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Time to split: biomarker trajectories in pediatric acute
respiratory distress syndrome hint at underlying

disease
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A heterogeneous syndrome
Acute onset of severe hypoxemia that
cannot be explained by cardiac dysfunc-
tion has been labelled acute respiratory
distress syndrome (ARDS) and is associ-
ated with substantial morbidity and mor-
tality in children and adults (1-3). Causes
of ARDS are diverse, include direct and
indirect mechanisms of lung injury, and
vary across age groups (4-10). Therapeu-
tic interventions for adult ARDS have
been generally unsuccessful, prompting
a movement to identify subgroups with-
in this heterogeneous syndrome that
may be more or less likely to respond to
a given therapy. Given key differences in
the epidemiology of pediatric and adult
ARDS, and thus potential differences
in underlying biology, it is important to
characterize ARDS in the pediatric popu-
lation (9, 11, 12).

Pediatric acute respiratory distress syndrome (ARDS) is severe, noncardiac
hypoxemic respiratory failure that carries a substantial risk of death. Given
the complexity of this clinically defined syndrome and the repeated failure
of therapeutic trials, there has been an effort to identify subphenotypes

of ARDS that may share targetable mechanisms of disease. In this issue

of the JCI, Yehya and colleagues measured 19 plasma biomarkers in 279
children over the first seven days of ARDS. Increases in select tissue injury
makers and inflammatory cytokines in peripheral blood were associated
with multiple organ dysfunction syndrome and death, but not persistent
ARDS. These findings argue that splitting patients by clinical and molecular
phenotype may be more informative than lumping them under the umbrella
diagnosis of ARDS. However, future studies are needed to determine
whether these plasma factors represent targetable pathways in lung injury
or are a consequence of systemic organ dysfunction.

In this issue of the JCI, Yehya et al.
(13) described the longitudinal trajectory
of several danger-associated molecular
patterns (DAMPs), cytokines, and tis-
sue injury markers in the blood of chil-
dren with ARDS to identify subgroups
that may share targetable mechanisms
of disease. In this single-center prospec-
tive cohort study of 279 intubated and
mechanically ventilated children with
ARDS (as defined by the Berlin criteria),
Yehya et al. (13) assessed biomarker pro-
files over a seven-day period following
initial ARDS diagnosis. This approach
builds on existing work utilizing plasma
biomarkers to describe hypo- and hyper-
inflammatory subphenotypes of ARDS
that may have differential risk of mor-
tality and/or response to therapy (4, 5, 7,
8, 10, 11). Yehya and colleagues identi-
fied different biomarker trajectories in
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survivors compared with nonsurvivors,
who showed early and persistent eleva-
tions in multiple DAMPs and tissue injury
markers, and later increases in inflamma-
tory cytokines and chemokines. Intrigu-
ingly, biomarkers characteristic of non-
survivors more closely overlapped with
biomarkers characteristic of multiple
organ dysfunction syndrome (MODS), as
opposed to persistent ARDS (13) (Figure
1). The pattern suggests this biomarker
panel may be more reflective of system-
ic inflammation than lung injury. Given
the repeated association between MODS
and mortality in pediatric critical illness
(14, 15), the biomarker overlap between
nonsurvivors and persistent MODS is
not surprising, especially since biomark-
ers were only measured in the peripheral
blood, and not the lungs. However, the
association does support the hypothesis
that nonpulmonary organ dysfunction
may be an important driver of mortality
in patients with ARDS. The fact that many
of the nonsurvivors appear to have had
either resolved or nonsevere ARDS at the
time of death supports this hypothesis.

Mortality in patients with
ARDS

Importantly, nonsurvivors in this cohort
were more likely to be immunocompro-
mised (n = 34/64 nonsurvivors [53%], P
< 0.001) than survivors (n = 39/215 survi-
vors [18%], P < 0.001). Immunocompro-
mised participants had more nonpulmo-
nary organ dysfunction at ARDS onset,
were more likely to have nonpulmonary
sepsis as an underlying etiology, and had
higher levels of cytokines, chemokines,
and tissue injury markers, mirroring the
subgroup with MODS. While these bio-
markers increased over time, it is unclear
whether ARDS progression or evolving
MODS caused these factors to increase.
Interestingly, total biomarker levels, but
nottrajectories, were associated with death
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Figure 1. Pediatric patients with persistent ARDS possess biomarkers in common with persistent MODS and nonsurvivors. Yehya et al. (13) identified
biomarkers in 279 patients with ARDS, in which 64 were nonsurvivors. Persistent ARDS was associated with P3NP and ANG2, whereas MODS was associ-
ated with multiple cytokines, tissue injury markers, and DAMPs.

in the immunocompetent participants. In
contrast, total levels of tissue injury mark-
ers and an increasing trajectory of those
markers were associated with death in the
immunocompromised participants (13).
Future studies to determine whether this
association reflects ongoing injury and/or
a failure to resolve inflammation in immu-
nocompromised patients are needed, as
the pattern may represent an opportunity
for therapeutic intervention.

Despite an improvement in support-
ive care, mortality rates in pediatric ARDS
remain high and there are very few, if any,
therapies available to target underlying
mechanisms of disease. Recently, corti-
costeroids have been conditionally rec-
ommended by the Society of Critical Care
Medicine and the American Thoracic Soci-
ety to attenuate the inflammatory response
in adult ARDS (16), but conflicting adult
data and a lack of evidence in pediatric
ARDS make it unclear how or whether
corticosteroids should be used in children
(17). In this cohort, approximately half of
participants received corticosteroids and
rates of use were not significantly different
between survivors and nonsurvivors (n =
103/215 survivors [48%] versus n = 39/64
nonsurvivors [61%], P = 0.159). However,
participants who received corticosteroids
had more severe lung disease (oxygen
index 12.9 versus 10.1, P < 0.002), suggest-
ing providers may be more likely to reach
for corticosteroids for the sickest patients.
Several biomarkers were decreased in
participants who received corticosteroids
compared with those who did not, includ-
ing interleukin 6, soluble tumor necrosis

factor receptor 1, matrix metalloprotease 8,
macrophage inhibitor protein 1B, and pro-
collagen type III N-terminal peptide, but it
is impossible to know whether these chang-
es were a direct effect of corticosteroids or
secondary to other confounders. In addi-
tion, while these proteins were associated
with mortality in the entire cohort, they
were not associated with mortality in the
group that did not receive corticosteroids.

Conclusions

The stated goal of Yehya et al. (13) was to
describe the longitudinal molecular signa-
ture of pediatric ARDS with the hope that
it would provide insight into mechanisms
driving disease. The collection of serial
samples in this large cohort of children is
impressive and is an important first step
in characterizing inflammation in children
with ARDS. However, it remains to be
seen whether a peripheral blood biomark-
er profile can provide insights into the
mechanisms driving the heterogeneous
syndrome that is ARDS in the lungs. In
future studies, it will be important to tease
apart markers of nonpulmonary organ dys-
function from markers of lung injury, and
to separate markers of established injury
from drivers of ongoing tissue damage that
can be interrupted.

Finally, Yehya et al’s finding that
mortality in their cohort was more close-
ly aligned with the extent of nonpulmo-
nary organ dysfunction than persistent
ARDS suggests that continuing to use the
diagnosis of ARDS for inclusion in clinical
trials may be misguided (13). The exten-
sive efforts to subphenotype, or split, syn-

dromes defined by clinical characteristics
into treatable diseases begs the question:
Is it time to abandon the artificial group-
ings of patients by symptoms?
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