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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-CME
activity, participants will be able to:

m Describe the various causes of a mosaic
attenuation pattern on thoracic CT.

m Discuss differentiation of airway causes
of mosaic attenuation from vascular
causes.

m Identify ancillary findings of mosaic at-
tenuation on thoracic CT to help narrow
the differential diagnosis.

See www.rsna.orgleducation/search/RG.

Mosaic attenuation is a commonly encountered pattern on com-
puted tomography that is defined as heterogeneous areas of dif-
fering lung attenuation. This heterogeneous pattern of attenuation
is the result of diverse causes that include diseases of the small
airways, pulmonary vasculature, alveoli, and interstitium, alone or
in combination. Small airways disease can be a primary disorder,
such as respiratory bronchiolitis or constrictive bronchiolitis, or be
part of parenchymal lung disease, such as hypersensitivity pneumo-
nitis, or large airways disease, such as bronchiectasis and asthma.
Vascular causes resulting in mosaic attenuation are typically chronic
thromboembolic pulmonary hypertension, which is characterized
by organizing thrombi in the elastic pulmonary arteries, or pulmo-
nary arterial hypertension, a heterogeneous group of diseases af-
fecting the distal pulmonary arterioles. Diffuse ground-glass opacity
can result in a mosaic pattern related to a number of processes in
acute (eg, infection, pulmonary edema), subacute (eg, organizing
pneumonia), or chronic (eg, fibrotic diseases) settings. Imaging
clues that can assist the radiologist in pinpointing a diagnosis in-
clude evidence of large airway involvement, cardiovascular abnor-
malities, septal thickening, signs of fibrosis, and demonstration of
airtrapping at expiratory imaging.

©“RSNA, 2015 - radiographics.rsna.org

Introduction
Mosaic attenuation is an imaging pattern on computed tomography
(CT) of the chest that is defined as variable lung attenuation that
results in a heterogeneous appearance of the parenchyma. It is im-
portant to remember that mosaic attenuation is a finding that implies
a large differential diagnosis and is not a diagnosis in itself. Although
the differential diagnosis is broad, mosaic attenuation most com-
monly occurs in diseases that affect the small airways, pulmonary
vasculature, alveoli, and interstitium, alone or in combination.

Small airways disease can be a primary disorder, such as respiratory
bronchiolitis or constrictive bronchiolitis, or be part of parenchymal
lung disease, such as hypersensitivity pneumonitis, or large airways
disease, such as bronchiectasis and asthma (1). Although the predomi-
nant cause of mosaic attenuation may vary by institution, parenchymal
lung diseases contribute to approximately one-half of cases of mosaic
attenuation, whereas diseases of the small airways are the underlying
cause in approximately one-third of cases (2,3). Diseases of the pul-
monary vasculature contribute to the remaining cases.

The major difficulty with this pattern lies in the fact that it can be
difficult for a radiologist to determine which areas of lung attenua-
tion are normal and which are abnormal. In some instances, the areas
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TEACHING POINTS

B One of the best methods to differentiate between causes of
mosaic attenuation is to perform expiratory imaging.

B The distribution of bronchiectasis can help differentiate be-
tween small airways and parenchymal causes.

B Direct visualization of the small airways is not possible on CT
in normal individuals. Therefore, the presence of centrilobular
nodules on CT in conjunction with mosaic attenuation is a
good clue that injury to the small airways is the cause of the
mosaicism.

B The size and morphology of the central and peripheral pul-
monary arteries are helpful clues to differentiate vascular
causes of mosaic attenuation from small airways disease and
ground-glass opacity. The presence of enlarged pulmonary
arteries should prompt evaluation for pulmonary hyperten-
sion as a cause of mosaic attenuation.

B The presence of diffuse ground-glass opacity with superim-
posed interlobular septal thickening is seen in only a few dis-
ease states and can help narrow the differential diagnosis of
a mosaic pattern. Patient history can further help narrow the
differential diagnosis.

of lower attenuation are abnormal, while in other
instances the areas of higher attenuation are ab-
normal. In certain diseases, areas of both high and
low attenuation are abnormal, making it difficult
to determine if normal lung parenchyma exists.
The purpose of this article is to review the
causes of a mosaic attenuation pattern and high-
light distinguishing features that can help one
determine the underlying pathologic process.

Mosaic Attenuation and
Airtrapping: How Much Is Normal?
Some degree of parenchymal heterogeneity can be

seen in normal individuals. In general, the most
dependent portions of the lung are of slightly
higher attenuation than the less-dependent lung.
However, discontinuity of this gradient can be
seen at the level of the fissures, where the posterior
aspects of the upper lobe often have higher at-
tenuation than the superior segments of the lower
lobes (4). In addition, perfusion gradients exist
axially, with an increased degree of perfusion cen-
trally than peripherally. However, even when these
physiologic gradients are taken into account, mild
mosaic attenuation at inspiration can be seen in up
to 20% of normal patients (5). This degree of het-
erogeneity may be further accentuated at imaging
performed below total lung capacity.

One of the best methods to differentiate be-
tween causes of mosaic attenuation is to perform
expiratory imaging. In patients with small airways
disease, air cannot readily escape in the regions
where the small airways are obstructed. Because
of this, the attenuation of the involved segments
remains relatively unchanged in comparison with
that at inspiratory imaging. With air normally
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conducting through the noninvolved areas, the
difference in attenuation between the normal and
abnormal areas becomes much more pronounced
and airtrapping can be diagnosed (Fig 1). At
expiratory CT in patients without small airways
disease, the lungs should show a relatively diffuse
increase in attenuation and appear grayer (Fig 2).

As with inspiratory imaging, a normal gradient
exists at expiratory imaging, with the dependent
lung having slightly higher attenuation than the
nondependent lung (6). However, beyond this
physiologic gradient, areas of lobular airtrapping
occur in 40%-80% of normal patients on both
qualitative and quantitative CT (Fig 3) (4,5,7-9).
In a study by Park et al (5), mild (total area <
three adjacent lobules) and moderate (area be-
tween three lobules and a pulmonary segment)
airtrapping occurred to a similar degree in nor-
mal individuals with normal pulmonary function
test results and patients with asthma.

In addition, airtrapping involving an entire pul-
monary segment can occasionally be seen in a small
percentage of normal individuals, and the presence
of airtrapping increases with age and is more pro-
nounced in smokers (4,10,11). Therefore, various
degrees of mosaicism and airtrapping may be an
incidental finding and not related to the underlying
symptoms of the patient. In general, mosaic attenu-
ation or airtrapping involving more than a pulmo-
nary segment often has an underlying pathologic
basis for which a cause should be sought.

Etiology

Small Airways Disease
Small airways are defined as noncartilaginous
airways with an internal diameter of less than
2 mm and are located from approximately the
eighth generation of airways down to the terminal
bronchioles (smallest airways without alveoli) and
respiratory bronchioles (airways distal to terminal
bronchioles that partake in gas exchange) (12).
In normal patients, these small airways are not
visible on CT due to their small size (13). How-
ever, in certain instances, these small airways may
become visible due to underlying disease.
Numerous classification systems have been used
to describe small airways diseases based on clini-
cal, imaging, and histologic findings. On a practical
basis, small airways disease can be classified as a
primary bronchiolar disorder, which includes con-
strictive bronchiolitis, cellular bronchiolitis, diffuse
panbronchiolitis, respiratory bronchiolitis, mineral
dust airways disease, and follicular bronchiolitis;
bronchiolar involvement in diffuse interstitial lung
disease, such as hypersensitivity pneumonitis; and
bronchiolar involvement in large airways disease,
such as bronchiectasis or asthma (1) (Table 1).
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a.

Figure 1. Airtrapping due to constrictive bronchiolitis in a 43-year-old woman with rheumatoid arthritis. (a) Axial CT image at the
level of the carina shows mosaic attenuation, with geographic areas of decreased attenuation (x) adjacent to normal lung. Note the
relative decrease in vascularity in the hypoattenuated regions, a finding seen in both small airways disease and vascular causes of
mosaic attenuation. (b) Expiratory CT image at a similar level shows that the areas of hypoattenuated lung in a have not changed in
attenuation due to airtrapping (x). The adjacent areas of higher-attenuation lung represent the expected increase in attenuation at
expiratory imaging. Bowing of the posterior wall of the trachea (arrow) signifies good expiratory effort. The presence of airtrapping
confirms a small airways disease cause of the mosaic attenuation.

a.
Figure 2.

Inspiratory and expiratory CT in a 55-year-old woman with organizing pneumonia. (a) Axial CT image during inspi-
ration shows mosaic attenuation, with slightly increased attenuation most prominent in the left upper lobe (x). (b) Expiratory
CT image at the same level shows a diffuse increase in attenuation in both the areas of relatively increased attenuation and
the areas of relatively decreased attenuation. This finding allows exclusion of airtrapping, and the similar size of the pulmonary
vasculature throughout the lung suggests that the area of increased attenuation is abnormal. Subsequent biopsy of this region

demonstrated organizing pneumonia.

Inflammatory small airways disease can be
categorized by the underlying pathologic process.
Causes of small airways inflammation are many
and include infection (cellular bronchiolitis),
cigarette smoking (respiratory bronchiolitis), in-
halation of organic or inorganic antigens (hyper-
sensitivity pneumonitis or mineral dust airways
disease), and lymphoid hyperplasia (follicular
bronchiolitis) (10,14-17). Although small airway
inflammation can lead to permanent obstruction
of the small airways, it is often a reversible process.

In contrast, the submucosal and peribron-
chiolar fibrosis of constrictive bronchiolitis leads
to irreversible obstruction of the small airways

(Table 2) (18). Inflammation and/or constriction
or obliteration of the small airways is a common
pathologic process and leads to both direct and
indirect signs of the underlying disease state
(Fig 4) (19).

Pulmonary Vascular Disease

Primary pulmonary vascular disease results in
mosaic attenuation due to regional differences

in lung perfusion. Mosaic attenuation is most
commonly seen in association with pulmonary
hypertension, which will lead to enlargement of
the pulmonary trunk and remodeling of the right
heart, including right ventricular enlargement
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Figure 3. Normal variation in lung attenuation at expiration in a 73-year-old woman with a history of ulcerative colitis and worsen-
ing shortness of breath. (a) Inspiratory CT image shows normal lung attenuation. (b) High-resolution CT image during expiration
shows the normal physiologic gradient, with the anterior portion of the lung (x) having lower attenuation than the posterior por-
tion. The dependent portion of the lung demonstrates heterogeneous parenchyma at expiration, although almost all of the lung
has increased in attenuation. In addition, there are a few dependent lobules that remain lucent (arrows). This variation at expiratory

imaging is seen in a large percentage of patients and is considered to be nonpathologic.

Table 1: Classification of Bronchiolar Disorders

Primary bronchiolar disorders
Constrictive bronchiolitis
Acute bronchiolitis
Diffuse panbronchiolitis
Respiratory bronchiolitis
Mineral dust airways disease
Follicular bronchiolitis
Interstitial lung disease with prominent bronchio-
lar involvement
Hypersensitivity pneumonitis
Respiratory bronchiolitis—interstitial lung disease
Desquamative interstitial pneumonia
Organizing pneumonia
Bronchiolar involvement in large airways disease
Chronic bronchitis
Asthma
Bronchiectasis

and hypertrophy (20). Although any cause of
pulmonary hypertension can lead to mosaic at-
tenuation, chronic thromboembolic pulmonary
hypertension (CTEPH) and primary pulmonary
arterial hypertension (PAH) (previously referred
to as primary pulmonary hypertension), are the
most common vascular causes of this finding (3).
However, mosaicism can also be seen in pa-
tients with pulmonary hypertension due to long-
standing cardiac shunts (21). Pulmonary hyper-
tension due to left heart disease or lung disease
and/or hypoxia are less likely causes of a mosaic
pattern (21). These can usually be identified at
imaging by the presence of ancillary findings (eg,

dilated left heart; septal thickening; presence of
severe emphysema or fibrosis).

Pulmonary veno-occlusive disease (PVOD) and
pulmonary capillary hemangiomatosis (PCH) can
also lead to mosaic attenuation but are rare and are
associated with additional parenchymal findings
(discussed later). Vasculitis can also lead to mosaic
attenuation, but this is often due to increased
ground-glass opacity from areas of pulmonary hem-
orrhage and is also discussed separately (22).

Ground-Glass Opacity

At CT, ground-glass opacity occurs when there

is increased lung attenuation through which the
underlying airway and vessels remain visible (23).
Diffuse ground-glass opacity is a nonspecific find-
ing with numerous causes (Table 3). In many
cases, it may be easy to distinguish the abnormally
high-attenuation lung from normal surrounding
lung parenchyma, but in other cases differentiation
of normal lower-attenuation parenchyma from
increased ground-glass opacity can be difficult.
However, there are certain findings (discussed
later) that can help differentiate between the dif-
ferent causes and narrow the differential diagnosis.

Pathophysiology

Small Airways Disease

Mosaic attenuation can be an indirect sign of
small airways disease on inspiratory CT. Although
mosaic attenuation is a nonspecific finding, small
airway causes of mosaicism are more common
than vascular causes (24). In patients with small
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airways disease, mosaic attenuation is due to the
presence of normally attenuated lung in direct ap-
position to abnormal hyperlucent lung.

Although bronchiolar obstruction is pres-
ent, the lung distal to the obstruction remains
aerated through interalveolar (pores of Kohn),
bronchiolar-alveolar (canals of Lambert), and
interbronchiolar (channels of Martin) communi-
cations (25). Despite aeration though collateral
airflow, obstruction of the small airways reduces
the ability of the involved lung to perform
adequate gas exchange, and blood is shunted
away from the areas of obstruction (3). This
shunting of blood leads to decreased perfusion
in the areas with small airways disease and also
contributes to the more lucent appearance. The
shunting of blood away from these areas leads to
decreased size of the vasculature in the hyperlu-
cent lung, a finding also seen in many vascular
causes of mosaic attenuation.

Depending on the type and degree of injury,
the mosaicism can be focal or diffuse and the
extent of abnormality can vary dramatically. In
some cases, the degree of small airway injury is so
diffuse that it can be difficult to locate normal pa-
renchyma (Fig 5). Although small airways disease
is the most common cause of mosaic attenuation
where the hyperlucent lung is abnormal, disease
of the pulmonary vasculature can lead to a simi-
lar appearance.

Pulmonary Vascular Disease

In PAH, the primary abnormality is in the distal
pulmonary arterioles, whereas in CTEPH organiz-
ing thrombi are present in the elastic pulmonary
arteries and may cause partial or complete vascular
occlusion (26). In these cases, the heterogeneity in
parenchymal attenuation reflects decreased blood
flow to areas of reduced attenuation (11). On the
basis of the presence of mosaic attenuation alone, it
can be difficult to differentiate small airways disease
from small vessel disease, as both lead to reduced
caliber of the vessels in the areas of decreased at-
tenuation (3). Other clues on CT (discussed later)
can help one make the correct diagnosis.

Ground-Glass Opacity

Ground-glass opacity is a common finding that
occurs when there is increased attenuation that
does not obscure the underlying structures of
the lung, as seen with consolidation (27). Patho-
logically, the causes of ground-glass opacity at
imaging are numerous and include thickening of
the alveolar wall due to inflammation or fibrosis;
alveolar collapse; increased capillary blood vol-
ume; the presence of fluid, cells, or amorphous
material partially filling the alveolar spaces; or a
combination of these (23,27-29).

radiographics.rsna.org

Table 2: Causes of Constrictive Bronchiolitis

Postinfectious
Viral
Mycoplasma
Collage vascular disease
Rheumatoid arthritis
Systemic lupus erythematosus
Systemic sclerosis
Mixed connective tissue disease
Transplantation
Graft-versus-host disease
Allograft transplantation
Drugs
D-penicillamine
Gold
Cocaine
Carmustine
Cryptogenic

Toxic fume exposure
Nitrogen dioxide
Sulfur dioxide
Ammonia
Chlorine
Phosgene
Diacetyl (popcorn workers)
Miscellaneous
Ulcerative colitis
DIPNECH
Stevens-Johnson syndrome
Paraneoplastic pemphigus

Note.—DIPNECH = diffuse idiopathic pulmo-
nary neuroendocrine cell hyperplasia.

Table 3: Causes of Mosaic Attenuation Due to
Diffuse Ground-Glass Opacity

Acute causes
Pulmonary edema
Pulmonary hemorrhage
Infections
Pneumocystis pneumonia
Cytomegalovirus pneumonia
Herpes simplex pneumonia
Diffuse alveolar damage, exudative phase
Acute respiratory distress syndrome
Acute interstitial pneumonia
Acute eosinophilic pneumonia
Subacute to chronic causes
Organizing pneumonia
Hypersensitivity pneumonitis
Infections
Pneumocystis pneumonia
Diffuse alveolar damage, organizing and fibrotic
phases
Nonspecific interstitial pneumonia
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Figure 4. Selected pathologic features of small airway obstruction
that can lead to mosaic attenuation on CT. (a) Photomicrograph from
a patient with constrictive bronchiolitis shows obliteration of a small
airway due to fibrous tissue (arrows). The adjacent pulmonary artery is
normal (x). (Original magnification, x100; hematoxylin-eosin [H-E] stain.)
(b) Photomicrograph from a patient with severe asthma shows a mem-
branous bronchiole with hypertrophy of the smooth muscle layer (x) and
a few scattered eosinophils (arrows). L = lumen. (Original magnification,
x120; H-E stain.) (c) Photomicrograph from a patient with hypersensitiv-
ity pneumonitis shows airway-centered chronic interstitial inflammation
with narrowing of the airway lumen (arrows) due to submucosal expan-
sion by the chronic inflammatory infiltrates (). (Original magnification,

x100; H-E stain.)

However, differentiation between interstitial
and alveolar causes of ground-glass opacity on
imaging is difficult as the imaging appearances
overlap. For instance, disease states that initially
involve the airspaces, such as pulmonary hem-
orrhage, often cause development of imaging
signs of interstitial abnormalities, such as septal

thickening, from the repair and clearance process.

Similarly, many causes including infections such
as Prneumocystis jirovecii pneumonia, diffuse alveo-
lar damage, and organizing pneumonia lead to
both interstitial and alveolar abnormalities (30).

Methods of Differentiation

Assess Morphology of

Peripheral Pulmonary Vasculature

One of the first steps in determining the cause of
mosaic attenuation is to determine which portion

of the parenchyma is abnormal. Although in some
cases this may be clear, in many cases it can be
difficult to separate normal from abnormal paren-
chyma. One important clue to determining the
correct path is to evaluate the size of the peripheral
pulmonary arteries in the more lucent lung. With
vascular causes, the peripheral pulmonary vascu-
lature is attenuated in areas of decreased attenu-
ation, corresponding to vascular territories where
segmental or subsegmental arteries are narrowed
or occluded (Fig 6a) (31,32). This finding is classi-
cally described in but not limited to CTEPH.
However, this finding can also be seen in cases of
small airways disease, where small airway obstruc-
tion or fibrosis leads to hypoxic vasoconstriction in
the affected lung, shunting blood away from areas
of reduced gas exchange (Fig 6b). This results
in subsequent hyperperfusion of adjacent normal
lung, leading to relative increased attenuation and
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Figure 5. Constrictive bronchiolitis in a 22-year-old
woman with a history of lung transplantation for cystic
fibrosis. Axial CT image of the lungs shows a near homo-
geneous appearance. However, on closer inspection, a
few areas of slightly higher-attenuation lung are present
(*), which represent more normal lung. The large airways
(white arrows), although not thickened, do not taper nor-
mally and there is no evidence of peripheral fibrosis, sug-
gesting an airways cause. The presence of clamshell median
sternotomy wires (black arrow) is a clue to prior lung trans-
plantation and helps support the diagnosis of constrictive
bronchiolitis even in the absence of a good clinical history.

areas of ground-glass opacity. Although this find-
ing can be seen in both small airways (Fig 7) and
vascular causes, it is often more pronounced in
cases of pulmonary hypertension, where the hyper-
perfused segmental and subsegmental vasculature
is often engorged and significantly larger than the
adjacent bronchus (Fig 6a).

In cases of ground-glass opacity related to
parenchymal lung disease, the size and number
of the segmental and subsegmental pulmonary
arteries is uniform throughout, which can help
differentiate between ground-glass opacity and
other causes of mosaic attenuation (Figs 2, 6¢).
Therefore, attenuation of the peripheral pulmo-
nary vasculature in the lucent lung is an excellent
clue that the underlying cause is related to either
small airways or vascular disease. However, in
some early or mild cases of small airways or vas-
cular disease, this finding may be imperceptible.

Look at the Large Airways
Although small airways disease involves bronchi-
oles below the normal resolution of CT, more
proximal abnormalities of the visible bronchi can
be a good indicator that the underlying mosaic
attenuation is related to small airways disease.
These abnormalities range from thickening due
to inflammation of the large airways (bronchitis)
to distortion and permanent dilatation (bronchi-
ectasis). In a study by Worthy et al (3), the pres-
ence of abnormalities of the large airways was the
best predictor that the underlying cause of the
mosaic attenuation was due to a disease process
of the small airways, even better than airtrapping.
In patients with large airways disease, inflam-
mation leads to wall thickening and increased mu-
cus production. Infection, most notably viral in-
fections, is the most common mediator; however,
acute airway inflammation can also be seen with
inhalational injury secondary to various toxins.
Chronic large airways disease is commonly seen in
asthmatics or smokers. All of these conditions can

radiographics.rsna.org
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lead to injury not only of the large airways but of
the small airways as well (Fig 4b). Therefore, CT
findings of bronchial wall thickening associated
with mild distortion of the airways and associ-
ated endobronchial mucus plugging suggest that
mosaic attenuation, when present, is secondary to
downstream injury to the small airways (Fig 6b,
7a). In addition, bronchial wall thickening can be
the result of fluid overload that results in bronchial
wall edema or fluid within the connective tissue
surrounding the bronchi. Mucus plugging and air-
way distortion should be absent (Fig 8) (33).

Bronchiectasis, which represents permanent
dilatation of the bronchi, can be associated with
mosaic attenuation. In many instances, dilatation
and damage to the larger airways suggests that
the mosaic attenuation is secondary to disease of
the small airways, since these diseases can dam-
age both. This includes congenital causes that lead
to repeat infection, such as ciliary dyskinesia and
cystic fibrosis (Fig 7a), and causes of constrictive
bronchiolitis such as prior viral infection (Swyer-
James syndrome), toxic inhalational injury, and al-
logeneic transplantation of the lungs (Fig 5), solid
organs, bone marrow, or stem cells (Fig 9).

However, the presence of bronchiectasis alone
does not confirm a small airways cause. The dis-
tribution of bronchiectasis can help differentiate
between small airways and parenchymal causes.
In cases of small airways disease, most notably
constrictive bronchiolitis, the abnormal bronchi
will supply areas of hypoattenuated lung, while
more normal-appearing bronchi will be located
in areas of more normal parenchymal attenuation
(Figs 5, 6b, 7a, 9).

This distribution is in stark contrast to the bron-
chial dilatation seen in certain parenchymal causes
of mosaicism such as organizing pneumonia (Fig
7b), the organizing phase of diffuse alveolar dam-
age, and nonspecific interstitial pneumonia. In
these diseases, increased parenchymal attenuation
is secondary to interstitial inflammation, interstitial
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b. c.

Figure 6. Airway and peripheral pulmonary artery assessment in three patients with mosaic attenuation. (a) Mosaic
attenuation due to chronic thromboembolic disease in a 48-year-old man. Coronal CT image shows large segmental
and subsegmental areas of hypoattenuation due to vascular occlusion adjacent to areas of increased attenuation rep-
resenting regional hyperperfusion. Note the relative paucity and reduced size of the pulmonary artery segments and
subsegments in the areas of decreased attenuation (white arrows) compared with areas of higher attenuation (black
arrows). Although this finding can be seen in cases of small airways disease, the right lower lobe segmental pulmonary
artery (white arrowhead) is much larger than the associated segmental bronchus (black arrowhead) and the left pulmo-
nary artery is enlarged (), findings that suggest pulmonary hypertension. (b) Mosaic attenuation in a 54-year-old man
with chronic cough and poorly controlled asthma. Coronal CT image shows multiple well-defined areas of decreased
attenuation throughout both lungs (). The vasculature in the more lucent lung is attenuated compared with that in
the higher-attenuation lung, suggestive of a pathologic process involving that small airway or pulmonary vasculature.
Close evaluation shows that the large airways supplying these hyperlucent areas demonstrate endobronchial mucus
plugging (arrows), which suggests a more downstream small airways process. (c) Mosaic attenuation in a 41-year-old
man with diffuse alveolar hemorrhage. Coronal CT image shows mosaic attenuation, with diffuse ground-glass opacity
interspersed with areas of normal lung attenuation. There is no vascular attenuation and the airways are normal, both
of which suggest a parenchymal cause of mosaic attenuation. Associated septal thickening (arrows) narrows the dif-
ferential diagnosis to include hemorrhage, edema, Pneumocystis pneumonia, and diffuse alveolar damage.

fibrosis, and/or alveolar collapse. Therefore, the improve or resolve with resolution of the injury.

dilated airways tend to be most prominent in the
areas of increased attenuation and this finding can
help in differentiation from small airways causes.
Other findings associated with fibrosis, such as re-
ticulation, may be present. The large airway dilata-
tion seen in certain parenchymal diseases such as
organizing pneumonia and the organizing phase of
diffuse alveolar damage may be transient and can

Bronchiectasis is not a common finding in patients
with pulmonary hypertension and other vascular
causes of mosaic attenuation.

Look for Direct Signs

of Small Airway Injury

Direct visualization of the small airways is not
possible on CT in normal individuals. Therefore,
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Figure 7. Distribution of abnormal airways in two patients with mosaic attenuation. (a) Mosaic attenuation in a 22-year-
old woman with cystic fibrosis. Axial CT image shows thick-walled bronchiectatic airways, some with associated mucus
plugging (arrows). The bronchiectatic airways extend into the more lucent lung due to coexistent small airways disease.
The airways in the adjacent lung (), which has higher attenuation than normal due to hyperperfusion, appear relatively
normal, suggesting that the small airways in these areas are less damaged. The segmental arteries are not larger than the
adjacent bronchi and the pulmonary arteries are not engorged in the areas of hyperperfusion, as would be expected in cases
of pulmonary hypertension (Fig 6a). (b) Mosaic attenuation in a 42-year-old woman with organizing pneumonia. Axial CT
image of the lungs shows diffuse ground-glass opacity, creating mosaic attenuation. Note that the mildly dilated airways
(arrows) extend into the higher-attenuation lung, while the airways in the normal lower-attenuation lung are normal in
caliber. The distribution of the abnormal airways is the opposite of what is seen in many small airways diseases and can help
differentiate between the causes.

Figure 8. Pulmonary edema in a 66-year-old woman who
presented to the emergency department with acute short-
ness of breath. Coronal reformatted image from CT pulmo-
nary angiography shows diffuse ground-glass opacity, with
lobular areas of variable attenuation creating a mosaic pat-
tern. Peribronchial cuffing (white arrow) due to edema can
be easily confused with bronchial inflammation. However,
although the bronchi are thickened, they are not distorted,
there are no areas of endobronchial mucus plugging, and
the thickening is most pronounced in the higher-attenua-
tion areas of the lung, which all argue against a small air-
ways cause. In addition, the pulmonary vasculature is not
attenuated in the more lucent lung, which suggests a pa-
renchymal cause, and the presence of ground-glass opacity,
septal thickening (black arrows), and pleural effusions (not
shown) makes pulmonary edema the most likely diagnosis.

the presence of centrilobular nodules on CT in
conjunction with mosaic attenuation is a good clue

radiographics.rsna.org

that injury to the small airways is the cause of the
mosaicism. In most instances, centrilobular or tree-
in-bud nodules are a focal finding and commonly
due to an infectious bronchiolitis. However, in cer-
tain diseases, hazy ill-defined centrilobular nodu-
larity can itself create mosaic attenuation, especially
when it is superimposed on diffuse ground-glass
opacity. This is the case in hypersensitivity pneu-
monitis and in the spectrum of smoking-related
lung diseases ranging from respiratory bronchiolitis
to desquamative interstitial pneumonia.

In hypersensitivity pneumonitis, inflammation of
the respiratory bronchioles occurs most commonly
due to inhalation of an organic antigen, which
creates both a type III and type IV hypersensitiv-

ity reaction (34,35). In the early stages of disease,
airway-centered interstitial inflammation around
the respiratory bronchioles (Fig 4c) leads to cen-
trilobular nodules on imaging, whereas areas of
organizing pneumonia can lead to varying degrees
of ground-glass opacity on CT (36). Since the in-
terstitial inflammation is airway centered, areas of
hypoattenuated lung can be seen interspersed with
the areas of ground-glass opacity and centrilobular
nodularity, creating a pattern of diffuse lung dis-
ease where it can be difficult to localize any normal
lung attenuation (Fig 10) (37). However, despite
the often extensive degree of abnormality, the
presence of upper lobe predominant centrilobular
nodules, ground-glass opacity, and areas of hypoat-
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Figure 9. Constrictive bronchiolitis in a 72-year-old woman with graft-versus-host disease. (a) Axial CT image shows a mo-
saic attenuation pattern, with predominantly hyperlucent lung with a few areas of normal lung attenuation (x). The bronchi
are mildly bronchiectatic and are thickened (arrows). (b) Gross image of the lungs on autopsy shows that even after death
and removal of the chest wall, the lungs remain inflated due to the severity of the constrictive bronchiolitis. Normally, the
entire lung deflates after death. In this case, only a few secondary lobules deflate (arrows).

a. b.

-

Figure 10. Mosaic attenuation with ground-glass opacity and upper lobe predominant centrilobular nodules in
two patients. (a) Coronal CT image in a 34-year-old man who has multiple parrots as pets shows relatively diffuse
but upper lung predominant ground-glass opacity and centrilobular nodules (arrows) with areas of relative lobular
hypoattenuation at the bases (x). Without expiration imaging, it is difficult to assess whether the areas of relative
hypoattenuation are due to spared lung versus airtrapping. Open lung biopsy confirmed the diagnosis of hypersen-
sitivity pneumonitis. (b) Coronal CT image in a 29-year-old man with worsening cough who smokes 1.5 packs of
cigarettes a day shows hazy ground-glass opacity with upper lobe predominant centrilobular nodules (arrows) and
some areas of relative hypoattenuation at the bases (x). Bronchoscopy confirmed the diagnosis of respiratory bron-
chiolitis. The appearance of respiratory bronchiolitis and nonfibrotic hypersensitivity pneumonitis can overlap, as
both diseases initially lead to inflammation of the respiratory bronchioles. If emphysema is absent, a detailed clinical

history is often needed to differentiate between the two diseases.

tenuation should suggest hypersensitivity pneumo-
nitis as a possible cause. Early recognition of hyper-
sensitivity pneumonitis improves the likelihood of
proper treatment and disease regression, while con-
tinued exposure can lead to fibrotic disease (Fig
11), which is discussed in more detail later.
Respiratory bronchiolitis, respiratory bronchi-
olitis—interstitial lung disease, and desquamative
interstitial pneumonia represent a spectrum of
disease secondary to cigarette smoking in nearly

all cases. In respiratory bronchiolitis, which

can be an incidental finding in smokers at both
imaging and histologic analysis, accumulations
of macrophages with finely granular brown cy-
toplasmic pigment are present in the lumina of
distal bronchioles, alveolar ducts, and adjacent
alveoli. This is often associated with mild airway
and interstitial inflammation, leading to ill-
defined centrilobular nodules and mild ground-
glass opacity (Fig 10). When a patient with
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Figure 11. Fibrotic hypersensitivity pneumonitis in a 61-year-old woman. (a) Axial CT image on inspiration shows mosaic attenua-
tion with multiple varying areas of lung attenuation. Peripheral reticulation (arrowhead), due to fibrosis, was most severe in the mid
and upper lung zones. A few centrilobular nodules can still be seen (arrows). (b) Axial CT image during expiration shows an increase
in lung attenuation in most areas. A few areas of lung show no change in attenuation between the inspiration and expiration images,
consistent with focal areas of airtrapping (x). The presence of mid and upper lung fibrosis with centrilobular nodules (arrows), reticula-
tion (arrowhead), and areas of airtrapping place fibrotic hypersensitivity pneumonitis high in the differential diagnosis.

respiratory bronchiolitis becomes symptomatic
and develops restrictive pulmonary function test
abnormalities, a clinical diagnosis of respiratory
bronchiolitis—interstitial lung disease is often
made (38). Pathologically, the two are indistin-
guishable (39). Given that the bronchiolocen-
tric site of disease is similar in both respiratory
bronchiolitis and hypersensitivity pneumonitis,
it is not surprising that the imaging features

of the two can overlap, especially in the earlier
stages of disease (40). Both often demonstrate
upper lobe predominant centrilobular nodules
and mosaic attenuation (37,38,41). One of the
best methods of differentiating between the two
relies on the presence of emphysema or a docu-
mented smoking history, as smoking can be pro-
tective against developing hypersensitivity pneu-
monitis due to immune modulation (40,42,43).

Figure 12. Desquamative interstitial pneumonia
in a 50-year-old man who smokes two to three
packs of cigarettes per day. Axial CT image of the
upper lobes shows an atypical pattern of diffuse
lung disease, with ground-glass opacity with a few
areas of lobular sparing. In addition, ill-defined cen-
trilobular nodules (arrow) due to coexistent respira-
tory bronchiolitis are present. This along with the
history can help one make the diagnosis.

In desquamative interstitial pneumonia, air-
space accumulations of macrophages with finely
granular brown cytoplasmic pigment diffusely
involve the alveoli of secondary lobules (38). This
creates confluent areas of ground-glass opacity,
which tend to be mid and lower lung zone pre-
dominant (44). Cystic change, which does not rep-
resent honeycombing, is often present and is most
pronounced in areas of increased ground-glass
opacity (45). In severe cases, fibrosis can lead to
findings of reticulation and bronchiectasis. Due to
the presence of coexistent respiratory bronchiolitis,
the presence of upper lobe centrilobular nodules, if
present, can help one make the diagnosis (Fig 12).

Assess the Pulmonary Vasculature

The size and morphology of the central and pe-
ripheral pulmonary arteries are helpful clues to
differentiate vascular causes of mosaic attenua-
tion from small airways disease and ground-glass
opacity. The presence of enlarged pulmonary
arteries should prompt evaluation for pulmonary
hypertension as a cause of mosaic attenuation.
Pulmonary arterial findings suggestive of pul-
monary hypertension include central pulmonary
artery enlargement, pulmonary artery—to-aorta
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Figure 13. PAH in a 24-year-old woman with a mean pulmonary artery pressure of 64 mm Hg. (a) Axial image from CT pulmonary
angiography (lung window) shows mosaic attenuation with more nodular areas of ground-glass opacity centered around the pulmo-
nary arteries. This appearance is different than the more segmental areas of hyperattenuation and hypoattenuation seen in chronic
thromboembolic disease. (b) Expiration CT image shows increased attenuation throughout the lung, excluding airtrapping and a
small airways cause. (c) CT image shows transverse measurement of the main pulmonary artery, which is only 26 mm. However, the
main pulmonary artery is larger than the aorta, which is abnormal. (d) Four-chamber CT image shows mild flattening of the interven-
tricular septum (arrow) suggestive of increased right heart pressures, as the image was obtained during systole (atrioventricular valves
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are closed). There are also prominent trabeculae in the right ventricle (x), suggestive of right ventricular hypertrophy.
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ratio greater than 1, and increased segmental
artery-to-bronchus ratio.

Although the Framingham Heart Study set a
normal cutoff value for pulmonary artery size at
29 mm for men and 27 mm for women (mea-
sured as the transverse diameter of the main
pulmonary artery on an axial image at the level
of the bifurcation of the right pulmonary artery),
this isolated value is not specific for pulmonary
hypertension, as multiple other factors can af-
fect pulmonary artery size, including body mass
index, systemic hypertension, diabetes, age, and
underlying cardiovascular disease (46,47). A
more accurate measurement is to compare the ra-
tio of the diameter of the main pulmonary artery
to that of the ascending aorta (transverse diame-
ter measured on the same axial image as used for
the main pulmonary artery measurement), where
a ratio greater than 1 is suggestive of pulmonary
hypertension (Fig 13) (48,49). In addition to the
size of the main pulmonary artery, one should
also assess the segmental artery-to-bronchus
ratio. If this ratio is greater than 1 in three or

more lobes, this finding is also highly specific for
pulmonary hypertension (46).

In addition to assessing size of the pulmonary
arteries, one should assess the morphology of the
pulmonary vasculature. For instance, abruptly
tapering or corkscrew vessels are associated with
pulmonary hypertension, as are dilated bronchial
or other systemic collaterals (50). In cases of
CTEPH, which are important to recognize since
invasive treatments are possible (51), close in-
spection of the pulmonary vasculature scans can
demonstrate adherent thrombus (Fig 14), abrupt
occlusion of pulmonary arteries, luminal irregu-
larities with eccentric wall thickening, abrupt
caliber change (often due to recanalization), and
webs or bands (21,52,53).

Differentiating between PAH (also known as
primary pulmonary hypertension) and CTEPH is
not always easy. Classically, patients with mosaic at-
tenuation due to CTEPH often demonstrate a well-
demarcated segmental or subsegmental distribution
of mosaicism due to the vascular distribution of
thrombi, whereas the mosaic pattern in PAH often
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Figure 14. Mosaic attenuation in a 56-year-old man with chronic thromboembolic disease. (a) Sagittal
CT image shows the difference in segmental pulmonary arterial size in areas of hypoattenuated lung due
to vascular occlusion (white outline) versus in areas of hyperattenuated lung due to increased perfusion
(black outline). The large airways are normal and the main pulmonary artery is enlarged (). (b) Sagittal
CT image (soft-tissue window) shows marked enlargement of the main pulmonary artery () compared
with the aorta (Ao). Chronic thrombus is present in the left pulmonary artery (arrow).

manifests as focal perivascular hyperattenuation or
small scattered areas of low attenuation confined to
the secondary pulmonary lobule (20). The perivas-
cular areas of hyperattenuation may mimic discrete
centrilobular ground-glass nodules that are of un-
certain cause but thought to represent cholesterol
granulomas, large plexogenic arterial lesions, or
small systemic collateral arteries (Fig 13) (54). In
addition, dilated peripheral arteries can have a cork-
screw morphology (20). While adherent thrombus
is a good clue to the presence of CTEPH, in situ
thrombus and/or atherosclerosis may result from
severe long-standing PAH and can sometimes be
confused for CTEPH, so assessment of the pattern
of mosaic attenuation is important for differentia-
tion of these entities (20,55,56).

Look at the Heart

In the evaluation of pulmonary hypertension,
CT provides not only an assessment of the lung
parenchyma but also of the heart and pulmonary
vasculature. Chronically elevated pulmonary
pressures cause remodeling of the right heart,
with right ventricular hypertrophy (free wall
thickness > 4 mm), right ventricular dilatation
(>1:1 ratio between right ventricular and left
ventricular diameter on axial images), and spheri-
cal shape of the right ventricular chamber with
straightening or leftward deviation of the inter-
ventricular septum (Figs 13, 15) (56). Right ven-
tricular failure may manifest as dilatation of the
inferior vena cava with reflux of contrast material
into the hepatic veins (57). The presence of a
dilated right heart (with or without hypertrophy)
should always prompt a careful search for an un-

diagnosed cardiac shunt as the cause of pulmo-
nary hypertension (Fig 15).

Whereas right ventricular hypertrophy in the
setting of mosaic attenuation is associated with
pulmonary hypertension, abnormalities of the left
heart can point to other causes. In patients with
left ventricular and/or left atrial dilatation, pul-
monary edema may be the cause of the mosaic
appearance, especially if interlobular septal thick-
ening is present.

Assess for Inter-
lobular Septal Thickening
Smooth interlobular septal thickening occurs
when the lymphatics or veins in the secondary
pulmonary lobule become dilated and the sep-
tum itself becomes edematous. The presence of
diffuse ground-glass opacity with superimposed
interlobular septal thickening is seen in only a few
disease states and can help narrow the differential
diagnosis of a mosaic pattern. Patient history can
further help narrow the differential diagnosis.
Pulmonary edema occurs when there is dis-
ruption of the physiologic equilibrium between
fluid transudation or exudation and lymphatic
absorption (58). Causes of edema can be further
divided into hydrostatic and nonhydrostatic. In
hydrostatic pulmonary edema, hydrostatic pres-
sure is raised due to left ventricular failure or
fluid overload. Nonhydrostatic edema is caused
by damage to the alveolar and vascular endo-
thelium that results in fluid permeability (59).
Ground-glass opacity occurs as fluid begins
to fill the alveolar spaces (58). In addition to
ground-glass opacities and interlobular septal
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Figure 15. CT pulmonary angiography performed to assess for chronic thromboembolic disease in a
75-year-old woman with newly diagnosed pulmonary hypertension. (a) Axial CT image of the upper
lobes shows prominent mosaic attenuation. A subsegmental right upper lobe artery is much larger than
the associated subsegmental bronchus (circle). The airways are normal. A left superior vena cava (SVC) is
present (arrow). (b) Four-chamber CT image shows enlargement of the right atrium and right ventricle,
flattening of the interventricular septum (white arrow), and thickening of the anterior wall of the right
ventricle (white ). A previously undiagnosed sinus venosus atrial septal defect is present (black arrow).
The left SVC (black =) is dilated. () Sagittal CT image shows the right upper lobe pulmonary vein (white
arrow) draining into the right SVC, consistent with partial anomalous pulmonary venous return. This is
a common finding associated with a sinus venosus atrial septal defect (black arrow), which allows direct
communication between the right atrium (RA) and partially visualized left atrium (LA). The right atrium
is dilated and there is reflux of contrast material into the dilated inferior vena cava (/1VC) due to elevated
right heart pressures. It is important to assess the heart in the presence of mosaic attenuation, as it can
provide clues to the underlying cause.

thickening, other CT findings of hydrostatic
pulmonary edema that can help differentiate it
from other causes include peribronchial thicken-
ing and pleural effusions (Fig 8). An enlarged
heart size is another clue to increased fluid sta-
tus in hydrostatic pulmonary edema. A gravita-
tional anteroposterior gradient is often observed
in a recumbent patient.

P jirovecii pneumonia should be suspected in
patients with acquired immunodeficiency syn-
drome (AIDS) with a CD4+ level of less than
200 cells per cubic millimeter or in other immu-

nosuppressed patients who present with diffuse
but perihilar or upper lobe predominant ground-
glass opacities and septal thickening at CT (Fig
16) (60). Sparing of the lung periphery is a com-
mon finding, thought to be due to the bucket-
handle motion of the rib cage during respiration,
which enhances lymphatic drainage.

In the acute stages of diffuse alveolar hemor-
rhage, red blood cells can fill or partially fill the
alveoli, leading to areas of consolidation and
ground-glass opacity, respectively (61). Although
the hemorrhage can be focal or widespread, the
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accumulation of hemosiderin-laden macrophages
in alveoli may give a nodular appearance to the
ground-glass opacity at CT (62,63). As the hem-
orrhage starts to clear, interlobular septal thicken-
ing begins to occur and is seen in up to two-thirds
of patients with diffuse alveolar hemorrhage (Fig
6¢) (64). Interlobular septal thickening also tends
to be more prominent in patients with recurrent
hemorrhage (61). If the bleeding stops, the hem-
orrhage can clear in a matter of days. Numerous
causes of diffuse alveolar hemorrhage exist, includ-
ing vasculitis (granulomatosis with polyangiitis,
Churg-Strauss syndrome), autoimmune disease
(eg, antiphospholipid syndrome, Goodpasture
syndrome), hypercoagulable states, infection, re-
nal failure, and drugs (eg, cocaine, amiodarone)
(65,66). Therefore, patient history can be helpful
in making the diagnosis. Hemoptysis is present in
only about one-third of patients, as the lung can
absorb a large amount of blood before the exten-
sion of hemorrhage into the larger airways (67).

Interlobular septal thickening with a mosaic
pattern can also occur in both diffuse alveolar
damage and organizing pneumonia, as focal areas
of spared normal-attenuation secondary lobules
are adjacent to involved lung (Fig 17) (30).These
areas of normal lung interspersed in areas of ex-
tensive parenchymal abnormality occur due to
the zonal nature of the injury to the alveolar epi-
thelium, which is mirrored at pathologic analysis
(68). Perilobular opacities, which are often sub-
pleural, are a common finding in organizing
pneumonia and are often seen in up to 57% of
patients (69,70). They appear as poorly defined
curvilinear or polygonal opacities that border the
secondary pulmonary lobule and may represent a
combination of dilated septal lymphatics and sep-
tal fibrosis.

Unusual causes of septal thickening include
PVOD and PCH, which also result in pulmo-
nary hypertension from fibrous obliteration of the
postcapillary venules and proliferation of capillary
channels within alveolar walls, respectively (71). Al-
though initially thought to represent two disorders,
pathologic data suggest that these two entities rep-
resent a varied expression of a single disorder (72).
These entities are often misdiagnosed as primary
PAH; however, distinction is critical as standard
vasodilator therapy may induce fatal pulmonary
edema in these patients (73). While definitive diag-
nosis requires biopsy, imaging plays an important
role in evaluation of suspected PVOD and PCH.

Prominent smooth interlobular septal thicken-
ing is a characteristic finding in PVOD. Variable
amounts of ground-glass opacity and oligemia
can create mosaic attenuation, which can be
seen in one-half of patients (71,74). In patients
with PCH, ill-defined centrilobular nodules pre-
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Figure 16. Mosaic attenuation in a 43-year-old man with
AIDS, a CD4 count of 23 cells per cubic millimeter, and wors-
ening shortness of breath and cough. Axial CT image shows
diffuse ground-glass opacity with scattered areas of lobular
sparing, creating mosaic attenuation. Areas of septal thicken-
ing are present (arrow), which narrows the differential diagno-
sis, which includes edema, hemorrhage, and certain infections.
Given the patient’s history, P jirovecii pneumonia was suspected
and confirmed with bronchoscopy.

R .

Figure 17. Mosaic attenuation and septal thickening in
diffuse alveolar damage in a 26-year-old patient with acute
respiratory distress syndrome. Axial CT image of the lower
lobes shows a geographic distribution of consolidation and
ground-glass opacity. There is clear demarcation between
involved lung (x) and spared lobules (arrowhead), which cre-
ates mosaic attenuation.

dominate. However, the imaging and pathologic
findings of PVOD and PCH are often seen in the
same patient (Fig 18) (71,72). Pleural effusions
are also a common finding, but the left heart and
pulmonary veins are normal in size. This constel-
lation of findings superimposed on findings of
pulmonary hypertension including dilated central
pulmonary arteries, right ventricular hypertrophy,
and flattening of the interventricular septum can
help one make the diagnosis.

Look for Signs of Fibrosis
Signs of fibrosis on high-resolution CT favor an
interstitial process as the cause of the mosaicism.
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Figure 18. PVOD and PCH in a 36-year-old woman diagnosed as having PAH. (a) Axial CT image shows varying degrees of ground-
glass opacity with areas of septal thickening (white arrows) and ill-defined centrilobular nodules (black arrows), creating mosaic
attenuation. (b) Axial CT images at the level of the heart (left) and pulmonary artery (PA) (right) show marked flattening of the
interventricular septum (arrow) and right ventricular hypertrophy due to severe pulmonary hypertension. Bulging of the interatrial
septum toward the left atrium (arrowhead) is due to significantly elevated right atrial pressures. The pulmonary artery is enlarged with

a diameter greater than that of the aorta (Ao).

Whereas the acute phase of diffuse alveolar dam-
age can demonstrate patchy ground-glass opacities
with interlobular septal thickening, the organizing
phase of diffuse alveolar damage typically shows
findings of fibrosis such as reticulation, bronchi-
ectasis, and volume loss (30). The fibrosis seen in
organizing pneumonia is well depicted on CT and
is often demonstrated as areas of peribronchiolar
ground-glass opacity or perilobular thickening
with traction bronchiectasis and reticulation in
areas of injured lung. These areas of fibrosis may
be most conspicuous after resolution of the con-
solidation. In some instances, the residual fibrosis
is lower lobe predominant, peribronchiolar in
distribution, and demonstrates subpleural sparing,
findings commonly associated with nonspecific
interstitial pneumonia (75,76). Bronchiectasis

will be most pronounced in these areas of fibrosis,
which demonstrate increased ground-glass opacity
due to the interstitial abnormality.

Although many patterns of fibrotic hypersen-
sitivity pneumonitis have been described, in most
instances patients present with mid and upper
lung predominant fibrosis. Mosaic attenuation is
commonly present and can help in differentiation
from other causes of pulmonary fibrosis (77). In
addition, since antigenic exposure often contin-
ues, signs of bronchiolar inflammation, namely
centrilobular nodules, are often present and can
again help differentiate fibrotic hypersensitivity
pneumonitis from other disease processes (Fig
11). Although fibrosis is not common in small
airways or vascular causes of mosaic attenuation,
peripheral areas of scarring from prior infarct can
be seen in patients with CTEPH.

Look for Additional Clues

Inside or Outside the Thorax

Although small airway injury can on occasion be
idiopathic, most cases of inflammatory or con-
strictive bronchiolitis have known causes. Some
include systemic diseases that can lead to imag-
ing findings outside the lung parenchyma, which
can help one make the correct diagnosis. For
instance, among the connective tissue diseases,
rheumatoid arthritis is the most likely to cause
constrictive bronchiolitis, and lung disease may
be the initial presenting manifestation in 10%-—
20% of patients (78,79). Therefore, close inspec-
tion of the joint spaces at chest CT, most notably
the shoulders, can provide clues to the underlying
cause of the mosaic attenuation and potentially
help one make the initial diagnosis of a systemic
disease (Fig 19).

In those who have undergone lung transplan-
tation, constrictive bronchiolitis is the clinico-
pathologic finding in chronic rejection. Unfortu-
nately, it is a common complication and occurs
in at least 50% of transplant recipients at 5 years
(80). Therefore, the presence of clamshell median
sternotomy wires, which are commonly used in
bilateral lung transplantation, in a patient with
mosaic attenuation is a good hint as to the under-
lying cause (Fig 5).

In patients with mosaic attenuation and scat-
tered small rounded parenchymal nodules, one
may think of DIPNECH (Fig 20). This condition
is most commonly seen in middle-aged nonsmok-
ing women and is sometimes misdiagnosed as
adult-onset asthma (81,82). DIPNECH is a pri-
mary proliferation of pulmonary neuroendocrine
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cells that involves both the terminal and respi-
ratory bronchioles and can lead to constrictive
bronchiolitis and mosaic attenuation on CT (83).
When these proliferations of neuroendocrine
cells become large enough, they can be visual-
ized on CT as discrete pulmonary nodules, which
are classified as carcinoid tumorlets if less than

5 mm in diameter and as carcinoid tumors if 5
mm or greater in diameter. Although not always
visible, if multiple rounded nodules are present
in the setting of mosaic attenuation in a middle-
aged woman, one should raise the possibility of
DIPNECH (82,83).

The presence of parenchymal cysts in the set-
ting of ground-glass opacity can help differenti-
ate Pneumocystis pneumonia from other causes
of ground-glass opacity and interlobular septal
thickening. However, this finding occurs in only
as much as one-third of patients (84). Super-
imposed dense consolidation can also help in
differentiation but can also be seen with diffuse
alveolar hemorrhage.

Perform Expiratory Imaging

One of the best ways to distinguish small airways
disease from other forms of mosaic attenuation is
by demonstration of airtrapping at expiratory im-
aging (Fig 1). At expiratory CT in patients with
non—airways-related causes of mosaic attenua-
tion, the lungs should show a diffuse increase in
attenuation. In cases of PAH, one will usually

see a diffuse increase in attenuation in both the
abnormal lucent lung and the normal higher-
attenuation lung (Fig 13) (11). Similarly, in cases
of diffuse ground-glass opacity leading to mosaic
attenuation, one should see increased attenuation
in both the normal more lucent lung and the ab-
normal higher-attenuation lung (Fig 2).

There are various techniques for expiratory
imaging, but it is usually performed with thin-col-
limation axial scans performed at two to six levels
throughout the lungs at forced expiration, which
are reconstructed with a high spatial resolution
algorithm (85). Although institutional variations
exist, common indications that may prompt the
addition of expiratory imaging to a CT scan (if not
already ordered by the referring clinical) include
worsening symptoms in any patient with a known
bronchiolar disorder (Table 1) or in a patient with
a risk factor for constrictive bronchiolitis (Table 2).
However, the finding of mosaic attenuation may
be an incidental finding without a clear cause, and
in these instances the patient may benefit from re-
turning to the radiology department for dedicated
expiration imaging if it can help in diagnosis.

The presence of airtrapping is an excellent
clue to the diagnosis of small airways disease, but
there are a few pitfalls that should be avoided.

radiographics.rsna.org

Figure 19. Mosaic attenuation in a 41-year-old woman with
shortness of breath. (a) Axial CT image shows prominent mo-
saic attenuation with well-defined borders between areas of
differing attenuation. Expiratory imaging was not performed,
which precluded diagnosis of airtrapping. (b) Axial CT image
at the level of the shoulders (bone window) shows multiple
erosions in the humeral heads (arrows). Review of the patient’s
electronic medical record confirmed the diagnosis of rheuma-
toid arthritis. A presumptive diagnosis of constrictive bronchi-
olitis due to rheumatoid arthritis was made on the basis of the
imaging findings and later confirmed at biopsy.

First, as discussed earlier, areas of airtrapping can
be seen in normal patients and some degree of
heterogeneity of the lung parenchyma is expected
at expiratory imaging (Fig 3) (8,86). Second,
although expiratory imaging sequences may be
ordered, they may not be adequately performed.
This can be due to lack of patient effort or poor
coaching from a technologist.

Therefore, it is imperative that the membra-
nous (posterior) wall of the trachea and posterior
wall of the main-stem bronchi are assessed in
each patient undergoing expiratory imaging. With
good expiratory effort, the posterior wall of these
structures should bow inward due to increased
intrathoracic pressure (Fig 1). On the other hand,
patients who are unable to follow breathing in-
struction may breathe during an inspiratory CT
scan, leading to its acquisition during the expira-
tory phase. Again, it is important to inspect the
posterior wall of the trachea on all CT scans of
the chest so one can prevent diagnosing the nor-
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Figure 20. DIPNECH in a 48-year-old woman diagnosed with adult-onset asthma. (a) Axial CT image of the mid lung
zone shows mosaic attenuation with small pulmonary nodules ranging in size from 3 to 6 mm (arrows). (b) Photomi-
crograph from a patient with DIPNECH shows a small bronchus with a carcinoid tumorlet (arrowhead) associated with
airway fibrosis (arrow). (Original magnification, x60; H-E stain.)
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Figure 21. Airtrapping in a 66-year-old man with chronic thromboembolic disease (CTEPH). (a) Coronal CT
image from an initial scan performed during inspiration shows mosaic attenuation with areas of decreased at-
tenuation (x), as well as dilatation of the right pulmonary artery (RPA), right atrium (RA), and inferior vena cava
(IVQ), consistent with increased right atrial pressures. There is reflux of contrast material into the hepatic veins
(arrow). (b) Coronal CT image from a scan performed 2 days later during expiration again shows the areas of
airtrapping (). Airtrapping can occasionally be seen in patients with CTEPH. However, this is just one finding,
while there are numerous additional findings that help one make the diagnosis of chronic thromboembolic dis-
ease, such as diameter of the main pulmonary artery (PA) larger than that of the aorta (Ao), dilated right atrium
(RA), reflux of contrast material into the dilated inferior vena cava (/VC) and hepatic veins (black arrow), and
presence of adherent calcified thrombus in the right pulmonary artery (white arrow).

mal increased lung attenuation during expiration
as abnormal parenchymal ground-glass opacity.
In addition, the presence of airtrapping can,
on occasion, be seen in patients with pulmonary
hypertension or infiltrative diseases. For instance,
the presence of airtrapping has been reported in
patients with chronic thromboembolic disease
due to reactive bronchoconstriction (Fig 21).
Certain causes of ground-glass opacity leading
to mosaic attenuation, namely hypersensitivity
pneumonitis, will demonstrate airtrapping on ex-

piration since the mechanism of disease primar-
ily involves the respiratory bronchioles (Fig 11).
Similarly, in cases of desquamative interstitial
pneumonia, coexistent respiratory bronchiolitis
can lead to airtrapping on expiration.

Lastly, mixed diseases can occur. Patients with
airtrapping due to small airways disease may also
have small vessel disease or causes of ground-
glass opacity (Fig 22). Therefore, the presence of
airtrapping is just one finding and should be used
in conjunction with other imaging findings such
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Figure 22. Inspiratory and expiratory imaging in a 60-year-old woman with rheumatoid arthritis. (a) Inspiratory CT image shows
relative areas of decreased attenuation (white =) adjacent to areas of relative increased attenuation (black ). Scattered areas of
ground-glass opacity are present (arrow). (b) CT image at the same level during expiration shows that multiple areas of relative
higher attenuation have increased in attenuation (black =), which excludes airtrapping and suggests that this lung is relatively
normal. Areas of decreased attenuation at inspiratory imaging have not changed in attenuation due to airtrapping (white =).
Areas of ground-glass opacity have also increased in attenuation (arrow), confirming the absence of airtrapping in these regions.
Subsequent open-lung biopsy confirmed the presence of constrictive bronchiolitis, corresponding to the areas of airtrapping, and
of organizing pneumonia, corresponding to the areas of ground-glass opacity. Both these disease processes can occur in patients
with rheumatoid arthritis.
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Figure 23. Flowchart for diagnosis of mosaic attenuation. Although uniform vascularity suggests a parenchymal cause of mosaic
attenuation, make sure to still check the airways, pulmonary arteries, and heart (dashed lines), as a decrease in vascularity may be
difficult to perceive in mixed or early disease states. GGO = ground-glass opacity, PA = pulmonary artery.

as bronchial and pulmonary artery morphology differential diagnosis can be narrowed by recog-
to make a final diagnosis. nizing various imaging manifestations (Fig 23),
which can help guide management.
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