
Beyond mortality or being mortal?
Challenges in understanding
and improving life after ARDS
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In 2009, the National Heart Lung and
Blood Institute (NHLBI) of USA convened
a workshop to discuss the state of clinical
and translational science for acute respira-
tory distress syndrome (ARDS). The panel
reviewed epidemiological studies and clin-
ical trials suggesting marked declines in
ARDS-related mortality, and discussed
observational studies that described the
enduring morbidities of ARDS survivorship.
The report of this meeting described the
challenges of clinical trials focused on mor-
tality and charged clinical researchers to
move ‘beyond mortality’ (as the report was
entitled) by including functional, cost and
quality of life outcomes in future research.1

Over the last decade, the charge of
measuring these long-term outcomes has
indeed been realised. Along with observa-
tional studies, large interventional trials
have begun to include outcome assess-
ment at 6 and 12 months after initial trial
enrolment, including four large trials con-
ducted by the NHLBI ARDS Clinical
Trials Network. This work, led by
Needham and Hopkins, collectively called
the ARDSNet Long-Term Outcome Study
(ALTOS), has led to the largest cohort
of ARDS survivors described to date,
confirming the findings of preceding
single-centre cohorts2–4 by revealing an
overwhelming degree of post intensive
care unit (ICU) morbidity, with persisting
impairments in physical, cognitive and
mental health function, and health-related
quality of life well below expected.5–7

Certainly, ancillary inclusion of long-
term outcomes as secondary or explo-
ratory end points provides valuable
information. However, proving that spe-
cific interventions improve long-term out-
comes as well as survival requires primary
study end points beyond mortality, such as
quality of life or health utilities. While
such end points are increasingly common
in other fields, there are no large ARDS
clinical trials to date with primary out-
comes focused on long-term survivorship
end points such as quality of life. Since
early mortality remains high in ARDS,

20% or more in most randomised trial
populations, long-term outcomes would
also need to incorporate death in order to
reduce false conclusions from competing
risks and informative differential missing-
ness. Composite outcomes such as
quality-adjusted life years (QALYs) repre-
sent a validated approach to this problem.
QALYs are calculated from measurement
of health utilities over time, using instru-
ments such as the Medical Outcomes
Study Short Form,8 the Health Utility
Index9 or the EQ-5D.10 While using
QALYs as a primary outcome measure is
appealing, offering insight into quality of
survivorship and potentially increasing
power to detect differences between study
groups, there are also significant barriers
to their incorporation into clinical trials.
Notably, while these generic measures
such as the EQ-5D have been recom-
mended for use in survivors of critical
illness,11 they do not assess many domains
that may be important in this population,
and are likely incomplete assessments of
quality of life.12 Furthermore, the valua-
tions used to determine health utility
(such as the time trade-off approach for
EQ-5D) have not been specifically vali-
dated in survivors of critical illness, which
threaten the calculation of QALYs.13

Additional barriers to using QALYs as
primary outcomes in critical care clinical
trials include increased costs and duration
of trials, loss to follow-up, statistical chal-
lenges, and difficulties of interpretation if
the intervention affects mortality and mor-
bidity in opposing directions.14 Another
key barrier is that little is known about spe-
cific risk factors for decreased health utility
after ARDS, which are needed to identify
high-risk patient groups and potential
targets for intervention.
In Thorax, Brown and colleagues tackle

this key knowledge gap.15 Using hospital
data from ARDS Network clinical trials
and survey data from ALTOS, investiga-
tors sought to determine the association
of a large number of factors with health
utility scores measured 6 months after
ARDS. This combined data set was espe-
cially rich in indicators of severity of
illness and ICU treatments measured early
in the course of critical illness, and also

included patient demographics, comorbid-
ities and a crude assessment of functional
status. Health utility was measured by the
EQ-5D in a range from −0.11 (state
worse than death) to 1 (perfect health).13

A total of 645 patients participated in
6-month outcome assessment and formed
the primary analytical cohort; nearly 30%
of the 1176 trial participants died before
this time. The median EQ-5D health
utility score was quite low (0.77, IQR
0.51–0.83), and no variables directly asso-
ciated with acute illness (eg, treatments,
severity of illness or markers of acute pul-
monary pathology) were associated in the
primary analysis. Seven factors were inde-
pendently associated with health utility:
category of functional independence
(home and independent; home with infor-
mal care or requiring professional help),
age, sex, ethnicity, current smoking status,
body mass index and AIDS. No other
comorbidities were significantly associated
with health utility score after ARDS. The
R2 for this model was low, suggesting that
the variables did not explain much of the
variability of health utility.

The authors conducted a number of
additional analyses. First, they added vari-
ables available before hospital discharge
to the model, which identified hospital
length of stay as an independent predictor
of poorer health utility. Next, the cohort
was expanded to include all patients who
died before 6 months; these patients were
given a health utility score of 0. In this
cohort, severity of illness (indicated by
APACHE score) was a significant predictor
of health utility, along with age and func-
tional status. Finally, restricting analysis to
the 195 patients who had retrospective
EQ-5D assessments (reporting on prehos-
pital status after critical illness), baseline
EQ-5D was the most significant predictor
of 6-month health utility. Overall, the
authors concluded that health utility
among survivors of ARDS was not asso-
ciated with features of acute illness or its
treatments. Instead, health utility was
associated with baseline demographics
such as age and sex, and ‘lifestyle factors’
such as smoking and obesity. Additionally,
a crude assessment of functional status—
requiring no help, informal help or pro-
fessional help—was a key predictor of
health utility in all models.

The finding that pre-ICU factors are the
most important determinants of post-ICU
health utility is novel in the ARDS popu-
lation, and is consistent with emerging
reports across various ICU populations.
For example, a recent study of over 1000
survivors of a clinical trial of renal replace-
ment therapy demonstrated that most had
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low EQ-5D utility scores 60 days later, and
that the only significant predictors of
health utility were location of residence
prior to admission (a surrogate for func-
tional independence, similar to ALTOS)
and hospital length of stay.16 Indeed,
health before critical illness, whether mea-
sured as quality of life,17 functional
dependence18 or comorbid disease,19 has
been demonstrated as the key predictor of
the quality of survivorship after ICU. This
is not entirely surprising, as trajectories of
pre-ICU functional decline are generally
not expected to improve after critical
illness. Additionally, the EQ-5D is domi-
nated by measures of function, with do-
mains in mobility, self-care, usual activities,
pain/discomfort and anxiety/depression;
patients who are unable to perform activ-
ities of daily living (ADL) independently
would be expected to have low EQ-5D
scores at baseline. Overall, the authors’
pragmatic approach to capturing functional
independence is an important step
forward, and further attempts using tools
such as ADLs or measures of frailty will
likely advance the field even further.

The absence of association between
acute illness factors, such as severity of
illness and ICU treatments, and health
utility may be explained by a number of
hypotheses. First, all patients in this
cohort had a high severity of illness: all
had ARDS, all required mechanical venti-
lation and all had significant hypoxaemia.
It is possible that ARDS-associated factors
are linked to poorer outcome, but a
cohort limited to patients with ARDS is
unable to test such a hypothesis. Second,
the association between acute illness
factors and health utility may be modified
by baseline health; additional stratified or
restricted analyses may reveal important
associations in subgroups. This approach
may be crucial in order to identify the
patients most likely to respond to treat-
ments targeted at reducing post-ICU
sequelae. Third, acute illness factors may
be most important earlier in recovery.
Fourth, there could be important effects
of critical illness on health utility which
are not captured by the EQ-5D. And
finally, there may be no important associ-
ation between acute illness factors and
health utility; after all, neither cognitive
function nor post-traumatic stress disorder
—contributors to health utility—have
proven associations with severity of
illness.20 The lack of association between
most comorbidities and health utilities in
the present study can be similarly
explained, with particular attention to the
fact that many severe comorbidities were
excluded from the original ARDS Network

studies (such as chronic lung disease and
severe cirrhosis) and that patients with
comorbid diseases were much more likely
to die before 6-month assessment.
Identifying predictors of health utility

after ARDS represents important progress,
and the authors’ proposal to use these
predictors in developing tailored interven-
tions, particularly for patients who smoke
or who are obese, is certainly a valuable
next step forward. However, given how
poorly the kinds of variables examined by
Brown et al predict health utility across a
large cohort of ARDS survivors, perhaps
our field first needs to look backwards.
We need to understand how to detect the
groups for whom critical illness represents
a causal change to their long-term health
status, so that we can identify etiological
pathways and test specific interventions—
this will likely require exploring the het-
erogeneity of baseline factors, acute illness
factors and the contributors to health
status itself. We need more precise meas-
urement of baseline health and trajectory
at the time of ICU admission, since this is
convincingly associated with both mortal-
ity and post-ICU morbidity. And we need
to advance our patient-centred care, espe-
cially for those whose outcomes are
unlikely to improve with targeted treat-
ments. After all, as Atul Gawande writes
in Being Mortal, ‘our interventions, and
the risks and sacrifices they entail, are jus-
tified only if they serve the larger aims of
a person’s life’.21 With these steps, our
field may truly move beyond mortality.
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