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Abstract

The ACR Incidental Findings Committee presents recommendations for managing incidentally detected lung findings on thoracic CT.
The Chest Subcommittee is composed of thoracic radiologists who endorsed and developed the provided guidance. These recom-
mendations represent a combination of current published evidence and expert opinion and were finalized by informal iterative
consensus. The recommendations address commonly encountered incidental findings in the lungs and are not intended to be a
comprehensive review of all pulmonary incidental findings. The goal is to improve the quality of care by providing guidance on

management of incidentally detected thoracic findings.
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OVERVIEW OF THE ACR INCIDENTAL
FINDINGS PROJECT

The core objectives of the Incidental Findings Project are to
(1) develop consensus on patient characteristics and imaging
features that are required to characterize an incidental
finding; (2) provide guidance to manage such findings in
ways that balance the risks and benefits to patients; (3)
recommend reporting terms that reflect the level of confi-
dence regarding a finding; and (4) focus future research by
proposing a generalizable management framework across
practice settings.

THE CONSENSUS PROCESS: MANAGEMENT
OF INCIDENTAL LUNG FINDINGS

This article presents the recommendations from the Incidental
Findings Committee (IFC) regarding incidental lung findings
detected on thoracic CT. The publication is divided into two
parts: (1) lung nodules and (2) other lung findings. The pro-
cess of developing these recommendations included naming
an overall Chest Subcommittee chair, who appointed Sub-
committee members that are recognized experts in thoracic
imaging. The scope of incidental thoracic findings was
recognized to be large. Therefore, within the Chest Subcom-
mittee, four further subgroups were named (here termed
“System Subcommittees”) and tasked with addressing each of
four categories: lung nodules, other lung findings, the

mediastinum, and the cardiovascular system. A white paper
that addresses incidental mediastinal and cardiovascular find-
ings has been published [1]. This current white paper
addresses lung nodules and other lung findings (cysts,
ground glass opacities, and interstitial findings). The
membership of each System Subcommittee is listed in the e-
only Appendix.

Each System Subcommittee was tasked to define inci-
dental findings that were most important to address and to
develop corresponding recommendations. Published evi-
dence was used as the primary resource; if evidence was not
available, the System Subcommittees invoked the collective
expertise of their teams. Recommendations underwent
further review by the System Subcommittee chairs, the chair
of the overall Chest Subcommittee, the chair of the IFC,
and the Body Commission chair. The revised recommen-
dations were then submitted to additional ACR stakeholders
to gain input and feedback. Consensus was obtained itera-
tively after successive reviews and revisions.

After completion of this process, the white papers were
finalized. The IFC’s consensus processes meet policy stan-
dards of the ACR. However, they do not meet any specific,
formal national standards. The recommendations do not
represent policy of the ACR Practice Guidelines or the ACR
Appropriateness Criteria. Our consensus may be termed
“guidance” and “recommendations” rather than “guide-
lines,” which has a more formal definition [2].
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Fig. 1. Incidental, asymptomatic solid nodule. Flowchart for evaluation of an incidentally detected solid pulmonary nodule. (1)
The recommendations are offered as general guidance and do not apply to all patients. (2) Limited life expectancy and
comorbidities that increase the risk of treatment or are more likely to cause morbidity and mortality than the suspected
lung cancer, given the nodule size. (3) Risk based on relevant patient risk factors as per Fleischner criteria. (4) Size in
millimeters is defined as the average of long- and short-axis diameters, both of which should be obtained in the same
transverse, coronal, or sagittal reconstructed images. (5) Chest CT should be noncontrast and use low-dose technique.

Incidental, Asymptomatic, Multiple Solid Nodules'
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Fig. 2. Incidental, asymptomatic multiple solid nodules. Flowchart for incidentally detected multiple solid pulmonary nodules.
(1) The recommendations are offered as general guidance and do not apply to all patients. (2) Limited life expectancy and
comorbidities that increase the risk of treatment or are more likely to cause morbidity and mortality than the suspected lung
cancer, given the nodule size. (3) Risk based on relevant patient risk factors as per Fleischner criteria. (4) Size in millimeters is
defined as the average of long- and short-axis diameters, both of which should be obtained in the same transverse, coronal,
or sagittal reconstructed images. (5) Chest CT should be noncontrast and use low-dose technique. Note: For multiple nodules,
management is based on the largest or most concerning nodule.
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Incidental, Asymptomatic,

Solitary or multiple ground glass/part solid nodule(s)'
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\ YoRs. J then consider resection. then consider resection. nodule.

Fig. 3. Incidental, asymptomatic solitary or multiple ground glass or part-solid nodule(s). Flowchart for incidentally detected
solitary or multiple ground glass or part-solid pulmonary nodule(s). (1) The recommendations are offered as general guidance
and do not apply to all patients. (2) Limited life expectancy and comorbidities that increase the risk of treatment or are more
likely to cause morbidity and mortality than the suspected lung cancer, given the nodule size. (3) Size in millimeters is defined
as the average of long- and short-axis diameters, both of which should be obtained in the same transverse, coronal, or sagittal
reconstructed images. (4) Chest CT should be noncontrast and use low-dose technique. Note: For multiple nodules, man-

agement is based on the largest or most concerning nodule.

ELEMENTS OF THE FLOWCHARTS: COLOR
CODING

Algorithms for managing incidental findings are depicted in
multiple flowcharts (Figs. 1-6). Within each flowchart, yellow
boxes indicate using or acquiring clinical data (eg, lesion size),
green boxes describe recommendations for action (eg, follow-
up imaging), and red boxes indicate that workup or followup
may be terminated (eg, if the finding is presumed to be
benign). To minimize complexity, each algorithm addresses
most—but not all—imaging appearances and clinical sce-
narios. Radiologists should feel comfortable deviating from
the algorithm in circumstances that are not represented in the
algorithm, based on the specific imaging appearance of the
finding in question and patient characteristics—the algorithm
content must be viewed as recommendations and should not
be considered as “standard of care.”

INCLUSION AND EXCLUSION CRITERIA

Patients for whom our recommendations are applicable
include adults (>35 years) who are asymptomatic and have
undergone imaging for a reason unrelated to the incidental

finding. The algorithm should not be applied if the patient

1270

has signs or symptoms related to the incidental finding.
Radiologists should use discretion when considering patients
with limited life expectancy and substantial comorbidities;
further downstream care should not be pursued if patients
are unable to tolerate therapy or are unlikely to live long
enough to incur potential harms of the incidental finding.

IMAGING PROTOCOL OPTIMIZATION

In the discussion of the lung findings addressed in this
article, comments apply to standard and low-dose exami-
nations, whether performed with or without intravenous
contrast. If relevant, those findings potentially affected by
low-dose examinations are noted. All thoracic CT should be
reconstructed into contiguous thin sections for viewing lung
detail (eg, 1.0-1.5 mm) and thicker sections for overview of
the lungs and soft tissues (eg, 2.0-3.0 mm).

PART I: LUNG NODULES

Relevant Patient Populations

When considering management of incidental lung nodules,
additional guidance concerning exclusion criteria is war-
ranted, as detailed in the following four points. Importantly,

Journal of the American College of Radiology
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Incidental, Asymptomatic, Pulmonary Cysts' j

Upper lung predominance, ‘

‘ ‘ Diffuse cysts with lower lung

cysts sparing bases Diffuse cysts predominance
I
| Associated areas | No
of ground glass Associated 3
attenuation in the nodules :gzgfg;ﬁg
lower lungs {

Consider PLCH; ‘ Consider LAM/ ; " l ’ l
_present in the same Sclerosis e Amyloidosis/ Birt-Hogg-Dub:
distribution as the cysts association Light Chain irt:Hogg;Dube
— with Sjogrens | Deposition D: Syndrome

- Syndrome QRIS X

| |

Pulmonary consultation
may be indicated

Fig. 4. Incidental, asymptomatic pulmonary cysts. Flowchart for evaluation of an incidentally detected pulmonary cyst(s). (1)
The recommendations are offered as general guidance and do not apply to all patients. LAM = lymphangioleiomyomatosis;
LIP = lymphoid interstitial pneumonia; PLCH = pulmonary Langerhans cell histiocystosis.
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1 I l
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Fig. 5. Incidental, asymptomatic ground glass opacities. Flowchart for evaluation of incidentally detected ground glass
opacities. (1) The recommendations are offered as general guidance and do not apply to all patients. DIP = desquamative
interstitial pneumonia; NSIP = nonspecific interstitial pneumonia.
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idental, Asympt tic, Reti Opacities’
Not dary to atelectasis, low lung
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Fig. 6. Incidental, asymptomatic reticular opacities. Flowchart for evaluation of incidentally detected reticular opacities. (1) The
recommendations are offered as general guidance and do not apply to all patients. (2) Additional findings such as diffuse

nodules, predominant ground glass opacity, and cysts. ILA =

pneumonia; UIP = usual interstitial pneumonia.

the ACR’s IFC recommendations for incidental nodules
closely follow those of Fleischner Society guidelines [3],
providing clarification in specific domains.

Populations for which the IFC’s recommendations
should not be used include the following:

1. Recommendations do not apply for patients in a lung
cancer screening program using Lung-RADS® or another
appropriate classification and reporting system [4].

2. Recommendations are not for patients with a recent
history of a malignancy. For those, when CT is per-
formed outside the normal follow-up guidelines, the
potential for metastatic disease should be raised. Man-
agement depends on consultation with the referring
physician, primary tumor histology, risk of metastases or
a new primary malignancy, or patient comorbidities. In
general, a short-term followup (1-6 months depending
on primary tumor histology) will provide some indication
of metastatic potential [5,6].

. Recommendations are not intended for nodule man-
agement in patients with unexplained fever or unex-
plained symptoms.

. For all other scenarios, use of Fleischner Society guidelines
[3] is advised. Examples of such scenarios include patients
undergoing thoracic CT for cardiac evaluation, patients
being evaluated for pulmonary embolus, and patients
with remote history of cancer treatment (>5 years).

1272

interstitial lung abnormalities; NSIP = nonspecific interstitial

Nature and Scope of the Problem

Pulmonary nodules are among the most common incidental
finding on thoracic CT and are found in about 50% of
smokers over the age of 50 years [7]. Overall, the probability
of malignancy in an incidental pulmonary nodule is very low
but is highly dependent on nodule size and other
characteristics of the nodule and patient [8]. Guidelines
for incidental noncalcified solid and part-solid nodules
were originally published by the Fleischner Society in 2005
[9] for solid nodules and in 2013 [10] for part-solid nodules.
A more recent update by the Fleischner Society for all
nodules was published 2017 [3]. This section will not
duplicate the recent 2017 Fleischner revision [3] but will
highlight recent changes since the publications and address
a few additional considerations.

Reporting Considerations

Overview. A pulmonary nodule is a rounded opacity, well
or poorly defined, measuring up to 3 cm in diameter [11]. A
solid nodule has homogenous soft-tissue attenuation. A pure
ground glass or nonsolid nodule has hazy, increased atten-
uation of the lung parenchyma that does not obliterate
bronchial and vascular margins. A part-solid nodule consists
of both ground glass and solid soft-tissue attenuation.

The majority of nodules are benign with the risk of
malignancy primarily related to size and patient risk factors

Journal of the American College of Radiology
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[7,8,12]. Although there is overlap in the differential of
solitary versus multiple pulmonary nodules, this distinction
may have diagnostic implications. For instance, the
malignancy of consideration for a solitary nodule is primary
lung cancer, whereas for multiple nodules it is metastases.
The following elements should be considered when

reporting an incidental nodule detected on CT:

1. Size (average diameter) in mm

2. Number (solitary or multiple)

3. Density (solid, part-solid, nonsolid, presence and pattern
of calcification, presence of fat)

4. Morphology

5. Location and relationship to pleura

1. Size. Pulmonary nodule size, defined as the average
(rounded to the nearest millimeter) of the long- and short-
axis diameters, should be measured on lung rather than
mediastinal windows [13]. Diameters should be obtained
using thin (<1.5 mm) section images with electronic
calipers.  Alternatively, size may be assessed using
volumetric analysis software, which is more reproducible
[13,14]. For

nodules, the size of the solid component should be

than manual measurements part-solid
measured on lung windows. Nodules that have clearly
benign characteristics (as determined by density or

morphology) do not require measurement.

2. Number. The presence of single versus multiple lung
nodules should be reported.

3. Density. Nodule density is classified as solid, part-solid,
or ground glass. Solid nodule density should be assessed
using mediastinal windows reconstructed with standard
algorithms ~ because sharp reconstruction algorithms
(including lung settings) cause artifacts that simulate or
obscure calcification resulting in erroneous Hounsfield
Unit measurements [15]. For smoothly marginated nodules,
the following patterns of calcification reliably exclude
malignancy: central nidus comprising a majority of the
nodule, laminated, popcorn, and diffuse [16]. Focal fat
attenuation (—120 to —40 Hounsfield Units) in a smoothly
marginated nodule is a reliable sign of a hamartoma in
patients without prior malignancy [17]. Part-solid nodules
and ground glass nodules are based on the presence of (part-
solid) or lack of a solid component (ground glass). The

maximum dimension of the solid component within a part-

solid nodule should be noted.

5. Morphology. The margin characteristics of lung nodules
should be reported: smooth, spiculated, or lobulated. For any
nodule, a spiculated or lobulated margin versus a smooth
margin increases the risk of primary lung cancer by a factor of
about two [8]. Irregular apical opacities are very common in

Journal of the American College of Radiology
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patients over 50 years of age and are almost always due to
fibrosis. However, coronal and sagittal reformations can
often be helpful in distinguishing malignancy, which
usually manifests as a discrete nodule or mass, from fibrosis,
which originates from the pleura and has concave margins.

6. Location and Relationship to the Pleura. A nodule’s
location and relationship to the pleura should be reported. A
“perifissural nodule” is a perifissural or juxtapleural homo-
geneous, solid nodule that has smooth margins and an oval,
lentiform, or triangular shape [18]. They represent about
20% of nodules detected in lung cancer screening and are
usually caused by benign intrapulmonary lymph nodes
[16,18].
present as juxtapleural nodules [19]. Follow-up CT is not

Benign intrapulmonary lymph nodes also may

recommended for either perifissural or juxtapleural

nodules with typical benign or lymph node morphology,
when their size is <10 mm.

Additional Considerations. Additional thoracic CT
findings such as enlarged lymph nodes, presence of a pleural
effusion, and abnormalities of the upper abdomen (eg, liver
lesions) may be important when managing an incidentally
detected pulmonary nodule as this may indicate a higher
probability for malignancy of the nodule. Comparisons to
prior imaging should be made whenever possible. In general,
before an invasive intervention, follow-up CT should be
strongly considered.

Implications of Imaging and Clinical Features

Common Principles of Our Algorithm (Figs. 1-3).

1. Size is the primary determinant of management and risk
of malignancy.

2. Density is an important determinant of malignancy risk.
Pure ground glass nodules have a low malignancy rate,
and part-solid nodules or development of a solid
component within a pure ground glass nodule is con-
cerning for malignancy.

3. Longitudinal assessment is commonly needed for

characterization.

Revised Fleischner Society Guidelines [3]. For solitary
solid nodules, the major changes since 2005 [3,9] have been
the following (Table 1):

1. Increase in size threshold for follow-up in low-risk pop-
ulation to 6 mm

2. Optional followup in high-risk population for nodules <
6 mm

3. Increased emphasis on nodule morphology and location

for management decisions

1273
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Table 1. Revised Fleischner 2017 guidelines for management of incidentally detected nodules in adults. A: Solid Nodules*B:

Subsolid Nodules*
A: Solid Nodules*

Nodule <6 mm
Type (<100 mm?3)

Single

Low risk' No routine
followup

High risk’ Optional CT at
12 mo

Multiple

Low risk " No routine
followup

High risk" Optional CT at

12 months

B: Subsolid Nodules*

Nodule Type
Single

Ground glass

Part solid

Multiple

<6 mm (<100 mm?3)

No routine followup

No routine followup

CT at 3-6 mo; if stable,
consider CT at 2 and

4y.

Size

6-8 mm
(100-250 mm?)

CT at 6-12 months,
then consider CT at
18-24 months

CT at 6-12 mo, then
CT at 18-24 mo

CT at 3-6 mo, then
consider CT at 18-
24 mo

CT at 3-6 months,
then at 18-24
months

Size

>8 mm
(>250 mm?3)

Consider CT at 3
months, PET/CT or
tissue sampling

Consider CT at 3 mo,
PET/CT, or tissue
sampling

CT at 3-6 mo, then
consider CT at 18-
24 mo

CT at 3-6 months, then
at 18-24

>6 mm (.100 mm?)

CT at 6-12 mo to confirm
persistence, then CT every

2yuntil 5y

CT at 3-6 mo to confirm

persistence; if unchanged
and solid component
remains <6 mm, annual
CT should be performed
for5y.

CT at 3-6 mo; subsequent
management based on
the most suspicious
nodule(s).

Comments

Nodules <6 mm do not require routine
followup in low-risk patients
(recommendation 1A)

Certain patients at high risk with suspicious
nodule morphology, upper lobe
location, or both may warrant 12-mo
followup (recommendation 1A).

Use most suspicious nodule as guide to
management; followup intervals may
vary according to size and risk
(recommendation 2A).

Use most suspicious nodule as guide to
months management; followup
intervals may vary according to size and
risk (recommendation 2A).

Comments

For certain suspicious nodules <6 mm,
consider follow-up at 2 y and 4 vy; if
solid component(s) develops or growth
occurs, consider resection
(recommendations 3A and 4A).

In practice, part-solid nodules cannot be
defined as such until they are >6 mm,
and nodules <6 mm usually do not
require follow-up; persistent part-solid
nodules with a solid components >6 mm
should be considered highly suspicious
(recommendations 4A-4C)

Multiple <6 mm pure ground-glass
nodules are usually benign, but
consider follow-up at 2 y and 4 y in
selected patients at high risk
(recommendation 5A).

These recommendations do not apply to lung cancer screening, patients with immunosuppression, or patients with known primary cancer.
*Dimensions are average of long and short axes, rounded to the nearest millimeter.
TConsider all relevant risk factors (see Risk Factors).
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For solitary pure ground glass nodules, the major
changes since 2013 [10] have been the following (Table 1,
Fig. 3):

1. For nodules >6 mm, prolong initial follow-up interval
from 3 months to 6 to 12 months.

2. Prolong subsequent follow-up interval from 1 year to 2
years, with followup until 5 years after the initial

detection.

For solitary part-solid nodules, major changes since
2013 [10] have been the following (Table 1, Fig. 3):

1. For nodules >6 mm, an option to delay initial followup
from 3 months to 6 months

2. If no change on inital followup and solid component
< 6 mm, then continue annual CT for at least 5 years

3. If solid component >6 mm or enlarging, consider
resection

For multiple solid and part-solid nodules, management
is based on the largest or most suspicious nodule but
generally with an earlier initial followup than for single
nodules of a similar size (Table 1, Figs. 2 and 3).

Other changes to the Fleischner Society guidelines [3]
include a greater emphasis on nodule morphology and a
redefinition of low-risk (<5%) and high-risk (>5%) cate-
gories in accordance with the proposal by the American
College of Chest Physicians [20]. We agree with the
American College of Chest Physicians proposal that the
risk of lung cancer is best estimated with a validated
prediction model, such as the Vancouver (PanCan) risk
model [8], which is the only validated model for CT
detection. Because the model was developed from a high-
risk population with a heavy smoking history, it is useful
for providing an upper limit on the probability of lung
cancer. The full model includes four patient risk factors (age,
sex, family history of lung cancer, and emphysema) and five
nodule risk factors—size (maximum diameter), nodule
count, density (solid, part-solid, nonsolid), location, spicu-
lation. For comparison, Fleischner criteria employ a modi-
fied version of risk categories proposed by the American
College of Chest Physicians [20], which is low risk (<5%
malignancy risk) and high risk (>5%). Low risk is
associated with young age, less smoking, smaller nodule
size, regular margins, and location in an area other than
the upper lobe. High risk is associated with older age,
heavy smoking, larger nodule size, irregular or spiculated
margins, and upper lobe location [3].

Despite the fact that the PanCan model assumes a
high-risk smoking population, the model categorizes
most patients with nodules <6 mm in maximum
diameter as low risk. Thus, it is reasonable to consider
all patients with nodules <6 mm as low risk unless all
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other risk factors are positive. Of note, although the
PanCan model provides the best estimate of risk in small
nodules detected incidentally with thoracic CT, the
model does not perform as well for nodules larger than
10 mm [21].

PART Il: OTHER LUNG FINDINGS
Pulmonary Cyst

Nature and Scope of the Problem. A pulmonary cyst is a
region of low attenuation within the lung parenchyma with
a wall that creates a well-defined interface with normal lung
on thoracic CT [11]. Pulmonary cysts are common and
likely related to aging. In one study, asymptomatic cysts
were reported in 25% of patients older than 75 years and
none in patients younger than 55 years [22]. Winter et al
reported pulmonary cysts in 13% of patients older than
65 years but none in those 30 to 50 years old [23]. In the
Framingham Heart Study, pulmonary cysts were seen in
7.6% of the population [24] with none present in patients
less than 40 years old [24]. Isolated thin wall solitary cysts
are usually the result of infection or inflammatory
processes and are benign. Thick wall (>2 mm) cysts may
require further evaluation. A cyst associated with a nodular
component either in the wall or abutting the cyst should
be followed because of the association of cystic lung
cancer [25-28]. Sheard et al have proposed a classification
system for cystic lung cancers [28]: Type I represents a
nodule outside the cystic air space and abutting the wall.
Type II is that of a nodule projecting into the cystic air
space from the wall. Type III is that of cyst wall
thickening, which may not necessarily be circumferential,
without an area of focal nodularity. Type IV is a
multicystic lesion.

Emphysematous changes can usually be easily distin-
guished from cystic lung disease unless the cystic lung
disease is mild. The absence of a defined wall and presence
of central linear or nodular opacities within the areas of air
attenuation are the most helpful findings for identification
of emphysema. Because emphysema is the result of
destruction of the lung parenchyma, it will present on CT
images as areas of decreased attenuation (air) without a
defined wall; the centrilobular core structures (bronchial
artery, bronchiole, and intralobular septa) are spared,
resulting in linear and nodular opacities within the areas
of air attenuation. Of note, if the destruction extends to
the interlobular septa, then the alveolar destruction may
mimic a cyst by the pseudo-wall appearance. This is in
contradistinction to cystic lung diseases, which tend to
displace the centrilobular core structures along the pe-
ripheral wall of the area of air attenuation of the cyst [29].
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The two most commonly encountered cystic lung
diseases on thoracic CT are lymphangiomyomatosis and
pulmonary Langerhans cell histiocystosis. Cystic lung dis-
ease also may be seen in a number of additional diseases
including Birt-Hogg-Dube syndrome, lymphocytic inter-
stitial pneumonitis, and amyloidosis. Finally, although not
true cystic lung diseases, fibrotic interstitial lung diseases
that result in honeycombing (subpleural clusters or rows of
cysts) can present with associated cystic changes in the
lungs. Usual interstitial pneumonitis (UIP) is the most
common cause, although nonspecific interstitial pneumo-
nitis (NSIP), desquamative interstitial pneumonitis, chronic
hypersensitivity pneumonitis, and sarcoidosis also can have
mild honeycombing present.

The distribution of the cysts and associated findings
are the two most important considerations in the evalu-
ation of cystic lung disease. The cysts may be diffuse or
may have upper or lower lung predominance. Associated
findings that may be helpful in the differential diagnosis
include pulmonary nodules and areas of ground glass

attenuation.

Reporting Considerations. The following elements
should be considered when reporting an incidentally

detected pulmonary cyst.

1. Presence or absence of a wall
2. Wall thickness (thin or thick)
3. Single versus multiple

4. Distribution

Implications of Imaging and Clinical Features. The
incidental findings algorithm for pulmonary cysts is shown
in Fig. 4. Common principles include:

1. Cysts with perceptible walls should be further evaluated
with regard to distribution of the cysts, associated find-
ings, clinical correlation, and remote imaging to deter-
mine if clinically significant.

2. Emphysema is common in the appropriate clinical setting
and easily recognized by cysts without defined walls. The
type (centrilobular or paraseptal) and extent should be
noted.

Ground Glass Opacity

Nature and Scope of the Problem. Ground glass opacity
is defined as hazy increased opacity of the lung with pres-
ervation of bronchial and vascular margins; it is differenti-
ated from consolidation, which is defined as a homogeneous

increase in lung attenuation that obscures vessels and airway
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walls [11]. Ground glass opacities may result from a wide
spectrum of diseases that partially fill the air spaces, result
in interstitial thickening, or a combination of both. Given
the broad differential diagnosis, clinical information is
critical in the determination of etiology. Separation of the
extent of ground glass opacification as diffuse or focal and
localized is also useful [30].

Considerations for diffuse ground glass opacities include
infections, pulmonary edema, diffuse alveolar hemorrhage,
drug toxicity, interstitial pneumonias, or diffuse lung dis-
eases, including cellular NSIP, hypersensitivity pneumonitis,
desquamative interstitial pneumonitis, cryptogenic orga-
nizing pneumonia, sarcoidosis, and subacute diffuse alveolar
damage [31]. Ground glass opacities in combination with
interlobular septal thickening may result in a crazy-paving
appearance. Although initially described in pulmonary
alveolar proteinosis, the appearance is not pathognomonic
and may be seen in pulmonary edema, hemorrhage, infec-
tion, sarcoidosis, lipoid pneumonia, and adenocarcinoma
[31,32]. As most diffuse lung diseases are not homogeneous
but show patchy differences in lung attenuation, diffuse
lung disease can usually be differentiated from the normal
appearance of lungs on an expiratory CT scan [31].
Regional differences in blood flow in patients with
obstructive pulmonary disease may result in regions of
mosaic attenuation between the involved lung and the
thromboembolic disease may result in regions of mosaic

relatively  normal  lung Similarly,  chronic
oligemia in some regions and increase in blood flow in
other regions in which the arterial bed remains patent,
resulting in mosaic attenuation of the lung parenchyma.
from whatever cause can be

Mosaic attenuation

differentiated from other causes of ground glass
attenuation by observing the size of the centrilobular
vessels in the areas of higher and lower attenuation. If the
cause of the mixed attenuation is due to fluid or cellular
infiltration, then the vessel size between the areas of high
attenuation and low attenuation will be similar. If the
cause of the mixed attenuation is due to an airway or
vascular abnormality, the vessel size in the areas of low
attenuation will be smaller than in the areas of high
attenuation (mosaic oligemia).

Expiratory imaging can be helpful to differentiate be-
tween primary vascular causes of mosaic oligemia such as
chronic thromboembolic disease and secondary causes due
to small airways disease. Small airways disease will show air
trapping on expiratory imaging, and air trapping is not
typically present with a primary vascular cause.

Focal or nodular ground glass opacities may be seen in

primary lung adenocarcinoma in situ and minimally invasive
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adenocarcinoma, as well as benign conditions such as
infection, inflammation, pulmonary hemorrhage, and focal
interstitial fibrosis [34]. Workup of these focal ground glass
opacities discovered incidentally is covered in the section of
nodules.

Reporting Considerations. The following elements
should be considered when reporting incidentally detected

ground glass opacities:

1. Acute or chronic

2. Diffuse or focal

3. Distribution—upper versus lower lung and central,
subpleural, or random

4. Associated findings—reticular opacities, cardiomegaly,
pleural effusions

Implications of Imaging and Clinical Features. The
incidental findings algorithm for ground glass opacities is
shown in Fig. 5. Common principles include the following:
1. Acute versus chronic is a primary determinant of etiology.
2. Distribution and extent are useful for limiting
differential.
3. Associated findings may determine cause.

Interlobular Septal Thickening and Reticular
Opacities

Nature and Scope of the Problem. Interlobular septal
thickening involves thickening of the interlobular septa,
which contain the pulmonary veins and lymphatics. Septal
thickening outlines the polygonal structure of the secondary
pulmonary lobule. Smooth, bilateral septal thickening is
frequently due to pulmonary edema. Associated findings
include peribronchial thickening, fissural thickening, and
pleural effusion. Lymphangitic carcinomatosis also thickens
the interlobular septa, which can be nodular or smooth and
is usually seen in the setting of a known malignancy, espe-
cially breast, lung, colon, and gastric cancer. Irregular
interlobular septal thickening in sarcoidosis is not typically
the predominant finding and is frequently associated with
the predominant finding of perilymphatic nodules. Follow-
up imaging of interlobular septal thickening is performed as
clinically indicated.

Reticular opacities are due to infiltration and thick-
ening of the interstitial framework of the secondary pul-
monary lobule. Reticular opacities represent a mesh-like
network of fine lines that do not conform to lobular
anatomy. The network of fine lines may be a combination
of the following: interlobular septal thickening, intra-
lobular septal thickening, peribronchovascular interstitial
thickening, traction bronchiectasis, and honeycombing.
The pattern and distribution of reticular opacities and
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presence of associated findings can help identify the
pathologic type of fibrosis.

Two important types of fibrosing
UIP and NSIP. These

entities have characteristic patterns on high-resolution

pathologic
interstitial pneumonia are
chest CT. Reticular opacities are present in both UIP
and NSIP. UIP pattern is typically peripheral and basilar.
Recent revisions in the classification schema by the
Fleischner Society for UIP outlines patterns as typical
UIP, probable UIP, indeterminate for UIP, and alternate
[35,36]. In the UIP pattern,
(dilatation and distortion of bronchi

diagnosis traction
bronchiectasis
and bronchioles) is present within areas of fibrosis,
and there is associated honeycombing. The NSIP pattern
is also basilar predominant and demonstrates traction
bronchiectasis. There is typically no honeycombing in
NSIP. Subpleural sparing may be identified in areas of
NSIP [37] and can be used to differentiate NSIP from
UIP when it is present.

Reticular opacities suggesting interstitial lung abnor-
malities, defined as more than 5% of the lungs [38], are
reported in 7% to 11% of the elderly [39]. In
asymptomatic patients, these have been thought to
[22,40]. More

investigations indicate these opacities can progress and are

represent  benign recent

findings

associated with increased risk of mortality [41,42] and
[43-47]. Therefore, the

and distribution of reticular

posttherapy ~ complications

presence opacities s
important, and if patients become symptomatic, then
follow-up imaging or consultation may be warranted.

The combination of reticular opacities in the setting of
emphysema has been classified as combined pulmonary
fibrosis and emphysema. Although this classification has
some clinical utility, it is uncertain as to whether it repre-
sents a distinct entity [48,49].

Focal reticular opacities in the medial right lower lobe
adjacent to a prominent osteophyte of the thoracic spine are
usually due to scarring. These are not clinically significant
and require no further follow-up [50]. Dependent bilateral
lower lobe opacity may or may not be significant. Such
opacity may simply represent gravity-dependent atelectasis
or can be artifactual and exaggerated by the presence of
intravenous contrast and typically requires no further im-
aging followup. However, in a patient with persistent un-
explained dyspnea and dependent reticular opacities, a high-
resolution chest CT with prone imaging is recommended.

Management of incidental interstitial opacities on
routine chest CT can be problematic. The opacities may be
artifactual, represent scarring, or true fibrosis. High-
resolution chest CT of the thoracic is recommended to
confirm or further characterize the abnormalities.
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Reporting Considerations

The following elements should be considered when
reporting incidentally detected interlobular thickening or
reticular opacities:

1. Distribution
2. Associated findings

Implications of Imaging and Clinical Features
The incidental findings algorithm for reticular opacities is
shown in Figure 6. Common principles include the
following:

1. Distribution may influence the differential diagnosis.
2. Associated findings may influence the differential
diagnosis.

TAKE-HOME POINTS

We propose algorithms for managing incidental pul-
monary findings, including lung nodules, pulmonary
cysts, ground glass opacities, and interlobular septal
thickening and reticular opacities.

Pulmonary nodule(s) management centers on the risk
of malignancy, which is primarily related to size, den-
sity, morphology, and patient risk factors.

Pulmonary cysts are common and mostly benign but
evaluation depends upon wall thickness and distribu-
tion within the lungs.

Ground glass opacities are secondary to a variety of
diseases and are evaluated based on acuity or chro-
nicity, extent of lungs involved, distribution, and
associated findings.

Interlobular septal thickening and reticular opacities are
assessed by distribution within the lungs and associated
findings.

All pulmonary incidental findings are best managed in
a shared decision process between the radiologists,
referring or consulting physician, and the patient.

ADDITIONAL RESOURCES
Additional resources can be found online at: https://doi.
org/10.1016/j.jacr.2021.04.014.
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