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Does the Berlin definition for acute respiratory
distress syndrome predict the presence
of diffuse alveolar damage?
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Guérin et al. retrospectively examined all open lung
biopsies (OLB) performed in patients with non-resolving
acute respiratory distress syndrome (ARDS), without an
identified cause [1]. Eighty-three of the 113 patients who
underwent OLB over a 16-year period (1998–2013) met
the clinical criteria for ARDS according to the Berlin
definition [2, 3], which represents 14 % of all patients
they diagnosed with ARDS over that period (83/597).
Does this report help address the relevance of OLB for
management of ARDS today?

The authors’ main objective was to assess the propor-
tion of patients with diffuse alveolar damage (DAD); they
observed that 58 % of patients with ARDS (48/83) had
hallmark signs of DAD. These findings are similar to
those reported by Thille et al. from postmortem reports

[4], where DAD was present in 56 % (118/229) of
patients who met ARDS clinical criteria for longer than
72 h. In both studies, the authors also reported the dis-
tribution of DAD according to the ARDS severity. While
these proportions were similar (see the table in Fig. 1)
statistical significance was only achieved in the paper by
Thille et al. possibly owing to greater statistical power.
This means that the Berlin definition has a low specificity
to predict DAD [4]. In other words, a high proportion of
patients will meet the Berlin definition criteria for ARDS
without DAD on histological examination. The clinician
will want to know if this helps to address the relevance of
OLB in these complex patients.

DAD is regarded as the morphological hallmark of the
lung in ARDS and is defined by the presence of hyaline
membranes [5, 6]. These may take 2–3 days to appear [5]
and this explains a lower incidence of DAD if the lungs
are examined within the first 3 days [4]. The initial,
exudative phase is characterized by capillary congestion
and intra-alveolar edema, and is maximal in the early
course of ARDS, and subsequently followed by alveolar
type I cell necrosis. The later repair phase is characterized
by intense proliferation of alveolar type II cells and
interstitial fibroblasts [5, 6]. This sequence of histological
lesions has been described in patients with ARDS meeting
the Berlin definition [7]. Proliferative changes occur early
in the course of ARDS and are identified in more than half
of the patients during the first week, while fibrosis is
observed as early as the second week [7]. This strongly
suggests that research on the efficacy of steroids, anti-
inflammatory, or other anti-fibroproliferative agents
should target the first week after ARDS onset, and
probably underlies why the use of steroids is not recom-
mended in non-resolving ARDS. Beneficial outcomes
related to early steroid therapy have been published [8, 9]
but secondary analysis of a large randomized controlled
study showed an increase in mortality if steroid therapy
was initiated after 2 weeks of evolution [10]. The OLB
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obtained in non-resolving ARDS will be too late for those
patients with DAD as the appropriate time to initiate
therapies will have lapsed. With this in mind, the main
objective of OLB in non-resolving ARDS would be to
detect other histological patterns than DAD.

Perhaps the low specificity of the Berlin definition to
detect DAD is explained by the presence of other pro-
cesses, with a similar clinical picture, but not identical
pathological features that are potentially responsive to
treatment and will be identified by an OLB (see Fig. 1).
These include bacterial or viral pneumonia, organizing or
diffuse interstitial pneumonia, alveolar hemorrhage,
lymphangitis, or cancer infiltration. In the study by Guérin
et al., OLB were performed 9 days (in median) after the
onset of ARDS, after having ruled out cardiogenic pul-
monary edema or ongoing lung infection using
bronchoalveolar lavage, and these unsuspected etiologies
without DAD still represented 42 % of the patients with
non-resolving ARDS [1]. Bronchoalveolar lavage is a
central investigation targeting the cause of ARDS; it
enables early identification of bacterial, viral, or fungal
pneumonia, and several non-infectious pulmonary

etiologies that may mimic ARDS and may respond to
steroids such as alveolar hemorrhage due to vasculitis,
drug-induced pulmonary toxic pneumonia with a lym-
phocytic pattern, or an acute eosinophilic pneumonia.

One could argue that the high proportion of organizing
pneumonia (9/83, 11 %) discovered at OLB is highly
relevant as the use of steroids could be particularly
effective for those patients [11]. However, this feature
could be seen on high-resolution chest computed tomo-
graphic scanners, a much less invasive approach than
OLB. Similarly, the use of polymerase chain reaction or
immunologic assay is likely to improve identification of
viral pneumonia or immunologic disorders in a less
invasive manner. In 2007, Papazian et al. reported the
usefulness of OLB when analyzing 100 patients with non-
resolving ARDS [12], mainly because of the identification
of cytomegalovirus pneumonia leading to the adminis-
tration of an antiviral agent. The same investigators
showed a few years later that the use of rapid virologic
diagnostic tests such as antigenemia or polymerase chain
reaction allowed the detection of active cytomegalovirus
infection in a high number of mechanically ventilated

Fig. 1 The table shows the proportion of patients with diffuse
alveolar damage (DAD) on histological examination according to
the severity of acute respiratory distress syndrome (ARDS) in the
study by Guérin et al. [1] and in a database of clinical autopsies [4].
The left panel shows normal lung tissue characterized by a thin
alveolar-capillary membrane (arrow) separating red blood cells
from the alveolar space, and including endothelial cell, basal
membrane, and epithelial cell. The middle panel shows typical
histological findings of DAD with hyaline membranes (arrow)
covering the denuded basal membrane and necrosis of alveolar type

I cells, illustrating the morphological hallmark of the ARDS. The
right panel shows histological criteria for the diagnosis of acute
bacterial pneumonia without DAD including the presence of
intense neutrophilic infiltration in the interstitium and in the
intra-alveolar spaces (arrow), and around terminal bronchioles.
Although no clinical criteria allow for the differentiation of the two
diagnoses, microscopic analysis of the lungs can easily differentiate
pneumonia from ARDS, characterized by typical lesions of hyaline
membranes

343



patients [13]. Consequently, improved imaging and
diagnostic testing have reduced many of the benefits that
OLB has previously offered.

While Guérin et al. assessed the sensitivity and speci-
ficity of DAD to predict ARDS [1], the bedside physician
may be more interested in looking at this from the
opposite perspective. Of note, a significant proportion of
patients without ARDS who had OLB were found to have
DAD, suggesting caution when we view the Berlin defi-
nition as the hallmark of ARDS.

Sharing the data accumulated over the years in their
institution is important and might have helped us to

understand ARDS better, but whether or not the clinical
criteria of ARDS are really useful to identify patients with
DAD or another histological pattern remains unanswered.
The fact that the data collected by Guerin et al. span many
years does not account for the new diagnostic techniques
that we believe will decrease the proportion of non-
resolving ARDS with a non-identified cause.
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