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The idiopathic interstitial pneumonias (IIPs) are a seemingly disconnected collection of diseases usually associated with the presence of pulmonary fibrosis. Categorization of the IIPs continues to be problematic despite recent
attempts to refine the diagnostic criteria and suggests that
rather than separate diseases, these pneumonias represent a spectrum of injury and abnormal repair of the alveolar wall. Although the initiating injury or injuries are unknown, the IIPs share a restricted number of final common
abnormal pathways that lead to volume loss and lung distortion. The pathways include (a) alveolar collapse, (b)
incorporation of fibroblastic material into alveolar walls,
and (c) cigarette smoke–related inflammation and fibrosis.
A collaborative diagnostic process in which data from radiologic and histologic assessments are combined allows a
more reliable identification of the predominant pathways
leading to pulmonary fibrosis. This approach has implications for therapy and the future direction of research.
Supplemental material: http://radiology.rsna.org/lookup
/suppl/doi:10.1148/radiol.10090717/-/DC1
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iffuse pulmonary fibrosis is the
primary diagnostic consideration in patients with shortness
of breath and restrictive pulmonary
physiology. A combined American
Thoracic Society (ATS) and European
Respiratory Society (ERS) committee
was convened to clarify the diagnostic categories that comprise the idiopathic interstitial pneumonias (IIPs).
However, categorization of the fibrosis
in patients with these diseases continues to be problematic for clinicians,
radiologists, and pathologists alike
(1,2). Patients often do not fit neatly
into the currently accepted ATS/ERS
categories, and our approach, which
is focused to a greater degree on pathways of injury, differs in some aspects
from the ATS/ERS approach and is a
response to the difficulties in the ATS/
ERS classification. In our scheme,
the nonspecific interstitial pneumonia

Essentials
n Patients with diffuse pulmonary
fibrosis are difficult to characterize and require assessment at
varying scales of magnification, in
which the distribution of disease
determined with chest CT is combined with findings derived from
microscopy to make a consistent
and reliable diagnosis.
n The distribution of opacities and
cystic spaces displayed at chest CT
is key to determining the mechanism of diffuse injury and preventing errors in categorization.
n Results of electron microscopy
and quantitative assessment of
histologic lung findings support
the concept that the lower-lobe
cystic spaces in idiopathic pulmonary fibrosis (IPF) are related to
the collapse of alveoli around
alveolar ducts rather than the
deposition of fibrous tissue.
n The nonspecific interstitial
pneumonia pattern of fibrosis
may be associated with IPF, the
fibrotic phase of organizing
pneumonia, and cigarette
smoke–related injury.
Radiology: Volume 255: Number 3—June 2010
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(NSIP) pattern of fibrosis is rarely a
distinct entity and is usually associated
with organizing pneumonia, smokingrelated lung injury, or idiopathic pulmonary fibrosis (IPF) (Fig 1).
One of the key contributions of the
2002 consensus statement (3) was the
recognition of a collaborative diagnostic
process in patients with interstitial
pneumonias. The executive summary of
that publication recommends that “the
final diagnosis should be rendered only
after the pulmonologist, radiologist, and
pathologist have reviewed all of the clinical, radiological and pathologic data
obtained from the patient” (3). This
recommendation implies that lung biopsy
alone may not be the “gold standard” for
evaluation of fibrotic lung disease (2).
Subsequent scientific study results have
confirmed that a collaborative process,
including clinical data evaluation, highspatial-resolution chest computed tomography (CT), and lung biopsy, is associated
with a substantial increase in diagnostic
reproducibility and the confidence level
when assessing patients with diffuse pulmonary fibrosis (4). This approach also
ameliorates the diagnostic inaccuracies
related to biopsy sampling error and improves the low to moderate levels of interobserver agreement affecting radiologists and pathologists, especially when
fibrotic NSIP is part of the differential diagnosis (5–7). This article is focused on
the interaction between the pathologist and
the radiologist. The approach to rendering a combined radiologic-histopathologic
diagnosis is illustrated through multiple
examples and accompanying detailed
figure legends. The interaction with the
clinician, although crucial, is beyond the
scope of this discussion.
During the past 5 years, we have
rendered a collaborative radiologichistopathologic diagnosis in more than
1000 cases of chronic infiltrative lung
disease referred for second-opinion consultation. The radiologic images and histologic specimens were read separately;
this was then followed by a collaborative
review in which the original findings
were combined into a final diagnosis.
The completed report included the original radiologic and histologic assessments along with a third section entitled
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“Radiologic-Pathologic Correlation,” which
clarified the meaning of the discrepancies, when they were present, and included a discussion of the diagnostic
confidence level. The juxtaposition of all
three sections has allowed a more transparent assessment of how the final collaborative diagnosis is reached. This
approach yields a confident final diagnosis when the radiologic and histologic
patterns agree or a suggested path for
continued workup, depending on the
nature of the discrepancy identified.
The process has been most effective
when it was conducted in the form of a
face-to-face meeting that enabled simultaneous review of the radiologic and histologic data. We have made extensive
use of the secure Web-conferencing software Adobe Connect (Adobe Systems,
San Jose, Calif) to hold collaborative
“virtual case” conferences (Fig 2). This
has improved efficiency and enabled collaborative consultation between individuals at distant institutions. Web conferencing has had other benefits, including
the ability to communicate with the
referring clinician during radiologichistologic correlation conferences, and
enabled these sessions to be recorded
for later review. The sessions have provided an excellent platform for teaching
both radiology and pathology residents,
who can log in remotely to observe
the diagnostic process and how uncertainties associated with difficult cases
are addressed. A video podcast (Movie
[online]) that includes a consultation
case from our archive is available at the
Radiology Web site under the “See How
It’s Done” section.
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Abbreviations:
AIP = acute interstitial pneumonia
ATS = American Thoracic Society
DAD = diffuse alveolar damage
ERS = European Respiratory Society
IIP = idiopathic interstitial pneumonia
IPF = idiopathic pulmonary fibrosis
NSIP = nonspecific interstitial pneumonia
UIP = usual interstitial pneumonia
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Figure 1
Figure 1: Overview of the IIPs, which typically have been classified as separate diseases (1). We currently use an approach that
recognizes frequent overlap among the IIPs and suggest that
multiple histologic lesions may be identified in individual cases.
The NSIP pattern of fibrosis can be found in patients with IPF,
cryptogenic organizing pneumonia (COP), cigarette smoke–
related respiratory bronchiolitis–interstitial lung disease (RB-ILD),
and desquamative interstitial pneumonia (DIP). AIP = acute interstitial pneumonia.

Figure 2

Figure 2: Web-based collaboration. Screen captures of (a) radiologic images and (b) histologic specimens demonstrate real-time collaborative diagnosis rendered
by using the Adobe Connect Web-based application (Movie [online]).

Legacy Terminology
The current ATS/ERS classification of
the IIPs is focused on the creation of
categories with clear divisions (3) and
retained legacy terminology in a wellintentioned attempt to reduce confusion.
However, many of the ATS/ERS terms
used to categorize the IIPs, including
IPF, usual interstitial pneumonia (UIP),
and desquamative interstitial pneumonia, were derived from publications that
are more than 3 decades old (8–10).
UIP now represents a histologic pattern
that is entirely different from that origi694

nally described, and desquamative interstitial pneumonia is no longer considered the result of desquamating type
II pneumocytes. In addition, a focus on
strict categorization diverts attention
from the pathogenesis and obscures the
continuity between entities in the list of
IIPs (1).
To lessen the restrictive effect of
legacy terminology, we started each
case with a simple description of the
radiologic and histologic findings,
without an initial attempt to place
these findings in an ATS/ERS diagnostic category. For the radiologist, this

consisted of identifying the following
set of parenchymal and airway abnormalities and defining their locations:
low attenuation, low attenuation with
walls (cysts), consolidation, groundglass opacity, reticulation, airway distortion, and traction bronchiectasis.
The pathologist also uses a restricted
set of findings for the initial description of the histologic entities: cystic
spaces, alveolar wall fibrosis, intraalveolar organization, interstitial incorporation of organization, inflammation, edema, hyaline membranes, and
emphysema.
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Source.—Reference 3.

Poor

Note.—COP = cryptogenic organizing pneumonia, DAD = diffuse alveolar damage, DIP = desquamative interstitial pneumonia, ILD = interstitial lung disease, OP = organizing pneumonia, RB = respiratory bronchiolitis.

Good
Good

Patchy, temporally
uniform intraluminal
organization
Temporally uniform
interstitial fibrosis, mild
or moderate interstitial
chronic inflammation

Very poor

OP
NSIP

n

Good

Consolidation and/or
nodules

Temporally uniform
Bronchiolocentric pigmented
Uniform pigmented alveolar
alveolar wall thickening,
alveolar macrophages, mild
macrophages, mild to
airspace organization, hyaline bronchiolar fibrosis, chronic
moderate interstitial
membranes, organization,
interstitial inflammation
fibrosis, chronic
fibrosis later
inflammation

DIP

Consolidation, ground-glass
Bronchial wall thickening,
opacity (often focal sparing),
centrilobular nodules,
traction bronchiectasis later
ground-glass opacity
DAD
RB

40–50
Gradual
Lower lobe, mainly
peripheral
Ground-glass opacity,
reticulation
40–50
Gradual
Diffuse
55
50
Subacute
Acute
Subpleural, peribronchial Diffuse

40–50
Gradual
Peripheral, subpleural,
basal, symmetric
Ground-glass opacity,
reticulation, consolidation
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Distribution of Cysts

60–65
Gradual
Peripheral, subpleural,
basal
Chest CT findings
Reticulation, honeycombing,
traction bronchiectasis,
ground-glass opacity
Corresponding histologic UIP
diagnosis
Histologic findings
Patchy, subpleural, and
paraseptal dense
fibrosis; honeycombing;
fibroblast foci
Mean age at onset (y)
Onset
Chest CT distribution

COP
NSIP
IPF
Characteristic

Key Features of IIPs as Defined according to ATS/ERS Consensus Classification

Table 1

AIP

RB-ILD

DIP
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In many patients with pulmonary fibrosis,
we have identified a combination of
radiologic and histologic findings that
matched the diagnostic criteria for a
published category in the ATS/ERS
classification of the IIPs (Table 1). In
these cases, the distribution of cystic
spaces, as determined by using highspatial-resolution CT, has been particularly helpful in separating cases into
diagnostic categories. This is especially
important if only transbronchial biopsy
or single-lobe biopsy is possible. We avoid
using the term honeycombing, despite
its common use in both radiologic and
histopathologic studies, as the definition
is not standardized and is currently a
focus of study by the Fleischner Society.
The following distribution of cystic
spaces has been useful for categorizing
the IIPs: (a) peripheral and lower-lobe
cysts in UIP-IPF (Fig 3), (b) diffuse cysts
in the organizing phase of AIP (Fig 4),
(c) traction bronchiectasis or bronchioloectasis with peripheral sparing in
patients with the fibrotic phase of organizing pneumonia (Fig 5), and (d) preexisting upper-lobe emphysematous
spaces with fibrotic walls in smokingrelated interstitial lung disease (Fig 6).
However, in most consultation cases,
we have observed a spectrum of radiologic
and histologic findings that spanned
across multiple categories in the ATS/ERS
classification. If one focuses on similarities rather than differences in the categorization of the IIPs, three mechanisms
of injury stand out: (a) alveolar collapse, (b) incorporation of intraalveolar
fibroblastic material into the alveolar
wall, and (c) smoking-related lung injury
(Table 2). The following section is organized according to spectrum of injury.
Cases that fit in the categories described
in the ATS/ERS classification, as well as
the bridging fibrotic lesions that are not
easily classified into these categories, are
highlighted. We have also included in the
figures examples that demonstrate approaches to managing the inevitable uncertainty in diagnosis that accompanies
some cases. The reader will note that
lymphoid interstitial pneumonia is not
included in this discussion because we
695
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Figure 3

Figure 3: UIP-IPF in 60-year-old man. (a–c) Axial high-spatial-resolution CT images at (a) aortic arch, (b) carina, and (c) posterior costophrenic angles demonstrate strikingly peripheral areas of opacity. There is reticulation in upper lobes with progressively severe cystic change in middle and lower lung zones. Cysts are
contiguous with pleural surface (arrowheads in b), and the most involved section is at the lung base in the posterior costophrenic angles. (d) Lung biopsy specimens
from upper lobe show subpleural and paraseptal accentuation of fibrous tissue and gradient of increasing fibrosis from upper-lobe (d) to lower-lobe (e) sections; subpleural cysts are also evident in e. (Hematoxylin-eosin stain; original magnification, 31.) In d, geographic heterogeneity is characterized by involved parenchyma
alternating with areas of uninvolved or less involved parenchyma. (f) Lung biopsy specimens show fibroblast foci (arrowheads) in cyst walls. (Left: hematoxylin-eosin
stain; original magnification, 3100; right: Movat pentachrome stain; original magnification, 3100.) There is excellent correlation between CT and histologic findings:
Both are compatible with UIP-IPF. When imaging and histologic findings are diagnostic, prognosis is uniformly poor.

consider this a part of the spectrum of
primary lymphoid abnormalities in the
chest, which range from inflammatory to
malignant entities.

IIPs Viewed as a Spectrum of Injury
and Abnormal Repair
Alveolar Collapse and Incorporation
of Fibroblastic Material: IPF, AIP, and
Organizing Pneumonia
Patients with UIP-IPF, AIP, and organizing pneumonia demonstrate a variable
combination of alveolar collapse and
incorporation of fibroblastic material.
UIP-IPF and AIP are diffuse processes
that are differentiated primarily by the
severity of injury and the pace of pro696

gression. Organizing pneumonia is a
more focal, peribronchiolar process in
which incorporation of fibroblastic material into alveolar walls is the dominant
process that can lead to an NSIP pattern
of fibrosis.
IPF.—In the latest ATS/ERS consensus statement, UIP-IPF is defined as a
“specific form of chronic fibrosing interstitial pneumonia… associated with the
histological appearance of usual interstitial pneumonia (UIP)” (3). Pathologists
use the term UIP when making the histologic diagnosis, while IPF encompasses
the entire clinical syndrome and is a
term used by clinicians (Table 1).
Patients with UIP-IPF rarely undergo
biopsy. The combination of a typical
presentation and a confident radiologic

diagnosis (Fig 3) is considered sufficient
(11,12). Imaging that has a central role
in the diagnosis of this devastating
disease requires a thorough understanding of the criteria that lead to a
confident radiologic diagnosis of UIPIPF. Alveolar collapse is the principal
pathophysiologic entity responsible for
the progression of UIP-IPF (13–15) and
by extension the radiologic appearance
(16). UIP-IPF is believed to be the result of a widespread low-level injury to
the alveolar wall (Fig 7). The exudation
of fluid and protein from damaged alveoli (17), and alterations in pulmonary
surfactant (18) result in increased surface tension that leads to the collapse of
small alveoli onto larger alveolar ducts
(Fig 8) owing to the Laplace relationship:
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Figure 4

Figure 4: Organizing and fibrosing phase DAD in 56-year-old man with rapidly progressive dyspnea. (a) Axial and (b) coronal reconstruction high-spatial-resolution
CT images acquired during acute phase of DAD show widespread areas of ground-glass opacity with focal areas of sparing. Note normal caliber of medial segment of
middle-lobe bronchus (arrowhead in a). (c, d) Corresponding CT images acquired 2 weeks later at similar levels during organizing and fibrosing phase of DAD show
diffuse reticulation with small cysts, traction bronchiectasis (arrowhead in c), and elevated hemidiaphragms consistent with volume loss. Note reduction in lung volumes between b and d. (e) Lung biopsy specimen acquired when c and d were obtained shows diffuse parenchymal injury with formation of cysts (arrowheads).
(Hematoxylin-eosin stain; original magnification, 31.) (f) Higher-magnification lung biopsy specimen shows intraalveolar and interstitial organization and fibrosis (∗).
(Hematoxylin-eosin stain; original magnification, 3100.)

Figure 5

Figure 5: Organizing pneumonia with progression
to NSIP in 68-year-old woman with shortness of
breath. Prone high-spatial-resolution CT image
obtained through lower lobe shows band of reticulation, with sparing of absolute periphery of lung associated with traction bronchioloectasis (arrowhead).
Image highlights different location of cysts in
organizing pneumonia as compared with UIP.
Radiology: Volume 255: Number 3—June 2010
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Structures with a smaller radius of curvature and subsequent increased surface tension are unstable and thus more
likely to collapse (13–15,19). Once initiated, the process, powered by the increasing disparity between the enlarging alveolar ducts and the collapsing
small alveoli that surround them, is more
likely to continue. The denuded alveolar
walls, once collapsed, become permanently apposed or molded together.
This sequence of self-perpetuating collapse results in peripheral lower-lobe
cysts, which we believe are the mechanism for the development of true honeycombing. This distribution of cysts is
associated with clinical evidence of progression (20), profound volume loss,
low-diffusing capacity, and a substantially worse prognosis (21–24). The importance of progressive collapse as the
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driving pathophysiologic mechanism
causing alveolar wall thickening in UIPIPF was confirmed by Coxson et al (16),
who convincingly demonstrated normal
amounts of fibrous lung tissue in patients with UIP-IPF, as compared with
control subjects with normal pulmonary
function and imaging findings.
A lower-lobe predominance of peripheral cysts has been shown to be the
most important radiologic feature in
the diagnosis of UIP-IPF (11,12). The
posterior basal segments should be the
most severely involved, as these alveoli
are the smallest in the upright and supine positions and therefore are more
likely to collapse (Fig 9). The cysts are
also strikingly subpleural. It is this
distribution of subpleural lower-lobe
cysts and a gradient of reticulation that
starts in the upper lobes and increases
697
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Figure 6

Figure 6: NSIP in 65-year-old man with 75-pack-year smoking history and cough. (a) Axial high-spatial-resolution CT image obtained through upper lobes shows
focal areas of low attenuation and cysts distributed predominantly in periphery but also in central lung zones. Nodular areas of ground-glass opacity are seen
throughout both lungs, with central airway thickening. (b) Axial high-spatial-resolution CT image obtained through lower lobes is nearly normal, with minimal patchy
areas of ground-glass opacity in dependent portion of left lower lobe. (c) Lung biopsy specimen from right upper lobe shows temporally uniform, diffuse interstitial
fibrosis surrounding emphysematous spaces, which contain smoker’s macrophages (arrowhead). (Hematoxylin-eosin stain; original magnification, 340.) There is
excellent correlation between imaging and histologic findings. Upper lobe cysts identified at CT correlate with diffuse interstitial fibrosis surrounding emphysematous
spaces seen with histologic analysis, at which the fibrosis is categorized as NSIP. Decreasing gradient of cysts from upper to lower lobe at imaging is consistent with
smoking-related lung injury and inconsistent with IPF.

Table 2
Pathways to Pulmonary Fibrosis
ATS/ERS Classification

Pathway to Injury

Distribution of Cysts

AIP
IPF
COP
RB-ILD
DIP

Collapse and organization
Collapse and organization
Organization and variable collapse
Cigarette smoke
Cigarette smoke

Diffuse
Lower lobe, juxtapleural
Peribronchiolar, subpleural sparing
Upper lobe
Emphysema distribution

COP = cryptogenic organizing pneumonia, DIP = desquamative interstitial pneumonia, RB-ILD = respiratory bronchiolitis–interstitial lung disease.

toward the bases that enable a confident diagnosis of UIP-IPF at highspatial-resolution CT (Fig 3). A confident radiologic diagnosis of UIP-IPF
that meets the described criteria obviates biopsy unless there is strong clinical suspicion of another form of chronic
infiltrative lung disease.
Distinguishing UIP-IPF from severely
fibrotic NSIP poses a major problem for
clinicians, radiologists, and pathologists,
suggesting that these two entities represent the same disease process at different stages (1,2,5–7,25). This concept
is supported by the marked histologic
heterogeneity in patients with UIP-IPF
when multiple lung biopsy samples are
acquired (26). Patients whose histologic
698

samples demonstrate both UIP and
NSIP at multiple biopsies have a poor
prognosis, similar to patients in whom
all biopsies reveal UIP (27,28). They
also have a substantially worse prognosis than do patients with histologic findings of NSIP at all biopsies.
The typical high-spatial-resolution
CT findings of UIP-IPF are accurate
predictors of the histologic pattern of
UIP (21). In addition, the high-spatialresolution CT pattern of UIP-IPF is an
independent variable that adds prognostic information to the histologic diagnosis of UIP (20–24,29). Patients
with high-spatial-resolution CT and histologic findings of UIP have a shorter
survival (median survival, 2.8 years)

than do those with indeterminate imaging and histologic findings of UIP (median survival, 5.7 years) (Fig 10) (21).
When the high-spatial-resolution CT
findings are not diagnostic of UIP-IPF—
for example, they are minimal and lack
the typical distribution of peripheral
lower-lobe cysts—the prognosis is less
certain. Progression from an NSIP to a
UIP-IPF pattern at imaging is not uncommon and supports the concept that
these are not separate diseases (30).
AIP.—AIP is the term applied to a
rapidly progressive form of IIP that
was originally described by Hamman
and Rich (31). AIP is associated with
the histologic diagnosis of DAD and
the clinical manifestations of acute
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Figure 7: Proposed alveolar injury sequence in IPF (17). Top left: Normal alveolus has supporting
interstitium (dark purple line) covered on both sides by cytoplasmic process of type I cell. Top right:
Multiple microinjuries result in fragmented type I cells associated with disruption of basement
membrane, promoting creation of wound clot and migration of fibroblasts. An abnormal sequence
of wound healing leads to incorporation of organized intraalveolar exudates and fibroblasts,
resulting in thickened alveolar wall (bottom left) and partial reepithelialization (bottom right).

Figure 8

Figure 8: Illustrations of lung parenchyma at the level of the alveolar duct show collapse after
alveolar injury sequence (16,19). Left: Normal central alveolar duct with surrounding small
alveoli. Middle: After diffuse injury, the small alveoli surrounding the alveolar duct become
unstable and collapse, enlarging the alveolar duct. Right: Thickened wall of the alveolar duct
is composed of numerous collapsed alveoli and mimics fibrosis.

respiratory distress syndrome (32,33).
The process begins with severe alveolar
wall injury that results in widespread
sloughing of type I epithelial cells and
edema of the alveolar walls. Disruption
of the alveolar epithelium is rapidly followed by alveolar filling with edema
fluid and cellular debris. There is also
widespread alveolar collapse (Fig 11)
Radiology: Volume 255: Number 3—June 2010
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that leads to severe hypoxemia and respiratory failure. A second phase that
consists of organization and incorporation of intraalveolar exudate, cellular
debris, and fibroblasts into the alveolar
walls contributes to further alveolar
wall thickening. Traction bronchiectasis
results from contraction of the fibroblastic material and is associated with
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increased mortality (34). Cystic spaces
that appear during the organizing phase
of DAD are distributed throughout the
lung and are commonly associated with
the radiologic findings of diffuse groundglass opacity, reticulation, and volume
loss (Fig 4) (35).
Although UIP-IPF and AIP traditionally have been considered different diseases, both demonstrate alveolar collapse, incorporation of intraalveolar
debris into the alveolar walls, and increased neutrophils at bronchoalveolar
lavage, suggesting a similar disease
process (8,9,13–15,36,37). Compared
with patients who have AIP, patients
with disease at the UIP-IPF end of the
spectrum have less severe injury and a
more chronic course. There is a clinical
spectrum in patients with the histologic
findings of DAD. We have reviewed
DAD cases in which the patients required only supplemental oxygen for
support, while in more severe cases, patients are intubated and require mechanical ventilation with positive endexpiratory pressure.
Acute exacerbations occur in up to
18% of patients with UIP-IPF, supporting the concept of UIP-IPF and AIP as
points on a continuous spectrum of injury (38). Almost all of these exacerbations are idiopathic, and the majority of
them have the typical histologic finding
of DAD superimposed on a background
of UIP-IFP (39,40). It is interesting that
Averill Liebow in his original description
of the interstitial pneumonias used the
term acute UIP when referring to the
histologic findings of DAD (8,9). After
30 years, there is now evidence that supports his original observation (1). Images acquired during an acute exacerbation of IPF demonstrate diffuse areas of
bilateral ground-glass opacity superimposed on peripheral reticulation and cystic spaces (Fig 12). The availability of
imaging examinations that document a
previous pattern of UIP-IPF can be helpful in identifying this complication. Interestingly, the surgical procedure for lung
biopsy in patients with UIP-IPF is associated with episodes of acute exacerbation
that often result in death (41). Low lung
volumes that accompany anesthesia may
initiate widespread alveolar collapse that
699
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Figure 9
Figure 9: UIP-IPF in 77-year-old man. Lower-lobe peripheral
distribution of typical reticulation and cyst formation is more
readily evident on coronal reconstruction of axial CT data (left)
than on source data. Right: Distribution of lower-lobe cysts in
UIP-IPF follows normal distribution of alveolar size when patient is
upright. Small basal and dependent alveoli are more likely to
collapse than large upper-lobe alveoli and remain closed after
diffuse lung injury.

Figure 10

Figure 10: UIP-IPF in 44-year-old man. Axial high-spatial-resolution CT images obtained (a) through upper lobes, (b) just below carina, and (c) at posterior costophrenic angles show minimal peripheral reticulation, with rare small cysts similarly involving the three levels. (d, e) Histologic lung sections show typical findings of
UIP, including subpleural fibrosis with peripheral cysts (d) and fibroblast foci (∗) in cyst walls (e). (Hematoxylin-eosin stain; original magnification, 31 [d] and 3200
[e].) Imaging findings are consistent with UIP-IPF; however, minimal involvement and lack of lower-lobe gradient preclude confident diagnosis based on imaging findings alone. Diagnostic histologic findings with compatible but nondiagnostic imaging findings portend poor prognosis but not as poor as that for patients with concordant histologic and radiologic findings of definite UIP. However, histologic diagnosis of UIP does not equal clinical diagnosis of IPF. Histologic findings of UIP can also
be seen in association with collagen vascular disease, asbestosis, fibrosing-phase hypersensitivity pneumonitis, radiation pneumonitis, and Hermansky-Pudlak
syndrome.
700
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Figure 12

Figure 11

Figure 11: Alveolar collapse in DAD. High-power
magnification lung tissue specimen shows edematous
alveolar wall covered by hyaline membranes (∗) along
one surface. Centrally, hyaline membranes line a
collapsed alveolar space (arrowhead). (Hematoxylineosin stain; original magnification, 3400.)

cannot be reversed because of preexisting diffuse alveolar wall injury.
Organizing pneumonia.—The histologic finding of organizing pneumonia
(ie, Masson bodies) is seen in a variety of conditions including bacterial
pneumonia, toxin or fume exposure, irradiation, drug reaction, and connective
tissue disease. However, in the majority
of cases, no etiology is identified and the
process is clinically labeled cryptogenic
organizing pneumonia. First described
by Liebow (8,9), the concept of organizing pneumonia was not widely appreciated until the 1980s (42,43). The
majority of patients with this disease respond to steroids; however, a substantial
number of patients do not recover completely, and there is a consistent 3%–4%
mortality rate in most series (43–45).
Organizing pneumonia is a relatively
focal process and involves the peribronchiolar region of the lung, with areas of
consolidation on high-spatial-resolution
CT images. These areas tend to spare
the absolute periphery of the lung and
gradually disappear (Fig 13). In our experience, some patients with organizing
pneumonia do not fully recover: They
develop pulmonary fibrosis, which may
not respond to steroids. The histologic
pattern of the fibrosis is that of fibrotic
NSIP; however, careful inspection often
reveals plugs of organized material in
various stages of incorporation into the
alveolar wall (Fig 14). Contraction of
the fibroblastic material in these thickRadiology: Volume 255: Number 3—June 2010
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Figure 12: Accelerated-phase UIP-IPF in 56-year-old man. (a) Axial high-spatial-resolution CT image
acquired during accelerated phase of clinical deterioration shows geographic areas of ground-glass opacity
and reticulation superimposed on peripheral reticulation. (b) Findings on corresponding CT image acquired
6 months previously during quiescent period of UIP-IPF confirm findings in a. (c, d) Lung biopsy specimens
acquired when a was obtained show intraalveolar organization engulfing hyaline membranes (arrowhead)
(c) and interstitial organization (d), consistent with acute and organizing-phase DAD. (Hematoxylin-eosin
stain; original magnification, 3200 [c] and 340 [d]). There is excellent correlation between histologic and
concurrent imaging findings: Both are consistent with DAD. However, findings in b provide vital information
because they confirm presence of preexisting UIP-IPF. Overall, case is consistent with diagnosis of
accelerated-phase UIP-IPF.

ened alveolar walls distorts nearby
airways (46). At imaging, the progression, commonly observed over months,
mirrors this process. Areas of peribronchiolar consolidation are gradually replaced by a mixture of reticulation and
ground-glass opacity that surrounds
bronchiectatic and distorted airways
(Figs 15 and 16). Cysts are identified
5–10 mm from the pleura in the region
of the terminal bronchioles (Fig 5).
These cysts represent small dilated airways associated with variable amounts
of organization and fibrosis.
A substantial number of organizing
pneumonia cases referred for secondopinion consultation are mistakenly diagnosed as UIP-IPF on the basis of the
presence of incorporated fibroblastic
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material (Fig 17) (47). This is due to a
remarkable similarity in histologic appearance between the fibroblast foci of
UIP (Fig 3) and the Masson bodies seen
in organization (Fig 14). Detailed investigation of the fibroblastic material in
IPF-UIP and organizing pneumonia suggests that they are highly related, if not
identical, processes (46). High-spatialresolution CT images obtained at multiple time points are often crucial for differentiating these two processes.

Smoking-related Interstitial Lung Disease:
Inflammation and Fibrosis
Variable degrees of emphysema and alveolar wall fibrosis are commonly observed in the histopathologic specimens
obtained from cigarette smokers (48–52).
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Figure 13

Figure 13: Organizing pneumonia in febrile 70-year-old man. (a) Axial high-spatial-resolution CT image
obtained through lower lobes shows peribronchiolar consolidation with peripheral sparing. (b) Corresponding
CT image acquired 6 weeks later shows residual bands of consolidation. (c, d) Lung biopsy specimens
obtained when b was acquired show bronchiolocentric nodule (c), which correlates with bands of peripheral
consolidation seen at CT; d shows nodule is composed of intraalveolar plugs of loose fibroblastic tissue (∗),
diagnostic of organizing pneumonia. (Hematoxylin-eosin stain; original magnification, 31 [c] and 3100 [d].)

Extensive research conducted in humans and animals supports the concept
that both emphysema and fibrosis can
be divergent responses to a common
injury—in this case, that induced by
cigarette smoke (49,50,53–57). The fibrosis in these patients fits the pattern
of fibrotic NSIP (52). The fibrosis is relatively uniform, with a lack of the broad
scars and the architectural distortion
commonly found with UIP-IPF (Fig 6)
(52). The lack of heterogeneity and fibroblast foci in smoking-related fibrosis
suggests that neither alveolar collapse
nor incorporation of fibroblastic material is involved in the pathogenesis. The
typical imaging findings also differ considerably from those of UIP-IPF, AIP,
and organizing pneumonia. In smokingrelated fibrosis, cystic spaces predominate in the upper lung fields (Fig 6).
These cysts have the size and distribution
of emphysema, unlike the strikingly
peripheral lower-lobe cysts in UIP-IPF.
Variable combinations of temporally
uniform fibrosis, smoker’s macrophages,
and emphysema are common findings
in dyspneic patients who eventually undergo open lung biopsy. The combination of emphysema and fibrosis results
in relatively normal air flow and lung volume at pulmonary function testing, with
a severely depressed diffusing capacity

Figure 14

Figure 14: Incorporation of intraalveolar organization. Alveolar exudates and cellular debris from injury are cleared from alveolar spaces in process termed organizing pneumonia, or Masson bodies. Organizing pneumonia is evidenced by intraalveolar
plugs of fibroblastic tissue, which is stained green on this collage of four histologic specimens. (Movat pentachrome stain; original magnifications, from left to right: 310, 320, 310, and 310, respectively.) Far left: Initially, organizing pneumonia appears
as rounded plugs within alveolar spaces. Second from left: As clearance begins, plugs butt up against alveolar walls and become epithelialized by overgrowth of type ll pneumocytes. Third from left: Plugs are then incorporated into alveolar walls. Far
right: Over time, plugs become relatively flattened and collagenized but result in thickened alveolar walls.
702

radiology.rsna.org

n

Radiology: Volume 255: Number 3—June 2010

HOW I DO IT: Radiologic and Histopathologic Assessment of Fibrotic Lung Disease

Galvin et al

Figure 15
Figure 15: Organizing pneumonia with progression to fibrosis in 50-year-old woman with 1-month
history of hypoxia and dyspnea. (a) Axial chest CT
image obtained through lower lobes and (b) coronal
reconstruction of axial CT data show peribronchiolar
consolidation primarily in lower lung fields. (c) Lung
biopsy specimen acquired at the time a and b were
acquired shows intraalveolar plugs of loose fibroblastic tissue (arrowheads), diagnostic of organizing
pneumonia. (Hematoxylin-eosin stain; original magnification, 340.) (d) Axial high-spatial-resolution CT
image acquired 8 months later shows residual areas
of peribronchiolar consolidation (arrow) and new
findings of widespread reticulation and traction
bronchiectasis (arrowhead), consistent with diffuse
fibrosis. There is excellent correlation between initial
imaging (a) and histologic (c) findings: Both are
compatible with organizing pneumonia. However, d
shows diffuse pulmonary fibrosis, a potential complication that we have observed in a minority of
patients with organizing pneumonia. Combined
imaging features are not consistent with diagnosis
of IPF.

Figure 16

Figure 16: Organizing pneumonia with progression to NSIP in 59-year-old man. (a) Axial chest CT image obtained through lower lobes shows peribronchiolar areas
of consolidation (arrowhead) associated with diffuse areas of ground-glass opacity. (b) Axial high-spatial-resolution CT image acquired 6 months later shows geographic ground-glass opacity with subtle reticulation, small cysts, and mild traction bronchiectasis, consistent with diffuse fibrosis. (c) Lung biopsy specimen obtained
when b was acquired shows diffuse interstitial widening due to incorporation of organizing fibroblastic tissue (arrowheads). (Hematoxylin-eosin stain; original magnification, 3100.) There is excellent correlation between findings in b and c: Both indicate diffuse fibrosis, which corresponds to a histologic diagnosis of NSIP. Overall,
the two CT images were interpreted as showing progression of organizing pneumonia to NSIP.

and marked dyspnea. This confusing
constellation of findings suggests the
need for tissue biopsy (58).
The legacy terminology associated
with smoking-related lung injury is particularly problematic because the amount
of fibrosis that is acceptable in respiraRadiology: Volume 255: Number 3—June 2010

n

tory bronchiolitis–interstitial lung disease
and desquamative interstitial pneumonia
is arbitrary and not well defined. Pathologists sometimes combine the diagnosis
of respiratory bronchiolitis or desquamative interstitial pneumonia with NSIP
if the amount of alveolar wall fibrosis is
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considered to be unusually large (52).
However, the reliability of this assessment has not been demonstrated.
In most cases referred for consultation at our institution, the NSIP pattern
of fibrosis is associated with UIP-IPF, organizing pneumonia, or smoking-related
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Figure 17

Figure 17: Severely fibrotic NSIP with organizing pneumonia in 66-year-old man with 150-pack-year smoking history. (a) Axial high-spatial-resolution CT image
obtained just below carina shows widespread cysts and low-attenuating areas. There is peripheral band of increased attenuation and reticulation in right lung that
spares absolute lung periphery (arrowheads). Lung biopsy specimens from right lower lobe show (b) diffuse but geographically variable interstitial fibrosis (hematoxylin-eosin stain; original magnification, 31), with (c) foci of organizing fibroblastic tissue (arrowhead) incorporated into interstitium (hematoxylin-eosin stain; original
magnification, 3100). Histologic findings enable difficult differentiation between severely fibrotic NSIP and UIP. Geographic heterogeneity of interstitial fibrosis and
incorporated organizing fibroblastic tissue suggest UIP. However, incorporated organizing fibroblastic tissue can also be seen in latter phases of organizing pneumonia.
Lack of convincing architectural remodeling with cyst formation militates against diagnosis of UIP. Peripheral band of attenuation and reticulation with sparing of absolute lung periphery follows typical distribution of organizing pneumonia. At CT, cystic spaces are consistent with emphysema and not the typical peripheral distribution
of cysts in UIP. Imaging results influence interpretation of histologic findings, suggesting organizing fibroblastic tissue is more likely a manifestation of organizing
pneumonia than UIP.

Figure 18
Figure 18: Idiopathic NSIP in 47-year-old man.
(a) Axial high-spatial-resolution CT image obtained
through lower lung fields shows areas of groundglass opacity and reticulation superimposed on
distorted airways. Posterior displacement of major
fissure on right side is consistent with volume loss.
(b) Lung biopsy specimen from lower lobe shows
diffuse interstitial fibrosis, which lacks geographic
heterogeneity. Given the degree of fibrosis, cystic
change is minimal and no fibroblast foci are identified. There is excellent correlation between CT and
histologic findings, which when considered together meet the criteria for idiopathic NSIP.

injury with emphysema. The radiologic
pattern plays an important role in differentiating these three possibilities. Imaging is especially helpful when studies
obtained at multiple time points pro704

vide clear evidence of either organizing
pneumonia gradually transitioning to fibrosis (Fig 16) or a stable pattern of
upper-lobe cystic change associated with
emphysema (Fig 6). Areas of NSIP-type
fibrosis are commonly identified in patients with UIP-IPF, given the welldocumented variability of the histologic
findings of UIP-IPF—especially when multiple biopsy sites are examined (Fig 3).
In a recent publication sponsored by the
ATS, the existence of idiopathic NSIP as
a distinct entity is postulated (59). Images typically demonstrate a lower-lobe

predominance of diffuse or peribronchiolar reticular opacity (Fig 18). Traction
bronchiectasis and lower-lobe volume
loss are common associations (60). It is
important to remember, however, that
the NSIP pattern of fibrosis is seen in
many clinical settings, including those of
UIP-IPF, organizing pneumonia, hypersensitivity pneumonitis, collagen vascular
disease, and cigarette smoke exposure.

Conclusion
Averill Liebow, who described the interstitial pneumonias more than 40 years
ago, recognized that the IIPs “are types of
tissue response, and that no implication
is intended that any is pathognomonic
for a specific etiologic factor. Nevertheless, histologic characteristics may provide clues both to etiology and to pathogenesis and certainly to natural history
and prognosis” (8).
A multitude of normal processes
must interact with precision to maintain and repair the lung when it is injured. Absence, imbalance, or exaggeration of any one of these processes
leads to disease. Identification of the
dominant histopathologic process combined with the distribution as assessed
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with radiologic imaging provides important information regarding the likely
etiology, especially in cigarette smokers,
in whom there is often a combination of
cystic change related to emphysema
and associated fibrosis.
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