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Abstract

The diffuse cystic lung diseases have a broad differential diagnosis.
A wide variety of pathophysiological processes spanning the
spectrum from airway obstruction to lung remodeling can

lead to multifocal cyst development in the lung. Although
lymphangioleiomyomatosis and pulmonary Langerhans cell
histiocytosis are perhaps more frequently seen in the clinic, disorders

highly disease dependent. Unique imaging features, genetic tests,
serum studies, and clinical features provide invaluable clues that

and management.

such as Birt-Hogg-Dubé syndrome, lymphocytic interstitial

pneumonia, follicular bronchiolitis, and light-chain deposition
disease are increasingly being recognized. Obtaining an accurate
diagnosis can be challenging, and management approaches are

The diffuse cystic lung diseases (DCLDs)
encompass a broad set of disorders
characterized by the formation of multiple
thin-walled parenchymal lucencies. In

the first part of this review, we proposed
a classification for DCLDs and discussed
neoplastic, infectious, smoking-related, and
interstitial lung disease-related etiologies,
with a focus on lymphangioleiomyomatosis
(LAM) and pulmonary Langerhans

cell histiocytosis (PLCH). In part two,
we describe DCLDs with genetic,
developmental, lymphoproliferative,

and other etiologies. We conclude by
discussing the mechanisms of pulmonary
cyst formation and the radiological and
pathological evaluation of cystic lung
disease and present an approach to the

diagnosis and management of
the DCLDs.

Cystic Lung Diseases
Associated with Genetic
Mutations

Birt-Hogg-Dubé Syndrome
Birt-Hogg-Dubé syndrome (BHD) is a rare,
autosomal-dominant disorder characterized
by the development of hair follicle

tumors, renal neoplasms, and pulmonary
cysts. Cystic lung lesions from BHD are
typically seen in the fourth to fifth decade
of life (1, 2) but have been described in
teenagers and octogenarians (3). By 50
years of age, there is greater than 80%

help clinicians distinguish among the various etiologies, but biopsy
is often required for definitive diagnosis. In part II of this review,
we present an overview of the diffuse cystic lung diseases caused
by lymphoproliferative disorders, genetic mutations, or aberrant
lung development and provide an approach to aid in their diagnosis

Keywords: Birt-Hogg-Dubé syndrome; Sjogren syndrome;
high-resolution computed tomography; lymphoid interstitial
pneumonia; follicular bronchiolitis

penetrance of pulmonary cysts in affected
subjects (4). There is limited information
regarding the development or profusion of
cysts in younger age groups. Pneumothorax
in BHD has no sex predilection and

has been reported in the absence of
radiographic evidence of cysts on high-
resolution computed tomography (HRCT)
of the chest (5).

The presence of pulmonary cysts
predisposes patients with BHD to the
development of pneumothoraces. Although
present in the majority of the adult patients
with BHD, only 24% of patients with
lung cysts ever develop a pneumothorax,
albeit with a very high (75%) recurrence rate
(4). The incidence of pneumothorax in
patients with BHD is 32-fold higher than
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the general population, extending up to
50-fold higher after adjusting for age (6).

Pathogenesis. BHD is caused by
mutations in the folliculin (FLCN) gene
encoding the tumor suppressor protein,
folliculin. FLCN mutations are believed to
cause dysregulation in mechanistic target
of rapamycin (mTOR) signaling, although
it remains unclear whether the dominant
effect of the mutations is mTOR
suppression or activation (7, 8). Other
pathways have also been implicated in
the tumor-suppressive actions of FLCN,
including transforming growth factor-f3
signaling (9) and the “differentially
expressed in normal cells and neoplasia”
(DENN) proteins that control intracellular
trafficking (9, 10). The role of FLCN in
the maintenance of pulmonary structural
integrity is not well established, but possible
mechanisms of cyst formation include
activation of the mTOR pathway (11),
leading to cell dropout or adhesion protein
defects or deficiencies that increase the
vulnerability of the alveolar-septal junction
to tearing by mechanical forces during the
respiratory cycle (12).

Pathology. The primary differentiating
radiological feature of cysts in BHD is the
predominantly basilar location, which
contrasts with the largely apical location
of dilated airspaces and blebs in emphysema
and primary spontaneous pneumothorax
(13). Characteristic HRCT findings include
round to lentiform-shaped, thin-walled
pulmonary cysts of various sizes,
distributed in the basilar and subpleural
regions of the lung (Figure 1A) (14, 15). In
the few available pathological descriptions
of BHD cysts, the histological features
have generally been found to be
indistinguishable from those of
emphysema. Recently, however, in a study
of 229 cysts from 50 patients with BHD,
the majority of the cysts (88%) abutted
the interlobular septa, and 14% contained
intracystic structures composed of
interlobular septa (12). The cysts were
surrounded by normal lung parenchyma
in all patients and lacked evidence of
neoplastic cell proliferations or significant
inflammation (Figure 1B) (12). In
many cases the cysts did not appear to
communicate with the airway or were
subtended by a very small airway (12).
With deeper understanding of the
molecular pathways involved, it is possible
that distinctive morphological and
immunohistochemical characteristics of

s

Figure 1. Computed tomography (CT) and histopathologic images of diffuse cystic lung disease
associated with genetic mutations. (A) Chest CT showing lentiform cysts in a basilar distribution in

a patient with Birt-Hogg-Dubé (BHD) syndrome. (B) Histologic sections of a lung biopsy from a patient
with BHD syndrome showing intraparenchymal cysts (*) surrounded by normal parenchyma with an
intracystic septum (arrow) and lacking abnormal cellular proliferations or a significant fibroinflammatory
component. Original magnification, X10. (C) Facial photograph of a patient with BHD syndrome
showing multiple dome-shaped, whitish papules consistent with fibrofolliculomas in the nasolabial fold
area. (D) Chest CT showing multiple thin-walled cysts and paraseptal emphysema in a patient with
neurofibromatosis (courtesy of Dr. Cristopher Meyer, University of Wisconsin, Madison, WI).

BHD will emerge and enable the expert
pathologist to distinguish BHD pathology
from emphysema.

Diagnostic approach. The presence of
spontaneous pneumothorax in a young

patient, especially with a personal or family
history of pneumothorax, skin lesions, or
renal tumors, should prompt an evaluation
for BHD. The prevalence of BHD among
young patients presenting to the emergency
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ward with pneumothorax may be as high
as 5 to 10%, based on studies from China
and Holland (16, 17). A detailed skin
examination should be performed, as many
patients with BHD will have characteristic
skin fibrofolliculomas (Figure 1C) or
trichodiscomas (4). When performing skin
biopsies, care should be taken to avoid
shallow sampling. Punch biopsies, rather
than shave biopsies, should be performed
(18), and tissues from multiple locations
may be required to establish the correct
diagnosis (19).

Chest HRCT is the most useful
modality for the initial evaluation of
a patient with suspected pulmonary BHD
but is not usually sufficient to establish
the diagnosis with certainty. Pulmonary
cysts occur with 80 to 100% penetrance in
BHD (4, 6, 11) and are commonly confused
with blebs or bullae and attributed to
emphysema. The predominantly basilar and
paraseptal location of BHD-associated cysts,
however, differs from the apical-predominant
distribution of dilated airspaces that typically
occur in emphysema.

Renal cancer is the most threatening
manifestation of BHD, seen in more
than 25% of patients, with a mean age at
presentation of 50.4 years (range, 31-74 yr)
(20). Chromophobe adenomas and
oncocytomas are the most common renal
neoplasms in BHD and are bilateral and
multifocal in more than half of patients
(20). Other histologies, including clear cell,
papillary, and mixed pattern carcinomas,
can also be seen (20-22). BHD should be
strongly suspected in patients presenting
with early-onset (<50 yr) multifocal or
bilateral renal cancer or renal cancer
of mixed chromophobe and oncocytic
histology (19).

It is important to note that not all
patients with pulmonary manifestations
of BHD have characteristic skin and/or renal
findings or a positive family history.
Multiple studies have revealed FLCN gene
mutations in patients presenting with
pulmonary cysts and/or pneumothoraces
without any skin or renal involvement
(2, 23, 24). Conversely, pneumothorax has
been reported in BHD in the absence of
visible cysts on CT (5).

Genetic testing for FLCN mutations
should be offered to patients suspected to
have BHD to confirm the diagnosis and to
facilitate screening of family members. We
recommend referral to a genetic counselor
before BHD screening, for discussion of
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issues of insurability, employability, and
anxiety associated with genetic disease
testing. Given the high penetrance of
pulmonary cysts and renal tumors in
BHD (4, 11), we recommend that even
asymptomatic patients with genetically
confirmed BHD undergo imaging to
evaluate for potential lung and kidney
involvement. Our group and others have
previously proposed algorithms for
establishing a diagnosis of BHD (18, 19).
Management. The rate of progression
of lung disease in BHD is incompletely
understood, but it seems clear that BHD
cystic lung disease does not typically
result in respiratory failure. In a small
cross-sectional study of patients with BHD,
pulmonary function tests revealed preserved
spirometric values along with a mild
reduction in diffusion capacity for carbon
monoxide (Drco) (14). Further studies are
needed to evaluate the natural history of
lung function decline in patients with BHD.
Patients with BHD with a sentinel
pneumothorax have a high (75%)
recurrence rate (4), and pleurodesis should
be considered with the first event to avoid
morbidity associated with repeated episodes
(18). It seems prudent to discourage
patients from diving due to the risk of
pneumothorax secondary to expansion of
cysts associated with hydraulic pressure
fluxes (18). Air travel is generally
considered safe in patients with diffuse
cystic lung diseases (25), but delayed
pneumothorax after flying has recently
been reported in patients with BHD (26).
Patients with extensive cystic change,
history of prior pneumothoraces, or
new/worsening symptoms of chest pain
or dyspnea may require evaluation by
a pulmonologist before air travel (18). Use
of tobacco should be discouraged (18),
although no clear relationship between
smoking history and development of
pneumothoraces or lung function decline
has been reported in patients with BHD (4).
Once the diagnosis of BHD is
established, patients should be screened for
the presence of renal tumors. The age of
initiation of screening and the best imaging
modality for this purpose is not clear.
Because the earliest renal tumors detected
in BHD occur in young adulthood, it is
recommended to begin screening at about
20 years of age (19, 27). Ultrasonography
suffers from a lack of sensitivity for
detecting small lesions (28). The cumulative
radiation exposure from repeated CT scans

through life can become prohibitive; thus,
magnetic resonance imaging may be the
best modality for serial screening of renal
tumors (27). In the absence of any
abnormality on the initial scan, a typical
repeat imaging interval is 3 years (27).
Fortunately, renal cancer associated with
BHD is indolent, and development of
metastases is rare with proper monitoring
(19). However, the risk of metastasis
increases with tumor size, and nephron-
sparing resection is recommended for
tumors larger than 3 cm (19, 27).

Other Genetic Etiologies of DCLD
Genetic connective tissue disorders

such as neurofibromatosis, Ehlers-Danlos
syndrome, and Proteus syndrome can
produce DCLD patterns on HRCT.
Numerous, upper lobe-predominant cysts
have been described in neurofibromatosis
(Figure 1D) (29), most commonly in
smokers (30). Multiple parenchymal cysts
and cavitary lesions have rarely been
reported in cases of Ehlers-Danlos
syndrome (31, 32). The hallmark of Proteus
syndrome is vascular malformations and
postnatal asymmetric overgrowth of
connective tissues, but emphysematous
and cystic pulmonary changes have also
been described (33-35). Recent literature has
shown an association between activating
mutations in AKTI and the Proteus
syndrome (36).

Cystic Lung Diseases
Associated with Aberrant
Lung Development

and Growth

Congenital pulmonary airway malformation
(CPAM), formerly known as congenital
cystic adenomatoid malformation, can
present as a DCLD in childhood (37) or,
more rarely, in adulthood (38). CPAM has
been further categorized into subtypes
based on the size and location of the cysts
as well as other associated congenital
abnormalities (39). Reports of various
malignancies developing within CPAMs
lead many experts to recommend
resection (40).

Bronchopulmonary dysplasia, the most
frequent cause of cystic lung disease in
children (41), was initially described in
1967 as a manifestation of oxygen toxicity
after recovery from severe respiratory
distress syndrome (42). It is now
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recognized as a chronic lung disease caused
by disruption in distal lung growth in
association with barotrauma induced

by mechanical ventilation in premature
infants. The clinical presentation of
bronchopulmonary dysplasia can be subtle
in exposed and at-risk older children

and young adults who do not manifest
obvious underlying lung disease and/or the
need for supplemental oxygen (43). Cystic
changes in bronchopulmonary dysplasia
can be seen within a few days of birth and
are usually bilateral (41).

Other rare congenital causes of cystic
lung disease include congenital lobar
emphysema, congenital bulla, congenital
bronchiectasis, and bronchial atresia (44).

Cystic Lung Diseases
Associated with
Lymphoproliferative Disorders

Lymphocytic Interstitial
Pneumonia/Follicular Bronchiolitis
and Sjégren Syndrome
Lymphocytic interstitial pneumonia (LIP)
is a clinicopathologic term that describes
diffuse involvement of lung parenchyma by
reactive pulmonary lymphoid tissue (45).
Follicular bronchiolitis (FB) refers to
a pattern of lymphoid follicular hyperplasia
centered on airways, vessels, and
interlobular septa consistent with a
lymphatic distribution (46). FB and LIP can
be idiopathic or associated with a variety
of underlying conditions, most commonly
autoimmune disorders like Sjogren
syndrome (SS), rheumatoid arthritis (RA),
systemic lupus erythematosus (SLE), or
immunodeficiency states such as HIV and
common variable immune deficiency (47).
SS is a chronic inflammatory autoimmune
exocrinopathy that can occur in isolation
(primary SS) or in combination with
other rheumatologic conditions, such as
rheumatoid arthritis, SLE, and systemic
sclerosis (secondary SS) (48). Among the
connective tissue disorders, SS is most
commonly associated with LIP/FB.
Pathogenesis. FB and LIP represent
a pathophysiological continuum of
lymphocytic infiltration from hyperplasia
of bronchus-associated lymphoid tissue to
cellular expansion of the interstitium with
fibrosis. Cysts in FB/LIP may result from
ischemia due to vascular obstruction,
postobstructive bronchiolar ectasia, or
bronchiolar compression by lymphoid tissues

resulting in subsegmental overinflation due
to a check-valve mechanism (49).
Pathology. LIP is characterized by the
presence of dense interstitial lymphocytic
infiltrates composed of small lymphocytes
admixed with variable numbers of plasma
cells. Nodular lymphoid aggregates with
reactive germinal centers are present in up
to 50% of patients with the idiopathic and
connective tissue-associated forms of LIP
but are less common in patients with
HIV. The lymphocytic infiltrate is
composed of a mixture of B and T cells,

with the B cells often localized to nodular
lymphoid follicles and T cells most
prominent in the interstitium. Occasional
nonnecrotizing granulomas may be seen,
but they are usually inconspicuous (46).

Histologically, FB is characterized by
numerous peribronchial and peribronchiolar
lymphoid follicles with reactive germinal
centers (Figures 2A and 2B). An
accompanying interstitial inflammatory
infiltrate is present in approximately 20% of
cases that show overlapping LIP and FB
patterns (50).

Figure 2. Computed tomography and histopathologic images of follicular bronchiolitis. (A) Histologic
sections showing parenchymal cysts (*) associated with follicular lymphoid hyperplasia (arrow)
centered around bronchioles (br). Original magnification, X2. (B) Higher-power view of histologic
image in A showing follicular hyperplasia (arrow) surrounding the bronchiole (br). Original
magnification, X20. (C) Chest computed tomography showing multiple cysts of varying sizes
associated with minimal ground-glass opacification.

20 American Journal of Respiratory and Critical Care Medicine Volume 192 Number 1 | July 1 2015

4C/FPO



Diagnostic approach. Interstitial lung
disease is frequently observed in patients
with SS, and patterns of involvement include
FB, LIP, nonspecific interstitial pneumonia,
amyloidosis, and lymphoproliferative
disorders including lymphoma. Multiple
studies have attempted to better define the
radiologic abnormalities of pulmonary
involvement in SS (48, 51-53), and diffuse
cystic lung disease has been noted in
varying proportions. In patients with SS,
HRCT abnormalities have been identified
in 58 to 90% of patients, with cystic changes
seen in 12 to 46% (48, 51, 52). The cysts
associated with SS tend to be random in
distribution, contain internal structure
(which is rare in LAM and PLCH), and
are often bordered by an eccentric vessel
(Figure 2C). The average cyst size is about
16 mm (range, 3-52 mm) (52). Cystic lung
disease in the presence of SS can also be
associated with amyloidosis (54-56).

LIP/FB can present with various
pulmonary manifestations, including
ground-glass opacification, centrilobular
nodules, and cystic change. Johkoh and
colleagues studied the CT findings in 22
patients with LIP (57). Although the
predominant abnormalities in all patients
consisted of ground-glass attenuation and
poorly defined centrilobular nodules, cystic
changes were observed in 68% (15/22) of
patients, with an average cyst size of 6.4 mm
(range, 1-30 mm). Cysts were bilateral in
10 patients and unilateral in 5 patients
and had a random distribution involving
less than 10% of the lung parenchyma
(57). Honda and colleagues found that cysts
were present in 82% (14/17) of patients
with LIP and only 2% (1/44) of patients
with lymphoma by HRCT scanning,
suggesting that the presence of cysts may
help differentiate LIP from lymphoma (58).
More studies are needed, however, to
confirm this finding. Pulmonary function
tests reveal restrictive physiology with
reduced diffusion capacity in the majority
of LIP cases (47, 59), whereas FB is
characterized by an obstructive pattern
often associated with evidence of air
trapping and reduction in DLco (60).

Tissue confirmation is often required
to establish the diagnosis of LIP/FB,
although patterns of cystic change in
patients with SLE, SS, or other autoimmune
diseases can be sufficiently characteristic
to obviate the need for biopsy (given the
lack of a proven intervention for cystic
destruction). The diagnostic yield of
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transbronchial lung biopsy in LIP/FB is low,
and surgical lung biopsy is the procedure
of choice to establish pathologic diagnosis
(47). Careful examination of the biopsy

specimen is needed to exclude the presence
of low-grade malignant lymphoproliferative
disorders, such as mucosal-associated
lymphoid tissue (MALT) lymphoma (49).

Figure 3. Computed tomography (CT) and histopathologic images of diffuse cystic lung disease
associated with lymphoproliferative disorders with protein deposition. (A) Chest CT showing diffuse,
irregular cysts in a patient with amyloidosis. (B) Histologic sections of a lung biopsy from a patient
with amyloidosis showing intraparenchymal cysts (*) and accumulation of amyloid (arrows) in the
surrounding parenchyma and vessels. Original magnification, X40. (C) The amyloid deposition in this
biopsy shows the characteristic apple-green birefringence under polarized light (arrowhead). Original
magnification, X40. (D) Chest CT showing multiple round, thin-walled cysts in a patient with
light-chain deposition disease (courtesy of Dr. Jonathan Chung, National Jewish Health, Denver, CO).
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Immunohistochemical studies and flow
cytometry performed on the lung tissue can
help distinguish between the polyclonal
populations of lymphocytes seen in LIP
and a monotypic cell population seen in
malignant lymphoproliferative disorders
(49). A thorough evaluation for an
underlying systemic condition, especially
autoimmune and immunodeficiency
states, should be undertaken after a
histopathological diagnosis of LIP is
established (49).

Management. The natural history of
lung function decline in cystic lung disease
due to LIP or FB is poorly understood.
Improvement or disease stabilization
with immunosuppressive regimens
(corticosteroids, either alone or in
combination with steroid-sparing agents)
has been reported in LIP (47, 61). Steroid
regimens for treatment of interstitial changes
due to LIP have been proposed (49).
Successful treatment, sometimes with near-
complete clinical and radiological resolution
of LIP, has been reported with the use of
antiretroviral drugs in cases of LIP secondary
to HIV (61). Unfortunately, the benefits of
treatment for the cystic changes of LIP and
FB are unclear. Johkoh and colleagues
reported 14 patients with LIP followed for
a median of 13 months (range, 4-82 mo)
including 10 with cystic lung disease, 9 of
whom developed new cysts (62) despite
improvement in interstitial abnormalities.

Cystic lung disease in the presence
of SS may be associated with low-grade
malignancies, such as MALT lymphoma (63).
In general, malignant transformation to
lymphoma from LIP is a rare phenomenon
(45). However, clinicians should consider
lung biopsy of consolidated or ground-
glass opacities that may represent
a lymphoproliferative disorder, especially
when there is evidence of increasing lesion
size. We recommend close monitoring with
repeat imaging in patients with SS and cystic
lung disease, but further studies are needed
to determine the optimal interval and
duration of follow up. The prognosis of
patients with interstitial disease due to LIP is
variable, and reported median survival times
range from 5 years (49) to 11.5 years (47),
but there are no survival data available
for patients where cystic change is the
predominant abnormality.

Amyloidosis
Amyloidosis refers to a heterogenous
group of disorders characterized by

extracellular deposition of proteins in an
abnormal fibrillary fashion. It can occur as
a systemic disease or as a localized lesion
affecting one particular organ. Localized
pulmonary amyloidosis typically presents
with multiple pulmonary nodules that may
cavitate. Rarely, pulmonary amyloidosis can
present as diffuse cystic lung disease
(Figure 3A) (64), either alone or in the
presence of coexisting SS (65). Baqir and
colleagues reported eight cases of primary
SS-associated amyloidosis, with six patients
demonstrating multiple, asymmetric bilateral
cysts of varying sizes along with nodules of
varying attenuation (63). Amyloidosis was
associated with MALT lymphoma in 38%
(3/8) of these patients (63). Lantuejoul and
colleagues described a case of pulmonary
nodular amyloidosis with cystic lung disease
in the presence of MALT lymphoma (66).

Although the exact mechanism of
cyst formation is unclear in pulmonary
amyloidosis, narrowing of the airways from
surrounding inflammation or amyloid
protein deposits may lead to development
of a ball valve phenomenon (54, 56).
Alternatively, an ischemic process with
amyloid deposition causing capillary
disruption may lead to alveolar wall
destruction and cyst formation (65).

The diagnosis of cystic lung disease
resulting from amyloidosis requires
a lung biopsy and demonstration of
fibrillar deposits exhibiting apple-green
birefringence when Congo red stained
sections are viewed by polarizing
microscopy (Figures 3B and 3C). Electron
microscopy shows a typical mesh of
nonbranching, 7.5- to 12.0-nm-diameter
fibrils arrayed in a disorderly fashion.
Immunoglobulin light-chain protein

deposition can also be seen by
immunohistochemistry (63).

Light-Chain Deposition Disease
Light-chain deposition disease (LCDD)
was first described by Randall and colleagues
in 1976 (67). It is characterized by the
presence of nonfibrillary, amorphous
material that does not have a 3-pleated
sheet configuration and therefore does not
bind Congo red or exhibit apple-green
birefringence under polarized light as occurs
with amyloidosis-associated protein deposits
(67). The majority of systemic LCDD

cases are associated with lymphoproliferative
disorders and have renal involvement as

a consistent feature (68).

LCDD presenting as an isolated
pulmonary disease with cystic
manifestations was first described by
Colombat and colleagues in 2006 in three
cases of diffuse cystic lung disease initially
believed to represent PLCH or LAM (69).
HRCT findings of LCDD can vary from
multiple small (<2 cm), round cysts in
a diffuse distribution (mimicking LAM)
(Figure 3D) to large cystic spaces associated
with reticulonodular opacities (mimicking
PLCH) (69). Histologically, LCDD is
characterized by monotypic kappa light
chain deposition in the alveolar walls, small
airways, and vessels accompanied by
emphysematous changes and small airway
dilation. Electron microscopy reveals
coarsely granular deposits along the
basement membrane (69). Early
involvement of major airways followed later
by lung parenchymal changes has also been
described in LCDD (70). In cases where
LCDD presents as diffuse thin-walled
moniliform bronchiectasis, endobronchial

Table 1. Fleischner Society Definitions of Cystic Changes Seen on Chest Radiographs

Lesion

Cyst

Cavity

Definition

Thin-walled (<2 mm), spherical parenchymal lucency interfaced
with normal lung.
Gas-filled space within pulmonary consolidation, mass,

or nodule, typically thick walled (>2 mm) and more
irregularly shaped than cysts.

Bulla

Spherical focal lucency, =1 cm in diameter, bounded

by a thin wall (usually <1 mm). It is usually accompanied
by emphysematous changes in the adjacent lung.

Bleb

Cystic air space bounded by a thin wall adjacent to the visceral

pleura, typically <1 cm in size.

Pneumatocele

Approximately round, thin-walled, air-filled space in the lung.

Most frequently caused by infections, trauma, or aspiration
of hydrocarbon fluid and is usually transient.

Definitions from Reference 88.
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biopsies can provide a definitive diagnosis
(71). Colombat and colleagues identified

a dominant B-cell clone isolated to the
lungs in three patients with LCDD,
suggesting that LCDD is a primary
pulmonary lymphoproliferative disorder
that could arguably be classified as a
neoplastic cause of cystic lung disease
together with PLCH and LAM (72). The
mechanisms for cyst formation in LCDD are
incompletely understood, but increased
matrix metalloproteinase (MMP) activity
leading to elastolysis and subsequent cyst
formation has been proposed (73). LCDD is a
progressive disease that often leads to
respiratory failure. Treatment involves
identification and treatment of the underlying

hematological disease (if present) (71), with
lung transplantation reserved for advanced
cases and end-stage disease (69). The safety
and preliminary outcomes of lung
transplantation in a small series of patients
with LCDD has recently been reported (74).

Other Cystic Lung Diseases

Accidental aspiration of petroleum
derivatives during fire-eating demonstrations
can lead to development of a chemical
pneumonitis (75). Fire-eater’s lung can
occasionally present with a predominantly
cystic pattern on chest CT due to multiple
pneumatoceles. The clinical course is usually

benign, with radiographic resolution over
the course of a few weeks to months (75).
Hyper-IgE syndrome (HIS) is a rare
primary immunodeficiency condition
characterized by multiple cutaneous and
sinopulmonary infections associated with
markedly elevated serum IgE levels (76, 77).
Recently, mutations in the signal transducer
and activator of transcription 3 (STAT3)
gene have been discovered in the sporadic
and dominant forms of HIS (78, 79).
Staphylococcal infections are responsible
for the majority of skin and pulmonary
infections in patients with HIS and are a
likely etiology for formation of multiple
pulmonary cysts. Radiographic features of this
syndrome include multiple pneumatoceles,

Table 2. Radiologic and Pathologic Characteristics of Cysts Seen in Selected Diffuse Cystic Lung Diseases

LAM PLCH BHD LIP/FB Amyloid/LCDD
Distribution Diffuse, random Upper & middle lung Basilar/peripheral/ Diffuse, random, Diffuse, random
zones; sparing subpleural and often near vessels
costophrenic angles near vessels
Size 2mmto 2 cm Variable, 2 mm 75% <1 cm Average size 3 mm 4 to 45 mm, majority
to >2 cm to1cm larger than 1 cm
Shape Round, uniform Bizarre, irregular Elliptical, lentiform Round, variable Round, variable
Pathological Yes Yes No Yes Yes
examination
diagnostic
Pathologic Infiltration by S100- and Intraparenchymal LIP: diffuse Amyloid: amorphous
findings HMB-45-positive CD1a-positive and interstitial protein deposits with
LAM cells with Langerhans cells subpleural cysts polyclonal fibrillar ultrastructure
smooth muscle with intracellular abutting lymphocytic and apple-green
phenotype Birbeck granules interlobular infiltrate birefringence by
by electron septae and lacking FB: peribronchiolar Congo red stain
microscopy; stellate abnormal cell polyclonal viewed under
fibrotic scars in late proliferations or follicular polarized light
stages significant lymphoid LCDD: typically
fibroinflammatory hyperplasia with monotypic kappa

Other associated Pleural effusions

findings on
HRCT

Micro and macro
nodules with or
without cavitation,
thick-walled cysts,
cavities and
reticulation

component

Cysts frequently
abut pleura and
proximal vessels

germinal centers

Ground-glass
attenuation, poorly
defined
centrilobular
nodules,
interlobular septal
thickening, cysts
may contain
internal structure

light chain deposition
with finely granular
ultrastructure lacking
apple-green
birefringence by
Congo red stain

and polarized light

Multiple nodules of
varying attenuation
and random
distribution; nodules
abut cyst walls

Definition of abbreviations: BHD = Birt-Hogg-Dubé syndrome; FB = follicular bronchiolitis; HMB-45 = human melanoma black-45; HRCT = high-resolution
computed tomography; LAM = lymphangioleiomyomatosis; LCDD = light-chain deposition disease; LIP = lymphoid interstitial pneumonia; PLCH =

pulmonary Langerhans cell histiocytosis.
Data from References 12, 14, 45, 57, 63, 69, and 91-93.
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Table 3. Demographic Features of Selected Diffuse Cystic Lung Diseases

LAM

Inheritance pattern
or sporadic

Genetic mutation TSC

implicated

Nature of mutation

Autosomal dominant

Somatic in S-LAM and

germline in TSC-LAM

Prevalence of 70
pneumothorax, %

Average age at first 35
pneumothorax

Rate of recurrent 73
pneumothorax, %

Exacerbation by Yes

pregnancy
Smoking related No

Sex Women > men

PLCH BHD
Not heritable Autosomal
dominant
BRAF, MAP2K1 FLCN
Somatic Germline
10-20 24
27 38
63 75
No No
Yes No

Women = men

Women =men

LIP/FB Amyloid/LCDD

Not heritable Not heritable

N/A N/A

N/A N/A
Unknown Unknown
Unknown Unknown
Unknown; Unknown;

likely rare likely rare

No Unknown
No No

Women > men Women = men

Definition of abbreviations: BHD = Birt-Hogg-Dubé syndrome; BRAF = v-Raf murine sarcoma viral oncogene homolog B; FB = follicular bronchiolitis; FLCN =
folliculin; LAM = lymphangioleiomyomatosis; LCDD = light-chain deposition disease; LIP = lymphoid interstitial pneumonia; MAP2K1 = mitogen-activated protein
kinase kinase 1; N/A =not applicable; PLCH = pulmonary Langerhans cell histiocytosis; S-LAM = sporadic LAM; TSC = tuberous sclerosis complex.

Data from References 4, 18, and 94-97.

which can become infected and form
abscesses. The clinical course is variable and
ranges from spontaneous pneumatocele
resolution to development of pneumothoraces
and bronchopleural fistulas (76, 77).

Blunt trauma to the chest can lead
to laceration of alveoli and interstitium leading
to formation of cystic air spaces known as post-
traumatic pseudocysts or pneumatoceles.
Trauma-related cysts tend to be more common
in children and young adults and follow
a benign course, with complete resolution over
a period of a few weeks (80, 81).

Mechanisms of Pulmonary
Cyst Formation

The pathogenesis of pulmonary cyst
formation is not well understood in any of the
cystic lung diseases. Proposed mechanisms
include: (I) check-valve obstruction with
distal overinflation, (2) ischemia, and (3)
remodeling induced by MMPs and other
matrix-degrading enzymes (37). One-way
obstruction of airflow in small airways that
allows air entry but not emptying can result
in balloon-like expansion of distal airspaces.
This mechanism has been implicated in cyst
formation in FB, metastatic neoplasms, and
pneumatoceles due to infectious processes
(82, 83). It has also been proposed as an

etiology for cyst formation in other DCLDs,
including LAM and PLCH, but cysts in these
disorders are known to freely communicate
with the airways and to fluctuate with
respiration, suggesting some degree of
bidirectional flow (84). Infiltration and
obstruction of small vessels and capillaries
supplying the terminal bronchioles can lead
to necrosis and ischemic dilation of small
airways and alveoli, progressing to cyst
formation (65). Chronic destruction of the
bronchiolar wall and subsequent dilation
of the lumen has been proposed as

a mechanism for cystic changes seen in
cases of PLCH (85). Lung remodeling
due to connective tissue degradation and
elastolysis by matrix-degrading enzymes is
believed to drive cyst formation in a number
of DCLDs, and increased activity of MMPs
and other proteases has been described in
LAM, PLCH, and LCDD (73, 86, 87).

Radiological Evaluation of
Pulmonary Cysts

HRCT of the chest is the cornerstone of
diagnosis for the DCLDs. The radiographic
definition of a cyst is a thin-walled

(<2 mm), air-filled, spherical lucency
with a well-defined lung/air interface (88).
Features of cysts that can help identify and

distinguish DCLDs include shape, wall
thickness, distribution within the lung
parenchyma and secondary lobule,
presence of internal structures, association
with adjacent structures, and rate of
development and progression. Cysts are
frequently confused with other air-filled
structures in the lung parenchyma such as
cavities, blebs, bullae, and pneumatoceles.
Cavities generally have walls that are
greater than 2 mm in thickness and are
typically more irregularly shaped than cysts
(89). Table 1 describes the salient features
of cystic air spaces encountered on chest
radiography that can be diagnostically
useful. Septa and vessels can be seen within
cysts due to FB, LIP, and emphysema, but
generally not those due to LAM or PLCH.
An eccentric vessel is often seen on the
margin of cysts due to FB and BHD.
Bronchiectasis can occasionally lead to
confusion with DCLDs, but airway dilation
and distortion can usually be distinguished
from true cystic change by careful
examination of contiguous sections on
a volumetric CT that demonstrate the
tubular rather than spherical dimensions.
Airspace dilation that mimics cystic
change can also occur in pulmonary
emphysema and lead to confusion with true
DCLDs. Typical centrilobular emphysema
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secondary to smoking has an upper lobe
predilection. a;-Antitrypsin deficiency, in
contrast, has a panacinar distribution and
classically (but not commonly) presents with
basilar predominant airspace dilation (90). In
contrast to true cysts, the cyst-like airspaces
due to centrilobular emphysema usually have
indiscernible walls, and the airspace dilation in
panlobular emphysema often presents
radiographically as hyperinflation alone (91).

Pathological Evaluation of
Pulmonary Cysts

Systematic pathologic evaluation is often
required to establish the correct diagnosis
and underlying etiology in the DCLDs.
Familiarity with the spectrum of diseases
in the differential diagnosis is especially
important when the biopsies are small
(such as those obtained by bronchoscopy)

and the diagnostic histopathologic
features are subtle. The craniocaudal,
central/peripheral, and intralobular
localization, and structural characteristics
of the cysts, along with associated
histopathologic findings, such as
inflammation, abnormal cellular
proliferations, nodule formation, protein
deposition, and fibrosis, are useful features
for differentiating between the DCLDs.
Pulmonary cysts detected by radiographic
imaging can represent true cysts, cavities, or
dilated airways, as defined pathologically.
True cysts have an epithelial cell lining and
thus need to be differentiated from cyst-like
spaces with a discontinuous epithelial lining
resulting from parenchymal loss, as can be
seen in emphysema or post-traumatic
pseudocysts. Distribution of the cysts is also
extremely helpful in arriving at the correct
diagnosis. For example, cystic changes in
BHD are frequently intraparenchymal,

basilar in distribution, and abutting
interlobular septae, which differs from the
apical, centrilobular-predominant pattern of
emphysema (12). Abnormal cellular
proliferations accompanying cystic changes
are key diagnostic features in LAM, PLCH,
and other neoplasms. The presence of a
prominent chronic inflammatory infiltrate
and/or fibrosis can lead to suspicion of
chronic hypersensitivity pneumonitis

or a connective tissue disease etiology. The
presence of granulomatous inflammation,
acute inflammation, and/or microorganisms
on histopathological evaluation can belie an
infectious etiology. Finally, disease-specific
features such as abnormal protein deposits in
amyloidosis and LCDD, HMB-45-positive
cells in LAM, CDla-positive cell aggregates
in PLCH, and monoclonal lymphocytic
proliferations in pulmonary lymphomas can
be pivotal for establishing the diagnosis in
the DCLDs. Multidisciplinary integration of

Table 4. Summary of Clinical and Diagnostic Features of Selected Diffuse Cystic Lung Diseases

LAM PLCH BHD LIP/FB Amyloid LCDD
Personal history Pneumothorax, Pneumothorax, Pneumothorax, HIV, autoimmune Sicca symptoms, Lymphoproliferative
angiomyolipomas, smoking skin lesions, diseases, sicca autoimmune disorders
chylous effusions, renal tumors symptoms, diseases
and cortical Raynaud’s
tubers, phenomenon
seizures, skin
lesions if TSC
Family history TSC Not relevant Pneumothoraces, Not relevant Not relevant Not relevant
skin lesions,
renal cancers
Extrapulmonary Renal Diabetes insipidus, Renal tumors, skin SS & other CTDs, HIV, SS & other CTDs, Lymphoproliferative
manifestations & angiomyolipomas, cutaneous & fibrofolliculomas EBV, CVID systemic disorders, renal
other chylous effusions, osteolytic bone amyloidosis failure
associations TSC manifestations lesions
Laboratory Serum VEGF-D Serum & urine studies  Genetic testing for Polyclonal Monoclonal Lymphoproliferative
testing for diabetes insipidus FLCN mutations dysproteinemia dysproteinemia disorders, renal

Diagnostic yield of
bronchoscopy
(BAL, TBBx)

Consider surgical
lung biopsy

Genetic testing

Treatment

>50%

Yes

TSC mutations,
but usually
not clinically
indicated

Sirolimus

30-50%

Yes

BRAF mutation

Smoking cessation,

immunosuppression,
cladribine

No

FLCN gene
mutation

None available

Low yield

Yes

No

Corticosteroids & other
immunosuppressive
agents for LIP

Low yield

Yes

No

None available

failure

Low yield

Yes

No

None available

Definition of abbreviations: BAL = bronchioalveolar lavage; BHD = Birt-Hogg-Dubé syndrome; BRAF = v-Raf murine sarcoma viral oncogene homolog B;
CTD = connective tissue disease; CVID = common variable immune deficiency; EBV = Epstein-Barr virus; FB = follicular bronchiolitis; FLCN = folliculin;
LAM = lymphangioleiomyomatosis; LCDD = light-chain deposition disease; LIP = lymphoid interstitial pneumonia; PLCH = pulmonary Langerhans
cell histiocytosis; SS = Sjogren syndrome; TBBx = transbronchial biopsy; TSC = tuberous sclerosis complex; VEGF-D = vascular endothelial

growth factor-D.

Data from References 18, 19, 45, 63, 69, and 97-104.
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the histopathologic features with the clinical,
radiographic, and serologic findings
facilitates accurate diagnosis and optimal
patient management.

Diagnostic Approach to
DCLDs

As with all diseases, the first step in
establishing the correct diagnosis in the
DCLDs is a detailed history and physical
examination. The development of acute,
rapidly progressive cystic change is
suggestive of an infectious, inflammatory, or
traumatic origin, whereas chronic processes
are more likely to be secondary to
neoplastic, congenital, vascular, or other
slowly progressive disorders. A history of
tobacco exposure or the presence of sicca

symptoms can provide insights into smoking
and connective tissue disease etiologies,
respectively. A detailed family history,
especially history of pneumothoraces, skin
lesions, and renal tumors in children, siblings,
parents, and more distant blood relatives,
is useful information for establishing the
diagnosis of LAM and BHD. As part of
the detailed pulmonary examination,
particular attention must be given to signs of a
connective tissue disease or skin findings
suggestive of BHD or tuberous sclerosis
complex, which is often associated with LAM.
Critical review of the HRCT by an
expert radiologist is essential for accurate
diagnosis of DCLDs. The cyst characteristics
and associated radiographic findings can be
quite suggestive of the underlying disease.
Radiological information can be further
supplemented by serum biomarkers such as

vascular endothelial growth factor-D, SS-A,
SS-B, and «;-antitrypsin. Genetic studies
on peripheral blood can be helpful in
BHD. Lung biopsy with histopathologic
evaluation in conjunction with special
studies may be required to establish

a definitive diagnosis, given the extensive
overlap of clinical and radiographic
features in some cases. Tables 2-4
summarize the demographic, clinical,
radiologic, and histopathologic features of
common DCLDs. A proposed diagnostic
algorithm for DCLDs is shown in Figure 4.

Conclusions

A variety of pathophysiological processes
and diseases can present as diffuse cystic
lung disease. Establishment of a correct

Acute onset, associated

ith tituti |
DCLD on chest CT with constitutiona!
symptoms such as fever,

chills, etc.

[Consider infectious etiologies}

1. Clinical
presentation

[ Chronic/paucity of constitutional symptoms J

v

v v

v v

Round, smooth cysts
with normal lung
parenchyma in a
diffuse distribution

II. HRCT
review

Il. Likely diagnosis LAM

Bizarre/irregular
cysts along with
nodules & cavities
in an upper zone
predominant
distribution

Lentiform/elliptical

cysts abutting pleura &
vessels in a basilar
predominant distribution

(oo  (AoY

Round cysts of
varying size. May
have associated
ground glass
attenuation, septal
thickening & nodules.
Diffuse distribution

Cyst pattern not
consistent with
previous
presentations

LIP/FB,
Amyloid,
LCDD, SS

ILD, trauma,
metastatic neoplasm,
smoking related

V. Confirmatory
features

Scan for AMLs

Screen for TSC
Serum VEGF-D

Tbbx/VATS
biopsy

y
Scan for renal Smoking history
tumors

o DI, skin rash,
Skin biopsy bone lesions
Family history Tbbx/VATS

FLCN genotyping biopsy

BRAF genotyping
or [HC

Sicca symptoms

SS-A, SS-B

Presence of auto-
immune/immune
deficiency states

Myeloma or other
blood dyscrasias

Features of ILDs
such as DIP, HP

Pre-existing
malignancy

Smoking history
Tbbx and

BAL/VATS biopsy
VATS biopsy

V. Other tips to
consider

1. Critical review of HRCT by expert radiologist
2. Consider referral to an expert center if unsure of diagnosis

J

Figure 4. Algorithm to guide approach to the diagnosis of diffuse cystic lung diseases. AML = angiomyolipoma; BAL = bronchioalveolar lavage;

BHD = Birt-Hogg-Dubé syndrome; BRAF = v-Raf murine sarcoma viral oncogene homolog B; CT = computed tomography; DCLD = diffuse cystic lung
disease; DI = diabetes insipidus; DIP = desquamative interstitial pneumonia; FB = follicular bronchiolitis; FLCN = folliculin; HRCT = high-resolution
computed tomography; HP = hypersensitivity pneumonitis; IHC = immunohistochemistry; ILD = interstitial lung disease; LAM = lymphangioleiomyomatosis;
LCDD = light-chain deposition disease; LIP = lymphoid interstitial pneumonia; PLCH = pulmonary Langerhans cell histiocytosis; SS = Sjégren syndrome;
Thbx = transbronchial biopsy; TSC =tuberous sclerosis complex; VATS = video-assisted thoracoscopic surgery; VEGF-D = vascular endothelial growth factor-D.
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diagnosis is of paramount importance, as
the clinical course, treatment, and prognosis
vary widely among the DCLDs. Chest
HRCT remains the single most useful
noninvasive diagnostic test for evaluation of

DCLDs. Confirmatory tests, by either tissue
or genetic analysis, are recommended in most
cases of DCLDs, given the considerable
overlap in radiographic findings. Better
understanding of the pathophysiology of cyst

formation is needed for us to develop
targeted therapies for these etiologies.

Author disclosures are available with the text
of this article at www.atsjournals.org.
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