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Acute respiratory distress syndrome (ARDS) affects a 
remarkable proportion of patients admitted to the intensive 
care unit (ICU) and according to a recent international survey, 
mortality attributable to ARDS remains high (≈40%) (1). 

Ventilatory support is a life sustaining treatment utilized 
to treat hypoxemia as well as enable patients to sustain the 
increased ventilatory requirement. However, mechanical 
ventilation, as with any medical therapy, needs to be 
carefully titrated to improve respiratory function without 
causing harm. The lung damage that mechanical ventilation 
can cause in both healthy and previously injured lungs 
has been named ventilator induced lung injury (VILI) (2).  
The clinical relevance of VILI was initially revealed by the 
pivotal ARDS Network trial demonstrating the benefit of 
lower tidal volume ventilation (and consequently lower 
airway pressure) in patients with ARDS (3). Since the 
publication of the ARDS Network trial, the majority of 
the research in the field of ARDS has been focused on 
identifying ventilatory strategies developed to protect lungs 
from VILI while aiming to improve patient survival. 

Among the intervention proposed, the application of a 
positive end expiratory pressure (PEEP) was recognized 
to reduce alveolar collapse and, consequently, improve 
hypoxemia. Whether a lower or higher level of PEEP 
is beneficial in ARDS patients was investigated in three 
different trials (4-6). None of these trials alone showed 

beneficial effects of high PEEP versus low PEEP. However, 
when the results of these trials were taken together in a 
meta-analysis, they suggested that higher PEEP levels 
reduced mortality in ARDS patients with severe hypoxemia 
(PaO2/FIO2 ≤200) (7). Furthermore, additional evidence 
showed that among patients enrolled in major ARDS 
randomized clinical trials, decreases in driving pressure  
(ΔP = the difference between plateau pressure and PEEP) 
were associated with increased rates of survival (8). Values 
of driving pressure correlate directly with the size of the 
lungs available to ventilate and indicates the degree of strain 
to which the lung parenchyma is subjected to while receives 
ventilation during ARDS. 

Based on these observations,  different authors 
hypothesized that maintaining high levels of lung aeration 
in patients with ARDS would have reduced VILI by 
minimizing driving pressure. The “open lung approach” 
(OLA) aims to achieve high levels of lung aeration in 
patients with ARDS by first conducting recruitment 
maneuvers (RMs) to reverse alveolar collapse and then 
applying the level of PEEP required to keep the alveoli 
recruited. The OLA strategy provided promising results in 
preclinical and pilot clinical trials (9-12).

In a recent issue of JAMA, the Writing Group for 
the Alveolar Recruitment for Acute Respiratory Distress 
Syndrome Trial (ART) Investigators reported the results 
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of the randomized clinical trial “Effect of Lung Recruitment 
and Titrated Positive End-Expiratory Pressure (PEEP) vs. Low 
PEEP on Mortality in Patients with Acute Respiratory Distress 
Syndrome” (13).

The study has been conducted in 120 ICUs in nine 
countries (Brazil, Argentina, Colombia, Italy, Poland, 
Portugal, Malaysia, Spain, and Uruguay). A cohort of  
1,010 hemodynamically stable patients affected with 
moderate to severe ARDS, receiving mechanical ventilation, 
have been enrolled in the study within 72 hours since  
the diagnosis of ARDS. 

In both the control and experimental groups the 
strongholds of protective mechanical ventilation were 
respected: low tidal volume ventilation was applied  
(6 mL/kg predicted body weight) and plateau pressure 
was limited to below 30 cmH2O. Patients assigned to 
the “low-PEEP” group were managed according to the 
ARDSnet lower PEEP/FiO2 strategy where the focus of 
care was to ensure a minimum level of oxygen saturation. 
Patients assigned to the experimental group received 
a RM followed by a decremental PEEP trial aimed to 
identify the PEEP level determining the highest value 
of compliance of the respiratory system representing 
the optimal balance between alveolar collapse and 
hyperdistension (14). Apart from the lung RM and PEEP 
titration scheme, other aspects of care were similar for 
both groups.

The authors reported that ≈80% of patients assigned 
to the experimental group completed the whole study 
procedures, while only 38% received further RMs 
during the first 7 days of the study. Patients enrolled in 
the experimental arm of the study received more neuro-
muscular blocking agents, had higher requirements of 
vasopressor and a more positive fluid balance on study day 
1. No other differences in co-interventions were detected. 
During the first 7 days of the study, patients assigned to 
the study group received a higher (≈3–4 cmH2O) PEEP 
level compared to the control group, determining a higher 
average PaO2/FiO2 ratio and a better compliance in the 
experimental group. 

The primary outcome showed an increased rate of death 
in the experimental group at 7 (31.9%), 28 days (55.3%) 
and 6 months (65.3%), against a rate of mortality of at  
7 days (25.5%) at 28 days (43.3%) and at 6 months (59.9%) 
of the control group. While the investigators did not detect 
any difference in the incidence of death due to refractory 
hypoxemia, acidosis or cardiorespiratory arrest, a higher 
rate of barotrauma and pneumothorax was detected in the 

experimental group. Length of stay in the ICU or hospital 
were also not significantly different. The experimental 
group had fewer ventilator-free days during the first 
28 days. Furthermore, the authors declared that after 
enrollment of half of the study population the data safety 
monitoring board requested to limit the maximum airway 
pressure reached during the RM from 60 to 50 cmH2O due 
to the occurrence of three cardiac arrest episodes during the 
maneuver in the experimental group.

The negative result of the trial is probably even more 
unexpected when considering that a similar (or even more 
aggressive) ventilatory approach has been demonstrated 
improved clinical relevant outcomes in post cardiac surgical 
patients without a primitive pulmonary disease (15).  
A potential explanation for the negative trial, pointed 
out by the researchers of the trial themselves, is that the 
driving pressure in the experimental group decreased on 
average only of about 1.5 cmH2O more than the driving 
pressure of the control group (Table 1). This result might 
be explained by the average PEEP level applied in the 
control group, ≈3 cmH2O higher than that reported 
in the control group of the previous studies. While 
these reasons might explain the non-superiority of the 
OLA strategy they do not completely explain the harm 
attributable to the experimental strategy.

The unexpected negative result could be tied to the 
higher incidence of barotrauma and hemodynamic side 
effects of the high airway pressure strategy used during the 
RMs in the experimental group. However, when comparing 
the rate of barotrauma in the present study with respect to 
those obtained in the previous trials testing different PEEP 
approaches in ARDS, the incidence of barotrauma in the 
experimental group is not different from those reported in 
the previous trials. 

At our institutions RMs and decremental PEEP trials, 
performed both for clinical and research related purposes, 
are considered invasive procedures and thus are managed 
only by adequately trained physicians and personnel. 
Furthermore, thorough respiratory and hemodynamic 
monitoring is used to prevent potential complications. 
Esophageal pressure measurement might be beneficial 
in the calculation of both inspiratory and expiratory 
transpulmonary pressure, as well as chest wall and lung 
compliance. Online respiratory imaging such as electrical 
impedance tomography has been applied to monitor 
hyperdistention and the percentage of collapse reversal 
avoiding stretching of lung parenchyma.

Regarding the hemodynamic implications of the RMs 
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and titrated PEEP according to a decremental PEEP trial, 
to address the incidence of a potential lethal event (cardiac 
arrest) during a not lifesaving maneuver (RM), the data 
safety and monitoring board appropriately corrected an 
overly aggressive recruitment strategy. 

The authors reported the requirement of a fluid 
bolus immediately before the performance of a RM in 
89% of the patients enrolled in the experimental arm 
and increased vasopressor requirement within 1 hour 
from PEEP titration. This observation confirms that the 
timing of adjustment of ventilatory settings with respect 
to the hemodynamic instability of critically ill patients is 
crucial. Different mechanisms have been postulated to 
be responsible for hemodynamic related injury during 
mechanical ventilation using high levels of airway  
pressures (16-18). However, these hypotheses have not been 
clearly demonstrated in clinical settings. The availability 
of monitoring tools (pulmonary artery catheter and/or 
echocardiography) particularly those used to investigate 
right heart performance and pulmonary artery pressures 
could not be avoided in the management of severe ARDS 
patients to clarify the effects of the modifications of the 
ventilator settings.

In conclusion, the results of the ART trial, together 
with evidence derived from the previous trials regarding 
the high- vs. low-PEEP strategy in ARDS, have led many 
physicians-scientists to abandon the OLA approach, 

advocating minimization of VILI and hemodynamic adverse 
events. 

In 2015, the US government launched the precision 
medicine program with an aim towards classifying 
individuals with differentiating susceptibilities to certain 
diseases and their responses to specific treatments 
into subpopulations of differentiating susceptibilities 
Therapeutic interventions can then be concentrated on 
those who will benefit, sparing expense and side effects 
for those who will not. While this approach is being 
widely applied in oncologic and cardiovascular treatments, 
the clinical trials run in the critical care field still apply 
standardized treatments. Similarly, in the ART trial the 
approach to select PEEP during mechanical ventilation 
is individualized because PEEP is selected at the highest 
value of compliance. However, the decision to randomize 
patients into the OLA group or a low-PEEP strategy did 
not consider patient response to lung recruitment. Also, the 
fixed level of inspiratory pressure during the RM might be 
useful to homogenize patient treatment but not helpful in 
improving patient care. 

The ART trial was a vast effort across multiple nations 
and suggests that in order to optimize resources and 
obtain fruitful information, future clinical trials should test 
research hypotheses in patients that are responders to the 
treatment rather than unselectively randomize the entire 
population.

Table 1 Comparison between four major randomized clinical trials testing the effects of a low-PEEP strategy versus different open lung approach 
strategies

Variables

NHLBI ARDSnet  
(NEJM 2004) (4)

Mercat et al.  
(JAMA 2008) (6)

Meade et al.  
(JAMA 2008) (5)

Cavalcanti et al.  
(JAMA 2017) (13)

Control 
(n=273)

Intervention 
(n=276)

Control 
(n=382)

Intervention 
(n=385)

Control 
(n=508)

Intervention 
(n=475)

Control 
(n=509)

Intervention 
(n=501)

Tidal volume 
(mL/kg PBW)

6.1±0.8 6.0±0.9 6.1±0.4 6.1±0.3 6.8±1.3 6.8±1.4 5.7 (5.7–5.8) 5.6 (5.5–5.7)

PEEP (cmH2O) 8.9±3.5 14.7±3.5 7.1±1.8 14.6±3.2 10.1±3.0 15.6±3.9 12.0 (11.7–
12.3)

16.2 (15.9–16.6)

Plateau 
pressure 
(cmH2O)

24±7 27±6 21.1±4.7 27.5±2.4 24.9±5.1 30.2±6.3 25.4 (25.0–
25.9)

27.9 (27.5–28.3)

Driving pressure 
(cmH2O)

≈15.1 ≈12.3 ≈14.0 ≈12.9 ≈14.8 ≈14.6 13.5 (13.1–
13.8)

11.7 (11.3–12.1)

Barotrauma,  
n [%]

27 [10] 30 [11] 22 [5.8] 26 [6.8] 47 [9.1] 53 [11.2] 8 [1.6] 28 [5.6]

PBW, predicted body weight; PEEP, positive end expiratory pressure. For the definition of barotrauma please refer to the one provided by 
each trial.
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