Mechanical Ventilation of Patients With and Without ARDS:
How Far Have We Come?
Nearly 13 years ago, the publication of results from the
ARDS Network’s ARMA trial revealed an 8.8% absolute
mortality reduction in patients with acute lung injury (ALI)/
ARDS receiving a low tidal volume ventilation strategy.1
One might have guessed at the time that such unambiguous benefit from a low-cost (strictly speaking, marginally
no-cost) intervention, with no need for new equipment,
and minimal additional training, would be embraced by
clinicians and adopted widely. But such a guess would
ignore the well described chasm between evidence-derived
best practices and “real world” care as it is delivered.2,3
While much attention is paid to the need for translational
research to bridge the gap between the lab bench and the
patient’s bedside, an equally important gap exists between
our best available clinical evidence and our current clinical
practice.
Indeed, post-ARMA studies of the adoption of lungprotective ventilation protocols in patients with ALI/ARDS
have been discouraging, with estimates of provider adherence ranging from 39% to 57%, even in recent years.4-8
Several studies have explored barriers to implementation
of lung-protective ventilation,4,5,9 identifying provider discomfort with low tidal volumes, failure to recognize appropriate contexts for protocol initiation, and provider suspicion of “cookbook medicine,” with a one-size-fits-all
protocol for a varied and heterogeneous patient population. Beyond the persistent uncertainties regarding factors
influencing clinician management of ARDS, little is known
about changes over time in ventilation practices of nonARDS patients and whether these practices contribute to
the pathogenesis of ventilator-induced lung injury and
ARDS.
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In this issue of RESPIRATORY CARE, Chang et al share the
results of a study intended to help answer these and other
questions regarding “real world” clinical practice in the
ventilator management of patients with and without
ARDS.10 They performed secondary analysis of an observational study designed to determine early clinical predictors of subsequent ARDS development (the Lung Injury
Prevention Study [LIPS]11), with observational data from
829 patients receiving mechanical ventilation at 22 cen-
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ters. This study’s size places it among the largest of its
kind, and enabled the authors to analyze practice in various ICU contexts and to consider inter-center variability.
It is thus a welcome contribution to our understanding of
the state of contemporary ventilator management.
In addition to its large sample size, the study is strengthened by its authors’ access to robust clinical data regarding
patients’ demographics, indications for mechanical ventilation, and subsequent ICU course. The primary limitation
of the study is its restriction to “snapshot” ventilator settings at restricted time points: immediately following intubation and (if applicable) following the subsequent development of ALI/ARDS. Thus the data did not permit the
authors to fully assess providers’ adherence to the lungprotective ventilation protocol, which demands ongoing
reassessment and ventilator titration in response to airway
pressures and arterial blood gas results. As a proxy, the
authors used their own definition of initial tidal volume
under 8 mL/kg predicted body weight (PBW) to define
patients receiving “low tidal volume ventilation.” While
this type of proxy is reasonable (and generally necessary)
within the confines of “ecological” observational studies
such as this, initial ventilator settings in acute respiratory
failure are often set before the first arterial blood gas or
chest x-ray are available, limiting bedside assessment of
ARDS, and (more importantly) may bear little resemblance
to ventilator settings in subsequent days. Moreover, in the
ARMA protocol, clinicians were permitted 4 hours after
patient randomization before the target tidal volume
(6 mL/kg PBW) was to be obtained.1 It is thus impossible
to accurately assess whether this study’s patients were
receiving “low tidal volume ventilation” (as defined in the
ARMA trial) based upon initial ventilator settings alone.
These limitations may erase meaningful differences in ventilator management between patients, and should be borne
in mind before generalizing the authors’ findings.
The authors observed that patients initially intubated
while meeting the criteria for ALI/ARDS (enrollment was
performed prior to the recent publication of the Berlin
definition of ARDS, which removed the designation of
ALI12) received lower tidal volumes than patients who did
not meet the criteria for ALI/ARDS. While this difference
is encouraging (and has not always been observed13), the
absolute difference in tidal volumes between these 2 groups
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(7.96 mL/kg PBW vs 8.45 mL/kg PBW) was small. The
initial tidal volume of the ALI/ARDS arm is comparable
to what has been reported in previous studies,8 and is
actually statistically insignificant from the initial tidal volume recommended by the most recent iterations of the
ARDS Network protocol (8 mL/kg PBW).14 The small
difference in tidal volumes between these groups is in
large part driven by the initial tidal volume in the nonALI/ARDS group, which is low for non-ARDS patients by
historical comparison,15,16 and consistent with what has
been reported more recently.13 Taken with these other studies, this observation raises 2 possibilities: providers may
have been moving in recent years toward the use of lower
tidal volumes, even in patients who do not have ARDS;
and this trend may obscure or erase differences in ventilator-related outcomes such as those measured in the current study. Recall that the “traditional ventilation” strategy
in ARMA utilized an initial tidal volume of 12 mL/kg
PBW,1 more than 40% greater than the median tidal volume observed in the current observational study’s nonARDS arm. “Traditional ventilation” is almost certainly a
moving target, which makes fair historical comparisons
between patients in different studies a challenge, if not
impossible.
In their analysis of factors related to initial ventilator
settings in patients without ARDS, the authors discovered
a remarkable disparity between the likelihood of male and
female patients receiving (by their definition) “lower tidal
volume ventilation” (81.8% vs 51.1%, respectively). This
observation is aligned with those of other recent studies
that have demonstrated increased tidal volumes received
by female patients, compared to men.4,16 As well, as has
also been observed in the same studies, this difference
disappears when adjusted for height and body mass index.
Chang et al speculate (rightly, in my opinion) that many
providers unfortunately still often rely on actual body
weight rather than PBW in determining tidal volumes,
which would predispose heavy and short patients to inappropriately large tidal volumes. Given that obesity is more
common among adult women than men in the United
States,17 and given the on-average shorter stature of women
than men, clinician reliance on actual body weight may
fully explain this potentially important disparity in critical
care delivery. Interestingly, the current study found that
male sex was a positive risk factor for subsequent devel-
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opment of ARDS among non-ARDS patients; thus, if the
sex disparity in initial tidal volumes is adversely affecting
female patients, any signal of this is being overwhelmed
by other contributing factors.
Finally, while we have known for decades from animal
modeling and observational human studies that high tidal
volume ventilation can provoke lung inflammation, alveolar damage, and pulmonary edema,18,19 the question of
whether low tidal volume ventilation can prevent subsequent development of ARDS among ventilated patients
without ARDS has not been definitively answered. In the
Chang et al study, increased initial tidal volume among
non-ARDS patients was not significantly associated with
subsequent development of ARDS. This finding differs
from that of a randomized controlled trial20 and several
observational series,16,21,22 all of which found significant
associations between high tidal volumes and subsequent
development of ARDS. As mentioned above, the lack of
difference seen in the current study may reflect the relatively low (by historic standards) tidal volumes administered to the non-ARDS patients, and should not be generalized in isolation of this context. The general trend in the
above-cited literature supports lower tidal volumes for all
patients with risk factors for ARDS (though exactly how
low remains undetermined). The lack of significant difference in outcomes in the current study may be evidence
only that this message has gotten out.
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