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ABSTRACT Since its first description, the acute respiratory distress syndrome (ARDS) has been
acknowledged to be a major clinical problem in respiratory medicine. From July 2015 to July 2016 almost 300
indexed articles were published on ARDS. This review summarises only eight of them as an arbitrary
overview of clinical relevance: definition and epidemiology, risk factors, prevention and treatment. A strict
application of definition criteria is crucial, but the diverse resource-setting scenarios foster geographic
variability and contrasting outcome data. A large international multicentre prospective cohort study including
50 countries across five continents reported that ARDS is underdiagnosed, and there is potential for
improvement in its management. Furthermore, epidemiological data from low-income countries suggest that
a revision of the current definition of ARDS is needed in order to improve its recognition and global clinical
outcome. In addition to the well-known risk-factors for ARDS, exposure to high ozone levels and low vitamin
D plasma concentrations were found to be predisposing circumstances. Drug-based preventive strategies
remain a major challenge, since two recent trials on aspirin and statins failed to reduce the incidence in at-
risk patients. A new disease-modifying therapy is awaited: some recent studies promised to improve the
prognosis of ARDS, but mortality and disabling complications are still high in survivors in intensive care.

Definition and epidemiology
Since its first description by ASHBAUGH et al. [1] in 1967, the acute respiratory distress syndrome (ARDS)
has been widely recognised as a major clinical problem worldwide, carrying a high morbidity and
mortality burden [2–4]. Although the recent Berlin definition [5] is probably much better than previous
ones, there is still a high variability in both epidemiology and clinical outcomes in diverse healthcare
settings [4]. In fact, the incidence of ARDS ranges from 1.5 cases per 100000 [2] to nearly 79 cases per
100000 [3], with European countries reporting a lower incidence than USA [6]. Moreover, studies from
Brazil reported incidence rates ranging from 1.8 to 31 per 100000 [7, 8].

Although the overall survival rate is improving [9, 10], there is a notable difference when considering
in-hospital mortality over several observational studies [2–4, 8–11]. This may be explained by differences in
risk factors, availability of diagnostics, ability to recognise ARDS and some selection biases affecting clinical
trials [12]. Recently, a large international observational study (the LUNG SAFE trial) evaluated the
incidence of ARDS across 459 intensive care units (ICUs) in 50 countries [13]. To assess the clinical
recognition of ARDS according to the latest definition, any patient inclusion into the trial was made
through a computer algorithm following the Berlin criteria [5], and then compared to the diagnosis made
by the attending physicians. Among 4499 patients who developed acute hypoxaemic respiratory failure,
ARDS occurred in 10.4% of total ICU admissions and in 23.4% of patients requiring mechanical ventilation.
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Higher incidence rates were reported in North America, Oceania and Europe, compared to South America,
Asia and Africa. Overall, 30.0% of patients had mild ARDS, 46.6% moderate ARDS and the remaining 23.4%
had severe ARDS according to the Berlin criteria. The clinical recognition of ARDS was only 34% at day 1,
and 60.2% at the end of ICU stay, and was often delayed and lower in mild cases compared to severe ones
[13]. Secondary end-points of the LUNG SAFE trial included ventilator management and the use of
adjunctive interventions (neuromuscular blockade, prone positioning, recruiting manoeuvres, extracorporeal
membrane oxygenation, inhaled vasodilators and corticosteroids). ARDS patients were disturbingly
undertreated according to scientific evidence and medical practice [14–16]: the use of optimal mechanical
ventilation was low (82.6% of patients received <12 cmH2O positive end-expiratory pressure (PEEP) and 35%
were ventilated with tidal volumes >8 mL·kg−1 ideal body weight without measurement of their plateau
pressure) and even adjunctive treatments were underutilized (pronation 16%, corticosteroids 23%, recruitment
manoeuvres 33% and neuromuscular blockade 38%) [13]. Severity of ARDS worsened in 19% of patients,
in-hospital mortality rate was 40% and mortality increased in parallel with increased driving pressure
(Pplateau−PEEPextrinsic) and with ARDS severity (46% severe ARDS) [13]. Besides some criticism about any
possible source of bias in the LUNG SAFE trial [16], we fully agree with the authors’ conclusion that “there is
a potential for improvement in the management of ARDS patients” [13].

In a second recent article in the field of ARDS epidemiology and definition, RIVIELLO et al. [17] explored the
incidence of ARDS in a Rwandan university hospital holding most of the mechanical ventilators existing in
a country with >12 million inhabitants [18]. The epidemiology of ARDS in low-income countries has never
been reported before. However, this study clearly showed that the Berlin definition is not suitable in
resource-constrained settings with difficult access to arterial blood gas data, chest radiography and mechanical
ventilation. The authors developed a modification of the Berlin criteria to define ARDS (Kigali ARDS) [17].
Table 1 compares the Berlin [5], Kigali [17] and previous American–European consensus definition [19].
The Kigali ARDS definition maintains the same time frame of 1 week and origin of oedema criteria of the
Berlin definition. The minimum PEEP requirement is removed, whereas hypoxaemia is evaluated using the
ratio of arterial oxygen saturation measured by pulse oximetry (SpO2)/inspiratory oxygen fraction (FiO2)
⩽315 with SpO2 ⩽97%. This criterion was based on the study by RICE et al. [20], who showed that SpO2/FiO2

ratio values of 235 and 315 correspond, to arterial oxygen tension/FiO2 ratios of 200 and 300, respectively,
with good sensibility and specificity. Bilateral chest opacities were evaluated through the routine use of chest
ultrasonography, whereas chest radiographs were considered when available. The use of ultrasonography
was supported by previous evidence [21]: B-lines and/or lung consolidation without pleural effusion in at

TABLE 1 American–European Consensus Conference (AECC), Berlin and Kigali criteria for acute respiratory distress syndrome
(ARDS)

AECC definition Berlin criteria Kigali modification of Berlin criteria

Timing Acute onset Within 1 week of a known clinical insult or
new or worsening respiratory
symptoms

Within 1 week of a known clinical insult
or new or worsening respiratory
symptoms

Oxygenation PaO2/FiO2 ⩽200 mmHg (defined
as acute lung injury if
⩽300 mmHg)

Mild: PaO2/FiO2 >200 mmHg but
⩽300 mmHg
Moderate: PaO2/FiO2 >100 mmHg but
⩽200 mmHg
Severe: PaO2/FiO2 ⩽100 mmHg

SpO2/FiO2 ⩽315

PEEP requirement None Minimum 5 cmH2O PEEP required by
invasive mechanical ventilation
(noninvasive acceptable for mild ARDS)

No PEEP requirement, consistent with
AECC definition

Chest imaging Bilateral infiltrates seen on
frontal chest radiograph

Bilateral opacities not fully explained by
effusions, lobar/lung collapse or
nodules by chest radiograph or CT

Bilateral opacities not fully explained
by effusions, lobar/lung collapse or
nodules by chest radiograph or
ultrasound

Origin of oedema Pulmonary artery wedge
pressure <18 mmHg when
measured or no evidence of
left atrial hypertension

Respiratory failure not fully explained by
cardiac failure or fluid overload (need
objective assessment, such as
echocardiography, to exclude
hydrostatic oedema if no risk factor
present)

Respiratory failure not fully explained by
cardiac failure or fluid overload (need
objective assessment, such as
echocardiography, to exclude
hydrostatic oedema if no risk factor
present)

PEEP: positive end-expiratory pressure; PaO2: arterial oxygen tension; FiO2: inspiratory oxygen fraction; SpO2: arterial oxygen saturation
measured by pulse oximetry; CT: computed tomography.
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least one field on each side of the chest were considered to be consistent with bilateral lung opacities. The
Kigali study was performed prospectively over a 6-week period. Patients who were found to be hypoxaemic
received lung ultrasound daily. The exclusion of cardiac failure was based on chart review and
echocardiography, when available. On a global number of 1046 screened patients, 88 out of 126 hypoxic
patients had a SpO2/FiO2 ratio of ⩽315, and 42 (4%) were eventually found to have ARDS according to the
Kigali definition [17]. In this African population the most common causes of ARDS were infection, surgery
and trauma. Only 30.9% of patients were admitted to ICU and they were all mechanically ventilated. In the
Kigali trial the median age was relatively low (37 years) and the mortality rate 50% [17]. None of these
patients would have been identified if the standard Berlin definition had been used. Altogether, these data
show that ARDS is still underdiagnosed and undertreated worldwide, and that the current definition of
ARDS is inadequate in most clinical scenarios.

Risk factors
ARDS is not a disease, but a clinically defined condition with acute respiratory failure occurring de novo as
a result of clearly determined pulmonary and nonpulmonary insults. Although most ARDS predisposing
conditions are well known [3, 22, 23], there is insufficient awareness about environmental and individual
risk factors. Chronic alcohol abuse and active or passive cigarette smoke have been associated with an
increased incidence of ARDS [24], whereas the impact of environmental pollution on the incidence of
ARDS has not been established. WARE et al. [25] studied the effect of long-term ozone exposure in patients
who had a recognised risk factor for ARDS and lived within 50 km of one of the 163 air quality
monitoring stations in a large area covering eight states around Nashville (TN, USA). Data on daily
average levels of ozone, nitrogen dioxide (NO2), sulfur dioxide and particles with a 50% cut-off
aerodynamic diameter of 10 µm and 2.5 µm were recorded daily and long-term exposures were estimated.
Long-term exposure to ozone was found to be an independent risk factor for ARDS in the entire cohort
(OR 1.58, 95% CI 1.27–1.96) and incidence of ARDS increased with increasing ozone exposure (p<0.001).
In particular, risk of ARDS was higher in the subgroup of patients who had trauma and in current
smokers. Conversely, a causative role of long-term exposure to NO2 and other pollutants was not
confirmed. Notably, the recorded levels of ozone were always found to be lower than required by the US
Environmental Protection Agency cut-offs. Although this study has some methodological limitations
(relatively confined to single geographic region and pollutants levels not directly measured), it clearly
showed that air pollution may play an important role in ARDS pathogenesis.

Another debated individual risk factor is vitamin D, as it is involved in the modulation networks of innate
and adaptive immune function [26] and its deficiency is linked to an increased risk of pneumonia [27]
and sepsis [28]. A recent clinical and translational study [29] showed that vitamin D deficiency may
increase the risk of ARDS. The study recruited 52 patients with ARDS (mostly caused by pneumonia and
extrapulmonary sepsis), 58 patients undergoing oesophagectomy (at risk of ARDS), eight patients receiving
vitamin D supplementation prior to oesophagectomy and 18 healthy controls. The plasma levels of 25(OH)
D3, 1,25(OH)2-D3 and vitamin D binding protein were measured: 25(OH) vitamin D3 levels <50 nmol·L−1

were classified as deficient and levels <20 nmol·L−1 as severely deficient. Study results showed that all
patients with ARDS and 96% of unsupplemented oesophagectomised patients were vitamin D deficient,
compared to healthy controls. Postoperative risk of ARDS was 37.5% in severely deficient patients, whereas
the risk of those with milder deficiency was as low as 15%. Notably, in the oesophagectomy cohort, vitamin
D level was the only difference between patients who developed postoperative lung injury and those who
did not. Plasma levels of 1,25(OH)2D3 were lower in ARDS patients admitted to ICU who died and in
oesophagectomised patients who developed ARDS. Severe vitamin D deficiency was associated with
increased markers of alveolar damage, such as extravascular lung water index and pulmonary vascular
permeability index, on post-operative day 1, but these alterations were mitigated in patients who were
supplemented with vitamin D3 prior to oesophagectomy. This study suggests that vitamin D deficiency is
ubiquitous among ARDS patients, and is related to adverse outcome as it takes part in the
pathophysiological mechanisms involved in alveolar permeability and inflammatory responses. In
conclusion, there is a potential preventive and therapeutic role of vitamin D supplementation in ARDS.
Nevertheless, both high ozone exposure and vitamin D deficiency need confirmation as risk factors, and the
mechanisms behind their contribution to the development of ARDS have to be better understood.

Prevention
The median time to the onset of ARDS is 2 days after hospital admission [30]. As such, the opportunity
for ARDS prevention is constrained in a small window of time [31]. Some observational studies and
experimental data suggested a potential preventive role of antiplatelet therapy in patients at high risk of
ARDS [32–34]. As ARDS pathogenesis includes a series of dysregulated mechanisms (e.g. maladaptive
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platelet activation) it may be deduced that drugs targeted towards these mechanisms would be effective in
ARDS prevention and treatment.

The preventive role of aspirin and statins has been re-evaluated in two studies [35, 36]. KOR et al. [35]
studied the role of early administration of aspirin in patients at risk of ARDS in a multicentre,
double-blind, placebo-controlled, randomised study. 400 adult patients at risk of ARDS according to a
lung injury prediction score [37] ⩾4 were randomised to receive either aspirin at a loading dose of 325 mg
within 24 h of admission to the emergency department followed by 81 mg daily for 7 days, or placebo.
Most patients had suspected sepsis or pneumonia as a risk factor. Primary outcome was development of
ARDS according to the Berlin criteria. Overall, 37 (9.5%) patients developed ARDS, of whom 20 (10.3%)
were in the aspirin group and 17 (8.7%) were in the placebo group. Secondary outcomes, including
ventilator-free days to hospital day 28, ICU and hospital lengths of stay, 28-day and 1-year mortality and
incidence of adverse events did not differ between the two groups [35].

As for statins, a recent meta-analysis [36] evaluated 13 studies (four randomised clinical trials (RCTs) and
nine cohort studies), published between 2007 and 2015 and covering a total of 12145 patients at high risk of
ARDS or diagnosed with acute lung injury/ARDS. Simvastatin and rosuvastatin were most frequently used.
Quality assessment graded RCTs and cohort studies as high and moderate, respectively. >9835 patients at
high risk of ARDS were enrolled in a single RCT and five cohort studies, showing in the former that the
incidence of ARDS did not differ between statins and placebo groups (p=0.10), and in the latter that previous
use of statins did not decrease the morbidity of ARDS. Data from 3159 patients included in three RCTs and
six cohort studies showed that statins did not influence ARDS mortality. Similar results were reported for
ventilator-free days, oxygenation index, ICU and length of hospital stay. The negative results of this
meta-analysis are undeniable, although some limitations must be taken into account: the high heterogeneity
in the analysis of morbidity and length of stay in the cohort studies, the different molecules and duration of
statin therapy and the short follow-up time. Nevertheless, both aspirin and statins failed to prevent ARDS in
randomised trials with different timings of intervention. The timing of intervention remains to be a major
challenge of ARDS prevention trials. However, to date, it seems that ARDS is not preventable.

Treatment
Treatment of ARDS is mainly supportive, and it encompasses all measures depicted in table 2. In particular,
invasive mechanical ventilation with lung protective strategies is the mainstay of ARDS treatment, although
long-term intubation may carry a high rate of complications, such as ventilator-associated pneumonia
(VAP), delirium and critical illness myopathy and neuropathy. Noninvasive ventilation (NIV) and the

TABLE 2 Management of acute respiratory distress syndrome (ARDS)

Management of hypoxaemia
Supplemental oxygen Intubation/mechanical ventilation (most patients)

Noninvasive ventilation for mild ARDS or to ↓ intubation rates (helmet better than
face mask) [34]

Inflammation management (corticosteroids) Prolonged low doses (1 mg·kg−1·day−1) methylprednisolone treatment accelerates
ARDS resolution and improves several clinical outcomes [39]

Fluid management Aim for central venous pressure <4 mmHg or PAOP <8 mmHg to ↓ pulmonary
oedema [40, 41]

Prone positioning [38]
Decrease oxygen consumption Antipyretics, sedatives, analgesics and paralysis agents [42]
Increase oxygen delivery Inotropics to ↑ filling pressure (if no pulmonary oedema)

Restrict transfusions to maintain haemoglobin to 7–9 g·dL−1 [43, 44]
Inhaled vasodilators (nitric oxide, prostacyclin and prostaglandin E1)
to ↑ V′/Q′ matching [45]

Supportive care Sedation and analgesia [46]
Neuromuscular blockade if severe ARDS [47]
Haemodynamic monitoring/management via CVC
Nutritional support (enteral)
Glucose control
VAP prevention and treatment [48]
DVT prophylaxis
Gastrointestinal (stress ulcers) prophylaxis

PAOP: pulmonary arterial occlusion pressure; V′/Q′: ventilation/perfusion; CVC: central venous catheter; VAP: ventilator-associated pneumonia;
DVT: deep vein thrombosis.
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application of continuous positive airway pressure (CPAP) is contemplated in mild ARDS, although its use
in acute hypoxaemic respiratory failure remains controversial and the choice of the interface device is still
debated [39, 40, 49].

To address some of these issues, PATEL et al. [41] evaluated the use of helmet versus face mask in a
randomised single-centre trial in adult patients requiring face mask NIV for ⩾8 h. Patients were randomised
either to continue face mask NIV with a single limb circuit ventilator (control group) or switched to helmet
ventilation (intervention group) through an ICU ventilator in pressure support or CPAP mode. Of 740
screened patients, 83 were randomised to the face mask group or to the helmet group. Most patients were
immunocompromised by virtue of cancer or transplantation and one-third had pneumonia, in both groups.

Compared to the control group, helmet-ventilated patients received higher PEEP values and lower FiO2,
showing a more pronounced reduction of respiratory rate. The primary outcome (reduced intubation rate)
was reached more significantly in the intervention group (61.5% versus 18.2%, absolute difference −43.3%;
p<0.001). Persistence of respiratory failure despite the noninvasive ventilatory support was the most
frequent cause of intubation in the control group, whereas deterioration of neurological status determined
most of the intubations in the intervention group. Secondary outcomes (i.e. ventilator-free days, length of
ICU stay, 90-day mortality, but not hospital length of stay), were lower in the helmet group (for 90-day
mortality 56.4% versus 34.1%, absolute difference −22.3%; p=0.02). Interest in this study [41] arises from
the demonstration that an effective NIV may be delivered by helmet even in moderate-to-severe ARDS.
This notwithstanding, some limitations should be taken into account because of the different ventilation
devices used in the two groups, the unblinded nature of the study and the early conclusions based on
predetermined efficacy criteria [38]. All these possible biases, together with the difficulty to extend a
single-centre experience may lead to overestimation of the outcome differences between groups.

Another adjunctive treatment for ARDS patients under permanent debate in the past two decades is the
use of systemic glucocorticoids. Dysregulated pulmonary and systemic inflammation play an important
role in the pathogenesis and progression of ARDS [42, 43]. It has been established in experimental and
clinical studies that prolonged corticosteroid use may positively modify altered inflammatory pathways and
favour pulmonary repair. However, the results of randomised trials and meta-analyses are in conflict,
mainly because of the different therapeutic schemes used in different studies (different drugs, dosing,
duration and timing of treatment initiation and tapering) [44, 46, 47]. However, consensus exists that if
glucocorticoid treatment is to be initiated, it should be initiated before day 14 of ARDS [44].

MEDURI et al. [48] performed a meta-analysis consisting of two sets of analyses. The first was an individual
patient data (IPD) analysis [45] of four RCTs which investigated prolonged (⩾7 days) methylprednisolone
treatment 1–2 mg·kg−1·day−1 in 322 patients (early initiation within 72 h in 118 patients, and later after
5–7 days in 204 patients) with an intention-to-treat methodology. The second set of analyses consisted of a
trial-level meta-analysis of data from IPD analysis and additional data from four RCTs that had
investigated the use of a 7-day course of hydrocortisone in early ARDS, overall including 569 patients. In
IPD analysis the primary outcome was successful removal of mechanical ventilation by study day 28.
Compared to the placebo group, the methylprednisolone group had fewer patients who died before
achieving unassisted breathing (12% versus 29%), more patients who achieved unassisted breathing (80%
versus 50%), fewer patients alive on day 28 who had remained on initial mechanical ventilation (8% versus
21%) and more patients discharged alive from the ICU (75% versus 49%) (all p-values <0.001). Patients
in the methylprednisolone group achieved unassisted breathing earlier and had a shorter duration of
mechanical ventilation. No clear differences between early versus late treatment initiation was noted,
whereas patients undergoing a rapid tapering of the study drug after the patient achieved unassisted
breathing showed a greater risk of returning to mechanical ventilation. Secondary outcomes included
mechanical ventilation-free days, ICU-free days, hospital mortality, time to death by hospital discharge or
by day 28 and infectious complications [48]. These data favoured steroid treatment, with a high degree of
evidence for the duration of initial assisted breathing and ventilator-free day outcomes, in particular. In
the trial-level meta-analysis, glucocorticoid treatment was associated with an increase in mechanical
ventilation-free and ICU-free days and with a reduced risk of in-hospital mortality (total mortality risk
ratio 0.52, 95% CI 0.33–0.82) [48]. Risk of nosocomial infection did not increase with glucocorticoid
treatment. Notwithstanding the lack of large randomised clinical trials, this meta-analysis reinforces the
role of prolonged low dose and slowly tapered glucocorticoids in the management of ARDS.

Conclusions
In the past year, several interesting papers were published on epidemiology, novel risk factors, prevention
and treatment of ARDS. Despite the well-established advances in its supportive treatment, ARDS remains an
oftentimes misdiagnosed syndrome, carrying a high burden in terms of patient morbidity and mortality, as
well as healthcare costs. Even if plentiful literature exists on the pathophysiology and treatment of this
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syndrome in human and animal models, implications in clinical practice are still poor. Future directions of
research should focus on identification of the mechanisms of susceptibility, primary prevention and early
treatment, as well as on targeted pharmacological therapies for this devastating condition.
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