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METHODS 
ESICM convened an international panel of experts, with 
representation of ATS and SCCM 

The objectives were to update the ARDS definition using a 
systematic analysis of: 
   
 • current epidemiologic evidence 

 
• physiological concepts 
 

• results of clinical trials  
 





Outline of consensus process 

Stage 1: Consensus process - Draft Stage 2: Empirical evaluation  

 of draft definition 
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METHODS 

• feasibility 
 

• reliability 
 

• validity 
 

All modifications were based on the principle that syndrome 
definitions must fulfill three criteria:    
               
 

                Rubenfeld:2003
   

 



FEASIBILITY 

Definitions should rely on diagnostic tests that can routinely used 

by CLINICIANS to identify patients for appropriate treatments and 

by CLINICAL SCIENTISTS to facilitate clinical trial enrolment.  

                Rubenfeld:2003
   

 



RELIABILITY 

…identify the same patients…  

as measured by inter-observer agreement 

 

                    

   

 



VALIDITY 

• Sensitivity and specificity in reference to a gold standard; 

 

• However, ARDS as many syndromes in medicine does not 
have a gold standard as reference; 

 

• The validity of definitions may rely on indirect techniques like 
face, construct, predictive, and concurrent validity 

 

 



VALIDITY 

MEASURE 

EXPLANATION IN ARDS 

 

FACE VALIDITY 

Definition appears “on its face” to 

represent the 

disease 

Patients identified by the 

proposed definition “feel 

right” to clinicians  

 

CONTENT 

VALIDITY 

Definition contains all of the 

elements relevant to 

the disease 

Proposed diagnostic criteria 

contain all of the elements 

deemed essential to the 

diagnosis of ALI, usually as 

assessed by  experts.  

CRITERION 

VALIDITY 

Definition corresponds to a gold 

standard 

 diagnostic criteria for ALI 

correspond to a gold 

standard 

 

PREDICTIVE 

VALIDITY 

Definition is able to predict 

something it 

theoretically should be able to 

predict 

 Diagnostic criteria predict some 

outcome that is 

unique to ALI (e.g., mortality, or 

response to therapy) 

 

CONCURRENT 

VALIDITY 

Definition is able to distinguish 

between groups that 

it theoretically should be able to 

distinguish 

between 

Diagnostic criteria  distinguish 

ALI 

from other forms of acute 

hypoxemic respiratory failure 
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Formalization in a “conceptual model” of how clinicians 
recognize patients with the syndrome 

 

 Face validity 
 



defining criteria that predict outcome (e.g., 
mortality, or response to therapy) 

 Predictive validity: 
 



THE CONCEPTUAL MODEL OF ARDS 

1. ARDS is a type of acute diffuse lung injury associated with recognized risk 

factors, characterized by inflammation leading to increased pulmonary 

vascular permeability and loss of aerated lung tissue.   

2. The hallmarks of the clinical syndrome are hypoxaemia and bilateral 

radiographic opacities (standard chest x-ray or CT scan); 

3. Physiological derangements include increased pulmonary venous 

admixture, increased physiological dead-space, decreased respiratory 

system compliance; 

4. Morphological hallmarks are lung oedema, inflammation, hyaline 

membrane, and alveolar hemorrhage (i.e., diffuse alveolar damage) 

 

 

 



Outline of consensus process 

Stage 2: Empirical evaluation  

 of draft definition 



Cohort Assembly 
the panel identified studies that met the following eligibility criteria:  

 

• large, multicenter prospective cohorts, or randomized 

trials,  

 

• smaller, single-center prospective studies with unique 

radiological or physiological data that enrolled adult 

patients with ALI as defined by AECC;  

 



Variables 

• Hospital or 90-day mortality; 

 

• Ventilator- free days at 28 (composite measure of mortality and duration 

of mechanical ventilation); 

 

• Duration of mechanical ventilation in survivors (indirect marker of severity 

of lung injury); 

 

• Physiological data 

 



Analytic Framework 
• Determine the distribution of patient characteristics across the defined 

severity categories;  

 

• Evaluate the value of proposed ancillary variables in defining the severe 
ARDS subgroup in the draft definition; 

 

• Determine the predictive validity for mortality of the final Berlin Definition;  

 

• Compare the final Berlin Definition to the AECC definition; 

 

• In a post hoc analysis, thresholds that would identify a severe group of 
patients with ARDS who had more than 50% mortality and include more 
than 10% of the study population.  

 

 



ARDS 
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From: Acute Respiratory Distress Syndrome:  The Berlin Definition 

JAMA. 2012;307(23):2526-2533. doi:10.1001/jama.2012.5669 

The Berlin Definition of ARDS 

300 mmHg =  40  kPa 

200 mmHg =  26.7  kPa 

100 mmHg =  13.3  kPa 

 



From: Acute Respiratory Distress Syndrome:  The Berlin Definition 

JAMA. 2012;307(23):2526-2533. doi:10.1001/jama.2012.5669 

Predictive Validity of ARDS Definitions in the Clinical Database 

AUROC of 0.577 vs 0.536 ; P< .001), with the difference in AUROC of 0.041 (95% CI, 0.030- 0.050).  

 



From: Acute Respiratory Distress Syndrome:  The Berlin Definition 

JAMA. 2012;307(23):2526-2533. doi:10.1001/jama.2012.5669 

Predictive Validity of ARDS Definitions in the Physiologic Database 



From: Acute Respiratory Distress Syndrome:  The Berlin Definition 

JAMA. 2012;307(23):2526-2533. doi:10.1001/jama.2012.5669 

Additional Physiological variables 

• Static compliance (< 40 mL/cmH2O); 

• Plateau pressure; 

• FiO2 (> 0.7)  

• PEEP (> 10 cmH2O); 

• Corrected Minute ventilation [(VtxRR)xPaO2/40]; 

 



PaO2/FiO2 vs PEEP 

PaO2/FiO2 vs FiO2 



Requirement of FiO2 > 0.7 = shunt > 30-40% 



Consequences of increased dead space 

VE (L/Min) 

Taccone 

Papazian 

Taccone 

Meade Gattinoni 

Mercat 

Ferguson 

Normal 



N= 179 



From: Acute Respiratory Distress Syndrome:  The Berlin Definition 
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Exploration of Proposed Variables to Define Severe ARDS 



From: Acute Respiratory Distress Syndrome:  The Berlin Definition 

JAMA. 2012;307(23):2526-2533. doi:10.1001/jama.2012.5669 

Exploration of Proposed Variables to Define Severe ARDS 

In a post hoc analysis: 

 

 

•PaO2/FIO2 of ≤100 mm Hg (13.3 kPa) 

•Crs of ≤20 mL/cm H2O  

•VECORR ≥13 L/min 

 

 

 
 

15% of the entire ARDS population and had a mortality of 52%(vs 37%- p<0.001).   

 



From: Acute Respiratory Distress Syndrome:  The Berlin Definition 

JAMA. 2012;307(23):2526-2533. doi:10.1001/jama.2012.5669 
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Clinical and research Implications 



Conclusions 

• This updated and revised Berlin Definition for ARDS 
addresses a number of the limitations of the AECC 
definition.  

• Combining consensus discussions with empirical 
evaluation  

• Investigators may choose to design future trials using 
1 or more of the ARDS subgroups as a base study 
population  

 

 





From: Acute Respiratory Distress Syndrome:  The Berlin Definition 
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From: Acute Respiratory Distress Syndrome:  The Berlin Definition 

JAMA. 2012;307(23):2526-2533. doi:10.1001/jama.2012.5669 



1. Why (re)-define ARDS? 

2. The “BERLIN definition” of ARDS 

3. Validation and prognostic implications 



Why (Re)-define ARDS 

• Absence of a gold standard  

• Recognition depends upon a reliable definition 

• Essential for : 

– institution of a standardized ‘best-evidence’ treatment  

– identification of subgroups of patients who may benefit from 
specific adjunctive interventions;  

– prognostication and resource allocation 

– Research – (consistent patient phenotype into clinical trials)  

 



ARDS 
Morphologically: 
Diffuse Alveolar 

Damage 

Cardiogenic 
pulmonary 

oedema Pneumonia 

Atelectasis 

Fluid 
overload 

ARDS is an overlap Syndrome 



Pathophysiology of ARDS 

1. Oxygenation defect 

2. Poor CO2 elimination 

3. Reduced lung volumes and compliance 



American-European Consensus Conference (AECC) - 1994 
 

 
Timing 

 
Oxygenation 
(PaO2/FiO2) 

 
Chest  

Radiograph 

Pulmonary 
Artery Wedge 

pressure 

 
ALI 

 
Acute onset 

 
≤ 300 mmHg (40 kPa) 
(regardless of PEEP) 

 
Bilateral 

infiltrates 

≤18 mmHg/no 
evidence of left 

atrial hypertension 

 
 
ARDS 

 
 

Acute onset 

 
≤ 200 mmHg (26 kPa) 

regardless of PEEP 

 
Bilateral 

infiltrates 
 

≤ 18 mmHg or no 
evidence of left 

atrial hypertension 



From: Acute Respiratory Distress Syndrome:  The Berlin Definition 

JAMA. 2012;307(23):2526-2533. doi:10.1001/jama.2012.5669 



Criticisms of AECC: Hypoxaemia  
 

 
PaO2/FiO2 is not constant across a range of FiO2 and may vary in 
response to ventilator settings, particularly PEEP 
 
 
 
 
 

Gowda 1997, Ferguson 2004, Villar 1999, Villar 2007 

 



Factors that affect PaO2/FiO2 vs FiO2 

• Cardiac output 

• A-V O2 Difference 

• Distribution of blood flow to different V/Q regions 

– Low V/Q 

– Shunt 

• Oxygen consumption 

• Hb concentration 

 



Effect of Intrapulmonary Shunt (S) and artero-venous O2 
Difference (AVD) on PaO2/FiO2 





• 170 patients with ARDS by AECC criteria 

• 24 hrs of standardized ventilator settings (FiO2 0.5 and PEEP ≥ 10) 

ARDS (P/F < 200)      58 %  45% 

ALI      (P/F 201-300)  32%   20% 

ARF    (P/F > 300)        9%    6% 

Mortality 

AJRCCM 2007 



• 48 patients with ARDS diagnosis by AECC criteria with PEEP = 0 cm H2O 

• After 6 hrs of PEEP (mean 11.5 cm H2O) 52% had P/F > 200 mmHg 

• After 24 hrs of PEEP (mean 12.8 cm H2O) 62% had P/F > 200 mm Hg  

•Mortality 61% vs 53%   



PaO2/FiO2 vs PEEP 

PaO2/FiO2 vs FiO2 



AECC 
PaO2/FiO2 without PEEP or FiO2 criteria 

Heterogeneous patient population 

• Different lung injury severities  different mortality rates 

• Difficult to compare results of different studies 

• Potential to dilute effect of a new intervention 

• Potential to confound results of trials 

 



 

Inter-observer reliability is only moderate even when 
applied by experts 

 
 
 
Rubenfeld 1999, Meade 2000 

Criticisms of AECC: Chest X-ray 



Inter-observer variability in 
diagnosing ARDS was only 
moderate (Κ=0.55) 
 





 
Patients with ARDS may have an elevated 
PAWP(when measured); often because of 
transmitted airway pressures and/or vigorous 
fluid resuscitation 

Ferguson 2002, ARDSNet  2006  

Criticisms of AECC: Wedge Pressure 



Cardiac Failure ARDS 

ARDS and cardiac failure can co-exist 



 

[syndrome]… that cannot be explained by, but may co-
exist with, left atrial or pulmonary capillary hypertension. 

ICM 1994 



13.1% of patients are presenting to ICU with NYHA IV 



• 82% of pt had at least one PAOP 
measurement  > 18 mmHg 

• Mean maximum  reading was 
22.5 mmHg 

 



…therefore 

• Cardiac failure is relatively common in ICU 
patients 

• Cardiac failure and ARDS can co-exist 

• PAOP is nowadays rarely measured. 



 
When AECC criteria are compared with DAD:  
sensitivity is 84% specificity is 51% 
 
 
 

Esteban 2004, Ferguson:2005 

Criticisms of AECC: Sensitivity & Specificity 



AECC definition – Criterion validity 
What is the gold standard for ARDS? 
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Only 75% of AECC cases of ARDS 

show DAD 

Esteban, et al Ann Intern Med. 2004;141:440-445 
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