
ARDS, up close and personal
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The acute respiratory distress syndrome
(ARDS) was first reported in a case series
from Denver in 1967.1 Forty-five years
later, the syndrome was reborn: the
‘Berlin’ definition captures patients with a
mortality of 24% rising to 48% in the
group of patients with the most severe
respiratory failure.2 Survivors commonly
suffer from muscle weakness and neuro-
psychiatric problems, such that fewer than
50% have returned to work 12 months
after leaving intensive care.3 ARDS is
important both clinically and financially.
It is a not uncommon contributor to the
deaths of critically ill patients of all ages4
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The onset of ARDS can be ascribed to
two processes resulting from acute inflam-
mation or injury at the lung’s gas
exchange surface: the alveolar–capillary
membrane. These processes increase the
permeability of the membrane associated
with the recruitment of neutrophils into
the airspace. The resulting acute inflam-
matory exudate inactivates surfactant,
leading to collapse and consolidation with
progressive loss of functioning lung. This
would be well tolerated physiologically if
the inflammatory process did not paralyse
the lung’s means of preventing
ventilation–perfusion mismatch: hypoxic
pulmonary vasoconstriction. The combin-
ation of these factors causes profound
hypoxaemia accompanied by pulmonary
oedema. The latter mechanism accounts
for the fact that as a rule patients with
ARDS are considerably more hypoxaemic
than those with heart failure with similar
radiographic appearances.

Since its recognition, much has been
learnt about the epidemiology, clinical
course and pathogenesis of ARDS, but
these advances have failed to lead to a
single effective ‘disease modifying’

therapy.6 Is that such a surprise given that
ARDS is not a disease but a label describ-
ing acute respiratory failure occurring de
novo as a result of a plethora of pulmonary
and non-pulmonary insults? Indeed, a
common theme of research into ARDS and
other critical illnesses has been the increas-
ing appreciation of the contribution to the
burden of ARDS of iatrogenic factors,
most notably: fluid overload, ventilator-
associated lung injury from mechanical
ventilation, transfusion of blood products
and hospital-acquired infection (figure 1).7

While it is sobering to appreciate the nega-
tive role that well-intentioned healthcare
systems have played, it has at least indi-
cated the potential to prevent ARDS
through simple quality-improvement inter-
ventions.8 9 ARDS investigators have been
less successful in identifying patient-
specific risk modifiers, although the Lung
Injury Prediction Score (LIPS: table 1)
represents the product of well-planned and
well-executed epidemiology studies.10 11

LIPS was designed to identify patients at
high risk for ARDS prevention studies to
be executed by the National Institutes of
Health’s Prevention and Early Treatment
of Acute Lung Injury Network (http://
petalnet.org/). The idea being that thera-
peutic interventions would be more likely
to be effective if administered before the

syndrome was fully established as has been
the case in animal models.12 The Lung
Injury Prevention with Aspirin Study
(LIPS-A) is the first large multi-centre
study using LIPS criteria to identify high-
risk patients to address the question of
whether ARDS can be prevented with a
drug, in this case aspirin,13 the latest in a
succession of promising therapeutics for
ARDS which was supported by a plethora
of positive preclinical data and basic
science. Disappointingly, the study was
negative and one contributing factor was
that the score threshold for study inclusion
produced only half the predicted number
of ARDS cases, the study’s primary
outcome. This does raise concerns about
the ability of LIPS to identify an enriched
population of patients at risk of ARDS
without the addition of factors such as bio-
markers that can predict deterioration
from at risk, to mild, to severe ARDS and
to death.

An alternative strategy designed to
increase the likelihood of positive clinical
trials in ARDS is to select a less heteroge-
neous patient population—a step on the
road to a personalised approach made at
the expense of having a smaller pool of
patients from which to recruit. Such split-
ting can be envisaged on the basis of
readily identifiable predisposing causes (eg,
influenza pneumonia, transfusion-related
acute lung injury or systemic sepsis) or
inherent patient characteristics, such as
alcoholism or the expression of particular
single-nucleotide polymorphisms known
to be associated with a predisposition to

Figure 1 The evolution of ARDS. The pathogenesis of the syndrome depends on one or more
initiating factors, which may affect the lung directly (eg, pneumonia) or via the circulation
(eg, severe sepsis). These interact with patient-specific modulators (blue) and iatrogenic factors
(red). The sum of a variety of pathological mechanisms manifests as ARDS. ARDS, acute
respiratory distress syndrome; TRALI, transfusion-related acute lung injury; VALI,
ventilator-associated lung injury.
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ARDS, for example, the functional pro-
moter variants in sphingosine 1-phosphate
receptor 3.14 In this context, the work of
Moazed et al15 is noteworthy and novel in
that it aims to elucidate the mechanisms
underlying the known predisposition of
smokers to ARDS. The findings that indi-
cate that smokers had an exaggerated
response to bacterial endotoxin as mea-
sured by biomarkers of inflammation and
increased alveolar–capillary membrane
permeability are hardly surprising as these
processes are interdependent and integral
to the pathogenesis of ARDS.16 The add-
itional suggestions that in smokers there is
exaggerated epithelial injury and abnor-
malities of the vascular endothelial growth
factor (VEGF) axis are hypothesis
forming, but may suggest therapeutic
targets that are more specific to this patient
group. The pluripotent growth factor
VEGF is critical for lung development and
has multiple physiological roles subse-
quently depending on isotype and receptor
interactions, including the regulation of
vascular permeability and angiogenesis.17

Hence, it is tempting to speculate that
smoking stresses the VEGF axis by
‘demanding’ continuously high alveolar
repair activity which is underpinned by
angiogenesis and that failure of this mech-
anism contributes to COPD. Similarly,
VEGF could mediate some of the
increased vascular permeability character-
istics of ARDS and play a role in the later
phases of recovery through repair by
angiogenesis; consequently, the timing of
any intervention targeting this axis would
be crucial.

The authors have gone to great lengths
to collaborate across continents in order
to do this important translational work on
humans rather than animal models. This
effort reflects the widespread feeling that
part of the failure of drug development
has resulted from an overeagerness to
jump from animal models into clinical
trials where a clinical outcome is
demanded. This increasing scepticism
about animal models is due to fundamen-
tal interspecies differences in physiology
and immunity,18 and their limited ability
to reflect complex multifactorial human
syndromes.19 This has particularly limited
our understanding of injury and repair in
the lung parenchyma and highlights the
need for replacement of existing animal
models of lung diseases with novel human
models.
So what are the take home messages?

Certainly, we need a heightened awareness
of the ARDS diagnosis especially when
there is an inclination to ascribe hypoxia
in a smoker to mild COPD, thereby
missing the opportunity to prevent the
progression of the syndrome. A recent
survey of 459 intensive care units in 50
countries from five continents, including
29 144 patients, identified 3022 (10.4%)
cases fulfilling ARDS criteria, but in only
half of the mild ARDS group was the syn-
drome recognised.20 Second, we need to
continue to invest in human studies that
aim to elucidate the pathogenesis of ARDS
and to identify clinically useful biomarkers
and surrogate outcome measures.21 22

Finally, these investigations need to be per-
formed with a view to designing a stepwise

approach to testing novel therapeutics in
this particularly challenging patient group.
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