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Abstract Purpose: The Berlin
definition for acute respiratory dis-
tress syndrome (ARDS) is a new
proposal for changing the American-
European consensus definition but
has not been assessed prospectively
as yet. In the present study, we aimed
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to determine (1) the prevalence and
incidence of ARDS with both defini-
tions, and (2) the initial
characteristics of patients with ARDS
and 28-day mortality with the Berlin
definition. Methods: We performed
a 6-month prospective observational
study in the ten adult ICUs affiliated
to the Public University Hospital in
Lyon, France, from March to Sep-
tember 2012. Patients under invasive
or noninvasive mechanical ventila-
tion, with PaO2/FiO2 \300 mmHg
regardless of the positive end-expira-
tory pressure (PEEP) level, and acute
onset of new or increased bilateral
infiltrates or opacities on chest X-ray
were screened from ICU admission
up to discharge. Patients with car-
diogenic pulmonary edema were
excluded. Patients were further clas-
sified into specific categories by using
the American-European Consensus
Conference and the Berlin definition

criteria. The complete data set was
measured at the time of inclusion.
Patient outcome was measured at day
28 after inclusion. Results: During
the study period 3,504 patients were
admitted and 278 fulfilled the Amer-
ican-European Consensus Conference
criteria. Among them, 18 (6.5 %) did
not comply with the Berlin criterion
PEEP C 5 cmH2O and 20 (7.2 %)
had PaO2/FiO2 ratio B200 while on
noninvasive ventilation. By using the
Berlin definition in the remaining 240
patients (n = 42 mild, n = 123
moderate, n = 75 severe), the overall
prevalence was 6.85 % and it was
1.20, 3.51, and 2.14 % for mild,
moderate, and severe ARDS, respec-
tively (P [ 0.05 between the three
groups). The incidence of ARDS
amounted to 32 per 100,000 popula-
tion per year, with values for mild,
moderate, and severe ARDS of 5.6,
16.3, and 10 per 100,000

population per year, respectively
(P \ 0.05 between the three groups).
The 28-day mortality was 35.0 %. It
amounted to 30.9 % in mild, 27.9 %
in moderate, and 49.3 % in severe
categories (P \ 0.01 between mild or
moderate and severe, P = 0.70
between mild and moderate). In the
Cox proportional hazard regression
analysis ARDS stage was not signif-
icantly associated with patient death
at day 28. Conclusions: The present
study did not validate the Berlin def-
inition of ARDS. Neither the
stratification by severity nor the
PaO2/FiO2 at study entry was inde-
pendently associated with mortality.

Keywords ARDS � Epidemiology �
Outcome

Introduction

The American-European Consensus Conference (AECC)
[1] definition of the acute lung injury (ALI)/acute respi-
ratory distress syndrome (ARDS) has been used for many
years for both academic and practical purposes. Over the
years, however, several reports have challenged and
criticized the AECC criteria for the diagnosis of ARDS.
In particular, it was pointed out that the assessment of the
oxygenation defect did not require standardized ventilator
support [2–4]. The AECC definition has recently been
revisited by an expert panel, which proposed some
changes that led to the release of the Berlin definition [5].
The Berlin definition has produced new findings with the
following being noteworthy: (1) acute onset was defined
as occurring within 1 week after onset of new or wors-
ened respiratory symptoms, (2) positive end-expiratory
pressure (PEEP) of at least 5 cmH2O at the time of
oxygenation assessment was mandated, (3) ARDS was
stratified into three stages according to oxygenation
severity at ARDS onset, (4) patients receiving continuous
positive airway pressure/noninvasive ventilation may be
included in the mild stage only. The term ALI was dis-
carded and replaced by ‘‘mild’’ ARDS. Furthermore, on
the basis of the data previously published in the field of
evidence-based medicine, the experts summarized the
strategies to be applied for ventilator and extraventilator
treatments depending on the ARDS stage, separating
these strategies into those which are proven and those

which are not and therefore would require further studies
[5]. The AECC and Berlin definition criteria were
empirically evaluated by using retrospective cohorts [6].
However, the Berlin definition has not yet been evaluated
prospectively in clinical situations. Therefore, the main
purpose of the present study was to measure the preva-
lence and incidence of ARDS by using both the new and
old ARDS criteria in the clinical field. The second aim
was to describe the clinical characteristics and 28-day
mortality of ARDS patients according to the three ARDS
stages.

Methods

We designed a prospective observational study in the ten
adult intensive care units (ICUs) of public hospitals
affiliated to University of Lyon 1, France. The Lyon
University health-care complex is based on three multi-
disciplinary hospitals and two specialized (one in
cardiology and one in neurology) hospitals. Among the
ten adult ICUs, there are three medical ICUs (one in each
multidisciplinary hospital), four surgical ICUs, one burns
ICU, and one medical-surgical ICU in each specialized
hospital. All are open ICUs. Seven are run by anesthesi-
ologists, two by medical intensivists, and one by a mixed
medical team. Each ICU agreed to participate in the
study. The protocol was approved by an ethics committee
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(Comité d’Ethique des Centres d’Investigation Clinique
de l’Inter-région Rhône-Alpes-Auvergne, IRB number
5891, IRB file 2012-04). Informed consent from the
patient or the next of kin was waived. The patients and/or
their next of kin were approached and informed that they
were included in this observational study. All the patients
admitted to any of these ICUs were screened for eligi-
bility up to their ICU discharge. Patients were included if
they met the following inclusion criteria: age C18 years,
invasive or noninvasive mechanical ventilation used for
the ongoing acute respiratory failure, identified risk factor
for ALI, ratio of arterial oxygen partial pressure to oxygen
fraction in inspired gas (PaO2/FiO2) B300 mmHg
regardless of PEEP level, and bilateral infiltrates or
opacities on the chest X-ray. Patients were excluded if
they had been previously admitted to any participating
ICU for any reason from the onset of the present study.
Patients with cardiogenic pulmonary edema as the main
reason for the acute respiratory failure according to the
clinician’s assessment were also excluded.

Protocol

Eligible patients were included when both oxygenation
and chest-X-ray criteria were present simultaneously. The
day of inclusion was the calendar day on which those
criteria were present. The patients were followed up to
ICU discharge. Data on patient outcome 28 days after
inclusion was tracked. The decision to include the patient
into the study and the decision for further adjudication
into ARDS stages were taken prospectively by the clini-
cians in charge of the study in each ICU and checked by
the research fellows afterwards. The protocol did not
provide a set of general recommendations about ventilator
(in particular with PEEP selection) and nonventilator (in
particular with the use of neuromuscular blocking agents)
management of patients with ALI/ARDS.

Data collection

The following data were recorded at ICU admission for the
included patients: date of hospital and ICU admission, age,
gender, origin, height, Simplified Acute Physiology Score
(SAPS) II, and Charlson’s comorbidity score. The follow-
ing data were recorded at the time of inclusion: invasive or
noninvasive mechanical ventilation, cause of ALI,
Sequential Organ Failure Assessment (SOFA) score (the
worst value during the 24 h of the day of inclusion), AECC
criteria, Berlin definition criteria, date of tracheal intubation
if any, intravenous sedation, neuromuscular blocking
agents, the worst PaO2/FiO2 ratio with the highest PEEP
level available, ventilator settings, plateau pressure of the
respiratory system and total PEEP recorded at the same
time of the previously mentioned PaO2/FiO2 measurement,

ventilator mode, heater-humidifier, heat and moisture
exchanger, catheter mount. The major cause of death at ICU
discharge was summarized from the final report for each
patient into the following categories: multiple organ failure,
refractory shock, cardiac arrest, hypoxemia, or other. In
patients on noninvasive ventilation (NIV) who were intu-
bated the measurements also included the worst PaO2/FiO2

ratio with the highest PEEP level available after intubation.
The study lasted from 26 March to 26 September

2012.

Data analysis

The quality control of the collected data was performed
by research fellows at each center. We anonymized the
personal data which were then entered into a database
(Epi-data� software, freeware available at http://www.
epidata.dk/links.htm) specifically developed for the study
and registered with the Commission Nationale d’Infor-
matique et des Libertés. The data analysis was performed
by using Epi-Info 6.04 FR and SPSS softwares.

The following variables were computed: observed
minute ventilation (=tidal volume 9 total respiratory
frequency), theoretical minute ventilation (=observed
minute ventilation ? PaCO2/40 mmHg), static compli-
ance of the respiratory system (=tidal volume/plateau
pressure - total PEEP).

The prevalence of ARDS was computed as the ratio of
the number of included ARDS patients to the number of
patients screened during the study period.

The incidence of ARDS was expressed as the number
of new ARDS cases per 100,000 population per year
assuming 1,500,000 people living in Lyon during 2011
and was computed by censoring the length of follow-up to
the ARDS occurrence. Therefore, the incidence was
obtained as the number of included ARDS patients divi-
ded by the sum of the number of ICU days in both the
screened patients and the ARDS patients and the number
of ICU days without ARDS in those with ARDS.

The continuous data are presented as median (first–
third quartile) and the categorical data in counts and
percent of group. The data were compared by using the
Chi-squared or Fisher’s exact test or ANOVA as appro-
priate. The incidence of ARDS was compared between
the groups by using the Z score. The survival was assessed
by using Kaplan–Meier graphs, which were compared by
the log-rank test. A Cox proportional hazard regression
model was constructed to control the impact of ARDS
stage on 28-day mortality for confounding factors, spe-
cifically those variables of statistical significance by using
the cutoff P \ 0.10 for inclusion between survivors and
nonsurvivors in the univariate comparison. We verified
that the effect of these covariates was linear over time.
Furthermore, owing to the expected high colinearity
between the PaO2/FiO2 ratio and the three ARDS
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categories according the Berlin definition, we built two
different Cox’s models, one with PaO2/FiO2 and one with
ARDS categories as the independent covariates. The
significant statistical threshold was set to P \ 0.05.

Results

During this period, 3,504 patients were admitted to the 10
adult ICUs and 278 fulfilled eligibility criteria (Fig. 1).
Among them, 18 (6.5 %) did not comply with the Berlin
definition criterion of PEEP C 5 cmH2O (Figs. 1, 2).
Furthermore, 20 patients who received NIV alone could
not be classified as moderate or severe ARDS according
to the rules of the Berlin definition (Figs. 1, 2). These 38
patients were excluded from the further analysis using the
Berlin definition, which was henceforth performed with
240 patients (Figs. 1, 2). One of them was lost to follow-
up (Fig. 1). These 240 patients were split into mild
(n = 42), moderate (n = 123), and severe (n = 75) cat-
egories according to the Berlin definition (Fig. 2).

The prevalence and incidence of ARDS according to
the Berlin definition are displayed in Table 1. Moderate
ARDS was the most frequent presentation of ARDS in
this cohort. The characteristics of the patients in the three
ARDS groups at ICU admission and at study inclusion are
shown in Table 2. SOFA score was significantly higher in
the severe ARDS category than in either the mild
(P = 0.0285) or moderate (P = 0.0025) ARDS category.
With the increased ARDS severity oxygenation worsened
whilst PEEP and FiO2 increased significantly (Table 2).
The measured and theoretical minute ventilation were not

different between the ARDS groups, and hence the same
was true for the proportion of patients with measured
minute ventilation higher than 10 L min-1 (not shown).
The plateau pressure was 21 (18–24), 21 (19–25), and 24
(21–27) cmH2O in the mild, moderate, and severe ARDS
categories, respectively (P = 0.026). The corresponding
values for the compliance of the respiratory system were
35 (30–48), 35 (29–45) and 38 (29–45) mL cmH2O-1,
respectively (P = 0.87). There was no difference between
the groups for the use of humidification strategies whilst
the rate of use of catheter mount significantly decreased
with ARDS severity (not shown). The rate of use of
neuromuscular blockade at the time of inclusion increased
with ARDS severity (Table 2). The risk factors for ARDS
were similar across ARDS groups, with pneumonia as the
primary cause, except for extrapulmonary sepsis whose
occurrence decreased with ARDS severity (Table S1).

In the mild, moderate, and severe ARDS categories,
the ICU length of stay was 10 (6–24), 14 (8–24), and 13
(6–22) days, respectively (P [ 0.05). It was 11 (7–28), 15
(10–24), and 18 (11–32) days in survivors (P [ 0.05) and
9 (5–19), 10 (4–24), and 8 (2–16) (P [ 0.05) days in
nonsurvivors at ICU discharge.

The 28-day mortality rate in the entire cohort of the
278 mechanically ventilated patients meeting the AECC
criteria for ARDS and for ALI was 34.9 % and it was
35.1 % for the 240 patients meeting the Berlin criteria. In
the mild, moderate, and severe ARDS categories, the
28-day mortality rate was 30.9 % (13/42), 27.9 % (34/
122), and 49.3 % (37/75) (P = 0.008), respectively. The
corresponding rates at ICU discharge were 35.7 % (15/
42), 31.7 % (39/123), and 52 % (39/75) (P = 0.0176),
respectively. The difference in 28-day and ICU discharge

Fig. 1 Consort diagram. ALI
acute lung injury, ARDS acute
respiratory distress syndrome,
ICU intensive care unit, NIV
noninvasive ventilation, IMV
invasive mechanical ventilation,
PEEP positive end-expiratory
pressure, FU follow-up
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mortality rates was not significantly different between the
mild and moderate groups. In the ALI and ARDS groups
of the AECC definition, the mortality rates at ICU dis-
charge and day 28 were 40.8 and 37.4 % (P = 0.387) and
36.7 and 34.5 % (P = 0.443), respectively. The cause of
death at ICU discharge was not different across the three
ARDS groups (P = 0.84, Table S2).

The cumulative probability of survival was signifi-
cantly different across the three ARDS groups (Fig. 3).
The univariate comparison between survivors and non-
survivors and the results of the Cox proportional hazard
regression model for 28-day mortality are shown in
Tables S3 and 3, respectively. Neither the severity of
ARDS by the Berlin definition nor the PaO2/FiO2 ratio
was independently associated with mortality at day 28.

Discussion

We found that (1) 6.5 % of the patients with ALI/ARDS
according to the AECC criteria could not be classified as
ARDS from the Berlin definition, (2) the prevalence and

incidence of ARDS were 6.85 % and 32 per 100,000
population per year, respectively, according to the Berlin
definition, (3) the crude 28-day mortality rate was not
different between the mild and moderate ARDS groups.

Defining ARDS is fundamental but is still a very
controversial issue even after the recent Berlin definition
proposal. Indeed, the modified ARDS definition by the
Berlin task force has been criticized and challenged for
different reasons, some of which are highlighted in the
present study and discussed below. Of note, the proposal
of the Berlin definition used a terminology similar to what
others had previously suggested [7–10].

Methodology of present study

To the best of knowledge, this is the first study that
prospectively assessed the Berlin definition of ARDS.
According to its main goal, the present study had a spe-
cific design. Indeed, we checked every patient admitted to
each of the participating ICUs for PaO2/FiO2 ratio and
chest X-ray and included those who had PaO2/FiO2

ratio B300 mmHg regardless of PEEP level and infiltrates

Fig. 2 Distribution of the 278
patients with acute lung injury
(ALI) and acute respiratory
distress syndrome (ARDS)
across the American-European
Consensus Conference (AECC)
and Berlin definition criteria
depending on invasive or
noninvasive mechanical
ventilation. NIV noninvasive
ventilation, PEEP positive end-
expiratory pressure

Table 1 Prevalence and incidence of 240 patients with acute respiratory distress syndrome according to the Berlin definition criteria

Mild ARDS Moderate ARDS Severe ARDS All ARDS

Number of patients, n (%) 42 (17.5) 123 (51.3) 75 (31.3) 240
Prevalence (%) 1.20 3.51 2.14 6.85
Incidence (per 100,000 population per year) 5.6 16.3� 10*� 32

* P \ 0.01 vs. mild ARDS
� P \ 0.01 vs. moderate ARDS
� P \ 0.001 vs. mild ARDS
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and/or opacities on the chest X-ray. We reasoned that
once met simultaneously both aforementioned criteria
should track all ARDS patients under both classification
systems. Next, the patients were further classified
according to the criteria pertaining to each definition
system.

We found that 6.5 % of patients with ALI/ARDS
according to the AECC definition could not be classified
as having ARDS according to the Berlin definition
because PEEP was less than 5 cmH2O. This finding was
also reported when the panel empirically evaluated the
Berlin definition [6]. The panel found that 12 % of
patients with ALI/ARDS could not be classified by the
Berlin definition criteria because data on PEEP were
missing or PEEP was less than 5 cmH2O [6]. For the
same reason, Costa and Amato [11] who meta-analyzed
data of 1,752 patients included in six clinical trials [12–
17] excluded 15 % of them [11]. These discrepant rates
between the present study and the two others [6, 11] may
be explained by the number of patients included and the
prospective versus retrospective design. This observation
should be kept in mind when designing further studies in

ARDS using the Berlin definition and, hence potentially
eligible patients must be checked with PEEP of at least
5 cmH2O. As suggested by previous reports [4, 18, 19],
we think that it would be more appropriate to assess
ARDS patients for clinical trials at a fixed, standardized
level of PEEP and FiO2, within the first 12–24 h after
study entry.

The issue of NIV

The Berlin definition acknowledged the use of NIV in
ARDS. Therefore, patients receiving NIV or continuous
positive airway pressure can be included as mild ARDS
provided the other criteria for this category are met. This
proposal matches the report of the increase in NIV use in
the ICU worldwide from 5 % in 1998 to 14 % in 2010
[20]. This latter rate is quite similar to that of 16 % found
in the ‘‘de novo’’ hypoxemic acute respiratory failure
group in a recent survey done in France and in Belgium in
2,367 ICU patients over 2 months [21]. Apart from the 5
patients in our study who were under NIV at the time of

Table 2 Characteristics at ICU admission and at time of study inclusion of 240 ARDS patients according to the Berlin definition criteria

Mild ARDS (n = 42) Moderate ARDS (n = 123) Severe ARDS (n = 75)

ICU admission
Age, years 60 (48–72) 64 (54–74) 59 (46–70)
Male gender, n (%) 31 (73.8) 82 (66.6) 58 (77.3)
Origin, n (%)*
Acute care setting 21 (50.0) 52 (42.3) 42 (56.0)
Emergency room 8 (19.0) 25 (20.3) 18 (24.0)
Pre-hospital 8 (19.0) 12 (9.8) 9 (12.0)
Long-term care setting 2 (4.8) 3 (2.4) 3 (4.0)
Operating room 3 (7.1) 31 (25.2) 3 (4.0)

SAPS II 56 (36–70) 53 (38–71) 60 (45–78)
Charlson* 1 (0–3) 2 (1–4) 2 (0–3)
Predicted body weight (kg) 67 (58–73) 65 (57–70) 66 (58–71)
Body mass index (kg m-2) 27 (22–32) 26 (23–31) 25 (21–28)

Study inclusion
SOFA score** 8.5 (6.0–10.8) 9.0 (7.0–11.0) 11.0 (8.0–13.0)
PaO2 (mmHg)� 117 (90–193) 86 (73–104) 64 (55–72)
PaCO2 (mmHg) 41 (36–48) 42 (36–50) 43 (38–55)
PaO2/FiO2

� 239 (220–260) 140 (119–165) 77 (64–89)
pH 7.38 (7.27–7.43) 7.33 (7.25–7.42) 7.33 (7.17–7.39)
PEEP (cmH2O)� 7 (5–8) 8 (5–10) 10 (7–10)
Tidal volume (mL kg-1 PBW) 7 (6–8) 7 (6–8) 7 (6–8)
FiO2 (%)� 50 (40–78) 60 (50–80) 97 (80–100)
Respiratory frequency (breaths min-1) 22 (20–28) 23 (20–28) 25 (22–30)
Ventilator mode, n (%)a

Volume controlled 30 (71.4) 98 (80.3) 63 (87.5)
Pressure support 4 (9.5) 14 (11.5) 7 (9.7)
Other 8 (19.0) 10 (8.0) 2 (2.8)

Sedation, n (%) 39 (92.9) 120 (97.6) 71 (94.7)
Neuromuscular blocking agent use, n (%)* 12 (28.5) 45 (36.6) 44 (58.7)

Values are median (first–third quartiles) unless otherwise stated
ARDS acute respiratory distress syndrome, SAPS Simplified Acute Physiology Score, SOFA Sequential Organ Failure Assessment, PEEP
positive end-expiratory pressure, PBW predicted body weight, FiO2 inspired oxygen in air
* P \ 0.05, ** P \ 0.01, and � P \ 0.001 between the three ARDS categories
a 1 data and 3 data were missing in moderate and severe ARDS categories
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inclusion and could be included as mild ARDS, 20
patients under NIV for ARDS should have been classified
as moderate or severe ARDS according to the PaO2/FiO2

ratio. They were excluded from the present study because
the Berlin definition specifically indicates that patients in
these groups must be invasively ventilated. It is well
known that PaO2/FiO2 values in patients under NIV or
invasive mechanical ventilation are not comparable for
several reasons: (1) lung volume is different in intubated
and nonintubated patients, (2) functional residual capacity
varies with the mode of ventilation because pleural
pressure is different, (3) respiratory rate is different for

the same PaO2, (4) tidal volume (VT) is different under
NIV and invasive mechanical ventilation, (5) airway and
transpulmonary pressures are not comparable in NIV vs.
invasive mechanical ventilation.

In the retrospective empirical analysis for describing
the Berlin modification of the AECC ARDS definition [6],
24 % of patients had a PaO2/FiO2 [200 mmHg at the
time of enrollment (classified as non-ARDS or ALI by the
AECC definition), introducing a bias because (1) in many
centers these type of patients are usually not treated with
invasive mechanical ventilation, and (2) as much as in
40 % of ARDS patients, PaO2/FiO2 increased above
200 mmHg when they are evaluated under standard
ventilator settings [3].

Mortality

In the present study, overall 28-day mortality of patients
categorized as mild ARDS was similar to those catego-
rized as moderate ARDS (30.9 vs. 27.9 %). Furthermore,
we found that the Berlin classification was not associated
with 28-day mortality after adjusting for confounding
factors. The results of the present study, if confirmed by
others, should lead to a critical reappraisal of the Berlin
proposal as discussed recently [18, 22]. The present result
may be explained by the selection strategy of the PaO2/
FiO2 ratio in our study to stratify the patients according to
the Berlin definition, as we used the worst PaO2/FiO2

ratio at the highest PEEP. A similar finding was observed
by Costa and Amato [11] even after adjustment for
APACHE III, age, and pH when the oxygenation at
baseline was taken into account. These observations
raised the issue of the best timing relative to ICU
admission in selecting the PaO2/FiO2. Indeed, when Costa
and Amato [11] used the oxygenation taken 24 h later, the
moderate ARDS patients had unadjusted and adjusted

Fig. 3 Kaplan–Meier graphs of survival over 28 days after inclu-
sion in mild (solid line), moderate (dashed line), and severe (dotted
line) ARDS groups. The log-rank test pertains to comparison
between the three groups

Table 3 Cox proportional hazard regression model for 28-day mortality in 239 ARDS patients according to the Berlin definition criteria

Model 1 Model 2

P value Hazard ratio 95 % CI P value Exp (B) 95 % CI

Lower Upper Lower Upper

Age (per year) 0.048 1.015 1.000 1.029 0.039 1.015 1.001 1.030
Charlson (per unit) 0.909 1.006 0.911 1.110 0.554 1.031 0.931 1.143
SOFA (per unit) 0.000 1.204 1.118 1.297 0.000 1.193 1.108 1.285
SAPS II (per unit) 0.034 1.013 1.001 1.025 0.029 1.013 1.001 1.026
NMB 0.143 1.398 0.893 2.188 0.176 1.361 0.871 2.129
PaO2/FiO2 (per mmHg) 0.585 0.999 0.995 1.003
Severe ARDS (reference) 0.236
Mild ARDS 0.738 0.895 0.467 1.716
Moderate ARDS 0.095 0.645 0.386 1.079

One patient was lost to follow-up at day 28
ARDS acute respiratory distress syndrome, SOFA Sequential Organ Failure Assessment, SAPS Simplified Acute Physiology Score, NMB
neuromuscular blocking agents use
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odds ratios (OR) for mortality of 1.65 and 1.49, respec-
tively, which, even though relatively low, were
significantly different from the mild ARDS taken as the
reference (OR 1). By study design, our investigation
missed the opportunity to evaluate the reassessment 24 h
later. In a recent randomized controlled trial enrolling
patients after a 12- to 24-h stabilization period, we found
that the prone position was associated with a significant
reduction in mortality as compared to the supine position
[19]. However, the reassessment at 24 h also has potential
bias and limitation. As an example, if at that time the
patient has been placed in the prone position and
oxygenation exhibits a substantial improvement, it would
be hard to interpret the associated change in ARDS
category.

It should also be noted that even appropriate baseline
PEEP does not predict mortality [18, 23] baseline FiO2

does [18, 24]. In the present study, the clinicians used
relatively low levels of PEEP in all three ARDS catego-
ries. However, the higher the ARDS severity the higher
the PEEP used in the present study. As already mentioned
and further discussed below, the protocol did not provide
recommendations for ventilating ARDS patients, and
hence the real-life practice was left to the attending cli-
nician’s discretion. The optimal PEEP level and the way
to reach this optimal level at the bedside are far from
being defined. The individual meta-analysis by Briel et al.
[25] found that higher PEEP was not associated with
better hospital survival except, in the post hoc analysis,
for patients with PaO2/FiO2 B 200 mmHg. Furthermore,
should higher PEEP be really beneficial to patient out-
come, we are still left with the method to achieve this
level. Indeed, each of three large randomized controlled
trials [16, 26, 27] involved in this meta-analysis had a
specific method to titrate PEEP and none of these was
associated with improved survival.

The neuromuscular blocking agents use in our study
was associated with worsened outcome in univariate
comparison between survivors and nonsurvivors. This
association was no longer significant after adjustment for
confounding factors. Early and brief use of neuromuscular
blocking agents has been found to be associated with
better survival than placebo in severe ARDS [11]. It
should be noted that a substantial rate of patients in the
mild ARDS category in the present study did receive
neuromuscular blocking agents. The reason for this is not
clear.

We found that the patients in the mild ARDS category
had similar mortality to that in the moderate category.
This finding is consistent with the similar SAPS II and
global SOFA score in both groups. The reason why SAPS
II and SOFA were not lower in the mild than in the
moderate ARDS is unclear. We observed that extrapul-
monary ARDS tended to be more frequent in the former
than in the latter category. It is unclear if this could
impact on mortality. Similar explanations should pertain

to the observation that patients with ALI had similar
mortality as patients with ARDS.

Prevalence and incidence of ARDS

The moderate ARDS group had the highest prevalence
and incidence in our cohort. This was also found in the
validation cohort, in which the frequency of mild, mod-
erate, and severe categories was 22, 50, and 28 %,
respectively [6]. The overall incidence of ARDS in the
present study was in-between that found in the USA [28]
and Europe [7, 29, 30]. Differences in the inclusion
periods, inclusion duration, definition of ARDS used, and
accuracy in the denominator in the present study could
explain the discrepant results. Other explanations are
detailed in the next section.

Limitations and strengths

Our study had several limitations. First, the study design
lacked a set of general recommendations for ventilating
ARDS patients, and hence for ventilating, screening,
enrolling, and assessing enrolled patients. However, such a
design was a way to apply the Berlin proposal in real life.
Second, the information about transient fall of PaO2/FiO2 as
an exclusion criterion for enrolling patients was not recor-
ded. Third, inclusion bias might have resulted from the
plausible misclassification of patients with very light ALI as
having mild or moderate ARDS due to an insufficient level
of PEEP in their initial ventilator management and wrong
inclusion of patients with a transient fall in the PaO2/FiO2

value resulting from patient–ventilator asynchronies, air-
way secretions, post-suctioning, sudden barotraumas, and
hemodynamic instability. Fourth, the unexpected elevated
mortality of patients with PaO2/FiO2 [200 was not clearly
explained. Fifth, as patients were included in a non-epi-
demic time frame and contributing ICUs were part of a
university hospital, the present results may be not general-
izable to epidemic periods, like that which occurred with
H1N1 infection [31], and to non-university ICUs. Sixth,
covariates were measured at the time of inclusion and
management afterwards was not recorded. Therefore, the
multivariate analysis of mortality did not include variables
that may impact on patient outcome, like prone positioning
or fluid balance control [19]. A larger study involving more
ICUs should be performed to address these issues. Since
patients transferred from another ICU (who may not have
yet had ARDS) were excluded there may have been an
underestimate of ARDS prevalence. Finally, our cohort did
not include patients without ARDS.

Our study had strengths as it was prospective, multi-
center, the period of inclusion was short, which precluded
any substantial change in either epidemiological factor or
medical management, and the quality of the data was
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controlled. The study was conducted in a non-pandemic
period. ICUs were medical, surgical, or both and would
have covered a wide spectrum of the clinical situations at
risk of developing ARDS.

The findings bring into question the ability of the
Berlin definition to classify patients into three distinct
groups with different mortality rates as proposed by the
Berlin group.

In conclusion, the present study did not validate the
Berlin definition of ARDS. Neither the stratification by
severity nor the PaO2/FiO2 at study entry was indepen-
dently associated with mortality.

Conflicts of interest On behalf of all authors, the corresponding
author states that there is no conflict of interest.
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