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 Collaborative Radiologic and 
Histopathologic Assessment 
of Fibrotic Lung Disease 1  

 The idiopathic interstitial pneumonias (IIPs) are a seem-
ingly disconnected collection of diseases usually associ-
ated with the presence of pulmonary fi brosis. Categoriza-
tion of the IIPs continues to be problematic despite recent 
attempts to refi ne the diagnostic criteria and suggests that 
rather than separate diseases, these pneumonias repre-
sent a spectrum of injury and abnormal repair of the alve-
olar wall. Although the initiating injury or injuries are un-
known, the IIPs share a restricted number of fi nal common 
abnormal pathways that lead to volume loss and lung dis-
tortion. The pathways include  (a)  alveolar collapse,  (b)  
incorporation of fi broblastic material into alveolar walls, 
and  (c)  cigarette smoke–related infl ammation and fi brosis. 
A collaborative diagnostic process in which data from ra-
diologic and histologic assessments are combined allows a 
more reliable identifi cation of the predominant pathways 
leading to pulmonary fi brosis. This approach has implica-
tions for therapy and the future direction of research.

  Supplemental material:    http :// radiology . rsna . org / lookup 
/ suppl / doi : 10 . 1148 / radiol . 10090717 /-/ DC1      
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                                               D iffuse pulmonary fi brosis is the 
primary diagnostic consider-
ation in patients with shortness 

of breath and restrictive pulmonary 
physiology. A combined American 
Thoracic Society (ATS) and European 
Respiratory Society (ERS) committee 
was convened to clarify the diagnos-
tic categories that comprise the idio-
pathic interstitial pneumonias (IIPs). 
However, categorization of the fi brosis 
in patients with these diseases con-
tinues to be problematic for clinicians, 
radiologists, and pathologists alike 
( 1 , 2 ). Patients often do not fi t neatly 
into the currently accepted ATS/ERS 
categories, and our approach, which 
is focused to a greater degree on path-
ways of injury, differs in some aspects 
from the ATS/ERS approach and is a 
response to the diffi culties in the ATS/
ERS classifi cation. In our scheme, 
the nonspecifi c interstitial pneumonia 
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    Abbreviations: 
  AIP   =    acute interstitial pneumonia   
  ATS   =    American Thoracic Society   
  DAD   =    diffuse alveolar damage   
  ERS   =    European Respiratory Society   
  IIP   =    idiopathic interstitial pneumonia   
  IPF   =    idiopathic pulmonary fi brosis   
  NSIP   =    nonspecifi c interstitial pneumonia   
  UIP   =    usual interstitial pneumonia     
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(NSIP) pattern of fi brosis is rarely a 
distinct entity and is usually associated 
with organizing pneumonia, smoking-
related lung injury, or idiopathic pul-
monary fi brosis (IPF) ( Fig 1 ).     

 One of the key contributions of the 
2002 consensus statement ( 3 ) was the 
recognition of a collaborative diagnostic 
process in patients with interstitial 
pneumonias. The executive summary of 
that publication recommends that “the 
fi nal diagnosis should be rendered only 
after the pulmonologist, radiologist, and 
pathologist have reviewed all of the clin-
ical, radiological and pathologic data 
obtained from the patient” ( 3 ). This 
recommendation implies that lung biopsy 
alone may not be the “gold standard” for 
evaluation of fi brotic lung disease ( 2 ). 
Subsequent scientifi c study results have 
confi rmed that a collaborative process, 
including clinical data evaluation, high-
spatial-resolution chest computed tomog-
raphy (CT), and lung biopsy, is associated 
with a substantial increase in diagnostic 
reproducibility and the confi dence level 
when assessing patients with diffuse pul-
monary fi brosis ( 4 ). This approach also 
ameliorates the diagnostic inaccuracies 
related to biopsy sampling error and im-
proves the low to moderate levels of in-
terobserver agreement affecting radiolo-
gists and pathologists, especially when 
fi brotic NSIP is part of the differential di-
agnosis ( 5 – 7 ). This article is focused on 
the interaction between the pathologist and 
the radiologist. The approach to render-
ing a combined radiologic-histopathologic 
diagnosis is illustrated through multiple 
examples and accompanying detailed 
fi gure legends. The interaction with the 
clinician, although crucial, is beyond the 
scope of this discussion. 

 During the past 5 years, we have 
rendered a collaborative radiologic-
histopathologic diagnosis in more than 
1000 cases of chronic infi ltrative lung 
disease referred for second-opinion con-
sultation. The radiologic images and his-
tologic specimens were read separately; 
this was then followed by a collaborative 
review in which the original fi ndings 
were combined into a fi nal diagnosis. 
The completed report included the orig-
inal radiologic and histologic assess-
ments along with a third section entitled 

“Radiologic-Pathologic Correlation,” which 
clarifi ed the meaning of the discrep-
ancies, when they were present, and in-
cluded a discussion of the diagnostic 
confi dence level. The juxtaposition of all 
three sections has allowed a more trans-
parent assessment of how the fi nal col-
laborative diagnosis is reached. This 
approach yields a confi dent fi nal diagno-
sis when the radiologic and histologic 
patterns agree or a suggested path for 
continued workup, depending on the 
nature of the discrepancy identifi ed. 

 The process has been most effective 
when it was conducted in the form of a 
face-to-face meeting that enabled simul-
taneous review of the radiologic and his-
tologic data. We have made extensive 
use of the secure Web-conferencing soft-
ware Adobe Connect (Adobe Systems, 
San Jose, Calif) to hold collaborative 
“virtual case” conferences ( Fig 2 ). This 
has improved effi ciency and enabled col-
laborative consultation between individ-
uals at distant institutions. Web confer-
encing has had other benefi ts, including 
the ability to communicate with the 
referring clinician during radiologic- 
histologic correlation conferences, and 
enabled these sessions to be recorded 
for later review. The sessions have pro-
vided an excellent platform for teaching 
both radiology and pathology residents, 
who can log in remotely to observe 
the diagnostic process and how uncer-
tainties associated with diffi cult cases 
are addressed. A video podcast (Movie 
[online]) that includes a consultation 
case from our archive is available at the 
 Radiology  Web site under the “See How 
It’s Done” section.      

Essentials

Patients with diffuse pulmonary  n

fi brosis are diffi cult to charac-
terize and require assessment at 
varying scales of magnifi cation, in 
which the distribution of disease 
determined with chest CT is com-
bined with fi ndings derived from 
microscopy to make a consistent 
and reliable diagnosis.

The distribution of opacities and  n

cystic spaces displayed at chest CT 
is key to determining the mecha-
nism of diffuse injury and prevent-
ing errors in categorization.

Results of electron microscopy  n

and quantitative assessment of 
histologic lung fi ndings support 
the concept that the lower-lobe 
cystic spaces in idiopathic pulmo-
nary fi brosis (IPF) are related to 
the collapse of alveoli around 
alveolar ducts rather than the 
deposition of fi brous tissue.

The nonspecifi c interstitial  n

pneumonia pattern of fi brosis 
may be associated with IPF, the 
fi brotic phase of organizing 
pneumonia, and cigarette 
smoke–related injury.
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 Legacy Terminology 

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

  

Figure 1   

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

Figure 2   

nally described, and desquamative in-
terstitial pneumonia is no longer con-
sidered the result of desquamating type 
II pneumocytes. In addition, a focus on 
strict categorization diverts attention 
from the pathogenesis and obscures the 
continuity between entities in the list of 
IIPs ( 1 ). 

 To lessen the restrictive effect of 
legacy terminology, we started each 
case with a simple description of the 
radiologic and histologic fi ndings, 
without an initial attempt to place 
these fi ndings in an ATS/ERS diagnos-
tic category. For the radiologist, this 

consisted of identifying the following 
set of parenchymal and airway abnor-
malities and defi ning their locations: 
low attenuation, low attenuation with 
walls (cysts), consolidation, ground-
glass opacity, reticulation, airway dis-
tortion, and traction bronchiectasis. 
The pathologist also uses a restricted 
set of fi ndings for the initial descrip-
tion of the histologic entities: cystic 
spaces, alveolar wall fi brosis, intraal-
veolar organization, interstitial incor-
poration of organization, infl amma-
tion, edema, hyaline membranes, and 
emphysema.   

 Figure 1:      Overview of the IIPs, which typically have been clas-
sifi ed as separate diseases (1). We currently use an approach that 
recognizes frequent overlap among the IIPs and suggest that 
multiple histologic lesions may be identifi ed in individual cases. 
The NSIP pattern of fi brosis can be found in patients with IPF, 
cryptogenic organizing pneumonia  (COP),  cigarette smoke–
related respiratory bronchiolitis–interstitial lung disease  (RB-ILD),  
and desquamative interstitial pneumonia  (DIP). AIP =  acute inter-
stitial pneumonia.    
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 Distribution of Cysts 

 In many patients with pulmonary fi brosis, 
we have identified a combination of 
radiologic and histologic fi ndings that 
matched the diagnostic criteria for a 
published category in the ATS/ERS 
classifi cation of the IIPs ( Table 1 ). In 
these cases, the distribution of cystic 
spaces, as determined by using high-
spatial-resolution CT, has been particu-
larly helpful in separating cases into 
diagnostic categories. This is especially 
important if only transbronchial biopsy 
or single-lobe biopsy is possible. We avoid 
using the term  honeycombing , despite 
its common use in both radiologic and 
histopathologic studies, as the defi nition 
is not standardized and is currently a 
focus of study by the Fleischner Society. 
The following distribution of cystic 
spaces has been useful for categorizing 
the IIPs:  (a)  peripheral and lower-lobe 
cysts in UIP-IPF ( Fig 3 ),  (b)  diffuse cysts 
in the organizing phase of AIP ( Fig 4 ), 
 (c)  traction bronchiectasis or bronchi-
oloectasis with peripheral sparing in 
patients with the fi brotic phase of orga-
nizing pneumonia ( Fig 5 ), and  (d)  pre-
existing upper-lobe emphysematous 
spaces with fi brotic walls in smoking-
related interstitial lung disease ( Fig 6 ).                     

 However, in most consultation cases, 
we have observed a spectrum of radiologic 
and histologic fi ndings that spanned 
across multiple categories in the ATS/ERS 
classifi cation. If one focuses on similar-
ities rather than differences in the cate-
gorization of the IIPs, three mechanisms 
of injury stand out:  (a)  alveolar col-
lapse,  (b)  incorporation of intraalveolar 
fi broblastic material into the alveolar 
wall, and  (c)  smoking-related lung injury 
( Table 2 ). The following section is orga-
nized according to spectrum of injury. 
Cases that fi t in the categories described 
in the ATS/ERS classifi cation, as well as 
the bridging fi brotic lesions that are not 
easily classifi ed into these categories, are 
highlighted. We have also included in the 
fi gures examples that demonstrate ap-
proaches to managing the inevitable un-
certainty in diagnosis that accompanies 
some cases. The reader will note that 
lymphoid interstitial pneumonia is not 
included in this discussion because we 
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consider this a part of the spectrum of 
primary lymphoid abnormalities in the 
chest, which range from infl ammatory to 
malignant entities.       

 IIPs Viewed as a Spectrum of Injury 
and Abnormal Repair  

 Alveolar Collapse and Incorporation 
of Fibroblastic Material: IPF, AIP, and 
Organizing Pneumonia 
 Patients with UIP-IPF, AIP, and organiz-
ing pneumonia demonstrate a variable 
combination of alveolar collapse and 
incorporation of fi broblastic material. 
UIP-IPF and AIP are diffuse processes 
that are differentiated primarily by the 
severity of injury and the pace of pro-

gression. Organizing pneumonia is a 
more focal, peribronchiolar process in 
which incorporation of fi broblastic ma-
terial into alveolar walls is the dominant 
process that can lead to an NSIP pattern 
of fi brosis.  

 IPF.—  In the latest ATS/ERS consen-
sus statement, UIP-IPF is defi ned as a 
“specifi c form of chronic fi brosing inter-
stitial pneumonia… associated with the 
histological appearance of usual intersti-
tial pneumonia (UIP)” ( 3 ). Pathologists 
use the term  UIP  when making the his-
tologic diagnosis, while IPF encompasses 
the entire clinical syndrome and is a 
term used by clinicians ( Table 1 ). 

 Patients with UIP-IPF rarely undergo 
biopsy. The combination of a typical 
presentation and a confi dent radiologic 

diagnosis ( Fig 3 ) is considered suffi cient 
( 11 , 12 ). Imaging that has a central role 
in the diagnosis of this devastating 
disease requires a thorough under-
standing of the criteria that lead to a 
confi dent radiologic diagnosis of UIP-
IPF. Alveolar collapse is the principal 
pathophysiologic entity responsible for 
the progression of UIP-IPF ( 13 – 15 ) and 
by extension the radiologic appearance 
( 16 ). UIP-IPF is believed to be the re-
sult of a widespread low-level injury to 
the alveolar wall ( Fig 7 ). The exudation 
of fl uid and protein from damaged al-
veoli ( 17 ), and alterations in pulmonary 
surfactant ( 18 ) result in increased sur-
face tension that leads to the collapse of 
small alveoli onto larger alveolar ducts 
( Fig 8 ) owing to the Laplace relationship: 

  
 Figure 3:      UIP-IPF in 60-year-old man.  (a–c)  Axial high-spatial-resolution CT images at  (a)  aortic arch,  (b)  carina, and  (c)  posterior costophrenic angles demon-
strate strikingly peripheral areas of opacity. There is reticulation in upper lobes with progressively severe cystic change in middle and lower lung zones. Cysts are 
contiguous with pleural surface (arrowheads in  b ), and the most involved section is at the lung base in the posterior costophrenic angles.  (d)  Lung biopsy specimens 
from upper lobe show subpleural and paraseptal accentuation of fi brous tissue and gradient of increasing fi brosis from upper-lobe ( d ) to lower-lobe ( e ) sections; sub-
pleural cysts are also evident in  e . (Hematoxylin-eosin stain; original magnifi cation,  3 1.) In  d , geographic heterogeneity is characterized by involved parenchyma 
alternating with areas of uninvolved or less involved parenchyma.  (f)  Lung biopsy specimens show fi broblast foci (arrowheads) in cyst walls. (Left: hematoxylin-eosin 
stain; original magnifi cation,  3 100; right: Movat pentachrome stain; original magnifi cation,  3 100.) There is excellent correlation between CT and histologic fi ndings: 
Both are compatible with UIP-IPF. When imaging and histologic fi ndings are diagnostic, prognosis is uniformly poor.    

Figure 3   
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Structures with a smaller radius of cur-
vature and subsequent increased sur-
face tension are unstable and thus more 
likely to collapse ( 13 – 15 , 19 ). Once ini-
tiated, the process, powered by the in-
creasing disparity between the enlarg-
ing alveolar ducts and the collapsing 
small alveoli that surround them, is more 
likely to continue. The denuded alveolar 
walls, once collapsed, become perma-
nently apposed or molded together. 
This sequence of self-perpetuating col-
lapse results in peripheral lower-lobe 
cysts, which we believe are the mecha-
nism for the development of true honey-
combing. This distribution of cysts is 
associated with clinical evidence of pro-
gression ( 20 ), profound volume loss, 
low-diffusing capacity, and a substan-
tially worse prognosis ( 21 – 24 ). The im-
portance of progressive collapse as the 

driving pathophysiologic mechanism 
causing alveolar wall thickening in UIP-
IPF was confi rmed by Coxson et al ( 16 ), 
who convincingly demonstrated normal 
amounts of fi brous lung tissue in pa-
tients with UIP-IPF, as compared with 
control subjects with normal pulmonary 
function and imaging fi ndings.         

 A lower-lobe predominance of pe-
ripheral cysts has been shown to be the 
most important radiologic feature in 
the diagnosis of UIP-IPF ( 11 , 12 ). The 
posterior basal segments should be the 
most severely involved, as these alveoli 
are the smallest in the upright and su-
pine positions and therefore are more 
likely to collapse ( Fig 9 ). The cysts are 
also strikingly subpleural. It is this 
distribution of subpleural lower-lobe 
cysts and a gradient of reticulation that 
starts in the upper lobes and increases 

  
 Figure 4:      Organizing and fi brosing phase DAD in 56-year-old man with rapidly progressive dyspnea.  (a)  Axial and  (b)  coronal reconstruction high-spatial-resolution 
CT images acquired during acute phase of DAD show widespread areas of ground-glass opacity with focal areas of sparing. Note normal caliber of medial segment of 
middle-lobe bronchus (arrowhead in  a ).  (c, d)  Corresponding CT images acquired 2 weeks later at similar levels during organizing and fi brosing phase of DAD show 
diffuse reticulation with small cysts, traction bronchiectasis (arrowhead in  c ), and elevated hemidiaphragms consistent with volume loss. Note reduction in lung vol-
umes between  b  and  d .  (e)  Lung biopsy specimen acquired when  c  and  d  were obtained shows diffuse parenchymal injury with formation of cysts (arrowheads). 
(Hematoxylin-eosin stain; original magnifi cation,  3 1.)  (f)  Higher-magnifi cation lung biopsy specimen shows intraalveolar and interstitial organization and fi brosis (∗). 
(Hematoxylin-eosin stain; original magnifi cation,  3 100.)    

Figure 4   

  
 Figure 5:      Organizing pneumonia with progression 
to NSIP in 68-year-old woman with shortness of 
breath. Prone high-spatial-resolution CT image 
obtained through lower lobe shows band of reticula-
tion, with sparing of absolute periphery of lung as-
sociated with traction bronchioloectasis (arrowhead). 
Image highlights different location of cysts in 
organizing pneumonia as compared with UIP.    

Figure 5   
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toward the bases that enable a con-
fi dent diagnosis of UIP-IPF at high-
spatial-resolution CT ( Fig 3 ). A confi -
dent radiologic diagnosis of UIP-IPF 
that meets the described criteria obvi-
ates biopsy unless there is strong clini-
cal suspicion of another form of chronic 
infi ltrative lung disease.     

 Distinguishing UIP-IPF from severely 
fi brotic NSIP poses a major problem for 
clinicians, radiologists, and pathologists, 
suggesting that these two entities rep-
resent the same disease process at dif-
ferent stages ( 1 , 2 , 5 – 7 , 25 ). This concept 
is supported by the marked histologic 
heterogeneity in patients with UIP-IPF 
when multiple lung biopsy samples are 
acquired ( 26 ). Patients whose histologic 

samples demonstrate both UIP and 
NSIP at multiple biopsies have a poor 
prognosis, similar to patients in whom 
all biopsies reveal UIP ( 27 , 28 ). They 
also have a substantially worse progno-
sis than do patients with histologic fi nd-
ings of NSIP at all biopsies. 

 The typical high-spatial-resolution 
CT fi ndings of UIP-IPF are accurate 
predictors of the histologic pattern of 
UIP ( 21 ). In addition, the high-spatial-
resolution CT pattern of UIP-IPF is an 
independent variable that adds prog-
nostic information to the histologic di-
agnosis of UIP ( 20 – 24 , 29 ). Patients 
with high-spatial-resolution CT and his-
tologic fi ndings of UIP have a shorter 
survival (median survival, 2.8 years) 

than do those with indeterminate imag-
ing and histologic fi ndings of UIP (me-
dian survival, 5.7 years) ( Fig 10 ) ( 21 ). 
When the high-spatial-resolution CT 
fi ndings are not diagnostic of UIP-IPF—
for example, they are minimal and lack 
the typical distribution of peripheral 
lower-lobe cysts—the prognosis is less 
certain. Progression from an NSIP to a 
UIP-IPF pattern at imaging is not un-
common and supports the concept that 
these are not separate diseases ( 30 ).       

 AIP.—   AIP  is the term applied to a 
rapidly progressive form of IIP that 
was originally described by Hamman 
and Rich ( 31 ). AIP is associated with 
the histologic diagnosis of DAD and 
the clinical manifestations of acute 

  
 Figure 6:      NSIP in 65-year-old man with 75-pack-year smoking history and cough.  (a)  Axial high-spatial-resolution CT image obtained through upper lobes shows 
focal areas of low attenuation and cysts distributed predominantly in periphery but also in central lung zones. Nodular areas of ground-glass opacity are seen 
throughout both lungs, with central airway thickening.  (b)  Axial high-spatial-resolution CT image obtained through lower lobes is nearly normal, with minimal patchy 
areas of ground-glass opacity in dependent portion of left lower lobe.  (c)  Lung biopsy specimen from right upper lobe shows temporally uniform, diffuse interstitial 
fi brosis surrounding emphysematous spaces, which contain smoker’s macrophages (arrowhead). (Hematoxylin-eosin stain; original magnifi cation,  3 40.) There is 
excellent correlation between imaging and histologic fi ndings. Upper lobe cysts identifi ed at CT correlate with diffuse interstitial fi brosis surrounding emphysematous 
spaces seen with histologic analysis, at which the fi brosis is categorized as NSIP. Decreasing gradient of cysts from upper to lower lobe at imaging is consistent with 
smoking-related lung injury and inconsistent with IPF.    

Figure 6   

 Table 2 

  Pathways to Pulmonary Fibrosis 

  ATS/ERS Classifi cation Pathway to Injury Distribution of Cysts  

  AIP Collapse and organization Diffuse 
 IPF Collapse and organization Lower lobe, juxtapleural 
 COP Organization and variable collapse Peribronchiolar, subpleural sparing 
 RB-ILD Cigarette smoke Upper lobe 
 DIP Cigarette smoke Emphysema distribution  

   COP = cryptogenic organizing pneumonia, DIP = desquamative interstitial pneumonia, RB-ILD = respiratory bronchiolitis–interstitial lung disease.   
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 respiratory distress syndrome ( 32 , 33 ). 
The process begins with severe alveolar 
wall injury that results in widespread 
sloughing of type I epithelial cells and 
edema of the alveolar walls. Disruption 
of the alveolar epithelium is rapidly fol-
lowed by alveolar fi lling with edema 
fl uid and cellular debris. There is also 
widespread alveolar collapse ( Fig 11 ) 

that leads to severe hypoxemia and re-
spiratory failure. A second phase that 
consists of organization and incorpora-
tion of intraalveolar exudate, cellular 
debris, and fi broblasts into the alveolar 
walls contributes to further alveolar 
wall thickening. Traction bronchiectasis 
results from contraction of the fi bro-
blastic material and is associated with 

  
 Figure 7:      Proposed alveolar injury sequence in IPF (17). Top left: Normal alveolus has supporting 
interstitium (dark purple line) covered on both sides by cytoplasmic process of type I cell. Top right: 
Multiple microinjuries result in fragmented type I cells associated with disruption of basement 
membrane, promoting creation of wound clot and migration of fi broblasts. An abnormal sequence 
of wound healing leads to incorporation of organized intraalveolar exudates and fi broblasts, 
resulting in thickened alveolar wall (bottom left) and partial reepithelialization (bottom right).    

Figure 7   

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

Figure 8   

increased mortality ( 34 ). Cystic spaces 
that appear during the organizing phase 
of DAD are distributed throughout the 
lung and are commonly associated with 
the radiologic fi ndings of diffuse ground-
glass opacity, reticulation, and volume 
loss ( Fig 4 ) ( 35 ).     

 Although UIP-IPF and AIP tradition-
ally have been considered different dis-
eases, both demonstrate alveolar col-
lapse, incorporation of intraalveolar 
debris into the alveolar walls, and in-
creased neutrophils at bronchoalveolar 
lavage, suggesting a similar disease 
process ( 8 , 9 , 13 – 15 , 36 , 37 ). Compared 
with patients who have AIP, patients 
with disease at the UIP-IPF end of the 
spectrum have less severe injury and a 
more chronic course. There is a clinical 
spectrum in patients with the histologic 
fi ndings of DAD. We have reviewed 
DAD cases in which the patients re-
quired only supplemental oxygen for 
support, while in more severe cases, pa-
tients are intubated and require me-
chanical ventilation with positive end-
expiratory pressure. 

 Acute exacerbations occur in up to 
18% of patients with UIP-IPF, support-
ing the concept of UIP-IPF and AIP as 
points on a continuous spectrum of in-
jury ( 38 ). Almost all of these exacerba-
tions are idiopathic, and the majority of 
them have the typical histologic fi nding 
of DAD superimposed on a background 
of UIP-IFP ( 39 , 40 ). It is interesting that 
Averill Liebow in his original description 
of the interstitial pneumonias used the 
term  acute UIP  when referring to the 
histologic fi ndings of DAD ( 8 , 9 ). After 
30 years, there is now evidence that sup-
ports his original observation ( 1 ). Im-
ages acquired during an acute exacerba-
tion of IPF demonstrate diffuse areas of 
bilateral ground-glass opacity superim-
posed on peripheral reticulation and cys-
tic spaces ( Fig 12 ). The availability of 
imaging examinations that document a 
previous pattern of UIP-IPF can be help-
ful in identifying this complication. Inter-
estingly, the surgical procedure for lung 
biopsy in patients with UIP-IPF is associ-
ated with episodes of acute exacerbation 
that often result in death ( 41 ). Low lung 
volumes that accompany anesthesia may 
initiate widespread alveolar collapse that 
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 Figure 10:      UIP-IPF in 44-year-old man. Axial high-spatial-resolution CT images obtained  (a)  through upper lobes,  (b)  just below carina, and  (c)  at posterior costo-
phrenic angles show minimal peripheral reticulation, with rare small cysts similarly involving the three levels.  (d, e)  Histologic lung sections show typical fi ndings of 
UIP, including subpleural fi brosis with peripheral cysts ( d ) and fi broblast foci (∗) in cyst walls ( e ). (Hematoxylin-eosin stain; original magnifi cation,  3 1 [ d ] and  3 200 
[ e ].) Imaging fi ndings are consistent with UIP-IPF; however, minimal involvement and lack of lower-lobe gradient preclude confi dent diagnosis based on imaging fi nd-
ings alone. Diagnostic histologic fi ndings with compatible but nondiagnostic imaging fi ndings portend poor prognosis but not as poor as that for patients with concor-
dant histologic and radiologic fi ndings of defi nite UIP. However, histologic diagnosis of UIP does not equal clinical diagnosis of IPF. Histologic fi ndings of UIP can also 
be seen in association with collagen vascular disease, asbestosis, fi brosing-phase hypersensitivity pneumonitis, radiation pneumonitis, and Hermansky-Pudlak 
syndrome.    

Figure 10   

  

Figure 9   

 Figure 9:      UIP-IPF in 77-year-old man. Lower-lobe peripheral 
distribution of typical reticulation and cyst formation is more 
readily evident on coronal reconstruction of axial CT data (left) 
than on source data. Right: Distribution of lower-lobe cysts in 
UIP-IPF follows normal distribution of alveolar size when patient is 
upright. Small basal and dependent alveoli are more likely to 
collapse than large upper-lobe alveoli and remain closed after 
diffuse lung injury.    
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cannot be reversed because of preexist-
ing diffuse alveolar wall injury.       

 Organizing pneumonia.—  The histo-
logic fi nding of organizing pneumonia 
(ie, Masson bodies) is seen in a va-
riety of conditions including bacterial 
pneumonia, toxin or fume exposure, ir-
radiation, drug reaction, and connective 
tissue disease. However, in the majority 
of cases, no etiology is identifi ed and the 
process is clinically labeled cryptogenic 
organizing pneumonia. First described 
by Liebow ( 8 , 9 ), the concept of orga-
nizing pneumonia was not widely appre-
ciated until the 1980s ( 42 , 43 ). The 
majority of patients with this disease re-
spond to steroids; however, a substantial 
number of patients do not recover com-
pletely, and there is a consistent 3%–4% 
mortality rate in most series ( 43 – 45 ). 

 Organizing pneumonia is a relatively 
focal process and involves the peribron-
chiolar region of the lung, with areas of 
consolidation on high-spatial-resolution 
CT images. These areas tend to spare 
the absolute periphery of the lung and 
gradually disappear ( Fig 13 ). In our ex-
perience, some patients with organizing 
pneumonia do not fully recover: They 
develop pulmonary fi brosis, which may 
not respond to steroids. The histologic 
pattern of the fi brosis is that of fi brotic 
NSIP; however, careful inspection often 
reveals plugs of organized material in 
various stages of incorporation into the 
alveolar wall ( Fig 14 ). Contraction of 
the fi broblastic material in these thick-

ened alveolar walls distorts nearby 
airways ( 46 ). At imaging, the progres-
sion, commonly observed over months, 
mirrors this process. Areas of peribron-
chiolar consolidation are gradually re-
placed by a mixture of reticulation and 
ground-glass opacity that surrounds 
bronchiectatic and distorted airways 
( Figs 15  and  16 ). Cysts are identifi ed 
5–10 mm from the pleura in the region 
of the terminal bronchioles ( Fig 5 ). 
These cysts represent small dilated air-
ways associated with variable amounts 
of organization and fi brosis.                 

 A substantial number of organizing 
pneumonia cases referred for second-
opinion consultation are mistakenly di-
agnosed as UIP-IPF on the basis of the 
presence of incorporated fi broblastic 

material ( Fig 17 ) ( 47 ). This is due to a 
remarkable similarity in histologic ap-
pearance between the fi broblast foci of 
UIP ( Fig 3 ) and the Masson bodies seen 
in organization ( Fig 14 ). Detailed inves-
tigation of the fi broblastic material in 
IPF-UIP and organizing pneumonia sug-
gests that they are highly related, if not 
identical, processes ( 46 ). High-spatial-
resolution CT images obtained at multi-
ple time points are often crucial for dif-
ferentiating these two processes.        

 Smoking-related Interstitial Lung Disease: 
Infl ammation and Fibrosis 
 Variable degrees of emphysema and al-
veolar wall fi brosis are commonly ob-
served in the histopathologic specimens 
obtained from cigarette smokers ( 48 – 52 ). 

  
 Figure 11:      Alveolar collapse in DAD. High-power 
magnifi cation lung tissue specimen shows edematous 
alveolar wall covered by hyaline membranes (∗) along 
one surface. Centrally, hyaline membranes line a 
collapsed alveolar space (arrowhead). (Hematoxylin-
eosin stain; original magnifi cation,  3 400.)    

Figure 11   

  
 Figure 12:      Accelerated-phase UIP-IPF in 56-year-old man.  (a)  Axial high-spatial-resolution CT image 
acquired during accelerated phase of clinical deterioration shows geographic areas of ground-glass opacity 
and reticulation superimposed on peripheral reticulation.  (b)  Findings on corresponding CT image acquired 
6 months previously during quiescent period of UIP-IPF confi rm fi ndings in  a .  (c, d)  Lung biopsy specimens 
acquired when  a  was obtained show intraalveolar organization engulfi ng hyaline membranes (arrowhead) 
( c ) and interstitial organization ( d ), consistent with acute and organizing-phase DAD. (Hematoxylin-eosin 
stain; original magnifi cation,  3 200 [ c ] and  3 40 [ d ]). There is excellent correlation between histologic and 
concurrent imaging fi ndings: Both are consistent with DAD. However, fi ndings in  b  provide vital information 
because they confi rm presence of preexisting UIP-IPF. Overall, case is consistent with diagnosis of 
accelerated-phase UIP-IPF.    

Figure 12   
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Extensive research conducted in hu-
mans and animals supports the concept 
that both emphysema and fi brosis can 
be divergent responses to a common 
 injury—in this case, that induced by 
cigarette smoke ( 49 , 50 , 53 – 57 ). The fi -
brosis in these patients fi ts the pattern 
of fi brotic NSIP ( 52 ). The fi brosis is rel-
atively uniform, with a lack of the broad 
scars and the architectural distortion 
commonly found with UIP-IPF ( Fig 6 ) 
( 52 ). The lack of heterogeneity and fi -
broblast foci in smoking-related fi brosis 
suggests that neither alveolar collapse 
nor incorporation of fi broblastic mate-
rial is involved in the pathogenesis. The 
typical imaging fi ndings also differ con-
siderably from those of UIP-IPF, AIP, 
and organizing pneumonia. In smoking-
related fi brosis, cystic spaces predomi-
nate in the upper lung fi elds ( Fig 6 ). 
These cysts have the size and distribution 
of emphysema, unlike the strikingly 
peripheral lower-lobe cysts in UIP-IPF. 
Variable combinations of temporally 
uniform fi brosis, smoker’s macrophages, 
and emphysema are common fi ndings 
in dyspneic patients who eventually un-
dergo open lung biopsy. The combina-
tion of emphysema and fi brosis results 
in relatively normal air fl ow and lung vol-
ume at pulmonary function testing, with 
a severely depressed diffusing capacity 

  
 Figure 13:      Organizing pneumonia in febrile 70-year-old man.  (a)  Axial high-spatial-resolution CT image 
obtained through lower lobes shows peribronchiolar consolidation with peripheral sparing.  (b)  Corresponding 
CT image acquired 6 weeks later shows residual bands of consolidation.  (c, d)  Lung biopsy specimens 
obtained when  b  was acquired show bronchiolocentric nodule ( c ), which correlates with bands of peripheral 
consolidation seen at CT;  d  shows nodule is composed of intraalveolar plugs of loose fi broblastic tissue (∗), 
diagnostic of organizing pneumonia. (Hematoxylin-eosin stain; original magnifi cation,  3 1 [ c ] and  3 100 [ d ].)    

Figure 13   

  
 Figure 14:      Incorporation of intraalveolar organization. Alveolar exudates and cellular debris from injury are cleared from alve-
olar spaces in process termed  organizing pneumonia,  or Masson bodies. Organizing pneumonia is evidenced by intraalveolar 
plugs of fi broblastic tissue, which is stained green on this collage of four histologic specimens. (Movat pentachrome stain; orig-
inal magnifi cations, from left to right:  3 10,  3 20,  3 10, and  3 10, respectively.) Far left: Initially, organizing pneumonia appears 
as rounded plugs within alveolar spaces. Second from left: As clearance begins, plugs butt up against alveolar walls and be-
come epithelialized by overgrowth of type ll pneumocytes. Third from left: Plugs are then incorporated into alveolar walls. Far 
right: Over time, plugs become relatively fl attened and collagenized but result in thickened alveolar walls.    

Figure 14   
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Figure 15   

  
 Figure 16:      Organizing pneumonia with progression to NSIP in 59-year-old man.  (a)  Axial chest CT image obtained through lower lobes shows peribronchiolar areas 
of consolidation (arrowhead) associated with diffuse areas of ground-glass opacity.  (b)  Axial high-spatial-resolution CT image acquired 6 months later shows geo-
graphic ground-glass opacity with subtle reticulation, small cysts, and mild traction bronchiectasis, consistent with diffuse fi brosis.  (c)  Lung biopsy specimen obtained 
when  b  was acquired shows diffuse interstitial widening due to incorporation of organizing fi broblastic tissue (arrowheads). (Hematoxylin-eosin stain; original magnifi -
cation,  3 100.) There is excellent correlation between fi ndings in  b  and  c : Both indicate diffuse fi brosis, which corresponds to a histologic diagnosis of NSIP. Overall, 
the two CT images were interpreted as showing progression of organizing pneumonia to NSIP.    

Figure 16   

 Figure 15:      Organizing pneumonia with progres-
sion to fi brosis in 50-year-old woman with 1-month 
history of hypoxia and dyspnea.  (a)  Axial chest CT 
image obtained through lower lobes and  (b)  coronal 
reconstruction of axial CT data show peribronchiolar 
consolidation primarily in lower lung fi elds.  (c)  Lung 
biopsy specimen acquired at the time  a  and  b  were 
acquired shows intraalveolar plugs of loose fi bro-
blastic tissue (arrowheads), diagnostic of organizing 
pneumonia. (Hematoxylin-eosin stain; original mag-
nifi cation,  3 40.)  (d)  Axial high-spatial-resolution CT 
image acquired 8 months later shows residual areas 
of peribronchiolar consolidation (arrow) and new 
fi ndings of widespread reticulation and traction 
bronchiectasis (arrowhead), consistent with diffuse 
fi brosis. There is excellent correlation between initial 
imaging ( a ) and histologic ( c ) fi ndings: Both are 
compatible with organizing pneumonia. However,  d  
shows diffuse pulmonary fi brosis, a potential com-
plication that we have observed in a minority of 
patients with organizing pneumonia. Combined 
imaging features are not consistent with diagnosis 
of IPF.    

and marked dyspnea. This confusing 
constellation of fi ndings suggests the 
need for tissue biopsy ( 58 ). 

 The legacy terminology associated 
with smoking-related lung injury is par-
ticularly problematic because the amount 
of fi brosis that is acceptable in respira-

tory bronchiolitis–interstitial lung disease 
and desquamative interstitial pneumonia 
is arbitrary and not well defi ned. Pathol-
ogists sometimes combine the diagnosis 
of respiratory bronchiolitis or desqua-
mative interstitial pneumonia with NSIP 
if the amount of alveolar wall fi brosis is 

considered to be unusually large ( 52 ). 
However, the reliability of this assess-
ment has not been demonstrated. 

 In most cases referred for consulta-
tion at our institution, the NSIP pattern 
of fi brosis is associated with UIP-IPF, or-
ganizing pneumonia, or smoking-related 
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injury with emphysema. The radiologic 
pattern plays an important role in differ-
entiating these three possibilities. Imag-
ing is especially helpful when studies 
obtained at multiple time points pro-

  
 Figure 17:      Severely fi brotic NSIP with organizing pneumonia in 66-year-old man with 150-pack-year smoking history.  (a)  Axial high-spatial-resolution CT image 
obtained just below carina shows widespread cysts and low-attenuating areas. There is peripheral band of increased attenuation and reticulation in right lung that 
spares absolute lung periphery (arrowheads). Lung biopsy specimens from right lower lobe show  (b)  diffuse but geographically variable interstitial fi brosis (hematoxy-
lin-eosin stain; original magnifi cation,  3 1), with  (c)  foci of organizing fi broblastic tissue (arrowhead) incorporated into interstitium (hematoxylin-eosin stain; original 
magnifi cation,  3 100). Histologic fi ndings enable diffi cult differentiation between severely fi brotic NSIP and UIP. Geographic heterogeneity of interstitial fi brosis and 
incorporated organizing fi broblastic tissue suggest UIP. However, incorporated organizing fi broblastic tissue can also be seen in latter phases of organizing pneumonia. 
Lack of convincing architectural remodeling with cyst formation militates against diagnosis of UIP. Peripheral band of attenuation and reticulation with sparing of abso-
lute lung periphery follows typical distribution of organizing pneumonia. At CT, cystic spaces are consistent with emphysema and not the typical peripheral distribution 
of cysts in UIP. Imaging results infl uence interpretation of histologic fi ndings, suggesting organizing fi broblastic tissue is more likely a manifestation of organizing 
pneumonia than UIP.    

Figure 17   

  

Figure 18   

 Figure 1 8:      Idiopathic NSIP in 47-year-old man. 
 (a)  Axial high-spatial-resolution CT image obtained 
through lower lung fi elds shows areas of ground-
glass opacity and reticulation superimposed on 
distorted airways. Posterior displacement of major 
fi ssure on right side is consistent with volume loss. 
 (b)  Lung biopsy specimen from lower lobe shows 
diffuse interstitial fi brosis, which lacks geographic 
heterogeneity. Given the degree of fi brosis, cystic 
change is minimal and no fi broblast foci are identi-
fi ed. There is excellent correlation between CT and 
histologic fi ndings, which when considered to-
gether meet the criteria for idiopathic NSIP.    

vide clear evidence of either organizing 
pneumonia gradually transitioning to fi -
brosis ( Fig 16 ) or a stable pattern of 
upper-lobe cystic change associated with 
emphysema ( Fig 6 ). Areas of NSIP-type 
fi brosis are commonly identifi ed in pa-
tients with UIP-IPF, given the well-
documented variability of the histologic 
fi ndings of UIP-IPF—especially when mul-
tiple biopsy sites are examined ( Fig 3 ). 
In a recent publication sponsored by the 
ATS, the existence of idiopathic NSIP as 
a distinct entity is postulated ( 59 ). Im-
ages typically demonstrate a lower-lobe 

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

 Conclusion 

 Averill Liebow, who described the inter-
stitial pneumonias more than 40 years 
ago, recognized that the IIPs “are types of 
tissue response, and that no implication 
is intended that any is pathognomonic 
for a specifi c etiologic factor. Neverthe-
less, histologic characteristics may pro-
vide clues both to etiology and to path-
ogenesis and certainly to natural history 
and prognosis” ( 8 ). 

 A multitude of normal processes 
must interact with precision to main-
tain and repair the lung when it is in-
jured. Absence, imbalance, or exagger-
ation of any one of these processes 
leads to disease. Identifi cation of the 
dominant histopathologic process com-
bined with the distribution as assessed 
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with radiologic imaging provides impor-
tant information regarding the likely 
etiology, especially in cigarette smokers, 
in whom there is often a combination of 
cystic change related to emphysema 
and associated fi brosis. 
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