhalation
injury, corticosteroids are occasionally effective in the
management of both the acute phase illness (pulmo-
nary edema) and the late phase illness (bronchiolitis
obliterans). Macrolide antibiotics have been reported
to improve symptoms and lung function in airway
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bronchiolar disorders.*™* Macrolides impair neutro-
phil-derived elastolytic activity in the lung and also de-
crease the total number of neutrophils in BAL.?”% They
are also effective in reducing the circulating pool of
T lymphocytes and attenuating the immune response.
The appropriate drug/dosage has not been adequately
studied, and no controlled data exist. Low doses of
oral erythromycin (200-600 mg/day), clarithromycin
(25-500 mg/day), or azithromycin (250 mg every other
day) have been recommended for most patients.””%
Etanercept has shown promise in a clinical trial of
patients with connective tissue disease—associated bron-
chiolitis obliterans.”

Treatment of cryptogenic organizing pneumonia
depends on the underlying cause and treating or re-
moving the causative exposure (Table 2). The mainstay
treatment of organizing pneumonia is corticosteroids.
Prednisone is recommended as firstline treatment for
patients with symptomatic and progressive disease.*
Characteristically, clinical improvement occurs within a
few days, followed by resolution of radiographic opaci-
ties within a few weeks. Prednisone therapy is initiated
at 0.75 to 1 mg/kg and tapered by 0.25 mg/kg every
4 weeks, for a total duration of 6 months to 1 year*'°
Since a 6-month course may be sufficient in certain situ-
ations, rapid weaning may be attempted. Relapses may
occur in 10% to 40% of patients upon dose reduction
or cessation of therapy.*!’ The prognosis of cryptogenic
organizing pneumonia is excellent, as resolution occurs
in most patients despite relapses. A few patients demon-
strate a progressive course leading to severe pulmonary
fibrosis. These patients usually have diffuse infiltrative
opacities on imaging studies and require treatment with
azathioprine and cyclophosphamide.®*4

If the patient deteriorates despite corticosteroid
therapy or cannot tolerate it, therapy with a cytotoxic
agent should be started while generally maintaining
low-dose (0.25 mg/kg/day) oral corticosteroid therapy,
if tolerated.®* Cyclophosphamide is often used in this
setting. A dose of 1 to 2 mg/kg/day is initiated and
adjusted according to the effect on bone marrow. Some
centers begin therapy with 50 mg/day and slowly in-
crease the dose over 2 to 4 weeks to 100 to 150 mg/day.
For a maximal clinical response, a trial of at least 3 to
6 months is needed.*

CONCLUSION

The term bronchiolitis has been historically confus-
ing to clinicians and pathologists alike. Referring to an
inflammatory process that involves air-conducting pas-
sages measuring less than 2 mm in diameter, this term
has been inconsistently used as both a descriptive and a
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formal diagnostic term. Bronchiolitis comprises a hetero-
geneous group of etiologically, clinically, and pathologi-
cally disparate lesions. Bronchiolitis may be an isolated
pathologic finding, and divergent causes of bronchiolitis
may have similar microscopic findings. Hence, a patho-
logic diagnosis is nonspecific and not clinically meaning-
ful unless placed in the context of relevant clinical and
radiographic findings. HP

Test your knowledge and

comprehension of this article with the
Clinical Review Quiz on page 30.
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