‘Lung-protective’ ventilation in acute respiratory distress
syndrome: still a challenge?
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The acute respiratory distress syndrome (ARDS) is a major
cause of morbidity and mortality in the intensive care unit
(ICU) (1). It is a life-threating condition characterized by
widespread inflammation of the lungs, leading to diffuse
injury to alveolar cells, surfactant dysfunction, abnormal
coagulation and activation of the immune response (2).
Clinically, ARDS presents as a respiratory failure with
bilateral opacities on chest imaging, hypoxemia and absence
of signs of heart failure or volume overload (3). Usually,
patients presenting to the ICU with ARDS are treated
with mechanical ventilation and supportive therapies,
since ARDS is not a particular disease, rather it is a clinical
phenotype which may be triggered by various pathologies.
In the past, traditional approaches to mechanical
ventilation use tidal volumes of 10 to 15 mL/kg (4), and
these volumes were, in fact, even larger than those in normal
subjects at rest (7 to 8 mL/kg) (5). However, a classical
study in which animals were ventilated with various tidal
volumes sizes at similar airway pressures found that high
tidal volumes, and not high airway pressures per se, were
associated with development of ventilator-induced lung
injury (VILI), a condition that mimics ARDS (6). In 2000,
a large well-designed randomized controlled trial (RCT)
convincingly demonstrated the benefits of ventilation with
low tidal volumes in patients with ARDS (7). Patients
ventilated with tidal volume <6 mL/kg of predicted body
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weight (PBW) had lower mortality and shorter duration
of mechanical ventilation compared to patients ventilated
with higher tidal volumes. Indeed, all these findings were
confirmed in a subsequent systematic review and meta-
analysis polling several studies of mechanical ventilation in
patients with ARDS (8).

The presence of non-aerated areas in the lungs of
patients with ARDS leads to reduced functional residual
capacity, decreasing the functional lung that receives the
ventilation (9). Classical studies suggested that, in several
patients with ARDS, the normally aerated lung tissue have
the dimensions of the lung of child, generating the concept
of the ‘baby lung’ (9). In addition, some lung units located
in the boundary of the aerated with the non-aerated areas
could suffer from shear stress and lung injury secondary to
the repetitive opening and closing during one respiratory
cycle (2,9). In this scenario, the application of high
inspiratory airway pressures aiming to re-aerate these non-
aerated areas, increase the size of the ‘baby lung’ and avoid
this repetitive opening and closing of lung units is appealing.
Also, the use of higher levels of positive end-expiratory
pressure (PEEP) trying to keep the lung open during the
entire respiratory circle could decrease the chance of VILI
and improve outcomes in patients with ARDS. Indeed,
this was tested in three large RCT comparing strategies
using higher levels of PEEP with or without recruitment
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maneuvers against strategies using lower levels of PEEP
(10-12). All these trials failed in demonstrating benefits
with the use of higher levels of PEEP regarding mortality,
however, this ‘open-lung’ strategy did appear to improve
secondary end-points related to hypoxemia and use of
rescue therapies. Indeed, an individual patient data meta-
analysis considering these trials found that higher levels
of PEEP could benefit patients with more severe ARDS,
characterized by a higher degree of hypoxemia (13).

Although higher levels of PEEP could improve alveolar
recruitment, reduce lung stress and strain, and prevent
atelectrauma, it could also lead to overdistension, increase in
tidal and maximal hyperinflation (14), and cor pulmonale (15),
due to the increase in the pulmonary vascular resistance.
When considering the potential benefits of higher levels
of PEEP, it is also important to realize that a combination
of an individual PEEP titration following an alveolar
recruitment maneuver could lead to better outcomes in
more severe ARDS patients (16). In fact, two ongoing
RCT will provide more insights on the impact of alveolar
recruitment on outcomes of patients with moderate-to-
severe ARDS (17,18).

Recently, Fan et 4l. published a guideline concerning
the mechanical ventilation of patients with ARDS (19).
For all patients with ARDS, the recommendation is strong
for mechanical ventilation using lower tidal volumes
(4-8 mL/kg PBW), and lower inspiratory pressures (plateau
pressure <30 cmH,0). The guideline also recommends the
use of recruitment maneuvers and higher rather than lower
levels of PEEP in patients with moderate-to-severe ARDS.
Also, for patients with moderate-to-severe ARDS the
prone positioning should be strongly considered. Finally,
according to the guideline, high frequency oscillatory
ventilation should not be routinely used and additional
evidence is necessary to make a definitive recommendation
for or against the use of extracorporeal membrane
oxygenation in patients with severe ARDS.

Recent evidence from an observational study suggests
that the practice of ventilation in patients with ARDS
around the world is slightly different from those
recommended by the guideline (1). Less than two-thirds of
the patients with ARDS receive a tidal volume <8 of mL/kg
PBW. In fact, the mean tidal volume size used in patients
with ARDS included in this study is comparable to those
of critically ill patients receiving mechanical ventilation for
other causes than ARDS (20). Also, plateau pressure was
measured only in 40% of the patients with ARDS, and 83%
of these patients received a PEEP <12 emH,O (1). Besides,
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despite the potential benefits, prone positioning was used
only in 16% of the patients with severe ARDS (1). Finally,
one critical point is that ARDS remains under-recognized
by physicians, delaying the initiation of potential therapies
and the use of protective ventilation (1).

Driving pressure, defined as the difference between
the pressure at end-inspiration and the pressure at end-
expiration (e.g., plateau pressure minus PEEP) is gaining
attention in recent years. In a large cohort of patients with
ARDS the driving pressure appeared to be strongly and
independently associated with mortality (21). The role of
the driving pressure could be explained by the fact that
driving pressure itself is an important driver of the energy
delivered by the ventilator to lung in each breath (22). With
every artificial breath, the lung conserves some energy, as
the elastic recoil returns less energy during exhalation than
that absorbed during inspiration. In other words, there
is considerable dissipation of energy, probably resulting
in heat and lung tissue damage during each breath.
This phenomenon is known as ‘lung hysteresis’, and the
‘hysteresis area’ may represent the energy dissipated across
the parenchyma. Interestingly, driving pressure is closely
related to the ‘hysteresis area’ and this mean that the total
amount of energy transferred from the ventilator to the
lung is, at least in part, a function of the driving pressure.

Despite the potential benefits of controlling driving
pressure in patients with ARDS it could be very difficult to
precisely measure and control it in current clinical settings.
Also, the ability of driving pressure to predict outcome
could be attributable to the fact that the variables that
define it are themselves highly predictive of survival (23).
Thus, it remains uncertain how to achieve a low driving
pressure in an individual patient. One possible strategy is to
aim for even lower tidal volumes. So-called ‘ultra-protective
ventilation’ combining very low tidal volumes (~3 mL/kg
PBW) with extracorporeal CO, removal has the potential
to further reduce VILI compared with a standard protective
ventilation (24). Another way to achieve a low driving
pressure is to titrated PEEP according to the driving
pressure. For example, the best response to an increase
of PEEP would be a decrease in the driving pressure,
meaning that the intervention resulted in recruitment
of lung tissue without causing overdistension. In fact, a
recent study suggested that the increase of PEEP resulting
in higher driving pressure was associated with worse
outcomes in surgical patients (25). Also, the use of the
‘open-lung’ strategy in patients with ARDS was associated
with decreased driving pressure in a small RCT (26).
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Thus, higher levels of PEEP, with or without recruitment
maneuvers, should not be seen as a goal in itself, but as a
way to achieve the lowest driving pressure.

One remarkable finding is that the incidence of
hospital-acquired ARDS has decreased over the years (27),
suggesting that ARDS could be prevented through
strategies limiting risk factors potentially associated with
its development. Among these factors, the use of protective
ventilation in patients without ARDS can play a role. A
RCT comparing low tidal volume to high tidal volume
in patients without ARDS found that the use of low tidal
volume protected against the development of ARDS during
the follow-up (28). This finding was confirmed in several
meta-analyses (29,30) and individual patient data meta-
analysis (31,32). Also, despite these potential benefits, since
ARDS is poorly recognized by physicians, the wide adoption
of low tidal volume for the ventilation of all critically
ill patients is appealing and could avoid the exposure of
patients with unrecognized ARDS to higher tidal volumes.

In conclusion, ARDS is still a condition associated
with high morbidity and mortality, and remains under-
recognized by physicians around the world. Mechanical
ventilation in ARDS is still the cornerstone of the
treatment, but it should never be seen as a simple and safe
intervention. In the era of protective ventilation, physicians
should focus on the use of low tidal volumes for all patients
with ARDS and consider higher levels of PEEP and prone
positioning in the most severe. Also, potential therapies for
the future should considering driving pressure and energy
as a target. Despite the advance in the field, additional
studies are warranted to guarantee the safety of care of this
group of patients.
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