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‘Berlin’ ARDS definition - 2012

Mild Moderate Severe

Acute Onset Onset within 1 week of a known clinical insult or 
new/worsening respiratory symptoms

Low Oxygen 
(Hypoxia)

PaO2/FiO2 201-300 
with PEEP/CPAP ≥ 5

PaO2/FiO2 ≤200 with 
PEEP/CPAP ≥ 5

PaO2/FiO2 ≤ 100 with 
PEEP/CPAP ≥ 5

Lung Water Lung edema not fully explained by cardiac failure or fluid 
overload (Echo if no risk Factor)

Abnormal Chest X-
Ray

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



‘Hallmark’ of ARDS

Diffuse Alveolar Damage
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Biomarkers – what are they and how might 
they help?



Biomarkers– focusing on 

biology of ARDS

Lung Epithelial injury

Inflammatory Response

Lung Endothelial injury



• To enhance diagnostic precision of current clinical definition of ARDS

• To enhance recognition of ARDS

• To predict ARDS in at risk populations

• To yield insights into pathogenesis

• To enhance risk stratification

• To facilitate ‘splitting’ of ARDS into meaningful subtypes [endotypes] 
to reduce heterogeneity

• To predict response to therapy / Drug responsiveness

Potential of Biomarkers
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• Potential to implement evidence based strategies to prevent 
further injury to the Lung
– Protective Ventilation

– Fluid Restriction

– Neuromuscular Blockade

– Prone Positioning

• Evidence that these are under-utilized especially in patients in 
whom ARDS is not recognized.

Biomarkers to enhance ARDS 
Recognition



• ARDS definition:
• P/F ratio ≤300

• Bilateral opacities on CXR

• PEEP or CPAP≥ 5 cmH20

• Rule out cardiac origin

• Onset less than 1 week

LUNG SAFE 
ARDS Recognition

Extent of ARDS Recognition Mild Moderate Severe P value

Recognition at Day 1 (%) 177 (25%) 364 (33%) 234 (42%) <0.001

Recognition at any time (%) 366 (51%) 710 (65%) 434 (78%) <0.001

Unpublished Data



• Biomarkers could enhance prediction of ARDS development, allowing 
early targeted interventions

– Potential to prevent ARDS in ‘at risk’ patients. 

• Implementation of a ‘bundle’ of Strategies to prevent ARDS including:

– optimal mechanical ventilation

– aggressive resuscitation

– reduction in transfusion 

– prevention of common complications

• Reduced ARDS incidence in Olmsted County from 81 to 38.3 cases per 
100,000 person-years [Li et al, AJRCCM 2012]

– Decrease was driven by reduction in ‘hospital acquired’ ARDS

Predicting ARDS – why bother?



• Understanding key factors contributing to poor outcome in 
ARDS

• Focusing high cost and/or high complexity interventions to 
population with greatest mortality risk

• Target for future studies of interventions for ARDS

Prognosticating outcome in ARDS



What are the promising Biomarkers?



Candidate Biomarkers for ARDS

Lung Epithelium
- Surfactant protein B, D
- sRAGE (type 1 pneumocytes)
- KL-6

- CC-16; CCSP

Inflammatory Response
- TNFa; IL-8; IL-6, PAI-1, IL-18

Lung Endothelium
- vWF; Ang2
- P selectin; ICAM-1

Other
- Physiologic Data
- Gene Polymorphisms



• Easily, cheaply, quickly  and reliably measured…ideally near bedside

• Related to Pathogenesis – insights into injury/inflammatory process
– Related to phase of disease?

• Low or non-invasive test
– Exhaled condensate vs. plasma vs. BALF vs. Tissue sample

• High Sensitivity and Specificity

• Provides diagnostic and classification information

• Provides prognostic information

The ‘ideal’ Biomarker
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So why are we not using Biomarkers 
then…?



• Easily, cheaply, quickly  and reliably measured…ideally near bedside

• Related to Pathogenesis – insights into injury/inflammatory process
– Related to phase of disease?

• Low or non-invasive test
– Exhaled condensate vs. plasma vs. BALF vs. Tissue sample

• High Sensitivity and Specificity

• Provides diagnostic and classification information

• Provides prognostic information

No ‘ideal’ Biomarker



True Positive False Positive
(Statistical analysis)

a  = 0.05

False Negative
(Power analysis)

1 -  = 0.20

True Negative
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Negative
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Sensitivity and Specificity

• The performance of a laboratory test is commonly reported in 

terms of sensitivity and specificity defined as:

• Sensitivity =  True Positives              .          

All patients with Disease (TP + FN)

• Specificity =  True Negatives              .          

All patients without disease (TN+ FP)



N = 19N = 148

Option 1

Option 2



Interpreting a Test Result

• As a clinician examining a positive test, we are most interested in 
determining whether a patient actually has disease.

• Positive predictive value (PPV) provides this probability:

PPV =  True Positives              .
All Positives (TP+FP) 

• Negative predictive value (NPV) describes the probability of a patient 
testing negative for the disease truly who does not have the disease

NPV =  True Negatives              .

All Negatives (TN+ FN)



PPV and NPV for Serum Ang-2

• Option 1 – ‘Specific’ Option
PPV =  19  . = 0.50

38

NPV=   120  . = 0.93
129

• Option 2 – ‘Sensitive’ Option
PPV =  19  . = 0.20

95

NPV=   120  . = 0.95
126



What is the future for Biomarkers…?





Clinical Predictors
• APACHE III
• Organ failures
• Age
• Underlying cause
• A-a DO2
• Plateau pressures

Biomarkers
• APACHE III
• vWF antigen,
• Surfactant D
• sTNF receptor-1, 
• IL-6
• IL-8
• ICAM -1
• Protein C
• PAI-1

Reduced Model
• APACHE III
• Age
• Surfactant D
• IL-8



• Latent Class Modeling [searching for ‘endotypes’]

– Examining large datasets and fitting to data distribution model

– Determine whether data fit in 1 or multiple distributions and find least number of 
distributions that best explain the dataset

• Calfee C et al, Lancet Resp Medicine 2014

– Examined ARMA and ALVEOLI trials and found data fitted a 2 class model

– Class 1 vs Class 2 [hyperinflammatory]

– Class 2 different [ more IL-6, sTNFr-1, more vasopressor use, higher 
mortality] 

Identifying ARDS ‘Endotypes’







• Biomarkers offer the potential to enhance our capacity to
– Predict development ARDS
– Aid in making ARDS diagnosis
– Prognostication regarding outcome
– Response to therapy

• However, no single Biomarker likely to meet all needs

• Combining panels of Biomarkers with different sources shows promise
– Markers of endothelial and epithelial injury, and of inflammation

• Combining with Clinical data enhances predictive validity

• May eventually play a key role in ARDS phenotyping [ARDS ‘endotypes’]

• Likely to guide future clinical trials
– ‘personalized medicine’

Biomarkers…summary


