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Simple observation of chest radiograph quadrant involvement in ARDS could improve the prediction
of mortality. Patients needing mechanical ventilation with unilateral and two quadrants chest
radiograph involvement should receive protective ventilation. https://bit.ly/2KqwqVO
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Acute respiratory distress syndrome (ARDS) may present in up to 10% of patients admitted to the
intensive care unit and is associated with high mortality [1]. According to a prospective, international, and
multicentre cohort conducted by LUNG SAFE investigators, patients with ARDS face a mortality that
ranges from approximately 35% in mild cases to 46% in severe cases. Currently, the Berlin definition is the
accepted definition and classification of ARDS [2]. The classification comprises severity stratification of
ARDS per PaO2

/FIO2
(arterial oxygen tension to fraction of inspired oxygen) ratio by three categories: mild,

moderate and severe. An imperative characteristic of the definition is the presence of bilateral infiltrates
(not due to congestive heart failure, CHF) in a chest radiograph or computed tomography (CT) scan, and
a positive end-expiratory pressure (PEEP) of at least 5 cmH2O.

In clinical practice, unilateral chest radiograph infiltrates are believed to rule out ARDS, as the absence of
injury in the non-involved lung is assumed. The consequence of this might result in the non-initiation of
protective ventilation strategies [3]. However, simple chest radiographs are prone to many biases, as
follows. 1) It is completely plausible that bilateral pulmonary infiltrates are hidden and a CT scan can be
the only means to reveal such infiltrates. This example has been made evident in cases of coronavirus
disease 2019 pneumonia, in which interstitial infiltrates have often been observed only in CT scans.
2) Lung involvement in ARDS is not homogeneous, beginning in one lung and progressing to the other.
In fact, a percentage of patients with unilateral involvement experience a progression of ARDS to the other
lung within the first few days. 3) In patients with prior structural lung diseases (e.g. advanced
emphysema), distribution of pulmonary infiltrates is also not homogeneous. What may appear to be a
unilateral infiltrate on simple chest radiograph can, indeed, be seen to be bilateral when CT is performed.
4) In many patients with severe respiratory failure, only portable chest radiographs can be carried out;
however, portable chest radiographs are poor in quality. 5) Finally, in mechanically ventilated patients,
infiltrates can be hidden in chest radiographs due to PEEP. The presence or absence of bilateral
involvement is frequently misinterpreted in patients under mechanical ventilation with PEEP. It is,
therefore, surprising that a definition of ARDS finds its basis on a characteristic that is both so unreliable
and with so many limitations, like the simple chest radiograph [4].
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A second common belief is that patients with acute respiratory failure and unilateral infiltrates who need
mechanical ventilation have better oxygenation and face less mortality when compared to patients with
bilateral infiltrates and ARDS. Although understanding of such assumption was lacking, the excellent
study by PHAM et al. [5] has now elucidated the matter.

In a previous study from our group [6], we showed that in patients with community-acquired pneumonia
(CAP), the majority of whom were non-mechanically ventilated, only those with multilobar (more than
two lobes) bilateral infiltrates had worse prognosis compared to those with a multilobar unilateral
infiltrate. This finding challenged the Infectious Diseases Society of America/American Thoracic Society
[7] criteria for severe CAP, in which multilobar (unilateral or bilateral) infiltrates was one of the nine
minor criteria for severity.

PHAM et al. [5] present results from a post hoc analysis of the LUNG SAFE data (12906 critically ill
patients, of whom 34.9% received mechanical ventilation and had new pulmonary infiltrates). In the
LUNG SAFE study, patients were separated into ARDS (69%) unilateral infiltrate (22.7%) and CHF (8.2%).
Patients with CHF had mortality comparable with that of patients with ARDS (44.1% versus 40%).
Patients with unilateral infiltrates had lower baseline and systemic illness severity than patients with ARDS.
The same was observed for plateau and driving pressures.

In this study, chest radiograph involvement was analysed according to the number of quadrants involved.
This variable was individually reported by each investigator and not confirmed by a radiologist.
Involvement of one quadrant was unilateral, while two quadrants could be unilateral or bilateral.
Involvement of three or four quadrants were bilateral.

In a multivariable analysis, bilateral opacities were significantly associated with mortality. However, when
the model was explored using the number of quadrants involved, as opposed to bilateral versus unilateral,
three or four quadrants involved were significantly associated with a higher risk of in-hospital mortality in
a dose-dependent manner.

In a population with only two quadrants involved (1094 patients), 172 (16%) had unilateral involvement,
while 922 (84%) had bilateral opacities (ARDS). Unadjusted mortality rates and other outcomes were
extremely similar. In a multivariable analysis performed only in patients with involvement of two quadrants,
the presence of bilateral opacities was not associated with mortality. Analysis restricted to patients with
unilateral infiltrates showed that higher PEEP was a protective factor for mortality, suggesting that applying
strategies to reduce ventilation-induced lung injury in patients with unilateral disease are likely and equally
needed. Further, they showed that patients shared many risk factors for mortality irrespective of bilateral
involvement. These factors, including immunosuppression, extra-pulmonary organ dysfunction and others,
are related to the disease resulting in ARDS rather than ARDS or mechanical ventilation, itself. This all
stated, there is a major need for research to endotype ARDS to better understand different pathways to death
and provide personalised medicine in intensive care.

In relation to such findings, the following questions then arise: 1) should we revise the Berlin definition
and use the number of quadrants involved instead of bilateral infiltrates; 2) should we include a population
with unilateral involvement of two quadrants in epidemiological and randomised clinical trials on ARDS;
3) should we manage these patients as we would with patients with ARDS (protective ventilation, etc.);
4) should we perform CT scans in these patients; and 5) could bedside lung ultrasounds replace CT scans
in the detection of bilateral involvement?

The answers to all of these questions require confirmation in further studies and ARDS research agenda
should consider such matters for the years to come. Particularly, regarding the use of protective
ventilation, a recently published randomised controlled trial of a general population of mechanically
ventilated patients did not find any differences in outcomes when higher or lower PEEP was used [8].
However, the percentage of patients with unilateral infiltrates is neither mentioned nor analysed. The
results of this study might, therefore, be of limited value; specific treatments such as mechanical
ventilation strategies have to be individualised according to the physiological needs of the patient.

Another interesting finding of the present study [5] is that 20% of patients with unilateral infiltrates on days 1
and 2 developed ARDS. At baseline, these patients had a lower PaO2

/FIO2
ratio than those who did not develop

ARDS. More importantly, only baseline peak inspiratory pressure was significantly associated with the
development of ARDS, raising the question of whether potentially harmful ventilation is a trigger of progression.

In CAP, radiographic progression was a factor individually associated with mortality [9]. In a randomised
controlled trial from our group [10], administration of corticosteroids in severe CAP significantly reduced
radiographic progression. Two possible explanations for radiographic progression are uncontrolled lung/
systemic inflammation and harmful mechanical ventilation. The latter reasoning is supported by the
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finding that higher peak inspiratory pressure was a risk factor for progression to ARDS in the present
study. The logical advice provided for managing patients with unilateral infiltrates needing mechanical
ventilation includes the use of protective ventilation to avoid eventual progression to ARDS (figure 1).
Adjunctive therapies, such as corticosteroids, in patients with unilateral infiltrates and a high systemic level
of inflammation warrant further studies exploring their efficacy in decreasing ARDS progression.

A potential limitation of this study, in addition to its observational nature, is that the numbers of
quadrants involved could be subjective. Evaluations concerning the number of quadrants involved were
not confirmed by blind radiologists and doubt surrounds the idea that a clear definition was set in the
original protocol. However, the results observed justify new studies in the field. A comparative prospective
study between CT scans and chest radiographs could clarify the value of a simple measure, such as that of
the number of quadrants involved. If results from the present study are confirmed, it should be time to
consider shifting the paradigm on the exclusion of unilateral infiltrates within the definition of ARDS.

In summary, this study provides new insights on the definition of ARDS. It sheds light on a population of
mechanically ventilated patients with unilateral infiltrates and two quadrants involved who could be
included in ARDS epidemiology and treatment investigations. Finally, it shows a population with unilateral
pulmonary infiltrates who progress to ARDS, to whom preventive strategies could be applied.
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FIGURE 1 Mechanical ventilation strategy and mortality according to the number of quadrants involved in
patients with acute respiratory failure and unilateral or bilateral infiltrates on chest radiograph. ARDS: acute
respiratory distress syndrome; PaO2

: arterial oxygen tension; FIO2
: fraction of inspired oxygen.
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