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POINTS

See last page Organization, characterized by fibroblast proliferation, is a common and
nearly universal response to lung injury whether it is focal or diffuse.
Despite the vast range of injurious agents, the lung’s response to injury is
quite limited, with a similar pattern of reaction seen radiologically and his-
tologically regardless of the underlying cause. Although there is a tendency
to divide organization into distinct entities, the underlying injury to the al-
veolar epithelial basement membrane is a uniting factor in these processes.
This pattern of lung injury is seen in the organizing phase of diffuse alveo-
lar damage, organizing pneumonia (OP), acute fibrinous and organizing
pneumonia, and certain types of fibrotic lung disease. In addition, although
organization can heal without significant injury, in some instances it pro-
gresses to fibrosis, which can be severe. When fibrosis due to organization is
present, other histologic and imaging patterns, such as those seen in non-
specific interstitial pneumonia, can develop, reflecting that fibrosis can be
a sequela of organization. This article reviews the histologic and radiologic
findings of organization in lung injury due to diffuse alveolar damage, OP,
and acute fibrinous and organizing pneumonia and helps radiologists un-
derstand that the histologic and radiologic findings depend on the degree
of injury and the subsequent healing response.
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Abbreviations: AFOP = acute fibrinous and organizing pneumonia, COP = cryptogenic organizing pneumonia, DAD = diffuse alveolar dam-
age, GGO = ground-glass opacity, H-E = hematoxylin-eosin, NSIP = nonspecific interstitial pneumonia, OP = organizing pneumonia, UIP = usual
interstitial pneumonia
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Introduction
Organization is a common and nearly universal
response to injury in the lung, whether focal or
diffuse. In most circumstances, the organization
clears as part of the normal process of repair.
However, in some instances, repair is self-rein-
forcing and leads to fibrosis.

Normal Lung Ultrastructure
Alveolar walls, composed of a capillary network
with blood separated from air on both sides by
only a thin layer of tissue, serve as the barrier
between the environment and the interior of our
bodies for the purpose of gas exchange (Fig 1).
Ultrastructurally, the air-blood tissue barrier of
the alveolar walls has three components: alveolar
epithelial cells, a narrow interstitial space, and cap-
illary endothelial cells (Fig 2). Nearly half of the
interstitial space is composed solely of the fused
basement membranes of epithelial and endothelial
cells. Where the basement membranes are sepa-
rated, the interstitial space contains elastic fibers,
collagen fibrils, fibroblasts, and tissue macro-
phages (2). As the site for gas exchange, the lungs
process an average of 10,000 L of air and 7000 LL
of blood per day. In addition to carrying benefi-
cial constituents, air and blood have the potential
to carry noxious environmental and endogenous
agents to the lungs that may cause injury.

Lung Injury

Lung injury is associated with a myriad of
causes such as infection, collagen-vascular dis-
ease, hypersensitivity processes, drug reaction,
dust exposure, and toxic inhalation. Although
the range of injurious agents is vast, the lung’s
response to injury is quite limited resulting in
similar patterns of reaction seen radiologically
and histologically regardless of the cause of
injury (3). Organization, characterized by fibro-
blast proliferation, has long been recognized as
an important pattern of response in lung injury
(4,5) and is the result of damage to the air-
blood tissue barrier of the alveolar walls (6).

Following injury, lung repair is a two-edged
sword that may lead to resolution and return to
normal lung architecture, or that may progress to
irreversible fibrosis with complete loss of alveolar
architecture (7). Injury may manifest as damage
to alveolar epithelial cells, basement membranes,
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Figures 1, 2. Normal alveolar wall. (1) Photomicro-
graph (original magnification, X600; hematoxylin-eosin
[H-E] stain) shows the capillary network; however, the
constituents of the alveolar wall cannot be resolved at
light microscopy. (2) A, Electron photomicrograph
(original magnification, X2200; uranyl acetate stain)
shows the capillary network, type I and type II pneu-
mocytes (alveolar epithelial cells), and red blood cells
(RBC) in the capillary lumens. B, Electron photo-
micrograph (original magnification, X48,000; uranyl
acetate stain) shows the thinnest portion of the tissue
barrier between the alveolar space and the capillary lu-
men, which is composed of the cytoplasm of the type I
pneumocyte, the fused basement membranes (BM) of
the pneumocyte and the capillary endothelial cell, and
the cytoplasm of the endothelial cell. (Fig 2, adapted
and reprinted with permission from reference 1.)

or capillary endothelial cells, and in the most
severe injury, it may result in collapse of the col-
lagen and elastic scaffold of the alveolar walls (7).
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Figure 3. Histologic pattern of OP. (a) Photomicrograph (original magnification, X40; H-E stain) shows multiple
plugs of organizing fibroblastic tissue (arrowheads). (b) Photomicrograph (original magnification, X100; H-E stain)
shows that the plugs are composed of spindle-shaped cells embedded in a pale-blue—staining matrix.

The common result of injury is that a protein-
rich exudate leaks from the barrier into the al-
veolar space and is associated with migration of
fibroblasts from the interstitium, differentiation
of some fibroblasts into myofibroblasts, and for-
mation of organizing fibroblastic tissue (7).

The integrity of the epithelial and endothelial
basement membranes is the key determinant of
whether injured lung returns to normal or is re-
placed by fixed fibrous tissue (6). If the stimulus
for injury is removed and the basement mem-
branes are intact, then reepithelialization and re-
endothelialization occur, intraluminal fibroblastic
tissue is remodeled into the interstitium (5,8) or
is removed by the fibrinolytic system, and normal
architecture is reestablished (6,7). If the stimulus
for injury persists and the integrity of the base-
ment membranes is lost, then alveoli collapse,
their basement membranes fuse, fibroblast activa-
tion persists, and the self-reinforcing formation of
organizing fibroblastic tissue progresses to fixed
fibrosis (6,7).

Histologic Features of
Organizing Fibroblastic Tissue
Organizing fibroblastic tissue, a histologic pattern

termed organizing pneumonia (OP) or Masson
bodies by pathologists, has a distinctive histologic
appearance characterized by spindle-shaped fi-
broblasts and myofibroblasts (9) embedded in

a pale-staining matrix (Fig 3). In response to
injury, organizing fibroblastic tissue can be found
microscopically in airspaces, in the interstitium,
and in varying stages of incorporation from air-
spaces into the interstitium.

In a light and electron microscopy study of
open lung biopsies and autopsy specimens from
373 individuals, Basset et al (5) describe this dis-
tribution of organizing fibroblastic tissue in detail
and identify three patterns. First, intraluminal
buds or plugs of organizing fibroblastic tissue
partially fill affected alveoli and alveolar ducts.
Variable amounts of inflammation and fibrosis
occur in the buds, but fibrosis is not prominent.
Second, obliterative change occurs with orga-
nizing fibroblastic tissue filling and obliterating
whole lumens of alveoli, alveolar ducts, and re-
spiratory or terminal bronchioles. There is loss of
the epithelial lining in the affected areas. Variable
inflammation and fibrosis are present in the areas
of obliteration, but fibrosis is prominent. Third,
mural incorporation is characterized by buds
of fibroblastic tissue fused with nearby alveolar
septa, alveolar ducts, or bronchiolar structures.
The surface of the incorporated organizing fi-
broblastic tissue is reepithelialized. Fibrosis of
the incorporated tissue is prominent, and along
with obliterative change causes remodeling of the
lung parenchyma (Fig 4). Studies by Auerbach
et al (4), Fukuda et al (11), Myers and Katzen-
stein (8), and Peyrol et al (12) describe similar
patterns of organizing fibroblastic tissue in lung
injury.
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Figure 4.

Incorporation of intraalveolar organization. OP is evidenced by intraal-

veolar plugs of organizing fibroblastic tissue, which stain green in this collage of

four images. Photomicrographs (original magnifications from left to right: X100,
%200, X100, and X100; Movat pentachrome stain) show OP that appears initially

as rounded plugs within the alveolar spaces (far left). As clearance begins, the plugs
abut alveolar walls and become epithelialized by an overgrowth of type II pneumo-
cytes (middle left). Plugs are then incorporated into the alveolar walls (middle right).
Over time, they become relatively flattened and collagenized (far right) but result in
thickening of the alveolar walls. (Reprinted, with permission, from reference 10.)
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Organizing fibroblastic tissue is commonly
thought to occur predominantly in acute and
subacute lung injury, namely in diffuse alveo-
lar damage (DAD) and cryptogenic organizing
pneumonia (COP). However, it is a histologic
feature in a wide range of interstitial lung dis-
orders such as collagen-vascular disease; hyper-
sensitivity pneumonitis; chronic eosinophilic
pneumonia; pulmonary Langerhans cell histio-
cytosis; pulmonary sarcoidosis; pneumoconioses;
lymphangioleiomyomatosis; drug-, toxin-, and
radiation-induced lung injury; and idiopathic pul-
monary fibrosis (5). Precise identification of the
distribution of organizing fibroblastic tissue in the

Days Following Lung Injury

histologic section is essential for accurate diagno-
sis. In addition, many studies have demonstrated
that organizing fibroblastic tissue is a pathway to
lung fibrosis (4,5,8,11,12). The following sections
review the most common settings of organization
as a response to lung injury.

Histologic and
Radiologic Findings of DAD

DAD is a nonspecific reaction of the lung to a
wide range of toxic insults including those due to
infection, drugs, sepsis, shock, aspiration, toxic
inhalation, toxic ingestants, exacerbation of id-
iopathic pulmonary fibrosis, and a wide variety
of miscellaneous sources (3). In the absence of
an identifiable cause, DAD may be idiopathic, in
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Figure 6. Acute phase DAD. Photomicrograph
(original magnification, X200; H-E stain) shows
characteristic hyaline membranes (arrowhead) and
alveolar wall edema (x) in acute phase DAD. Capil-
lary leak has resulted in amorphous eosinophilic
edema fluid in alveolar spaces (arrow).
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Figure 7. Organizing phase DAD. Photomicrographs (original magnifications, X320 [a] and x100 [b]; H-E stain)

in the same patient show organizing fibroblastic tissue as plugs within the alveolar spaces (arrowheads in a) and dif-

fusely involving the interstitium (* in b).

which case the clinical diagnosis of acute intersti-
tial pneumonia, previously termed Hamman-Rich
syndrome, may be applied (13). DAD also is the
descriptive term used by pathologists to encom-
pass the series of events seen histologically fol-
lowing acute lung injury from any cause.

The histologic appearance of DAD depends on
the time from the initial lung injury to lung biopsy,
which typically is divided into two phases (Fig 5).
From the initial injury through day 7, acute or
early phase DAD is characterized histologically
by the presence of hyaline membranes and edema
of the alveolar walls (Fig 6). Hyaline membranes
are homogeneous eosinophilic material composed
of cellular debris, plasma proteins, and surfactant
plastered against alveolar ducts and alveolar walls
(11,14). Alveolar epithelial cells throughout the af-
fected parenchyma are diffusely damaged resulting
in exposure of the epithelial basement membranes
as the alveolar walls become denuded of damaged
epithelial lining cells.

After the first week, the organizing phase of
DAD predominates and is characterized by or-
ganizing fibroblastic tissue and fibrosis (Fig 7)
(3). In response to injury, organizing fibroblastic
tissue is present in both alveolar spaces and in
the interstitium, which can resolve or progress
to fibrosis. Alveolar collapse can be seen in both
the acute and organizing phases and accounts
for the striking volume loss seen in patients
with DAD (Fig 8) (11,15-17). It is important
to note that the two phases of DAD shown in
the graph in Figure 5 are not strictly sequential,
that a great deal of overlap exists between the
two phases with many histologic features oc-
curring in tandem, and that the timing of the
appearance of the various histologic findings
is a rough approximation. The term diffuse in
DAD is confusing because it suggests that the
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Figure 8. Organizing and fibrotic phase DAD in a 56-year-old man. (a) Coronal reconstructed images from axial
CT demonstrate large geographic regions of consolidation at initial imaging (left) that progressed to near-total
opacification 2 weeks later (right). Volume loss is confirmed by elevation of the diaphragm. (b) Photomicrograph
(original magnification, X320; H-E stain) shows the collapsed alveoli (arrowheads), the major contribution to vol-
ume loss, in an alveolar wall markedly widened by organizing fibroblastic tissue.

Figure 9. Geographic distribution and septal thicken-
ing in DAD. (a) Axial CT image through the lower lobes
demonstrates a geographic distribution of consolidation
and ground-glass opacity (GGO). (b) In an axial CT im-
age obtained 10 days after a, widespread consolidation

is present with a clear demarcation between the involved
lung () and the spared lobules (arrowhead). (¢) Photomi-
crograph (original magnification, X40; H-E stain) shows a
fibrotic interlobular septum (x) separating areas of diffusely
involved lung (right) from areas of less-involved lung (left).
Microscopically, evidence of less severe lung injury is pres-
ent even in the areas of radiologic sparing seen in b.
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Figure 10. Organizing and fibrotic phase DAD in a 76-year-old man. (a, b) Axial thin-section CT images ob-
tained through the upper (a) and lower (b) lobes demonstrate traction bronchiectasis (arrows) and widespread
reticulation (arrowheads) with focal areas of sparing. The fibrotic phase of DAD predominates in this patient
histologically. (¢) In addition to interstitial fibrosis (), this photomicrograph (original magnification x200; H-E
stain) shows a hyaline membrane (arrowhead) within an airspace. (d) Photomicrograph (original magnification

Teaching
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X200; H-E stain) shows organizing fibroblastic tissue (arrowhead) within an airspace.

lung is diffusely involved. However, the term is
intended to convey the diffuse involvement of
all constituents of the alveolar wall—the alveolar
epithelium, basement membranes, and capillary
endothelium (3). Thus, DAD may involve the
entire lung but often demonstrates areas of spar-
ing both histologically and at imaging (Fig 9).
At imaging, the acute phase of DAD manifests
as relatively diffuse but patchy GGO with areas
of consolidation and septal thickening (Figs 8, 9).
These findings reflect a combination of airspace
exudates, interstitial edema, inflammation, and al-
veolar collapse that usually is most pronounced in
the dependent portion of the lungs (18,19). Alveo-
lar collapse also is promoted by external compres-
sion from the surrounding mediastinal and ab-
dominal structures (19,20). Focal areas of spared,

normal-attenuation, secondary lobules adjacent to
the involved lung are a common finding and create
a geographic appearance (Fig 9) (10,21,22). Trac-
tion bronchiectasis is absent or very mild in this
phase and usually coincides with a transition to
the organizing phase of the disease (22).
Histologic organization and subsequent fibrosis
are mirrored by the CT findings. Dependent pre-
dominant GGO and consolidation likely represent
a combination of lung organization and alveolar
collapse. As the lung injury progresses, findings of
fibrosis that include reticulation, traction bronchi-
ectasis, and bronchiolectasis rapidly develop (Fig
10) (10,20,21,23). These findings are associated
with a decreased likelihood of survival that varies



RadioGraphics

1958 November-December 2013 radiographics.rsna.org

Figure 11. Atypical pattern of fibrosis secondary to DAD.
(a) Axial CT image at the level of the right middle lobe in
a 36-year-old woman with worsening shortness of breath
demonstrates basilar-predominant GGO. Small subpleural
cysts are seen due to underlying paraseptal emphysema
(arrows). (b) CT image at the same level 4 days later shows
diffuse GGO with more dependent consolidation in the
right lower lobe. Bronchiectasis (arrowhead) has developed,
and the cystic spaces (arrows) have enlarged. A transbron-
chial biopsy confirmed DAD. (¢) CT image obtained 9
months after a shows a bizarre pattern of anterior-predom-
inant fibrosis that is most severe in the middle lung zone.
Bronchiectasis (arrowhead) has progressed, and subpleural
(arrows) and parenchymal cystic changes are prevalent.

a. b.

Figure 12. Change in the distribution of DAD over time. (a) Sagittal CT image obtained in a
34-year-old man during the acute phase of acute respiratory distress syndrome shows diffuse GGO,
septal thickening, and dependent consolidation (arrowheads). (b) Sagittal CT image obtained 10
weeks after a shows resolution of the dependent consolidation. However, fibrosis (arrows) has devel-
oped in the anterior portion of the lungs, which showed only mild involvement during the acute phase.
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Figure 13. Acute exacerbation of idiopathic pulmonary
fibrosis in a 68-year-old man. (a) Axial CT image obtained
below the level of the carina shows posteriorly located
stacked cysts (arrowheads) suggestive of honeycomb-

ing. More severe fibrosis was seen at the lung bases (not
shown). (b) Axial CT image obtained at the same level as
a shows a few new areas of peripheral GGO (x) adjacent
to the areas of honeycombing. The patient had presented
to the emergency department with increased shortness of
breath. (c) Axial CT image obtained 6 days after b shows
widespread GGO (x) with increasing bronchiectasis (ar-
rows). Bronchoscopic biopsy demonstrated DAD. The pa-
tient died 4 days later.

from 35% to 50% (14,23-25). If a patient does
survive, consolidation and GGO slowly improve.

Although CT findings can return to normal
in some patients, between 38% and 85% of pa-
tients have residual fibrosis that can be extensive
and debilitating (Fig 11) (20,26-30). Patients
typically have an atypical pattern of fibrosis that
involves less than 25% of the lung (26,27) and is
most pronounced in the anterior nondependent
portions of the lung (Fig 12) (18,21,23,27). The
anterior location of the fibrosis may be related
to barotrauma due to mechanical ventilation or
oxygen toxicity, whereas the dependent lung is
protected by collapse (29).

The limited extent of residual fibrosis, com-
pared with the extensive parenchymal involvement
seen in the acute and organizing phases of DAD,
suggests that a normal reparative healing response
has occurred, with reorganization of the damaged
epithelial basement membranes and re-expansion
of the alveoli. Imaging findings of anterior-pre-
dominant reticulation, bronchiectasis, and cystic
spaces in combination with basilar sparing are
helpful to making the diagnosis. Prior imaging
studies that document a typical progression from

the acute to the organizing phase of DAD add
further certainty. Other helpful clues include a tra-
cheostomy or a deformity in the anterior tracheal
wall suggestive of prior tracheostomy.

An association between organizing lung injury
and usual interstitial pneumonia (UIP) was de-
scribed as early as 1973 and has been confirmed
in many studies (31,32). This association is well
documented in the setting of an acute exacerba-
tion of UIP. This association, also referred to as
an accelerated phase, occurs when histologic
findings of DAD, or less commonly of OP, are
superimposed on underlying UIP, which can
lead to rapid clinical deterioration (33-37). In
the setting of acute lung injury superimposed on
a background of pulmonary fibrosis, 75%—-86%
mortality has been reported (34,36,37). The
radiologic findings will mirror the histologic find-
ings, with dependent predominant GGO and con-
solidation superimposed on a background pattern
of UIP (Fig 13) (34,37). As the injury continues to
organize, traction bronchiectasis and reticulation
increase. Similar to DAD, some of the abnormality
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Figure 14. OP at the periphery of a granuloma. (a) Ax-
ial CT image demonstrates a nodule in the posterior basal
segment of the left lower lobe (arrowhead) with surround-
ing GGO. (b) Photomicrograph (original magnification,
X100; H-E stain) shows plugs of organizing fibroblastic
tissue (arrowhead) at the margin of the nodule. (¢) Pho-
tomicrograph (original magnification, X100; H-E stain)
of the nodule shows a necrotizing granuloma surrounded
by multiple multinucleated giant cells (arrowheads). Inset
photomicrograph (original magnification, X1000; Ziehl
Neelsen stain) shows an acid-fast bacillus in one of the
multinucleated giant cells.
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b.

can resolve if the patient survives, although fibrosis
may progress after each acute exacerbation. The
cause of an acute exacerbation is unclear in most
cases, although it has been reported after lung bi-
opsy and bronchiolar lavage (34).

Basement membrane damage is a common
finding at electron microscopy in patients with
UIP even in the absence of an acute exacerbation.
The relationship between UIP and the organiza-
tion that occurs in response to acute or subacute
lung injury is not entirely understood. However,
the common histologic findings suggest that lung
repair mechanisms may be partially responsible.

Histologic and

Radiologic Findings of OP
The histologic response known as O was first
recognized during the early part of the 20th cen-
tury in patients with “unresolved” pneumococcal
pneumonia. At that time, OP was identified as a
distinct pathologic response to pulmonary infec-
tion during which intraalveolar exudates were
transformed into connective tissue (38). OPis a
term used by pathologists to describe a histologic
pattern that is a nonspecific response to lung in-
jury. As a histologic pattern, OP is characterized
by organizing fibroblastic plugs of tissue com-
posed of spindle-shaped cells in a pale-staining
matrix (Fig 3). Depending on the location within
the airspaces where they form, these plugs may



RG ¢ Volume 33 Number 7 Kligerman et al 1961

Figure 15. OP in a 69-year-old man. (a) Radio-
graph (left) shows a focal area of consolidation in
the right perihilar region (arrowhead). CT image
(right) through the inferior portion of the right lung
reveals peribronchial consolidation in the middle
lobe. (b) Photomicrograph (original magnification,
x12.5; H-E stain) shows an ill-defined parenchymal
nodule (x). (¢) Photomicrograph (original magnifi-
cation, X40; Movat pentachrome stain) shows that
the nodule is composed of variably shaped plugs of
organizing fibroblastic tissue (stained green) within
the alveolar spaces.

RadioGraphics

be round, oval, elongated, dumbbell-shaped, of an identifiable cause, OP can be considered
branching, or serpiginous. idiopathic, and the clinical diagnosis of COP
Teaching The clinical significance of a histologic finding may be appropriate (42). There are no clinical,
l . of OP varies. The finding may be of little clinical radiologic, or histologic features that reliably dis-
Point .. . . . .. .
significance, such as in the case of focal areas of tinguish COP from secondary OP or distinguish
OP that surround a granuloma or malignancy (Fig among the secondary causes because the re-
14). In addition, OP can be a minor component of sponse to lung injury is the same (39-44). At CT,
diffuse lung disease such as hypersensitivity pneu- numerous imaging patterns are associated with
monitis, eosinophilic pneumonia, or pulmonary OP. These findings are most often diffuse, but fo-
Langerhans cell histiocytosis (3). On the other cal or unilateral abnormalities do occur.
hand, the pattern may be widespread and may be
the cause of the underlying clinical illness. Unilateral Patterns of OP at Imaging
Although OP is most commonly a sequela While diffuse patterns predominate, in 10%-38%
of infection, there are numerous other causes of patients OP can present as a solitary pulmo-
including collagen-vascular disease, immuno- nary nodule (Fig 14), a focal area of consolida-
logic disorders, drug reaction, aspiration, toxic tion (Fig 15), and/or focal GGO (40,45-47).

inhalation, radiation, organ transplantation, and
miscellaneous causes (39-41). In the absence
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Figure 16. OP in a 58-year-old woman. (a) Coronal (left) and sagittal (right) reconstructed CT images of
the right lung reveal a striking peribronchial distribution of consolidation (arrowheads). Some of the airways
are mildly bronchiectatic (curved arrows). Numerous faint septal lines (straight arrows) are identified within
the regions of GGO. (b) Photomicrograph (original magnification, X100; H-E stain) shows a fibrotic inter-
lobular septum () that correlates with the septal thickening seen at imaging. Plugs of organizing fibroblastic
tissue within the alveolar spaces (arrows) and mildly widened alveolar walls due to collagen deposition, mild
infiltrates of chronic inflammatory cells, and type 2 pneumocyte hyperplasia are the histologic findings un-
derlying the GGO. To the left of the interlobular septum, the lung parenchyma is relatively normal.

Figure 17. OP from Pneumocystis infection. (a) CT image through the right lower lobe (left) reveals an irregu-
lar line of unilateral peribronchiolar consolidation with an ill-defined nodule (arrow) abutting the pleura. Pho-
tomicrograph (right) (original magnification, X12.5; H-E stain) demonstrates the nodule. (b) Photomicrograph
(original magnification, X100; H-E stain) shows that the nodules are composed of a combination of necrotizing
granulomas (*) and plugs of organizing fibroblastic tissue (arrowhead). Inset photomicrograph (original magnifi-
cation, X1000; Gomori methenamine silver stain) shows Preumocystis jirovecii within the granulomas.
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Figure 18. OP in a 51-year-old woman with a history of rheumatoid arthritis and dyspnea. (a) Axial CT image
just above the level of the diaphragm reveals bandlike areas of peripheral (black arrow) and peribronchial (arrow-
head) consolidation in the periphery of both lower lobes with peripheral sparing (). Volume loss in the lower lobes is
indicated by posterior displacement of the major fissures (white arrows). (b) Photomicrograph (original magnifica-
tion, X100; H-E stain) from a transbronchial biopsy shows multiple plugs of organizing fibroblastic tissue (arrow-
heads). Focally the alveolar walls are widened because of fibrosis (arrow).

Although unilateral parenchymal consolidation is
a nonspecific finding, consolidation with a peri-
bronchial distribution associated with bronchiec-
tasis or architectural distortion is a finding that
can help to differentiate OP from other causes
such as acute pneumonia or pulmonary hemor-
rhage (Fig 16). Nodules secondary to OP also
can be unilateral and may have a wide range of
imaging appearances. Nodules can vary in size,
but they often are peribronchial or peribronchio-
lar and may be associated with areas of consoli-
dation or GGO (Fig 17).

In some instances, OP manifests as a solitary
spiculated or lobulated nodule that mimics a
lung cancer. In addition, it also can manifest as a
nonresolving ground-glass nodule with internal
air bronchograms that can mimic various sub-
types of adenocarcinoma. Unfortunately, even if
a biopsy confirms OP in a solitary lesion, surgical

excision is still sometimes necessary because it
is not uncommon for OP to occur adjacent to a
lung malignancy (48).

Diffuse Patterns of OP at Imaging
Although focal disease can occur, most patients
with COP and secondary OP present with vari-
ous patterns of diffuse parenchymal abnormality.
While some patterns are highly suggestive of a di-
agnosis of OP, in many instances the findings are
nonspecific. The dominant finding in OP is the
presence of bilateral consolidation, which occurs
in 80%-95% of cases (21,49,50). Although con-
solidation itself is a nonspecific finding, bilateral
consolidation that is predominantly peripheral or
peribronchial is commonly seen with OP (Fig 18)
(43,51,52). Sparing of the subpleural portion of
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Figure 19. OP in a 62-year-old male cigarette smoker with progressive dyspnea. (a) Axial CT image through

the upper lobes demonstrates patchy consolidation in the posterior aspect of the right upper lobe. Numerous 2—3-
mm cysts are noted in the posterior aspect and the periphery of the left and right upper lobes (arrowheads). Focal
areas of low attenuation without walls are identified in the anterior aspect of the left upper lobe (arrow). (b) Low-
attenuation areas are better appreciated as a diffuse process on a 6-mm-thick minimum intensity projection image

at the same level. (¢) Axial CT image obtained just caudal to the carina demonstrates bandlike areas of peripheral
consolidation in the dependent portions of both lungs. Subpleural curvilinear opacities bordering the secondary lob-
ule (arrow) create what is sometimes referred to as a perilobular pattern. Small cysts are once again noted within the
areas of consolidation (arrowhead). (d) Photomicrograph (original magnification, X100; H-E stain) shows airspace
enlargement consistent with emphysema associated with thick fibrotic alveolar walls (), respiratory bronchiolitis
(“smokers’ macrophages™) (arrow), and plugs of organizing fibroblastic tissue partially incorporated into the alveolar
walls (arrowheads).

the lung along with thickened septa can create a Perilobular opacities, which often are subpleural,
geographic pattern where more heavily involved are a common finding in OP and are seen in up
lung lies directly adjacent to less-involved or nor- to 57% of patients (50,53). They appear as poorly
mal parenchyma (Fig 19). These areas of normal defined curvilinear or polygonal opacities that
lung interspersed in areas of extensive paren- border the secondary pulmonary lobule and may
chymal abnormality occur because of the zonal represent a combination of dilated septal lym-
nature of the injury to the alveolar epithelium, phatics and septal fibrosis (Fig 20).

which is mirrored at histologic analysis (12). Migratory opacities are reported in 11%—-24%

of cases of OP (43,49,51). However, migratory
opacities are a nonspecific finding in numerous
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Figure 20. OP in a 46-year-old male cigarette smoker
with emphysema. (a) Axial CT image obtained through
the upper lobes demonstrates numerous focal and conflu-
ent areas of low attenuation with thin walls. These cysts
predominate in the periphery of both lungs. (b) Axial CT
image obtained through the lower lobes demonstrates
patchy and nodular areas of peripheral GGO with as-
sociated septal lines (arrowheads). (¢) Photomicrograph
(original magnification, X40; H-E stain) shows a promi-
nent interlobular septum due to dilation of the lymphatic
channels (arrowheads) and fibrosis (arrow) that is flanked
by parenchymal areas of organizing fibroblastic tissue and
interstitial fibrosis that abut the pleura ().

Figure 21. CT findings of COP. Axial image ob-
tained in a 56-year-old woman shows multiple findings
classically associated with OP, including the reverse
halo sign (arrowhead) and the atoll sign (straight ar-
rows). A 9-mm nodule is seen in the right middle lobe
with an internal air bronchogram (curved arrow).
Although this type of nodule can be seen with various
pathologic processes, additional CT findings of OP can
help confirm the diagnosis.

pathologic conditions, including pulmonary eo-
sinophilia, pulmonary hemorrhage, and recurrent
infection or aspiration (54). The “reverse halo”
sign is a CT finding defined by the presence of a
focal area of GGO surrounded by a ring of denser
consolidation (Fig 21). When this surrounding
ring is incomplete, it is referred to as an “atoll”
sign. Although initially thought to be a specific
sign of OP, it can be seen in a variety of infections,
noninfectious granulomatous abnormalities, and
even adenocarcinoma in situ (55,56).

OP also can manifest with peribronchial or
peribronchiolar nodules of various sizes and the
location of these nodules around the airways sug-
gests that this is often the initial site of injury (8).
These nodules usually are peripheral and often
contain internal air bronchograms when larger
in size (Fig 22) (57). These nodules often coex-
ist with other parenchymal findings of OP that
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Figure 22. Secondary OP due to systemic lupus erythematosus in a 39-year-old woman. (a) Axial CT images
obtained through the left upper lobe (left) and left lower lobe (right) demonstrate multiple nodules primarily in the
periphery of the lung. Most of the nodules are surrounded by a halo of GGO. (b) Photomicrograph (original mag-
nification, X100; H-E stain) from a transbronchial biopsy shows a plug of organizing fibroblastic tissue in an alveolar
duct (%) and multiple additional plugs in the surrounding alveolar spaces (arrowheads).

can help differentiate larger nodules from other
pathologic processes with similar-appearing
nodules, such as parenchymal lymphoma, septic
emboli, or granulomatosis with polyangiitis (Fig
20). Diffuse micronodules or tree-in-bud cen-
trilobular nodules have been described but are
uncommon (52).

Differentiation of primary from secondary
causes of diffuse OP often is difficult, and there
is no reliable way to differentiate the two based
on parenchymal findings alone (43,45,49).
Small pleural effusions are more commonly seen
in secondary causes of OP (49). Esophageal
dilatation, soft-tissue calcifications, and bone
erosions suggest an underlying connective tis-
sue disease. Because infection is one of the most
common causes of OP, a shorter duration of
symptoms and underlying fever are suggestive of
secondary OP (49).

After a diagnosis of OP is confirmed, po-
tential inciting factors are removed. Patients
are treated with corticosteroid therapy alone or

combined with cytotoxic agents for 6-12 months
(41,43,58). How corticosteroids lead to a disap-
pearance of the well-organized fibroblastic plugs
remains a mystery, although some believe that
certain enzymes produced by leukocytes and
fibroblasts may lead to degradation of the in-
traalveolar material (41). The resolution of the
fibroblasts and myofibroblasts also may occur
through apoptosis (39). The prognosis is good
in many cases of OP, although relapses occur in
13%-58% of patients (41,43,45,49). While some
studies demonstrate a higher rate of relapse in
patients with secondary forms of OP-associated
collagen-vascular disease (45,58), others have
shown no difference in relapse rates for patients
with a cryptogenic versus a secondary cause of
OP (43,47). In most cases, the overall degree of
lung injury usually is mild and the lung repairs
itself without permanent injury (5,8,39,59,60).
However, severe injury can lead to permanent
damage and interstitial fibrosis.

The integrity of the epithelial and endothelial
basement membranes is the key determinant
of whether injured lung returns to normal or is
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Figure 23. COP in a 48-year-old woman with progres-
sive dyspnea. (a) Axial CT image obtained at presentation
reveals mild patchy areas of GGO in the right middle lobe
and at both lung bases (). (b) Photomicrograph (origi-
nal magnification, X80; H-E stain) from a transbronchial
biopsy obtained at presentation shows multiple plugs of
organizing fibroblastic tissue (arrowheads), findings con-
sistent with a histologic diagnosis of OP. (¢) Axial CT
image obtained through the lung bases 3 years after a and
b reveals extensive mid- and lower-lobe GGO with reticu-
lation (arrowheads) and marked traction bronchiectasis
(arrows), findings consistent with fibrosis. The imaging
pattern is suggestive of nonspecific interstitial pneumonia
(NSIP).

replaced by fixed fibrous tissue (6). If the integ-
rity of the basement membranes is lost through
injury, then the affected alveoli collapse, their
basement membranes fuse, and fibroblast activa-
tion persists. This is a self-reinforcing process
that results in the formation of organizing fibro-
blastic tissue with progression to fixed fibrosis
(4-8,11,12). Time is required for organizing
fibroblastic tissue to evolve to fibrous tissue. Al-
though lung biopsy is useful for identification of
organizing fibroblastic tissue as well as fibrosis,
the biopsy sample represents the lung at a single
point in time, and the progression from organiza-
tion to fibrosis is best documented with imaging
studies performed at intervals.

The fibrosis associated with OP is well de-
picted at CT and often manifests as areas of
peribronchial and peribronchiolar GGO or peri-
lobular thickening with traction bronchiectasis
and reticulation in areas of injured lung (Fig
23) (50). These areas of fibrosis may be most
conspicuous after resolution of the consolidation
(Fig 24). In some instances, the residual fibrosis
is lower-lobe predominant, peribronchial in dis-
tribution, and demonstrates subpleural sparing,
findings commonly associated with an NSIP
pattern (Figs 23, 24) (61,62).
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Figure 24. OP in a 39-year-old woman with rheumatoid arthritis and rapid progression of dyspnea. (a) Axial CT
image obtained at presentation just above the level of the diaphragm reveals patchy areas of peribronchial consolida-
tion (arrowheads) on an extensive background of GGO and very small nodules. Mild bronchiectasis (curved arrow)
is seen with lobular sparing (straight arrow). (b) Photomicrograph (original magnification, x100; H-E stain) from an
open lung biopsy obtained at presentation shows multiple plugs of organizing fibroblastic tissue within the alveolar
spaces (arrowheads), findings consistent with a histologic diagnosis of OP. (¢, d) Axial (¢) and coronal (d) CT im-
ages obtained 4 months after a show residual peribronchial GGO (arrowheads), inferior displacement of the major
fissures (* in d) secondary to lower-lobe volume loss, and increasing traction bronchiectasis (arrows) in the lower

lobes, findings consistent with an NSIP pattern.

Although it is unclear what percentage of
patients will develop permanent fibrosis after
developing OP, a recent study by Lee et al (62)
demonstrated that 45% of patients with histo-
logically proved OP progressed from a pattern of
OP seen at initial imaging to a pattern of fibrotic
NSIP seen at follow-up CT many months later.
Although findings of fibrosis secondary to OP
can be relatively stable, histologic and imaging
progression can occur with repeated episodes of

acute or subacute lung injury. In some instances,
the initial insult can lead to rapidly progressive
fibrosis over a short time frame (Fig 25) (63-65).
The relationship between OP and NSIP is not
entirely understood, but OP is a common histo-
logic finding in patients with NSIP. In an Ameri-
can Thoracic Society (66) study of idiopathic
NSIP, OP was seen in 52% of biopsy specimens.
Earlier studies by Cottin et al (67), Katzenstein
and Fiorelli (68), and Nagai et al (69) demon-
strated areas of OP associated with NSIP. Given
that some patients with OP show progression to a
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Figure 25. OP evolving into NSIP in a 62-year-old man. (a) Axial CT image obtained just above the diaphragm
demonstrates a bandlike opacity (arrowheads) in the periphery of both lower lobes with sparing of the absolute pe-
riphery. (b) Axial CT image through the lower lobes obtained at the same time as a demonstrates more extensive
consolidation. (c) Axial CT image obtained 9 weeks after a and b reveals widespread GGO with superimposed reticu-
lation and traction bronchiectasis (arrowheads). Multiple septal lines are noted in the left lung (arrows). (d) Photo-
micrograph (original magnification, X100; H-E stain) from a biopsy obtained 2 weeks after ¢ shows widened alveolar
walls due to loose organizing fibroblastic tissue as well as hyalinized fibrous tissue (arrowheads). In the overall biopsy,
the degree of fibrosis was sufficient for the histologic diagnosis of NSIP. (e) Photomicrograph (original magnification,
x400; H-E stain) shows a plug (x) that has progressed from organizing fibroblastic tissue to hyalinized fibrous tissue.
The alveolar epithelial cells (pneumocytes) have epithelialized the surface of the plug (arrows), which is partially in-
corporated into the alveolar wall. (f) Photomicrograph (original magnification, X100; H-E stain) shows a zone of more
recent damage and repair than in photomicrographs d and e, with a plug of organizing fibroblastic tissue in an alveolar
space (), foamy macrophages in airspaces (arrow), and mild chronic interstitial inflammation. The open lung biopsy
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.
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Figure 26. COP in a 56-year-old man with progressive dyspnea over 6 years. (a, b) Axial CT images through the
carina (a) and lower lobes (b) at the time of presentation reveal predominant peripheral GGO (arrow in a and b)
with mild early reticulation (arrowhead in b). (¢) Photomicrograph (original magnification, X50; H-E stain) from
open lung biopsy obtained at the time of presentation shows organizing fibroblastic tissue within the airspaces and
partially incorporated into the alveolar walls (arrowheads), findings consistent with the histologic diagnosis of OP.
The OP is associated with patchy interstitial fibrosis consistent with the histologic diagnosis of NSIP. (d, e) Axial
CT images obtained 6 years after a and b reveal increasing mid- and lower-lung GGO and reticulation with the
development of numerous subpleural cysts (arrowhead in d and e) and traction bronchiectasis (arrow in d and e).
Pulmonary function tests at this time revealed severe restrictive physiology suggesting fibrosis. (f) Photomicrograph
(original magnification, X13; H-E stain) of the explanted lung tissue shows diffuse interstitial fibrosis. A single sec-
ondary lobule shows partial collapse (). However, overall the secondary lobules show variable remodeling but lack
collapse as well as lack fibroblast foci, findings that do not support a histologic diagnosis of UIP.



RadioGraphics

RG ¢ Volume 33 Number 7

Kligerman et al 1971

Figure 27. AFOP in a 62-year-old man. (a) Axial CT image at the level of the right lower-lobe segmental bronchi
reveals consolidation of the lateral and posterior basal segments with lobular sparing (arrow). (b) Axial CT image
through a more caudal portion of the chest demonstrates peripheral sparing (arrow) with multiple septal lines (ar-
rowhead). These findings are consistent with the typical description of focal OP. (¢, d) Photomicrographs (original
magnification, X100; H-E stain) show plugs of organizing fibroblastic tissue (arrowhead in ¢) and amorphous fibrin
(arrowhead in d) in the alveolar spaces.

pattern of NSIP at imaging and histologic analy-
sis, one can suggest that NSIP is a sequela of OP
in some instances (Figs 25, 26). However, this
remains a controversial topic.

Acute Fibrinous

and Organizing Pneumonia
Acute fibrinous and organizing pneumonia
(AFOP) has been described as a histologic pat-
tern of lung injury associated with either an
acute or subacute clinical presentation similar to
DAD and OP. AFOP is characterized histologi-
cally by fibrin “balls” and OP within the alveolar
spaces and does not meet the criteria for either
DAD or OP (24). Like DAD and OP, numerous
causes have been implicated, including infection,
collagen-vascular disease, drug toxicity, and

toxic inhalation (24,70-74). The largest study

of patients with AFOP involved a series of 17
patients, nine of whom had a fulminant clinical
course with rapid progression to death similar to
that of DAD. The remaining patients had a sub-
clinical course with recovery similar to that of
OP (24). The clinical course and radiologic find-
ings mirror one another as those with rapidly
progressive disease have imaging findings similar
to DAD with diffuse but basilar-dependent con-
solidation and GGO (24,75), while patients with
a more subacute course have imaging findings
that are indistinguishable from OP and can en-
compass both focal (Fig 27) and diffuse (Fig 28)
parenchymal abnormality (24,72,76,77). Similar
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to both DAD and OP, AFOP can lead to paren-
chymal fibrosis (Fig 28).

DAD and OP are nonspecific reactions to lung
injury and form the bookends of a spectrum from
acute to subacute lung injury. Given the similar-
ity of AFOP to the clinical presentation, clinical
associations, histology, and clinical outcome of
DAD and OP, the utility of the category AFOP in
the spectrum of acute to subacute lung injury is
unclear, and the ability to histologically reliably
separate the category of AFOP from DAD and
OP is unknown.

Conclusion
Organization is a common and nearly universal
response to lung injury. Although there is a ten-
dency to divide the types of organization into dis-
tinct entities, the underlying injury to the epithelial
basement membrane is a uniting factor seen in
both DAD and OP. The histologic and radiologic
findings of these entities depend on the degree
of injury and the subsequent healing response.
Although lung organization can heal without
permanent injury, patients with both DAD and
OP can develop fibrosis. When this fibrosis due
to organization progresses, other histologic and
imaging patterns, such as those seen with NSIP,
can develop, suggesting that organization may be a
pathway to other patterns of fibrosis.
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The common result of injury is that a protein-rich exudate leaks from the barrier into the alveolar space
and is associated with migration of fibroblasts from the interstitium, differentiation of some fibroblasts
into myofibroblasts, and formation of organizing fibroblastic tissue. The integrity of the epithelial and
endothelial basement membranes is the key determinant of whether injured lung returns to normal or is
replaced by fixed fibrous tissue.
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At imaging, the acute phase of DAD manifests as relatively diffuse but patchy GGO with areas of consoli-
dation and septal thickening (Figs 8, 9). These findings reflect a combination of airspace exudates, intersti-
tial edema, inflammation, and alveolar collapse that usually is most pronounced in the dependent portion
of the lungs (Figs. 8, 9).
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The clinical significance of a histologic finding of OP varies. The finding may be of little clinical signifi-
cance, such as in the case of focal areas of OP that surround a granuloma or malignancy (Fig 14). In addi-
tion, OP can be a minor component of diffuse lung disease such as hypersensitivity pneumonitis, eosino-
philic pneumonia, or pulmonary Langerhans cell histiocytosis (3). On the other hand, the pattern may be
widespread and may be the cause of the underlying clinical illness.
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Differentiation of primary from secondary causes of diffuse OP often is difficult, and there is no reli-
able way to differentiate the two based on parenchymal findings alone.
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DAD and OP are nonspecific reactions to lung injury and form the bookends of a spectrum from acute
to subacute lung injury. Given the similarity of AFOP to the clinical presentation, clinical associations,
histology, and clinical outcome of DAD and OP, the utility of the category AFOP in the spectrum of
acute to subacute lung injury is unclear, and the ability to histologically reliably separate the category of
AFOP from DAD and OP is unknown.



