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Prediction of long-term outcome 
subtypes in ARDS: first steps towards 
personalised medicine in critical care
Nicola Latronico,1,2 Cosetta Minelli,3 Matthias Eikermann4,5

In Thorax, Samuel Brown and colleagues 
present their result on early identification 
of physical, cognitive and mental health 
outcome subtypes in patients who survived 
acute respiratory distress syndrome 
(ARDS).1 Using data from the ARDSNet 
Long-Term Outcomes Study, the authors 
identified a group of 645 patients who 
had been studied with a comprehensive 
battery of validated health outcome instru-
ments, which included measures of phys-
ical, cognitive and mental health (anxiety, 
depression and post-traumatic stress 
disorder), as well as quality of life status, 
obtained at 6-month follow-up. After 
splitting the data into derivation and vali-
dation datasets, the authors used a data 
mining approach, weighted network anal-
ysis, to identify and validate four outcome 
subphenotypes. They identified four 
subtypes: (1) mildly impaired physical and 
mental health status; (2) moderately 
impaired physical and mental health 
status; (3) severely impaired physical and 
moderately impaired mental health status; 
and (4) severely impaired physical and 
mental health status. In each of the four 
subtypes, one-third of patients suffered a 
significant decrease from baseline in their 
health state measured with the EQ-5D or 
SF36. Separation of outcome subtypes in 
relation to various instruments of physical 
and mental health assessment was good, 
while cognitive function evaluated with 
Mini-Mental State Examination did not 
differ significantly across subtypes. Cogni-
tive outcomes remained unrelated to the 
subtypes defined by physical and mental 
health outcomes also when using a battery 

of more detailed cognitive tests available 
for a subset of patients. This multicentre 
study confirms that ARDS is associated 
with long-lasting disability after the reso-
lution of the acute condition: fewer than 
half of patients were living at home inde-
pendently at 6 months compared with 
91% at baseline. Physical and mental 
impairments were both severe in one 
quarter of them, who were mainly female, 
current smokers and of Latino ethnicity.

Among 144 variables available at base-
line, a previous study by the same authors 
had identified nine predictors associated 
with health status at 6-month follow-up2: 
age, female sex, Latino ethnicity, current 
smoking, body mass index, pulmonary 
comorbidity, AIDS comorbidity, nadir respi-
ratory rate and residential independence. In 
this paper, five of these nine variables inde-
pendently predicted physical and mental 
outcome subtypes in ARDS survivors: 
female sex, Latino ethnicity, pulmonary 
comorbidity, current smoker and residential 
independence. Of note, variables related 
to acute illness severity and measured at 
the time of enrolment (APACHE 3 scores, 
shock at enrolment, sepsis as primary cause 
of ARDS, PaO2/FIO2 ratio, PEEP, Glasgow 
Coma Scale score) as well as age and inten-
sive care unit (ICU) length of stay did not 
predict long-term functional outcome 
subtypes in ARDS survivors. A first message 
of this study is that the predictors of acute 
mortality and those of long-term disability 
can be different. If this is confirmed in 
future studies, we would be encouraged to 
do absolutely everything we can to make 
patients with ARDS survive the acute illness, 
knowing that a good long-term functional 
outcome may still be possible even in older 
individuals with high disease severity.

A second message is that early prediction 
of long-term outcome subtypes in patients 
with ARDS is feasible. Subtyping, defined as 
recognition of aggregated patterns of observ-
able clinical, radiological, biochemical and 
physiological characteristics within a hetero-
geneous cohort of patients, is an integral part 
of clinical practice, and has always been used 
by physicians to select those patients that 
are more likely to respond to treatment in 
case of protean disease. In the historical trial 
on streptomycin treatment of pulmonary 

tuberculosis, ‘a first prerequisite [required 
by investigators] was that all patients in the 
trial should have a similar type of disease’.3 
After having defined disease features, they 
commented: ‘Such closely defined features 
were considered indispensable, for it was 
realized that no two patients have an iden-
tical form of the disease, and it was desired 
to eliminate as many of the obvious varia-
tions as possible’.3 This perfectly expresses 
the reason why such operational subtyping 
is on the way of personalised medicine, 
which starts at the population level and uses 
‘various approaches and disciplines to char-
acterize subsets on subsets of such patients, 
ending with the individual patient’.4 With 
the availability of large datasets and powerful 
statistical analysis tools of modern times, this 
medical art of clinical pattern recognition 
has become science and is currently applied 
in many fields of medicine. The importance 
of ARDS subtyping has been demonstrated 
in some recent studies showing for example 
the selective effect of prone positioning in 
severe ARDS: a reduction in mortality could 
be demonstrated only when this treatment 
was targeted at patients with ARDS with a 
PaO2/FiO2 ratio≤150 rather than all patients 
with ARDS.5 Another example is the selec-
tive response to positive end expiratory 
pressure  (PEEP) in patients with ARDS 
with hyperinflammatory profile, character-
ised by high plasma levels of inflammatory 
biomarkers, profound shock, low serum 
bicarbonate and a high prevalence of sepsis 
as the cause of ARDS.6 ARDS subtypes 
have also been shown to have a differen-
tial response to randomly assigned fluid 
management strategy, with patients with 
hyperinflammatory profile showing reduced 
mortality with a conservative strategy.7 
However, the main scope of these studies 
was to identify subtypes of patients with 
ARDS with different hospital mortality, and 
not with different long-term disability as in 
the current study.

Identifying outcome subtypes does not 
necessarily imply the identification of their 
underlying pathogenetic mechanisms. 
When this happens, people refer to ‘endo-
types’, that is, subtypes of a disease with 
distinct pathophysiological mechanisms 
that can be targeted by selective treatment.4 
Brown’s study did not assess pathophysio-
logical mechanisms, and hence it should 
be considered a preliminary step towards 
full characterisation of ARDS long-term 
outcomes with potentially distinct response 
to treatment, as the authors acknowledge. 
However, the fact that predictors of phys-
ical and mental impairment did not predict 
cognitive impairment strongly suggests 
different pathophysiological mechanisms 
underlying cognitive and non-cognitive 
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outcomes. This is in line with findings from 
a recent Canadian study,8 and represents 
a further important result of the study by 
Brown and colleagues.

Possible explanations for this difference 
in pathophysiological mechanisms remain 
speculative. In critically ill patients, 
delirium is a strong predictor of cogni-
tive impairment that persists for months 
to years after ICU discharge.9 Moreover, 
delirium is associated with brain atrophy10 
and, in postoperative patients, with brain 
microstructural abnormalities reflecting 
diffuse cerebral white matter damage.11 
Early ICU physical rehabilitation is asso-
ciated with reduced incidence and shorter 
duration of delirium,12 13 and hence, it 
is tempting to speculate that rehabilita-
tion may also be beneficial in reducing 
post-ICU cognitive impairment. Delirium 
and immobility potentiate each other,14 
and therefore, early mobilisation in the 
ICU may exert its beneficial effect by inter-
rupting this vicious circle. However, reha-
bilitation may be ineffective in patients 
with severe ischaemic brain disease or, 
at the other end of severity spectrum, in 
those with transient delirium associated 
with sedation. Future studies in patients 
with ARDS should consider the assess-
ment of delirium during the ICU stay as 
a high priority in order to identify the 
mechanisms underlying its effect on long-
term cognitive impairment and to evaluate 
the impact of early ICU mobilisation on 
delirium and long-term cognition.

ARDS is a potentially lethal, inflammatory 
lung disease, with hospital mortality varying 
between 35% in milder forms and 46% in 
severe forms.15 It is therefore reasonable 
that researchers prioritise their efforts on 
developing strategies to reduce mortality. 
However, survivors of ARDS may suffer 
from long-term physical impairments, exer-
cise limitations, profound neuromuscular 
weakness, pain and fatigue,14 cognitive and 
psychiatric morbidity,16 decreased physical 
quality of life, a negative impact on employ-
ment and family income,17 and increased 
costs and use of healthcare services.18 Care 
is often provided by family members, for 
many of whom the occurrence of depres-
sive symptoms is high19 and the impact on 
employment is negative.17

The ‘A’ of the acronym ARDS has 
changed over time from indicating 
‘adult’ to indicating ‘acute’. After 50 
years since the first description of this 
syndrome,20 the time has come that we 
start considering the ‘A’ as also indicating 
‘after’. This would emphasise the need 
to address early survivorship care aimed 
at preventing disability after ICU20 with 
the same high priority that is given to 
the treatment of the acute lung injury to 
reduce mortality. By identifying baseline 
characteristics that can predict at the 
time of ICU admission the risk of devel-
oping long-term physical and mental 
impairment if the patient survives the 
acute phase, the study by Brown and 
colleagues represents an important step 
towards this end.

Contributors  NL served as reviewer of the original 
paper. All three authors contributed to writing this 
editorial and approved its final form.

Competing interests  None declared.

Provenance and peer review  Commissioned; 
externally peer reviewed.

© Article author(s) (or their employer(s) unless 
otherwise stated in the text of the article) 2017. All 
rights reserved. No commercial use is permitted unless 
otherwise expressly granted.

To cite Latronico N, Minelli C, Eikermann M. Thorax 
2017;72:1067–1068.

Published Online First 7 October 2017

►► http://​dx.​doi.​org/​10.​1136/​thoraxjnl-​2017-​210337

Thorax 2017;72:1067–1068.
doi:10.1136/thoraxjnl-2017-210775

References
	 1	 Brown SM, Wilson EL, Presson AP, et al. Understanding 

patient outcomes after acute respiratory distress 
syndrome: identifying subtypes of physical, 
cognitive and mental health outcomes. Thorax 
2017;72:1094–103.

	 2	 Brown SM, Wilson E, Presson AP, et al. Predictors of 
6-month health utility outcomes in survivors of acute 
respiratory distress syndrome. Thorax 2017;72:311–7.

	 3	 STREPTOMYCIN treatment of pulmonary tuberculosis. 
Br Med J 1948;2:769–82.

	 4	 Akdis CA, Ballas ZK. Precision medicine and precision 
health: building blocks to foster a revolutionary 
health care model. J Allergy Clin Immunol 
2016;137:1359–61.

	 5	 Reilly JP, Meyer NJ. Pattern recognition in ARDS: a 
crucial first step toward personalised treatment. Lancet 
Respir Med 2014;2:594–5.

	 6	 Calfee CS, Delucchi K, Parsons PE, et al. 
Subphenotypes in acute respiratory distress syndrome: 
latent class analysis of data from two randomised 
controlled trials. Lancet Respir Med 2014;2:611–20.

	 7	 Famous KR, Delucchi K, Ware LB, et al. Acute 
respiratory distress syndrome subphenotypes respond 
differently to randomized fluid management strategy. 
Am J Respir Crit Care Med 2017;195:331–8.

	 8	 Herridge MS, Chu LM, Matte A, et al. The RECOVER 
program: disability risk groups and 1-year outcome 
after 7 or more days of mechanical ventilation. Am J 
Respir Crit Care Med 2016;194:831–44.

	 9	 Pandharipande PP, Girard TD, Jackson JC, et al. Long-
term cognitive impairment after critical illness. N Engl J 
Med 2013;369:1306–16.

	10	 Gunther ML, Morandi A, Krauskopf E, et al. The 
association between brain volumes, delirium duration, 
and cognitive outcomes in intensive care unit 
survivors: the VISIONS cohort magnetic resonance 
imaging study*. Crit Care Med 2012;40:2022–32.

	11	 Cavallari M, Dai W, Guttmann CRG, et al. Longitudinal 
diffusion changes following postoperative delirium 
in older people without dementia. Neurology 
2017;89:1020–7.

	12	 Schweickert WD, Pohlman MC, Pohlman AS, et al. Early 
physical and occupational therapy in mechanically 
ventilated, critically ill patients: a randomised 
controlled trial. Lancet 2009;373:1874–82.

	13	 Schaller SJ, Anstey M, Blobner M, et al. Early, 
goal-directed mobilisation in the surgical intensive 
care unit: a randomised controlled trial. Lancet 
2016;388:1377–88.

	14	 Latronico N, Herridge M, Hopkins RO, et al. The ICM 
research agenda on intensive care unit-acquired 
weakness. Intensive Care Med 2017:1270–81.

	15	 Bellani G, Laffey JG, Pham T, et al. Epidemiology, 
patterns of care, and mortality for patients with acute 
respiratory distress syndrome in intensive care units in 
50 countries. JAMA 2016;315:788–800.

	16	 Mikkelsen ME, Christie JD, Lanken PN, et al. The adult 
respiratory distress syndrome cognitive outcomes 
study: long-term neuropsychological function in 
survivors of acute lung injury. Am J Respir Crit Care 
Med 2012;185:1307–15.

	17	 Griffiths J, Hatch RA, Bishop J, et al. An exploration of 
social and economic outcome and associated health-
related quality of life after critical illness in general 
intensive care unit survivors: a 12-month follow-up 
study. Crit Care 2013;17:R100.

	18	 Herridge MS, Tansey CM, Matté A, et al.  
Functional disability 5 years after acute respiratory 
distress syndrome. N Engl J Med  
2011;364:1293–304.

	19	 Cameron JI, Chu LM, Matte A, et al. One-Year 
outcomes in caregivers of critically ill patients. N Engl J 
Med 2016;374:1831–41.

	20	 Slutsky AS, Villar J, Pesenti A. Happy 50th  
birthday ARDS!. Intensive Care Med  
2016;42:637–9.

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2017-210775 on 7 O

ctober 2017. D
ow

nloaded from
 

http://dx.doi.org/10.1136/thoraxjnl-2017-210337
http://dx.doi.org/10.1136/thoraxjnl-2017-210337
http://dx.doi.org/10.1136/thoraxjnl-2016-208560
http://dx.doi.org/10.1016/j.jaci.2016.03.020
http://dx.doi.org/10.1016/S2213-2600(14)70116-X
http://dx.doi.org/10.1016/S2213-2600(14)70116-X
http://dx.doi.org/10.1016/S2213-2600(14)70097-9
http://dx.doi.org/10.1164/rccm.201603-0645OC
http://dx.doi.org/10.1164/rccm.201512-2343OC
http://dx.doi.org/10.1164/rccm.201512-2343OC
http://dx.doi.org/10.1056/NEJMoa1301372
http://dx.doi.org/10.1056/NEJMoa1301372
http://dx.doi.org/10.1097/CCM.0b013e318250acc0
http://dx.doi.org/10.1212/WNL.0000000000004329
http://dx.doi.org/10.1016/S0140-6736(09)60658-9
http://dx.doi.org/10.1016/S0140-6736(16)31637-3
http://dx.doi.org/10.1007/s00134-017-4757-5
http://dx.doi.org/10.1001/jama.2016.0291
http://dx.doi.org/10.1164/rccm.201111-2025OC
http://dx.doi.org/10.1164/rccm.201111-2025OC
http://dx.doi.org/10.1186/cc12745
http://dx.doi.org/10.1056/NEJMoa1011802
http://dx.doi.org/10.1056/NEJMoa1511160
http://dx.doi.org/10.1056/NEJMoa1511160
http://dx.doi.org/10.1007/s00134-016-4284-9
http://thorax.bmj.com/

