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Biomarkers for the acute respiratory distress syndrome: how to 
make the diagnosis more precise
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Abstract: The acute respiratory distress syndrome (ARDS) is an acute inflammatory process of the lung 
caused by a direct or indirect insult to the alveolar-capillary membrane. Currently, ARDS is diagnosed 
based on a combination of clinical and physiological variables. The lack of a specific biomarker for ARDS is 
arguably one of the most important obstacles to progress in developing novel treatments for ARDS. In this 
article, we will review the current understanding of some appealing biomarkers that have been measured 
in human blood, bronchoalveolar lavage fluid (BALF) or exhaled gas that could be used for identifying 
patients with ARDS, for enrolling ARDS patients into clinical trials, or for better monitoring of patient’s 
management. After a literature search, we identified several biomarkers that are associated with the highest 
sensitivity and specificity for the diagnosis or outcome prediction of ARDS: receptor for advanced glycation 
end-products (RAGE), angiopoietin-2 (Ang-2), surfactant protein D (SP-D), inteleukin-8, Fas and Fas 
ligand, procollagen peptide (PCP) I and III, octane, acetaldehyde, and 3-methylheptane. In general, these are 
cell-specific for epithelial or endothelial injury or involved in the inflammatory or infectious response. No 
biomarker or biomarkers have yet been confirmed for the diagnosis of ARDS or prediction of its prognosis. 
However, it is anticipated that in the near future, using biomarkers for defining ARDS, or for determining 
those patients who are more likely to benefit from a given therapy will have a major effect on clinical 
practice.
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Background

The acute respiratory distress syndrome (ARDS) is an 
acute inflammatory process of the lungs caused by direct 
or indirect insults to the alveolar-capillary membrane  
(1-5),  and is  associated with an overall  mortality 

ranging from 35% to 50% (6). Pathologically, ARDS is 
characterized by diffuse alveolar damage (DAD) with 
injury to the epithelium and endothelium as well as 
interstitial and alveolar protein-rich edema, inflammatory 
cellular infiltration, atelectasis, capillary thrombosis, 
neovascularization, and pulmonary fibrosis (7). Clinically, 
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this syndrome is defined by acute hypoxemia and bilateral 
pulmonary infiltrates, in the absence of congestive heart 
failure. As with other inflammatory process in the body, 
lung injury in ARDS is accompanied by several biochemical 
and cellular processes; some might initiate the syndrome, 
others might perpetuate it, and others could inactivate the 
inflammatory mediators (4).

ARDS cannot be diagnosed by a single laboratory test. 
Since no specific ARDS biomarker has yet been described, 
it is likely that the incidence of what we currently consider 
to be ARDS is overestimated, since patients with transient 
or persistent hypoxemic respiratory failure from other 
diseases accompanied with bilateral pulmonary infiltrates 
could be erroneously diagnosed as having ARDS (8). The 
lack of a specific biomarker for ARDS is arguably one of the 
main obstacles in the diagnosis and successful treatment of 
this syndrome (9). There are five major reasons to study and 
identify biomarkers in ARDS: (I) to predict the development 
of ARDS in high-risk patients; (II) to stratify disease 
severity into more accurate phenotypes or categories; (III) 
to provide new insights into its pathogenesis with the goal 
of developing novel therapeutics; (IV) to monitor response 
to treatment; and (V) to help in predicting outcome. Thus, 
the goal of having a biomarker is to provide clinicians with 
a better understanding of the importance of, and tools for, 
assessing risk and determining disease severity in ARDS 
patients.

Several investigators have questioned whether the 
concept of ARDS as a discrete entity is useful since only 
50% of patients diagnosed as having ARDS have DAD 
lesions on pathological examination (10). It is critical that 
patients are defined as carefully as possible. Clinical studies 
on heterogeneous groups of patients with ARDS have 
marked differences in the underlying mechanism of lung 
injury, age, comorbidities, and/or number of extrapulmonary 
organ dysfunctions. Different diseases damage the lung 
parenchyma in diverse ways producing multiple signals from 
numerous injured cell types. For an adequate interpretation 
of the results of clinical trials, appropriate stratification of 
patients with ARDS should be related to two measures of 
disease severity: one that quantifies severity of lung damage 
and another one that quantifies the general physiologic 
response and associated comorbidities. It is plausible that a 
revised definition of ARDS based on biological criteria of 
DAD, rather than only on clinical variables, will identify a 
less heterogeneous population of ARDS patients (11). 

An ideal biological marker should provide information 
for identification of patients at risk for ARDS and with 

different ARDS phenotypes during the progression of lung 
injury (Figure 1). Ideally, such a marker should be 100% 
sensitive, 100% specific, easy to measure in any biological 
sample, be modified by management and treatment, and be 
cost-effective (12). It is anticipated that using biomarkers 
for defining or stratifying subsets of ARDS patients that 
could benefit from a given therapy will have a major effect 
on both clinical practice and the development of new 
diagnostic tools and drugs (9), potentially leading to better 
individual treatments. Before such biomarkers could be 
part of standard care, it is important to ensure that they are 
accurate, reliable, associated with severity, and predictive of 
individual patient responses (13). These features will help 
precision medicine to fulfill the potential for improving 
ARDS management and outcome (14,15) by facilitating 
the tailoring of treatment to the patient’s physiological and 
genetic characteristics. 

Invest igators have identif ied several  candidate 
biomarkers for ARDS that have been investigated in blood, 
pulmonary edema fluid, and exhaled air, but currently they 
are not reliable enough for clinical use or have not yet 
been validated (16-18). In this article, we will briefly review 
the present understanding on some appealing biomarkers 
that could be used for identifying patients with ARDS, for 
enrolling ARDS patients into clinical trials, or for better 
monitoring of patient’s management (Table 1). For a more 
detailed analysis we recommend a number of more in-depth 
reviews (16-18).

Biomarkers in blood

Blood is the most common biological sample used to 
examine the presence of candidate biomarkers. Blood is 
easy to collect, to process, and to make serial measurements 
during disease progression. However, the use of blood as 
a sample source implies the measurement of circulating 
biomarkers, which may be due to other processes 
(coagulation, response to infection, inflammation) apart 
from ARDS, as well as the possible absence or lower levels 
of specific lung endothelial or epithelial injury markers. 
Serial serum levels of lipopolysaccharide binding protein 
(LBP), a crucial element in the response to infection, were 
measured in 180 septic patients to examine whether LBP 
levels differed among septic patients with different degrees 
of lung injury (19). The investigators found higher LBP 
levels in septic patients who developed ARDS, as well as in 
patients with more severe lung injury, suggesting that serial 
LBP serum levels may turn out to be a useful biomarker for 
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identifying septic patients with the worst outcomes and with 
highest probability of developing ARDS.

“Omics” technologies hold great promise in providing 

precise characterization of diseases to more effectively 
predict the clinical course of a patient or to choose the most 
beneficial therapeutic approaches (20). Genomic science 
will allow investigators to understand the reasons why a 
protein fails to function, to develop a drug to improve its 
function, and to use genetic data to select the appropriate 
patients for a given medicine. Genetic approaches have 
been studied in patients with ARDS from several causes, 
both using a more classical approach of hypothesis-
driven study of plausible genes or, more recently, by 
genome-wide analysis for identification of candidate genes  
(21-23). However, although some genetic variants have 
been postulated as potential markers, it is unlikely that 
an intrinsic characteristic of an individual could serve as a 
marker in such a heterogeneous disease process as ARDS, 
but they may identify those patients at highest risk for 
developing ARDS (or for not developing ARDS). Gene 
expression profiling, which can reflect the changes in gene 
expression under specific conditions, has been applied to 
acute lung injury and evolution of ARDS (24,25). 

Metabolomics is a more recent field with a good 
potential for diagnosis and monitoring of several diseases. In 
a study using plasma of patients with sepsis-induced ARDS, 
elevated levels of several metabolites compared to healthy 
controls were reported (26). The main limitations of this 
study were the absence of described normal ranges, and the 
fact that metabolites may be affected by many processes and 
hence, systemic analysis may have less potential in defining 
or quantifying damage that is organ specific. 

Classically, most clinical studies using blood have been 
performed in serum or in plasma by direct measurement 
of the concentrations of candidate proteins. In general, 
biomarkers of lung epithelial injury are expected to be more 
specific than inflammatory markers or even more specific 
than those related to endothelial injury. Markers reflecting 
the different phases of DAD and relevant signaling 
pathways for acute lung injury have been reported. Here 
we describe several clinical reports regarding some of the 
most promising biomarker proteins measurable in plasma 
or serum in patients with ARDS.

Receptor for advanced glycation end-products (RAGE)

RAGE is a promising biomarker of lung epithelium injury. 
RAGE is often known as a pattern recognition receptor. 
Soluble RAGE (sRAGE) is an isoform of the RAGE 
protein which lacks the signaling domain of the full-
length receptor. This receptor is constitutively expressed 
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Figure 1 Plot of (plasma, pulmonary edema fluid, exhaled air) 
levels of an imaginary specific biomarker for endothelial or 
epithelial lung injury in the ARDS. ARDS, acute respiratory 
distress syndrome.

Table 1 Specific markers with a predictive value for development 
and/or outcome of ARDS

Biological compartment and 
markers

Cell injury/inflammation

Plasma

RAGE Epithelium

Ang-2 Endothelium

SP-D Epithelium

IL-8 Acute inflammation

BALF

Fas, Fas ligand Epithelium

PCP I Fibroproliferation

PCP III Fibroproliferation

Exhaled air

Octane Lipid peroxidation

Acetaldehyde Bacterial metabolism, 
inflammation

3-methylheptane Lipid peroxidation

ARDS, acute respiratory distress syndrome; Ang-2, angiopoietin-2; 
BALF, bronchoalveolar lavage fluid; IL-8, interleukin-8; PCP, 
procollagen peptide; RAGE, receptor for advanced glycation end-
products; SP-D, surfactant protein D.
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in all cells at low levels, but it is highly expressed in the 
lung epithelium, primarily in alveolar type-I cells (27). 
Its activation modulates cell signaling and propagation of 
the inflammatory response (17). Calfee et al. (28) reported 
an increase in the RAGE plasma levels in patients with 
severe ARDS, as well as a correlation with mortality in 
ARDS patients ventilated with high tidal volume. Later 
studies found an association of sRAGE with severity (29) and 
outcome (30) in patients with ARDS. Other investigators (31) 
have reported higher levels of sRAGE in ARDS patients 
with or without sepsis when compared to patients that only 
had sepsis but not ARDS. These investigators also showed a 
correlation of RAGE with lung injury severity, but not with 
outcome (31). A recent meta-analysis suggested sRAGE as a 
biomarker strongly associated with diagnosis of ARDS in a 
high-risk population, but not associated with mortality (16). 
Several studies analyzing panels of biomarkers have pointed 
at RAGE as a valuable candidate for the diagnosis of  
ARDS (32,33).

Angiopoietin-2 (Ang-2)

Ang-2 is an endothelial growth factor produced by 
endothelial cells. After release, it binds to the tyrosine 
kinase receptor Tie 2, playing a role in endothelial 
junctional integrity, promoting vascular regression and cell  
death (34). The study of this regulator of vascular 
permeability has produced interesting results. Ang-2 levels 
have been found to be higher in ARDS patients than in 
patients with hydrostatic pulmonary edema (35). Higher 
levels have been also linked with occurrence of ARDS in 
critically ill patients (36-38) as well as with severity (36) 
and mortality (37,39). A clinical study demonstrated that, 
in infection-related ARDS patients, an increase of Ang-2 
levels from day-0 to day-3 was associated with an increase in 
the risk of death when compared to patients with decreases 
in Ang-2 (40). A meta-analysis also found that Ang-2 was 
more relevant as a biomarker for ARDS mortality than 
for diagnosis (16). In panels of biomarkers, Ang-2 has 
been reported as a relevant marker for diagnosis and/or  
mortality (32). In addition, Ang-2 levels have been found to 
be an indicator of non-pulmonary ARDS (41).

Surfactant protein D (SP-D)

SP-D is a biomarker of lung epithelial injury. This 
glycoprotein is mainly produced by type-II cells, playing 
a crucial role in maintaining the integrity of the alveolar-

capillary interface. In addition to reducing the surface 
tension at the alveoli, SP-D also has a role in innate 
immunity, acting as an inflammatory molecule and having 
anti-microbial functions (42). Several studies have found 
an association with elevated plasma levels of SP-D and 
diagnosis and/or worse clinical outcome of ARDS. SP-D 
seems to be a good diagnostic indicator of ARDS in septic 
patients (43). An increase of SP-D plasma levels has been 
found after 48 h in patients with ARDS; the increase 
was smaller in those patients ventilated with a lung-
protective ventilation approach (44). This same study 
showed increased levels of SP-D in non-survivors. Eisner  
et al. (45) showed an association between higher plasma 
levels of SP-D and a higher risk of death; they found 
a relationship between higher SP-D levels and worse 
clinical outcome, in terms of fewer ventilation- and organ 
failure-free days. They also demonstrated that a lower 
tidal volume strategy attenuated the rise in plasma levels 
of SP-D (45). Although several authors have reported no  
relevant association of SP-D with development of ARDS 
(38,46), a meta-analysis included SP-D in the list of 
clinically relevant biomarkers, although it appears 
not to be strongly associated with the diagnosis of  
ARDS (16). Nevertheless, SP-D has been included in 
several studies of biomarker panels for diagnosis and 
mortality prediction (33,47,48). 

Interleukin-8 (IL-8)

During the inflammatory phase of DAD, immune cells 
of the lungs express inflammatory mediators, which in 
turn activate the entry of circulating inflammatory cells 
into the interstitium and alveolar spaces (17,49). IL-8 
is a proinflammatory cytokine with a role in regulating 
neutrophils and monocytes chemotaxis in the lung (49). 
There is some evidence that IL-8 concentrations have 
predictive value in high-risk patients for developing ARDS, 
although early acute lung injury may have been present 
in some of those patients. Donnelly et al. (50) measured 
IL-8 in plasma and bronchoalveolar lavage fluid (BALF) 
of patients at risk for ARDS. They found that IL-8 levels 
in BALF on initial hospital presentation were higher in 
patients who subsequently progressed to ARDS, although 
there were no differences of the mean plasma IL-8 levels 
between both groups. Higher IL-8 levels have been 
found in non-surviving ARDS patients (51,52), and were 
associated with a decrease in ventilator- and organ failure-
free days (52). Another report found an association of 
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IL-8 at day-1 in ARDS patients, but failed to observe an 
association of IL-8 levels with mortality (53). As in the case 
of SP-D, although IL-8 was included in a meta-analysis of 
biomarkers for ARDS development and outcome (16), it was 
not considered among the most strongly associated markers. 
IL-8 has been also studied as part of biomarker panels to 
diagnose ARDS and predict mortality (32,33,47,48).

Biomarker panels

Since no specific clinical or biological marker has been 
described that predicts ARDS, several studies performed 
by a same group (32,33,47,48) examined a combination 
of markers of endothelial and epithelial lung injury, 
inflammation, and coagulation in ARDS patients from 
several trials. In an initial study in trauma patients, Fremont 
et al. (32) showed that a combination of biomarkers and 
clinical predictors was better for predicting mortality 
or stratifying ARDS patients than clinical predictors or 
biomarkers alone; however, sensitivity and specificity was 
low. In their model, RAGE, ANG-2, SP-D and IL-8, were 
among the selected biomarkers. 

BALF

The most fundamental early physiological characteristic 
of ARDS is an increase in protein permeability across 
the endothelial and epithelial membrane of the lung with 
flooding of the interstitium and alveolar spaces with a 
protein-rich edema fluid (9). Measurement of protein 
concentration in pulmonary edema fluid obtained by 
sampling the distal airspaces provided the first direct 
evidence in patients to support the conclusion that ARDS 
resulted from increased lung microvascular and epithelial 
permeability (54).

BALF has been the second most common source of 
samples for searching for ARDS biomarkers. The main 
advantage of using BALF is that it is the closest sample to 
the site of injury (with the exception of lung tissue sampled 
by biopsy), reflecting the local lung environment. BALF 
contains locally produced proteins as well as immune cells 
involved in the processes under study. However, BALF 
sampling requires a flexible fiberoptic bronchoscopy. 
BALF contains soluble proteins, lipids, and adherent cells 
in the air spaces. Although the concentration of putative 
biomarkers of lung injury can be assessed sequentially in the 
same patient, this approach is limited because of the invasive 
procedure of this technique and because the quantitative 

assessment could be difficult to interpret due to a variable 
dilution of the samples. The assessment of the cellular 
profile in the distal airspaces is probably more accurate than 
in edema fluid samples. 

Several approaches have been used to identify or 
detect candidate biomarkers in BALF. Proteomic studies 
have been useful to characterize the protein expression 
in BALF, showing some known, but also some unknown  
candidates (55). The “omics” studies are becoming more 
useful as technology improves. The metabolome of the 
lung may provide information on the status of the lung 
environment that could be helpful for the discovery of 
ARDS biomarkers and for the identification of plausible 
drug targets. Evans et al. (56) compared metabolites 
in BALF samples from ARDS patients using a liquid 
chromatography-mass spectroscopy platform for untargeted 
metabolomics. Their study revealed networks associated 
with several metabolism pathways. These metabolomic 
observations need to be validated in studies with larger 
sample sizes and including other groups of patients to test 
the discrimination between ARDS and other pulmonary 
disease processes. As in the case for studies using blood 
samples, most of the studies of ARDS biomarkers in BALF 
have been performed by direct measurement of the levels 
of specific candidate proteins. We present below findings 
related to some representative biomarkers in BALF in 
ARDS patients.

Fas and Fas ligand

Apoptosis of epithelial cells occurs in ARDS (57). The 
Fas and Fas ligand system is the best-studied mechanism 
regulating epithelial cell death. Soluble Fas and Fas ligand 
are increased in lung edema fluid in early ARDS, and 
elevated levels of Fas and Fas ligand in lung tissue and 
edema fluid correlate with worse outcomes (58). Also, 
mRNA for Fas and Fas ligand were upregulated in BALF 
during the initial phase of sepsis-induced ARDS but not in 
sepsis without ARDS (59). Although these reports suggest 
that epithelial apoptosis occurs very early in ARDS and Fas 
and Fas ligand might be specific markers for ARDS, this 
system is not unique to lung epithelial cells. 

Procollagen peptides (PCP)

The consecutive phases of DAD (exudative, proliferative, 
and fibrotic) are a gross oversimplification (6). While the 
development of pulmonary fibrosis predicts the need for 
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prolonged ventilator support and a fatal outcome, fibrosis 
is evident histologically within the first week of ARDS 
onset in some patients. PCP III, a precursor of and a 
marker of collagen synthesis, is increased in the BALF 
at the time of initiating mechanical ventilation in ARDS 
patients, suggesting that the fibroproliferative response 
plays an active role in the progression of ARDS (60). PCP 
III increased in the BALF from patients on day-3 of ARDS 
and is an independent risk factor for mortality (61). Meduri 
et al. (62) reported high PCP I and PCP III levels in ARDS 
patients and showed that treatment with corticosteroids 
caused a sustained reduction in plasma and BALF levels 
of both peptides. However, the benefits for late, non-
resolving ARDS were not confirmed in a trial by the ARDS  
Network (63). Whether targeting the pathway of those 
peptides could lead to a novel drug therapy for modulating 
or attenuating the fibrotic response requires further 
research.

Non-targeted proteomics

While most studies have targeted a pre-determined 
biomarker, several investigators have examined proteomic 
changes in BALF samples from ARDS patients using 
a non-targeted approach (64-66). These non-targeted 
proteomic studies compared the protein levels in the BALF 
or undiluted pulmonary edema fluid in ARDS patients 
and in healthy controls. The proteomic analysis of BALF 
can provide insights into ARDS pathology and response 
to therapy. Ideally, BALF proteomics could be useful for 
the molecular profiling of DAD. For example, Bhargava  
et al. (66) examined BALF from patients with different 
severities of lung injury, and identified 792 proteins, from 
which 161 were differentially expressed in survivors and 
non survivors in the early phase of ARDS. Pathways related 
to activation of immune response, wound healing and 
coagulation were predominant in survivors, while pathways 
of collagen synthesis and carbohydrate catabolism were 
more abundant in non-survivors. Although these findings 
should be considered exploratory due to the small sample 
size of the cohorts, many of these pathways are not specific 
to the lung or lung disease.

Exhaled breath

Alternative technological advances are focused on the 
use of samples easily available by noninvasive procedures 
and representing as best as possible the lung environment 

during the different phases of ARDS. The most innovative 
approach is, probably, metabolomics of exhaled gas. 
Exhaled breath contains a large number of metabolites 
from pulmonary and systemic processes. This approach 
has a number of potential major advantages: simple, cheap, 
continuous, and non-invasive. Thus, breath analysis can 
be performed repeatedly during the course of the disease 
process. The initial studies used exhaled breath condensates 
(EBCs), in which soluble metabolites were measured. 
A relevant advance was the possibility of separately 
collecting alveolar EBC, avoiding products from microbial 
colonization of the upper airways (67). In addition, EBC 
also contains small concentrations of proteins, which can be 
used for monitoring ARDS. For example, a study comparing 
EBC from ventilated patients with respiratory failure (most 
of them with ARDS) and from healthy volunteers, identified 
the presence of cytokeratins in EBC from patients, but not 
from controls (68).

Methods for measuring volatile organic compounds 
(VOCs) were later developed to analyze volatile metabolites 
of exhaled breath [for a review on exhaled breath in 
diagnosis, phenotyping and monitoring of respiratory 
diseases, see Boots et al. (69)]. Several studies have been 
published using analysis of VOCs by gas-chromatography 
and mass-spectrometry in ventilated patients (18,70), 
and three potential VOCs have been identified as 
potential markers of ARDS: octane, acetaldehyde and 
3-methylheptane. These VOCs discriminated ARDS from 
controls, improving the discrimination when combining 
with the use of lung injury prediction score (18). Octane is 
an end-product of lipid peroxidation, one of the processes 
caused by oxidative stress. Acetaldehyde is produced by 
bacteria and leukocytes. In general, bacterial colonization 
of the airways occurs frequently in mechanically ventilated 
patients and neutrophil infiltration is a hallmark of 
ARDS. The 3-methylheptane is produced through lipid 
peroxidation, similar to octane (18). Thus, the exhaled gas 
seems to be mainly influenced by the oxidative stress in 
the lungs and affected by the inflammatory and infectious 
responses. 

The same group of investigators have described the 
use of an electronic nose (eNose) based on cross-reactive 
sensor arrays, to analyze the exhaled breath of mechanically 
ventilated patients (71). This system was able to differentiate 
patients with moderate/severe ARDS from patients with 
pulmonary edema and pneumonia based on the exhaled 
breath profiles (71). The authors stated that the advantage 
of this approach was that the system is noninvasive, 
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portable, and the data are available in real time. In addition, 
this methodology does not rely on single biomarkers but 
is integrative (72). It is worth mentioning that libraries of 
exhaled breath VOCs are already being built (69). These 
methodologies for analysis of metabolites in EBCs and 
VOCs still need to be replicated by other groups, or using 
larger samples sizes, and also characterization of standards 
in diverse conditions (as an example, the use of mechanical 
ventilation alters the metabolites produced). But it seems 
that exhaled breath is a very promising source of samples 
for analysis of biomarkers or biomarker profiles, with the 
exciting possibility of obtaining rapid point-of-care tests.

Biomakers in ARDS: lost in translation

Despite major advances and developments in the last five 
decades with respect to the definition and management of 
ARDS, our understanding of the mechanistic underpinnings 
of ARDS is still in its infancy. As discussed in this brief 
review, there is no a single biomarker that identifies patients 
with DAD, or that predicts outcome or that specifically 
identifies a pathological ARDS pathway (73). Potentially 
useful biomarker tests in ARDS have not been yet adopted 
into clinical practice. 

We should test the hypothesis for the identification and 
validation of biomarkers with a clear question: what role 
must the biomarker play? Before biomarkers become part 
of standard of care, such tests must be proven to be accurate 
and reliable for ARDS diagnosis, or associated with the 
ARDS outcome of interest, and/or lead to improved patient 
outcomes as compared with standard treatment (74). Ideally, 
a diagnostic marker should add to clinical findings by 
increasing their specificity. However, this demand is difficult 
to satisfy due to the wide heterogeneity of the diseases 
causing ARDS, and by the variety of other coincident 
processes. In addition, different management regimes may 
contribute to patient heterogeneity, both in the face of clear 
evidence (for example, poor adherence to lung protective 
ventilation) and where evidence is lacking. 

A plausible goal in the next few years would be to 
identify a reliable biomarker ARDS profile that could 
help to stratify and individualize therapy for improving  
outcome (75). Biomarkers for molecular-targeted therapies 
can aid in selecting effective therapies for subsets of ARDS 
patients and avoiding ineffective or harmful treatments. A 
clinically relevant biomarker assists by enriching patient 
populations in clinical trials with better responders, thereby 
reducing the size of the trial sample required to detect 

significant efficacy. In addition, the link between a clinical 
biomarker and the therapy for ARDS would create new 
opportunities for innovation and to the entry of other 
therapies. By allowing clinicians to rule out ARDS, it 
could prevent exposing patients to unnecessary therapies. 
As biomarkers are identified, a stratified medicine patient 
population might emerge as a clinically distinct ARDS-
like syndrome, as postulated by Schuster (11) and Villar  
et al. (12). This formulation would help precision medicine 
to fulfill the potential for improving ARDS management 
and outcome.

Conclusions

The absence of a validated biomarker to define, diagnose, 
monitor responsiveness to therapy or predict prognosis 
of ARDS has limited progress in the field. In the era 
of personalized medicine, discovery and validation of a 
biomarker or panel of biomarkers would not only help 
identify ARDS patients and/or lung injury severity, but 
also, more importantly, direct therapy. Many candidate 
biomarkers have been investigated, but at the time of 
writing this review, a single, clear biomarker that is specific 
for ARDS has proven difficult to find. Since it is difficult 
to find a single biomarker that distinguishes ARDS 
patients from those patients who do not have ARDS, it 
is anticipated that given the complex and heterogeneous 
pathophysiology of ARDS, combinations of two or three 
biomarkers reflecting different aspects of DAD (as epithelial 
and endothelial injury, or inflammation) is more likely 
to be identified. It is plausible that the best prediction 
approach will likely combine clinical predictors with several 
biomarkers (76). Certainly, further work with newer and 
more sophisticated technological methods is required to 
identify specific phenotypes of ARDS patients.
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