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Slicing and dicing ARDS: we almost forgot
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Introduction
The acute respiratory distress syndrome (ARDS) is a
critical illness characterized by severe lung inflammation and pulmonary oedema caused by increased alveolar permeability. Considerable etiological, physiological
and biological heterogeneity is apparent in patients with
ARDS, which has likely hampered clinical trials to show
benefit of treatment strategies [1]. The promise of precision medicine is that outcomes can be improved through
the identification of homogeneous groups (the so-called
ARDS phenotypes) that do benefit from a specific treatment [2].
Calfee et al. [3] proposed ARDS phenotypes based on
latent class analysis (LCA) of a combination of plasma
biomarkers and clinical characteristics and found that
mortality was higher in the ‘hyper-inflammatory’ than in
the ‘hypo-inflammatory’ phenotype (prognostic enrichment). Importantly, systemic inflammatory phenotypes
showed differential responses to positive end-expiratory
pressure (PEEP) strategy, fluid strategy and administration of simvastatin. These hallmark studies have shown
that ARDS can be repeatedly and reliably sliced into
more homogenous portions. The main limitation of this
approach is that plasma biomarkers do not necessarily
reflect pulmonary disease in critically ill patients with
multiple organ failure and indeed these phenotypes could
also be recognized in patients without ARDS [4].
Distinct lung morphological patterns, namely focal,
diffuse and patchy (the last two together are also called
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non-focal), have been identified in the early 2000s
through physician-driven pattern recognition [5]. In the
LIVE trial, patients were randomized to standard of care
or personalized mechanical ventilation. Patients in the
intervention arm were treated with prone positioning in
case of a focal lung morphology and with recruitment
manoeuvres in case of a non-focal lung morphology [6].
This study failed to show benefit of personalized ventilation in the intention-to-treat analysis, as it was hampered
by a large proportion of misclassifications. Correctly classified patients did seem to benefit from the personalized
intervention, while misclassified patients had a high mortality rate. Misclassifications are driven by the lack of an
algorithmic approach to morphology assessment.
Recently in this journal, Wendel Garcia et al. [7] proposed new phenotypes for ARDS based on respiratory
mechanics, gas-exchange and computed tomography
(CT)-derived measurements of lung tissue. They piled
data from 238 patients originating from multiple studies where CT-scans, respiratory mechanics and blood
gas analyses were systematically collected. LCA based
on data collected at PEEP 5 c mH2O revealed two distinct phenotypes. About half the patients showed larger
amount of dead space, more non-inflated lung tissue
and lower P
 aO2/FiO2 ratio. This group was termed the
‘recruitable’ phenotype because after recruitment and
increase of PEEP to 15 cmH2O they showed improved
gas-exchange and lung aeration (predictive enrichment).
The other patients had a larger proportion of well-aerated lung tissue, a higher PaO2/FiO2 ratio and less dead
space were classified as the ‘non-recruitable’ phenotype
as they did not show gas-exchange or re-aeration benefit
from the recruitment manoeuvre. The authors found that

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Smit and Bos Crit Care

(2021) 25:180

Page 2 of 3

Fig. 1 These proposed methods could potentially facilitate bedside phenotyping of patients with ARDS and are widely available across ICU’s.
Phenotyping of ARDS patients should ideally be performed within 24 h after diagnosis, whereafter ventilator management of the patient can be
modified based on the classified phenotype

ICU mortality was higher in the ‘recruitable’ phenotype
compared to the ‘non-recruitable’ phenotype.
The evident novelty of the study is the use of LCA to
quantify differences between phenotypes that are traditionally in the eye of the beholder. The analysis confirms
our clinical suspicion that there are distinct subgroups of
ARDS patients and that some might benefit from recruitment while others will not. Yet, the relative difficulty of
using CT analysis to phenotype these patients is evident
given the need for 16 years of recruitment to include 238
patients with ARDS. Furthermore, these CT’s need to be
segmented, which requires timely, manual labour and
patients need to be transported to the radiology department at 5 cmH2O PEEP with a severity of hypoxemia that
would not be acceptable for transport for many physicians. Indeed, this limitation was reflected in the LIVE
trial where chest CT-scans at PEEP 5 c mH2O were commonly not feasible because of the risk of transportation
[6].
Phenotype approaches for ARDS patients should be
designed in a way that they can be implemented in ICU
of all sorts and sizes [8]. And while the P
 aO2/FiO2 ratio
as an indirect measure of shunt is widely available across
ICU’s, CT-scans or volumetric capnography are not.
Lung ultrasound (LUS) could play an important role in

ARDS phenotypes that involve imaging parameters. LUS
knows many advantages as it is fast to perform, radiation
free and thus can be repeated as often as needed. Moreover, LUS avoids the need for risky transportation to the
radiology department and is available in nearly every
hospital [9]. Recently, a study performed by Costamagna
et al. [10] showed that LUS aeration scores from the easy
accessible anterior regions of a 12-region exam could
accurately classify lung morphology in ARDS patients.
Although this study was hampered by the single-centre
setting and the very low number of patients with focal
ARDS, it clearly shows the potential for LUS in assessment of lung morphology. Importantly, previous studies
showed that the amount of non-aerated and well-aerated
lung tissue, which was the most important CT-derived
parameter separating the phenotypes, can be accurately
estimated with LUS [11]. Combining LUS with indirect
measurements of shunt and dead space may further
improve clinical applicability and large-scale validation
of the pulmonary phenotyping (Fig. 1). For example, the
ventilatory ratio might be a good surrogate for alveolar
dead space and can be calculated at the bedside without
the scarcely available volumetric capnography [12].
In conclusion, the heterogeneous syndrome of ARDS
was sliced into phenotypes by markers of systemic
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inflammation and is now further diced by a combination
of parameters of gas-exchange abnormality and CT-estimated lung weight. Just like we can’t expect every family to slice and dice like a top chef and serve a Michelin
star dinner, the evident clinical challenge lies in making
cuts of ARDS heterogeneity widely available. The way
forward is widespread collaboration between researchers
and clinicians, using commonly available bedside measurements in large patient populations to further evaluate the clinical applicability of the proposed phenotyping
schemes.
Acknowledgements
Not applicable.
Authors’ contributions
MRS and LDJB wrote the editorial and both authors read and approved the
final manuscript.
Funding
Not applicable.
Availability of data and materials
Not applicable.

Declarations
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
Lieuwe D.J. Bos reports grants from the Dutch lung foundation (Young investigator grant), grants from the Dutch lung foundation (Public–Private Partnership grant), grants from the Dutch lung foundation (Dirkje Postma Award),
grants from IMI and from Amsterdam UMC, outside the submitted work.
Author details
1
Department of Intensive Care, Amsterdam UMC, location AMC, University
of Amsterdam, Meibergdreef 9, 1105 AZ Amsterdam, The Netherlands. 2 Laboratory of Experimental Intensive Care and Anesthesiology, Amsterdam UMC,
location AMC, University of Amsterdam, Meibergdreef 9, 1105 AZ Amsterdam,
The Netherlands. 3 Department of Respiratory Medicine, Amsterdam UMC,
location AMC, University of Amsterdam, Meibergdreef 9, 1105 AZ Amsterdam,
The Netherlands.

Page 3 of 3

References
1. Bellani G, Laffey JG, Pham T, Fan E, Brochard L, Esteban A, et al. Epidemiology, patterns of care, and mortality for patients with acute respiratory distress syndrome in intensive care units in 50 countries. JAMA.
2016;315:788.
2. Bos LDJ, Artigas A, Constantin J-M, Hagens LA, Heijnen N, Laffey JG, et al.
Precision medicine in acute respiratory distress syndrome: workshop
report and recommendations for future research. Eur Respir Rev.
2021;30:200317.
3. Calfee CS, Delucchi K, Parsons PE, Thompson BT, Ware LB, Matthay MA.
Subphenotypes in acute respiratory distress syndrome: latent class analysis of data from two randomised controlled trials. Lancet Respir Med.
2014;2:611–20.
4. Heijnen NFL, Hagens LA, Smit MR, Cremer OL, Ong DSY, van der Poll T,
et al. Biological subphenotypes of ARDS show prognostic enrichment
in mechanically ventilated patients without ARDS. Am J Respir Crit Care
Med. 2021. https://doi.org/10.1164/rccm.202006-2522OC.
5. Constantin JM, Grasso S, Chanques G, Aufort S, Futier E, Sebbane M, et al.
Lung morphology predicts response to recruitment maneuver in patients
with acute respiratory distress syndrome. Crit Care Med. 2010;38:1108–17.
6. Constantin J-M, Jabaudon M, Lefrant J-Y, Jaber S, Quenot J-P, Langeron O,
et al. Personalised mechanical ventilation tailored to lung morphology
versus low positive end-expiratory pressure for patients with acute respiratory distress syndrome in France (the LIVE study): a multicentre, singleblind, randomised controlled trial. Lancet Respir Med. 2019;7:870–80.
7. Wendel Garcia PD, Caccioppola A, Coppola S, Pozzi T, Ciabattoni A, Cenci
S, et al. Latent class analysis to predict intensive care outcomes in Acute
Respiratory Distress Syndrome: a proposal of two pulmonary phenotypes. Crit Care. 2021;25:154.
8. DeMerle K, Angus DC, Seymour CW. Precision medicine for COVID-19:
phenotype anarchy or promise realized? JAMA. 2021;325(20):2041–2.
9. Mojoli F, Bouhemad B, Mongodi S, Lichtenstein D. Lung ultrasound for
critically Ill patients. Am J Respir Crit Care Med. 2019;199:701–14.
10. Costamagna A, Pivetta E, Goffi A, Steinberg I, Arina P, Mazzeo AT, et al.
Clinical performance of lung ultrasound in predicting ARDS morphology.
Ann Intensive Care. 2021;11:51.
11. Chiumello D, Mongodi S, Algieri I, Vergani GL, Orlando A, Via G, et al.
Assessment of lung aeration and recruitment by CT scan and ultrasound in acute respiratory distress syndrome patients. Crit Care Med.
2018;46:1761–8.
12. Sinha P, Calfee CS, Beitler JR, Soni N, Ho K, Matthay MA, et al. Physiologic
analysis and clinical performance of the ventilatory ratio in acute respiratory distress syndrome. Am J Respir Crit Care Med. 2019;199:333–41.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Received: 17 May 2021 Accepted: 19 May 2021

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

