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Cystic lung disease:

Systematic, stepwise diagnosis

ABSTRACT

Once cystic lung disease is confirmed on computed
tomography, one can arrive at the likely diagnosis in
most cases by taking a systematic, stepwise approach
based on the clinical and radiographic features. Here, we
describe the features of cystic lung disease that point to
lymphangioleiomyomatosis, Birt-Hogg-Dubé syndrome,
pulmonary Langerhans cell histiocytosis, interstitial
pneumonia, congenital cystic lung disease, pulmonary
infection, and systemic disease.

KEY POINTS

Pulmonary cysts should be differentiated from cyst-
mimics.

Adults with cystic lung disease can be grouped by the
clinical presentation: ie, insidious dyspnea or spontane-
ous pneumothorax; incidentally found cysts or recurrent
pneumonia; signs and symptoms of primary pulmonary
infection; or signs and symptoms that are primarily non-
pulmonary.

Characterization of pulmonary cysts and their distribution

plays a key role in diagnosis. Radiographically, cystic lung
disease can be subclassified into two major categories
according to the distribution of cysts: discrete (focal or
multifocal) and diffuse (unilobular or panlobular).

doi:10.3949/ccjm.82a.14020

A IR-FILLED PULMONARY LESIONS are com-
monly detected on chest computed to-
mography. Cystic lung lesions should be dis-
tinguished from other air-filled lesions to
facilitate diagnosis. Primary care physicians
play an integral role in the recognition of cys-
tic lung disease.

The differential diagnosis of cystic lung dis-
ease is broad and includes isolated pulmonary,
systemic, infectious, and congenital etiologies.

Here, we aim to provide a systematic, step-
wise approach to help differentiate among the
various cystic lung diseases and devise an algo-
rithm for diagnosis. In doing so, we will discuss
the clinical and radiographic features of many
of these diseases:
¢ Lymphangioleiomyomatosis
¢ Birt-Hogg-Dubé syndrome
¢ Pulmonary Langerhans cell histiocytosis
¢ Interstitial pneumonia (desquamative in-

terstitial pneumonia, lymphocytic intersti-

tial pneumonia)

e Congenital cystic lung disease (congenital
pulmonary airway malformation, pulmo-
nary sequestration, bronchogenic cyst)
Pulmonary infection
Systemic disease (amyloidosis, light chain
deposition disease, neurofibromatosis type 1).

M STEP 1:
RULE OUT CYST-MIMICS

A pulmonary cyst is a round, circumscribed
space surrounded by an epithelial or fibrous
wall of variable thickness.! On chest radiogra-
phy and computed tomography, a cyst appears
as a round parenchymal lucency or low-atten-
uating area with a well-defined interface with
normal lung.! Cysts vary in wall thickness but
usually have a thin wall (< 2 mm) and occur
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True cysts. Bleb (left): thin-walled air space < 1 cm
in diameter within the visceral pleura or subpleural

in location. Bulla (right): a cyst > 1 cm in diameter,
sharply demarcated by a thin wall and usually accom-
panied by emphysematous changes

in the adjacent lung.

Cavity. High-resolution computed tomography
shows a thick-walled cavity with air-fluid level in the
right lower lobe, confirmed on culture to be coccidioi-
domycosis.

Emphysema. Focal areas or regions of decreased
lung attenuation without defined walls.

Honeycombing. A cluster or row of closely approxi-
mated cysts in the subpleural distribution of the lower
lobes. The finding is consistent with end-stage

lung disease.

Bronchiectasis. Dilated and nontapering bronchi
can be mistaken for cysts (arrowhead) when viewed
en face.

FIGURE 1. Pulmonary cysts and cyst-mimics on computed tomography.

without associated pulmonary emphysema.!
They typically contain air but occasionally
contain fluid or solid material.

A pulmonary cyst can be categorized as a
bulla, bleb, or pneumatocele.

Bullae are larger than 1 cm in diameter,
sharply demarcated by a thin wall, and usually
accompanied by emphysematous changes in
the adjacent lung.!

Blebs are no larger than 1 cm in diameter,
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are located within the visceral pleura or the
subpleural space, and appear on computed
tomography as thin-walled air spaces that are
contiguous with the pleura.! The distinction
between a bleb and a bulla is of little clinical
importance, and is often unnecessary.

Pneumatoceles are cysts that are frequent-
ly caused by acute pneumonia, trauma, or as-
piration of hydrocarbon fluid, and are usually
transient.!
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Mimics of pulmonary cysts include pulmo-
nary cavities, emphysema, loculated pneumo-
thoraces, honeycomb lung, and bronchiectasis
(rGURE1).?

Pulmonary cavities differ from cysts in
that their walls are typically thicker (usually >
4 mm).?

Emphysema differs from cystic lung disease
as it typically leads to focal areas or regions of
decreased lung attenuation that do not have
defined walls.!

Honeycombing refers to a cluster or row
of cysts, 1 to 3 mm in wall thickness and typi-
cally 3 to 10 mm in diameter, that are asso-
ciated with end-stage lung fibrosis.! They are
typically subpleural in distribution and are ac-
companied by fibrotic features such as reticu-
lation and traction bronchiectasis.!

Bronchiectasis is dilation and distortion of
bronchi and bronchioles and can be mistaken
for cysts when viewed en face.!

Loculated pneumothoraces can also mim-
ic pulmonary cysts, but they typically fail to
adhere to a defined anatomic unit and are sub-
pleural in distribution.

I STEP 2: CHARACTERIZE
THE CLINICAL PRESENTATION

Clinical signs and symptoms of cystic lung
disease play a key role in diagnosis (TaBLE 1).
For instance, spontaneous pneumothorax is
commonly associated with diffuse cystic lung
disease (lymphangioleiomyomatosis and Birt-
Hogg-Dubé syndrome), while insidious dys-
pnea, with or without associated pneumotho-
rax, is usually associated with the interstitial
pneumonias (lymphocytic interstitial pneumo-
nia and desquamative interstitial pneumonia).

In addition, congenital abnormalities of
the lung can lead to cyst formation. These ab-
normalities, especially when associated with
other congenital abnormalities, are often di-
agnosed in the prenatal and perinatal periods.
However, some remain undetected until inci-
dentally found later in adulthood or if super-
imposing infection develops.

Primary pulmonary infections can also
cause parenchymal necrosis, which in turn
cavitates or forms cysts.*

Lastly, cystic lung diseases can occur as
part of a multiorgan or systemic illness in
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TABLE 1

Differential diagnoses of cystic lung diseases
according to their typical signs and symptoms

Insidious dyspnea, spontaneous pneumothorax, or both

Lymphangioleiomyomatosis
Birt-Hogg-Dubé syndrome

Pulmonary Langerhans cell histiocytosis
Desquamative interstitial pneumonia
Lymphocytic interstitial pneumonia

Incidentally found cysts or recurrent pneumonia

Cystic pulmonary adenomatoid malformations
Pulmonary sequestration
Bronchogenic cysts

Signs and symptoms of primary pulmonary infections

Pneumocystis jirovecii pneumonia
Echinococcus granulosus
Echinococcus multilocularis

Primarily nonpulmonary signs and symptoms

Amyloidosis
Light chain deposition disease
Neurofibromatosis type 1

which the lung is one of the organs involved.
Although usually diagnosed before the dis-
covery of cysts or manifestations of pulmonary
symptoms, they can present as a diagnostic
challenge, especially when lung cysts are the
initial presentation.
In view of the features of the different
types of cystic lung disease, adults with cystic
lung disease can be grouped according to their
typical clinical presentations (TaBLE 2):
¢ Insidious dyspnea or spontaneous pneumo-
thorax
e Incidentally found cysts or recurrent pneu-
monia

e Signs and symptoms of primary pulmonary
infection

e Signs and symptoms that are primarily
nonpulmonary.

Insidious dyspnea

or spontaneous pneumothorax

Insidious dyspnea or spontaneous pneumo-
thorax can be manifestations of lymphangio-
leiomyomatosis, Birt-Hogg-Dubé syndrome,
pulmonary Langerhans cell histiocytosis, des-
quamative interstitial pneumonia, or lympho-
cytic interstitial pneumonia.
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TABLE 2
Clinical and radiographic features of cystic lung diseases
Other
computed
Cystic lung Common Clinical % with Cyst Cyst tomographic
disease presentation features cysts distribution characteristics  findings
Lymphangio- Pneumothorax Women of 100%'> Diffuse Uniform size; No nodules,
leiomyomatosis (50%-80%)'3 reproductive age regular shapes pleural effusion
(chylous)
Birt-Hogg-Dubé Pneumothorax Renal cancer, 70%— Diffuse; basal and Variable size; Multiple bilat-

syndrome

Pulmonary
Langerhans cell
histiocytosis

Desquama-
tive interstitial
pneumonia

Lymphocytic
interstitial
pneumonia

Congenital pul-
monary airway
malformation

Pulmonary
sequestration

Bronchogenic
cyst

Pneumocystis
jirovecii
pneumonia

Echinococcal
infection

Amyloidosis

Light chain
deposition
disease

Neurofibroma-
tosis type 1
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(24%—-32%)5”

Dyspnea, non-
productive cough

Insidious
dyspnea, cough

Progressive
dyspnea, cough

Recurrent pneu-
monias (75%)"

Recurrent pneu-
monias (70%)">"7

Cough, chest
pain

Dyspnea, cough

Dyspnea, cough

Heart, kidney
involvement

Kidney
involvement

Neurologic, skin
involvement
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skin lesions
(fibrofolliculomas)

100%¢¢

subpleural predomi-
nance

Smokers in their 61%'""  Diffuse; upper lobe
20s and 30s predominance
Smokers in their 40s  30%'? Multifocal
Connective tissue 65%" Multifocal

disease (especially

Sjogren syndrome)

or human immu-

nodeficiency virus

(HIV) infection

Misdiagnoses (ab- Mostto  Focal or multifocal;

scess, tuberculosis,  all
bronchiectasis)

Independent arterial
supply all

Life-threatening in
pediatric patients all

Coexisting immuno-  10%-—
deficiency (eg, HIV) ~ 15%"
Travel history Typical
(South America,

Middle East, China)

Congo red-positive  Rare
Congo red-negative  Rare
Neurofibromas, 25%"°

café-au-lait spots,
Lisch nodules
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Most to

Most to

lower lobe predomi-
nance

Discrete or focal;
lower lobe predomi-
nance

Discrete or focal;
lower lobe predomi-
nance

Focal or multifocal;
upper lobe predomi-
nance

Discrete or focal;
lower lobe predomi-
nance

Diffuse

Diffuse

Diffuse; upper lobe
predominance

FEBRUARY 2015

irregular shapes

Variable size;
usually bizarre,
irregular shapes

Variable size;
regular shapes

Variable size and
irregular shapes,
perivascular in
location

Variable size;
irregular shapes

Variable size;
regular shapes

Variable size;
regular shapes

Variable size;
irregular shapes

Variable size;
regular shapes

Small;
irregular shapes

Variable size;
irregular shapes

Small;
irregular shapes

eral thin-walled
subpleural cysts

Centrilobular
nodules

Ground-glass
opacity, mild
reticulation

Ground-glass
opacity, centri-
lobular nodules,
septal thicken-

ing

Air-filled cysts

Anomalous
vascular supply

Water or higher-
than-water
attenuation

Bilateral perihi-
lar ground-glass
opacities

Air-fluid levels

Nodules, inter-
stitial opacities

Linear opacities,
nodules

Bibasilar reticu-
lation, ground-
glass opacities
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Lymphangioleiomyomatosis is character-
ized by abnormal cellular proliferation within
the lung, kidney, lymphatic system, or any
combination.” The peak prevalence is in the
third to fourth decades of life, and most pa-
tients are women of childbearing age.® In ad-
dition to progressive dyspnea on exertion and
pneumothorax, other signs and symptoms in-
clude hemoptysis, nonproductive cough, chy-
lous pleural effusion, and ascites.”®

Birt-Hogg-Dubé syndrome is caused by
germline mutations in the folliculin (FLCN)
gene.’ It is characterized by skin fibrofolliculo-
mas, pulmonary cysts, spontaneous pneumo-
thorax, and renal cancer.”®

Pulmonary Langerhans cell histiocytosis
is part of the spectrum of Langerhans cell his-
tiocytosis that, in addition to the lungs, can
also involve the bone, pituitary gland, thy-
roid, skin, lymph nodes, and liver.!! It occurs
almost exclusively in smokers, affecting indi-
viduals in their 20s and 30s, with no gender
predilection.!”" In addition to nonproductive
cough and dyspnea, patients can also present
with fever, anorexia, and weight loss,"* but ap-
proximately 25% of patients are asymptom-
atic.!

Desquamative interstitial pneumonia is
an idiopathic interstitial pneumonia that, like
pulmonary Langerhans cell histiocytosis, is
seen almost exclusively in current or former
smokers, who account for about 90% of pa-
tients with this disease. It affects almost twice
as many men as women.>'® The mean age at
onset is 42 to 46.1>1¢ In addition to insidious
cough and dyspnea, digital clubbing develops
in 26% to 40% of patients.!®!?

Lymphocytic interstitial pneumonia is
another rare idiopathic pneumonia, usually
associated with connective tissue disease,
Sjogren syndrome, immunodeficiencies, and
viral infections.!’®?! It is more common in
women, presenting between the 4th and 7th
decades of life, with a mean age at diagno-
sis of 50 to 56.'%% In addition to progressive
dyspnea and cough, other symptoms include
weight loss, pleuritic pain, arthralgias, fatigue,
night sweats, and fever.”

In summary, in this clinical group,
lymphangioleiomyomatosis and Birt-Hogg-
Dubé syndrome should be considered when
patients present with spontaneous pneumo-
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thorax; those with Birt-Hogg-Dubé syndrome
also present with skin lesions or renal can-
cer. In patients with progressive dyspnea and
cough, lymphocytic interstitial pneumonia
should be considered in those with a known
history of connective tissue disease or im-
munodeficiency. Pulmonary Langerhans cell
histiocytosis typically presents at a younger
age (20 to 30 years old) than desquamative
interstitial pneumonia (smokers in their 40s).
Making the distinction, however, will likely
require imaging with computed tomography.

Incidentally found cysts

or recurrent pneumonia

Incidentally found cysts or recurrent pneu-
monia can be manifestations of congenital
pulmonary airway malformation, pulmonary
sequestration, or bronchogenic cyst.

Congenital pulmonary airway malforma-
tion, of which there are five types, is the most
common pulmonary congenital abnormality.
It accounts for up to 95% of cases of con-
genital cystic lung disease.’** About 85% of
cases are detected in the prenatal or perinatal
periods.”® Late-onset congenital pulmonary
airway malformation (arising in childhood to
adulthood) presents with recurrent pneumo-
nia in about 75% of cases and can be misdiag-
nosed as lung abscess, pulmonary tuberculosis,
or bronchiectasis.”

Pulmonary sequestration, the second
most common pulmonary congenital abnor-
mality, is characterized by a portion of lung
that does not connect to the tracheobronchi-
al tree and has its own systemic arterial sup-
ply.?* Intralobar sequestration, which shares
the pleural investment with normal lung, ac-
counts for about 80% of cases of pulmonary
sequestration.?®?° In addition to signs or symp-
toms of pulmonary infection, patients with
pulmonary sequestration can remain asymp-
tomatic (about 25% of cases), or can present
with hemoptysis or hemothorax.?®*° In adults,
the typical age at presentation is between 20
and 25.2%°

Bronchogenic cyst is usually life-threaten-
ing in children. In adults, it commonly causes
cough and chest pain.’!' Hemoptysis, dyspha-
gia, hoarseness, and diaphragmatic paralysis

can also occur.’*** The mean age at diagnosis
in adults is 35 to 40.71%
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In summary, most cases of recurrent pneu-
monia with cysts are due to congenital pul-
monary airway malformation. Pulmonary se-
questration is the second most common cause
of cystic lung disease in this group. Broncho-
genic cyst is usually fatal in fetal development;
smaller cysts can go unnoticed during the ear-
lier years and are later found incidentally as
imaging abnormalities in adults.

Signs and symptoms

of primary pulmonary infections

Signs and symptoms of primary pulmonary
infections can be due to Pneumocystis jirovecii
pneumonia or echinococcal infections.

P jirovecii pneumonia commonly develops
in patients with human immunodeficiency vi-
rus infection and low CD4 counts, recipients
of hematologic or solid-organ transplants, and
those receiving immunosuppressive therapy
(eg, glucocorticoids or chemotherapy).

Echinococcal infections (with Echino-
coccus granulosus or multilocularis species) are
more common in less-developed countries
such as those in South America or the Middle
East, in China, or in patients who have trav-
eled to endemic areas.**

In summary, cystic lung disease in patients
with primary pulmonary infections can be di-
agnosed by the patient’s clinical history and
risk factors for infections. Those with human
immunodeficiency virus infection and other
causes of immunodeficiency are predisposed
to P jirovecii pneumonia. Echinococcal infec-
tions occur in those with a history of travel to
an endemic area.

Primarily nonpulmonary signs

and symptoms

If the patient has primarily nonpulmonary
signs and symptoms, think about pulmonary
amyloidosis, light chain deposition disease,
and neurofibromatosis type 1.

Pulmonary amyloidosis has a variety of
manifestations, including tracheobronchial
disease, nodular parenchymal disease, diffuse
or alveolar septal pattern, pleural disease,
lymphadenopathy, and pulmonary cysts.*

Light chain deposition disease shares
some clinical features with amyloidosis. How-
ever, the light chain fragments in this disease
do not form amyloid fibrils and therefore do
not stain positively with Congo red. The kid-

VOLUME 82 ¢ NUMBER 2

ney is the most commonly involved organ.*

Neurofibromatosis type 1 is characterized
by collections of neurofibromas, café-au-lait
spots, and pigmented hamartomas in the iris
(Lisch nodules).*

In summary, patients in this group typi-
cally present with complications related to
systemic involvement. Those with neurofibro-
matosis type 1 present with ophthalmologic,
dermatologic, and neurologic manifestations.
Amyloidosis and light chain deposition dis-
ease most commonly involve the renal system;
their distinction will likely require tissue bi-
opsy and Congo-red staining.

I STEP 3: CHARACTERIZE THE
RADIOGRAPHIC FEATURES

Characterization of pulmonary cysts and their
distribution plays a key role in the diagnosis.
Radiographically, cystic lung diseases can be
subclassified into two major categories accord-
ing to their cystic distribution:

e Discrete (focal or multifocal)

¢ Diffuse (unilobular or panlobular).?’

Discrete cystic lung diseases include con-
genital abnormalities, infectious diseases, and
interstitial pneumonias.”’

Diffuse, panlobular cystic lung diseases in-
clude lymphangioleiomyomatosis, pulmonary
Langerhans cell histiocytosis, Birt-Hogg-Dubé
syndrome, amyloidosis, light chain deposition
disease, and neurofibromatosis type 1.7:133¢3

In addition, other associated radiographic
findings play a major role in diagnosis.

Cysts in patients presenting with insidious
dyspnea or spontaneous pneumothorax
Lymphangioleiomyomatosis. Cysts are seen
in nearly all cases of advanced lymphangio-
leiomyomatosis, typically in a diffuse pattern,
varying from 2 mm to 40 mm in diameter, and
uniform in shape (FGURe 2a).73442 Other ra-
diographic features include vessels located at
the periphery of the cysts (in contrast to the
centrilobular pattern seen with emphysema),
and chylous pleural effusions (in about 22%
of patients).* Nodules are typically not seen
with lymphangioleiomyomatosis, and if found
represent type 2 pneumocyte hyperplasia.
Pulmonary Langerhans cell histiocytosis.
Nodules measuring 1 to 10 mm in diameter
and favoring a centrilobular location are of-
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A. Lymphangioleiomyomatosis. High-resolution
computed tomography (CT) shows uniformly shaped,
thin-walled cysts (arrow) scattered diffusely in both
lungs (coronal and axial views), as well as pneumo-
thorax (axial view).

B. Pulmonary Langerhans cell histiocytosis.
High-resolution CT shows cysts of variable sizes and
shapes (arrows), with small nodules (arrowhead)
predominantly in the upper and middle lung

in a patient with a 20-pack-year smoking history
(coronal and axial views)

C. Birt-Hogg-Dubé syndrome.
Multiple, bilateral, thin-walled cysts with a lower-lobe,
subpleural predominance.

D. Lymphocytic interstitial pneumonia.
Perivascular cysts (arrow) with ground-glass opacities.

FIGURE 2. Cystic lung diseases presenting with insidious dyspnea or spontaneous pneumothorax,

or both.

ten seen on computed tomography. Pulmo-
nary cysts occur in about 61% of patients.!**
Cysts are variable in size and shape (FIGURE
28), in contrast to their uniform appearance
in lymphangioleiomyomatosis. Most cysts are
less than 10 mm in diameter; however, they
can be up to 80 mm."”* Early in its course,
nodules may predominate in the upper and
middle lobes. Over time, diffuse cysts become
more common and can be difficult to differen-
tiate from advanced smoking-induced emphy-
sema.
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Birt-Hogg-Dubé syndrome. Approxi-
mately 70% to 100% of patients with Birt-
Hogg-Dubé syndrome will have multiple
pulmonary cysts detected on computed to-
mography. These cysts are characteristically
basal and subpleural in location, with varying
sizes and irregular shapes in otherwise normal
lung parenchyma (FIGURE 2c).*64346

Desquamative interstitial pneumonia.
Pulmonary cysts are present on computed to-
mography in about 32% of patients.*” They
are usually round and less than 20 mm in di-
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A. Congenital pulmonary airway malforma-
tion (type 1). High-resolution computed tomogra-
phy (CT) in a patient with spontaneous pneumo-
thorax demonstrates a pulmonary lesion containing
multiple large air-filled cysts (> 2 cm in size; arrows)
with small cysts (arrowhead) in the periphery.

IMAGE COURTESY OF RAHUL RENAPURKAR, CLEVELAND CLINIC

B. Congenital pulmonary airway malforma-
tion (type 2). High-resolution CT in a patient with
recurrent pneumonia demonstrates a heterogeneous
solid lesion in the right lower lobe containing multiple
small air-filled cysts (< 2 cm in size; arrows).

C. Pulmonary sequestration. CT in a young man
with hemoptysis demonstrates a cystic-appearing
lesion in the left lower lobe (arrow) receiving
systemic blood supply from the thoracic aorta
(arrowhead).

IMAGE COURTESY OF RAHUL RENAPURKAR, CLEVELAND CLINIC

FIGURE 3. Representative examples of cystic lung diseases in patients with incidentally

found cysts or recurrent pneumonia.

ameter.”® Ground-glass opacity is present in
almost all cases of desquamative interstitial
pneumonia, with a diffuse pattern in 25% to
44% of patients.!&1747

Pulmonary cysts occur in up to two-thirds
of those with lymphocytic interstitial pneu-
monia. Cysts are usually multifocal and peri-
vascular in distribution and have varying sizes
and shapes (FGure 2p).?2 Ground-glass opacity
and poorly defined centrilobular nodules are
also frequently seen. Other computed tomo-
graphic findings include thickening of the
bronchovascular bundles, focal consolidation,
interseptal lobular thickening, pleural thick-
ening, and lymph node enlargement.?

In summary, in this group of patients, dif-
fuse panlobular cysts are due to lymphangi-
oleiomyomatosis, pulmonary Langerhans cell

VOLUME 82 ¢ NUMBER 2

histiocytosis, or Birt-Hogg-Dubé syndrome.
Cysts due to lymphangioleiomyomatosis have
a diffuse distribution, while those due to pul-
monary Langerhans cell histiocytosis tend to
be upper-lobe-predominant and in the early
stages are associated with stellate centrilobu-
lar nodules. Cysts in Birt-Hogg-Dubé syn-
drome tend to be subpleural and those due to
lymphocytic interstitial pneumonia are peri-
vascular in distribution.

Cysts that are incidentally found or occur

in patients with recurrent pneumonia
Congenital pulmonary airway malformation
types 1, 2, and 4 (FGURE 34, 38). Cysts are typi-
cally discrete and focal or multifocal in distri-
bution, but cases of multilobar and bilateral
distribution have also been reported.?** The
lower lobes are more often involved.* Cysts

FEBRUARY 2015
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A. Pneumocystis jirovecii pneumonia.

High-resolution computed tomography (CT) in a patient

with acquired immunodeficiency syndrome demon-
strates bilateral diffuse ground-glass opacities (arrow)
with few cysts (arrowhead).

B. Echinococcal infection. Noncontrast chest CT
shows a large, thin-walled, fluid-filled cystic lesion in
the left hemithorax of a patient from India.

IMAGE COURTESY OF SULEMAN MERCHANT, SION HOSPITAL

FIGURE 4. Representative examples of cystic lung diseases in patients with signs and

symptoms of primary pulmonary infections.

vary in size and shape and can contain air, fluid,
or both.?”* Up to 50% of cases can occur in
conjunction with pulmonary sequestration.*

Pulmonary sequestration displays an
anomalous arterial supply on computed to-
mography (rGure 3¢). Other imaging findings
include mass lesions (49%), cystic lesions
(29%), cavitary lesions (12%), and bronchiec-
tasis.”® Air trapping can be seen in the adjacent
lung. Lower lobe involvement accounts for
more than 95% of total cases of sequestration.*
The cysts are usually discrete or focal in distri-
bution. Misdiagnosis of pulmonary sequestra-
tion is common, and can include pulmonary
abscess, pneumonia, bronchiectasis, and lung
cancer.®

Bronchogenic cyst. Cyst contents gener-
ally demonstrate water attenuation, or higher
attenuation if filled with proteinaceous/mu-
coid material or calcium deposits; air-fluid lev-
els are seen in infected cysts.” Intrapulmonary
cysts have a predilection for the lower lobes
and are usually discrete or focal in distribu-
tion.’"*? Mediastinal cysts are usually homo-
geneous, solitary, and located in the middle
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mediastinum.” Cysts vary in size from 20 to
90 mm, with a mean diameter of 40 mm.>!

In summary, in this group of cystic lung
diseases, characteristic computed tomographic
findings will suggest the diagnosis—air-filled
cysts of varying sizes for congenital pulmonary
airway malformation and anomalous vascular
supply for pulmonary sequestration. Broncho-
genic cysts will tend to have water or higher-
than-water attenuation due to proteinaceous-
mucoid material or calcium deposits.

Cysts in patients with signs and symptoms
of primary pulmonary infections
P jirovecii pneumonia. Between 10% and
15% of patients have cysts, and about 18%
present with spontaneous pneumothorax.’!
Cysts in P jirovecii pneumonia vary in size
from 15 to 85 mm in diameter and tend to oc-
cur in the upper lobes (FIGURE 4a) .51
Echinococcal infection. Echinococcal
pulmonary cysts typically are single and locat-
ed more often in the lower lobes (riGure 48).>>*
Cysts can be complicated by air-fluid levels,
hydropneumothorax, or pneumothorax, or
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Radiographi-
cally, cystic lung
diseases can be
classified

as discrete

or diffuse
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Amyloidosis. High-resolution computed tomography
shows multiple, diffusely scattered, thin-walled cysts
(arrow) and few nodules (arrowhead) in a 56-year-old

woman, findings confirmed as amyloidosis on open lung

biopsy.

'

y F

FIGURE 5. Amyloidosis, a possible cystic lung disease in patients with primarily nonpulmo-

nary signs and symptoms.

they can turn into cavitary lesions.

The diagnoses of these pulmonary infec-
tions are usually made by clinical and com-
puted tomographic findings and depend less
on detecting and characterizing lung cysts.
Patients with P jirovecii pneumonia tend to
have bilateral perihilar ground-glass opacities,
while air-fluid levels suggest echinococcal in-
fections. Cysts in this group of patients tend
to be discrete or focal or multifocal in distribu-
tion, and vary in size.

_CYSts are seen Cysts in patients with primarily

in nearly all nonpulmonary signs and symptoms

cases of Amyloidosis. Cyst formation is rare in amy-
loidosis.* When present, cysts can be diffuse

advanced and scattered in distribution, in varying sizes

lymphangioleio- (usually < 30 mm in diameter) and irregular

myomatosis Shapes (FlGURE 5).55'56
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Pulmonary light chain deposition disease
usually presents as linear opacities and small
nodules on chest computed tomography. Nu-
merous cysts that are diffuse in distribution and
have no topographic predominance can also be
present. They can progress in number and size
and coalesce to form irregular shapes.””

Neurofibromatosis type 1. In neurofibro-
matosis type 1, the most common radiograph-
ic presentations are bibasilar reticular opaci-
ties (50%), bullae (50%), and ground glass
opacities (37%).”® Well-formed cysts occur in
up to 25% of patients and tend to be diffuse
and smaller (2 to 18 mm in diameter), with
upper lobe predominance.’®*

In summary, in this group of patients,
bibasilar reticular and ground-glass opacities

VOLUME 82 ¢ NUMBER 2

suggest neurofibromatosis type 1, while nod-
ules and linear opacities suggest amyloidosis or
light chain deposition disease. Cysts tend to
be diffuse with varying sizes.

B STEP 4: PUT IT ALL TOGETHER

Diagnosis in insidious dyspnea

or spontaneous pneumothorax

For patients who present with insidious dys-
pnea or spontaneous pneumothorax, the di-
agnosis of cystic lung disease can be made by
characterizing the distribution, size, and shape
of the cysts (TABLE 3).

Diffuse, panlobular distribution. Cys-
tic lung diseases with this pattern include
lymphangioleiomyomatosis, pulmonary Lang-
erhans cell histiocytosis, and Birt-Hogg-Dubé
syndrome. In this group, cysts that are uniform
in size and regular in shape are invariably due
to lymphangioleiomyomatosis. Those with
variable size and irregular shapes can be due
to pulmonary Langerhans cell histiocytosis or
Birt-Hogg-Dubé syndrome. Patients with pul-
monary Langerhans cell histiocytosis tend to
be smokers and their cysts tend to be upper-
lobe-predominant. Those with Birt-Hogg-
Dubé syndrome will likely have renal cancer
or skin lesions; their cysts tend to be basilar
and subpleural in distribution.

Cysts that are focal or multifocal and
unilobular are due to lymphocytic interstitial
pneumonia or desquamative interstitial pneu-
monia. Patients with lymphocytic interstitial
pneumonia tend to have underlying connec-
tive tissue disease; those with desquamative
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TABLE 3
An integrated approach to diagnosing cystic lung diseases

Features Diseases

Insidious dyspnea or spontaneous pneumothorax
Diffuse cysts
Uniform size, regular shape Lymphangioleiomyomatosis
Variable size, irregular shape

Basal and subpleural, in a patient with Birt-Hogg-Dubé syndrome
renal cancer and skin lesions

Upper lobe, in a smoker Pulmonary Langerhans cell histiocytosis
Focal or multifocal cysts
In a patient with connective tissue disease Lymphocytic interstitial pneumonia

In a smoker Desquamative interstitial pneumonia

Incidentally found cyst or recurrent pneumonia

Air-filled cysts, varying sizes Congenital pulmonary airway malformation
type 1,2, 0r4
Anomalous vascular supply Pulmonary sequestration
Water or higher-than-water attenuation Bronchogenic cyst .
Cyst formation
Signs and symptoms of pulmonary infection is rare
Bilateral infiltrates in a patient with HIV Pneumocystis jirovecii pneumonia in amy|oidosis

Air-fluid levels in a patient with history of travel to Echinococcal infection
South America, Middle East, or China

Primarily nonpulmonary signs and symptoms

Likely renal involvement

Congo red-positive Amyloidosis
Congo red-negative Light chain deposition disease
Neurofibromas, café-au-lait spots, Lisch nodules Neurofibromatosis type 1
interstitial pneumonia are almost always smok-  congenital lung malformation should be raised.
ers. The definitive diagnosis for lymphocytic ~ Patients with a type 1, 2, or 4 congenital pul-
interstitial pneumonia or desquamative inter- ~ monary airway malformation typically have
stitial pneumonia can require a tissue biopsy. air-filled cysts in varying sizes; those with pul-
) o ] o monary sequestration have an anomalous arte-
Diagnosis in patients with incidentally rial supply in addition to cysts that are usually
found cysts or recurrent pneumonia located in the lower lobes. Bronchogenic cysts

In those who present with incidentally found  tend to be larger, with attenuation equal to or
cysts or recurrent pneumonia, suspicion for a  greater than that of water, and distinguishing
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them from congenital pulmonary airway malfor-
mation will likely require surgical examination.

Diagnosis in patients with signs

and symptoms of pulmonary infections
Patients with signs and symptoms of pulmo-
nary infections should be investigated accord-
ing to clinical risk factors for P jirovecii pneu-

Diagnosis in patients with primarily
nonpulmonary presentations

The distinction between amyloidosis and
neurofibromatosis type 1 can be made by the
history and the clinical examination. How-
ever, a definitive diagnosis of amyloidosis or
light chain deposition disease requires tis-
sue examination for the presence or absence

monia or echinococcal infections.
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