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Abstract The basic histopathological pattern of organizing
pneumonia (OP) is well recognized, but the contexts in which it
is encountered continue to increase. In parallel with an
appreciation of new causes and associations of OP, an
understanding of OP in the spectrum of lung injury and repair
has evolved. There is an increasing array of HRCT manifestations of OP, some of which have only recently been described.
This article concentrates on new concepts surrounding OP and
highlights newly described imaging patterns.
Keywords Organizing pneumonia . Cryptogenic organizing
pneumonia . Bronchiolitis obliterans organizing
pneumonia . BOOP

Introduction
Organizing pneumonia (OP) can be considered as one stage
of a non-specific response to lung injury and is characterized by inflammatory cells and a connective tissue matrix
within the distal airspaces. The histopathological entity of
OP is encountered in many conditions, including infection,
drug reaction and connective tissue diseases. OP also
occurs as an idiopathic and well-characterized clinicopathological disorder, cryptogenic organizing pneumonia
(COP). The CT signs of OP are many and varied and the
classic and more recently reported imaging patterns of OP
are reviewed, in addition, practical diagnostic issues for the
radiologist are emphasized.
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What is organizing pneumonia?
&
&
&

A histopathological pattern characterised by whorls of
myofibroblasts and inflammatory cells in a connective
tissue matrix within the distal airspaces.
A non-specific response to lung injury associated with
infection, drugs, inflammatory, and other conditions. (see
Table 1).
As a primary clinical entity, it is termed cryptogenic OP.

History, terminology and classification
Early references to OP can be found in the late nineteenth
century literature [1], but the first detailed histopathological
descriptions come from the early twentieth century [2].
These were largely based on autopsy studies performed on
patients with non-resolving bacterial pneumonia, before the
advent of antimicrobial therapy [3, 4]. It was established
early on that OP occurred as a result of infection, but during
the course of the twentieth century OP began to be
recognized in such varied conditions as interstitial diseases
[5], drug toxicity [6] and connective tissue disorders [7].
Reports of OP with no known cause or association
appeared in 1983, when Davidson coined the term
cryptogenic organizing pneumonia [8]. Two years later,
Epler et al. described the same entity, which they named
bronchiolitis obliterans organizing pneumonia (BOOP)[9].
These two names for the same condition resulted in much
confusion [10]. The term BOOP emphasized the histological airspace predominance, but the semantic similarity to
obliterative bronchiolitis (bronchiolitis obliterans), an unrelated condition, muddied the waters [11, 12].
The disorder had become firmly established as a distinct
clinicopathological entity by the 1990s, and at that time it
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Table 1 Causes and associations of secondary organizing pneumonia
Cause/association:
Drugs:
Antibiotics
Antiepileptics
Antiarrythmics
Immuno-modulatory
Infections:
Bacteria
Viruses
Parasites
Fungi
Inflammatory:
Connective tissue diseases
Vasculitis
Malignancy
Transplantation
Interstitial lung disease
Miscellaneous lung injury

Example:

nitrofurantoin
carbamazepine
amiodarone
interferon
Streptococci
Influenza
Plasmodium vivax
Cryptococci
poly/dermatomyositis
Wegener’s granulomatosis
lung cancer
bone marrow
UIP
radiotherapy

was more frequently referred to (certainly in North
America) as BOOP, which was also the preferred term at
the first international congress on organizing pneumonia in
1992 [13, 14]. In 1998, Katzenstein and Myers’ landmark
paper on the clinical relevance of the pathologic classification of idiopathic pulmonary fibrosis, the term BOOP was
used; however, the condition was not included in their
classification of interstitial disorders owing to its intraluminal rather than interstitial distribution and radiographic
appearance of air space consolidation [15]. These issues
were further explored in 2002, when a working group
sponsored by the American Thoracic Society and the
European Respiratory Society settled on the term COP for
the clinical entity [16]. They also included the condition in
their classification of idiopathic interstitial pneumonias
because a) it may be confused with other interstitial
disorders, b) the histopathological features include an
element of interstitial inflammation and c) in some cases
interstitial fibrosis is an obvious component (see later). The
term COP remains preferred to BOOP as it conveys the
characteristics of the condition and avoids confusion with
airway-centered diseases; the trend towards the use of COP
is reflected in its proportionately greater use over recent
years, although the now abandoned term BOOP is still
surprisingly frequently used in the literature.

Histopathology
At a histopathological level, OP is characterized by intraluminal plugs of inflammatory debris (predominantly within

the alveolar ducts and surrounding alveoli), consisting of buds
of granulation tissue, whorls of fibroblasts and myofibroblasts
in a connective matrix (Masson bodies [17]) (Fig. 1). These
buds may extend from one alveolus to the next through the
narrow pores of Kohn (butterfly pattern). Alveoli may also
contain foamy macrophages and there is often mild
interstitial inflammation of the surrounding lung [16, 18].
In its purest form, background features of diffuse alveolar
damage or fibrosis are absent. However, these components
are increasingly recognized in specific situations or variant
forms of organizing pneumonia, which are discussed later.
The initial trigger leading to intra-alveolar OP is a degree
of alveolar epithelial injury, causing the death of pneumocytes and the formation of gaps in the basal lamina. Crucial
to the development of OP is leakage of plasma proteins
(including clotting factors) into the airspaces [18].
The process of organization then takes over, both the
coagulation and fibrinolytic cascades are activated in the
airspaces; the coagulation cascade predominates causing
fibrin deposition. The first stage of organization of the exudate
involves the formation of fibrinoid inflammatory cell clusters
(lymphocytes, neutrophils and some eosinophils). In the
second stage, inflammatory cells are less numerous, fibroblasts migrate through gaps in the basal lamina then proliferate
and undergo phenotypic modification to become myofibroblasts, and an extracellular reticulin framework is laid down.
Mature fibrotic buds characterize the final stage; inflammatory
cells are increasingly scarce, concentric rings of myofibroblasts alternate with layers of collagen (predominantly type
III), fibronectin and proteoglycans [18].
Cordier has proposed an interesting analogy for organizing pneumonia by comparing it to the granulation tissue
of skin wounds, another example of a reversible fibroinflammatory process [18]. OP lesions share a few
characteristics with granulation tissue which may shed light
on the reversible nature of the lesion; these include

Fig. 1 Histopathology of organizing pneumonia. A surgical lung
biopsy specimen stained with haematoxylin and eosin shows a
Masson body (arrow); organized granulation tissue within the alveolar
space, consisting of myofibroblasts and inflammatory cells within a
connective tissue matrix
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prominent capillarization of the intra-alveolar buds [19] and
a predominance of type III collagen, which occurs in a
loose matrix and is relatively susceptible to degradation (as
opposed to irreversible type I collagen which is encountered in fibrotic lung disease such as UIP) [18, 20–22].

Histopathogenesis of organizing pneumonia:
&

&
&
&

Alveolar epithelial injury leads to pneumocyte cell
death forming gaps in the basal lamina. Plasma proteins
(including clotting factors) and inflammatory cells leak
into the airspace. (Leakage)
Activation of coagulation cascade leading to fibrin
deposition. (Coagulation)
Organization into intra alveolar fibro-inflammatory
buds involving whorls of myofibroblasts in a connective tissue matrix. (Organization)
Inflammatory component recedes, resorption of matrix
in most cases. (Resorption)

Epidemiology and clinical features
The incidence of the clinical entity of OP is not well
documented, however one Icelandic study reported a mean
annual incidence of just under 2 per 100,000 [23]. They also
found the idiopathic clinical syndrome, COP, was commoner
than OP associated with an underlying disease, such as a
connective tissue disease (1.10 vs. 0.87/100,000)[23].
COP has an equal sex distribution. Most patients are
non-smokers and it is not clear whether smoking has a
protective role, or if this simply reflects the relative
prevalence of smokers and non-smokers [18]. The mean
age of onset is 58 years (range 15–87); COP has only rarely
been reported in children and does not seem to occur in the
neonatal period [23–25].
COP typically presents as a relatively short duration illness
with fever, malaise, cough and dyspnoea, which may be severe
[24]. A history of multiple courses of antibiotics is common
and diagnosis is often delayed. There may be a history of a
preceding viral-type illness [16] and a seasonal (early spring)
relapsing pattern of occurrence has been described [26].
Inflammatory markers are elevated and there is frequently a
peripheral neutrophilia. Lung function tests demonstrate a
restrictive defect with a moderately reduced transfer factor,
[13, 24, 27]. Resting and exercise induced arterial hypoxaemia is common [24] and may be surprisingly severe.
The majority of patients with COP respond rapidly and
completely to a course of oral corticosteroids. A proportion
relapse, often when the steroid dose is reduced, however
relapses do not appear to be associated with increased
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mortality or long-term functional morbidity [18, 28]. The
reported relapse rate ranges from 13% to 58% [28, 29],
likely due to the heterogeneity of the groups studied.
Treatment for at least 6 months is usually advised [9, 24],
but Cordier has proposed low dose and short duration of
treatment, with informed patients accepting a higher relapse
rate whilst avoiding steroid side effects [18]. Overall, the
prognosis is good, however, a proportion of patients will
progress to fibrosis, respiratory failure and death [18]; this
challenging subgroup is discussed later.
One study has suggested that there is no obvious
difference between cryptogenic and secondary OP in terms
of symptomatology, physical signs, laboratory and pulmonary function tests, radiologic or pathologic findings [29].
However, the authors also reported that secondary OP leads
to more respiratory related deaths than COP and has a
lower 5-year survival; although, the secondary OP group
included patients with hematological malignancies and
connective tissue disorders, which may partly account for
the difference [29].
Characteristic clinical and imaging features may indicate
the diagnosis of organizing pneumonia, but labeling it
definitively as the cryptogenic form requires the exclusion
of a cause or association. More specifically, serological
testing for a connective tissue disorder and exclusion of,
amongst others, infection or a relevant drug history are
required. Bronchoalveolar lavage (BAL) can be useful, in
that it may yield organisms or neoplastic cells and help
obviate the need for lung biopsy. If tissue confirmation is
required, the options for biopsy include transbronchial,
video assisted thoracoscopy and CT guided percutaneous
approaches, the appropriate technique depending on the
distribution of the disease.

Imaging considerations
What follows is a brief summary of the well recognized and
more recently described imaging patterns of OP. Extrapulmonary findings occur in a minority of patients and include small
pleural effusions [30, 31] and mild to moderate mediastinal
lymph node enlargement [32].
Classic imaging patterns of OP
Changing multifocal peripheral consolidation
Approximately three quarters of patients with COP exhibit this
radiographic pattern (68–81% in the three largest series) [9, 25,
31], consisting of multifocal consolidation, usually peripheral,
changing in location over a matter of weeks (Fig. 2) [11–13,
30, 33]. The zonal distribution is frequently described as
preferentially affecting the lower zones, but a recent series
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Fig. 2 Changing multifocal
consolidation typical of COP.
A 58-year-old woman presented
with cough and pyrexia.
a, b. Serial radiographs over
a 6-month period show the
classical radiographic pattern
of changing multifocal consolidation (arrowheads), which
resolved following oral
corticosteroid treatment
(c). d., e. HRCT axial section
and coronal reconstruction
before treatment show multiple
foci of consolidation

from Ujita et al. found an equal distribution through all zones
[34]. Migration over time and spontaneous regression of
consolidation are important pointers, which narrow a potentially wide differential diagnosis to a significantly shorter list,
which includes COP, eosinophilic pneumonia, pulmonary
haemorrhage and pulmonary vasculitis.
High-resolution computed tomography (HRCT) findings
reflect these changes with patchy consolidation containing
air bronchograms, some with associated areas of ground
glass opacification [31, 34].
Bronchocentric pattern
A pattern of consolidation forming conspicuous cuffs
around larger bronchovascular bundles, with a lower lobe
predilection occurs in up to one third of patients (Fig. 3b)
[30, 31, 35]. This pattern can extend to the lung periphery
and sometimes co-exists with subpleural consolidation,
(there may also be associated ground glass opacification
or a nodular pattern) (Fig. 3) [30].
Fig. 3 Co-existent bronchocentric and nodular patterns.
A 44-year-old woman with
polymyositis presented with
progressive breathlessness.
a. HRCT image though the
upper lobes show multiple
irregular nodular opacities of
various sizes. b. Axial images
through the mid zones show
bronchocentric consolidation in
the middle lobe. A surgical lung
biopsy confirmed organizing
pneumonia

Unusual imaging patterns of OP
Solitary focal mass or nodule
An early series of patients with COP reported that up to a
third of patients present with a solitary focal mass [27], but
this pattern is less frequently represented elsewhere in the
literature. Of note, these lesions are often located in the
upper lobes. Radiological distinction from lung cancer, in
the absence of relatively rapid serial change, is often
impossible; although, such foci of OP are often rhomboid
in shape, in contrast to the spherical mass typical of a lung
cancer (Fig. 4). Low grade FDG PET activity may be seen
with OP [36], which can further cloud the issue.
Asymptomatic patients with OP may present following
incidental discovery of a mass on a radiograph; the diagnosis
is usually made following excision or biopsy of the suspicious
lesion [37, 38]. Recurrence following excision of a solitary
focus of OP is not usual and, as with more classical COP,
complete spontaneous resolution has been described [18, 39].
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of OP (Fig. 5b) [30, 35, 42] as is a tree-in-bud pattern
resembling an exudative bronchiolitis [43].
Multiple masses or larger nodules

Fig. 4 Solitary focal mass. A 68-year-old man with COPD presented
with worsening breathlessness on exertion. A chest radiograph
showed opacification at the left lung base. A CT demonstrated a
spiculated mass in the left lower lobe suspicious of lung cancer.
Histological examination of a CT-guided biopsy specimen revealed
organizing pneumonia, with no evidence of malignancy. The lesion
resolved spontaneously without treatment

Nodular patterns
A nodular pattern may be a pronounced feature in up to a
third of patients and coexist with other CT patterns (Fig. 3a
and 5a) [31]. Nodules have been reported ranging in size
from micronodular (≤4mm) (Fig. 5b) to larger “acinar” type
nodules (up to 10 mm) (Fig. 5a).
Acinar type nodules, reported by Müller et al. [30], may
occur on a background of ground glass opacification [40]
and may be peribronchovascular or peripheral in distribution [30, 41]; when found in a peripheral distribution,
nodules are said to be a useful discriminating feature
distinguishing OP from chronic eosinophilic pneumonia
[41]. An ill-defined micronodular pattern with peribronchial
or centrilobular distribution is a less common manifestation

Fig. 5 Nodular patterns. a. A 48-year-old man presented with fever,
cough and breathlessness; HRCT reconstruction show multiple acinar
nodules (arrow) adjacent to an area of bronchocentric consolidation. A
biopsy demonstrated OP; the patient was treated successfully with

When a patient presents with multiple large nodules,
exclusion of neoplastic disease including lymphoma and
multicentric adenocarcinoma is important [44, 45]. Akira
et al. described a series of 59 consecutive patients with
biopsy proven COP, 20% of whom had this pattern (often
in combination with other patterns); most of these lesions
had an irregular or spiculated margin and nearly half
contained air bronchograms; pleural tags, pleural thickening, interlobular septal thickening and parenchymal bands
were also a feature [44]. This pattern can mimic invasive
fungal disease in immunocompromised leukaemia patients
[46].
Progressive fibrotic pattern
In this pattern, basal reticulation and architectural distortion
co-exist with, or follow, regions of consolidation (Fig. 6);
ground glass, acinar nodules and more occasionally honeycombing may also occur [11]. This pattern occurs in up to
about a quarter of patients according to Ujita et al. [34] and
seems to convey a poorer prognosis.
Recently described imaging patterns of OP
Perilobular pattern
The perilobular pattern was described by Murata et al. [47]
and later by Johkoh et al. [48]; it describes disease
involving structures bordering the pulmonary lobule (the
interlobular septa). It is a useful corroborative sign of OP, and
is seen on HRCT as poorly defined (or fuzzy) arcade-like or

steroids. b. HRCT section showing diffusely distributed micronodular
opacities in a patient with biopsy proven organizing pneumonia,
courtesy of Dr Stefan Diederich, Düsseldorf
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Fig. 6 Progressive fibrotic pattern. HRCT images at the same level in
a 54-yearold woman with rapidly deteriorating exercise tolerance. a.
Shows patchy lower lobe consolidation and a perilobular pattern
characteristic of OP. b. six months later there is progression to

reticulation, parenchymal distortion and traction bronchiectasis indicating fibrosis. Fibrotic organizing pneumonia was diagnosed at a
MDT; the patient was stabilized with steroids and immuno-modulatory
treatment

polygonal structures, usually abutting the pleural surface and
surrounded by aerated lung parenchyma [37] (Fig. 7). In the
series reported by Ujita et al., this pattern was present in 57%
of patients with COP and did not appear to be indicative of
established fibrosis [34]. It is generally not an extensive
pattern, usually a few arcades are identified in conjunction
with the more typical features of consolidation.

“reversed halo sign” or “atoll sign” have been coined [51,
52]. In 2003, Kim et al. found this sign in 19% of patients
with OP and suggested that it was relatively specific for
COP [51], however it has now been described in numerous
other conditions including sarcoidosis [53] and Wegener’s
granulomatosis [54]. This sign is not to be confused with
the “halo sign” describing a halo of ground glass
surrounding a nodule, which is also non-specific and
encountered in fungal infection or malignancy [55].

Band-like pattern
This distinctive and under-recognized pattern involves thick
radial bands (≥8mm width), which curve towards the (nonthickened) pleura, often containing a single prominent air
bronchogram (Fig. 8), which distinguishes such bands from
linear atelectasis [11, 49].

Crazy paving

Crescentic and ring-shaped opacities surrounding areas of
ground glass attenuation (Fig. 9) were first reported in two
patients with OP in 1996 [50]. More recently the terms

Ground glass opacification is seen in the majority of
patients with COP, but is not an obligatory feature [34],
interlobular septal thickening away from areas of parenchymal opacification is also well described, but is not
usually a prominent feature [41]. It is therefore not
surprising that patients may occasionally exhibit a combination of ground glass and superimposed interlobular septal
thickening (the crazy paving sign); this pattern has been
reported in OP secondary to bleomycin [56].

Fig. 7 Perilobular pattern. a. A 47-year-old man developed breathlessness, cough and malaise over 2 months. HRCT image through the
lower lobes demonstrated arcade-like curvilinear opacities forming
irregular polygons. Identification of this perilobular pattern led to a
diagnosis of organizing pneumonia and the patient responded

promptly to oral steroid treatment. b. A 74-year-old women diagnosed
with nitrofurantoin induced lung disease. HRCT image through the
upper lobes demonstrates a perilobular pattern consistent with
organizing pneumonia; the patient responded to withdrawal of nitrofurantoin and steroid treatment

Reversed halo or atoll patterns
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Fig. 8 Band like pattern. A 70-year-old woman presented with
breathlessness, HRCT image through the mid zones demonstrates
band like opacities extending to the pleura, some containing
prominent air bronchograms. OP was diagnosed and the symptoms
resolved following steroid treatment

Organizing pneumonia: concepts and uncertainties
Causes and associations of OP
The numerous causes and associations of secondary OP are
well documented and continue to increase [11]; the most
frequent are shown in Table 1, which is by no means a
complete list. A wide range of infective agents have been
incriminated, from pneumococcus through a host of
atypical bacteria, viruses, parasites and fungi. Recently,
biopsy proven organizing pneumonia has been reported in
two patients with swine-origin Influenza A H1N1 flu [57].
It is likely that some cases of OP are considered
“cryptogenic”, when, in fact, the causative organism is
simply never identified.
OP is a relatively common histopathological pattern in
drug-induced lung disease [18, 58]; numerous compounds
are implicated including many immuno-modulatory drugs
and antibiotics (notably nitrofurantoin [59]). OP is well

Fig. 9 Reversed halo (atoll) pattern. A 24-year-old man developed a
cough and breathlessness on exertion. HRCT image through the upper
zones shows a classic reversed halo pattern. An underlying cause was
not found, cryptogenic organizing pneumonia was diagnosed and the
patient responded well to immunosuppressive treatment
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documented following lung transplantation or bone marrow
grafting, in these situations the pathogenesis is likely to be
multifactorial, involving altered immunity, inflammation,
infection and drugs [18].
OP is frequently reported as occurring in lung parenchyma
adjacent to a variety of localized lesions including lung cancer
[18, 60, 61], lymphoma, lung abscess and pulmonary
infarction. Many inflammatory conditions including autoimmune diseases, inflammatory bowel disease and systemic
vasculitides are associated with OP [18].
The histopathological features of Wegener’s granulomatosis include necrotizing granulomatous vascular inflammation, but an OP like variant has also been reported. In
this entity, the histopathological features are consistent with
OP, with the superimposition of subtle clues to the
underlying condition including peri-vascular neutrophilic
infiltration, tiny necrotic zones, microabscesses and multinucleated giant cells [62].
Histopathological patterns reminiscent of OP may also
be found in other pneumonic entities including eosinophilic
pneumonia and acute exacerbations of hypersensitivity
pneumonitis [11, 63], in these instances, the presence of
clusters of eosinophils or occasional loosely formed
granulomas, respectively, are the only features distinguishing the pattern from pure OP [11]. In patients with
connective tissue diseases, OP may coexist with NSIP or
even be the dominant pattern (especially in dermatomyositispolymyositis).
Radiotherapy-induced OP is an interesting entity, which
occurs with an incidence of approximately 2.5% following
radiotherapy, usually for breast cancer, [18, 64]. It seems to
be distinct from the common sequelae of radiotherapy,
which are radiation pneumonitis and radiotherapy induced
fibrosis. Radiotherapy-induced OP is clinically and radiographically reminiscent of COP, it is steroid responsive and
can affect any part of the lung, often being seen outside the
irradiated area of lung. It seems that, despite irradiating a
small part of the lung, the radiotherapy beam “primes”
lymphocytes throughout the lungs, which leads to a more
diffuse lymphocytic alveolar infiltrate [64] and can eventually result in the classic imaging features of migratory
peripheral (Fig. 10) or bronchocentric consolidation [65].
The rarity of this condition suggests that the radiotherapy alone is not sufficient for the progression to OP and
that further, perhaps multiple, triggers are required to
then precipitate the development of OP. These might
include endogenous factors such as genetic predisposition and environmental factors such as infection and
drugs [64].
OP has numerous causes and associations and often
coexists with other histopathological and imaging patterns
of lung injury; it is the position of OP in the spectrum of
manifestations of lung injury that is now considered.
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influential and that T-cells may be required for the
development of OP [18, 68].
DAD is the histopathological pattern that occurs in acute
exacerbations of fibrotic interstitial pneumonias, notably
usual interstitial pneumonia (UIP), but OP is also reported
[69]. It has also been reported that those with a histologic
predominance of OP had an improved outcome when
compared with those with DAD [70]. The better prognosis
associated with OP is echoed in data from Kondoh et al.
who separated patients with rapidly progressive interstitial
pneumonia into two groups, those who exhibited OP and/or
NSIP and those with DAD and/or UIP, they reported a more
favorable outcome in the OP/NSIP group [71].
In summary, OP should be considered as existing within
the wide spectrum of manifestations of lung injury; further,
it is important to identify as it implies the likelihood of a
response to corticosteroid therapy.

Fig. 10 Radiotherapy induced OP. A 65-year-old woman with breast
cancer underwent lumpectomy and radiotherapy to the right breast,
seven months later she was referred with a persistent cough. A coronal
reformat CT image demonstrates multifocal consolidation, involving
both lungs

OP in the spectrum of manifestations of lung injury
and repair
The histopathological entities of diffuse alveolar damage
(DAD), OP and non specific interstitial pneumonia (NSIP)
can coexist in a variety of situations including patients with
the clinical syndromes of adult respiratory distress syndrome (ARDS), COP and patients with polymyositis related
diffuse lung disease. In these contexts, DAD, OP and NSIP
appear to represent different phases or manifestations of
lung injury and repair. Histopathologically, they may be
identified in adjacent areas of lung. DAD can be viewed as
the initial and diffuse manifestation of injury (characterized
by an acute exudative phase and accompanied by typical
hyaline membranes): upon which focal regions of OP may
develop (where plugs of cellular inflammatory debris spill
into the distal airspace). Whether or not there is progression
to NSIP is idiosyncratic and may be inhibited by steroid
treatment when there are regions of OP, but such treatment
is largely ineffective in the context of DAD alone [18, 66].
This has been corroborated by a group who studied
patterns of DAD and OP in patients with ARDS; they
found that those exhibiting DAD with OP had improved
outcomes compared to those with DAD alone [67]. The
reasons why one patient, or indeed one area of lung,
develops florid OP in addition to DAD is not clear but
studies in animal models (reovirus induced lung injury in
mice) indicate that the severity of the initial may be

Severe acute (rapidly progressive) OP and progressive
fibrotic OP
There have been several reports of a subgroup of patients
who present with severe OP with hypoxaemia, a few of
whom fulfill criteria for ARDS, and who may require
ventilation or progress rapidly to death, especially if prompt
steroid therapy is not initiated [72]. The radiological
findings in this group consist of prominent bilateral,
predominantly basal consolidation. Cordier has suggested
that most patients with fulminant OP are likely to fall into
an overlap group with acute interstitial pneumonia (AIP) or
ARDS (when a cause is present) [18]. However, another
histopathological pattern has been reported in a series of 17
patients with a similar presentation: an acute fibrinous
(AFOP) pattern with intra-alveolar fibrin balls in addition to
organizing pneumonia (and without the hyaline membranes
of DAD) has been described; the authors suggested this
represents a histological subgroup, distinct from DAD and
OP [73]; however, there have not been enough subsequent
confirmatory reports to suggest that this is a frequent
occurrence, or indeed a separate entity.
OP can occur in acute exacerbations of UIP but there
also exists a small sub group of patients presenting with OP,
who have a progressive fibrotic course with a poor
prognosis. An early description of an admixture of
organizing pneumonia and interstitial fibrosis was made in
1973 by Gosink et al. [74] and later Cordier et al. suggested
the formation of a separate group of OP (essentially an
overlap group with UIP), characterized by more interstitial
involvement and a poorer outcome [27]. Further evidence
to suggest a subset of patients with histological OP but an
aggressive course and poor prognosis, was published in a
series by Cohen et al. in 1994 [75]. Lee et al. also reported,
in a series of 26 patients with histological OP, that reticular
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opacification on HRCT is associated with a persistent or
progressive disease [76].

Conclusion
Despite efforts to tighten the clinicopathologic definition
of COP and clarify the situations in which the histopathological pattern is encountered, the term “organizing
pneumonia” still means different things to different
people. A clinician will attach different interpretations
to the term “organizing pneumonia”, depending on
whether it is offered by a radiologist, or pathologist. If
OP is mentioned in a pathological report of a lung
biopsy specimen when the diagnosis of primary or
secondary OP has not been entertained on the basis of
clinical presentation or imaging features, then the extent
of OP becomes crucial: a few Masson bodies on a biopsy
may be dismissed as unrepresentative and a distraction. If
OP is the dominant feature on a lung biopsy, then a
checklist of alternative explanations or diagnoses should
be considered. By contrast, if the radiology shows a
sequence of multifocal changing consolidation then, with
or without pathological corroboration, a clinician will (in
the absence of contradictory clinical features) be receptive to the diagnosis of COP.
Effective management of these challenging cases
requires the combined expertise of the clinician, radiologist
and pathologist, united with an understanding of OP in the
spectrum of manifestations of lung injury and repair and its
diverse causes, associations and imaging patterns.

References
1. Charcot JM (1878) Des pneumonies chroniques. Rev Mensuelle
Med Chir 2:776–790
2. Tripier R (1904) Traité d’anatomie pathologique général. Masson,
Paris
3. Milne LS (1911) Chronic pneumonia (including a discussion of
two cases of syphilis of the lung). Am J Med Sci 142:408–438
4. Floyd R (1922) Organization of pneumonic exudates. Am J Med
Sci 163:527–548
5. Basset F, Ferrans VJ, Soler P, Takemura T, Fukaoa Y, Crystal RG
(1986) Intraluminal fibrosis in interstitial lung disorders. Am J
Pathol 122:443–461
6. Fukuda Y, Ferrans VJ, Schoenberger CI, Rennard SI, Crystal RG
(1985) Patterns of pulmonary structural remodeling after experimental paraquat toxicity. Am J Pathol 118:452–475
7. Nozawa Y (1972) Histopathological findings of the lung in
collagen diseases especially on their differential diagnosis. Acta
Pathol Jap 22:843–858
8. Davison AG, Heard BE, McAllister WA, Turner-Warwick ME
(1983) Cryptogenic organizing pneumonitis. Q J Med 52:382–394
9. Epler GR, Colby TV, McLoud TC, Carrington CB, Gaensler EA
(1985) Bronchiolitis obliterans organizing pneumonia. N Eng J
Med 17:152–158

Eur Radiol (2011) 21:2244–2254
10. Geddes DM (1991) BOOP and COP. Thorax 46:545–547
11. Oikonomou A, Hansell DM (2002) Organizing pneumonia: the
many morphological faces. Eur Radiol 12:1486–1496
12. Hansell DM (1992) What are bronchiolitis obliterans organizing
pneumonia (BOOP) and cryptogenic organizing pneumonia
(COP)? Clin Radiol 45:369–370
13. Epler GR (1992) Bronchiolitis obliterans organizing pneumonia
definition and clinical features. Chest Suppl 102:2–6
14. Izumi T (1992) Congress summary. Chest Suppl 102:50
15. Katzenstein A-LA, Myers JL (1998) Idiopathic pulmonary fibrosis
clinical relevance of pathologic classification. Am J Respir Crit
Care Med 157:1301–1315
16. American Thoracic Society/European Respiratory Society (2002)
International Multidisciplinary Consensus Classification of the
Idiopathic Interstitial Pneumonias. Am J Respir Crit Care Med
165:277–304
17. Masson P, Riopelle JL, Martin P (1937) Poumon rheumatismal.
Ann Anat Pathol 14:359–382
18. Cordier J-F (2006) Cryptogenic organizing pneumonia. Eur Respir
J 28:422–446
19. Lappi-Blanco E, Kaarteenaho-Wiik R, Soini Y, Risteli J, Paakko P
(1999) Intraluminal fibromyxoid lesions in bronchiolitis obliterans
organizing pneumonia are highly capillarized. Human Pathol
30:1192–1196
20. Peyrol S, Cordier JF, Grimaud JA (1990) Intra-alveolar fibrosis of
idiopathic bronchiolitis obliterans-organizing pneumonia. Cellmatrix patterns. Am J Pathol 137:155–170
21. Takiya C, Peyrol S, Cordier JF, Grimaud JA (1983) Connective
matrix organization in human pulmonary fibrosis. Collagen
polymorphism analysis in fibrotic deposit by immunohistiological
methods. Virchows Arch 44:223–240
22. Kuhn C, Mason RJ, Boldt J, King TE, Crouch E, Varitov T,
McDonald JA (1989) An immunohistiochemical study of architectural remodeling and connective tissue synthesis in pulmonary
fibrosis. Am Rev Respir Dis 140:1693–1703
23. Gudmundsson G, Sveinsson O, Isaksson HJ, Jonsson S, Frodadottir
H, Aspelund T (2006) Epidemiology of organizing pneumonia in
Iceland. Thorax 61:805–808
24. King TE Jr, Mortenson RL (1992) Cryptogenic organizing pneumonitis. The North American experience. Chest Suppl 102:8–13
25. Izumi T, Kitaichi M, Nishimura K, Nagai S (1992) Bronchiolitis
obliterans organizing pneumonia. Clinical features and differential
diagnosis. Chest 102:715–719
26. Spiteri MA, Klernerman P, Sheppard MN, Padley S, Clark TJ,
Newman-Taylor A (1992) Seasonal cryptogenic organising penumonia with biochemical cholestasis: a new clinical entity. Lancet
340:281–284
27. Cordier JF, Loire R, Brune J (1989) Idiopathic bronchiolitis
obliterans organizing pneumonia. Definition of characteristic
clinical profiles in a series of 16 patients. Chest 96:999–1004
28. Lazor R, Vandevenne A, Pelletier A, Leclerc P, Court-Fortune I,
Cordier JF (2000) Cryptogenic organizing pneumonia. Characteristics of relapses in a series of 48 patients. Am J Respir Crit Care Med
162:571–577
29. Lohr RH, Boland BJ, Douglas WW, Dockrell DH, Colby TV,
Swensen SJ, Wollan PC, Silverstein MD (1997) Organizing
pneumonia. Features and prognosis of cryptogenic, secondary
and focal variants. Arch Intern Med 157(12):1323–1329
30. Müller NL, Staples CA, Miller RR (1990) Bronchiolitis obliterans
organizing pneumonia: CT features in 14 patients. Am J Roentgenol
154:983–987
31. Lee KS, Kullnig P, Hartman TE, Müller NL (1994) Cryptogenic
organizing pneumonia: CT findings in 43 patients. Am J Roentgenol
162:543–546
32. Souza CA, Müller NL, Lee KS et al (2006) Idiopathic
interstitial pneumonias: prevalence of mediastinal lymph node

Eur Radiol (2011) 21:2244–2254

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

45.

46.

47.
48.

49.

50.

51.

enlargement in 206 patients. AJR Am J Roentgenol 186:995–
999
Haddock JA, Hansell DM (1992) The radiology and terminology of cryptogenic organizing pneumonia. Br J Radiol 65:674–
680
Ujita M, Renzoni ES, Veeraraghavan S, Wells AU, Hansell DM
(2004) Organizing pnemonia: Perilobular pattern at thin-section
CT. Radiology 232:757–761
Johkoh T, Müller NL, Cartier Y, Kavanagh PV, Hartman TE, Akira
M, Ichikado K, Ando M, Nakamura H (1999) Idiopathic
interstitial peumonias: diagnostic accuracy of thin-section CT in
129 patients. Radiology 211:555–560
Asad S, Aquino SL, Piyavisetpat N, Fischman AJ (2004) Falsepositive FDG positron emission tomography. Uptake in nonmalignant chest abnormalities. Radiology 182:983–989
Domingo JA, Perez-Calvo JI, Carretero JA, Ferrando J, Cay A,
Civeira F (1993) Bronchiolitis obliterans organizing pneumonia.
An unusual cause of solitary pulmonary nodule. Chest 103:1621–
1623
Hashemzadeh A, Clavel M, Musso C, Touraine F, Paraf F,
Bonnaud F (2001) Pseudoneoplastic forms of bronchiolitis
obliterans with organizing pneumopathy (BOOP). Rev Mal Respir
18:205–208
Astudillo L, Martin-Blondel G, Sans N, Dhaste G, Couret B,
Arlet-Suau E (2004) Solitary nodular form of bronchiolitis
obliterans organizing pneumonia. Am J Med 117:887–888
Nishimura K, Itoh H (1992) High-resolution computed tomographic features of bronchiolitis obliterans organizing pneumonia.
Chest Suppl 102:26–31
Arakawa H, Kurihara Y, Niimi H, Nakajima Y, Johkoh T, Nakamura
H (2001) Bronchiolitis obliterans with organizing pneumonia versus
chronic eosinophilic pneumonia: high-resolution CT findings in 81
patients. Am J Roentgenol 176:1053–1058
Gruden JF, Webb WR, Warnockv M (1994) Centrilobar opacities
in the lung on high-resolution CT: diagnsotic considerations and
pathologic correlation. Am J Roentgenol 162:569–574
Müller NL, Miller R (1995) Diseases of the bronchioles: CT and
histopathologic findings. Radiology 196:3–12
Akira M, Yamamoto S, Sakatani M (1998) Bronchiolitis obliterans
orga- nizing pneumonia manifesting as multiple large nodules or
masses. Am J Roentgenol 170:291–295
Orseck MJ, Player KC, Woollen CD, Kelley H, White PF (2000)
Bronchiolitis obliterans organizing pneumonia mimicking multiple
pulmonary metastases. Am Surg 66:11–13
Forghieri F, Potenza L, Morselli M, Maccaferri M, Pedrazzi L,
Barozzi P, Vallerini D, Riva G, Zanetti E, Quadrelli C, Rossi G,
Rivasi F, Messino M, Rumpianesi F, Grottola A, Venturelli C,
Pecorari M, Codeluppi M, Torelli G, Luppi M (2010) Organising
pneumonia mimicking invasive fungal disease in patients with
leukaemia. Eur J Haem 85:76–82
Murata K, Khan A, Herman PG (1989) Pulmonary parenchymal
disease: evaluation with high-resolution CT. Radiology 170:629–635
Johkoh T, Muller NL, Ichikado K, Nakamura H, Itoh H, Nagareda
T (1999) Perilobular pulmonary opacities: high-resolution CT
findings and pathologic correlation. J Thorac Imaging 14:172–177
Murphy JM, Schnyder P, Verschakelen J, Leuenberger P, Flower
CD (1999) Linear opacities on HRCT in bronchiolitis obliterans
organising pneumonia. Eur Radiol 9:1813–1817
Voloudaki AE, Bouros DE, Froudarakis ME, Datseris GE, Apostolaki
EG, Gourtsoyiannis NC (1996) Crescentic and ring-shaped opacities.
CT features in two cases of bronchiolitis obliterans organizing
pneumonia (BOOP). Acta Radiol 37:889–892
Kim SJ, Lee KS, Ryu YH, Yoon YC, Choe KO, Kim TS, Sung KJ
(2003) Reversed halo sign on high-resolution CT of cryptogenic
organizing pneumonia: diagnostic implications. Am J Roentgenol
180:1251–1254

2253
52. Zompatori M, Poletti V, Battista G, Diegoli M (1999) Bronchiolitis
obliterans with organizing pneumonia (BOOP), presenting as a ringshaped opacity at HRCT (the atoll sign). A case report Radiol Med
vol 97:308–310
53. Marlow TJ, Krapiva PI, Schabel SI, Judson MA (1999) The “fairy
ring”: a new radiographic finding in sarcoidosis. Chest 115:275–
276
54. Agarwal R, Aggarwal AN, Gupta D (2007) Another cause of
reverse halo sign: Wegener’s granulomatosis. Br J Radiol 80:849–
850
55. Gaeta M, Blandino A, Scribano E, Minutoli F, Volta S,
Pandolfo I (1999) Computed tomography halo sign in pulmonary nodules: frequency and diagnostic value. J Thorac
Imaging 14:109–113
56. Rossi SE, Erasmus JJ, Volpacchio M, Franquet T, Castiglioi T,
McAdams HP (2003) “Crazy-paving“pattern at thin-section CT of the
lungs: radiologic-pathologic overview. Radiograph 23:1509–1519
57. Gómez-Gómez A, Martínez-Martínez R, Gotway MB (2011)
Organizing Pneumonia Associated With Swine-Origin Influenza
A H1N1 2009 Viral Infection. Am J Roentgenol 196:103–104
58. Myers JL, Limper AH, Swensen SJ (2003) Drug-induced lung
disease: a pragmatic classification incorporating HRCT appearances.
Semin Respir Crit Care Med 24:445–453
59. Cameron RJ, Kolbe J, Wilsher ML, Lambie N (2000) Bronchiolitis
obliterans organizing pneumonia associated with the use of nitrofurantoin. Thorax 55:249–251
60. Romero S, Barroso E, Rodriguez-Paniagua M, Aranda FI (2002)
Organizing pneumonia adjacent to lung cancer: frequency and
clinicopathologic features. Lung Cancer 35:195–201
61. Song J, Gorgan L, Corkey R, Kwa SL (2004) An unusual case of
bronchiolitis obliterans organizing pneumonia concomitant with
bronchioloalveolar carcinoma. Respiration 71:95–97
62. Uner AH, Rozum-Slota B, Katzenstein A-LA (1996) Bronchiolitis
obliterans-organizing Pneumonia (BOOP)-like variant of Wegener’s
granulomatosis: A clinicopathologic study of 16 Cases. Am J Surg
pathol 20:794–801
63. Miyazaki Y, Tateishi T, Akashi T, Ohtani Y, Inase N, Yoshizawa N
(2008) Clinical predictors and histologic appearance of acute
exacerbations in chronic hypersensitivity pneumonitis. Chest
134:1265–1270
64. Crestani B, Valeyre D, Roden S, Wallaert B, Dalphin JC, Cordier JF
(1998) Bronchiolitis obliterans organizing pneumonia syndrome
primed by radiation therapy to the breast. Am J Respir Crit Care
Med 158:1929–1935
65. Arbetter KR, Prakash UB, Tazelaar HD, Douglas WW (1999)
Radiation- induced pneumonitis in the “nonirradiated” lung. Mayo
Clin Proc 74:27–36
66. London L, Majeski EI, Altman-Hamamdzic S, Enockson C,
Paintlia MK, Harley RA, London SD (2002) Respiratory reovirus
1/L induction of diffuse alveolar damage: pulmonary fibrosis is
not modulated by corticosteroids in acute respiratory distress
syndrome in mice. Clin Immunol 103:284–295
67. Mandal RV, Mark EJ, Kradin RL (2008) Organizing pneumonia
and pulmonary lymphatic architecture in diffuse alveolar damage.
39:1234–8
68. Majeski EI, Harley RA, Bellum SC, London SD, London L (2003)
Differential role for T cells in the development of fibrotic lesions
associated with reovirus 1/L-induced bronchiolitis obliterans organizing pneumonia versus acute respiratory distress syndrome. Am J
Respir Cell Mol Biol 28:208–217
69. Collard HR, Moore BB, Flaherty KR, Brown KK, Kaner RJ, King
TE Jr, Lasky JA, Loyd JE, Noth I, Olman MA, Raghu G, Roman
J, Ryu JH, Zisman DA, Hunninghake GW, Colby TV, Egan JJ,
Hansell DM, Johkoh T, Kaminski N, Kim DS, Kondoh Y, Lynch
DA, Müller-Quernheim J, Myers JL, Nicholson AG, Selman M,
Toews GB, Wells AU, Martinez FJ, The Idiopathic Pulmonary

2254
Fibrosis Clinical Research Network Investigators (2007) Acute
Exacerbations of Idiopathic Pulmonary Fibrosis. Am J Respir Crit
Care Med 176:636–643
70. Churg A, Müller NL, Silva CIS, Wright JL (2007) Acute
Exacerbation (Acute Lung Injury of Unknown Cause) in UIP
and Other Forms of Fibrotic Interstitial Pneumonias. Am J Surg
Pathol 31:277–284
71. Kondoh Y, Taniguchi H, Kataoka K, Suzuki R, Ogura T, Jokho T,
Yokoi T, Wells AU, Kitaichi M (2010) Prognostic factors in rapidly
progressive interstitial pneumonia. Respirology 15:257–264
72. Nizami IY, Kissner DG, Visscher DW, Dubaybo BA (1995)
Idiopathic bronchiolitis obliterans with organizing pneumonia.
An acute and life-threatening syndrome. Chest 108:271–277

Eur Radiol (2011) 21:2244–2254
73. Beasley MB, Franks TJ, Galvin JR, Gochuico B, Travis WD
(2002) Acute fibrinous and organizing pneumonia: a histological
pattern of lung injury and possible variant of diffuse alveolar
damage. Arch Pathol Lab Med 126:1064–1070
74. Gosink BB, Friedman PJ, Liebow AA (1973) Bronchiolitis
obliterans. Roentgenologic–pathologic correlation. Am J Roentgenol
Radium Ther Nucl Med 117:816–832
75. Cohen AJ, King TE Jr, Downey GP (1994) Rapidly progressive
bronchiolitis obliterans with organizing pneumonia. Am J Respir
Crit Care Med 149:1670–1675
76. Lee JS, Lynch DA, Sharma S, Brown KK, Müller NL (2003)
Organizing pneumonia: prognostic implication of high-resolution
computed tomography features. J Comput Assist Tomogr 27:260–265

