
Nonpulmonary Organ Failure in ARDS: What Can We Modify?

Mortality in ARDS is often driven by multiple-organ
system failure.1,2 This deterioration is thought to be sec-
ondary to extrapulmonary organ involvement due to a
complex interplay between inflammatory mediators and
ongoing injury due to ventilator mechanics. A common
pro-inflammatory pathway due to an initial insult (eg, sep-
sis, aspiration pneumonitis, trauma) likely exists between
multiple-organ system failure and ARDS.3 Ventilator-
associated lung injury has also been postulated as a pre-
cipitant for nonpulmonary organ failure, a concept referred
to as biotrauma.4,5 What is less clear is how the timing of
ARDS and nonpulmonary organ failure relate. Does non-
pulmonary organ failure happen first or subsequently or
simultaneously with ARDS? How does nonpulmonary or-
gan failure relate to the severity of ARDS as defined by
the Berlin criteria, a completely pulmonary-focused clas-
sification system?6 Finally, if the cause of death is not
related to hypoxemia itself, is there another way that we
should risk stratify patients with ARDS rather than with
PaO2

/FIO2
?

In this issue of RESPIRATORY CARE, Kallet et al7 pre-
sented observational data from 1,747 subjects over a 15-y
period from a quality assurance data base. The investiga-
tors collected data on ARDS severity and etiology as well
as nonpulmonary organ dysfunction from the day of ARDS
onset. Delivered tidal volumes were similar across the
groups, with an incremental increase in plateau pressure
and driving pressure as ARDS severity increased. More
than 80% of the subjects had at least one nonpulmonary
organ failure at onset, with increasing prevalence as ARDS
severity increased, and the rate of nonpulmonary organ
failure in severe ARDS was significantly higher than in
mild or moderate disease.7 The number of failed organs
and mortality rate increased with the severity of ARDS;
acute renal and hepatic dysfunction as well as acidemia
independently predicted mortality.7 Of the reported pul-
monary variables, only severe ARDS was predictive of
mortality in multivariable analysis. Importantly, the Berlin

severity classification6 correlated well with illness sever-
ity, the number of organs in failure, and mortality.
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The investigators noted similar findings to the original
Berlin definition study in terms of expected mortality rate
by ARDS severity.6 When compared with the LUNG SAFE
cohort,8 there are some key differences. Although the over-
all worst nonpulmonary SOFA9 score also increased with
ARDS severity in LUNG SAFE, there was not a signifi-
cant difference among the groups that used ARDS day-1
values only. This contrast suggests that organ dysfunction
may worsen after ARDS day 1. Because the current study
only evaluated patient characteristics on day 1 of ARDS,
it is uncertain whether the differences in nonpulmonary
organ dysfunction changed over time. If so, this raises the
possibility that ventilator-associated lung injury plays a
role in worsening organ function. There may also be value
in reclassifying ARDS severity on day 2 after a standard-
ized approach to ventilation because many patients’ con-
dition may change in severity,10 although it is unclear how
this correlates with multiple-organ system failure. The pro-
gression of nonpulmonary organ failure over the course of
mechanical ventilation for ARDS is an area for future
study.

If patients present with nonpulmonary organ failure at a
similar severity to ARDS severity, then the key question
for clinicians and researchers is, how can that modify the
disease course? What ventilator and nonventilator strate-
gies could affect progression of organ failure? A second-
ary analysis of LUNG SAFE examined potentially modi-
fiable factors as related to mortality11. Lower PEEP, high
peak inspiratory pressure, plateau pressure, driving pres-
sure, and breathing frequency were associated with a higher
risk of death. Given the retrospective nature of this study,
it was not possible to gauge the impact on nonpulmonary
organ failure directly.11 Landmark studies in ARDS,
whether relative to low tidal volume ventilation12 or ad-
junctive therapies13 reported a lower incidence of organ
failure compared with controls but not any effects on ex-
isting organ dysfunction. At this point, it is difficult to
know what parameters to follow up to monitor for im-
provement. Would changing ARDS severity day to day
reflect a change in the overall disease course, including
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organ dysfunction? As demonstrated by Madotto et al,14

“resolved” ARDS on day 2 of illness compared with day 1
confers minimum clinical or mortality benefit, which likely
reflects the complex nature of the underlying disease.

Given that severity of nonpulmonary organ failure cor-
relates well with ARDS severity by the Berlin criteria,6

this presents opportunities for focused research, particu-
larly of those with severe disease. Although much atten-
tion is paid to the description and manipulation of pulmo-
nary mechanics, many of these factors (including PEEP,
compliance, minute ventilation) were evaluated by the Ber-
lin definition,6 which correlated poorly with the outcome.
It is conceivable that the patients who are sickest have
common nonpulmonary factors, by etiology or phenotype,15

that would lend themselves to targeted therapies. In addi-
tion, the progression of nonpulmonary organ failure could
be assessed prospectively by examining characteristics re-
lated to how existing therapies are applied to these pa-
tients. Future investigations should focus on modifying
existing organ failure in ARDS, which may ultimately
affect mortality and other patient-centered outcomes.
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