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Kigali modification, 20166

SpO2FiO2 < 315

Not required

New or worsening within
1 week

Not required in non–intubated patients; 
HFNO with a flow equal or higher than
30 L/min

Bilateral infiltrates involving
two or more quadrants on a 
frontal chest radiograph or
ultrasound

Left ventricular failure
insufficient to solely account
for clinical state

…

…

…

The Kigali modification
was not tested for specificity 
for diffuse alveolar damage.

Pulmonary edema is not exclusively or 
primarily attributable to cardiogenic 
pulmonary edema/fluid overload, and 
hypoxemia/gas exchange abnormalities are 
not primarily attributable to atelectasis. 

New or worsening within 1 week, or new 
or worsening respiratory symptoms

Bilateral opacities on chest radiograph or 
computed tomography, or bilateral B 
lines and/or consolidations by ultrasound

Mild: PaO2/FiO2 200-300 or SpO2/FiO2

235-315
Moderate: PaO2/FiO2 100-200 or SpO2/FiO2

148-235
Severe: PaO2/FiO2 < 100 or SpO2/FiO2 < 148

Neither PEEP or a minimum flow
rate of oxygen are required for diagnosis 
in resource variable settings.

…

PaO2/FiO2 < 300 or SpO2/FiO2 < 315 (not 
valid if SpO2 > 97%)

…

New Global Definition of ARDS, 20237
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No PEEP requirement



Kigali modification, 20166

SpO2FiO2 < 315

Not required

New or worsening within
1 week

Minimum of 5 PEEP required in patients
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Left ventricular failure
insufficient to solely account
for clinical state

…

…

…
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Rethinking ARDS – if a ‘Better’ Definition Is 
the Answer, What Is the Question?

• reliability

• feasibility

• validity
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Reliability – Are We
Looking at the Same? 

• PaO2/FiO2

• PEEP, VT

• CXR and LUS
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Feasibility – Availability, 
Complexity, Time and Costs 

• SpO2 vs PaO2 for SpO2/FiO2 vs PaO2/FiO2

• CXR vs LUS
• plasma biomarkers
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Validity – a Test is Valid if it 
Measures what it Says it Measures

• face and predictive 
validity

• content validity
• criterion validity
• construct validity
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• sensibility
• accuracy
• suitability
• consistency



Reclassification after 24 Hours 
Improves Prognostication
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What Changes?

• HFNO patients can meet the definition of ARDS
• an arterial blood draw may no longer be needed, and 

LUS may replace CXR in some patients
• highly uncertain what it means for resource–limited 

settings 
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Table: Areas for future prospective research

Research Question

Conduct large multicenter studies (similar to LUNG-SAFE) to determine how often patients treated with HFNO or 
NIV advance to requiring intubation and mechanical ventilation, including outcomes such as mortality for patients in 
each of these categories

Assess the prognostic value and clinical implications of unilateral vs. bilateral opacities on the chest radiograph

Identify the limitations to operationalization of new ARDS definition, e.g. how often pulse oximetry was not accurate 
for quantifying hypoxemia because of shock or skin pigmentation

Carry out research, e.g. in resource limited areas, determine the incidence of ARDS diagnosis in the absence of any 
oxygen therapy (room air) compared to subjects treated with supplemental oxygen and the associated outcomes, 
specifically mortality

Evaluate prognostic and clinical utility, e.g. do the oxygenation severity categories have prognostic value in non-
intubated patients

Evaluate the specificity of lung ultrasound diagnosis of ARDS among different operators in diverse clinical settings 
using different acquisition/interpretation protocols

Determine the relationship of biological categories of ARDS, such as hyper- and hypoinflammatory sub-phenotypes, 
in the New Global Definition of ARDS and assess these biological categories in the context of sepsis and pneumonia

Prospectively evaluate this New Global Definition of ARDS based on large clinical trials and observational studies 
around the world, including evaluation of how the new definition affects estimates of ARDS incidence

Evaluate the long-term outcomes of patients diagnosed with ARDS using the New Global Definition of ARDS in 
prospective epidemiological studies

Answers, patient groups
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Answers, patient groups

Predictive value in COVID–19 patients receiving 
HFNO: worse

Table: Areas for future prospective research



QUESTION Does a broadened Berlin definition of ARDS, in which ARDS can be diagnosed in patients who are not receiving ventilation, results 
in similar groups of patients receiving HFNO as in patients receiving ventilation?

CONCLUSION Using a broadened definition of ARDS may facilitate an earlier diagnosis of ARDS in patients receiving HFNO; however, ARDS 
patients receiving HFNO and ARDS patients receiving ventilation have distinct baseline characteristics and mortality rates.

344 Women    384 Men

16 ICUs
in The Netherlands

PRoAcT–COVID study investigators. Broadening the Berlin definition of ARDS to patients receiving high-flow nasal oxygen: an observational study 
in patients with acute hypoxemic respiratory failure due to COVID–19. [AoIC 2023; 13:64; doi:10.1186/s13613-023-01161-6]

Mean Age: 66 years 

COVID–19 patients with ARDS, 
including patients receiving 
HFNO (flow > 30 L/min)

OUTCOMES

105 out of 229 (45.8%) HFNO patients needed IMV < 7 days

ICU mortality (primary), hospital; 28 
and 90–day mortality; need for 
ventilation within 7 days HFNO in 
patients

229 patients
HFNO

499 patients 
IMV

728 patients with ARDS 
according to new definition

POPULATION

LOCATION

GROUPS

OUTCOMES



POPULATION
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QUESTION Does a broadened Berlin definition of ARDS, in which ARDS can be diagnosed in patients who are not receiving ventilation, results 
in similar groups of patients receiving HFNO as in patients receiving ventilation?

CONCLUSION Using a broadened definition of ARDS may facilitate an earlier diagnosis of ARDS in patients receiving HFNO; however, ARDS 
patients receiving HFNO and ARDS patients receiving ventilation have distinct baseline characteristics and mortality rates.

344 Women    384 Men

16 ICUs
in The Netherlands

van Meenen for the PRoAcT–COVID study investigators. Posthoc analysis of Broadening the Berlin definition of ARDS to patients receiving 
high-flow nasal oxygen: an observational study in patients with acute hypoxemic respiratory failure due to COVID–19. [in progress]

Mean Age: 66 years 

COVID–19 patients with ARDS, 
including patients receiving 
HFNO (flow > 30 L/min)

PROGNOSTICATION



Research Question
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Subphenotypes
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POPULATION

LOCATION

VENTILATION STRATEGIES

OUTCOME OF THE BAYESIAN ANALYSIS

FINDINGS

QUESTION Is there heterogeneity in treatment effects in patients enrolled in the ART, using a machine learning approach? 

CONCLUSION Recruitment maneuvers and titrated PEEP may be harmful in ARDS patients with pneumonia or requiring vasopressor support. 
Driving pressure appears to modulate the association between the ART study intervention, etiology of ARDS, and mortality.

379 Women    631 Men

120 ICUs
from 9 countries

Zampieri F for the ART Investigators. Heterogeneous effects of alveolar recruitment in acute respiratory distress syndrome: a machine learning 
reanalysis of the Alveolar Recruitment for Acute Respiratory Distress Syndrome Trial [BJA 2019; 123:88; 10.1016/j.bja.2019.02.026]

Mean Age: 51 years 

consecutive patients with 
moderate to severe ARDS

28–day mortality

1010 patients with moderate 
or severe ARDS

501 patients
titrated (high) PEEP

[>15 cm H2O] with RM

509 patients
standard (low) PEEP

[< 12 cm H2O] without RM



Conclusions

• more ‘inclusive’ (feasibility)
• may not change the other ‘challenges’ (reliability, 

validity)
• allows for an ARDS diagnosis in patients receiving 

HFNO
• lot remains uncertain
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