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                     Acute respiratory distress syndrome is a common cause of 
acute respiratory failure that is underdiagnosed both inside 
and outside of intensive care units. Progression to the most 
severe forms of the syndrome confers a mortality rate greater 
than 40% and is associated with often severe functional 
disability and psychological sequelae in survivors. While 
there are no disease-modifying pharmacotherapies for the 
syndrome, this progression may be prevented through the 
institution of quality improvement measures that minimise 
iatrogenic injury associated with acute severe illness.   
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  Definitions, epidemiology and outcomes 

 Acute respiratory distress syndrome (ARDS), at the time 
termed the adult respiratory distress syndrome, was first 
reported in a case series from Denver in 1967.  1   Forty-five years 
later, the syndrome was ‘relaunched’, with the announcement of 
the ‘Berlin’ definition (Table  1 ). This iteration of the definition 
was validated using retrospective cohorts and captures patients 
with a mortality of 24% rising to 48% in the group of patients 
with the most severe respiratory failure.  2    

 Using the previous, less robust, definition of ARDS, several 
population-based studies showed a fairly consistent picture 
of the age, mortality, and severity of illness; however, there is 
almost a fourfold difference in incidence, probably contributed 
to by differences in study design and intensive care unit (ICU) 
utilisation.  3   In the USA, there are estimated to be 190,000 
cases and 74,000 deaths annually from ARDS;  4   whereas in a 
third world setting, of 1,046 patients admitted to a Rwandan 
referral hospital over 6 weeks, 4% (median age 37 years) met 
modified ARDS criteria, only 30.9% of patients with ARDS 
were admitted to an ICU and hospital mortality was 50.0%. 
This study used the Kigali modification of the Berlin definition: 
without requirement for positive end-expiratory pressure, 
hypoxia threshold of SpO 2 /FiO 2  less than or equal to 315, and 
bilateral opacities on lung ultrasound or chest radiograph.  5   
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              Acute respiratory distress syndrome   

 The recently published Lung SAFE trial was designed to 
prospectively study the performance of the Berlin definition 
and to reflect modern management of ARDS. To those ends, 
the investigators recorded admissions over 4 weeks to 459 ICUs 
in 50 countries over 5 continents, totalling 29,144 patients. Of 
the admissions recorded, 3,022 (10.4%) cases fulfilled ARDS 
criteria, including almost a quarter of those supported with 
invasive mechanical ventilation.  6   Despite this relatively high 
prevalence and the study’s focus on ARDS, the syndrome was 
recognised in only half of the mild ARDS group. Furthermore, 
in a study that reported on 815 patients with at least one risk 
factor for ARDS who were admitted to one of three Spanish 
hospitals over 4 months, 15 out of 53 patients (28%) were not 
admitted to an ICU, suggesting that Lung SAFE may have both 
underestimated ARDS incidence and over-looked diagnoses.  7   

 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.  8   However, it 
is unusual for ARDS survivors to be significantly limited by 
chronic respiratory failure. Therefore, ARDS is important 
both clinically and financially, because it is a not uncommon 
contributor to the deaths of critically ill patients of all ages and 
because survivors carry on suffering from the after effects of 
critical illness long after they leave hospital.  9   It is important to 
emphasise that, as a syndrome rather than a disease, there is no 
laboratory, imaging or other ‘gold standard’ investigation to 
diagnose ARDS. Like acute kidney injury, ARDS is caused by a 
huge range of conditions and, as a consequence, patients with 
ARDS are heterogeneous. Hence, the outcome for these patients 
is determined by the underlying causes of ARDS, patient-
specific factors such as comorbidities, the way the illness is 
managed and the severity of illness.  

  Pathophysiology 

 Acute inflammation or injury at the lung’s alveolar-capillary 
membrane increases the permeability of the membrane 
associated with the recruitment of neutrophils and other 
mediators of acute inflammation into the airspace. This gives 
rise to two processes that underlie the pathophysiology of 
ARDS. The resulting  acute inflammatory exudate inactivates 
surfactant leading to collapse and consolidation of distal lung 
parenchyma with progressive loss of the lung’s gas exchange 
surface area. This loss would be compensated for by hypoxic 
pulmonary vasoconstriction if the inflammatory process did 
not also effectively paralyse the lung’s means of controlling 
vascular tone, thereby allowing deoxygenated blood to 
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cross unventilated lung units on its way to the left heart. 
The combination of these two processes causes profound 
hypoxaemia associated with high permeability pulmonary 
oedema.  

  ARDS prevention 

 No drug treatment is known to improve the outcome of ARDS, 
despite decades of clinical trials. This has led to an interest in 
testing the ability of agents to either prevent ARDS or stop the 
progression from mild to more severe forms of the syndrome. 

 Research into critical illness has increased our understanding 
of the contribution of iatrogenic factors, most notably fluid 
overload, ventilator-associated lung injury (VALI) from 
mechanical ventilation, transfusion of blood products and 
hospital acquired infection (Fig  1 ), in ARDS.  10   While it is 
sobering to appreciate the negative role that healthcare systems 
have played, it has at least indicated the potential to prevent 
ARDS through simple quality improvement interventions.  11,12    

 The Lung Injury Prediction Score (LIPS; Table  1 ) is the 
product of a series of epidemiological studies.  13,14   LIPS was 
designed to identify a population of patients at high risk of 
ARDS for prevention studies to be carried out by the National 
Institutes of Health’s Prevention and Early Treatment of Acute 
Lung Injury (PETAL) Network ( http://petalnet.org/ ). A score 
of greater than 4 points conferred sensitivity for acute lung 
injury (ALI) of 0.69 (95% CI 0.64–0.74), specificity of 0.78 
(95% CI 0.77–0.79), positive predictive value 0.18 (0.16–0.20) 
and negative predictive value 0.97 (0.97–0.98). LIPS-A is the 
first large multicentre study to address the question of whether 
ARDS can be prevented with a drug, in this case aspirin – 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.  15   This does raise concerns 
about the ability of LIPS to identify an enriched population of 
patients at risk for ARDS without the addition of factors such as 
biomarkers that can predict deterioration from at risk to mild 
ARDS, severe ARDS and death. 

 Two further strategies have been employed to investigate 
ARDS prevention. Elective high-risk surgery – most commonly 
oesophagectomy, which confers a risk of post-operative ARDS 
of up to 20% – can be used as a model of ARDS in phase II 
clinical trials. Hence, the HARP investigators demonstrated 
proof of principle for simvastatin (80 mg before and after 
the operation for 11 days in total) in attenuating biochemical 
markers of lung injury, but not physiological indices, in 
oesophagectomy patients.  16   Secondly, by characterising patients 
early in their clinical course, before they develop ARDS, it 
has been possible to refine the parameters to the need for 
supplemental oxygen, an elevated respiratory rate and bilateral 
infiltrates on the chest radiograph to identify patients with early 
acute lung injury (EALI).  17   A prospective multicentre study 
is needed to evaluate the positive predictive value of an EALI 
score comprising these variables that could have a similar role 
to LIPS in future trials.  

  ARDS management 

 Despite advances in our understanding of the epidemiology and 
pathogenesis of ARDS, this has failed to lead to a single effective 
‘disease-modifying’ therapy.  18   Corticosteroids are ineffective 
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 Fig 1.       The evolution of acute respiratory distress syndrome (ARDS).  The 

aetiology of the syndrome depends on one or more initiating factors that 

may affect the lung directly or via the  circulation. These interact with patient-

specifi c modulators (blue) and iatrogenic factors (red). The sum of a variety 

of pathological mechanisms manifests as ARDS. ALI = aculte lung injury; 

TRALI = acute lung injury  associated with the transfusion of blood products; 

VALI = ventilator- associated lung injury  

 Table 1.       The Lung Injury Prediction Score (LIPS   )   

Predisposing 
conditions 

LIPS 
points 

Risk modifiers LIPS 
points 

Shock 2 Alcohol abuse 1

Aspiration 2 Obesity (BMI>30) 1

Sepsis 1 Hypoalbuminaemia 1

Pneumonia 1.5 Diabetes mellitus –1

High-risk surgery Chemotherapy 1

> Orthopaedic spine 1 FiO 2 >0.35 or >4 L/min 2

> Acute abdomen 2 Tachypnoea RR>30 1.5

> Cardiac 2.5 SpO 2 <95% 1

> Aortic vascular 3.5 Acidosis (pH<7.35) 1.5

High-risk trauma

> Traumatic brain injury 2

> Smoke inhalation 2

> Near drowning 2

> Lung confusion 1.5

> Multiple fractures 1.5

   In evaluation, LIPS discriminated between patients who did and who did 

not develop acute lung injury (ALI). When a cut-off score of greater than 4 

points was used, sensitivity of the score for ALI was 0.69 (95% CI 0.64–0.74), 

specificity 0.78 (95% CI 0.77–0.79), positive predictive value 0.18 (0.16–0.20) 

and negative predictive value 0.97 (0.97–0.98). 13    
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at preventing the syndrome and numerous studies have failed 
to determine whether their use is beneficial in patients who 
fail to improve after the first week of ARDS. Many supposed 
experts, ourselves included, use methylprednisolone (for 
example, 2 mg/kg per day in divided doses for 2 weeks, followed 
by 1 mg/kg for 2 more weeks) in patients who ‘get stuck’. 
However, the essence of management of these cases consists of 
optimising diagnosis and treatment of underlying conditions, 
and the deployment of supportive measures that minimise 
iatrogenic injury and the consequences of severe critical illness 
(ie secondary and tertiary prevention). 

  Diagnosis 

 Any diagnostic strategy for ARDS is sufficiently dependent 
on local factors, such as the prevalent causes of infectious 
pneumonia and access to imaging modalities (like 
transoesophageal echocardiography), that a single protocol 
cannot be recommended. Similarly, local guidelines should 
be regularly updated. There are two main differential 
diagnoses (conditions that resemble ARDS but have a distinct 
pathophysiology): 

  1 cardiovascular conditions of rapid onset, including left heart 
failure, right-to-left vascular shunts, usually with some lung 
pathology, and major pulmonary embolism  

  2 lung conditions that develop more slowly than ARDS, for 
example interstitial lung diseases (especially acute interstitial 
pneumonia), broncho-alveolar cell carcinoma, lymphangitis 
and the pulmonary vasculitides.     

  Secondary and tertiary prevention 

 According to the available evidence, the central tenant of 
management of ARDS is the prevention and mitigation of VALI, 
which is discussed in the next section. 

 Maintenance of a neutral fluid balance was associated with 
decreased length of ICU stay and ventilator dependency without 
evidence of increased non-pulmonary organ failure in the 
ARDS Network Fluid and Catheter Treatment Trial (FACTT).  19   
Strategies that may be used to achieve a negative fluid balance 
include intake restriction, diuresis and haemofiltration. 
Considerable judgement is required to determine how negative 
a fluid balance to attempt and when in the clinical course the 
patient’s microvasculature is no longer ‘leaky’, such that fluid 
balance restrictions can be relaxed. As a note of caution, one 
follow-up study from FACTT has demonstrated an association 
between conservative fluid balance strategy and cognitive 
impairment in survivors.  20   

 Transfusion of blood products has been associated with the 
incidence of ARDS, nosocomial infection and mortality in 
critical illness. Transfusion-related lung injury (TRALI) is 
defined as the onset of ARDS within 6 hours of the transfusion 
of any blood product in the absence of another risk factor.  21   
The most important mechanism of injury appears to be the 
interaction of pre-formed antibodies in the product with 
the host pulmonary vascular endothelium. Hence, products 
containing the most plasma confer the highest risk and the 
exclusion of female donors of products with high plasma 
volume has resulted in a decrease in the incidence of TRALI 
by roughly two thirds. Transfusion of packed red cells using a 

threshold of seven was non-inferior to a threshold of 9 g/dL; 
corresponding protocols restricting unnecessary transfusion 
should be introduced locally and practices audited. 

 There is a dearth of evidence-based practices that decrease 
hospital acquired infection. An effective local antibiotic policy 
should aim to optimise antibiotic treatment according to local 
surveillance data and to ensure rapid de-escalation based on 
culture results. Recent evidence suggests that enteral nutrition 
is preferable to parenteral, and that under feeding is less 
dangerous than over provision. Finally, active rehabilitation, 
specialist outpatient follow up and psychological support 
have been recommended for all survivors of severe critical 
illness in order to mitigate the neuro-psychological effects and 
weakness.  22    

  Ventilatory management and the avoidance of 
ventilator-associated lung injury 

 Arguably all of the strategies that improve outcome in ARDS 
have their effect by preventing VALI.  23   Low tidal volume 
ventilation is the mainstay of management. The ARMA 
ARDS Network study demonstrated a significant mortality 
advantage associated with a ventilation strategy targeting a 
tidal volume of 6 mL/kg predicted body weight and a plateau 
pressure <30 cmH 2 0 in 861 patients. However, reanalysis of 
the data suggests that achieving an even lower tidal volume 
may confer additional benefit, which in part underlies the 
use of the extracorporeal lung support techniques of carbon 
dioxide removal (ECCOR) and extracorporeal membrane 
oxygenation (ECMO). While a robust evidence base for the use 
of the former in ARDS is currently lacking, referral of patients 
with potentially reversible, severe ARDS to a regional ECMO 
centre improved mortality and was cost effective.  24   After the 
H1N1 2009 influenza pandemic in which the use of ECMO 
appeared to confer benefit,  25   a network of five ECMO centres 
was commissioned to provide advanced care for patients with 
severe acute respiratory failure in England. Rescue therapies 
for refractory hypoxaemia that may be used for patients who 
are unsuitable for ECMO or to temporise include recruitment 
manoeuvres, alternative ventilation modes and inhaled 
vasodilators (eg nitric oxide and prostacyclin). These strategies 
do not improve the outcome of unselected patients with ARDS; 
indeed, the use of high frequency oscillation ventilation was 
associated with an increased mortality despite short-term 
improvement in gas exchange.  26,27   

 An individual patient data meta-analysis of three trials 
examining the role of high versus lower levels of positive 
end-expiratory pressure in patients with ARDS suggested that 
patients with moderate or severe ARDS may benefit from the 
application of higher levels.  28   Prone positioning improves 
oxygenation in approximately two thirds of ARDS patients by 
improving ventilation/perfusion matching, and may improve 
mortality by sharing VALI between the anterior and posterior 
portions of the lung. Available evidence suggests that the 
observed survival benefit is restricted to patients with moderate 
to severe ARDS, who are placed in the prone position for at 
least 16 hours per day.  29   Similarly, a multicentre randomised 
controlled trial evaluating the use of 48 hours neuromuscular 
blockade with cisatracurium in patients with moderate to 
severe ARDS (PaO 2 /FiO 2  ratio <150 mm Hg) improved 
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mortality and increased ventilator and organ failure free days 
without any difference in ICU acquired paresis.  30     

  Future directions 

 There are no disease modifying drug therapies for ARDS. Drug 
development in this area is notoriously difficult, partly because 
ARDS is not a disease but a label describing acute respiratory 
failure occurring  de novo  as a result of a wide variety of 
conditions. One strategy designed to increase the likelihood of 
positive clinical trials in ARDS is to select a less heterogeneous 
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 splitting 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 ARDS (eg the functional promoter variants in sphingosine 
1-phosphate receptor 3).  31   The ultimate aim is to identify 
subgroups, so-called endotypes, of ARDS that will predict a 
positive response to a certain class of therapy.  32    

  Conclusions 

 Current management of ARDS is hampered by failure to 
diagnose the condition and to prevent iatrogenic harms. We 
need to heighten awareness of the diagnosis, particularly outside 
ICUs, so that the opportunity to prevent progression of the 
syndrome is not missed. Finally, research into prevention and 
treatment needs to be translated more effectively into the clinic. 

 In order to discover effective drug therapies, 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.  33,34   These 
investigations need to be performed with a view to designing 
a step-wise approach to testing novel therapeutics in this 
particularly challenging patient group. Finally, phenotyping 
patients with a view to predicting drug class response may 
further help to establish disease modifying therapies. ■  
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