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Targeting specific biomarker-defined subgroups of
heterogeneous syndromes, such as cancer or asthma,
has fundamentally changed approaches to clinical
management. For example, subphenotypes based on Th2-
type inflammation have been identified in asthma, leading
to new targeted treatment approaches such as monoclonal
antibodies against interleukin-13 (1). Acute respiratory
distress syndrome (ARDS) is an acute, diffuse, inflammatory
lung injury that is associated with a variety of etiologies and
leads to severe respiratory failure refractory to conventional
oxygen therapy (2). Lung protective ventilation strategies
including low tidal volume and positive end-expiratory
pressure (PEEP) are well-established treatments (3,4),
although numerous pharmacotherapies that seemed to
show promise in preclinical studies have failed in clinical
trials. ARDS is diagnosed based on clinical criteria rather
than laboratory or pathophysiological criteria (5). ARDS
cases may be very heterogenous with different responses
to therapy. Calfee et al. identified two distinct ARDS
subphenotypes in two randomized controlled trials
(ARMA and ALVEOLI) (3,4) using latent class analysis (6).
Subphenotype 2 (a hyper-inflammatory ARDS) was
associated with increased levels of inflammatory biomarkers,
acidosis, shock, and mortality. In the ALVEOLI cohort,
higher PEEP was beneficial in subphenotype 2 but harmful
in subphenotype 1. In subsequent studies, using latent class
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analysis in the FACTT and HARP-2 study populations
(7,8), the same group observed a survival benefit in the
hyper-inflammatory subphenotype with conservative
fluid management and simvastatin, respectively (9,10).
Interestingly, extrapulmonary factors seemed to contribute
more to subphenotype classification than did pulmonary-
specific variables (PaO,/FiO, and ventilator parameters).

In a study that has now been described in Lancet
Respiratory Medicine, Constantin et al. performed a
multicenter, stratified, parallel-group, single-blind
randomized controlled trial that included 20 intensive care
units in France (11). According to the Berlin definition (5),
adult patients with moderate to severe ARDS for less
than 12 h were enrolled. Patients were randomly assigned
to personalized group (ventilation strategy adjusted
on the basis of lung morphology) or to control group
(standard strategy). Lung morphology was assessed before
randomization using a CT scan or chest x-ray. Focal ARDS
was defined as the presence of consolidations predominantly
in the lower and back part of the lungs. Non-focal ARDS
was defined as diffuse and patchy loss of aeration. Lung
morphology was initially assessed by local site investigators,
which then was re-assessed a posteriori by one radiologist
and two intensivists. In the control group, patients received
a tidal volume of 6 mL/kg, lower PEEP set using the
FiO,-PEEP table proposed by ARDSNet (4), and prone
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positioning (12). In the personalized group, a tidal volume
of 8 mL/kg, low PEEP, and prone positioning were applied
in patients with focal ARDS. In patients with non-focal
ARDS, a tidal volume of 6 mL/kg, recruitment maneuvers,
and high PEEP were applied. The main finding was that
personalized ventilation on the basis of lung morphology
did not decrease 90-day mortality in contrast to classic
low PEEP ventilation [hazard ratio (HR) 0.96; 95% CI,
0.66-1.4; P=0.84]. However, the lung morphology was
misclassified for 85 (21%) of 400 patients. When patients
were analyzed after their lung morphology was correctly
classified, a significant survival benefit was demonstrated
in the personalized group [29 (19%) of 156 patients vs. 58
(28%) of 204 patients; P=0.042]. The misclassified patients
showed higher 90-day mortality in the personalized group
[26 (65%) of 40 patients] than in the control group [18
(32%) of 57 patients; P=0.012].

These results demonstrate that personalized ventilation
strategies might be beneficial in patients with ARDS.
However, when personalized ventilation is incorrectly
assessed, mortality increases considerably. Physiological
studies have shown that low tidal volume, recruitment
maneuvers, and higher PEEP may be more appropriate in
non-focal ARDS, whereas higher tidal volume, lower PEEP,
and prone positioning may be more beneficial in patients
with focal ARDS (13,14). In the ALVEOLI study (4),
FiO, and PEEP were adjusted without considering lung
morphology, and PEEP did not affect patient survival.
Conversely, low PEEP and prone positioning were applied
in the intervention group of the PROSEVA trial (12),
and the trial showed that prone positioning increases
survival. In the recent ART study, recruitment maneuvers
and high PEEP increased mortality in patients with
ARDS (15). These inconsistent findings might be partly
due to most trial designs focusing on a one-size-fits-all
approach, without consideration of distinct responses to
PEEP, recruitment maneuvers, and prone positioning. In
the present study, at least one recruitment maneuver was
performed to 82 (84%) of 98 patients with non-focal ARDS
in the personalized group. The average PEEP was 14 (SD 3)
cmH,0 in these patients compared with 10 (SD 2) ecmH,0
for those in the control group. Meanwhile, 92 (94%) of 98
patients with focal ARDS in the personalized group had
at least one session of prone positioning. In these patients,
tidal volume was 7 (SD 1) mL/kg and PEEP was 8 (SD 2)
cmH,O compared with a tidal volume of 6 (SD 1) mL/kg
and PEEP of 11 (SD 2) emH,O for patients in the control
group. Fifty-two (25%) of 204 patients in the control group
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had at least one session of prone positioning. As previously
mentioned, a mortality reduction was observed when lung
morphology and ventilation strategies were aligned.
Despite intriguing results, the present study has
notable limitations. First, the number of patients with
misclassified lung morphologies by the investigators was
relatively high. This could be explained by the investigators’
experience. With regard to diagnosis of ARDS based on
lung morphology, agreement between the three experts was
high (k=0.94). However, the agreement was moderate for
local investigators (k=0.52). In a real-world setting, rapidly
assessing lung morphology by local site investigators might
not be feasible. In addition, the proportion of patients
who had CT scans was low. CT scan was performed for
56 (29%) of 196 patients in the personalized group and 80
(39%) of 204 patients in the control group. Transportation
of critically ill patients to obtain a CT scan can be difficult
due to increased morbidity and mortality. Thus, it may be
difficult to correctly phenotype patients at the bedside. To
avoid misclassification in daily practice, alternative tools
such as lung ultrasound (16,17) and electrical impedance
tomography (18,19) can be safely used at the bedside. Like
CT, bedside lung ultrasound allows a regional analysis of
lung aeration and identifies ARDS lung morphology. It
accurately assesses lung aeration changes following PEEP
application (16) and prone positioning (17). Cinnella ez al.
applied electrical impedance tomography to assess the
effects of recruitment maneuver (18). This strategy allowed
a more homogeneous distribution of ventilation, and the
increased ventilation to dorsal regions was correlated
with arterial oxygen improvement. Second, this study was
open label, and performance bias might have resulted in
differences in the use of adjuvant treatments. In fact, only a
quarter of patients were placed in the prone position at least
once in the control group, although prone positioning was
encouraged for all patients in this group. Third, mortality
differences were significant between the correctly classified
and incorrectly classified patients in the personalized
group (Figure 2D). In the control group, however,
misclassification of the focal and non-focal groups did
not show any mortality difference (Figure 2C). Moreover,
there was no difference in overall mortality between the
personalized group and the control group [53 (27%) of
196 patients vs. 56 (27%) of 204 patients]. These findings
suggest that personalized ventilation that is misaligned with
lung morphology (e.g., open-lung ventilation in patients
without alveolar recruitment) can be harmful, although a
standard strategy (low tidal volume, low PEEP, and prone
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positioning) may not be harmful.

Together with findings from previous reports, the results
presented by Constantin ez /. (11) suggest that phenotypes
of ARDS should be considered in clinical practice and
for further studies. However, owing to study limitations,
further studies are required. Correctly assigning the
ventilation strategy for patients with ARDS requires rapid
phenotyping, which can be challenging. The difficulty in
correctly phenotyping patients at the bedside warrants
further investigation.
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