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The Acute Respiratory Distress Syndrome
What’s in a Name?
Derek C. Angus, MD, MPH

DEFINING A SYNDROME OR DISEASE IN THE ABSENCE
of unambiguous clinical and pathological find-
ings is a vexing yet essential challenge in medi-
cine. Any proposed definition will be somewhat

arbitrary and open to dispute. However, failure to agree on
a definition will leave clinicians and researchers rudder-
less. Without a unified definition of a disease, it is difficult
to conduct epidemiologic studies, to assess the benefits and
harms of potential therapies, and ultimately to care for pa-
tients.

Any definition requires reexamination over time. Al-
though some approaches such as the Duckett-Jones crite-
ria for rheumatic fever have withstood the test of time, the
definition of other diseases such as AIDS changed rapidly
as more of the underlying pathogenesis became under-
stood. Meanwhile, the definitions of other diseases and syn-
dromes such as chronic fatigue syndrome remain contro-
versial.1 In this issue of JAMA, Rubenfeld et al2 report on
the latest effort to understand and refine the diagnosis of
the acute respiratory distress syndrome (ARDS). Their re-
port is informative not only for clinicians interested in ARDS
but for anyone interested in how experts wrestle with dis-
ease definitions.

ARDS was first described by Ashbaugh and Petty in 1967.3

The authors reported a case series of 12 patients who were
cared for in their intensive care unit. The 12 patients had
been admitted for a wide variety of underlying problems;
however, all shared the common features of unusually per-
sistent tachypnea and hypoxemia accompanied by opacifi-

cation on chest radiographs. Lung stiffness impeded effec-
tive mechanical ventilation and the survival rate was dismal.
As soon as Ashbaugh and Petty placed a label on this syn-
drome, clinicians around the world confirmed that they too
were caring for such patients. In the ensuing decades, a world-
wide effort commenced to elucidate the cause and develop
preventive and treatment strategies for this deadly syn-
drome.

However, for more than 20 years, there was no com-
mon definition of ARDS and epidemiologic studies, using
different definitions, reported near log-fold differences in
incidence and mortality rates ranging between 10% and
90%.4 In response to these widely varying estimates, the
American Thoracic Society (ATS) and the European Soci-
ety of Intensive Care Medicine (ESICM), with support
from the National Heart, Lung, and Blood Institute
(NHLBI), convened a task force of experts in ARDS to
develop a common definition. After 2 meetings, the com-
mittee published the first American-European Consensus
Conference (AECC) criteria for ARDS and related syn-
dromes in 1994.5

The AECC definition had 4 key components. First, the
syndrome must present acutely. Second, there must be
hypoxemia, measured as an arterial partial pressure of
oxygen to fraction of inspired oxygen (PaO2/FIO2) ratio
worse than (lower than) 200 (the ratio is !450 in
healthy persons). Third, there must be bilateral infiltrates
on chest radiograph. Fourth, the findings cannot be due

See also p 2526.
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to cardiac failure, as evidenced by either clinical
examination or a pulmonary capillary wedge pressure
(PCWP) of more than 18 cm H2O. The AECC also intro-
duced an additional idea—that of acute lung injury.
Acute lung injury was articulated as a broader term
than ARDS, yet likely shared the same pathogenesis and
etiology. Acute lung injury was defined similarly to
ARDS, except that the PaO2/FIO2 ratio needed only be less
than 300.

The AECC criteria for ARDS have been at once success-
ful and problematic. The original report has been cited
many thousands of times and has formed the backbone of
entry criteria for numerous epidemiologic and interven-
tional studies. The pivotal trial of low tidal volume ventila-
tion by the NHLBI ARDS Network6 enrolled patients based
on the AECC criteria and demonstrated a large decrease in
mortality with the use of low tidal volume ventilation. The
findings have been disseminated worldwide as part of criti-
cal care quality improvement bundles that use these com-
mon criteria.7

However, the AECC criteria for ARDS were also found
wanting when applied in practice.8 The term acute was
not defined; therefore, different groups make different
arbitrary cutoffs. The oxygenation criteria were shown to
be easily manipulated depending on the use of positive
end-expiratory pressure (PEEP).9 The chest radiograph
interpretation was demonstrated to be highly unreli-
able.10 The cardiac exclusion criterion was also proven to
be highly problematic, because clinical examination is
unreliable and the PCWP is rarely measured now that
right heart catheterization is used far less commonly.11

Even when measured, the PCWP has been demonstrated
to frequently oscillate above and below the 18 cm H2O
cutoff, and an increased PCWP is not necessarily due to
heart failure.12 The term acute lung injury was used
inconsistently, sometimes referring only to patients
who had a PaO2/FIO2 ratio between 200 and 300, and
sometimes referring as originally intended to a broad
group of patients, including all those with ARDS. As mor-
tality declined, several groups began focusing on more
severely ill patients, but there were no common criteria
for severe subsets. In addition, with advances in the
understanding of the pathogenesis of ARDS and advances
in imaging techniques, arguments were made that ARDS
should be defined using more sophisticated measures of
lung compliance.13,14 In short, the AECC criteria felt
worn out.

In response, the ESICM once more convened an inter-
national expert panel with support from the ATS. The
group met in Berlin last year and proposed a revised set
of criteria. However, before releasing their results, the
task force then assessed the performance of the revised
draft definition. The evaluation consisted of determining
whether different proposed criteria improved the ability
to predict short-term mortality in a patient-level meta-

analysis of more than 4000 patients with presumed ARDS
recruited from several clinical trials and observational
cohorts from North America, Europe, and Australia.
Based on this data-driven assessment, the panel further
revised the new definition. The addition of the empirical
evaluation was a novel and important step as described
below.

The essential aspects of the new criteria are as follows.
First, acute was defined as 1 week or less. Second, the
term acute lung injury was abandoned. Third, measure-
ment of the PaO2/FIO2 ratio was changed to require a spe-
cific minimum amount of PEEP. Fourth, 3 categories of
ARDS were proposed (mild, moderate, and severe) based
on the PaO2/FIO2 ratio. Fifth, chest radiograph criteria
were clarified to improve interrater reliability. Sixth, the
PCWP criterion was removed and additional clarity was
added to improve the ability to exclude cardiac causes of
bilateral infiltrates.

In addition, the task force initially proposed inclusion of
minute ventilation, as a proxy for dead space, and lung
compliance. However, the inclusion of these variables did
not improve the predictive validity in the databased evalu-
ation and they were therefore removed. The final Berlin
criteria were then compared with the original AECC crite-
ria, giving the benefit of the doubt to the AECC criteria by
allowing non–ARDS acute lung injury (patients with a
PaO2/FIO2 ratio of between 200 and 300) to become a cat-
egory in the old scheme. Not surprisingly, neither
approach was a particularly good predictor of death (with
an area under the receiver operating curve of 0.57% for
final Berlin definition vs 0.536% for the AECC definition),
because the goal was to define ARDS, not predict mortal-
ity, which is often driven by non-ARDS factors. Neverthe-
less, the Berlin criteria were superior, albeit marginally, to
the AECC criteria.

There are several commendable aspects to this process
and the new proposal. The new criteria bring significant clar-
ity and standardization to several aspects of the definition
that had plagued the AECC criteria. In addition, adding an
empirical validation exercise is a noble and time-
consuming task, which in this instance saved clinicians and
researchers from what would otherwise have been a much
more complicated definition. Moreover, having 3 catego-
ries of severity is more suitable both for clinical research and
for patient management and triage.

The use of empirical validation when developing disease
definitions would seem obvious, and yet is still rare in com-
parison with the more usual approach that relies exclu-
sively on expert panels. Therefore, it might sound churlish
when critiquing this latest effort to ask for even more next
time. But, there are ways in which this process might be fur-
ther improved.

First, the analysis focused only on how well different
criteria predicted short-term outcomes. Ideally, it would
be more helpful to know more about the course and fate
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of patients who would or would not have been assigned
the diagnosis of ARDS at all based on different criteria.
Second, it would be important to know whether different
diagnostic approaches performed better or worse in pre-
dicting longer-term patient-centered outcomes. Third,
because syndrome definitions will likely require updating
again, specific strategies and recommendations for the
collection of data to facilitate examination of alternative
diagnostic criteria in the future would be helpful.

In addition, ARDS has most commonly been described
among patients undergoing mechanical ventilation. How-
ever, the process is not inherently limited to such
patients. Yet the latest definition, by specifying PEEP
requirements when measuring the PaO2/FIO2 ratio, has
essentially excluded ARDS as a possible diagnosis in
patients without ventilation. Around the world, many
individuals develop critical illness far from the modern
intensive care unit. Hopefully, this new Berlin definition
for ARDS will not inadvertently compromise efforts to
develop and disseminate strategies for the care of such
patients through unintended mislabeling.
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Acute Respiratory Distress Syndrome
The Berlin Definition
The ARDS Definition Task Force*

VALID AND RELIABLE DEFINI-
tions are essential to con-
duct epidemiological stud-
ies successful ly and to

facilitate enrollment of a consistent pa-
tient phenotype into clinical trials.1 Cli-
nicians also need such definitions to
implement the results of clinical trials,
discuss prognosis with families, and
plan resource allocation.

Following the initial description of
acute respiratory distress syndrome
(ARDS) by Ashbaugh et al2 in 1967,
multiple definitions were proposed and
used until the 1994 publication of the
American-European Consensus Con-
ference (AECC) definition.3 The AECC
defined ARDS as the acute onset of hy-
poxemia (arterial partial pressure of
oxygen to fraction of inspired oxygen
[PaO2/FIO2]!200 mm Hg) with bilat-
eral infiltrates on frontal chest radio-
graph, with no evidence of left atrial hy-
pertension. A new overarching entity—
acute lung injury (ALI)—was also
described, using similar criteria but with
less severe hypoxemia (PaO2/FIO2!300
mm Hg).3

The AECC definition was widely
adopted by clinical researchers and
clinicians and has advanced the
knowledge of ARDS by allowing the
acquisition of clinical and epidemio-
logical data, which in turn have led to
improvements in the ability to care
for patients with ARDS. However,
after 18 years of applied research, a
number of issues regarding various
criteria of the AECC definition have
emerged, including a lack of explicit

criteria for defining acute, sensitivity
of PaO2/FIO2 to different ventilator set-
tings, poor reliability of the chest
radiograph criterion, and difficulties
distinguishing hydrostatic edema
(TABLE 1).4

*Authors/Writing Committee and the Members of the
ARDS Definition Task Force are listed at the end of
this article.
Corresponding Author: Gordon D. Rubenfeld, MD,
MSc, Program in Trauma, Emergency, and Critical Care,
Sunnybrook Health Sciences Center, 2075 Bayview
Ave, Toronto, ON M4N 3M5, Canada (gordon
.rubenfeld@sunnybrook.ca).

The acute respiratory distress syndrome (ARDS) was defined in 1994 by the
American-European Consensus Conference (AECC); since then, issues regard-
ing the reliability and validity of this definition have emerged. Using a con-
sensus process, a panel of experts convened in 2011 (an initiative of the Eu-
ropean Society of Intensive Care Medicine endorsed by the American Thoracic
Society and the Society of Critical Care Medicine) developed the Berlin Defi-
nition, focusing on feasibility, reliability, validity, and objective evaluation of
its performance. A draft definition proposed 3 mutually exclusive categories
of ARDS based on degree of hypoxemia: mild (200 mm Hg"PaO2/FIO2!300
mm Hg), moderate (100 mm Hg"PaO2/FIO2!200 mm Hg), and severe (PaO2/
FIO2!100 mm Hg) and 4 ancillary variables for severe ARDS: radiographic se-
verity, respiratory system compliance (!40 mL/cm H2O), positive end-
expiratory pressure (#10 cm H2O), and corrected expired volume per minute
(#10 L/min). The draft Berlin Definition was empirically evaluated using patient-
level meta-analysis of 4188 patients with ARDS from 4 multicenter clinical data
sets and 269 patients with ARDS from 3 single-center data sets containing physi-
ologic information. The 4 ancillary variables did not contribute to the predic-
tive validity of severe ARDS for mortality and were removed from the defini-
tion. Using the Berlin Definition, stages of mild, moderate, and severe ARDS
were associated with increased mortality (27%; 95% CI, 24%-30%; 32%; 95%
CI, 29%-34%; and 45%; 95% CI, 42%-48%, respectively; P" .001) and in-
creased median duration of mechanical ventilation in survivors (5 days; inter-
quartile [IQR], 2-11; 7 days; IQR, 4-14; and 9 days; IQR, 5-17, respectively;
P" .001). Compared with the AECC definition, the final Berlin Definition had
better predictive validity for mortality, with an area under the receiver operat-
ing curve of 0.577 (95% CI, 0.561-0.593) vs 0.536 (95% CI, 0.520-0.553;
P".001). This updated and revised Berlin Definition for ARDS addresses a num-
ber of the limitations of the AECC definition. The approach of combining con-
sensus discussions with empirical evaluation may serve as a model to create
more accurate, evidence-based, critical illness syndrome definitions and to bet-
ter inform clinical care, research, and health services planning.
JAMA. 2012;307(23):2526-2533
Published online May 21, 2012. doi:10.1001/jama.2012.5669 www.jama.com
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For these reasons, and because all
disease definitions should be re-
viewed periodically, the European So-
ciety of Intensive Care Medicine con-
vened an international expert panel to
revise the ARDS definition, with en-
dorsement from the American Tho-
racic Society and the Society of Criti-
cal Care Medicine. The objectives were
to update the definition using new data
(epidemiological, physiological, and
clinical trials) to address the current
limitations of the AECC definition and
explore other defining variables.

Methods
Consensus Process. Three co-chairs
were appointed by the European Soci-
ety of Intensive Care Medicine, who in
turn selected panelists based on their
work in the area of ARDS and to ensure
geographic representation from both Eu-
rope and North America. An overview
of the consensus process used by the
panel is outlined in the FIGURE. In re-
vising the definition of ARDS, the panel
emphasized feasibility, reliability, face
validity (ie, how clinicians recognize
ARDS), and predictive validity (ie, abil-
ity to predict response to therapy, out-
comes, or both). In addition, the panel
determined that any revision of the defi-
nition should be compatible with the
AECC definition to facilitate interpre-
tation of previous studies. After initial
preparations and an in-person consen-
sus discussion, a draft definition was
proposed,13 which underwent empiri-
cal evaluation. The definition was fur-
ther refined through consensus discus-
sion informed by these empirical data.

Empirical Evaluation of Draft
Definition.
Cohort Assembly. Through the review
of the literature presented at the con-
sensus meeting, discussions with other
experts, and review of personal files, the
panel identified studies that met the fol-
lowing eligibility criteria: (1) large, mul-
ticenter prospective cohorts, includ-
ing consecutive patients or randomized
trials, or smaller, single-center prospec-
tive studies with unique radiological or
physiological data that enrolled adult
patients with ALI as defined by AECC;

(2) studies collected granular data nec-
essary to apply the individual criteria
of both the draft Berlin Definition and
the AECC definition; and (3) authors
of these original studies were willing to
share data and collaborate. The panel
identified 7 distinct data sets (4 mul-
ticenter clinical studies for the clinical
database14-17 and 3 single-center physi-
ological studies for the physiological da-
tabase18-20) that met these criteria. Fur-
ther details of these studies are included
in the eMethods (http://www.jama
.com).

Variables. Studies provided data on
hospital or 90-day mortality. Ventilator-
free days at 28 days after the diagnosis
of ALI were calculated as a composite
measure of mortality and duration
of mechanical ventilation. Duration of
mechanical ventilation in survivors was
selected as an indirect marker of sever-
ity of lung injury because this outcome
is not biased by mortality or decisions

related to the withdrawal of life-
sustaining treatments.21 Progressionof se-
verity of ARDS within 7 days was as-
sessed using the longitudinal data
collected within each cohort. We distin-
guished patients with more extensive in-
volvement on the frontal chest radio-
graph (3 or 4 quadrants) from those with
the minimal criterion of “bilateral opaci-
ties” (2 quadrants).

Static compliance of the respiratory
system (CRS) was calculated as tidal vol-
ume (mL) divided by plateau pressure
(cm H2O) minus posi t ive end-
expiratory pressure (PEEP) (cm H2O).
The corrected expired volume per min-
ute (V̇ECORR) was calculated as the mea-
sured minute ventilation multiplied by
the arterial partial pressure of carbon
dioxide (PaCO2) divided by 40 mm Hg.22

Total lung weight was estimated from
quantitative computed tomography
(CT) images.23 Shunt was calculated at
one site as previously reported.24

Table 1. The AECC Definition3—Limitations and Methods to Address These in the Berlin Definition

AECC Definition AECC Limitations
Addressed in

Berlin Definition
Timing Acute onset No definition of acute4 Acute time frame

specified
ALI category All patients with PaO2/

FIO2 !300 mm Hg
Misinterpreted as

PaO2/FIO2 = 201-300,
leading to confusing
ALI/ARDS term

3 Mutually exclusive
subgroups of
ARDS by severity

ALI term removed
Oxygenation PaO2/FIO2 "300

mm Hg (regard-
less of PEEP)

Inconsistency of PaO2/
FIO2 ratio due to the
effect of PEEP and/or
FIO2

5-7

Minimal PEEP level
added across
subgroups

FIO2 effect less
relevant in severe
ARDS group

Chest radiograph Bilateral infiltrates ob-
served on frontal
chest radiograph

Poor interobserver
reliability of chest
radiograph
interpretation8,9

Chest radiograph
criteria clarified

Example radiographs
createda

PAWP PAWP "18 mm Hg
when measured or
no clinical evi-
dence of left atrial
hypertension

High PAWP and ARDS
may coexist10,11

Poor interobserver
reliability of PAWP and
clinical assesments of
left atrial
hypertension12

PAWP requirement
removed

Hydrostatic edema
not the primary
cause of
respiratory failure

Clinical vignettes
createda to help
exclude
hydrostatic edema

Risk factor None Not formally included in
definition4

Included
When none

identified, need to
objectively rule out
hydrostatic edema

Abbreviations: AECC, American-European Consensus Conference; ALI, acute lung injury; ARDS, acute respiratory dis-
tress syndrome; FIO2, fraction of inspired oxygen; PaO2, arterial partial pressure of oxygen; PAWP, pulmonary artery
wedge pressure; PEEP, positive end-expiratory pressure.

aAvailable on request.
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Analytic Framework and Statistical
Methods. The analytic framework for
evaluating the draft Berlin ARDS Defi-
nition was to (1) determine the distri-
bution of patient characteristics across
the defined severity categories; (2)
evaluate the value of proposed ancil-
lary variables (more severe radio-
graphic criterion, higher PEEP levels,
static respiratory compliance, and
V̇ECORR) in defining the severe ARDS
subgroup in the draft definition; (3) de-
termine the predictive validity for mor-
tality of the final Berlin Definition; and
(4) compare the final Berlin Defini-

tion to the AECC definition. In addi-
tion, in a post hoc analysis, we sought
thresholds for CRS and V̇ECORR that
would identify a severe group of pa-
tients with ARDS who had more than
50% mortality and include more than
10% of the study population.

We did not evaluate other PaO2/FIO2

cutoffs or the requirement of a mini-
mum PEEP level (5 cm H2O) as they
were selected by the panel using face
validity criteria and to ensure compat-
ibility with prior definitions. Simi-
larly, we did not explore other vari-
ables that might improve predictive
validity, such as age and severity of non-
pulmonary organ failure, because they
were not specific to the definition of
ARDS.25

To compare the predictive validity of
the AECC definition and the Berlin
Definition, we used the area under the
receiver operating curve (AUROC or C
statistic) in logistic regression models
of mortality with a dummy variable for
the ARDS definition categories.26 Be-
cause this technique requires indepen-
dent categories to create the dummy
variable and the AECC definition for
ARDS is a subset of ALI, we could not
compare the AECC definition as speci-
fied. Therefore, we modified the AECC
definition and divided ALI into the in-
dependent categories of ALI non-
ARDS (200 mm Hg!PaO2/FIO2"300
mm Hg) and ARDS alone (PaO2/
FIO2"200 mm Hg). Although the cat-
egory of ALI non-ARDS is not explic-
itly described by the AECC, it has been
used by many investigators.27,28

P values for categorical variables were
calculated with the #2 test; P values for
continuous variables were estimated
with the t test, Mann-Whitney, analy-
sis of variance, or Kruskal-Wallis, de-
pending on the distribution and num-
ber of variables. The receiver operating
curve statistical analyses were per-
formed by using MedCalc for Win-
dows version 12.1.4.0 (MedCalc Soft-
ware) and other statistical tests were
performed with SAS/STAT for Win-
dows version 9.2 (SAS Institute Inc).
Statistical significance was assessed at
the 2-sided P! .05 level.

Results

Draft Consensus Definition.

The ARDS Conceptual Model. The panel
agreed that ARDS is a type of acute dif-
fuse, inflammatory lung injury, lead-
ing to increased pulmonary vascular
permeability, increased lung weight, and
loss of aerated lung tissue. The clini-
cal hallmarks are hypoxemia and bilat-
eral radiographic opacities, associated
with increased venous admixture, in-
creased physiological dead space, and
decreased lung compliance. The mor-
phological hallmark of the acute phase
is diffuse alveolar damage (ie, edema,
inflammation, hyaline membrane, or
hemorrhage).29

Draft Definition Criteria. Following 2
days of consensus discussions, the panel
proposed a draft definition with 3 mu-
tually exclusive severity categories (mild,
moderate, and severe) of ARDS. A set of
ancillary variables was proposed to fur-
ther characterize severe ARDS and these
were explicitly specified for further em-
pirical evaluation.13

Timing. Most patients with ARDS are
identified within 72 hours of recogni-
tion of the underlying risk factor, with
nearly all patients with ARDS identi-
fied within 7 days.30 Accordingly, for a
patient to be defined as having ARDS,
the onset must be within 1 week of a
known clinical insult or new or wors-
ening respiratory symptoms.

Chest Imaging. The panel retained bi-
lateral opacities consistent with pul-
monary edema on the chest radio-
graph as defining criteria for ARDS, but
also explicitly recognized that these
findings could be demonstrated on CT
scan instead of chest radiograph. More
extensive opacities (ie, 3 or 4 quad-
rants on chest radiograph) were pro-
posed as part of the severe ARDS
category and identified for further
evaluation.

Origin of Edema. Given the declin-
ing use of pulmonary artery catheters
and because hydrostatic edema in the
form of cardiac failure or fluid over-
load may coexist with ARDS,10,11 the
pulmonary artery wedge pressure cri-
terion was removed from the defini-

Figure. Outline of Consensus Process
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ARDS indicates acute respiratory distress syndrome.
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tion. Patients may qualify as having
ARDS as long as they have respiratory
failure not fully explained by cardiac
failure or fluid overload as judged by
the treating physician using all avail-
able data. If no ARDS risk factor (eTable
1) is apparent, some objective evalua-
tion (eg, with echocardiography) is re-
quired to help eliminate the possibil-
ity of hydrostatic edema.

Oxygenation. The term acute lung in-
jury as defined by the AECC was re-
moved, due to the perception that clini-
cians were misusing this term to refer to
a subset of patients with less severe hy-
poxemia rather than its intended use as
an inclusive term for all patients with the
syndrome. Positive end-expiratory pres-
sure can markedly affect PaO2/FIO2

5,6;
therefore, a minimum level of PEEP (5
cm H2O), which can be delivered non-
invasively in mild ARDS, was included
in the draft definition of ARDS. A mini-
mum PEEP level of 10 cm H2O was pro-
posed and empirically evaluated for the
severe ARDS category.

Additional Physiologic Measurements.
Compliance of the respiratory system
largely reflects the degree of lung vol-
ume loss.2 Increased dead space is com-
mon in patients with ARDS and is asso-
ciated with increased mortality.24

However, because the measurement of
deadspace is challenging, thepanel chose
minute ventilation standardized at a
PaCO2 of 40 mm Hg (V̇ECORR=minute
ventilation ! PaCO2/40) as a surro-
gate.22 The draft definition of severe
ARDS included the requirement of either

a low respiratory system compliance
("40 mL/cm H2O), a high V̇ECORR (#10
L/min), or both. These variables were
identified for further study during the
evaluation phase.

The panel considered a number of
additional measures to improve speci-
ficity and face validity for the in-
creased pulmonary vascular permeabil-
ity and loss of aerated lung tissue that
are the hallmarks of ARDS, including
CT scanning, and inflammatory or ge-
netic markers (eTable 2). The most
common reasons for exclusion of these
measures were lack of routine avail-
ability, lack of safety of the measure in
critically ill patients, or a lack of dem-
onstrated sensitivity, specificity, or both
for use as a defining characteristic for
ARDS.

Empirical Evaluation of the Draft
Definition.
Patients. A total of 4188 patients in the
clinical database had sufficient data to
classify as having ARDS by the AECC
definition. Of these patients, 518 (12%)
could not be classified by the draft Ber-
lin Definition because PEEP was miss-
ing or was less than 5 cm H2O. Pa-
tients who could not be classified by the
draft Berlin Definition had a mortality
rate of 35% (95% CI, 31%-39%), a me-
dian (interquartile range [IQR]) of 19
(1-25) ventilator-free days, and a me-
dian (IQR) duration of mechanical ven-
tilation in survivors of 4 (2-8) days.
These patients were excluded from
analyses of the draft Berlin Definition
and comparisons between the AECC

definit ion and the draft Berl in
Definition.

Compared with patients from the
population-based cohorts, patients from
clinical trials and the academic cen-
ters cohorts were younger, had more se-
vere hypoxemia, and had more opaci-
ties on chest radiographs. The cohort
of patients from the clinical trials had
the lowest mortality, likely reflecting the
inclusion and exclusion criteria of the
trials.31 The cohort of patients from aca-
demic centers had the highest mortal-
ity and the lowest percentage of trauma
patients, reflecting the referral popu-
lation (eTable 3).

There were 269 patients in the physi-
ological database with sufficient data to
classify ARDS by the AECC defini-
tion, although the numbers of pa-
tients in each cohort were small. Pa-
tients in the Turin cohort had worse
PaO2/FIO2 ratios and had higher mor-
tality than the other studies (eTable 4).

Evaluation of Ancillary Variables. The
draft Berlin Definition for severe ARDS
that included a PaO2/FIO2 of 100 mm Hg
or less, chest radiograph with 3 or 4
quadrants with opacities, PEEP of at least
10 cm H2O, and either a CRS of 40 mL/cm
H2O or less or a V̇ECORR of at least 10
L/min identified a smaller set of pa-
tients with identical mortality to the sim-
pler severe ARDS category of PaO2/FIO2

of 100 mm Hg or less (TABLE 2). To ad-
dress the possibility that the CRS and
V̇ECORR thresholds might be different in
patients with higher body weight, we
evaluated weight-adjusted cutoffs for

Table 2. Exploration of Proposed Variables to Define Severe ARDSa

Severe ARDS Definition

Mild Moderate Severe

No. (%) of
Patients

% Mortality
(95% CI)

No. (%) of
Patients

% Mortality
(95% CI)

No. (%) of
Patients

% Mortality
(95% CI)

Consensus panel draft
PaO2/FIO2 $100 mm Hg % chest

radiograph of 3 or 4 quadrants %
PEEP &10 cm H2O % (CRS $40 mL/cm
H2O or V̇ECORR &10 L/min)

220 (22) 27 (24-30) 2344 (64) 35 (33-36) 507 (14) 45 (40-49)b

Consensus panel final
PaO2/FIO2 $100 mm Hg 220 (22) 27 (24-30) 1820 (50) 32 (29-34) 1031 (28) 45 (42-48)b,c

Abbreviations: ARDS, acute respiratory distress syndrome; CRS, compliance of the respiratory system; FIO2, fraction of inspired oxygen; PaO2, arterial partial pressure of oxygen;
PEEP, positive end-expiratory pressure; V̇ECORR, corrected expired volume per minute.

aThe moderate group includes patients with PaO2/FIO2$200 mm Hg and patients with PaO2/FIO2$100 mm Hg who do not meet the additional criteria for severe ARDS in the draft
definition. All patients are receiving at least 5 cm H2O PEEP and have bilateral infiltrates on chest radiograph.

bP" .001 comparing mortality across stages of ARDS (mild, moderate, severe) for draft and final definitions.
cP=.97 comparing mortality in consensus draft severe ARDS to consensus final severe ARDS definitions.
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these variables in one of the cohorts.
There was no significant difference in the
predictive validity of the weight-
adjusted criteria. The consensus panel re-
viewed these results and considered the
lack of evidence for predictive validity of
these ancillary variables and their po-
tential contribution to face validity and
construct validity and decided to use the
simpler definition for severe ARDS that
relied on oxygenation alone.

The Berlin Definition. The final Ber-
lin Definition of ARDS is shown in
TABLE 3. Twenty-two percent (95% CI,
21%-24%) of patients met criteria for
mild ARDS (which is comparable with
the ALI non-ARDS category of the
AECC definition; TABLE 4), 50% (95%
CI, 48%-51%) of patients met criteria
for moderate ARDS, and 28% (95% CI,

27%-30%) of patients met criteria for
severe ARDS. Mortality increased with
stages of ARDS from mild (27%; 95%
CI, 24%-30%) to moderate (32%; 95%
CI, 29%-34%) to severe (45%; 95% CI,
42%-48%). Median (IQR) ventilator-
free days declined with stages of ARDS
from mild (20 [1-25] days) to moder-
ate (16 [0-23] days) to severe (1 [0-
20] day). Median (IQR) duration of me-
chanical ventilation in survivors
increased with stages of ARDS from
mild (5 [2-11] days) to moderate (7 [4-
14] days) to severe (9 [5-17] days).

Using the Berlin Definition, 29% (95%
CI, 26%-32%) of patients with mild
ARDS at baseline progressed to moder-
ate ARDS and 4% (95% CI, 3%-6%) pro-
gressed to severe ARDS within 7 days;
and 13% (95% CI, 11%-14%) of pa-

tients with moderate ARDS at baseline
progressed to severe ARDS within 7 days.
All differences between outcome vari-
ables across categories of modified AECC
(ALI non-ARDS and ARDS alone) and
across categories of Berlin Definition
(mild, moderate, and severe) were sta-
tistically significant (P! .001).

Compared with the AECC defini-
tion, the final Berlin Definition had bet-
ter predictive validity for mortality with
an AUROC of 0.577 (95% CI, 0.561-
0.593) vs 0.536 (95% CI, 0.520-
0.553; P! .001), with the difference in
AUROC of 0.041 (95% CI, 0.030-
0.050). To ensure that missing PEEP
data in one of the cohorts did not bias
the results, the regression analysis was
repeated without this cohort and
yielded similar results.

The Berlin Definition performed simi-
larly in the physiological database as in
the clinical database (TABLE 5, eFigure
1, and eFigure 2). Twenty-five percent
(95% CI, 20%-30%) of patients met
criteria for mild ARDS, 59% (95% CI,
54%-66%) of patients met criteria for
moderate ARDS, and 16% (95% CI, 11%-
21%) of patients met criteria for severe
ARDS. Mortality increased with stages of
ARDS from mild (20%; 95% CI, 11%-
31%) to moderate (41%; 95% CI, 33%-
49%) to severe (52%; 95% CI, 36%-
68%), with P=.001 for differences in
mortality across stages of ARDS. Me-
dian (IQR) ventilator-free days de-
clined with stages of ARDS from mild

Table 3. The Berlin Definition of Acute Respiratory Distress Syndrome
Acute Respiratory Distress Syndrome

Timing Within 1 week of a known clinical insult or new or worsening respiratory
symptoms

Chest imaginga Bilateral opacities—not fully explained by effusions, lobar/lung collapse, or
nodules

Origin of edema Respiratory failure not fully explained by cardiac failure or fluid overload
Need objective assessment (eg, echocardiography) to exclude hydrostatic

edema if no risk factor present
Oxygenationb

Mild 200 mm Hg ! PaO2/FIO2 " 300 mm Hg with PEEP or CPAP #5 cm H2Oc

Moderate 100 mm Hg ! PaO2/FIO2 " 200 mm Hg with PEEP #5 cm H2O
Severe PaO2/FIO2 " 100 mm Hg with PEEP #5 cm H2O

Abbreviations: CPAP, continuous positive airway pressure; FIO2, fraction of inspired oxygen; PaO2, partial pressure of
arterial oxygen; PEEP, positive end-expiratory pressure.

aChest radiograph or computed tomography scan.
b If altitude is higher than 1000 m, the correction factor should be calculated as follows: [PaO2/FIO2$ (barometric pressure/

760)].
cThis may be delivered noninvasively in the mild acute respiratory distress syndrome group.

Table 4. Predictive Validity of ARDS Definitions in the Clinical Database
Modified AECC Definitiona Berlin Definition ARDSa

ALI Non-ARDS ARDS Mild Moderate Severe
No. (%) [95% CI] of patients 1001 (24) [23-25] 3187 (76) [75-77] 819 (22) [21-24] 1820 (50) [48-51] 1031 (28) [27-30]
Progression in 7 d from mild,

No. (%) [95% CI]
336 (34) [31-37] 234 (29) [26-32] 33 (4) [3-6]

Progression in 7 d from moderate,
No. (%) [95% CI]

230 (13) [11-14]

Mortality, No. (%) [95% CI]b 263 (26) [23-29] 1173 (37) [35-38] 220 (27) [24-30] 575 (32) [29-34] 461 (45) [42-48]
Ventilator-free days, median (IQR)b 20 (2-25) 12 (0-22) 20 (1-25) 16 (0-23) 1 (0-20)
Duration of mechanical ventilation in

survivors, median (IQR), db
5 (2-10) 7 (4-14) 5 (2-11) 7 (4-14) 9 (5-17)

Abbreviations: AECC, American-European Consensus Conference; ALI, acute lung injury; ARDS, acute respiratory distress syndrome; FIO2, fraction of inspired oxygen; IQR, inter-
quartile range; PaO2, arterial partial pressure of oxygen; PEEP, positive end-expiratory pressure.

aThe definitions are the following for ALI non-ARDS (200 mm Hg!PaO2/FIO2"300 mm Hg, regardless of PEEP), ARDS (PaO2/FIO2"200 mm Hg, regardless of PEEP), mild Ber-
lin Definition (200 mm Hg!PaO2/FIO2"300 mm Hg with PEEP #5 cm H2O), moderate Berlin Definition (100 mm Hg!PaO2/FIO2"200 mm Hg with PEEP #5 cm H2O), and
severe Berlin Definition (PaO2/FIO2"100 mm Hg with PEEP #5 cm H2O).

bComparisons of mortality, ventilator-free days, and duration of mechanical ventilation in survivors across categories of modified AECC (ALI non-ARDS and ARDS) and across
categories of Berlin Definition (mild, moderate, and severe) are all statistically significant (P! .001).
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(8.5 [0-23.5] days) to moderate (0 [0-
16.5] days) to severe (0 [0-6.5] days),
with P=.003 for differences in ventilator-
free days across stages of ARDS. Me-
dian (IQR) duration of mechanical ven-
tilation in survivors increased with stages
of ARDS from mild (6.0 [3.3-20.8] days)
to moderate (12.0 [5.0-19.3] days) to se-
vere (19.0 [9.0-48.0] days), with P=.045
for differences in duration of mechani-
cal ventilation in survivors across stages
of ARDS.

Using the Berlin Definition, stages of
mild, moderate, and severe ARDS had in-
creased mean lung weight by CT scan
(1371 mg; 95% CI, 1268-1473; 1556 mg;
95% CI, 1474-1638; and 1828 mg; 95%
CI, 1573-2082; respectively) and in-
creased mean shunt (21%; 95% CI, 16%-
26%; 29%; 95% CI, 26%-32%; and 40%;
95% CI, 31%-48%; respectively). Com-
parisons of lung weight and shunt (from
the single site providing these data)
across categories of modified AECC (ALI
non-ARDS and ARDS alone) and across
categories of Berlin Definition (mild,
moderate, and severe) were statistically
significant (P! .001) (Table 5, eFigure
3, and eFigure 4).

In a post hoc analysis, combining a
PaO2/FIO2 of 100 mm Hg or less with
either a Crs of 20 mL/cm H2O or less or
a V̇ECORR of at least 13 L/min identified
a higher-risk subgroup among pa-

tients with severe ARDS that included
15% of the entire ARDS population and
had a mortality of 52% (95% CI, 48%-
56%). Patients with severe ARDS who
did not meet the higher-risk subset cri-
teria included 13% of the entire ARDS
population and had a mortality rate of
37% (95% CI, 33%-41%). The differ-
ence between the mortality of patients
with higher-risk severe ARDS and pa-
tients with severe ARDS who did not
meet these criteria was statistically sig-
nificant (P! .001).

Comment
Developing and disseminating formal
definitions for clinical syndromes in
critically ill patients are essential for re-
search and clinical practice. Although
previous proposals have relied solely on
the consensus process, this is to our
knowledge the first attempt in critical
care to link an international consen-
sus panel endorsed by professional so-
cieties with an empirical evaluation.

The draft Berlin Definition classi-
fied patients with ARDS into 3 inde-
pendent categories but relied on ancil-
lary variables (severity of chest
radiograph, PEEP "10 cm H2O, CRS

#40 mL/cm H2O, and V̇ECORR "10
L/min) in addition to oxygenation to de-
fine the severe ARDS group. When the
ancillary variables selected by the panel

were subjected to evaluation, these
parameters did not identify a group of
patients with higher mortality and were
excluded from the final Berlin Defini-
tion after further consensus discus-
sion. Without this evaluation, a need-
lessly complex ARDS definition would
have been proposed. However, static re-
spiratory system compliance and an un-
derstanding of minute ventilation are
important variables for clinicians to
consider in managing patients with
ARDS, even though those variables were
not included as part of the defini-
tion.32

The Berlin Definition addresses some
of the limitations of the AECC defini-
tion, including clarification of the ex-
clusion of hydrostatic edema and add-
ing minimum ventilator settings, and
provides slight improvement in pre-
dictive validity. Our study presents data
on the outcomes of patients with ARDS
defined according to the Berlin Defini-
tion in a large heterogeneous cohort of
patients including patients managed
with modern approaches to lung pro-
tective ventilation. Estimates of the
prevalence and clinical outcomes of
mild, moderate, and severe ARDS can
be assessed from this database for re-
search and health services planning.

Acute respiratory distress syndrome is
a heterogeneous syndrome with com-

Table 5. Predictive Validity of ARDS Definitions in the Physiologic Database
Modified AECC Definitiona Berlin Definition ARDSa

ALI Non-ARDS ARDS Mild Moderate Severe
No. (%) [95% CI] of patients 66 (25) [19-30] 203 (75) [70-80] 66 (25) [20-30] 161 (59) [54-66] 42 (16) [11-21]
Mortality, No. (%) [95% CI]b 13 (20) [11-31] 84 (43) [36-50] 13 (20) [11-31] 62 (41) [33-49] 22 (52) [36-68]
Ventilator-free days

Median (IQR) 8.5 (0-23.5) 0 (0-16.0) 8.5 (0-23.5) 0 (0-16.5) 0 (0-6.5)
Missing, No. 10 26 10 25 1

Duration of mechanical ventilation in
survivors, median (IQR), d

6.0 (3.3-20.8) 13.0 (5.0-25.5) 6.0 (3.3-20.8) 12.0 (5.0-19.3) 19.0 (9.0-48.0)

Lung weight, mgc

Mean (SD) 1371 (360.4) 1602 (508.1) 1371 (360.4) 1556 (469.7) 1828 (630.2)
Missing, No. 16 48 16 32 16

Shunt, mean (SD), %c,d 21 (21) 32 (13) 21 (12) 29 (11) 40 (16)
Abbreviations: AECC, American-European Consensus Conference; ALI, acute lung injury; ARDS, acute respiratory distress syndrome; FIO2, fraction of inspired oxygen; IQR, inter-

quartile range; PaO2, arterial partial pressure of oxygen; PEEP, positive end-expiratory pressure.
aThe definitions are the following for ALI non-ARDS (200 mm Hg!PaO2/FIO2#300 mm Hg, regardless of PEEP), ARDS (PaO2/FIO2#200 mm Hg, regardless of PEEP), mild Ber-

lin Definition (200 mm Hg!PaO2/FIO2#300 mm Hg with PEEP "5 cm H2O), moderate Berlin Definition (100 mm Hg!PaO2/FIO2#200 mm Hg with PEEP "5 cm H2O), and
severe Berlin Definition (PaO2/FIO2#100 mm Hg with PEEP "5 cm H2O).

bEight patients are missing in the moderate Berlin Definition ARDS group. P=.001 for difference in mortality across Berlin stages of ARDS.
cComparisons of lung weight and shunt across categories of modified AECC (ALI non-ARDS and ARDS) and across categories of Berlin Definition (mild, moderate, and severe)

are statistically significant (P! .001).
dOnly available at 1 site.
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plex pathology and mechanisms. The
proposed definition does not resolve this
problem. Investigators may choose to de-
sign future trials using 1 or more of the
ARDS subgroups as a base study popu-
lation, which may be further refined
using criteria specific to the putative
mechanism of action of the interven-
tion (eg, IL-6 levels for an anti–IL-6 trial
or more stringent hypoxemia criteria for
a study on extracorporeal membrane
oxygenation). Furthermore, some vari-
ables that were excluded from the Ber-
lin Definition because of current feasi-
bility and lack of data on operational
characteristics may become more use-
ful in the future. We anticipate that clini-
cal research using our model of defini-
tion development will be used to revise
the definition in the future.

There are limitations to our ap-
proach. First, although the Berlin Defi-
nition had statistically significantly su-
perior predictive validity for mortality
compared with the modified AECC defi-
nition, the magnitude of this difference
and the absolute values of the AUROC
are small and would be clinically unim-
portant if the Berlin Definition was de-
signed as a clinical prediction tool. How-
ever, predictive validity for outcome is
only one criterion for evaluating a syn-
drome definition and the purpose of the
Berlin Definition is not a prognostica-
tion tool.33 Although the Berlin Defini-
tion was developed with a framework
including these criteria, we did not em-
pirically evaluate face validity, content
validity, reliability, feasibility, or suc-
cessat identifyingpatients forclinical trial
enrollment.

Second, it is possible that our results
are not generalizable because of the data
sets we studied. This seems unlikely be-
cause patients from a broad range of
populations, including clinical trials, aca-
demic centers, and community pa-
tients, were included in the analyses.

Third, some variables (eg, CRS and
PEEP) were missing in some patients in
the data sets we used, either due to the
mode of mechanical ventilation that pre-
cluded their measurement or the prac-
ticalities of population-based research.
However, bias due to cohort selection or

missing data seem unlikely because our
results were robust to sensitivity analy-
ses that excluded individual cohorts.

Fourth, it ispossible that theancillary
variables did not identify a higher-risk
subsetbecause thenumberofquadrants
on the chest radiograph cannot be as-
sessed reliably, PEEP was not used in a
predictable fashion, or CRS and V̇ECORR

werenotaccuratelymeasured.However,
if this is true, it is likely also to be true in
future studiesand inclinicalpracticebe-
causethestudydatabasewasconstructed
from clinical trial, academic, and com-
munitysitesreflectingpractice inthereal
worldofclinicalresearch. Inaddition,we
evaluated PEEP and CRS as used by cli-
nicians inpracticeandnotasa testofpre-
specified ventilator settings that may be
betterthanthevariablesevaluatedherein,
but may not be practical, particularly in
observational cohort studies.5,6

Fifth, because our study was not an
exercise in developing a prognostic
model for ARDS, we only considered
the variables and cutoffs proposed by
the consensus panel. We could not
compare this definition directly to the
AECC definition because the catego-
ries of that definition overlap. It is pos-
sible that the outcomes as well as the
relative proportion of patients within
each category of ARDS will change if
the underlying epidemiology of the syn-
drome evolves due to changes in clini-
cal practice or risk factors.34 This is
particularly true for the post hoc higher-
risk subset reported, for which the cut
points were derived from the data sets.

Conclusion
In conclusion, we developed a consen-
sus draft definition for ARDS with an in-
ternational panel using a framework that
focused on feasibility, reliability, and va-
lidity. We tested that definition using em-
pirical data on clinical outcome, radio-
graphic findings, and physiological
measures from 2 large databases con-
structed from 7 contributing sources to
assess the predictive value of ancillary
variables, refine the draft definition, and
compare the predictive validity of the
definition to the existing AECC defini-
tion. This approach for developing the

Berlin Definition for ARDS may serve as
an example for linking consensus defi-
nition activities with empirical research
to better inform clinical care, research,
and health services planning.
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