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Abstract

Purpose: To evaluate patients with resolved versus confirmed ARDS, identify subgroups with substantial mortality
risk, and to determine the utility of day 2 ARDS reclassification.

Methods: Our primary objective, in this secondary LUNG SAFE analysis, was to compare outcome in patients with
resolved versus confirmed ARDS after 24 h. Secondary objectives included identifying factors associated with ARDS
persistence and mortality, and the utility of day 2 ARDS reclassification.

Results: Of 2377 patients fulfilling the ARDS definition on the first day of ARDS (day 1) and receiving invasive
mechanical ventilation, 503 (24%) no longer fulfilled the ARDS definition the next day, 52% of whom initially had
moderate or severe ARDS. Higher tidal volume on day 1 of ARDS was associated with confirmed ARDS [OR 1.07 (Cl
1.01-1.13), P=0.035]. Hospital mortality was 38% overall, ranging from 31% in resolved ARDS to 41% in confirmed
ARDS, and 57% in confirmed severe ARDS at day 2. In both resolved and confirmed ARDS, age, non-respiratory SOFA
score, lower PEEP and P/F ratio, higher peak pressure and respiratory rate were each associated with mortality. In
confirmed ARDS, pH and the presence of immunosuppression or neoplasm were also associated with mortality. The
increase in area under the receiver operating curve for ARDS reclassification on day 2 was marginal.

Conclusions: ARDS, whether resolved or confirmed at day 2, has a high mortality rate. ARDS reclassification at day 2
has limited predictive value for mortality. The substantial mortality risk in severe confirmed ARDS suggests that com-
plex interventions might best be tested in this population.
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Introduction

ARDS carries a high mortality, especially in observational
studies, but with a relatively wide variability across stud-
ies [1-3]. The definition of ARDS has been repeatedly
considered as one of the reasons for this heterogeneity.
Because ARDS severity may change significantly in the
first 24 h after fulfillment of the diagnostic criteria as the
underlying mechanisms leading to lung injury progress
or resolve, it has been proposed to reassess patients at
24 h (i.e., day 2) [4], in order to ‘confirm’ fulfillment of the
ARDS definition [5]. In addition, considerable optimiza-
tion of management, particularly in regard to mechanical
ventilatory support, may take place in the first 24 h, and
impact on ARDS severity as captured by the definition.

The Berlin definition for ARDS [6] was designed primar-
ily to make the diagnosis and has high sensitivity in this
regard [7]. However, concerns exist regarding the speci-
ficity of the Berlin definition. In the LUNG SAFE study a
significant portion of patients who initially fulfilled clini-
cal criteria for ARDS did not do so 24 h later [1]. Some of
these “resolved ARDS” patients may constitute false posi-
tives, transiently fulfilling clinical criteria for ARDS but
not possessing the underlying pathophysiologic processes
seen in ARDS, and consequently should have a much bet-
ter outcome. In contrast, patients with confirmed ARDS,
i.e., in whom ARDS criteria remain present 24 h later, may
constitute a particularly high-risk patient cohort.

Reapplication of ARDS diagnostic criteria on day 2 fol-
lowing fulfillment of the ARDS definition may enhance
our understanding of the impact of resolved versus con-
firmed ARDS, and predict important patient-centered
outcomes from ARDS [4, 8, 9]. It may be possible to gain
additional insights regarding the influence of manage-
ment factors on the risk of ARDS persistence and on
outcomes in these patients. Identification of ARDS sub-
populations at highest risk for mortality might facilitate
early consideration of these patients for adjunctive thera-
peutic strategies that have the potential for greater side
effects (e.g., extracorporeal membrane oxygenation).
Should reclassification at day 2 markedly improve out-
come prognostication, this would have important impli-
cations for clinical trials, as another 24 h of confirmation
may be necessary before enrolling patients into therapeu-
tic trials.

We wished to address these issues in this secondary
analysis of the LUNG SAFE cohort [1]. Our primary
objective was to compare outcome in patients with
resolved versus confirmed ARDS assessed on the day fol-
lowing ARDS onset. Secondary objectives included iden-
tifying factors associated with resolved and confirmed
ARDS, determining the factors on the second day that
predict hospital mortality, identifying subpopulations

Take-home message

All patients that develop ARDS have a high risk for mortality, even
when the syndrome resolves quickly. Higher tidal volume is associ-
ated with ARDS persistence. Patients with severe ARDS on the
second day constitute a group at substantially increased risk for
mortality. In contrast, the predictive value of ARDS reclassification at
day 2 for mortality was relatively limited.

with high mortality risk, and determining the predictive
value for patient outcome of reclassification of ARDS
severity on the day following ARDS onset.

Methods and materials

The detailed methods and protocol have been published
elsewhere [1]. In brief, LUNG SAFE was an international,
multicenter, prospective cohort study, with a 4-week
enrollment window in the winter season [1]. The study,
funded by the European Society of Intensive Care Medi-
cine (ESICM), was endorsed by multiple national socie-
ties/networks (Online Appendix 1). All participating
ICUs obtained ethics committee approval, and either
patient consent or ethics committee waiver of consent, as
appropriate. National coordinators (Online Appendix 1)
and site investigators (Online Appendix 2) were respon-
sible for obtaining ethics committee approval and for
ensuring data integrity and validity.

Patients, study design, and data collection

Inclusion criteria were admission to a study ICU (includ-
ing ICU transfers) within the 4-week enrollment window;
and receipt of invasive or noninvasive ventilation. Exclu-
sion criteria were age less than 16 years or inability to
obtain informed consent (where required). Patients were
classified as having ARDS on the basis of fulfillment of
all of the Berlin criteria rather than by clinician deter-
mination, as previously described [1]. This analysis was
restricted to patients (93%) that fulfilled ARDS criteria
within 48 h of the onset of acute hypoxemic respiratory
failure (AHRF) and who received invasive mechanical
ventilation (Fig. 1) at ARDS onset. All data were recorded
for each patient at the same time each day within partici-
pating ICUs, normally as close as possible to 10 a.m. each
day. Data on ventilatory settings were recorded simulta-
neously with arterial blood gas analysis.

Definitions

Our definitions have been previously reported [1, 10, 11].
Day 1 refers to the first day on which the patient fulfilled
all of the Berlin criteria for ARDS, while day 2 is the day
following ARDS onset. For the purposes of this analysis
patients were considered to have “resolved ARDS” when
they initially fulfilled the Berlin ARDS criteria but did
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2,377 ARDS
Within 2 days of AHRF onset
(with Invasive MV)
[2,243 at day 1 of AHRF; 134 at day 2 of AHRF]

263 (11%) excluded patients:
- 63 (2.7%): Dead within 2 days of ARDS onset
- 16 (0.7%): Discharged from ICU within 2 days of ARDS onset
- 184 (7.7%): Berlin ARDS definition data missing atday 2

2,114 (89%)
Pts with Berlin ARDS definition evaluable for 2 days from onset
Mortality 38%
]
Moderate Severe
635 (30%) 993 (47%) 486 (23%)
Mortality 34% Mortality 39% Mortality 43%
| | [ | | ]
Confirmed ARDS Resolved ARDS Confirmed ARDS Resolved ARDS Confirmed ARDS Resolved ARDS
396 (62%) 239 (38%) 811 (82%) 182 (18%) 404 (83%) 82 (17%)
Mortality 37% Mortality 29% Mortality 40% Mortality 33% Mortality 45% Mortality 33%
Mild Mild Mild
— 233 (59%) bt 246 (30%) bt 67 (17%)
Mortality 37% Mortality 35% Mortality 35%
Moderate Moderate Moderate
b 147 (37%) — 495 (61%) ‘— 183 (45%)
Mortality 35% Mortality 39% Mortality 42%
Severe Severe Severe
—] 16 (4%) { 70(9%) bl 154 (38%)
Mortality 56% Mortality 66% Mortality 54%

Fig. 1 Stratification and outcomes of patients classified for ARDS severity on day 1 and 2 of ARDS. Of 2377 patients that developed ARDS on day

1 or 2 following the development of AHRF, and were invasively ventilated, 263 (11.1%) were excluded from the analysis due to death (63 patients),
or ICU discharge (16 patients) within 2 days, or because it was not possible to determine whether they still had ARDS (according to Berlin definition)
on day 2 due to missing data (184 patients). The number of patients with ARDS evaluable for 2 days from onset was 2114, of which 1611 (76%) had
confirmed ARDS and 503 (24%) had resolved ARDS at the second day. Patients are classified into three groups according to ARDS severity (mild,
moderate, or severe) assessed at day 1, and then each group is stratified on the basis of their severity evaluated at day 2 (mild, moderate, severe, and
resolved ARDS). In each group identified by day 1, the proportion of deaths varies among severity subgroups evaluated at day 2. Outcome is similar
for each ARDS severity group on day 2, irrespective of their severity status on day 1

not fulfill at least one criterion on day 2. Patients were
considered to have “confirmed ARDS” when they con-
tinued to fulfill the Berlin definition when reassessed on
day 2. Where chest radiography was not present at day
2, patients could only be considered to have confirmed
ARDS if the other criteria were still present. Where
data on positive end-expiratory pressure (PEEP) were
missing at day 2, patients were considered to have con-
firmed ARDS if (a) the other criteria were fulfilled, and
(b) there were data on the third day indicating ongoing
assisted ventilation with a PEEP of 5 cmH,O or greater
(Table el, Supplementary Material). Patients could not be
deemed to have resolved ARDS if any of the day 2 data
was missing. If ARDS status could not be determined

on the second day, despite the aforementioned assump-
tions, they were excluded from further analysis, as were
patients that were not in the ICU on day 2 (i.e., were dis-
charged or dead).

Duration of invasive mechanical ventilation was calcu-
lated as the number of days between the date of intuba-
tion and the date of extubation in ICU (or death, if the
patient died under invasive mechanical ventilation). Sur-
vival was evaluated at hospital discharge, or at day 90,
whichever occurred first.

Data management and statistical analyses
Descriptive statistics included proportions for categori-
cal variables and mean (standard deviation) or median




567

(interquartile range) for continuous variables. The study
population was stratified according to the fulfillment of
the Berlin definition on day 2 (resolved versus confirmed
ARDS). Comparisons between groups were performed
using Chi-squared test (or Fisher exact test) for discrete
variables or Student’s £ test (or Wilcoxon-Mann—Whitney
test) for continuous variables. The Shapiro—Wilk test was
used to assess normality in data distribution. Moreover,
differences in discrete or continuous distributions of var-
iables measured at day 1 and 2 were tested using McNe-
mar’s test or Wilcoxon signed-rank test, respectively.

To evaluate factors associated with persistence of
ARDS, we applied a multivariable logistic regression
model and the independent predictors (demographic
characteristics and clinical parameters measured at
the first day of ARDS) were identified through stepwise
regression approach. This approach combines forward
and backward selection methods in an iterative proce-
dure to select predictors in the final multivariable model.
This approach was also applied to identify factors asso-
ciated with hospital mortality in patients with resolved
and with confirmed ARDS. Moreover, as a result of miss-
ing values in the clinical variables measured at the sec-
ond day of ARDS (Table e2, Supplementary Material), we
assessed the same model for hospital mortality, assuming
a random distribution of missing data [12]. We applied a
multiple imputation approach to handle missing infor-
mation and the Markov chain Monte Carlo method was
used to create 20 imputed datasets [13]. The estimates of
each multivariable logistic model were combined using
Rubin’s rules to estimate odds ratio (ORs) and corre-
sponding 95% confidence intervals (ClIs) [14].

To compare the predictive value for hospital mortal-
ity of day 2 and day 1 ARDS classification (Berlin defini-
tion), we estimated the area under the receiver operating
curve (AUROC) using two different multivariable logistic
regression models performed on the whole study popula-
tion. The first model considered as independent variables
all significant factors (demographic and clinical) measured
at day 1 and identified by stepwise regression approach,
plus ARDS severity at day 1 (mild, moderate, severe). The
second model was similar, except for ARDS severity meas-
ured at day 2 (resolved, mild, moderate, and severe). The
two AUROCs were estimated fitting the two models on
the subset of patients without missing values in the covari-
ates, in order to compare them with the non-parametric
approach of DeLong, DeLong, and Clarke-Pearson [15].

We analyzed the survival time in patients with resolved
and confirmed ARDS using the Kaplan—Meier approach
with patients stratified according to ARDS severity at day
1 and/or day 2. When the survival curve involved ARDS
severity at day 2, time and probabilities were calculated

starting from the second day of ARDS. We assumed that
patients discharged alive from hospital before 90 days
were alive on day 90. Differences in survival curves were
assessed by the log-rank test.

All P values were two-sided, with P values less than
0.05 considered as statistically significant.

Statistical analyses were performed with R, version
3.3.3. (R Project for Statistical Computing, http://www.R-
project.org) and SAS software, version 9.4 (SAS Institute,
Cary, NC, USA).

Results

Of 2377 patients that developed ARDS within 48 h of
the occurrence of AHRF, and were invasively venti-
lated, we excluded from the main analysis 263 patients
(11.1%) because of death (63 patients) or ICU discharge
(16 patients) by day 2, or because it was not possible to
determine whether they still had ARDS on day 2 accord-
ing to the Berlin definition, as a result of missing data
(184 patients) (Fig. 1 and Tables el-2, Supplementary
Material).

Evolution of ARDS over first 24 h

ARDS severity profile varied significantly from day 1
to day 2. Of 2114 patients fulfilling ARDS criteria on
day 1 and included in this study, 503 (24%) patients had
resolved ARDS, no longer fulfilling ARDS criteria on
day 2, while 1611 (76%) patients had confirmed ARDS
(Table 1 and Fig. 1). Among confirmed ARDS patients,
31% improved to a less severe ARDS category, 55% were
unchanged, while 14% progressed to a more severe ARDS
category (Table e3, Supplementary Material).

Resolved ARDS
Patients with resolved ARDS were less severely ill, with
higher PaO,/FiO, (P/F) ratio and lower SOFA score,
compared to those with confirmed ARDS (Table 1); 52%
of the resolved ARDS patients had moderate or severe
ARDS. Resolved ARDS patients had a lower prevalence
of pneumonia and a higher prevalence of non-cardio-
genic shock (Table e4). Clinicians were less likely to rec-
ognize ARDS on day 1 in patients with resolved ARDS
compared to patients with confirmed ARDS (24% vs 35%,
P<0.0001). Patients with resolved ARDS received sig-
nificantly higher tidal volumes and lower PEEP on day 2
compared to day 1 (Fig. el, Supplementary Material).
Mortality was 31% in these patients (Table 1). Factors
associated with mortality in patients with resolved ARDS
were higher age, higher respiratory SOFA score, higher
respiratory rate, lower P/F ratio, lower PEEP, and higher
PIP (Table 2).
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Table 1 Patients with resolved versus confirmed ARDS

Male, n (%) 324 (61.4) 1002 (62.2) 1326 (62.7) 0.3696
Age (years), mean (SD) 60.3(18.2) 60.6 (16.5) 60.5 (16.9) 0.8100
Clinician recognition of ARDS at baseline, n (%) 119 (23.7) 563 (35.0) 682 (32.3) < 0.0001
lness severity (1stdayof ARDS)
P/F ratio (mmHg), mean (SD) 187.5 (69.7) 153.0 (64.5) 161.21 (67.37) < 0.0001
ARDSseveriy,n®0)
Mild 239 (47.5) 396 (24.6) 635 (30.04) < 0.0001
Moderate 182 (36.2) 811 (50.3) 993 (46.97) < 0.0001
Severe 82(16.3) 404 (25.1) 486 (22.99) < 0.0001
Pa0O,, mean (SD) 98.97 (39.1) 91.76 (37.1) 9348 (37.70) < 0.0001
SpO,, median [IQR] 97 [94-99] 96 [93-98] 96 [93-98] 0.0005
pH, mean (SD) 7.34(0.11) 7.33(0.12) 7.33(0.12) 0.0301
PaCO, (mmHg), mean (SD) 453 (14.4) 46.2 (14.9) 46.0 (14.8) 0.1755
HCO; (megy/L), mean (SD) 234 (6.3) 233 (6.6) 233 (6.5) 04977
SOFA score adjusted, mean (SD) 9.1(3.9) 10.3 (3.9) 99(3.9) < 0.0001
Non-respiratory SOFA score adjusted, mean (SD) 6.2 (4.0) 6.9 (3.8) 6.7 (3.9) < 0.0001
Managementfactors (IstdayofARDS)
Tidal volume (ml/kg), mean (SD) 7.5(1.74) 76(1.9) 76(1.9) 04126
Patients in whom plateau pressure measured, n (%) 145 (28.83) 521(32.3) 666 (31.5) 0.1387
Plateau pressure (cmH,0)°, mean (SD) 21.2(6.10) 236(6.0) 23.04 (6.1) < 0.0001
PEEP (cmH,0), mean (SD) 7.8(2.99) 86(33) 844 (3.2) < 0.0001
FiO,, median [IQR] 0.50 [0.40-0.70] 0.60 [0.50-0.90] 0.60 [0.45-0.80] < 0.0001
Driving pressure (cmHZO)b, mean (SD) 133 (5.3) 14.94 (5.5) 1457 (5.5) 0.0016
PIP (cmH,0), mean (SD) 254 (83) 2747 (8.1) 27.0(82) < 0.0001
Total respiratory rate (breaths/min), mean (SD) 20.1 (6.4) 20.65 (6.2) 20.5(6.3) 0.0478

Days of invasive mechanical ventilation, median [IQR]

All patients 6.0 [3.0-13.0] 9.0 [5.0-17.0] 9.0 [4.0-16.0] < 0.0001
Patients alive at ICU discharge 5.0[3.0-12.0] 9.0[5.0-17.0] 8.01[4.0-15.0] < 0.0001
All patients 19.0 [0.0-25.0] 10.0[0.0-22.0] 13.0 [0.0-23.0] <0.0001
Alive at ICU discharge 24.0[17.0-26.0] 20.0[12.0-24.0] 21.0[14.0-25.0] < 0.0001
Hospital mortality (90 days), n (%) 156 (31.2) 652 (40.6) 808 (38.4) 0.0002
All patients 16.0 [9.0-31.5] 18.00 [9.0-35.0] 18.00 [9.0-34.0] 0.2220
Alive at hospital discharge 22.0[12.0-39.0] 25.00 [15.0-43.5] 24.00 [14.0-42.0] 0.0018
All patients 9.0 [5.0-17.0] 12.0 [7.0-21.0] 11.0 [6.0-20.0] < 0.0001
Alive at ICU discharge 80[5.0-17.0] 13.0 [8.0-22.0] 12.0[7.0-21.0] < 0.0001

Abbreviations: ARDS acute respiratory distress syndrome, FiO, fraction of inspired oxygen, HCO; bicarbonate, ICU intensive care unit, IQR interquartile range (first and
third quartile), PaCO, partial pressure of carbon dioxide, PaO, arterial oxygen partial pressure, PEEP positive end-expiratory pressure, PIP peak inspiratory pressure, P/F
PaO,/FiO,, SOFA sequential organ failure assessment score, SpO, peripheral oxygen saturation

@ Pvalues refer to the comparisons between the resolved and confirmed ARDS patient groups

b Pplateau pressure, and driving pressure values are limited to patients in whom this value was reported and in whom either an assist control mode was used or in
whom a mode permitting spontaneous ventilation was used and where the set and total respiratory rates were equal. Patients receiving HFOV or ECMO were also
excluded

Confirmed ARDS received higher PEEP (mean value 8.6 vs. 7.8 ¢cmH,0,
Confirmed ARDS patients had higher day 1 driving pres- P=0.0016) compared to patients with resolved ARDS
sures (mean value 14.9 vs. 13.3 cmH,0, P<0.0001),and  (Table 1). Mechanical ventilation-related changes from
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Table 2 Factors associated with hospital mortality in study
population

Baseline characteristics

Age (years) 1.023 (1.016-1.030) < 0.0001

Confirmed 2.288(1.689-3.099) < 0.0001
Resolved 0.840 (0.442-1.593) 0.5928
Chronic liver failure (ref. No) 2.145 (1.225-3.755) 0.0076

Non-respiratory SOFA score adjusted 1.135(1.103-1.169)  <0.0001

(points)

Confirmed 0.970(0.958-0.983) < 0.0001
Resolved 1.005 (0.977-1.033)  0.7488
P/F ratio (mmHg) 0.998 (0.997-1.000)  0.0271

Total respiratory rate (breaths/min) 1.039 (1.020-1.059) < 0.0001
PEEP (cmH,0) 0.965 (0.931-0.999) 0.0447
PIP (cmH,0) 1.016 (1.000-1.000) 0.0471

Baseline characteristics

Age (years) 1.026 (1.020-1.033) < 0.0001

Confirmed 2326 (1.777-3.044) < 0.0001
Resolved 1.026 (0.609-1.729)  0.9220
Chronic liver failure (ref. No) 3.148 (1.884-5.261) < 0.0001

Non-respiratory SOFA score adjusted 1.120(1.090-1.151) < 0.0001
(points)
Confirmed 0.968 (0.957-0.980) < 0.0001
Resolved 1.001 (0.977-1.026)  0.9332
P/F ratio (mmHg) 0.998 (0.997-0.999) 0.0062
Total respiratory rate (breaths/min) 1.030 (1.013-1.048) 0.0005
PEEP (cmH,0) 0.957 (0.927-0.989)  0.0080
PIP (cmH,0) 1.017 (1.003-1.031) 0.0179

Notes: Multivariable logistic models estimated in complete case analysis and
multiple imputation analysis

ARDS acute respiratory distress syndrome, C/ confidence interval, OR odds ratio,
PEEP positive end-expiratory pressure, PIP peak inspiratory pressure, P/F PaO,/
FiO,, SOFA sequential organ failure assessment score

2 524 patients were excluded from the study population of 2114 patients
because of missing values in explanatory variables included in the model and/or
vital status at hospital discharge

b 9 patients were excluded from the study population of 2114 patients because
vital status at hospital discharge was not known

day 1 to day 2 were modest, with no change in tidal vol-
ume (Fig. e1A), a small increase in PEEP (in moderate or
severe ARDS) (Fig. e1B), and a decrease in peak inspira-
tory pressure (PIP) (mild or moderate ARDS) (Fig. elC,

Table 3 Factors associated with persistence of ARDS

0.597 (0.409-0.873)
1.324 (1.061-1.653)

0.0077
0.0131

Non-cardiogenic shock (ref. No)
Pneumonia (ref. No)

P/F ratio (mmHg) 0.992 (0.991-0.994) < 0.0001

PIP (cmH,0) 1.016 (1.002-1.031)  0.0285

Non-respiratory SOFA score adjusted 1.049 (1.019-1.081) 0.0013
(points)

Tidal volume (ml/kg) 1.068 (1.005-1.134)  0.0351

Notes: Multivariable logistic regression model (n=1930 of 2114)

184 patients were excluded from the study population of 2114 patients because
of missing values in explanatory variables included in the model

ARDS acute respiratory distress syndrome, Cl confidence interval, FiO, fraction
of inspired oxygen, OR odds ratio, PaO, arterial oxygen partial pressure, PIP peak
inspiratory pressure, P/F PaO,/FiO,, SE standard error, SOFA sequential organ
failure assessment score

Supplementary Material). Sixty-nine percent of patients
with confirmed ARDS received protective mechanical
ventilation on day 2 compared to 65% on day 1 (P=0.41),
defined as a tidal volume of 8 mL/kg of predicted body
weight or less and a plateau pressure of 30 cmH,O or less
(Fig. €2, Supplementary Material).

In the multivariable model, pneumonia was a risk fac-
tor for confirmed ARDS (Table 3). Other factors meas-
ured on day 1 significantly associated with confirmed
ARDS were lower P/F ratio, higher PIP, higher non-res-
piratory SOFA score, and higher tidal volume.

On day 2, tida'! volume decreased modestly, while
PEEP increased (mean values from 8.1 cmH,O in mild to
10.5 cmH,0 in severe ARDS) with greater ARDS severity
category (Table e3). Median inspired fractional oxygen use
increased substantially, from 0.4 in mild, to 0.5 in moderate
and 0.9 in severe ARDS (Table e3, Supplementary Material).

Hospital mortality of patients with confirmed ARDS
was 41%: this increased from 36% with mild, to 39% with
moderate and 57% with severe ARDS at day 2 (P<0.0001)
(Table 1 and Table e3, Supplementary Material). In mul-
tivariable analyses, age, the presence of immunosuppres-
sion and/or neoplasm and chronic liver failure were each
associated with increased hospital mortality (Table 2).
Illness severity factors on day 2 significantly associated
with increased mortality were lower P/F ratio, lower pH,
and higher non-respiratory SOFA score. In regard to
ventilation-related factors, the use of higher respiratory
rate and lower PEEP, and the presence of higher PIP were
each associated with higher hospital mortality.

Reclassification of ARDS severity on day 2
Hospital mortality in patients with ARDS severity classi-
fied as mild on day 1 was 34%, compared to 36% in mild
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ARDS patients on day 2 (Fig. 1 and Table e3, Supplemen-
tary Material). Mortality rates were unchanged at 39%
in patients classified as moderate ARDS severity on day
1 or 2. In contrast, in patients classified as severe ARDS,
mortality increased from 43% in patients classified on day
1 to 57% in patients classified on day 2. Kaplan—Meier
curves for outcome based on ARDS severity on day 1 ver-
sus day 2 confirm these findings, with mortality signifi-
cantly higher for severe confirmed ARDS compared to all
other severity categories on day 2 (Fig. 2a, b).
Kaplan—Meier curves for each category of ARDS sever-
ity on day 1 demonstrated a significantly different sur-
vival probability when stratified by ARDS severity on day
2 (Fig. e3A—C). In contrast, survival probability observed
in patients with ARDS severity assessed at day 2 dem-
onstrated similar probability when stratified by ARDS
severity on day 1 (Fig. e3D—F, Supplementary Material).
Reclassification of ARDS severity on day 2 demon-
strated a marginal (though statistically significant)
increase in predictive value for mortality compared
to day 1 (estimated difference between AUROCs was
0.0089, P=0.045) (Fig. e4). Of interest, day 2 non-pul-
monary SOFA demonstrated greater accuracy to predict
mortality (AUROC 0.67, 95% CI 0.65—0.70) than P/F ratio
(AUROC 0.57, 95% CI 0.55-0.60), while the combination

of both variables did not improve AUROC (0.68, 95% CI
0.65-0.70) over SOFA score alone (Table e5, Supplemen-
tary Material).

Discussion

Almost one quarter of patients that fulfill ARDS crite-
ria demonstrate resolution of one or more criteria 24 h
later, while ARDS is confirmed or persists for at least 24 h
in the other three quarters of patients. All patients with
ARDS, whether resolved or confirmed at day 2, had a
high mortality. Of concern, higher tidal volume on day 1
was independently associated with persistence of ARDS
at day 2, while higher respiratory rate was associated with
increased mortality. Reclassification of ARDS severity on
day 2 identified patients with severe confirmed ARDS as
a group with substantially increased mortality. In con-
trast, the predictive value of ARDS reclassification at day
2 for mortality was relatively limited.

Evolution of ARDS severity over first 24 h

Substantial changes were seen in the ARDS severity pro-
file over the first 24 h, with ARDS resolving or decreas-
ing in severity in over half of patients, while ARDS
severity worsened in only 14%. ARDS resolved in 17% of
patients classified as severe ARDS on day 1. Perhaps not

a b
1.0 ARDS severity (day 1) 1.0 — ARDS severity (day 2)
Mild — Severe ~— Resolved - Moderate
—— Moderate Mild —— Severe
0.8 0.8
2 =
§ 3
8 06 8 06
o <]
o o
g g
S 04 s 04 —
3 3
n »n
0.2 0.2 —
Log-Rank Test Log-Rank Test
p-value = 0.00367 p-value < .0001
0.0 | T | I 0.0 1 | T l
0 20 40 60 80 0 20 40 60 80
Time to event (days) Time to event (days)
# at risk # at risk
Mild 631 466 436 427 419 Resolved 499 372 351 348 345
Moderate 991 698 624 611 606 Mild 542 408 367 356 349
Severe 483 320 288 280 274 Moderate 825 585 523 509 503
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surprisingly, greater day 1 severity of ARDS and higher
non-respiratory SOFA score both increased the likeli-
hood of ARDS persistence. Of interest, ARDS duration
and the severity of hypoxemia have been identified in
post-mortem studies as being predictive of the presence
of diffuse alveolar damage [16]. Higher tidal volume use
on day 1 was associated with ARDS persistence, support-
ing concerns raised regarding higher tidal volume use
[17, 18], especially in early ARDS [19]. Given the extent
of evolution of the clinical condition over the first 24 h,
specifically the clinical improvement of most patients,
selection of patients for clinical trials based on day 1
data—particularly where the intervention may have sig-
nificant side effects (e.g., higher PEEP or extracorporeal
membrane oxygenation)—may not be optimal.

Impact of ventilator management

The role of ventilator-induced lung injury in worsening
outcomes from ARDS is clear from multiple studies [17,
18]. Our findings emphasize the need for continued focus
on ventilator management to minimize iatrogenic injury
and improve outcome in patients with ARDS. The use
of higher tidal volume on day 1 of ARDS was associated
with ARDS persistence. In patients with resolved and
confirmed ARDS, the use of higher respiratory rate and
lower PEEP, and the presence of higher PIP were each
associated with higher hospital mortality.

Overall, we found relatively limited changes in venti-
lator management from day 1 to 2. There was no over-
all change in tidal volume in patients with confirmed
(whether mild, moderate, or severe) ARDS from day 1 to
2. Patients with resolved ARDS actually received higher
tidal volumes and lower PEEP on day 2 than on day 1.
While potentially a reflection of an improvement in the
patients’ condition, with increased spontaneous ventila-
tion, this remains a concern [20].

Resolved versus confirmed ARDS

Patients with resolved ARDS had similar mortality to
patients with mild confirmed ARDS, underlining the fact
that this constitutes a patient group with ongoing critical
illness. Older age, non-respiratory SOFA score, and day
1 ventilator parameters including respiratory rate, PEEP,
and PIP were each associated with outcome in these
patients. Our data provide novel insights into this poorly
characterized patient group, and emphasize the require-
ment for careful attention to ventilator parameters and
ongoing critical care to optimize clinical outcomes in
these patients.

Consistent with previous studies, persistence of ARDS
was associated with longer ICU and hospital stay, fewer
ventilator-free days, and lower hospital survival [4, 8, 9].
The high mortality (57%) in patients with severe ARDS

on day 2 suggests that these patients may warrant early
consideration for alternative approaches, such as extra-
corporeal membrane oxygenation, to improve outcomes.

Predictive value of reapplication of ARDS criteria on day 2
Accurately predicting patient outcome, while not the pri-
mary role of diagnostic criteria such as the Berlin defi-
nition, is an important aspect of validity in the absence
of a “gold standard” [6]. While the Berlin definition
demonstrates somewhat better predictive value for mor-
tality compared to the older American-European Con-
sensus Conference definition [6], it remains low which is
a potential limitation [7].

Reapplication of ARDS criteria on day 2 of ARDS pro-
vided greater discriminatory capacity for patient out-
come, with greater separation in mortality rates by ARDS
severity compared to classification on day 1. Of inter-
est, patients with confirmed ARDS did not have a uni-
formly worse outcome, such as might be explained by the
removal of patients with resolved ARDS from the anal-
ysis. Hospital mortality was substantially increased in
patients with severe ARDS on day 2, suggesting that this
approach identifies a higher-risk patient cohort.

In contrast, the overall increase in the predictive value
for outcome of reclassification of ARDS severity on day
2, while statistically significant, was only marginal. This
is perhaps not surprising, given all the other factors
known to be important (including age, comorbid disease,
other organ dysfunction, vasopressor requirement, etc.)
in determining outcome from critical illnesses, includ-
ing ARDS [11, 21, 22]. In fact, it is well recognized that
many patients die with, rather than of, ARDS, i.e., they
die from other complications of their critical illness such
as vasopressor-resistant shock due to sepsis [23]. This
is supported by our finding that the predictive value of
the non-pulmonary SOFA score was slightly higher than
the P/F ratio in the patient population with confirmed
ARDS. Including all variables identified in the model fur-
ther increased predictive value. This may have important
implications for clinical trials since it has been claimed
that waiting for “confirmed ARDS” to enroll patients
results in a patient population with higher severity and/
or greater homogeneity.

Limitations

This study has several limitations. Our patient cohort,
while large and geographically diverse, may not be rep-
resentative of actual clinical practice in ICUs across
the globe. We did not have access to the source data
for the patients in the enrolling ICUs, and it is possible
that not all patients with ARDS in participating cent-
ers were enrolled. However, enrollment of patients with
ARDS from participating ICUs met expectations based
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on their recorded 2013 admission rates, while data from
lower-recruiting ICUs was not different from that from
higher-enrolling ICUs, suggesting the absence of report-
ing biases.

We instituted a robust data quality control program
in which all centers were requested to verify data that
appeared inconsistent or erroneous. Despite our data
quality control, missing data meant that we had to apply
two assumptions regarding chest radiography and PEEP
settings to classify one-fifth of patients. Missing radio-
logic data for day 2 likely reflects the fact that routine
daily chest radiographs are no longer justified [24, 25].
We were unable to classify 8% of patients because of
missing day 2 oxygenation data. Analysis of the clinical
characteristics and presence of other Berlin criteria of
this latter group demonstrate a similar profile to included
patients, suggesting their exclusion does not bias this
analysis. Use of a multiple imputation approach to assess
the possible influence of missing data demonstrated simi-
lar results for predictors associated with mortality to that
seen with the study population. Taken together, these
findings support the robustness of our analytic approach.

While we have adjusted our analyses to account for
known measured confounders, the possibility remains
that some of our findings may arise from unmeasured or
residual confounding. Moreover, we cannot make causal
inferences for the associations seen, given the obser-
vational nature of our study. In this is an observational
dataset, we are unable to test promising approaches to
determining persistence of ARDS that involve standardi-
zation of ventilator settings, such as those proposed by
Villar et al. [26]. Given the size of our database, small dif-
ferences between groups may achieve statistical signifi-
cance but be of uncertain clinical significance. Lastly, our
assumption that inpatients at day 90 survived to hospital
discharge is a further limitation.

Conclusions

All patients with ARDS, whether resolved or confirmed
on the second day after onset, had a high mortality.
Reclassification of ARDS severity on day 2 identified
patients with severe confirmed ARDS as constituting a
group at substantially increased risk for mortality. Clini-
cal trials of complex interventions, especially those with
significant side effects, might best be focused on this pop-
ulation. In contrast, the predictive value of ARDS reclas-
sification at day 2 for mortality was relatively limited.
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Hospital (Castelvolturno): Vincenzo Pota, Vincenzo Schiavone; Irccs San
Martino Ist (Genova): Alexandre Molin, Fabio Tarantino; Ospedale San Raffaele
(Milano): Giacomo Monti, Elena Frati; Ospedali Riuniti Di Foggia (Foggia): Lucia
Mirabella, Gilda Cinnella; Azienda Ospedaliera Luigi Sacco - Polo Universitario
(Milano): Tommaso Fossali, Riccardo Colombo; A.O.U. Citta della Salute e della
Scienza diTorino (Turin): Pierpaolo Terragni llaria Pattarino; Universita degli
Studi di Pavia-Fondazione IRCCS Policlinico San Matteo (Pavia): Francesco
Mojoli, Antonio Braschi; Ao Ospedale Civile Legnano (Legnano): Erika E
Borotto; Arnas Ospedale Civico Di Cristina Benfratelli (Palermo): Andrea N
Cracchiolo, Daniela M Palma; Azienda Ospedaliera Della Provincia Di Lecco -
Ospedale "A. Manzoni” (Lecco): Francesco Raponi, Giuseppe Foti; A.O. Provincia
Di Lecco - Ospedale Alessandro Manzoni (Lecco): Ettore R Vascotto, Andrea
Coppadoro; Cliniche Universitarie Sassari (Sassari): Luca Brazzi, Leda Floris;
IRCCS Policlinico San Matteo (Pavia): Giorgio A lotti, Aaron Venti; JAPAN:
Yokohama City University Hospital (Yokohama): Osamu Yamaguchi, Shunsuke
Takagi; Toyooka Hospital (Toyooka City, Hyogo Prefecture): Hiroki N Maeyama;
Chiba University Hospital (Chiba City): Eizo Watanabe, Yoshihiro Yamaji;
Okayma University Hospital (Okayama): Kazuyoshi Shimizu, Kyoko Shiozaki;
Japanese Foundation for Cancer Research, Cancer Institute Hospital,
Department of Emergency Medicine and Critical Care (Tokyo): Satoru Futami;
Ibaraki Prefectural Central Hospital (Kasama): Sekine Ryosuke; Tohoku
University Hospital (Sendai-Shi): Koji Saito, Yoshinobu Kameyama; Tokyo
Medical University Hachioji Medical Center (Hachioji, Tokyo): Keiko Ueno;
Tokushima University Hospital (Tokushima): Masayo. Izawa, Nao Okuda;
Maebashi Red Cross Hospital (Gunma Maebashi): Hiroyuki Suzuki, Tomofumi
Harasawa; Urasoe General Hospital (Urasoe): Michitaka Nasu, Tadaaki Takada;
Ohta General Hospital Foundation Ohta Nishinouchi Hospital (Fukushima):
Fumihito Ito; Jichi Medical University Hospital (Shimotsuke): Shin - Nunomiya,
Kansuke - Koyama; Mito Kyodo General Hospital, Tsukuba University Hospital
Mito Medical Center (Mito): Toshikazu Abe; Sendai City Hospital (Sendai):
Kohkichi Andoh, Kohei Kusumoto; Ja Hiroshima General Hospital (Hatsukaichi
City, Hiroshima): Akira Hirata, Akihiro Takaba; Yokohama Rosai Hospital
(Yokohama): Hiroyasu Kimura; Nagasaki University Hospital (Nagasaki): Shuhei
Matsumoto, Ushio Higashijima; Niigata University Medical & Dental Hospital
(Niigata): Hiroyuki Honda, Nobumasa Aoki; Mie University Hospital (Tsu, Mie):
Hiroshi Imai; Yamaguchi University Hospital (Ube, Yamaguchi): Yasuaki Ogino,
Ichiko Mizuguchi; Saiseikai Kumamoto Hospital (Kumamoto City): Kazuya
Ichikado; Shinshu University School of Medecine (Matsumoto City): Kenichi
Nitta, Katsunori Mochizuki; Kuki General Hospital (Kuki): Tomoaki Hashida;
Kyoto Medical Center (Kyoto): Hiroyuki Tanaka; Fujita Health University

(Toyoake): Tomoyuki Nakamura, Daisuke Niimi; Rakwakai Marutamachi
Hospital (Kyoto): Takeshi Ueda; Osaka University Hospital (Suita City, Osaka
Prefecture): Yozo Kashiwa, Akinori Uchiyama; LATVIA: Paul Stradins Clinical
University Hospital (Riga): Olegs Sabelnikovs, Peteris Oss; LEBANON: Kortbawi
Hospital (Jounieh): Youssef Haddad; MALAYSIA: Hospital Kapit (Kapit): Kong Y
Liew; MEXICO: Instituto Nacional De Cancerologfa, México (Mexico City):
Silvio A Namendys-Silva, Yves D Jarquin-Badiola; Hospital De Especialidades
“Antonio Fraga Mouret” Centro Medico Nacional La Raza IMSS (Mexico City):
Luis A Sanchez-Hurtado, Saira S Gomez-Flores; Hospital Regional 1° De
Octubre (Mexico City): Maria C Marin, Asisclo J Villagomez; Hospital General Dr
Manuel Gea Gonzalez (Mexico City): Jordana S Lemus, Jonathan M Fierro;
Hospital General De Zona No.1 Instituto Mexicano Del Seguro Social Tepic
Nayarit (Tepic): Mavy Ramirez Cervantes, Francisco Javier Flores Mejia; Centro
Medico Dalinde (Mexico D.F): Dulce Dector, Dulce M Dector; Opd Hospital
Civil De Guadalajara Hospital Juan | Menchaca (Guadalajara): Daniel R
Gonzalez, Claudia R Estrella; Hospital Regional De Ciudad Madero Pemex
(Ciudad Madero): Jorge R Sanchez-Medina, Alvaro Ramirez-Gutierrez; Centro
Médico ABC (Mexico D.F): Fernando G George, Janet S Aguirre; Hospital Juarez
De Mexico (Mexico City): Juan A Buensuseso, Manuel Poblano; MOROCCO:
Mohammed V University, University Teaching Ibn Sina Hospital (Rabat): Tarek
Dendane, Amine Ali Zeggwagh; Hopital Militaire D'Instruction Mohammed V
(Rabat): Hicham Balkhi; Errazi (Marrakech): Mina Elkhayari, Nacer Samkaoui;
University Teaching Hospital Ibn Rushd (Casablanca): Hanane Ezzouine,
Abdellatif Benslama; Hopital des Spécialités de Rabat (HSR) (Rabat): Mourad
Amor, Wajdi Maazouzi. NETHERLANDS: Tjongerschans (Heerenveen): Nedim
Cimic, Oliver Beck; Cwz (Nijmegen): Monique M Bruns, Jeroen A Schouten;
Rijnstate Hospital (Arnhem): Myra - Rinia, Monique Raaijmakers; Radboud Umc
(Nijmegen): Leo M Heunks, Hellen M Van Wezel; Maastricht University Medical
Centre (Maastricht): Serge J Heines, Ulrich Strauch; Catharinaziekenhuis
(Eindhoven): Marc P Buise; Academic Medical Center (Amsterdam): Fabienne D
Simonis, Marcus J Schultz, NEW ZEALAND: Tauranga Hospital (Tauranga): Jen-
nifer C Goodson, Troy S Browne; Wellington Hospital (Wellington): Leanlove
Navarra, Anna Hunt; Dunedin Hospital (Dunedin): Robyn A Hutchison, Mathew
B Bailey; Auckland City Hospital (Auckland): Lynette Newby, Colin Mcarthur;
Whangarei Base Hospital (Whangarei): Michael Kalkoff, Alex Mcleod; North
Shore Hospital (Auckland): Jonathan Casement, Danielle J Hacking; NORWAY:
Alesund Hospital (Alesund): Finn H Andersen, Merete S Dolva; Oslo University
Hospital - Rikshospitalet Medical Centre (Oslo): Jon H Laake, Andreas
Barratt-Due; Stavanger University Hospital (Stavanger): Kim Andre L Noremark,
Eldar Sereide; Haukeland University Hospital (Bergen): Brit A Sjebg, Anne B
Guttormsen; PERU: Hospital Nacional Edgardo Rebagliati Martins (Lima):
Hector H Leon Yoshido; Clinica Ricardo Palma (Lima): Ronald Zumaran Aguilar,
Fredy A Montes Oscanoa; PHILIPPINES: The Medical City (Pasig): Alain U Alisa-
sis, Joanne B Robles; Chong Hua Hospital (Cebu): Rossini Abbie B Pasanting-
Lim, Beatriz C Tan; POLAND: Warsaw University Hospital (Warsaw): Pawel
Andruszkiewicz, Karina Jakubowska; PORTUGAL: Centro Hospitalar Da Cova
Da Beira (Covilha): Cristina M Coxo; Hospital Santa Maria, Chin (Lisboa):
Anténio M Alvarez, Bruno S Oliveira; Centro Hospitalar Tras-Os-Montes E Alto
Douro - Hospital De S. Pedro -Vila Real (Vila Real): Gustavo M Montanha,
Nelson C Barros; Hospital Beatriz Ange\o (Loures): Carlos S Pereira, Antonio M
Messias; Hospital De Santa Maria (Lisboa): Jorge M Monteiro; Centro Hospitalar
Médio Tejo - Hospital De Abrantes (Abrantes): Ana M Araujo, Nuno T Catorze;
Instituto Portugués De Oncologia De Lisboa (Lisboa): Susan M Marum, Maria J
Bouw; Hospital Garcia De Orta (Almada): Rui M Gomes, Vania A Brito; Centro
Hospitalar Do Algarve (Faro): Silvia Castro, Joana M Estilita; Hpp Hospital De
Cascais (Alcabideche): Filipa M Barros; Hospital Prof. Doutor Fernando Fonseca
Epe (Amadora): Isabel M Serra, Aurelia M Martinho; ROMANIA: Fundeni
Clinical Institute (Bucharest): Dana R Tomescu, Alexandra Marcu; Emergency
Clinical County Hospital Timisoara (Timisoara): Ovidiu H Bedreag, Marius
Papurica; Elias University Emergency Hospital (Bucharest): Dan E Corneci,
Silvius loan Negoita; RUSSIAN FEDERATION: University Hospital (Kemerovo):
Evgeny Grigoriev; Krasnoyarsk Regional Hospital, Krasnoyarsk State Medical
University (Krasnoyarsk): Alexey | Gritsan, Andrey A Gazenkampf; SAUDI
ARABIA: GICU of PSMMC (Riyadh): Ghaleb Almekhlafi, Mohamad M Albarrak;
SICU of PSMMC (Riyadh): Ghanem M Mustafa; King Faisal Hospital And
Research Center (Riyadh): Khalid A Maghrabi, Nawal Salahuddin; King Fahad
Hospital (Baha): Tharwat M Aisa; King Abdulaziz Medical City (Riyadh): Ahmed
S Al Jabbary, Edgardo Tabhan; King Abdulaziz Medical City (Riyadh): Yaseen M
Arabi, Olivia A Trinidad; King Abdulaziz Medical City (Riyadh): Hasan M Al Dorzi,
Edgardo E Tabhan; SOUTH AFRICA: Charlotte Maxeke Johannesburg
Academic Hospital (Johannesburg): Stefan Bolon, Oliver Smith; SPAIN:
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Hospital Sant Pau (Barcelona): Jordi Mancebo, Hernan Aguirre-Bermeo;
Hospital Universitari Bellvitge (L Hospitalet De Llobregat (Barcelona)): Juan C
Lopez-Delgado, Francisco Esteve; Hospital Son Llatzer (Palma De Mallorca):
Gemma Rialp, Catalina Forteza; Sabadell Hospital, CIBER Enfermedades
Respiratorias (Sabadell): Candelaria De Haro, Antonio Artigas; Hospital
Universitario Central De Asturias (Oviedo): Guillermo M Albaiceta, Sara De
Cima-lglesias; Complejo Hospitalario Universitario A Corufa (A Coruna): Leticia
Seoane-Quiroga, Alexandra Ceniceros-Barros; Hospital Universitario Miguel
Servet (Zaragoza): Antonio L Ruiz-Aguilar, Luis M Claraco-Vega; Morales
Meseguer University Hospital (Murcia): Juan Alfonso Soler, Maria del Carmen
Lorente; Hospital Universitario del Henares (Coslada): Cecilia Hermosa,
Federico Gordo; Complejo Asistencial De Palencia. Hospital Rio Carrién
(Palencia): Miryam - Prieto-Gonzalez, Juan B Lépez-Messa; Fundacion Jiménez
Diaz (Madrid): Manuel P Perez, Cesar P Perez; Hospital Clinico Universitario
Lozano Blesa (Zaragoza): Raquel Montoiro Allue; Hospital Verge de la Cinta
(Tortosa): Ferran Roche-Campo, Marcos Ibafiez-Santacruz; Hospital Universi-
tario 12 De Octubre (Madrid): Susana - Temprano; Hospital Universitario
Principe De Asturias (Alcald De Henares, Madrid): Maria C Pintado, Raul De Pab-
lo; Hospital Universitari Germans Trias | Pujol (Badalona): Pilar Ricart Aroa
Gomez; Hospital Universitario Arnau De Vilanova De Lleida (Lleida): Silvia
Rodriguez Ruiz, Silvia Iglesias Moles; Cst Terrassa (Barcelona): Ma Teresa Jurado,
Alfons Arizmendi; Hospital Universitari Mitua Terrassa (Terrassa): Enrique A
Piacentini; Hospital Universitario De Mostoles (Mostoles): Nieves Franco, Teresa
Honrubia; Complejo Asistencial De Salamanca (Salamanca): Meisy Perez
Cheng, Elena Perez Losada; Hospital General Universitario De Ciudad Real
(Ciudad Real): Javier - Blanco, Luis J Yuste; Torrecardenas (Almeria): Cecilia
Carbayo-Gorriz, Francisca G Cazorla-Barranquero; Hospital Universitario
Donostia (San Sebastian): Javier G Alonso, Rosa S Alda; Hospital Universitario
De Torrején (Madrid): Angela Algaba, Gonzalo Navarro; Hospital Universitario
De La Princesa (Madrid): Enrique Cereijo, Esther Diaz-Rodriguez; Hospital
Universitario Lucus Augusti (Lugo): Diego Pastor Marcos, Laura Alvarez
Montero; Hospital Universitario Santa Lucia (Cartagena): Luis Herrera Para, Rob-
erto Jimenez Sanchez; Hospital Universitario Severo Ochoa, Leganes (Madrid):
Miguel Angel Blasco Navalpotro, Ricardo Diaz Abad; University Hospital of
Ntra. Sra. De Candelaria (Santa Cruz De Tenerife): Raquel Montiel Gonz 4 lez, D
4 cil Parrilla Toribio; Hospital Universitario Marques De Valdecilla (Santander):
Alejandro G Castro, Maria Jose D Artiga; Hospital Infanta Cristina (Parla,
Madrid): Oscar Penuelas; Hospital General De Catalunya (Sant Cugat Del
Valles): Tomas P Roser, Moreno F Olga; San Pedro De Alcantara (Caceres): Elena
Gallego Curto, Rocio Manzano Sdnchez; Sant Joan De Reus (Reus): Vallverdu P
Imma, Garcia M Elisabet; Hospital Joan XXIII (Tarragona): Laura Claverias,
Monica Magret; Hospital Universitario De Getafe (Madrid): Ana M Pellicer, Lucia
L Rodriguez; Hospital Universitario Rio Hortega (Valladolid): Jesus Sénchez-
Ballesteros, Ange\a Gonzélez-Salamanca; Hospital Arquitecto Marcide (Ferrol,
La Corufa): Antonio G Jimenez, Francisco P Huerta; Hospital General
Universitario Gregorio Marafdn (Madrid): Juan Carlos J Sotillo Diaz, Esther
Bermejo Lopez; Hospital General De Segovia (Segovia): David D Llinares Moya,
Alec ATallet Alfonso; Hospital General Universitario Reina Sofia (Murcia):
Palazon Sanchez Eugenio Luis, Palazon Sanchez Cesar; Complejo Hospitalario
Universitario De Albacete (Albacete): Sdnchez | Rafael, Corcoles G Virgilio;
Hospital Infanta Elena (Valdemoro): Noelia N Recio; SWEDEN: Sahlgrenska
University Hospital (Gothenburg): Richard O Adamsson, Christian C Rylander;
Karolinska University Hospital (Stockholm): Bernhard Holzgraefe, Lars M
Broman; Akademiska Sjukhuset Uppsala (Uppsala): Joanna Wessbergh, Linnea
Persson; Vrinnevisjukhuset (Norrkdping): Fredrik Schidler, Hans Kedelv;
Linkoping University Hospital (Linkdping): Anna Oscarsson Tibblin, Henrik
Appelberg; Skellefted Lasarett (Skellefted): Lars Hedlund, Johan Helleberg;
Karolinska University Hospital Solna (Stockholm): Karin E Eriksson, Rita Glietsch;
Umea University Hospital (Umead): Niklas Larsson, Ingela Nygren; Danderyd
Hospital (Stockholm): Silvia L Nunes, Anna-Karin Morin; Lund University
Hospital (Lund): Thomas Kander, Anne Adolfsson; SWITZERLAND: Chuv
(Centre Hospitalier Universitaire Vaudois) (Lausanne): Lise Piquilloud; Hopital
neuchatelois - La Chaux-De-Fonds (La Chaux-De-Fonds): Hervé O. Zender,
Corinne Leemann-Refondini; TUNISIA: Hopital Taher Sfar Mahdia (Mahdia):
Souheil Elatrous; University Hospital Farhat Hached Sousse (Sousse):
Slaheddine Bouchoucha, Imed Chouchene; CHU F. Bourguiba (Monastir): Islem
Ouanes; Mongi Slim University Hospital, La Marsa (La Marsa): Asma Ben Souissi,
Salma Kamoun; TURKEY: Cerrahpasa Medical Faculty Emergency Intensive
Care Unit (Istanbul): Oktay Demirkiran; Cerrahpasa Medical Faculty Sadi Sun
Intensive Care Unit (Istanbul): Mustafa Aker, Emre Erbabacan; Uludag
University Medical Faculty (Bursa): llkay Ceylan, Nermin Kelebek Girgin; Ankara

University Faculty of Medicine, Reanimation 3rd level ICU (Ankara): Menekse
Ozcelik, Necmettin Unal; Ankara University Faculty of Medicine, 2nd level
ICU-postoperative ICU (Ankara): Basak Ceyda Meco; Istanbul Kartal Egitim Ve
Arastirma Hastanesi (Istanbul): Onat O Akyol, Suleyman S Derman; UK:
Papworth Hospital (Cambridge): Barry Kennedy, Ken Parhar; Royal Glamorgan
Hospital (Llantrisant): Latha Srinivasa; Royal Victoria Hospital-Belfast (Belfast):
Lia McNamee, Danny McAuley; Jack Steinberg ICU of King's College (London):
Phil Hopkins, Clare Mellis; Frank Stansil ICU of King's College Hospital (London):
Vivek Kakar; Liver ICU of King's College (London): Dan Hadfield; Christine
Brown ICU of King's College (London): Andre Vercueil; West Suffolk Hospital
(Bury St Edmunds): Kaushik Bhowmick, Sally K Humphreys; Craigavon Area
Hospital (Portadown): Andrew Ferguson, Raymond Mckee; Barts Health NHS
Trust, Whipps Cross Hospital (Leytonstone): Ashok S Raj, Danielle A Fawkes;
Kettering General Hospital, Foundation NHS Trust (Northamptonshire): Philip
Watt, Linda Twohey; Barnet General Hospital (Barnet): Rajeev R JhaMatthew
Thomas, Alex Morton, Varsha Kadaba; Rotherham General Hospital (Rother-
ham): Mark J Smith, Anil P Hormis; City Hospital, (Birmingham): Santhana G
Kannan, Miriam Namih; Poole Hospital NHS Foundation Trust (Poole): Henrik
Reschreiter, Julie Camsooksai; Weston General Hospital (Weston-Super-Mare):
Alek Kumar, Szabolcs Rugonfalvi; Antrim Area Hospital (Antrim): Christopher
Nutt, Orla O'Neill; Aintree University Hospital (Liverpool): Colette Seasman, Ged
Dempsey; Northern General Hospital (Sheffield): Christopher J Scott, Helen E
Ellis; John Radcliffe Hospital (Oxford): Stuart Mckechnie, Paula J Hutton; St
Georges Hospital (London): Nora N Di Tomasso, Michela N Vitale; Hillingdon
Hospital (Uxbridge): Ruth O Griffin, Michael N Dean; The Royal Bournemouth &
Christchurch NHS Foundation Trust (Bournemouth, Dorset): Julius H Cranshaw,
Emma L Willett; Guys and St Thomas NHS Foundation Trust (London): Nicholas
loannou, Gstt Severe Respiratory Failure Service; Whittington Hospital
(London): Sarah Gillis; Wexham Park Hospital (Slough): Peter Csabi; Western
General Hospital (Edinburgh): Rosaleen Macfadyen, Heidi Dawson; Royal
Preston Hospital (Preston): Pieter D Preez, Alexandra J Williams; Brighton and
Sussex University Hospitals NHS Trust (Brighton): Owen Boyd, Laura Ortiz-Ruiz
De Gordoa; East And North Herts NHS Trust (Stevenage): Jon Bramall, Sophie
Symmonds; Barnsley Hospital (Barnsley): Simon K Chau, Tim Wenham; Prince
Charles Hospital (Merthyr Tydfil): Tamas Szakmany, Piroska Toth-Tarsoly;
University Hospital of South Manchester NHS Foundation Trust (Manchester):
Katie H Mccalman, Peter Alexander; Harrogate District Hospital (Harrogate):
Lorraine Stephenson, Thomas Collyer; East And North Herts NHS Trust
(Welwyn Garden City): Rhiannon Chapman, Raphael Cooper; Western
Infirmary (Glasgow): Russell M Allan, Malcolm Sim; Dumfries and Galloway
Royal Infirmary (Dumfries): David W Wrathall, Donald A Irvine; Charing Cross
Hospital (London): Kim S Zantua, John C Adams; Worcestershire Royal Hospital
(Worcester): Andrew J Burtenshaw, Gareth P Sellors; Royal Liverpool University
Hospital (Liverpool): Ingeborg D Welters, Karen E Williams; Royal Alexandra
Hospital (Glasgow): Robert J Hessell, Matthew G Oldroyd; Morriston Hospital
(Swansea): Ceri E Battle, Suresh Pillai; Frimley Park Hospital (Frimley): Istvan
Kajtor, Mageswaran Sivashanmugavel; Altnagelvin Hospital (Derry): Sinead C
O'Kane, Adrian Donnelly; Buckinghamshire Healthcare NHS Trust (High
Wycombe, Buckinghamshire): Aniko D Frigyik, Jon P Careless; Milton Keynes
Hospital (Milton Keynes): Martin M May, Richard Stewart; Ulster Hospital
(Belfast): T John Trinder, Samantha J Hagan; University Hospital of Wales
(Cardiff): Matt P Wise, Jade M Cole; Freeman Hospital (Newcastle Upon Tyne):
Caroline C MacFie, Anna T Dowling; URUGUAY: Hospital Espafiol (Montevi-
deo): Javier Hurtado, Nicolds Nin; Cudam (Montevideo): Javier Hurtado;
Sanatorio Mautone (Maldonado): Edgardo Nurez; Sanatorio Americano
(Montevideo): Gustavo Pittini, Ruben Rodriguez; Hospital De Clinicas
(Montevideo): Marfa C Imperio, Cristina Santos; Circulo Catélico Obreros
Uruguay- Sanatorio JPIl (Montevido: Ana G. Franga, Alejandro EBEID; CASMU
(Montevideo): Alberto Deicas, Carolina Serra; USA: Saint Louis University
Hospital (St.Louis): Aditya Uppalapati, Ghassan Kamel; Beth Israel Deaconess
Medical Center (Boston): Valerie M Banner-Goodspeed, Jeremy R Beitler;
Memorial Medical Center (Springfield): Satyanarayana Reddy Mukkera,
Shreedhar Kulkarni; Massachusetts General Hospital (Boston): Jarone Lee,
Tomaz Mesar; University of Cincinnati Medical Center (Cincinnati): John O
Shinn 3rd, Dina - Gomaa; Massachusetts General Hospital (Boston): Christo-
pher Tainter, Jarone Lee; Massachusetts General Hospital (Boston): Tomaz
Mesar, Jarone Lee; R Adams Cowley Shock Trauma Center (Baltimore): Dale J
Yeatts, Jessica Warren; Intermountain Medical Center (Murray, Utah): Michael J
Lanspa, Russel R Miller; Intermountain Medical Center (Murray, Utah): Colin K
Grissom, Samuel M Brown; Mayo Clinic (Rochester): Philippe R Bauer; North
Shore Medical Center (Salem): Ryan J Gosselin, Barrett T Kitch; Albany Medical
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Center (Albany): Jason E Cohen, Scott H Beegle; John H Stoger Hospital of
Cook County (Chicago, II): Renaud M Gueret, Aiman Tulaimat; Albany Medical
Center (Albany): Shazia Choudry; University of Alabama at Birmingham (UAb)
(Birmingham, AL): William Stigler, Hitesh Batra; Duke University Hospital
(Durham): Nidhi G Huff; lowa Methodist Medical Center (Des Moines, lowa):
Keith D Lamb, Trevor W Oetting; Surgical & Neurosciences Intensive Care Unit
of the University of lowa Hospitals and Clinics (lowa City, lowa): Nicholas M
Mohr, Claine Judy; Medical Center of Louisiana at New Orleans (New Orleans,
Louisiana): Shigeki Saito, Fayez M Kheir; Tulane University (New Orleans): Fayez
Kheir; Critical Care Unit of the University of lowa Hospitals And Clinics (lowa
City, lowa): Adam B Schlichting, Angela Delsing; University of California, San
Diego Medical Center (San Diego, Ca): Daniel R Crouch, Mary Elmasri; Uc San
Diego Thornton Hospital (La Jolla): Daniel R Crouch, Dina Ismail; University
Hospital (Cincinnati): Kyle R Dreyer, Thomas C Blakeman; University Hospital
(Cincinnati): Kyle R Dreyer, Dina Gomaa; Tower 3B Medical ICU of Brigham and
Women's Hospital (Boston): Rebecca M Baron, Carolina Quintana Grijalba;
Tower 8C Burn/Trauma ICU of Brigham and Women's Hospital (Boston): Peter C
Hou; Tower 8D Surgical ICU of Brigham and Women's Hospital (Boston):
Raghu Seethala; Tower 9C Neurosurgical ICU of Brigham and Women's
Hospital (Boston): Imo  Aisiku; Tower 9D Neurological ICU of Brigham and
Women'’s Hospital (Boston): Galen Henderson; Tower 11C Thoracic ICU of
Brigham and Women'’s Hospital (Boston): Gyorgy Frendl; Shapiro 6W Cardiac
Surgery ICU of Brigham and Women's Hospital (Boston): Sen-Kuang Hou;
Shapiro 9E Coronary Care Unit of Brigham and Women's Hospital (Boston):
Robert L Owens, Ashley Schomer; SERBIA: Clinical Center of Serbia (Belgrade):
Vesna Bumbasirevic, Bojan Jovanovic; Military Medical Academy (Belgrade):
Maja Surbatovic, Milic Veljovic.
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