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New definition

The definition of the acute respiratory distress syndrome
(ARDS) has been revised using a conceptual model of
acute, diffuse, inflammatory lung injury, leading to
increased pulmonary vascular permeability and lung
weight, and loss of aerated lung tissue. The definition,
however, was primarily based on feasibility, reliability,
and validity [1]. The term ‘‘acute lung injury (ALI)’’ has
been removed and ARDS is now categorized into mild,
moderate, and severe, based on the degree of hypoxemia
(P/F ratio) with a positive end-expiratory pressure (PEEP)
of at least 5 cmH2O. The accuracy of the new criteria has
been evaluated from autopsy in 352 patients who met
clinical criteria for ARDS at time of death, by specifically

looking for the presence of diffuse alveolar damage
(DAD). Sensitivity and specificity of the new criteria
were 89 and 63 %, respectively, and DAD was signifi-
cantly related to ARDS severity [2]. A prospective study
in ten ICUs in France failed to validate the new definition,
since neither the stratification by severity nor the P/F ratio
at baseline was associated with 28-day mortality [3]. In
this study, like in others, however, the numbers studied
were relatively small for testing the predictive validity. In
addition, the primarily goal of the definition is not to
predict mortality at an individual level. The optimal
timing of P/F ratio determination to diagnose ARDS is
also still debated. A prospective, multicenter study in
Spain found that using P/F ratio at 24 h with standard
ventilatory setting (PEEP C 10 cmH2O and FiO2 C 0.5)
had the best correlation to ICU mortality [4]. Costa et al.
[5] also suggested that P/F ratio after 24 h could be more
representative of severity and outcome of ARDS than
using P/F ratio at baseline. The major problem with
requiring a 24-h delay for the definition, discussed by the
task force of the Berlin definition, is the risk of an addi-
tional delay for enrollment into trials.

Prone position

The rational for using prone position is to improve alve-
olar recruitment, improve ventilation–perfusion matching
and oxygenation, and prevent ventilator-induced lung
injury (VILI). In the past decade, several studies failed to
demonstrate the benefit of prone position on outcome,
although two meta-analyses had suggested a favorable
prognosis when used in the sickest ARDS. A recent large
randomized study recently demonstrated that prolonged
sessions of proning in ‘‘severe’’ ARDS patients (P/
F ratio \150 with FiO2 C 0.6) significantly decreased
mortality with relative risk reduction of 50 % over supine
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position [6]. Two recent meta-analyses found that prone
position significantly improved survival when using with
low tidal volume strategy and all-cause mortality
decreased when the duration of prone was prolonged
([16 h per day), particularly in patients with severe
ARDS [7, 8]. Prone position might also have a synergistic
effect with PEEP in reducing the risk of VILI [9]. Last,
favorable hemodynamic effects of proning were recently
confirmed, decreasing right ventricular afterload and
increasing cardiac index in patients with preload reserve
[10]. The use of prone position, however, is also associ-
ated with a higher risk of pressure ulcers than the supine
position [11].

Extracorporeal life support

Extracorporeal membrane oxygenation (ECMO) has
been increasingly used since the 2009 pandemic influ-
enza (H1N1). In addition, the CESAR study
demonstrated a mortality or severe disability benefit of
being transferred to a specialized center offering ECMO
over conventional treatment in patients with severe acute
respiratory failure [12]. Some debate arose, however,
about a limited use of lung protective ventilation strat-
egy in the conventional treatment group in this study.
Pham et al. prospectively analyzed factors associated
with death and influence of ECMO on ICU mortality in a
large cohort of patients with severe influenza A(H1N1)-
related ARDS. After multiple adjustments, higher lactate
and plateau pressure under ECMO were significantly
associated with death, but not plateau pressure before
ECMO. No difference in mortality was found between
ECMO patients and matched non-ECMO patients [13].
Selecting a good candidate patient who may benefit from
ECMO is important. Schmidt et al. proposed the PRE-
SERVE mortality risk score by using 8 pre-ECMO
parameters and demonstrated that this scoring system
correlated with the probability of survival in severe
ARDS patients [14]. Recently, the RESP score was
developed using 12 pre-ECMO variables which associ-
ated with hospital survival on logistic regression using a
database of 2,355 severe ARF patients treated with
ECMO and having a 57 % survival rate [15].

Extracorporeal carbon dioxide removal (ECCO2R)
with low blood flow rates has been proposed to facilitate
the use of ultra protective ventilation strategy [tidal vol-
ume (VT) \ 4 mL/kg PBW] and reduce VILI. A
randomized trial assigned 79 ARDS patients to receive a
low VT ventilation (VT & 3 mL/kg PBW) combined with
arterio-venous ECCO2R or to the ARDSNet strategy. The
results found that very low VT was feasible to use with
ECCO2R. No difference in ventilator-free days existed

but a post hoc analysis suggested benefits in severely
hypoxemic patients (P/F ratio B150) [16]. Larger trials
are needed to determine the benefit of ECCO2R with ul-
traprotective ventilation.

Prevention of ARDS

Identifying patient at risk and implementing a preventive
strategy for ARDS may be considered in all mechanically
ventilated patients in the ICU. A recent population-based,
nested, matched case-control study demonstrated that
inadequate antimicrobial therapy, ventilation with injuri-
ous volume, hospital-acquired aspiration, and volume of
blood transfusion and fluid administration were associated
with the development of ARDS [17]. The use of lung
protective strategy might be of benefit in patients without
ARDS. A randomized study comparing VT 10 versus
6 ml/kg PBW was performed in mechanically ventilated
patients without ALI at onset. The trial was stopped early
because the occurrence of ALI was significantly higher in
the conventional VT as compared with lower VT (13.5 vs.
2.6 %, p = 0.01) [18]. A meta-analysis also found that a
lower VT (B6 ml/kg PBW) could be associated with
shorter duration of ventilation without affecting sedation
or analgesia needs [19].

Long-term outcome

There are few but important publications on long-term
outcomes in ARDS survivors. Survivors tend to return to
quasi normal pulmonary function at 1 year but continue
to have functional impairment and compromised health-
related quality of life for up to 5 years after discharge
from the ICU, particularly muscle wasting and weakness
[20]. Fan et al. conducted a 2-year prospective follow-up
study to evaluate the epidemiology of muscle weakness
in 222 survivors of ALI. The results demonstrated that
36 % of survivors had evidence of ICU-acquired muscle
weakness at hospital discharge. The proportion of
patients with weakness declined over time, and 9 % of
ALI survivors still had weakness at 24 months, associ-
ated with impaired physical activity and quality of life
that persisted at 24 months [21]. Thus, prevention of
muscle weakness and early rehabilitation may be useful
to reduce the long-term physical impairment in ARDS
survivors.
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