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Although the condition now known as the acute res-
piratory distress syndrome (ARDS) has been recognized 
since at least the Second World War [1], it was not until 
the landmark paper of Ashbaugh et  al. [2] published 
on 12 August 1967 that interest in this syndrome really 
began. From a cohort of 272 patients receiving res-
piratory support [i.e., oxygen or mechanical ventilation 
(MV)], they identified 12 who had respiratory distress 
with tachypnea, refractory hypoxemia, decreased com-
pliance, and bilateral pulmonary infiltrates. Mortality was 
58 %, with greater survival in five patients managed with 
PEEP (5–10  cmH2O). Pathology revealed heavy lungs, 
atelectasis, interstitial and alveolar edema, as well as hya-
line membranes—a picture similar to the infant respira-
tory distress syndrome.

Over the years, several diagnostic schema for ARDS 
have been proposed, all based on a combination of physi-
ological, clinical, and radiographic parameters. These 
criteria allow the inclusion of a heterogeneous group of 
patients, many who likely do not have increased alveo-
lar–capillary permeability or the typical histopatho-
logical features of ARDS known as diffuse alveolar 
damage (DAD). Several patients in the original report 
would probably not now be considered to have ARDS 
since fluid overload was an important etiological factor in 
some patients. Although we have had some progress in 
defining ARDS [3–5], a much better approach to pheno-
typing these patients is needed, including identification 
of specific biomarker(s).

Over the past 50  years, we have developed a well-
defined conceptual model of ARDS, characterized patho-
logically by DAD [6]. DAD is caused by an insult to the 
pulmonary capillary endothelium and the alveolar epi-
thelium, resulting in increased permeability and subse-
quent interstitial and protein-rich  alveolar edema [7], 

atelectasis, and structural damage to the lung architec-
ture. Despite our improved understanding of the role of 
cellular and humoral components of the inflammatory 
response, we still do not fully understand the impor-
tance of neutrophils, alveolar macrophages, platelets, the 
complement system, and inflammatory mediators in the 
precise sequence of events leading to ARDS. The coexist-
ence of unresolved infection and extrapulmonary organ 
failure are major risk factors for fatal outcome. Eventu-
ally, the perpetuation of lung inflammation evolves into 
a fibroproliferative phase in which lung fibrosis, capil-
lary thrombosis, and neovascularization take place. Most 
ARDS non-survivors die from multiple organ dysfunc-
tion during this phase.

Despite progress in understanding the molecu-
lar/genetic mechanisms underlying ARDS, the major 
advances in therapy have been largely based on a better 
understanding of the underlying physiological mecha-
nisms (Fig.  1). There is now unequivocal evidence from 
both experimental and clinical studies that MV can cause 
or aggravate lung injury [8, 9], an entity termed venti-
lator-induced lung injury (VILI). In many respects the 
manifestations of VILI resemble those of ARDS with the 
production of a complex array of inflammatory media-
tors, resulting in a local and a systemic inflammatory 
response, so-called biotrauma [10]. This has led to the 
suggestion that much of ARDS may be an iatrogenic dis-
ease, rather than a natural progression of the underlying 
disease [11]; and VILI may in fact be the cause of DAD as 
observed on lung pathology.

In the original ARDS description, the X-ray appear-
ance of diffuse pulmonary infiltrates suggested a rela-
tively homogeneous disease process. This paradigm 
was accepted for many years until the studies by Gatti-
noni et  al.  [12] using computerized tomography dem-
onstrated that the disease was heterogeneous, with 
collapsed and consolidated areas mainly in dependent 
regions, and healthier-looking units in non-dependent 
regions. The healthy zone can represent as little as 20 % 
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of the lung; however, this “baby” lung must accomplish 
the entire gas exchange. Overinflation of the most com-
pliant zones which receive the bulk of ventilation can 
lead to VILI. Injury can also occur by ventilation at 
low lung volumes  [9]. Ashbaugh et  al. [2] reported that 
PEEP improved oxygenation, allowed ventilation with 
lower FiO2, and probably contributed to higher survival 
rate. The original rationale for applying PEEP in ARDS 
was improvement in gas exchange; however, any puta-
tive benefit likely arises from its effect on minimizing 
VILI, since repetitive opening and collapse of unstable 
lung units causes lung injury due to the stresses placed 
on the junctional tissue between collapsed and open 
lung units [9]. Although it is likely that sufficient PEEP 
should be applied to maintain the lung open (on average 
10–16 cmH2O), despite decades of research, the optimal 
way to apply PEEP remains a matter of debate.

What is no longer a matter of debate is the fact that 
lung-protective ventilatory strategies can improve out-
comes in ARDS patients, and likely in patients without 
ARDS. The seminal contribution in this regard is the 
ARDSNet study [13] which demonstrated a 9 % absolute 
mortality reduction by applying a low tidal volume, lung-
protective strategy with limitation of plateau pressures. 

Over the past decade there have been a number of posi-
tive clinical trials [13–17], all of which are based on mini-
mizing VILI (e.g., use of neuromuscular blocking agents 
[16] and prone ventilation [17]). This contrasts with the 
past 50  years during which there have been no positive 
clinical trials of pharmacological agents aimed at the 
underlying basic mechanisms of lung injury or repair 
[18]. This likely relates in part to the importance of VILI, 
but perhaps more importantly to the fact that the defi-
nitions of ARDS that we have had are all physiologically 
based, and hence may not identify the correct targets 
for pharmacological therapies—again pointing out the 
importance in identifying suitable biomarkers.

As intensivists, it is incumbent on us to consider not 
only our patients’ short-term outcomes but also the 
long-term consequences. In this respect, another major 
advance over the past 20  years has been our increased 
understanding of the long-term physiology and quality of 
life of surviving ARDS, as well the psychological stresses 
on the family members and caregivers of ARDS survivors 
[19].

Clinicians have long recognized that not all patients 
with ARDS are alike. It now seems clear that the patho-
genesis of most diseases is influenced by the host 

Fig. 1  Major advances related to the acute respiratory distress syndrome (ARDS) and ventilator-induced lung injury (VILI): from the bench to the 
bedside. GWAS genome-wide association studies, ICU intensive care unit, NMB neuromuscular blocking agents, PIP peak inspiratory pressure, PMN 
polymorphonuclear cells, V volume, vent. ventilation. (Modified from [21])
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genotype, the environment, and the nature of the under-
lying injury process. Predisposing genetic factors can 
interact with the environment to determine the diversity 
of clinical manifestations, the response to treatment, and 
outcomes among ARDS patients. Exposing these genetic 
factors will (hopefully) reveal therapeutic targets and 
a foundation to predict ARDS susceptibility, and out-
comes. Several association studies have been performed 
in ARDS, mostly focused on specific biological candidate 
genes, and only recently have explored the entire genome 
[20]. The search for genetic variants determining suscep-
tibility and predicting outcomes will have an impact on 
the development of more efficient genotype- and pheno-
type-guided therapies for ARDS patients over the next 
50 years.
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