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Biomarkers have been extensively studied in acute res-
piratory distress syndrome (ARDS), but none of them are 
currently used in clinical practice [1, 2].

Some biomarkers are considered to be more specific 
regarding lung injury. The receptor for advanced glyca-
tion end products (RAGE) is one of them, being highly 
expressed in the lung epithelium. Moreover, plasma lev-
els of soluble RAGE (sRAGE) reflect the extent of alveo-
lar type I cell injury [3]. In acid-injured mice, it has been 
found that the rate of alveolar fluid clearance is inversely 
correlated with sRAGE levels in plasma and bronchoal-
veolar fluid [3]. It has also been reported that plasma 
sRAGE was also correlated with alveolar fluid clearance 
in 30 patients with ARDS [3]. In a large population of 
ARDS patients (patients from the ARMA study [4]), Cal-
fee et al. [5] reported that higher baseline levels of plasma 
sRAGE were associated with a lower arterial oxygen ten-
sion/fraction of inspired oxygen ratio, lower compliance, 
and higher clinical and radiographic lung injury scores. 
Interestingly, higher baseline plasma sRAGE levels were 
associated with higher pre-randomisation tidal volume 
and plateau pressure [5]. Baseline sRAGE levels were also 
significantly higher in subjects who died compared with 
those who survived, but the most interesting observation 
was that the extent of decline in plasma sRAGE levels 
over the first 3 days was 15% greater in the 6 ml/kg group 
compared with the 12 ml/kg group [5]. This latter result 
[5] suggests that sRAGE is a reliable marker to evalu-
ate the modulation of the magnitude of epithelial injury 
linked to the ventilation strategy.

Other biomarkers are of interest and can be associated 
with sRAGE, such as angiopoietin-2, which is a marker 
of endothelial injury [6, 7]. The combination of biomark-
ers is used to differentiate the patient presenting with a 
direct lung injury from those with an indirect mechanism 
of ARDS [8]. Indeed, based on the assessment of two bio-
markers, it was reported that ARDS resulting from direct 
lung injury is characterised by a molecular phenotype 
consistent with more severe lung epithelial injury and 
less severe endothelial injury [8]. This is a very interesting 
approach, and it suggests that the determination of bio-
markers is not limited to diagnosis but could also be used 
to adjust the therapeutic strategy. There is also an overlap 
between the mechanisms of lung injury (direct vs. indi-
rect), and the anatomical aspects as explored by CT scan. 
Indirect lung injury is usually characterised by a homo-
geneous distribution of radiological infiltrates (diffuse 
or nonfocal forms), whereas patients with direct lung 
injury present a heterogeneous distribution of lung infil-
trates with more focalised infiltrates. In this way, sRAGE 
is able to differentiate focal from diffuse ARDS (CT scan 
aspects), as shown in a series of 119 patients [9]. It was 
reported that plasma levels of sRAGE were significantly 
higher in nonfocal ARDS compared with focal ARDS [9]. 
Interventions such as recruitment manoeuvres have been 
shown to induce early variations of sRAGE [10]. This is 
a very attractive characteristic to direct ventilator strat-
egy. Even for patients without previous lung injury who 
underwent major abdominal surgery, a lung-protective 
ventilation strategy induced a decrease in plasma sRAGE 
compared with patients with a non-protective ventilation 
strategy [11].

Numerous biomarkers [12] have been shown to be 
associated with outcomes in ARDS patients. Type III 
procollagen is one of them. It is associated with both 
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the outcome and the presence of lung fibroproliferation 
[13]. This biomarker will be tested in the near future for 
directing the prescription of corticosteroids in prolonged 
ARDS.

A more recent approach is to combine multiple bio-
logical and non-biological parameters in order to define 
more homogeneous groups of ARDS patients (subphe-
notypes) with different physiopathological mechanisms 
of lung injury, different outcomes and, finally, differential 
responses to treatment. This is the era of precision and 
personalised medicine applied to intensive care medicine. 
In a very important contribution [14], Calfee et al. iden-
tified two subphenotypes by analysing information from 
patients included in the ARMA and in the ALVEOLI 
trials. One subphenotype was labelled hyperinflamma-
tory, as it was characterised by higher plasma concentra-
tions of inflammatory biomarkers, a higher prevalence 
of vasopressor use, lower serum bicarbonate concentra-
tions, and a higher prevalence of sepsis compared with 
the noninflammatory subphenotype [14]. Patients from 
this hyperinflammatory subphenotype had higher mor-
tality and fewer ventilator-free days and fewer days free 
of organ failure, than did those in the noninflammatory 
subphenotypes [14]. However, one major result was that 
in the ALVEOLI cohort exploring the beneficial effect of 
high PEEP levels, the effects of the ventilation strategy on 
mortality and other outcomes differed according to sub-
phenotype [14]. Indeed, the high PEEP strategy induced 
beneficial effects regarding all the assessed outcomes, 
but only in the hyperinflammatory subphenotype (worse 
effects being observed in the other subphenotype) [14]. 
By identifying a hyperinflammatory subphenotype using 
three biomarkers (interleukin-8, bicarbonate, and tumour 
necrosis factor receptor-1), a similar distinct effect was 
observed regarding the effect of fluid strategy in ARDS 
patients [15]. Indeed, the restrictive fluid strategy was 
beneficial only in patients from the hyperinflammatory 
subphenotype.

In an article recently published in Intensive Care Medi-
cine, Jabaudon et  al. conducted a meta-analysis of indi-
vidual data from 746 patients across eight studies in 
whom a blood determination of plasma sRAGE had been 
made [16]. They reported that non-survivors at day 90 
had higher baseline levels of sRAGE compared with sur-
vivors. Finally, baseline sRAGE was independently asso-
ciated with 90-day mortality. These results support the 
assumption that sRAGE is a reliable marker of the extent 
of alveolar epithelial injury. Unfortunately, there were 
no repeated measurements that would permit an assess-
ment of resolution or the unfavourable evolution of lung 
injury. Future investigations are needed to determine 
if sRAGE is able to direct ventilation strategy or other 
treatments aiming to reduce the extent of lung injury. 

More generally, recent advances in the development of 
new biological testing technologies that make the results 
available in a few minutes or hours will amplify the use of 
biomarkers to direct therapeutic strategies.
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