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Imaging of Acute Lung
Injury

Brett M. Elicker, MDa,*, Kirk T. Jones, MDb, David M. Naeger, MDc, James A. Frank, MDd
KEYWORDS

� Acute lung injury (ALI) � Acute respiratory distress syndrome (ARDS)
� Diffuse alveolar damage (DAD) � Acute interstitial pneumonia (AIP)
� Acute fibrinous organizing pneumonia (AFOP) � Acute eosinophilic pneumonia (AEP)

KEY POINTS

� Acute lung injury (ALI) is the clinical syndrome associated with patients who have diffuse alveolar
damage on histopathology.

� A variety of diseases may mimic ALI, including hydrostatic edema, infection, aspiration, organizing
pneumonia, interstitial lung disease, and acute eosinophilic pneumonia.

� Treatment of ALI is mainly supportive, and no pharmacologic treatment (eg, corticosteroids) has
been shown to be convincingly beneficial.

� The key role of imaging is to identify diseases that mimic ALI so that appropriate specific treatment
may be instituted.
INTRODUCTION

Acute lung injury (ALI) is a common cause of acute
respiratory symptoms in the hospitalized patient,
accounting for more than 10% of admissions to
the intensive care unit1 and affecting nearly
200,000 people in the United States yearly.2 ALI
is unique from other causes of dyspnea in its path-
ophysiologic mechanism of disease. Injury to the
alveolar epithelium and capillary endothelium in-
creases alveolar barrier permeability, resulting in
airspace edema and inflammation. Because of
this unique pattern of injury, the natural history,
treatment, and prognosis of ALI differs significantly
from other acute lung diseases. The diagnosis of
ALI is typically based on clinical and radiographic
criteria; however, because these criteria can be
nonspecific, diagnostic uncertainty is common. A
multidisciplinary approach that synthesizes clin-
ical, imaging, and pathologic data, when available,
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can ensure an accurate diagnosis. Imaging repre-
sents a cornerstone modality in the detection,
characterization, and follow-up of patients with
suspected ALI, but radiologists must also have a
comprehensive knowledge of the clinical and
pathologic findings seen in patients with ALI.
The goal of this article is to provide a review of
ALI with an emphasis on this multidisciplinary
approach.

CLINICAL
Definitions

ALI, acute respiratory distress syndrome (ARDS),
and diffuse alveolar damage (DAD) all refer to a
similar pathophysiologic process; however, they
are not synonymous. The first challenge in under-
standing this topic is to be aware of the subtle,
yet important, differences between these 3 terms
(Table 1). DAD is a histopathologic pattern of injury
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Table 1
Definitions of diffuse alveolar damage, acute lung injury, and acute respiratory distress syndrome

Term Definition

DAD A histopathologic pattern of injury characterized by alveolar epithelial injury, proteinaceous
edema, hyaline membranes, edema, and eventually fibroplasia

ALI The clinical syndrome associated with any patient that has DAD pathologically

ARDS A clinical syndrome defined by 4 criteria:
1. Acute onset (occurring within 1 wk of an insult or after the onset of symptoms)
2. Bilateral opacities on chest radiography (opacities not explained by effusions, collapse, or

nodules)
3. Exclusion of cardiac failure or fluid overload as a cause of symptoms (echocardiography

often obtained, particularly when there are no risk factors for hydrostatic edema)
4. Reduced oxygenation (3 levels of severity)

a. Mild: 200 mm Hg < PaO2/FiO2 �300 mm Hg
b. Moderate: 100 mm Hg < PaO2/FiO2 �200 mm Hg
c. Severe: PaO2/FiO2 �100 mm Hg

Box 1
Clinical and radiographic mimics of acute lung
injury

Hydrostatic pulmonary edema

Rare causes of pulmonary edema (high altitude,
high permeability such as interleukin-2 infu-
sion, neurogenic, postobstructive)

Pneumonia without ALI

Aspiration

Diffuse alveolar hemorrhage

Acute hypersensitivity pneumonitis

Organizing pneumonia

Acute eosinophilic pneumonia

Acute fibrinous organizing pneumonia
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characterized by alveolar epithelial injury, protein-
aceous edema, hyaline membranes, edema, and
eventually, fibroplasia. The pathologic manifesta-
tions of DAD are discussed in greater detail later.
ALI and ARDS, on the other hand, are both clin-

ical syndromes. ARDS was most recently defined
in a 2012 consensus statement.3 It is character-
ized by the acute onset of hypoxemia and diffuse
parenchymal opacities on chest radiograph not
explained by cardiogenic edema or fluid overload.
ARDS is further categorized into mild, moderate,
and severe forms based on the severity of hypox-
emia as defined by the ratio of the partial pressure
of oxygen in arterial blood to the fraction of
inspired oxygen (PaO2/FiO2 ratio). ALI, on the other
hand, refers to the clinical syndrome associated
with any patient who has DAD pathologically, but
its use is not limited by the strict clinical criteria
that define ARDS. To add further confusion, an
older consensus paper4 defined ALI using similar
criteria to ARDS, except with less severe hypox-
emia. This definition of ALI was subsequently
removed in the 2012 classification because practi-
tioners had been using the term ALI to describe
patients who clinically appeared to have ARDS,
but did not meet the oxygenation criteria. Pres-
ently, the most accurate use of the term ALI is to
describe any clinical symptoms or findings that
are associated with histopathologic DAD, which
include both cases that meet criteria for ARDS
and those that do not meet criteria for ARDS.
In many cases, a definitive pathologic diagnosis

is not available in patients with ALI or ARDS; thus,
the diagnosis is often presumed and based on the
exclusion of other causes of acute lung symptoms.
As discussed earlier, DAD and ARDS are not syn-
onymous. Not all patients who meet clinical and
radiographic criteria for ARDS will have DAD on
pathology. DAD mimics that may meet clinical
criteria for ARDS are shown in Box 1. In a study
of ARDS patients undergoing autopsy,5 only 45%
of patients who met criteria for ARDS had DAD
on pathology. In the group with mild ARDS, only
14% had DAD on pathology. The most common
alternative (non-DAD) diagnoses in this study
included pneumonia (49%), no significant lung ab-
normality (14%), emphysema (7%), pulmonary
hemorrhage (6%), and malignancy (5.5%). In
another study of open lung biopsy in patients
with nonresolving ARDS (persistent hypoxemic
respiratory failure >1 week after admission),6

58% had DAD on pathology. The most common
alternative (non-DAD) diagnoses in this study
were interstitial fibrosis (37%), organizing pneu-
monia (OP; 26%), and alveolar hemorrhage
(14%). It is also important to note that not all pa-
tients with DAD on histopathology meet clinical
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criteria for ARDS, although they can still be consid-
ered to have ALI.

Demographics and Causes of Acute Lung
Injury

ALI may affect patients of any age, including pedi-
atric patients,7 but its highest incidence is seen in
patients over the age of 75.2 There are a variety of
causes that may be pulmonary or extrapulmonary
in origin (Box 2). The most common causes vary
depending on referral patterns and specialties at
different institutions. In an analysis of 21 academic
and community hospitals in the state of Washing-
ton, the most common causes of ARDS were
pneumonia with sepsis (46%), sepsis from a non-
pulmonary source (33%), aspiration (11%), trans-
fusion (3%), drug overdose (3%), pancreatitis
(3%), and other (14%).2 In a study of ARDS pa-
tients at the Mayo Clinic in Rochester, Minnesota,
the most common causes were idiopathic (21%),
stem-cell or solid organ transplantation (17%),
connective tissue disease (16%), acute exacerba-
tion of idiopathic pulmonary fibrosis (IPF; 12%),
drugs (10%), and radiation therapy (2%).8

As ALI and ARDS are diagnoses of exclusion, a
search for alternative causes of dyspnea and
diffuse lung opacities is important. This is particularly
true inpatientswithoutcommonrisk factors forALIor
ARDS, such as pneumonia or sepsis, because these
patients have ahighermortality than thosewith com-
mon risk factors but may have steroid-responsive
disease.9 There are currently no pharmacologic
Box 2
Pulmonary and extrapulmonary causes of acute
lung injury and acute respiratory distress
syndrome associated with diffuse alveolar
damage pathologically

Pulmonary

Pneumonia

Aspiration

Inhalational injury

Pulmonary contusion

Extrapulmonary

Sepsis (extrapulmonary)

Surgery

Drugs

Pancreatitis

Transfusion

Connective tissue disease

Trauma
therapies for ALI or ARDS. Therefore, an aggressive
diagnostic workup early after presentation, and the
identification of steroid-responsive diseases that
clinically mimic ALI may have a significant impact
on outcomes.10 Diagnostic studies that may be ob-
tained in the evaluation of patients with suspected
ALI or ARDS are focused on clinical entities that
may mimic DAD. Diagnostic evaluation may include
echocardiography, pulmonary artery pressure mea-
surements obtained frompulmonary artery catheter-
ization, bronchoalveolar lavage, blood cultures,
sputum analysis, connective tissue disease serol-
ogies, and other laboratory tests. Imaging is a vital
component of this diagnostic evaluation. Although
chest radiographs are routinely obtained in all hospi-
talized patients with acute dyspnea and comprise
one of the principal criteria for ARDS, computed to-
mography (CT) may also be helpful in the detection
of treatable causes of acute respiratory failure.

Bronchoscopy often represents the first invasive
diagnostic test obtained when an initial clinical
evaluation is unrevealing. In particular, bronchos-
copy with alveolar lavage increases diagnostic
accuracy for certain infections, diffuse alveolar
hemorrhage, and acute eosinophilic pneumonia
(AEP). Open lung biopsy is often helpful, although
only occasionally obtained. In a study of 57 pa-
tientsmeeting clinical criteria for ARDS, butwithout
a clear precipitant, open lung biopsy led to the initi-
ation of new treatments in 60% of patients and the
termination of unnecessary treatment in 37% of
patients.11 The most common changes in treat-
ment included the administration of corticosteroids
(46%), cyclophosphamide (14%), and antimicro-
bial therapies (9%). One caveat in interpreting this
study: corticosteroids were given to patients with
DAD on lung biopsy, but this is not currently
considered the standard of care.
Mortality

Studies ofmortality are heterogeneouswith regards
to the population studied. Some studies have eval-
uated patients with clinical ARDS, whereas others
have evaluated those with pathologic evidence of
DAD. The studies that included ARDS patients
were undoubtedly a mix of those with and without
DAD. Regardless, the averagemortality of these en-
tities is high compared with other common causes
of hypoxemia, such as cardiogenic pulmonary
edema. Recent advances in supportive techniques,
such as the introduction of low tidal volume ventila-
tion, would predict an improvement in outcomes
compared with prior decades; however, despite
the positive results from randomized trials, adher-
ence to lung-protective ventilation strategies is
less than complete.12
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Although some observational trials13 and a sys-
tematic review14 have shown a reduction in ARDS
mortality over time, another review of the litera-
ture15 reported no significant change in mortality
between 1994 and 2006. The overall pooled mor-
tality in this review was 44.3%. More recent data
comparing ARDS mortality by severity, based on
the 2012 criteria, reported 28-day mortalities of
30%, 35%, and 43% for mild, moderate, and se-
vere ARDS, respectively.1 Among patients who
meet the clinical criteria for ARDS in whom histo-
pathology was obtained, mortality also varies
depending on the presence or absence of DAD.
In one recent study, the odds ratio for mortality
in patients with ARDS and DAD was 1.8 compared
with patients who had ARDS without DAD.16

Although most patients who die with ARDS suc-
cumb to multiorgan failure or shock, the presence
of DAD on histopathology was associated with a
higher risk of death from respiratory failure.17

Among patients with DAD, mortality may also
vary depending on the clinical context. For
example, the mortality of patients with DAD
due to an acute exacerbation of IPF is as high
as 86%.8
Fig. 1. Late proliferative phase DAD. The alveolar
septa are thickened by edema and mild chronic
inflammation. There are well-developed hyaline
membranes along the alveolar septal surface. The air-
spaces show filling with edema (hematoxylin-eosin,
original magnification �200).
Treatment

Treatment of ALI is primarily supportive through
supplemental oxygen and mechanical ventilation,
if necessary. The main pharmacologic treatment
is aimed at any underlying cause, if one can be
identified, such as infection. The use of corticoste-
roids in patients with protracted hypoxemic respi-
ratory failure is controversial. Although one study
demonstrated a benefit of using corticosteroids
for a subset of ARDS patients with persistent res-
piratory failure of at least 7 days’ duration,18 a
multicenter, double-blind randomized controlled
trial of steroids versus placebo in patients with
ARDS of at least 7 days’ duration19 showed no
significant difference in the 60-day mortality
comparing the corticosteroid group (29.2% mor-
tality) with the placebo group (28.6% mortality).
Interestingly, the steroid group in this study
showed a greater number of ventilator-free days,
improved oxygenation, and improved blood pres-
sure compared with the placebo group. It is
possible that the benefits of steroid therapy in
this population may have been counteracted by
drug-related complications of this therapy. Alter-
natively, there may be a subset of patients for
whom steroid therapy was beneficial. For
example, because DAD and OP often coexist, it
is possible that a subset of patients had steroid-
responsive OP following ARDS, but this remains
to be investigated.
PATHOLOGY

DAD is the main pathologic correlate to the clinical
entity ALI. The term diffuse in this setting refers to
the global involvement of the alveolus such that
both the endothelial (alveolar capillary) and the
epithelial (pneumocyte) components are affected.
The histologic appearance of this process evolves
over the course of the injury from an early exuda-
tive or injury phase, through a proliferative or orga-
nizing phase, and finally into a healed or resolved
phase.20

The proliferative phase is characterized by alve-
olar septal thickening from interstitial edema and
mild inflammation. Ultrastructural analysis by elec-
tron microscopy reveals that this phase is initially
characterized by necrosis of type 1 pneumocytes,
endothelial cell damage, and sloughing of the
alveolar basement membranes. This loss of the
alveolar integrity results in leaking of fibrin-rich pro-
teinaceous fluid into airspaces. After 1 or 2 days
fromthe initial injury, this fluidadmixeswith thecyto-
plasm and nucleoplasmof the dead cells and forms
homogeneous eosinophilic hyaline membranes,
which lie in close apposition to the alveolar septa
(Fig. 1). Hyaline membranes become better devel-
oped over the course of the next 3 to 5 days. During
this time, there is recruitment of inflammatory cells
into the region.
The organizing phase begins near the end of

the first week following injury and is characterized
by re-epithelialization and fibroplasia. The alveoli
show growth of type 2 pneumocytes along their
surface. These cells are thought to differentiate
into type 1 pneumocytes as the repair process
continues. The alveolar septa are thickened by
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interstitial accumulation of granulation tissuelike
fibrosis composed of fibroblasts, myofibroblasts,
and small vessels. These fibroblasts andmyofibro-
blasts can also extend into the airspaces, resulting
in consolidated regions of OP. It is important in pa-
thology to recognize this overlap of OP and DAD
because the nonspecific presence of OP may be
a sign of either a steroid-responsive process (as
in cryptogenic OP) or organizing DAD that may
not be as easily treatable.

The healed or resolved phase is characterized by
either a return to normal pulmonary alveolar archi-
tecture or a progression to fibrosis. As the type 2
pneumoctyes proliferate, the regions of OP may
be incorporated into the interstitium where the fi-
broblasts undergo apoptosis. Apoptosis results in
a relatively normal-appearing lung following resolu-
tion of the injury. Alternately, the involved regions
may show extensive architectural remodeling by
fibrosis, which may be manifest as either large
areas of alveolar lobular collapse with fibrosis,
airspace enlargement with fibrosis, or microscopic
honeycomb fibrosis.

A second pattern of lung injury that may occur in
isolation or may be associated with DAD is OP.
This nonspecific injury pattern is characterized
by consolidation of alveolar ducts and alveolar
spaces by branching rounded polypoid plugs of
granulation tissue (Fig. 2).21,22 The underlying
lung architecture is preserved, and the regions
of alveolar consolidation are often patchy and
frequently bronchiolocentric. The fibrous plugs
are rich in mucopolysaccharides and have a slight
basophilic appearance on hematoxylin and eosin
staining (rather than the eosinophilic appearance
seen with established dense fibrosis in scar tissue).
There are often numerous associated intra-alveolar
macrophages with foamy cytoplasm. Alveolar
Fig. 2. OP. The lung parenchyma shows consolidation
by numerous rounded polypoid plugs of granulation
tissuelike fibrosis. There is mild alveolar septal intersti-
tial inflammation (hematoxylin-eosin, original magni-
fication �40).
septal inflammation is variable, but may be nearly
absent.

Acute fibrinous organizing pneumonia (AFOP) is
a term used to describe a pattern of ALI that histo-
logically lies within the spectrum between DAD
and OP. Similar to DAD, the airspaces show accu-
mulation of fibrin, and similar to OP, this fibrin-rich
material is arranged into polypoid plugs.23 Like the
other 2 patterns of ALI, AFOP is histologically
nonspecific and may be observed in several types
of toxic insults. Identification of hyaline mem-
branes should prompt the diagnosis of DAD rather
than AFOP, and identification of numerous eosino-
phils should prompt a diagnosis of eosinophilic
pneumonia (which frequently shows abundant
intra-alveolar fibrin).

IMAGING
Radiographic Findings of Acute Lung Injury

Chest radiographs typically are the first imaging
modality obtained in patients with suspected ALI.
Although the chest radiograph is a fast and inex-
pensive test, its findings are nonspecific and inter-
observer agreement for ALI is only moderate.24

Figueroa-Casas and colleagues25 assessed the
diagnostic performance of chest radiographs for
ARDS compared with CT and found that chest ra-
diographs had a sensitivity of 73%, specificity of
70%, positive predictive value of 47%, and nega-
tive predictive value of 88%.

Bilateral lung opacities are one of the primary
criteria for ARDS (Fig. 3) and will be seen,
Fig. 3. Chest radiograph of ARDS. Diffuse lung consol-
idation with air bronchograms is present on a frontal
chest radiograph of a patient with ARDS. Diffuse lung
opacity on chest radiograph comprises one of the
principal criteria for the diagnosis of ARDS.
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therefore, in all patients with ARDS whether or not
it is associated with DAD pathologically. The differ-
ential of bilateral lung opacities on chest radio-
graphs is thus broad and includes ALI, infection
without ALI, aspiration, hydrostatic pulmonary
edema, diffuse alveolar hemorrhage, acute hyper-
sensitivity pneumonitis, OP, and AEP.
The distinction between diffuse lung consolida-

tion and layering pleural effusions or bilateral atel-
ectasis may be challenging. Good radiographic
technique is important in avoiding this pitfall.
Ideally, patients should be imaged in an upright or
semiupright position at maximal inspiration. In the
supine position, pleural effusions may layer poste-
riorly and extend from base to apex, mimicking
diffuse lung consolidation (Fig. 4). When the patient
is imaged in an upright position, the pleural effu-
sions layer toward the lung bases and cause
more typical blunting of the costophrenic angles.
Atelectasis may be distinguished from consolida-
tion by signs of volume loss, such as fissural
displacement, diaphragmatic elevation and medi-
astinal/hilar deviation. In many cases of atelectasis,
however, these signs are lacking.

Computed Tomography Findings of Acute
Lung Injury

Compared with chest radiographs, CT is more sen-
sitive in the detection of early disease and is more
accurate in the characterization of abnormalities
and formulation of a differential diagnosis. The
typical CT findings of ALI are symmetric or diffuse
ground-glass opacities and/or consolidation
(Fig. 5). Smooth interlobular septal thickening may
be seen in association with ground-glass opacity
(ie, crazy paving) (Fig. 6); however, interlobular
Fig. 4. Pleural effusions mimicking ARDS. Supine frontal ch
tion between lung consolidation and layering effusions is
An upright chest radiograph (B) in the same patient show
there is no significant lung consolidation.
septal thickening as an isolated finding is not
typical. These findings overlap significantly with hy-
drostatic pulmonary edema, certain infections
(particularly viruses, atypical bacteria, and Pneu-
mocystis jirovecii), diffuse alveolar hemorrhage,
acute hypersensitivity pneumonitis, and AEP.
The distribution of abnormalities on CT varies

depending on the cause of ALI: pulmonary versus
extrapulmonary. ALI from an extrapulmonary
cause (eg, pancreatitis) classically shows an
even gradient of lung opacity from anterior to pos-
terior (Fig. 7). The anterior lung is normal or shows
ground-glass opacity, whereas the posterior lung
shows confluent consolidation. The specificity of
this pattern for ALI is unclear, however. ALI from
a pulmonary cause does not tend to show this
gradient, but instead demonstrates more hetero-
geneous opacities and nondependent areas of
consolidation (Fig. 8).

Role of Computed Tomography in Patients
with Acute Lung Injury and Acute Respiratory
Distress Syndrome

The results of CT scans in patients meeting clinical
criteria for ARDS have been shown to change
management in greater than 25% of cases. Man-
agement changes in the study by Simon and col-
leagues26 included changes in antibiotic therapy
against bacteria or fungi (12.7%), drainage of
pleural effusions (7.8%), correction of misplaced
lines or tubes (4.9%), diuresis (2.9%), and antico-
agulation (2.5%). The role of CT scan in patients
with ALI or ARDS is 2-fold. First, CT is able to
confirm the presence of abnormalities that are
compatible with ALI. As discussed previously,
chest radiographs are limited in their ability to
est radiograph (A) shows diffuse opacities. The distinc-
difficult when imaging patients in the supine position.
s that these opacities represent layering effusions and



Fig. 5. DAD without ARDS. Extensive bilateral
ground-glass opacity is seen on this axial CT image
in a patient with DAD due to drug toxicity. Although
DAD was present on open lung biopsy, the patient did
not meet clinical criteria for ARDS because of a PaO2/
FiO2 ratio greater than 300 mm Hg.

Fig. 7. ALI from an extrapulmonary cause. Axial CT
shows a gradient of density from anterior to posterior.
The anterior lung is nearly normal, and the posterior
lung shows dense consolidation. This distribution sug-
gests an extrapulmonary cause of ALI. The cause of
ALI in this patient was sepsis from an abdominal
source.
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distinguish diffuse lung opacities from pleural effu-
sions and atelectasis. CT is more specific in this
distinction and thus may target patients who will
benefit from drainage of pleural effusions or
recruitment techniques to reduce atelectasis.

Second, CT may identify patients with lung dis-
ease that is incompatible with ALI and suggestive
of an alternative cause. A careful search for CT
findings suggestive of these alternative causes
has the potential to change management by
detecting a disease that may be responsive to spe-
cific pharmacologic intervention. Infection should
be considered in cases in which nondependent
areas of consolidation are present. Greater than
90% of patients with pneumonia will show these
nondependent opacities.27 Tree-in-bud opacities
are strongly suggestive of infection or aspiration28
Fig. 6. Crazy paving in ALI. Axial CT image demon-
strates a combination of ground-glass opacity and
interlobular septal thickening, also known as the
crazy-paving pattern. In the acute setting, this pattern
is most commonly seen with pulmonary edema, ALI,
infection, and hemorrhage. This patient had DAD
from sepsis.
(Fig. 9). Pulmonary edema should be considered
in patients with smooth interlobular septal thick-
ening, pleural effusions, or cardiomegaly. In the
study by Komiya and colleagues,29 findings sug-
gesting hydrostatic pulmonary edema over ALI
included an upper lung or central distribution of
ground-glass opacity and the presence of peri-
bronchovascular interstitial thickening (Fig. 10).
Findings of fibrosis (irregular reticulation, traction
bronchiectasis, and honeycombing) suggest inter-
stitial lung disease (ILD). Of note, CT findings of
fibrosis may develop in patients with ALI over
time; however, they are not usually present within
the first week after clinical presentation.

OP is another entity that may clinically mimic
ALI. Both OP and ALI may have an acute or sub-
acute clinical presentation with hypoxemia and
Fig. 8. ALI from a pulmonary cause. In contrast to
Fig. 7, this axial CT image shows more heterogeneous
opacities with focal nondependent areas of consolida-
tion. This distribution suggests a pulmonary cause of
ALI. The cause of ALI in this patient was pneumonia.



Fig. 9. ARDS due to infection without ALI. An axial CT
image shows extensive bilateral centrilobular nodules
and tree-in-bud opacities in a patient with viral infec-
tion. Although this patient met clinical criteria for
ARDS, they did not have DAD on pathology.

Fig. 11. OP. Focal areas of patchy, bilateral, peribron-
chovascular consolidation are seen on this axial CT of
a patient with OP.
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bilateral opacities on chest radiographs. On CT,
OP shows characteristic findings of patchy, bilat-
eral, often rounded areas of peribronchovascular
and subpleural consolidation (Fig. 11). As OP
tends to be a highly steroid-responsive disease,
distinction from ALI has a significant impact on
treatment. It is important to note that DAD and
OP show significant pathologic overlap and often
coexist (Fig. 12). This overlap is termed organizing
DAD. In most cases, DAD is the predominant
finding and OP is a secondary finding; however,
in rare cases, the opposite is true. CT may be help-
ful in determining the relative contributions of DAD
versus OP to the overall disease burden and may
be able to predict steroid responsiveness in cases
of organizing DAD.
The Subacute to Chronic Appearance of Acute
Lung Injury

ALI shows a typical evolution over time on CT that
mirrors the pathologic stages of DAD.30,31 Initially,
ground-glass opacity and/or consolidation are
seen in isolation. Over time (1–4 weeks), findings
Fig. 10. ARDS due to edema without ALI. Two axial CT im
bilateral ground-glass opacity and consolidation. The prese
interlobular septal thickening suggests hydrostatic pulmo
of fibrosis may develop, including irregular reticu-
lation and traction bronchiectasis (Fig. 13). In
diseases such as IPF, reticulation and traction
bronchiectasis represent irreversible fibrosis;
however, in the setting of ALI, these findings may
eventually resolve over time. Despite this fact,
the development of bronchiectasis, in particular,
is a poor prognostic sign. In the study by Chung
and colleagues,32 the development of varcoid
bronchiectasis was associated with higher mortal-
ity, seen in 43% of patients who died but only 7%
of survivors.
ALI may eventually lead to permanent fibrosis

with or without honeycombing; however, in most
cases, the extent of fibrosis is limited. As many
as 90% of patients who survive the acute stage
of clinical ARDS will show some signs of fibrosis
6 to 10 months after the onset of symptoms.33

The presence and extent of these findings corre-
late with the severity of ARDS and duration of me-
chanical ventilation using high peak inspiratory
ages through the upper (A) and lower (B) lungs show
nce of peribronchovascular interstitial thickening and
nary edema over ALI.



Fig. 12. Organizing DAD. An axial CT image shows
bilateral ground-glass opacity and focal areas of
consolidation. Open lung biopsy showed features
of both DAD and OP. The focal areas of peribron-
chovascular and subpleural consolidation on CT
corresponded to OP, whereas the more symmetric
ground-glass opacities corresponded to DAD.
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pressures or high oxygen levels. This fibrosis typi-
cally has an anterior, subpleural distribution
(Fig. 14). This distribution may be a result of baro-
trauma and oxygen toxicity in an area of lung that
is relatively resistant to atelectasis.

SPECIFIC CAUSES OF ACUTE LUNG INJURY

ALI is most often caused by common etiologies,
such as pneumonia. There are several uncommon
Fig. 13. Evolution of CT findings of ALI over time. A baselin
extensive bilateral ground-glass opacity and consolidation.
interval development of irregular reticulation. Axial minim
of traction bronchiectasis over time when comparing imag
This is the typical evolution of the CT findings of ALI over
causes of ALI that deserve specific mention
because of their unique clinical, pathologic, or
radiographic features.

Acute Interstitial Pneumonia

Acute interstitial pneumonia (AIP), previously
known as Hamman-Rich syndrome, is the idio-
pathic clinical disorder associated with histopath-
ologic DAD. Patients are given a diagnosis of AIP
when they meet clinical criteria for ARDS, but no
cause is identified. Lung biopsy is required to
confidently confirm the diagnosis and exclude
mimics of AIP. Given that many patients with AIP
have a prodromal illness, viral infection may be
one of the potential inciting factors. The demo-
graphics and clinical course are similar to ARDS
from an identifiable cause. Information onmortality
is limited by small sample sizes and varies signifi-
cantly from 20% to 100%.10,34

Radiographic findings are similar or identical to
nonidiopathic ARDS (Fig. 15). Chest radiographs
demonstrate extensive bilateral lung opacities,
andCT demonstrates diffuse ground-glass opacity
andconsolidation evolvingover time to reticulation,
traction bronchiectasis, and honeycombing.35 In
one study comparing AIP to nonidiopathic cases
of ARDS,36 AIP more frequently showed a lower
lung and symmetric distribution. Honeycombing
was also more common in the evolution of AIP,
e CT (A) at the onset of acute symptoms demonstrates
Three weeks later, a CT at the same level (B) shows the
um intensity projection images show the development
es at the onset of symptoms (C) and 3 weeks later (D).
time.



Fig. 14. Post-ARDS fibrosis. Two axial CT images though the mid (A) and lower (B) lungs demonstrate an anterior
distribution of irregular reticulation and traction bronchiectasis. This is a typical distribution of fibrosis from prior
ARDS.
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although this may have been due to the inclusion of
patientswith anacute exacerbation of ILD.Cortico-
steroids are often administered given the lack of
anyother effective treatment; however, theyareun-
likely to provide a significant benefit.
Acute Exacerbation of Interstitial Lung
Disease

Over the past 2 decades, there has been an
increased awareness of patients with ILD present-
ing with acute symptoms not attributable to infec-
tion, edema, or other identifiable causes. The
cause of these acute symptoms is presumably
related to the underlying ILD, although the trigger
for the acute acceleration of disease is unknown.
Although an acute exacerbation may be seen
with any ILD, it is most common in patients with
IPF. Silva and colleagues37 reviewed 24 patients
Fig. 15. AIP. Diffuse ground-glass opacity is present on
this axial CT image. This appearance is indistinguish-
able from nonidiopathic ALI, edema, infection, hem-
orrhage, acute hypersensitivity pneumonitis, and
AEP. The lucencies that underlie the ground-glass
represent pre-existing emphysema in a smoker.
with a diagnosis of acute exacerbation of intersti-
tial pneumonia. This cohort was composed of pa-
tients with IPF (50%), connective tissue disease
(33.3%), and idiopathic nonspecific interstitial
pneumonia (16.7%). In a retrospective review of
147 patients with IPF, 9.6% developed an acute
exacerbation during the 2-year observational
period.38 Thoracic surgery is one risk factor for
the development of an acute exacerbation. Saka-
moto and colleagues39 showed a 7.7% incidence
of acute exacerbation in IPF patients immediately
after thoracic surgery.
Pathology in patients with acute exacerbation

of ILD showed 1 of 3 patterns: (1) DAD, (2) OP,
or (3) progressive fibrosis.40 DAD comprises
most cases. Criteria for the diagnosis of acute
exacerbation of IPF include the following41:

1. Acute worsening of symptoms over 30 days or
less

2. New bilateral radiographic abnormalities
3. Absence of infection or other identifiable

abnormality

The radiographic findings of acute exacerbation
of ILD are similar to those of ALI except the find-
ings are often superimposed on the pre-existing
fibrosis.37 Signs of fibrosis may be present on im-
aging obtained before the onset of acute symp-
toms. If no prior films are available, the signs of
fibrosis may be present at the onset of acute
symptoms (Fig. 16), as opposed to other causes
of DAD in which these signs may develop 1 to
4 weeks later. Three variants of acute exacerba-
tion have been described based on the distribution
of ground-glass opacity and consolidation on
CT42: (1) diffuse, (2) multifocal, and (3) peripheral
(Fig. 17). In the study of Akira and colleagues,42

there were significant differences in survival based
on this distribution, as follows: diffuse (0% at
100 days), multifocal (50% at 500 days), and pe-
ripheral (75% at 500 days).



Fig. 16. Acute exacerbation of IPF. Baseline axial CT (A) shows peripheral fibrosis with honeycombing in a patient
with IPF. Two years later, the patient presents with acute dyspnea. A follow-up CT (B) shows both worsening of
fibrosis and the development of diffuse ground-glass opacity, compatible with an acute exacerbation.
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Acute Fibrinous Organizing Pneumonia

AFOP is a unique form of ALI.23 Although its histo-
pathologic features share features with DAD and
OP, they do not meet strict criteria for either one;
however, AFOP likely represents a variant of these
patterns of injury. There are a variety of associa-
tions including rejection in lung transplantation,43

connective tissue disease, drug toxicity, and infec-
tion. The clinical presentation may be acute or
subacute. The CT findings include symmetric,
bilateral ground-glass opacity, and nodular areas
of consolidation.44 These findings may be seen in
isolation or in combination. These radiographic
findings mirror those of both DAD and OP
(Fig. 18). The clinical course ranges from rapid
progression and death to complete recovery,
similar to the wide clinical spectrum seen in pa-
tients with DAD or OP.

Acute Eosinophilic Pneumonia

AEP is a disorder that shares many characteristics
with ALI. Most patients with AEP present with
acute respiratory symptoms requiring admission
Fig. 17. Peripheral distribution of acute exacerbation of
combing are present on a baseline axial CT image (A) in a
with worsening cough and acute dyspnea. A follow-up C
glass opacity, compatible with acute exacerbation. This
the diffuse or patchy distributions.
to the intensive care unit. Characteristic findings
on histopathology include DAD associated with
an increased number of tissue eosinophils.45 Inter-
estingly, a more recent review of the pathology of
AEP showed findings resembling AFOP,46 further
emphasizing the close relationship between DAD
and AFOP.

There are some important differences between
AEP and ALI. Rhee and colleagues47 performed a
retrospective analysis of the clinical characteristics
of 137patientswithAEP.Ninety-ninepercent of pa-
tients were current smokers. Of these, 90% of pa-
tients described a change in smoking habits in the
1 month before developing AEP. This change in
smoking habits included starting smoking, restart-
ing smoking, or increasing the number of cigarettes
smoked per day. The association between smok-
ing and AEP was confirmed in the study by
Uchiyama and colleagues,48 in which 97% of pa-
tients were smokers. Another important difference
between AEP and ALI is the significant clinical
and radiographic response to corticosteroid treat-
ment. In the study by Rhee and colleagues,47 the
average time to complete symptom resolution after
IPF. Peripheral irregular reticulation and early honey-
patient with IPF. Six months later, the patient presents
T (B) shows a peripheral distribution of new ground-
distribution has a significantly better prognosis than



Fig. 18. AFOP. Axial CT (A) shows typical findings of AFOP with bilateral ground-glass opacity and focal, rounded
areas of consolidation. Six months later (B), this progresses to severe fibrosis. In another patient with AFOP, the
initial CT (C) shows similar findings to (A). In this patient, the follow-up CT (D) shows significant improvement in
the findings. These 2 patients demonstrate the spectrum of changes over time in AFOP.
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corticosteroid treatment was 7 days. In addition,
85% of chest radiographs showed complete
clearing by 7 days.
The diagnosis of AEP presents several chal-

lenges. With the exception of the smoking history,
the clinical presentation of AEP is nearly identical
Fig. 19. AEP. Single axial CT through the mid lung in a
patient who began smoking 1 month ago shows
diffuse ground-glass opacity associated with interlob-
ular septal thickening. Although the CT findings in
isolation are nonspecific, when interpreted in the
context of the clinical history, AEP is a leading
diagnosis.
to ALI. Peripheral eosinophilia is only seen in
approximately 30% of patients. In addition, there
is significant overlap between AEP and ALI on im-
aging. Chest radiographs in both show extensive
bilateral lung opacities. The main findings of AEP
on CT are ground-glass opacity (97% of patients)
and interlobular septal thickening (68% of pa-
tients)47 (Fig. 19). This combination of findings is
more commonly seen in patients with pulmonary
edema; however, AEP should be suspected in pa-
tients in whom edema is unlikely (eg, younger age,
normal echocardiogram). The diagnosis of AEP is
most often confirmed by the presence of an
increased number of eosinophils on bronchos-
copy or characteristic pathologic findings on lung
biopsy. As opposed to ALI/ARDS, corticosteroids
are routinely administered given the rapid res-
ponse seen in most patients.
SUMMARY

ALI is a clinical entity that requires input from
clinicians, radiologists, and pathologists. Multidis-
ciplinary input is vital in ensuring appropriate diag-
nosis and treatment. The main role of imaging is to
evaluate for diseases that may mimic ALI clinically,
including infection, edema, hemorrhage, OP, ILDs,
and AEP. Radiologists need to be aware of the
typical findings of ALI, and how these findings
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evolve over time, in addition to the features that
distinguish ALI from these alternative causes.
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