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Take-home message: Diffuse alveolar
damage is present in the majority of patients
with nonresolving ARDs and its frequency is
no different across the three ARDS stages. On
this basis, the systematic use of steroids in
nonresolving ARDS is not recommended.
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Abstract Purpose: The aim of the
present study was to assess the rate of
diffuse alveolar damage (DAD) on
open lung biopsy (OLB) performed in
the ICU for nonresolving ARDS.
Methods: A single-center retro-
spective study of patients meeting the
Berlin definition criteria for ARDS
who had undergone OLB for nonre-
solving ARDS. Patients were
classified into mild, moderate and

severe ARDS categories and accord-
ing to the presence or absence of
DAD on the OLB. The ARDS cate-
gories were assessed at baseline and
at the time of the OLB. The OLBs
were reviewed by two pathologists
blinded to the ARDS classification.
The primary endpoint was the rate of
DAD according to the ARDS stage in
the patients with nonresolving ARDS
who had OLB. The secondary end-
point was the ability of DAD to
predict ARDS among all the patients
who had OLB. The same clinico-
histopathological confrontation was
cross validated in another ICU.
Results: From January 1998 to
August 2013, 113 patients underwent
OLB for acute hypoxemic respiratory
failure, 83 of whom met the inclusion
criteria for ARDS. At the time the
OLB was performed, 11 of these
patients had mild, 56 moderate, and
16 severe ARDS, respectively. The
median (1st–3rd quartiles) time to
OLB was 13 (10–18) and 9 (6–14)
days from the onset of respiratory
symptoms and from ARDS onset,
respectively, with no statistical dif-
ference between the three ARDS
groups. DAD was found in 48 (58 %)
patients with ARDS, 4 (36 %) in the
mild, 33 (59 %) in the moderate, and
11 (69 %) in the severe stage
(P = 0.23). For the 113 patients who
underwent OLB, the sensitivity and
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specificity of DAD to the Berlin def-
inition was 0.58 (0.46–0.69) and 0.73
(0.54–0.88), respectively. Similar
results were found in the other ICU.
Conclusions: DAD is present in the
majority of patients with nonresolv-
ing ARDs and its frequency is no

different across the three ARDS
stages. On this basis, the systematic
use of steroids in nonresolving ARDS
is not recommended.
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Introduction

Diffuse alveolar damage (DAD) is a typical pathological
finding in acute respiratory distress syndrome (ARDS) [1]
and is commonly thought of as its pathological hallmark
[2–4]. This is a controversial statement, however, as DAD
is commonly seen in other pathologies. In the initial
description of ARDS by Asbaugh et al. [5], not all
patients had DAD. Some experts have suggested that, as
long as the clinical criteria for ARDS are met, pneumonia
without DAD may be a suitable histologic correlate for
ARDS. Open lung biopsies (OLB) can be performed in
ARDS patients at the ICU bedside [6]. When the proce-
dure is carried out by trained ICU teams, the reported
level of safety is satisfactory [7]. In one study, when OLB
was included in patient management, outcomes signifi-
cantly improved [7]. In nonresolving ARDS, OLB can be
indicated to identify either disease-specific lung involve-
ment (systemic disease with an acute presentation) or the
presence of DAD. This is important for the use of ste-
roids. If DAD is frequent in nonresolving ARDS, the
systematic use of steroids may not be appropriate. Indeed,
in a randomized controlled trial of steroids versus placebo
for ARDS, starting steroids after 2 weeks of ARDS was
associated with higher mortality [8]. It should be noted
that there are very few data available on OLB in nonre-
solving ARDS.

A group of experts recently proposed the Berlin defi-
nition for ARDS [9, 10]. Under the Berlin proposal, (1)
the acute timeframe is defined as within 1 week after the
onset of a known clinical injury and new or worsening
respiratory symptoms; (2) the assessment of oxygenation
takes into account positive end-expiratory pressure
(PEEP), which must be at least 5 cmH2O at the time of
the ARDS definition; (3) patients are split into mild,
moderate, and severe categories based on the severity of
hypoxemia.

The present study was based on our extensive expe-
rience with OLB in patients with acute hypoxemic
respiratory failure, the rather limited data available in the
literature regarding OLB in this setting, and the lack of
any previous confrontation between OLB and the new
criteria for defining ARDS.

Our primary goal was to assess the rate of DAD in
patients with nonresolving ARDS across the different

ARDS stages. Our hypothesis was that DAD was more
frequently observed in the severe ARDS stage than in the
other two categories. This assumption was subtended by
the 69 % rate of DAD in patients with severe ARDS that
had developed for more than 72 h at the time of autopsy
[11].

Methods

Authorization to report the present results was obtained
from the ethics committee (Comité Consultatif de Pro-
tection des personnes Sud-Est II on 10 October 2013,
CAL 2013-041). Informed consent from the patients or
their next of kin was waived in accordance with French
law.

Patients

We reviewed the charts of all the patients who underwent
OLB in our 15-bed medical ICU between 1 January 1998
and 31 August 2013 for the diagnostic evaluation of acute
hypoxemic respiratory failure. Patients with OLB were
split into an ARDS group, which included those patients
who met the Berlin criteria for ARDS at any time between
ICU admission and OLB, and a non-ARDS group.
Patients were included in the latter group if any of the
following criteria were met: (1) more than 1 week had
elapsed from the onset of new or worsening respiratory
symptoms after a recognized lung insult; (2) PEEP of less
than 5 cmH2O (unless the patient was first identified as
having ARDS at the time of ICU admission but subse-
quently had to receive PEEP \ 5 cmH2O as a result of
reduced lung compliance; in this case the patient
remained in the ARDS group but the severity was still
assessed according to oxygenation); (3) PaO2/oxygen
fraction in the inspired air (FiO2) \ 300 mmHg. The
number of patients with acute respiratory failure admitted
to our ICU during the study period was also retrieved
(with the international classification of diseases and
related health problems ICD-10 codes J80 or J81 or J96
encoded as the primary or related or significantly asso-
ciated diagnosis).
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Open lung biopsy

OLB was indicated for persistent acute hypoxemic
respiratory failure with bilateral lung opacities more than
7 days after ICU admission or weaning failure from
invasive mechanical ventilation or NIV after having ruled
out cardiogenic causes and ongoing lung infection. The
latter was established from the absence of microorgan-
isms in the broncho-alveolar lavage (BAL) fluid culture
performed 2–3 days before the OLB was scheduled. The
OLB was thus indicated to determine the origin of per-
sistent lung failure. The ICU physicians and the surgeon
gave their joint agreement to carry out the OLB. It should
be acknowledged that overall we were not able to state
that all the patients with an OLB indication actually
underwent the procedure.

Depending on the severity of hypoxemia and local
conditions, the OLB was performed either at the bedside
or in theater by a surgeon trained in thoracic surgery,
using the technique introduced by Papazian et al. [6]. If
the PaO2/FiO2 ratio \ 150 mmHg with FiO2 [ 60 % and
PEEP [ 10 cmH2O, the OLB was performed at the bed-
side. In the event of coagulation abnormalities and/or
expected local difficulties based on clinical history and
thoracic computed tomography (CT) findings the proce-
dure was performed in the operating theater. The side on
which the lung sample was taken was determined by the
CT scan. The patient was placed in a lateral position on
the opposite side from that where the thoracotomy was
performed. During the procedure the patient was sedated,
paralyzed, and ventilated in volume assist controlled
mode with the same settings as those used prior to the
OLB. The largest lung sample possible, up to 2 cm in
length, was removed and cut into smaller pieces for
microbiological cultures (bacteriology, mycology, and
virology) and pathology. The pleural space was drained
using a single chest tube or two chest tubes if the patient
was scheduled for further prone positioning sessions. The
safety of the OLB was assessed based on the record of air
leaks and bleeding during the first week following the
procedure.

For OLB processing, see the ESM.

Defining groups

Lung pathology grouping

The histological findings were divided into the DAD and
non-DAD groups. The DAD group included DAD in the
acute (or exudative) phase (defined as the presence of
edema, hyaline membrane lining alveoli, and interstitial
acute inflammation) and DAD in the organizing (or pro-
liferative) phase (defined as the presence of organizing
fibrosis, usually diffuse, mostly within the alveolar septa,)
or DAD with an airspace organization and type II

pneumocyte hyperplasia or honeycomb fibrosis. The non-
DAD group included interstitial lung fibrosis (ILF) due to
the acute exacerbation of idiopathic pulmonary fibrosis,
defined as exudative phase DAD superimposed on
underlying usual interstitial pneumonia (UIP) [12]; or
other patterns of lung fibrosis [12]; or organizing pneu-
monia (OP) defined as patchy involvement of alveolar
ducts and alveoli with or without bronchiolar intraluminal
polyps, centered on small airways, without a hyaline
membrane or diffuse pattern; or edema and thickening of
the alveolar walls as seen in organizing DAD or bacterial
pneumonia defined by the presence of scattered neutro-
philic infiltrates localized to terminal bronchioles and
surrounding alveoli with evident confluence of infiltrates
between adjacent lobules [16]; or other patterns. Two
pathologists blinded to the ARDS classification reviewed
all the samples for the purposes of the present study.

ARDS grouping

The patient charts were thoroughly reviewed by two
authors to identify the nature of the clinical insult, the
time of onset of the respiratory symptoms, the chest
X-ray, and the cardiogenic involvement in the lung
edema. In the event of disagreements the charts were
reviewed for consensus. The clinicians were blinded to
the pathology results when they reviewed the charts. In
the ARDS patients included based on the criteria listed
above (baseline), the ARDS criteria were reassessed on
the day of the OLB. At each assessment, the ARDS stages
were defined as follows: mild ARDS was defined as a
PaO2/FiO2 ratio of between 300 and 201 mmHg under
PEEP or continuous positive airway pressure
(CPAP) C 5 cmH2O; moderate ARDS as a PaO2/FiO2

ratio between 200 and 101 mmHg under
PEEP C 5 cmH2O; and severe ARDS as a PaO2/FiO2

ratio of below 100 mmHg under PEEP C 5 cmH2O.

Data collection

The following data were recorded at the time of ICU
admission: age, gender, reason for ICU admission, and
comorbidities according to Charlson [13], Simplified
Acute Physiology Score (SAPS) II [14], predicted body
weight [15], body mass index (BMI), and Sequential
Organ Failure Assessment (SOFA) score [16]. SOFA and
ventilator settings [tidal volume (VT), FiO2, PEEP,
breathing frequency] were recorded at baseline and at the
time of OLB. The date of the OLB and whether it was
performed in the ICU or in the operating theater was
recorded. Patients were followed up to ICU discharge,
and whether they were living or dead at discharge was
recorded. The cause of death was summarized as
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hypoxemia, multiple organ failure, refractory shock, car-
diac arrest, or other according to the final medical report.
Furthermore, information on whether an end-of-life
decision was made during the ICU stay was also recorded.

Data analysis

Values were expressed as the median (first-third quartiles)
for continuous values and counts (per percent of group)
for qualitative variables. The normal distribution was
checked for continuous variables using the Shapiro-Wilk
test. The diagnostic performance of OLB was defined in
terms of sensitivity, specificity, and negative and positive
predictive values, together with their 95 % confidence
intervals, against the Berlin definition. The disease was
ARDS (yes/no), and the diagnostic test was DAD (yes/
no).

The primary endpoint was to compare the rate of
patients with DAD across the three ARDS stages. Sec-
ondary endpoints were the capability of DAD to predict
ARDS among all the patients who had undergone OLB
(those with and those without ARDS) and patient
outcomes.

In order to assess the internal validity of our study we
performed a case-control study in our ICU by matching
ARDS patients who had OLB (cases) with ARDS patients
who did not have OLB (ARDS controls) in the same
period for age ±5 years, gender, and SAPSII ±7.

In order to assess the external validity of our study, the
charts of patients who had undergone OLB for acute
respiratory failure in another ICU (the medical ICU of the
University Hospital in Clermont-Ferrand, France) were
reviewed for the same variables as above by two inves-
tigators blinded to the lung pathology result. The OLBs in
the other ICU were also reviewed by two pathologists
blinded to the ARDS stage.

Comparisons between groups were performed using
parametric or nonparametric tests as required. The com-
parison of the distribution of histopathological findings
across the ARDS categories was carried out using Mantel-
Haenszel chi-square test.

The statistical analysis was performed using R soft-
ware (R: a language and environment for statistical
computing. R Foundation for Statistical Computing,
Vienna, Austria, URL http://www.R-project.org). The
statistically significant threshold was set to P \ 0.05.

Results

ARDS groups

From 1 January 1998 to 30 June 2013, 905 patients were
admitted to our ICU with a primary diagnosis of acute
hypoxemic respiratory failure, of whom 597 had ARDS
(Fig. 1; Table 1 ESM). OLBs were performed on 113

30 OLB

905 pa�ents with 
acute hypoxemic respiratory failure

19287 ICU admissions between January 1st 1998 and August 31st 2013

83 OLB
cases 

597 with ARDS

308 without ARDS12 Acute cardiogenic
pulmonary oedema
260 no ARDS criteria or acute 
on chronic respiratory failure
36 ARDS criteria but PEEP < 5 
cm H2O or �me delay > 7 days

Mild

Moderate

Severe

514 no OLB 

8

44

31

45

253

216

5

49

29

83 OLB
controls 

3566 pa�ents with acute respiratory failure2661 pa�ents with 
acute not hypoxemic 

respiratory failure

Fig. 1 Flow chart of patients in
our ICU. OLB open lung
biopsy, PEEP positive end-
expiratory pressure, ARDS
acute respiratory distress
syndrome
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patients: 30 with no ARDS criteria and 83 with ARDS
criteria (Fig. 1). Out of the 83 ARDS patients who
underwent OLB, 8 had mild ARDS, 44 moderate ARDS,
and 31 severe ARDS at baseline assessment. Only three
patients, all with mild ARDS, were under noninvasive

ventilation at the time of ICU admission. These patients
were subsequently intubated. The remaining 80 patients
with OLB and ARDS were intubated at the time of ICU
admission. Baseline variables did not differ across the
three groups (Table 2 ESM). For the 83 patients with

Table 1 Characteristics at the
time of ICU admission and of
open lung biopsy and ICU
outcomes for 83 ARDS patients
with or without diffuse alveolar
damage

Diffuse alveolar
damage (N = 48)

Absence of diffuse
alveolar damage (n = 35)

Age, years 65 (51–73) 66 (52–74)
Female/male gender 13/35 (27/73) 24/11 (31/69)
SAPS II ICU admission 42 (31–49) 37 (30–46)
Comorbidities
Chronic respiratory disease 11 (23) 13 (37)
Chronic renal failure 3 (6) 0 (0)
Chronic liver disease 6 (12) 5 (14)
Heart disease 8 (16) 2 (6)
Endocrinopathy 3 (6) 6 (17)
Neurological disease 3 (6) 3 (9)
Cancer 10 (21) 11 (31)
Hematological malignancy 7 (15) 4 (11)
Systemic disease 1 (2) 1 (3)
AIDS 3 (6) 0 (0)
Organ transplant 0 1 (3)

Origin of admission
Acute care 17 (35) 14 (40)
Emergency room 13 (27) 13 (37)
Other ICU 14 (29) 5 (14)
Long-term care 2 (4) 0 (0)
Operating room 1 (2) 1 (3)
Pre-hospital 1 (2) 2 (6)

SOFA score baseline 7 (6–8) 7 (5–9)
SOFA score OLB 6 (4–9) 7 (4–9)
ARDS category, baseline
Mild 5 (10) 3 (9)
Moderate 27 (56) 17 (49)
Severe 16 (33) 15 (43)

ARDS category, OLB
Mild 4 (8) 7 (20)
Moderate 33 (69) 23 (66)
Severe 11 (23) 5 (14)

PaO2/FiO2 baseline, mmHg 117 (88–160) 109 (86–140)
PaO2/FiO2 OLB, mmHg* 129 (103–153) 155 (123–196)
PEEP baseline, cmH2O 8 (6–10) 10 (7–10)
PEEP OLB, cmH2O 8 (5–10) 8 (5–10)
VT baseline (ml/kg predicted body weight) (n = 79) 6 (6–6) 6 (6–7)
VT OLB (ml/kg predicted body weight) (n = 79) 7 (5–8) 6 (5–7)
FiO2 baseline 0.73 (0.60–1.00) 0.80 (0.60–0.90)
FiO2 OLB 0.60 (0.50–0.70) 0.50 (0.40–0.70)
Plateau pressure baseline, cmH2O 24 (22–28) 22 (20–27)
Plateau pressure OLB, cmH2O** 28 (25–31) 23 (20–24)
End-of-life decision in non-survivors 25/32 (78) 17/20 (85)
ICU fatality rate 32 (67) 20 (57)
Cause of death
Multiple organ dysfunction 8 (25) 5 (25)
Hypoxemia 8 (25) 10 (50)
Cardiac arrest 2 (6) 1 (5)
Refractory shock 9 (28) 2 (10)
Other or undetermined 5 (16) 2 (10)

Data are median (1st–3rd quartiles) or counts (percentage point per group)
SAPS simplified acute physiology score, SOFA sequential organ failure assessment, ARDS acute
respiratory distress syndrome, OLB open lung biopsy, FiO2 inspired fraction oxygen in air, PEEP
positive end expiratory pressure, VT tidal volume
* P \ 0.05, ** P \ 0.01 (for similar PEEP and VT)
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ARDS and OLB, the time to OLB was 13 (9–16), 12
(10–18), and 14 (11–18) days (P = 0.50) from the onset
of respiratory symptoms and 10 (7–16), 8 (5–14), and 10
(7–16) days (P = 0.26) from ARDS onset for the mild,
moderate, and severe groups, respectively.

At the time of OLB, 11, 56, and 16 patients had mild,
moderate, and severe ARDS, respectively, with no sig-
nificant differences among the three ARDS groups in
terms of SOFA score, ventilator settings, and plateau
pressure (Table 3 ESM).

Primary endpoint: distribution of ARDS stages
according to DAD on OLB

Out of the 83 ARDS patients who underwent OLB, DAD
was found in 48 patients (57.8 %). The proportion of
patients with DAD was not different among the three
ARDS groups at either ARDS assessment (Table 1) even
when the mild and moderate categories were merged and
compared with the severe ARDS category (Fig. 2). At the
time of OLB, the frequency of mild, moderate, and severe
ARDS stage was 8, 69, and 23 % in cases of DAD versus
20, 66, and 14 %, respectively, in the absence of DAD.

Patients with DAD were significantly more hypoxemic
and had higher plateau pressure for similar PEEP and VT
than patients without DAD (Table 1).

The diagnostic accuracy of the Berlin definition
for DAD in patients with nonresolving ARDS

In the 30 patients who did not have ARDS who underwent
OLB, 8 had DAD and 22 did not (Table 2). Therefore, for
the 113 patients who underwent OLB in our ICU, the

sensitivity and specificity of DAD to predict ARDS from
the Berlin definition were 0.58 (0.46–0.69) and 0.73
(0.54–0.88), respectively, in patients with nonresolving
ARDS. The negative and positive predictive values were
0.39 (0.26–0.52) and 0.86 (0.74–0.94), respectively.

ARDS cases versus controls

The 83 patients with ARDS and OLB (cases) were mat-
ched with 83 patients with ARDS and no OLB (ARDS
controls) (Table 4 ESM). There was no significant dif-
ference between the two groups in terms of baseline
confounders except for the cause of ARDS (Table 3). The
reasons for not performing OLB in the control group were
resolving ARDS within 1 week (45 patients), death before
OLB (9), OLB contraindicated (3), end-of-life decision
(7), ongoing steroids and no change in management
expected from OLB (6), steroids contraindicated (5),
other reasons for the persistent hypoxemia (2), and
undetermined (6).

External validity

The same confrontation between OLB and ARDS clinical
definitions was performed in another ICU. The reason for
this was to assess the results in our ICU for both con-
sistency and generalizability. Out of the 32 patients with
OLB in the other ICU (Fig. 1 ESM), 22 had ARDS cri-
teria (13 with DAD and nine without DAD) and 10 did
not (six with DAD and four without DAD). DAD was
present in 19 patients, giving a prevalence of 59 %, as in
our ICU (P = 1.00 Fisher exact test). For the variables
listed in Table 1, the 22 patients with ARDS did not differ
from the 83 ARDS patients in our ICU (not shown). The
sensitivity and specificity of DAD to predict ARDS were
0.59 (0.36–0.79) (not significantly different from that
found in our ICU, P = 1.00 Fischer’s exact test) and 0.40
(0.15–0.74) (P = 0.12), respectively. The negative and
positive predictive values were 0.31 (0.09–0.61) and 0.68
(0.43–0.87), respectively.
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Fig. 2 Proportion of patients with diffuse alveolar damage (DAD)
on open lung biopsy (OLB) in mild or moderate (black bars) and
severe (grey bars) ARDS categories assessed either at baseline or at
the time of OLB. Mantel-Haenszel chi-square test = 0.08
(P = 0.95)

Table 2 Distribution of diffuse alveolar damage in 83 ARDS
patients and 30 patients without ARDS at the time of OLB

ARDS (n = 83) No ARDS (n = 30)

Diffuse alveolar damage 48 22
No diffuse alveolar damage 35 8
Interstitial lung fibrosis 13 8
Pneumonia 4 3
Organizing pneumonia 9 2
Cancer 3 1
Alveolar hemorrhage 5 0
Normal 1 0

Values are counts
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OLB safety

No deaths were attributable to the OLB. Complications
occurred in 21 patients (25 %): air leaks in 20 (11 leaky
chest tubes without pneumothorax, 7 pneumothoraces
requiring chest tubes, 1 subcutaneous emphysema without
pneumothorax, and 1 bronchopleural fistula after chest
tube removal) and bleeding in 1 patient.

Outcomes

In our ICU, ICU fatality and end-of-life decision rates
were similar between the case and the ARDS control
groups (Table 4 ESM). Hypoxemia was a more frequent
cause of death in cases than in ARDS controls (Table 4
ESM). No difference was found across the three ARDS
groups for the ICU fatality rate, end-of-life decision, and
cause of death (Table 2 ESM). The same was true
between our ICU and the other ICU (not shown).

Discussion

The main result of our study is that DAD is frequently
observed in nonresolving ARDS regardless of its severity.

Relevance of the present study

Defining ARDS is of paramount importance for further
improving patient management. The Berlin approach, like
the previous American-European Consensus Conference
definition, is indirect as it does not include basic patho-
physiological impairments, such as inflammation,
increased alveolar-capillary membrane permeability, and
increased extravascular lung water. Previous studies have
compared the clinical definition of ARDS to pathological
autopsy findings [11, 17]. The novelty of the present study
is that we focused on nonresolving ARDS to obtain lung
pathological findings with therapeutic implications, in
particular regarding the use of steroids when the patients
were still alive.

Moreover, we found that the distribution of DAD was
not different across the clinical ARDS categories in non-
resolving ARDS. Similar results were obtained in the other
ICU used for external validation. A basic assumption in our
study is that DAD is the hallmark of ARDS. This common
conception may be overstated as there are no absolute data
to back it up. DAD is not uncommon in OLB performed for
unilateral lung disease [18]. The prevalence of DAD in
ARDS is 24 % in the literature [7, 19]. However, Parambil
et al. [23] found that in 58 consecutive patients with OLB-
proven DAD, 90 % of them met the ARDS criteria, further
illustrating the controversy in this area.

A secondary endpoint of our study was to assess the
diagnostic performance of DAD compared to the Berlin
definition in patients with nonresolving ARDS. The
operating ARDS definitions have been used in confron-
tations with lung histology in two autopsy studies.
Esteban et al. [17] found that the previous definition of
ARDS had 74 % sensitivity and 84 % specificity in 127
patients. When 284 patients with ARDS risk factors were
analyzed, sensitivity was found to be 76 % and specificity
75 %. Thille et al. [11] extended the previous database
[17] to 712 autopsies and found that the Berlin definition
had 89 % sensitivity and 63 % specificity when predict-
ing DAD. In our study, DAD predicted ARDS with a
sensitivity of 58 % and specificity of 73 %. One reason
for this lower figure could be the limitations of the OLB
per se, as it only explores part of the lung as compared to
an autopsy, and to the case mix, since autopsies are per-
formed in patients with fatal outcomes who may not be
representative of the whole ARDS spectrum. In previous
studies on OLB in ARDS, the rates of DAD ranged
between 7 [20] and 60 % [19], but most of these studies
were performed in the early stage of ARDS [6, 19–22],
making the comparison with the present study difficult.

The safety of OLB in ARDS patients in our study was
satisfactory. One-fourth of patients had air leaks but only
seven (8 %) required chest drainage for pneumothorax.
Although a significantly higher number of deaths from
hypoxemia was observed in the OLB group than in the
control group, no deaths in the study were attributable to
OLB. It should be noted that OLB was not included in the
Berlin definition as it is a high-risk procedure and its
noninclusion was considered not to affect its prognostic
ability.

Limitations and strengths

The present study has several limitations. First, it is ret-
rospective. Second, it is a single-center study. Third, there
is an obvious selection bias in the present study for a
variety reasons, the first being that nonresolving ARDS,
as defined in present study, represents a small subset of
the patients with ARDS recommended for OLB for dif-
ferent reasons. This subset is by definition not
representative of the ‘‘whole’’ of all clinically diagnosed
cases of ARDS. The second reason is that OLB was not
performed on every patient with nonresolving ARDS in
our ICU. The ICU mortality rate in the three ARDS
groups clearly highlights this limitation. Although the
intention was to perform OLB in every patient with
nonresolving ARDS, we cannot categorically state that all
patients with an OLB indication actually underwent the
procedure. Indeed, in the control group where the reasons
for not performing OLB were recorded, six patients had
not undergone an OLB for undetermined reasons.
Therefore, our present sample may not be representative
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of the population of nonresolving ARDS. To assess the
magnitude of this selection bias we conducted a retro-
spective case-control study in our ICU. It should be noted
that the baseline confounding factors were not signifi-
cantly different between the ARDS cases and controls.
We expected the ARDS cases to be associated with more
comorbidities, more severe acute illness, and more severe
ARDS. This was apparently not the case. Even though the
patients in the present study are selected patients, the
selection bias may be less important than in autopsy
studies as they are alive.

The present study does, however, have several
strengths. First, the review of the lung samples was
double blinded, a matched case-control study was per-
formed, and external validation of the results was carried
out in another ICU. Second, the present results provide
new data from a specific subpopulation of ARDS patients,
enhancing the existing evidence in this field. It is of
interest that in nonresolving ARDS the baseline clinical
characteristics of patients were similar in our ICU to those
in the external ICU. This would indicate that baseline
characteristics do not predict nonresolution.

Clinical implications

The fact that the prevalence of DAD is not different
between ARDS categories implies that patients in the
mild category really have ARDS and hence should
receive lung protective ventilation. This reinforces the
fitting of ventilator interventions to ARDS categories [10]
provided in the Berlin definition.

In patients with nonresolving ARDS the use of ste-
roids may be considered after ongoing infection has been
ruled out. A large randomized controlled trial failed to
demonstrate improvements in patient survival with ste-
roids as compared to placebo [8]. Given the prevalence of
DAD found on OLBs in nonresolving ARDS in the
present study, it is unlikely that steroids would improve
lung function. The only pathological diagnosis that is
steroid-sensitive in this setting, other than a specific
ARDS-causing immunological disease, is organizing

pneumonia. We found an uncommonly large number of
patients with organizing pneumonia in our study (9/83
patients). Previous studies have found much lower rates,
such as 1 out of 64 patients in the study by De Hemptinne
et al. [24]. A similarly (13/83) uncommonly high rate of
interstitial lung fibrosis was also observed in our study as
compared to previous studies [11, 17, 24]. It could be that
these findings pertained to post-DAD fibrosis given the
time lag between ARDS diagnosis and OLB [25]. The
same remark would also apply to organizing pneumonia.
If these findings had been accurately identified on the
lung CT scan [26] the OLB might not have been per-
formed. It should be noted that it was sometimes difficult
to distinguish between organizing pneumonia and DAD
when the OLB was small with a limited amount of tissue.
Diffuse rather than patchy lung involvement, conspicuous
type II pneumocyte hyperplasia, interstitial thickening
rather than purely intraluminal polypoid plugs, foci of
hyaline membrane and fibrin, and vascular fibrin micro-
thrombi were the histological features that indicated the
organizing phase of DAD rather than an organizing
pneumonia pattern per se.

It should be noted that a key conclusion from the data
is that performing an OLB for nonresolving ARDS does
not add any clinically relevant prognostic information as
mortality was similar whether DAD was present or
absent.

In conclusion, in the specific context of nonresolving
ARDS, DAD is found in the majority of patients with
ARDS with no statistically significant difference across
the ARDS stages.
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