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What are the high-resolution computed tomography (HRCT)
features of a fibrotic lung?
Background

What They Proposed

Diagnosis of fibrotic interstitial lung diseases
(ILDs) is challenging, as more than 200 ILDs
with overlapping clinical presentation have been
described.1 The development of high-resolution
computed tomography (HRCT) of the chest has been
a significant step toward surmounting this challenge.2
In 2011, the American Thoracic Society, European
Respiratory Society, Japanese Respiratory Society,
and Latin American Thoracic Association (ATS/
ERS/JRS/ALAT) issued guidelines for diagnosing
idiopathic pulmonary fibrosis (IPF) using HRCT,
which outlined diagnostic categories according
to the identification of usual interstitial pneumonia
(UIP).3 The guidelines, updated in 2018, classify
HRCT scans into 4 categories: UIP; probable UIP;
indeterminate for UIP; and alternative diagnosis, the
former 2 of which demonstrate strong concordance
with identification of UIP by surgical lung biopsy.4-6
While this UIP-centric approach is useful for
diagnosing IPF, HRCT features of the myriad of other
fibrosing lung diseases are not addressed by the
guidelines. In this review, Jacob and Hansell describe
an algorithm for a more extensive systematic
categorization of fibrotic lung diseases into discrete
diagnostic classifications based upon HRCT findings.2

A stepwise approach was delineated2: 1) classify CT
as normal or abnormal; 2) determine whether disease
patterns are predominantly airway or interstitial;
3) judge whether disease is fibrotic; and 4) consider
differential diagnosis for possible fibrotic lung disease
(FLD). Fibrosis on HRCT was grouped into 5 possible
categories: UIP, nonspecific interstitial pneumonia
(NSIP), fibrosing variant of organizing pneumonia
(OP), chronic hypersensitivity pneumonitis (HP), or
chronic (fibrotic) sarcoidosis.2 The backbone of this
approach is the identification of the 3 main HRCT
features observed in FLD: honeycombing, traction
bronchiectasis, and volume loss. Ancillary features
such as ground glass opacification and reticulation
were also considered.2

What It Means
The final stage of the proposed algorithm is to assign
1 of 5 differential diagnoses based upon HRCT
pattern and distribution. This approach can assist
in determining the final diagnosis of FLDs. The table
below summarizes the features of each pattern
through peer-reviewed, published case
study examples2.
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Figure 1: Clinical information or histology in a multidisciplinary discussion further refines the diagnosis. 7,8
The following are three examples of HRCT patterns commonly found in patients with fibrotic lung disease.
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Description
Classical usual interstitial
pneumonia (UIP) pattern.
Extensive honeycombing and
reticulation is present throughout
the lower zones of the lungs of a
66-year-old male smoker. Only a small
volume of architecturally normal lung
parenchyma remains in the left lower
lobe. The normal parenchyma appears
increased in density, consequent to
the physiological redistribution of
blood preferentially towards areas of
normal parenchyma.2

Example HRCT Image

Description
Non-classical usual interstitial
pneumonia (probable UIP).
(a) The absence of honeycombing
is conspicuous in an 80-year-old
patient with biopsy-proven idiopathic
pulmonary fibrosis. At the extreme
bases of the lower lobes, there is
reticulation, ground glass opacification
and traction bronchiectasis indicating
fibrosis. (b) The predominantly
lower zone distribution of fibrosis is
conformed on coronal reformat highresolution computed tomography,
and again highlights the absence of
any honeycombing. Surgical biopsy
staples are visible in the left upper and
lower lobes (arrows).2

Example HRCT Image
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Description
Non-specific interstitial pneumonia (NSIP) (a) Ground glass opacification, fine reticulation
and traction bronchiectasis in a basal distribution in a patient with fibrotic NSIP. The
50-year-old male patient had an underlying connective tissue disease. No honeycombing
is evident, but there is overlap with the HRCT appearance of non-classical usual interstitial
pneumonia. (b) HRCT of a 63-year-old male patient with idiopathic NSIP. Subpleural sparing
characterized by a narrow peripheral zone of relatively normal lung is an occasional feature
of NSIP, but is of limited discriminatory value. HRCT, high-resolution computed tomography;
NSIP, nonspecific interstitial pneumonia.2
Example HRCT Image
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Description
Chronic hypersensitivity
pneumonitis (HP) in a 61-year-old
male pigeon breeder with a 6-year
history of shortness of breath.
Axial (a) coronal (b) high-resolution
computed tomography images show
diffuse fibrosis with honeycomb cysts
in the lower zones. The patient was
too unwell to undergo a surgical
lung biopsy.2
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Example HRCT Image

Description
Organizing pneumonia (OP)
evolving into NSIP Axial CT
image through the lower lobes in
a 62-year-old man demonstrates
more extensive consolidation.
(top panel) Axial CT image obtained
9 weeks later reveals (bottom panel)
widespread ground-glass opacities
with superimposed reticulation and
traction bronchiectasis (arrowheads).
Multiple septal lines are noted in
the left lung (arrows). The open
lung biopsy (not shown) from this
patient highlights that tissue damage,
repair, and fibrosis in the lung is not
a sequential process but can be
seen concurrently, particularly if
injury is ongoing.10

Example HRCT Image
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What general HRCT features distinguish among HP, autoimmune ILD,
and sarcoidosis?
Background
HRCT has revolutionized the diagnosis of interstitial
lung disease. Improvements in software algorithms to
optimize edge enhancement and contrast iteratively
advance the technique. In parallel, the Fleischner
Society has updated its HRCT glossary for thoracic
imaging to keep pace with the methodologic
advancement.1 Most importantly, studies over the past
several decades have delineated features common to
specific ILDs, allowing a trained thoracic radiologist
to provide critical input during multidisciplinary
discussions. Interdisciplinary communication has
furthered our understanding of possible correlations
between HRCT and pulmonary function tests.

Some cases of lung fibrosis display a progressive
phenotype, which is characterized by worsening
fibrosis on HRCT, worsening PFTs and/or
worsening respiratory symptoms.2 IPF is one
such progressive fibrosing ILD associated with
declining lung function and specific HRCT patterns,
but there are other chronic fibrosing ILDs also at
risk for developing a progressive phenotype, such
as unclassifiable idiopathic interstitial pneumonia (IIP),
autoimmune-associated ILDs, chronic sarcoidosis,
chronic HP, and other exposure-related lung
diseases.2 Table 2 describes some HRCT features
that have been associated with these fibrosing ILDs.

Table 2: HRCT features of ILDs

Disease
HP
Autoimmune ILD

HRCT Features
Air trapping and centrilobular ground glass opacity 3
NSIP and UIP4
Reversible features: nodules, ground glass opacities, and
alveolar opacities

Sarcoidosis

Exposure-related lung disease
(asbestosis, silicosis, etc)
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Irreversible features: honeycombing, bullae, broad and coarse septal
bands, architectural distortion, volume loss, and traction bronchiectasis
Collections of granulomas form micronodules that may aggregate,
forming larger opacities that have a similar appearance to consolidation.
HRCT may be utilized for differentiating inflammation from fibrosis in
sarcoidosis5-9
UIP, pleural plaque, subpleural curvilinear lines (nonspecific sign)1

Summary
HRCT provides a granular view of abnormalities
in interstitial lung disease, increasing diagnostic
accuracy.6,10,11 In addition to its diagnostic potential,
fibrosis scores measured by HRCT may also predict
prognosis and treatment response.4 Ongoing
research is elaborating upon disease-specific
combinations of features in order to enhance
diagnostic accuracy and guidelines for clinicians,
with both typical and atypical manifestations of
disease being considered. The end-goals are
to reduce the time spent achieving an accurate
diagnosis, determining the optimal treatment
approach, and ultimately decreasing morbidity
and mortality associated with lung disease.
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How do HRCT features evolve with disease progression?
Background

Study overview

Interstitial lung disease (ILD) progression is influenced
by disease subtype, driven by differences in etiology,
pathophysiology, and treatment.1 Serial imaging with
HRCT can refine diagnosis, prognosis, and map
disease progression.1 It can also detect emerging
abnormalities, including opportunistic infections in
patients treated with immunosuppressants.1 As such,
clinicians and radiologists should be aware of the
value provided by HRCT in evaluating ILD over time,
and be familiar with features commonly associated
with disease progression.

In this review the authors compile information
on HRCT techniques, its role in diagnosis, and
expected ILD progression as measured by HRCT,
with examples provided to compare and contrast
disease evolution.1 Broadly, HRCT features
become more specific over time, however early
diagnosis significantly improves patient outcomes.2
Inflammatory features may resolve over time, while
fibrotic features are less likely to improve.1
IPF: IPF is a progressive fibrotic ILD. Reticulation
can be observed by HRCT at early time points;
however, this feature is not specific to IPF.1 At later
time points, honeycombing can be observed.1
Both honeycombing and reticulation worsen over
time, and ground glass opacity may evolve into
reticulation.1
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Description
Changes in high-resolution
computed tomography (HRCT)
pattern over time Idiopathic
pulmonary fibrosis (IPF), increased
specificity over time. Initial HRCT in
a patient with early IPF (left) shows
mild subpleural reticulation without
honeycombing. 3 years later (right)
honeycombing has developed. While
the initial study is non-diagnostic,
the follow-up HRCT would be
considered a “definite usual
interstitial pneumonia” pattern
and diagnostic of IPF in the
appropriate clinical setting.1

Example HRCT Image

HP: HRCT features of HP are highly variable, driven
by broad disease etiology. Subacute HP presents
with diffuse micronodules and ground glass opacities
that resolve in parallel with clinical symptoms upon
removal of the causative antigen.3,4 Chronic HP
commonly presents with honeycombing, ground
Description
Subacute hypersensitivity
pneumonitis: baseline (left)
and 6-month follow-up (right)
high-resolution computed tomography
(HRCT). Ground glass opacity and
centrilobular nodules demonstrate
significant interval decrease after
antigen removal with mild persistent
abnormality remaining, including
reticulation.1
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glass opacity, and micronodules. While antigen
removal may resolve ground glass opacity and
micronodules, honeycombing tends to be permanent.
In contrast to subacute HP, functional status does not
necessarily improve with antigen removal.1

Example HRCT Image

Respiratory bronchiolitis ILD: Centrilobular nodules,
ground glass opacity, and air trapping characteristic
of respiratory bronchiolitis ILD typically resolve if the
patient stops smoking. Small abnormalities—most
likely indicative of fibrosis—may persist.1
Desquamative interstitial pneumonia: Progression
of disease varies according to underlying disease
type. Nonfibrotic disease tends to resolve upon
smoking cessation, comparable to respiratory
bronchiolitis ILD. A subset of patients may develop
honeycombing and thin-walled cysts.1,5

Langerhans cell histiocytosis: Commonly presents
with nodules that transition to thick-walled cysts,6
ultimately evolving into thin-walled cysts indicative
of emphysema surrounded by fibrosis. While
preliminary features may resolve, thin-walled cysts
are irreversible.1
NSIP: It can be challenging to distinguish between
predominantly cellular and fibrotic NSIP by HRCT 7,8
and 1 scan alone does not reliably identify markers of
disease that are likely to progress or resolve. However,
serial HRCT can help to distinguish between cellular
and fibrotic versions of the disease.1

Description
Progression of fibrotic NSIP in a 64-year-old
female patient with symptoms suggestive but
not diagnostic of a connective tissue disease.
(a) In the right middle and lower lobes, relatively
asymmetrical ground glass opacification and
reticulation indicating a mixed fibrotic and cellular
NSIP predominate with some subpleural sparing.
No honeycombing or traction bronchiectasis is
present. (b) Two and a half years later, the ground
glass opacification and reticulation within the
right lower lobe has resolved. In the middle lobe,
there are signs of increasing fibrosis with traction
bronchiectasis, coarse reticulation and volume loss.
NSIP, non-specific interstitial pneumonia.6

Example HRCT Image

Sarcoidosis: The evolution of sarcoidosis has not
been as well studied. While the majority of cases
resolve spontaneously, interstitial abnormalities tend to
worsen over time when spontaneous resolution is not
observed.10 In 1 study, nodules tended to resolve while

ground glass opacity and consolidation progressed
to honeycombing.10 In another, ground glass opacity
was reversible while architectural distortion and cystic
airspaces were irreversible.1,11
News and Views
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Description
Sarcoidosis: baseline (left) and
4-year follow-up (right) HRCT.
Perilymphatic nodules on the
initial HRCT evolve into fibrosis as
evidenced by reticulation, architectural
distortion, and mild bronchiectasis.1

Example HRCT Image

Organizing pneumonia (OP): OP is characterized
by consolidation12 and may progress to ground
glass opacity and fibrosis. Opacities may resolve
Description
Organizing pneumonia:
baseline (left) and 2-year follow-up
(right) HRCT Ground glass opacity,
consolidation, and the reversed halo
sign on the initial HRCT evolves
to fibrosis after treatment with
corticosteroids.1

with treatment.13 When reticulation or opacity
predominates, serial HRCT scans often show
worsening over time.1,14

Example HRCT Image

Conclusion
Mapping HRCT features of ILD can improve the accuracy and efficiency of diagnosis, allowing clinicians
to capture the ebb and flow of features unique to each disease. Overall, rapidly worsening features are
suggestive of poorer prognosis15,16 and residual fibrosis may remain even after successful resolution of
primary features and clinical symptoms. The combined use of HRCT scans and pulmonary function tests
are helpful for monitoring patients for progression.1
10
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What is the potential for machine learning to automatically
detect HRCT features of lung disease?
Background
HRCT is increasingly used for diagnosis and staging
in patients with suspected fibrotic lung disease.1
However, high interindividual variability in scan
evaluation is a notable limitation.1 An automated
program that objectively assesses HRCT features
would be expected to reduce inter-observer
variability.1

What Was Done
The authors, comprised of clinicians, scientists,
radiologists, and industry representatives, evaluated
current evidence for quantitative imaging modalities
developed to identify biomarkers of IPF diagnosis
and disease management that have both prognostic
and predictive value.1

What They Found
Despite ample evidence for the diagnostic utility
of HRCT, implementation of machine-learned,
automatic detection has historically been hampered
by the subjectivity associated with identification of
HRCT patterns.1 Recent computational advances

have enabled development of new algorithms for
more objective evaluation.1 To date, quantitative
CT (QCT) has been proven adept at predicting
outcomes across lung diseases characterized by
diverse imaging patterns.1 As datasets grow, the
ability of QCT to make accurate diagnoses and
determine prognoses will improve; however in order
to optimize the outcomes of QCT, HRCT parameters
(such as the equipment used and scanning time
points) need to be standardized.1

Conclusion
QCT is increasingly being appraised for its
value as a diagnostic and prognostic tool. Such
techniques have the capacity to increase sensitivity
and reliability while reducing evaluation time and
improving identification of treatment response.
However, QCT is not currently able to predict
response to therapy at baseline, nor is it able to
detect early treatment failure.1
References
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MRI vs CT scan of the lungs: advantages and pitfalls
Background

What Was Found

In order to reduce lifetime radiation exposure and
mitigate risk of cancer, low-dose chest CT and
chest x-ray have been proposed as alternatives
to standard chest CT.1 Each technique possesses
distinct advantages and disadvantages: low-dose
CT exposes patients to radiation, albeit less than
standard CT, while the contrast resolution of chest
x-ray is suboptimal.1 As an alternative, magnetic
resonance imaging (MRI) provides higher resolution,
absent ionizing radiation exposure. Advances in
MRI technology have improved imaging capacity;
however, it remains underutilized, owing to historic
limitations and scarcity of studies establishing
MRI as a useful tool.1

The median composite score measured by CT
was greater than that measured by MRI (4 versus 2);
however, scores were significantly correlated
across modalities.1 Individual measurements
of opacification, reticulation, and nodules also
showed substantial correlation between MRI and
CT.1 Agreement tended to be stronger in the upper
lobes. The prevalence of masses was low, and thus
agreement scores were not statistically evaluated.1

What Was Done
In a retrospective study, Chung et al evaluated
pulmonary MRI and CT in patients with a clinical
diagnosis of sarcoidosis. Opacification, reticulation,
nodules, and masses were scored on a 3-point
scale (absent [0], less than 50% lobar involvement
[1], or greater than 50% involvement [2]), and a
composite score was created.1
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Conclusion
MRI and CT scans show substantial agreement in
the context of sarcoidosis; however, CT scans show
higher sensitivity.1 Agreement was especially high
for opacification, while nodules showed the least
agreement.1 Radiation exposure may be minimized
by establishing baseline disease indicators with
both MRI and CT, followed by serial MRI scans over
time to track disease progression.1
References
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GLOSSARY
* This glossary is limited to terms that are used throughout the present manuscript.1
Axial Inspiratory HRCT

Axial Expiratory HRCT

Images courtesy of and used with permission from Jonathan Goldin, MD, PhD.

Air trapping is seen on end-expiration
CT scans as parenchymal areas with less
than normal increase in attenuation and
lack of volume reduction.1 Comparison
between inspiratory and expiratory CT
scans can be helpful when air trapping
is subtle or diffuse.2,3 Differentiation from
areas of decreased attenuation resulting
from hypoperfusion as a consequence of
an occlusive vascular disorder (eg, chronic
thromboembolism) may be problematic,4
but other findings of airways versus
vascular disease are usually present.1

On CT scans, ground-glass opacities appear as
hazy increased opacity of the lung, with preservation
of bronchial and vascular margins.1 It is caused
by partial filling of airspaces, interstitial thickening
(due to fluid, cells, and/or fibrosis), partial collapse
of alveoli, increased capillary blood volume, or a
combination of these, the common factor being
the partial displacement of air.5,6 Ground-glass
opacity is less opaque than consolidation, in which
bronchovascular margins are obscured.1
Image courtesy of and used with permission from
Sudhakar Pipavath, MD.

High-resolution computed tomography (HRCT) An imaging modality that captures thin slice images
of lung parenchyma, providing high-definition views of the lungs, reflecting normal physiology and
pathophysiological patterns. Radiation doses of HRCT are dramatically lower than traditional CT.2

Magnetic resonance imaging (MRI) An imaging modality that produces detailed scans without
radiation exposure; however, MRI scans are time consuming and expensive, and resolution is
lower than CT.4
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Honeycombing

Image courtesy of and used with permission from
Sudhakar Pipavath, MD.

On CT scans, honeycombing appears as clustered cystic air spaces, typically of comparable diameters
on the order of 3-10 mm but occasionally as large as 2.5 cm.1 Honeycombing is usually subpleural and
is characterized by well-defined walls.7 It is a CT feature of established pulmonary fibrosis.8 Because
honeycombing is often considered specific for fibrotic interstitial lung disease, it is an important criterion
in the diagnosis of usual interstitial pneumonia.9 Early honeycombing of one or a few cystic air spaces
may be difficult to differentiate from paraseptal emphysema.10

Axial Inspiratory HRCT

Axial Expiratory HRCT

Image courtesy of and used with permission from Jonathan Goldin, MD, PhD.

Hypersensitivity pneumonitis (HP) is a common interstitial lung disease resulting from either acute or chronic
inhalation of a large variety of antigens by susceptible individuals.11 Air trapping is seen on end-expiration
CT scans as parenchymal areas with less than normal increase in attenuation and lack of volume reduction.
Other features include ground glass opacification, reticulation, and traction bronchiectasis.3
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This scan shows a diffuse, homogeneous
ground glass opacity. Spatial homogeneity
and subpleural sparing represent
nonspecific interstitial pneumonia (NSIP).

Image courtesy of and
used with permission from
Sudhakar Pipavath, MD

Diffuse

Localized

Images courtesy of and used with permission from Sudhakar Pipavath, MD.

Airspace consolidation is the cardinal
feature of organizing pneumonia on chest
radiographs and CT scans.1 In organizing
pneumonia, the distribution is typically
subpleural and basal and sometimes
bronchocentric.12 In 20% of cases, "atoll"
or "reversed halo” sign may be present,
where ground glass is surrounded
by airspace consolidation.1 Other
manifestations of organizing pneumonia
include ground glass opacity and tree-inbud opacities.1

A reticular pattern is a collection of innumerable
small linear opacities that, by summation,
produce an appearance resembling a net. This
finding usually represents interstitial lung disease.
The constituents of a reticular pattern are more
clearly seen at thin section CT, whether they are
interlobular septal thickening, intralobular lines, or
the cyst walls of honeycombing.1

Traction bronchiectasis represents irregular
bronchial dilation caused by surrounding retractile
pulmonary fibrosis. Dilated airways are usually
identifiable as such but may be seen as cysts
(bronchi) or microcysts (bronchioles in the lung
periphery). The juxtaposition of numerous cystic
airways may make the distinction from "pure"
fibrotic honeycombing difficult.1
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2018 ATS/ERS/JRS/ALAT descriptions of patterns for diagnosing IPF by HRCT13
UIP: Subpleural and basal predominant; distribution is often heterogeneous. Honeycombing with or without
peripheral traction bronchiectasis or bronchiolectasis
Probable UIP: Subpleural and basal predominant; distribution is often heterogeneous. Reticular pattern with
peripheral traction bronchiectasis or bronchiolectasis. May have mild GGO.
Indeterminate for UIP: Subpleural and basal predominant. Subtle reticulation; may have mild GGO or
distortion (“early UIP pattern”). CT features and/or distribution of lung fibrosis that do not suggest any
specific etiology (“truly indeterminate”)
Alternative diagnosis: Findings suggestive of another diagnosis
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