
UCSF
UC San Francisco Previously Published Works

Title
The Berlin definition of acute respiratory distress syndrome: should patients receiving high-
flow nasal oxygen be included?

Permalink
https://escholarship.org/uc/item/20v0z2w9

Journal
The Lancet. Respiratory medicine, 9(8)

ISSN
2213-2600

Authors
Matthay, Michael A
Thompson, B Taylor
Ware, Lorraine B

Publication Date
2021-08-01

DOI
10.1016/s2213-2600(21)00105-3
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/20v0z2w9
https://escholarship.org
http://www.cdlib.org/


 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



www.thelancet.com/respiratory   Published online April 26, 2021   https://doi.org/10.1016/S2213-2600(21)00105-3 1

Viewpoint

Lancet Respir Med 2021

Published Online 
April 26, 2021 
https://doi.org/10.1016/
S2213-2600(21)00105-3

Departments of Medicine and 
Anesthesia, Cardiovascular 
Research Institute, University of 
California, San Francisco, CA, 
USA (Prof M A Matthay MD); 
Division of Pulmonary and 
Critical Care Medicine, 
Massachusetts General 
Hospital, Harvard Medical 
School, Boston, MA, USA 
(Prof B T Thompson MD); and 
Division of Allergy, Pulmonary, 
and Critical Care Medicine, 
Department of Medicine, 
Vanderbilt University School 
of Medicine, Nashville, TN, 
USA (Prof L B Ware MD)

The Berlin definition of acute respiratory distress syndrome: 
should patients receiving high-flow nasal oxygen be 
included?
Michael A Matthay, B Taylor Thompson, Lorraine B Ware

The 2012 Berlin definition of acute respiratory distress syndrome (ARDS) provided validated support for three levels of 
initial arterial hypoxaemia that correlated with mortality in patients receiving ventilatory support. Since 2015, high-flow 
nasal oxygen (HFNO) has become widely used as an effective therapeutic support for acute respiratory failure, most 
recently in patients with severe COVID-19. We propose that the Berlin definition of ARDS be broadened to include 
patients treated with HFNO of at least 30 L/min who fulfil the other criteria for the Berlin definition of ARDS. An 
expanded definition would make the diagnosis of ARDS more widely applicable, allowing patients at an earlier stage of 
the syndrome to be recognised, independent of the need for endotracheal intubation or positive-pressure ventilation, 
with benefits for the testing of early interventions and the study of factors associated with the course of ARDS. We 
identify key questions that could be addressed in refining an expanded definition of ARDS, the implementation of 
which could lead to improvements in clinical practice and clinical outcomes for patients.

Introduction 
Definitions of clinical syndromes are not immutable 
and should be updated as needed to match the needs of 
patients, clinicians, and investigators. The definition of 
acute respiratory distress syndrome (ARDS) has been 
revised several times since its original description 
in 1967.1,2 In 1988, Murray and colleagues3 proposed an 
expanded definition of ARDS that specified a four-point 
lung injury score (ranging from 0 to 4) that included the 
degree of hypoxaemia, static respiratory compliance, the 
level of positive end-expiratory pressure (PEEP), and the 
extent of radiographic pulmonary infiltrates. In 1994, the 
American–European Consensus Conference provided a 
revised definition of ARDS that designated patients 
with a ratio of partial pressure of arterial oxygen to 
fraction of inspired oxygen (PaO2/FiO2) of 300 mm Hg 
or less as having acute lung injury, and reserved the 
term ARDS for patients with more severe hypoxaemia 
(PaO2/FiO2 ≤200 mm Hg).4 In 2012, the Berlin 
definition of ARDS recommended that the term be 
expanded to include patients with an initial PaO2/FiO2 
of 201–300 mm Hg who were receiving invasive or 
non-invasive ventilation with a tight-fitting mask and 
PEEP or continuous positive airway pressure (CPAP) of 
at least 5 cm H2O; this group was designated as having 
mild ARDS. PaO2/FiO2 of 101–200 mm Hg defined 
moderate ARDS and PaO2/FiO2 of 100 mm Hg or less 
was termed severe ARDS.5 This recommendation was 
validated in a patient-level meta-analysis of 4188 patients, 
in which mortality was 27%, 35%, and 45% in the mild, 
moderate, and severe PaO2/FiO2 groups,5 and has since 
been prospectively confirmed.6 The Berlin definition 
also specified the following criteria: first, that respiratory 
failure should have developed within 1 week of a known 
clinical insult; second, that respiratory failure should 
not be fully explained by cardiac failure, with the 
recommendation for additional testing such as 
echocardiography to exclude hydrostatic oedema, if 

needed; and third, that chest imaging should include 
bilateral opacities not fully explained by effusions, 
atelectasis, or nodules. In 2016, Riviello and colleagues7 
proposed the Kigali modification of the Berlin definition, 
to respond to patient needs in resource-limited settings. 
This modification specified that bilateral opacities could 
be documented by either ultrasonography or chest 
radiograph, and that oxygenation criteria could be met 
with a pulse oximetric oxygen saturation (SpO2)/FiO2 
ratio of less than or equal to 315 without the requirement 
for PEEP.

Key messages

• Definitions of ARDS have evolved since the first description of the syndrome in 1967: 
key advances include the 1988 proposal of an acute lung injury score, which provided 
a semi-quantitative scoring of lung injury that was useful for clinical research; and the 
1994 American–European Consensus Conference definition of ARDS, which was used 
in several successful clinical trials, including those of lung-protective ventilation, 
prone positioning, and a fluid-conservative management strategy

• The 2012 Berlin definition of ARDS simplified the terminology, clarified several criteria, 
and provided validated support for three strata of initial arterial hypoxaemia 
(PaO2/FiO2 categories of ≤100, 101–200, and 201–300 mm Hg), which correlated with 
mortality (45%, 35%, and 27%, respectively)

• Since 2015, HFNO has become widely used as an effective therapeutic support for 
acute respiratory failure, most recently in patients with severe COVID-19

• We propose that the Berlin definition of ARDS be broadened to include patients 
treated with HFNO of at least 30 L/min who fulfil the other criteria for the Berlin 
definition of ARDS

• This broadened definition would make the diagnosis of ARDS more widely applicable, 
focusing on patients with sufficient clinical lung injury to require high levels of oxygen 
support, independent of the need for endotracheal intubation or positive-pressure 
ventilation

• An expanded definition of ARDS, including HFNO, would be valuable in addressing the 
needs of patients in clinical practice and through clinical research, including clinical trials

ARDS=acute respiratory distress syndrome. HFNO=high-flow nasal oxygen. PaO2/FiO2=ratio of partial pressure of arterial 
oxygen to fraction of inspired oxygen.
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Patients receiving HFNO 
Now, in 2021, we propose a further modification to the 
clinical definition of ARDS to include patients treated 
with high-flow nasal oxygen (HFNO) who otherwise 
meet the Berlin criteria for ARDS. Since the landmark 
study by Frat and colleagues,8 HFNO has become widely 
used in critically ill patients to provide support for 
hypoxaemic respiratory failure that was not previously 
feasible with supplemental oxygen supplied by face mask 
or standard nasal cannula. HFNO provides heated and 
humidified oxygen that can be delivered at high flow 
rates, ranging from 10 to 60 L/min, thus increasing FiO2 
to levels in the range of 80–90% (figure). In addition, in 
most patients, HFNO provides a modest flow-dependent 
level of end-expiratory airway pressure (2–5 cm H2O) that 
inflates atelectatic distal airspaces similar to low levels of 
PEEP in mechanically ventilated patients.9,10 HFNO also 
increases carbon dioxide excretion and diminishes 
work of breathing.8,11–14 During the COVID-19 pandemic, 
HFNO has been widely used to support patients with 
bilateral pulmonary infiltrates and hypoxaemia due to 
SARS-CoV-2 pneumonia,15–17 including those managed 
in resource-limited settings18 and patients with severe 
COVID-19-associated ARDS managed in the prone 
position,19 who typically meet all other Berlin diagnostic 
criteria for ARDS other than the requirement for invasive 
or non-invasive mechanical ventilation.

Several studies have reported that non-ventilated 
patients who otherwise meet the diagnostic criteria for 
ARDS have characteristics and outcomes similar to those 
of patients with ARDS. For example, Kangelaris and 

colleagues20 reported that non-ventilated patients who 
otherwise met the criteria for ARDS had the same 60-day 
mortality outcomes as ventilated patients with ARDS. 
Another study found that patients with hypoxaemia and 
bilateral infiltrates who were treated with HFNO had 
patterns of elevated plasma biomarkers of inflammation 
and injury similar to those of patients with ARDS who 
were mechanically ventilated.21 Additionally, Coudroy 
and colleagues22 reported that almost all patients with 
bilateral pulmonary infiltrates and a PaO2/FiO2 of 
300 mm Hg or less under standard oxygen support 
fulfilled ARDS criteria by oxygenation and chest 
radiographic criteria without meeting the Berlin criteria 
for positive-pressure ventilation. These studies and 
others suggest that the severity of hypoxaemia is more 
important than the method used for oxygen delivery, 
supporting the concept that the diagnosis of ARDS 
should not depend on the presence of an endotracheal 
tube or positive-pressure ventilation in adults23–26 or in 
children.27

An expanded definition of ARDS 
We propose that the use of HFNO at a rate of at least 
30 L/min be added as an additional criterion for the 
diagnosis of ARDS. There are other modifications that 
could be considered (panel). Given the more indolent 
progression of hypoxaemia and respiratory failure in 
COVID-19 compared with other causes of ARDS,17 a 
revised definition of ARDS could also consider a latency 
longer than 7 days from identification of the ARDS risk 
factor, as specified by the Berlin definition, perhaps up to 
14 days. Oxygenation and radiographic criteria for the 
diagnosis of ARDS would be the same as in the Berlin 

Figure: Proposed expansion of the Berlin definition of ARDS
ARDS=acute respiratory distress syndrome. HFNO=high-flow nasal oxygen. 
PaO2/FiO2=ratio of partial pressure of arterial oxygen to fraction of inspired 
oxygen.

20

60
40

37·0°

Nasal interface

Humidifier

Gas source

High-flow 
flowmeter

and 
air–oxygen 

blender

O2Air

FiO2

Proposed expansion of the Berlin 
definition of ARDS
• Patients treated with HFNO of at 
   least 30 L/min
• Bilateral infiltrates documented by 
   chest radiograph or CT scan
• PaO2/FiO2 ratio less than 
   300 mm Hg

Panel: Questions to address in considering an expanded 
definition of ARDS

The proposal to include patients receiving HFNO in an 
expanded definition of ARDS could be evaluated in several 
forums. Areas of uncertainty and other potential 
modifications to the Berlin definition are listed below. These 
questions could be addressed in randomised controlled trials 
or observational studies that include patients recruited at an 
early stage of respiratory failure.

• Is an HFNO cutoff of 30 L/min optimal?
• Should the latency period for the inciting clinical disorder 

be increased to 14 days rather than 7 days, a point that is 
especially relevant to viral pneumonia and COVID-19?

• Should the use of a SpO2/FiO2 ratio of less than or equal to 
315 be formally integrated as an oxygenation criterion?

• Should the radiographic criteria be modified to include 
two quadrants, independent of whether the infiltrates are 
bilateral or unilateral?

ARDS=acute respiratory distress syndrome. HFNO=high-flow nasal oxygen. 
SpO2/FiO2=ratio of pulse oximetric oxygen saturation to fraction of inspired oxygen.
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definition, although the addition of SpO2/FiO2 of less 
than or equal to 315 should be considered, as in the Kigali 
modification,7 given its increasing use both clinically and 
in research settings since it was originally validated.28 
Would it be reasonable to consider a wider range of 
patients who have severe hypoxaemia on high FiO2 
delivered with lower flow rates, as suggested decades ago, 
before the HFNO era?29 Should the radiographic criteria 
for bilateral opacities be reconsidered? One recent study 
indicated that mechanically ventilated patients from the 
LUNG SAFE study had the same mortality with opacities 
in two quadrants, independent of whether the infiltrates 
were bilateral or unilateral.30

What would be the advantages of adding HFNO of at 
least 30 L/min to the definition of ARDS? First, the 
addition would explicitly recognise that many HFNO-
supported patients have acute respiratory failure and acute 
lung injury from a non-cardiogenic cause of pulmonary 
oedema, regardless of the presence of an endotracheal 
tube. Second, it would emphasise that these patients are 
excellent candidates for the testing of treatments for 
acute lung injury and ARDS in an earlier phase of 
respiratory failure, allowing treatment to begin before 
the patient is intubated and mechanically ventilated. This 
approach is being taken in the US I-SPY COVID trial 
(NCT04488081)31—a national, randomised, platform trial 
that is testing several pharmacological agents for 
COVID-19-associated ARDS in patients who meet the 
Berlin definition either with mechanical ventilation or 
with HFNO support—and with other trials that are being 
designed as part of ACTIV-3 (NCT04501978) in the US 
National Institutes of Health Operation Warp Speed.32,33 
Third, because HFNO provides end-expiratory support of 
2–5 cm H2O, our proposal would be concordant, to an 
extent, with the current criterion in the Berlin definition 
that requires at least 5 cm H2O PEEP or CPAP. Fourth, 
from an epidemiological perspective, the inclusion of 
these patients would more compre hensively identify those 
with ARDS at an earlier stage of the syndrome, and would 
include more patients in resource-limited settings, as was 
recommended with the Kigali modification of the Berlin 
definition of ARDS.7 Fifth, the addition of HFNO would 
make the definition of ARDS more widely applicable by 
focusing on all patients who have sufficient clinical lung 
injury to require high levels of oxygen support. Sixth, 
although the optimum use of HFNO and the optimum 
timing of intubation for ARDS remain unclear, randomised 
trials with a broader definition of ARDS would help to 
determine whether the use of HFNO reduces the use of 
invasive mechanical ventilation.15 Finally, other 
investigators have already concluded that ARDS is present 
in many patients being treated with HFNO, suggesting 
that this modification is already overdue.21,24,25

Challenges and opportunities 
Are there disadvantages to expanding the Berlin 
definition of ARDS to include HFNO? Conceivably, 

some patients might be included who would not meet 
the criterion of a PaO2/FiO2 ratio of less than 300 mm Hg, 
since FiO2 can only be estimated with HFNO. However, 
this would be unlikely if a simple bedside estimate 
of FiO2 were included along with a measure of 
either PaO2, as was done in the trial of Frat and 
colleagues,8 or SpO2.28

Expanding the definition to include HFNO should not 
obscure the need to rule out left heart failure or a primary 
pulmonary process such as an autoimmune disease or 
acute eosinophilic pneumonia.34 The need to make these 
diagnostic distinctions would be the same whether the 
patient was being mechanically ventilated or being 
treated with HFNO. Also, some patients treated with 
HFNO might have declined intubation and mechanical 
ventilation or have a do-not-resuscitate restriction. 
However, such patients might have ARDS and their 
personal preference for limits on further respiratory 
support, such as intubation, should not impede an 
appropriate diagnosis.

Steps need to be taken to evaluate our proposal, to review 
it critically, and potentially to implement it in clinical 
research and clinical practice. We recognise the need for 
empirical validation of the optimum cutoff for HFNO flow 
rates. We have proposed 30 L/min partly because most of 
the beneficial effects of HFNO—including favourable 
effects on oxygenation, lung mechanics, end-expiratory 
lung volume, and respiratory drive—are achieved with 
flow of at least 30 L/min.12,14 This and other uncertainties 
could be considered in several forums—including 
regional, national, or international conferences, or journals 
devoted at least in part to critical care medicine—and 
possibly at a consensus conference to address the scope 
and the specifics of an expanded definition of ARDS.

In conclusion, we recommend that the Berlin definition 
of ARDS be modified to include patients treated with 
HFNO of at least 30 L/min and propose that this would 
be an advance for patients with lung injury who require 
high levels of oxygen support, and for the clinicians and 
investigators caring for them. We welcome responses 
from the global community of investigators and 
clinicians caring for critically ill patients.
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