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C. Brun-Buisson � A. Mekontso Dessap �
N. de Prost ())
Assistance Publique-Hôpitaux de Paris,
CHU Henri Mondor, DHU A-TVB, Service
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Abstract Purpose: Some patients
presenting with acute respiratory
failure and meeting the Berlin criteria
for acute respiratory distress syn-
drome (ARDS) lack exposure to
common risk factors (CRF). These
so-called ARDS mimickers often lack
histological diffuse alveolar damage.
We aimed to describe such ARDS
mimickers lacking CRF (ARDSCRF-)
in comparison with others
(ARDSCRF?).

Methods: Retrospective study
including all patients receiving inva-
sive mechanical ventilation for ARDS
admitted to the intensive care units
(ICUs) of two tertiary care centers
from January 2003 to December
2012. Results: The prevalence of
ARDSCRF- was 7.5 % (95 % CI
[5.5–9.5]; n = 50/665). On the basis
of medical history, bronchoalveolar
lavage fluid cytology, and chest CT
scan patterns, four etiological cate-
gories were identified: immune
(n = 18; 36 %), drug-induced
(n = 13; 26 %), malignant (n = 7;
14 %), and idiopathic (n = 12;
24 %). Although the ARDSCRF-
patients had a lower logistic organ
dysfunction score (4 [3–8] vs. 10
[6–13]; p\ 0.0001) and less often
shock upon ICU admission (44 vs.
80 %; p\ 0.0001) than their coun-
terparts, their overall ICU mortality
rate was very high (66 % [46–74]),
and the absence of CRF remained
associated with ICU mortality by
multivariable logistic regression
analysis (adjusted OR = 2.06; 95 %
CI [1.02–4.18]; p = 0.044). Among
ARDSCRF- patients, the presence of
potentially reversible lung lesions with
corticosteroids (aOR = 0.14; 95 % CI
[0.03–0.62]) was associated with ICU
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survival. Conclusions: The absence
of CRF among patients with ARDS is
common and associated with a higher
risk of mortality. For such atypical
ARDS, a complete diagnostic
workup, including bronchoalveolar
lavage fluid cytology and chest CT

scan patterns, should be performed to
identify those patients who might
benefit from specific therapies,
including corticosteroids.

Keywords Respiratory distress
syndrome, adult �

Respiration, artificial �
Pulmonary edema � Lung diseases �
Interstitial � Idiopathic pulmonary
fibrosis

Introduction

The recent Berlin definition of acute respiratory distress
syndrome (ARDS) [1] stipulates that respiratory symp-
toms are to occur (or worsen) within 7 days after
exposure to at least one common ARDS risk factor
(CRF), classified as direct (e.g., pneumonia, gastric
aspiration, etc.) or indirect (e.g., extrapulmonary sepsis,
polytrauma, pancreatitis, etc.). Still, the members of the
ARDS Definition Task Force anticipated that a subset of
patients would have the clinical and radiological features
of ARDS, while not having been exposed to any of these
CRFs, and stated that an ‘‘objective assessment’’ of left
heart filling pressures would then be required to rule out a
pulmonary edema of the hydrostatic type [1].

On the other hand, it is apparent that ARDS criteria
encompass a widely heterogeneous group of pathologic
processes. Indeed, none of the proposed definitions of
ARDS [2, 3], including the recent Berlin definition [1],
appear to be fully reliable for diagnosing diffuse alveolar
damage (DAD), the commonly accepted pathological
hallmark of ARDS [3]. Indeed, other lesions than DAD
have been reported in more than one-third of autopsied
cases, including infectious pneumonia without DAD, lung
fibrosis either associated with an autoimmune disease or
drug-induced, organizing pneumonia, diffuse alveolar
hemorrhage, lung tumoral infiltration, acute pulmonary
edema, pulmonary embolism, or even the lack of histo-
logical abnormality [4]. These unusual histological
entities, commonly occurring in the absence of the CRFs
for ARDS, have been previously termed imitators of
ARDS [5, 6]. The prevalence and the prognosis of
patients fulfilling the Berlin criteria for ARDS while
having no CRF have, to the best of our knowledge, not
been previously assessed. The primary objective of this
study was to report the prevalence and etiologies of
patients developing ARDS despite no exposure to any of
the common risk factors and to contrast their clinical
presentation and outcomes with those of their counter-
parts. The secondary objective was to assess the impact of
the presence of lung lesions potentially responding to
therapy with corticosteroids on outcomes in the subgroup
of patients with ARDS and no CRF.

Methods

Methods are further described in the online supplement.

Study design

We conducted a retrospective study including all con-
secutive patients presenting with ARDS [1] within 48 h of
admission to the intensive care units (ICUs) of two ter-
tiary care centers (Hôpital Tenon, Paris and Hôpital Henri
Mondor, Créteil, France) from January 2003 to December
2012. This observational, non-interventional analysis of
medical records was approved by the Institutional Review
Board of the French Society for Respiratory Medicine. As
per French law, no informed consent is required for this
type of study.

Subjects, data collection, and definitions

Patients were included in the cohort when aged 18 years
or older and having received invasive mechanical venti-
lation for management of ARDS. Exclusion criteria were
previously known lung interstitial disease or tumoral
infiltration; ARDS due to negative pressure pulmonary
edema; left heart failure in the absence of identified CRF;
mild ARDS treated with non-invasive ventilation only.
ARDS was categorized as mild, moderate, or severe
according to the Berlin definition [1]. Particular attention
was paid to the timing criteria of the Berlin definition; as
per definition, for patients not exposed to ARDS CRF, the
onset of ARDS was to occur within 1 week of new or
worsening respiratory symptoms [1]. ARDS patients were
also classified into two groups, whether they had been
exposed to any common risk factor (ARDSCRF?) or not
(ARDSCRF-) (online supplement, Table 1). Patients with
vasculitides were deemed to have ARDS with no CRF
because vasculitides are not pathologically characterized
by diffuse alveolar damage. Increase in left heart filling
pressures was ruled out using transthoracic and/or trans-
esophageal echocardiography in all ARDSCRF- patients.
The ARDSCRF- patients were then separated into four
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etiological groups, as follows: (1) immune ARDS,
including vasculitides, as defined by the American Col-
lege of Rheumatology (ACR) criteria [7], and connective
tissue diseases according to ACR and American
Rheumatogical Association (ARA) criteria; (2) drug-in-
duced ARDS, defined as previous exposure to a drug
known as a pneumonia inducer in the absence of any
other risk factor for ARDS (i.e., definite or probable drug-
induced ARDS) [8]; (3) malignant ARDS, which required
cytological or pathological evidence of hematologic or
solid malignancy; and (4) idiopathic ARDS, defined as
the absence of both CRFs and the above etiologies despite
a comprehensive etiological workup.

Demographics and clinical and laboratory variables
upon ICU admission, at 48 h, and during ICU stay were
abstracted from the medical charts of all patients. Their
initial severity was assessed using the SAPS II (Simpli-
fied Acute Physiology II) [9] and LOD (Logistic Organ
Dysfunction) scores [10]. Outcome variables included the
use of adjuvant therapies for ARDS (i.e., neuromuscular
blocking agents, nitric oxide inhalation, prone position-
ing, extracorporeal membrane oxygenation), the need for
hemodialysis or vasopressors, the administration of cor-
ticosteroids, the number of ventilator-free days at day 28,
and ICU mortality.

The following variables were abstracted from the
medical charts for ARDSCRF- patients: presence of
extrapulmonary symptoms on ICU admission, bron-
choalveolar lavage (BAL) fluid cytological analysis, chest
CT scan patterns, and autoimmunity tests. Chest CT scan
lesions were analyzed and described by a radiologist
according to the Fleischner Society Glossary of Terms for
Thoracic Imaging [11]. The presence of lung lesions
potentially responding to therapy with corticosteroids was
assessed on the basis of BAL fluid cytology and chest CT
scan patterns by three experts blinded to the final diag-
nosis and outcome, and patients were considered as
potential responders when an agreement of all three
experts was met [12–14].

Data presentation and statistical analysis

Continuous variables are reported as median [25–75th
percentiles] or mean (±standard deviation, SD) and
compared as appropriate. Categorical variables are
reported as number and percentages (95 % confidence
interval) and compared as appropriate. Factors associated
with ICU mortality were determined by univariable and
multivariable backward logistic regression analyses, both
within the whole cohort of patients (i.e., ARDSCRF? and
ARDSCRF- patients), and within the ARDSCRF- group.
Independent variables with p\ 0.10 in univariable anal-
ysis were included in the multivariable analysis, with
backward elimination of variables displaying a p value
greater than 0.05. Interactions between variables were

assessed using the Mantel–Haenszel test and interaction
terms introduced in the model as appropriate. Analyses
were conducted using the SPSS Base 21.0 statistical
software package (SPSS Inc., Chicago, IL).

Results

Prevalence of ARDS with no common risk factors

Over the 10-year study period, 812 patients were hospi-
talized for suspected ARDS in the two ICUs, of whom
110 met exclusion criteria, 37 received non-invasive
ventilation only, and 665 remained in the study cohort
(Fig. 1). In this large cohort, the prevalence of ARDS
with no CRF (n = 50) was 7.5 % [5.5–9.5].

ARDSCRF? patients (n = 615) had been exposed to
the following risk factors: pneumonia (n = 310; 50.4 %
[46.0–54.0]), aspiration of gastric content (n = 214;
34.8 % [31.2–38.8]), non-pulmonary sepsis (n = 150;
24.4 % [20.6–27.4]), non-cardiogenic shock (n = 114;
18.5 % [15.0–21.0]), multiple transfusions (n = 27;
4.4 % [2.5–5.5]), drug overdose (n = 18; 2.9 %
[1.7–4.3]), pulmonary contusion (n = 8; 1.3 %
[0.2–1.8]), pancreatitis (n = 7; 1.1 % [0.2–1.8]), smoke
inhalation (n = 2; 0.3 % [0.0–0.7]), and near-drowning
(n = 1; 0.2 % [0.0–0.6]).

Fig. 1 Selection of the patients included in the study. Common risk
factors (CRF) for acute respiratory distress syndrome (ARDS) were
adapted from the Berlin definition (1): pneumonia, gastric aspira-
tion, pulmonary contusion, drowning, inhalation of gases,
extrapulmonary sepsis, polytrauma, pancreatitis, burn, non-cardio-
genic shock, drug intoxication, polytransfusion. VAP ventilator-
acquired pneumonia, ILD interstitial lung disease, NPPE negative
pressure pulmonary edema, CHF congestive heart failure, NIV non-
invasive ventilation, ARDSCRF? patients having ARDS with CRF,
ARDSCRF- patients having ARDS with no CRF

166



Outcome of patients with and without common risk
factors for ARDS

As compared with ARDSCRF? patients, ARDSCRF-
patients showed a longer time from the onset of respira-
tory symptoms to ICU admission, were more frequently
referred to the ICU for acute respiratory failure, and had
lower severity scores upon ICU admission and less shock
(Table 1). Overall, 360 patients (54.1 % [50.1–57.9]) died

in the ICU. There was a trend toward a higher ICU
mortality rate in ARDSCRF- patients, as compared with
their counterparts (66.0 % [52.9–79.1] vs. 53.2 %
[49.1–56.9]; p = 0.09). Among variables available within
48 h of ICU admission, the absence of common risk
factors for ARDS was associated with ICU mortality
(adjusted OR, aOR = 2.06; 95 % CI [1.02–4.18]) after
adjusting for covariates significantly associated with
mortality (online supplement, Table 2).

Table 1 Characteristics of 665 ARDS patients upon admission and during ICU stay

Variables All patients
(n = 665)

ARDS patients
with CRF (n = 615)

ARDS patients with
no CRF (n = 50)

p

Age (years) 61 [48–72] 61 [47–72] 66 [50–75] 0.33
Male gender, n (%) 447 (67) 410 (67) 37 (74) 0.30
Time between first respiratory symptoms and ICU admission, days 2 [0–6] 2 [0–5] 13 [4–30] \0.0001
Worsening of respiratory symptoms–admissiona, days 1 [0–2] 1 [0–2] 2 [2–4] \0.0001
Extrapulmonary symptomsb, n (%) 574 (86) 530 (86) 44 (88) 0.72
Reasons for ICU admission, n (%)
Acute respiratory failure 472 (71) 422 (69) 50 (100) 0.0002
Non-pulmonary organ failures 193 (29) 193 (31) 0 (0) 0.0002
Severity criteria during the first 48 h of ICU admission
SAPS II 53 [38–72] 55 [39–73] 40 [31–53] \0.0001
LOD score 9 [6–12] 10 [6–13] 4 [3–8] \0.0001
Shock, n (%) 516 (78) 494 (80) 22 (44) \0.0001
Plasma creatinine, lmol/L 116 [79–183] 117 [81–184] 98 [68–147] 0.09
Time to initiation of invasive mechanical ventilation, days 0 [0–0] 0 [0–0] 1 [0–3] \0.0001
Non-invasive ventilation before invasive MV, n (%) 99 (15) 76 (12) 23 (46) \0.0001
Duration of non-invasive ventilation, days 0 [0–0] 0 [0–0] 0 [0–2] \0.0001
PaO2/FiO2 ratio, mmHgc 102 [72–149] 104 [73–150] 94 [72–138] 0.14
Berlin classification of ARDSd, n (%) 0.13
Mild 58 (14) 56 (9) 2 (4)
Moderate 280 (39) 263 (43) 17 (34)
Severe 327 (46) 296 (48) 31 (62)

Outcome variables
Duration of ICU stay, days 13 [6–23] 13 [6–23] 13 [8–24] 0.50
Time to successful extubation, days 10 [5–19] 10 [4–18] 12 [7–20] 0.15
Ventilator-associated pneumonia, n (%) 258 (39) 237 (39) 21 (42) 0.65
Ventilator-free days at day 28, days 0 [0–15] 0 [0–16] 0 [0–5] 0.10
Ventilator-free days at day 60, days 0 [0–47] 0 [0–47] 0 [0–37] 0.059
ICU mortality, n (%) 360 (54) 327 (53) 33 (66) 0.088
Rescue maneuvers during ICU stay, n (%)
Neuromuscular blocking agents 596 (90) 550 (89) 46 (92) 0.63
Nitric oxide inhalation 209 (31) 188 (31) 21 (42) 0.099
Prone position 190 (29) 174 (28) 16 (32) 0.59
ECMO 19 (3) 17 (3) 2 (4) 0.62
Non-pulmonary organ failures during ICU stay, n (%)
Shock 571 (86) 530 (86) 41 (82) 0.40
Hemodialysis 227 (34) 207 (34) 20 (40) 0.65
Corticosteroid therapy 134 (20) 92 (15) 42 (84) \0.0001

Continuous variables are reported as median [interquartile range
(IQR) 25–75]. Categorical variables are reported as number
(percentages)
ARDS acute respiratory distress syndrome, ICU intensive care unit,
MV mechanical ventilation ECMO extracorporeal membrane
oxygenation
a Time between the worsening of respiratory symptoms and hos-
pital admission, as mentioned in the Berlin definition

b Extrapulmonary symptoms: cutaneous (skin rash, purpura),
rheumatologic (arthralgia, arthritis, Raynaud’s syndrome, myalgia),
neurological, gastrointestinal (abdominal pain, gastrointestinal
bleeding), ENT (dysphonia, nasal crusts), lymphadenopathy,
abnormal urinary sediment (proteinuria, hematuria)
c The lowest value within 48 h of invasive mechanical ventilation
d Based on the lowest value of PaO2/FiO2 ratio obtained within
48 h of invasive mechanical ventilation
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Etiologies and outcomes of ARDS patients
with no common risk factors

The ARDSCRF- patients (n = 50) were classified into four
etiological subgroups: immune ARDS (n = 18; 36 %
[23–49]), drug-induced ARDS (n = 13; 26 % [14–38]),
malignant ARDS (n = 7; 14 % [4–24]), and idiopathic
ARDS (n = 12; 24 % [12–36]) (Table 2). When avail-
able, histopathological examination of lung tissue samples
(n = 12) revealed the presence of DAD (n = 4), orga-
nizing pneumonia (n = 3), hemophagocytosis (n = 1), or
cancer (n = 4) (online supplement, Table 3).

The ICU mortality of ARDSCRF- patients was 66 %
(46–74) and did not differ significantly according to the
four etiological subgroups (immune ARDS, 50 %
[36–64]; drug-induced ARDS, 69 % [56–82]; malignant

ARDS, 96 % [91–100]; idiopathic ARDS, 75 % [63–87];
p = 0.29). Corticosteroids were initiated in 100 % of the
ICU survivors, as compared with 76 % of the non-sur-
vivors (Table 3). The median duration of mechanical
ventilation before corticosteroid treatment initiation was
2 [1–3] days. A predominantly hemorrhagic or lympho-
cytic BAL fluid cytology, as opposed to a macrophagic or
neutrophilic one, was associated with survival of
ARDSCRF– patients (Table 3). The presence of positive
ANCA tests and presence of a plasma creatinine level
over 140 lmol/L were also associated with survival,
consistent with the fact that patients with vasculitides
exhibited a better survival than those with connective
tissue diseases (1/6 vs. 8/11 died; p = 0.049). Conversely,
chest CT scan abnormalities suggestive of pulmonary
fibrosis tended to be associated with ICU mortality
(Table 3). The three experts’ consensus considered
potentially reversible lung lesions to be present in 19
patients (38 %); in multivariable analysis (Table 4), this
composite variable was a protective factor for ICU mor-
tality (aOR = 0.14; 95 % CI [0.03–0.62]). The presence
of potentially reversible lung lesions was mainly associ-
ated with the presence of a lymphocytic BAL fluid, with a
threshold value of lymphocyte counts over 20 %, together
with the lack of signs consistent with pulmonary fibrosis
(honeycombing and traction bronchiectasis) on chest CT
scan (online supplement, Figs. 1 and 2).

Discussion

This study is, to the best of our knowledge, the first to report
the prevalence, characteristics, management, and out-
comes of patients meeting the radiological and clinical
criteria of the Berlin definition of ARDSwhile having none
of the common risk factors listed. The main results are as
follows: (1) the prevalence of ARDS with no CRF was
7.5 % among a large cohort of ARDS patients requiring
invasive mechanical ventilation; (2) the absence of CRF
for ARDSwas an independent risk factor of ICUmortality;
and (3) among ARDSCRF- patients, the presence of a lung
cellular inflammatory infiltration, assessed by both BAL
fluid cytology and chest CT scan patterns, suggesting the
potential reversibility of lung lesions with anti-inflamma-
tory agents, was an independent predictor of survival.

Prevalence and etiologies of ARDS with no common
risk factors of the Berlin definition

Our series shows that ARDS with no CRF is a frequent
and peculiar condition among unselected patients with
ARDS, with a prevalence of 7.5 %. This prevalence may,
however, have been overestimated because our study was

Table 2 Etiologies of ARDS with no common risk factors of the
Berlin definition (n = 50)

Immune ARDSa n = 18 (36 %)
Connective tissue diseases 11
Polymyositis 3
Systemic lupus erythematosus 3
Rheumatoid arthritis 2
Scleroderma 2
Undifferentiated connective tissue disease 1
Small-vessel vasculitides 6
Granulomatosis with polyangiitis 3
Microscopic polyangiitis 1
Henoch–Shönlein purpura 1
Mixed cryoglobulinemia 1
Hypersensitivity pneumonitis 1
Drug-induced ARDS n = 13 (26 %)
Chemotherapyb 8
Bleomycin 2
Gemcitabine 2
Docetaxel 1
Anthracycline 1
Lenalidomide 1
Stem cell transplant 1
Amiodarone 3
Others 2
Erlotinib 1
Anti-thymocyte globulin 1

Malignant ARDS n = 7 (14 %)
Malignant hemopathies 3
Intravascular lymphomatosis 1
T cell lymphoma 1
B cell lymphoma—hemophagocytic
lymphohistiocytosis

1

Lymphangitic carcinomatosis 3
Adenocarcinoma in situ 1
Idiopathic ARDS n = 12 (24 %)
No pathological examination 9
Organizing pneumonia 2
Diffuse alveolar damage 1

a Including 4 patients with a previously known autoimmune dis-
ease, but no known lung involvement
b Including 2 patients with previously known lung metastases from
solid tumors (pancreas, testicular), 2 patients with known hemato-
logic malignancy (leukemia, myeloma), and 4 patients with known
solid tumor without lung metastases

168



Table 3 Characteristics of ARDS patients with no common risk factors of the Berlin definition (n = 50)

All (n = 50) Non-survivors
(n = 33)

Survivors
(n = 17)

p

Etiological subgroup, n (%)
Immune ARDS 18 (36) 9 (27) 9 (53) 0.12
Drug-induced ARDS 13 (26) 9 (27) 4 (23) [0.99
Malignant ARDS 7 (14) 6 (18) 1 (6) 0.40
Idiopathic ARDS 12 (24) 9 (27) 3 (18) 0.51
Clinical presentation upon ICU admission
Age (years) 65 [50–70] 68 [53–76] 64 [45–69] 0.13
Male gender, n (%) 37 (74) 24 (74) 13 (66) [0.99
Time from first respiratory symptoms to admission, days 13 [4–30] 15 [4–30] 9 [3–21] 0.22
Time from worsening of respiratory symptoms to admission, days 2 [2–4] 2 [2–4] 2 [2–4] 0.83
Extrapulmonary symptoms, n (%)a 22 (44) 16 (47) 6 (31) 0.655
Laboratory and imaging features within 48 h of ICU admission
Bronchoalveolar lavage (BAL) fluid cytology, n 45 30 15
Hemorrhagic, n (%) 9 (20) 2 (7) 7 (47) 0.003
Total cell count (103/mL) 226 [100–462] 210 [100–420] 450 [100–520] 0.42
Macrophages (%) 33 [18–52] 35 [24–61] 14 [10–30] 0.016
Neutrophils (%) 25 [9–47] 25 [15–53] 4 [0–34] 0.02
Lymphocytes (%) 17 [5–45] 12 [5–36] 66 [11–87] 0.04
Chest CT scan patterns, n 41 28 13
Ground glass opacities, n (%) 36 (88) 24 (86) 12 (70) 0.35
Alveolar consolidations, n (%) 35 (85) 23 (82) 12 (92) 0.64
Fibrosis, n (%)b 15 (36) 12 (43) 3 (23) 0.11
Mediastinal lymphadenopathy, n (%) 11 (27) 7 (25) 4 (31) 0.72
BAL fluid cytology or CT scan patterns, n 47 31 16
Potentially reversible lung lesions, n (%)c 19 (42) 8 (26) 11 (69) 0.011
Autoimmunity tests 44 28 16
Presence of positive immunity tests, n (%) 18 (41) 10 (36) 8 (50) 0.52
ANCA [[20 IU, n (%)] 4 (9) 0 (0) 4 (25) 0.013

Severity criteria within 48 h of ICU admission
SAPS II 40 [30–53] 39 [28–54] 41 [32–53] 0.82
LOD score 4 [3–8] 4 [1–6] 6 [4–8] 0.02
Shock 22 (44) 16 (48) 6 (35) 0.55
Plasma creatinine level[140 lmol/L 14 (28) 5 (15) 9 (53) 0.008
Non-invasive mechanical ventilation, n (%) 23 (46) 19 (57) 4 (23) 0.035
Invasive mechanical ventilation, n (%) 36 (72) 22 (67) 14 (82) 0.33
PaO2/FiO2, mmHg 132 [95–194] 137 [91–208] 121 [97–177] 0.52
Berlin classification of ARDS, n (%)
Mild 15 (30) 12 (36) 3 (18) 0.21
Moderate 13 (26) 6 (18) 7 (41) 0.10
Severe 22 (44) 15 (45) 7 (41) [0.99

Outcome variables
Time to invasive mechanical ventilation, days 1 [0–3] 2 [0–5] 0 [0–1] 0.073
Duration of mechanical ventilation, days 12 [7–20] 12 [5–18] 12 [7–25] 0.60
Ventilator-associated pneumonia, n (%) 21 (42) 15 (45) 6 (35) 0.56
Rescue maneuvers during ICU stay, n (%)
Neuromuscular blocking agents 46 (92) 30 (91) 16 (94) [0.99
Nitric oxide inhalation 21 (42) 17 (51) 4 (23) 0.075
Prone position 16 (32) 13 (39) 3 (18) 0.20
ECMO 2 (4) 2 (6) 0 (0) 0.54
Non-pulmonary organ failures during ICU stay, n (%)
Shock 41 (82) 32 (97) 9 (53) \0.001
Hemodialysis 20 (40) 13 (39) 7 (41) [0.99

Treatment
Initiation of corticosteroids, n (%) 42 (84) 25 (76) 17 (100) 0.028
Duration of MV before corticosteroids initiation, days 2 [1–3] 2 [0–3] 2 [1–2] 0.48
Cyclophosphamide treatment, n (%) 17 (34) 11 (33) 6 (35) [0.99

MV mechanical ventilation
a Cutaneous (skin rash, purpura), rheumatologic (arthralgia,
arthritis, Raynaud’s syndrome, myalgia), neurological (localizing
sign), gastrointestinal (abdominal pain, gastrointestinal bleeding),
ENT (dysphonia, nasal crusts), lymphadenopathy, abnormal urinary
sediment (proteinuria, hematuria)

b Lung distortion, or bronchiectasis, or honeycombing
c As assessed on the basis of BAL fluid cytology and chest CT scan
patterns by three experts blinded to outcome
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conducted in only two centers, one of which houses a
specialized thoracic center, where the prevalence was
higher than in the other. Nevertheless, our results are
consistent with previous series including selected ARDS
cases and reporting a high prevalence of lung histology
other than DAD [15–17]. Furthermore, that both clinical
and radiological definitions of ARDS correlate imper-
fectly with histological DAD lesions has been previously
emphasized from autopsy [15], as well as lung biopsy
series of ARDS [18]. Indeed, Thille et al. recently showed
that 9 % of 356 patients who had died of ARDS while
meeting the Berlin criteria had various pathologic fea-
tures, including fibrosis, alveolar hemorrhage, or lung
tumor infiltration [15]. Histological analyses from selec-
ted patients who underwent surgical lung biopsies showed
even more striking results, with 60 % exhibiting other
lesions than DAD [16].

Immune ARDS accounted for over one-third (36 %)
of ARDSCRF- and revealed the underlying immune dis-
ease in most cases, consistent with the fact that patients
having acute exacerbations of previously known intersti-
tial lung diseases were excluded a priori. Drug-induced
ARDS was the second most frequent etiology, with a
predominance of chemotherapy agents incriminated.
Although we may have underestimated the relative
importance of this etiology by considering only cases of
probable drug-induced ARDS (i.e., no established factors
for ARDS except for the specific drug exposure within
1 year) [8], the overall frequency recorded in our series
(2.8 %) is consistent with that recently estimated by
Dhokarh et al. [8] among patients with acute lung injury
(3 %). Malignant ARDS represented 14 % of ARDSCRF-
and included several histological types, predominantly
in situ adenocarcinoma. Finally, and although lung
pathology had been obtained only for a limited number of
patients, idiopathic ARDS (24 %) likely encompassed
patients with acute interstitial pneumonia (DAD lesions
were confirmed in 2/4 patients with idiopathic ARDS), a
rare entity that was initially described as a clinical and

radiological ARDS [19] with histological DAD lesions
developing in spite of no exposure to any ARDS risk
factor, and exhibiting a high mortality rate [20].

Outcomes of patients having ARDS with no common
risk factors

Albeit consistent with the median SAPS II value on
admission, the in-ICU mortality of the whole cohort
(54 %) was notably higher than that reported in ARDS
trials, ranging from 27 % in mild to 45 % in severe
ARDS [1], likely related to differences in the case mix,
with unselected and sicker patients being included in our
observational study. In fact, the ICU mortality in our
study was in the range of what has recently been reported
in a series of ARDS patients with cancer in the
2006–2011 period (52 %) [21]. Nevertheless, our results
suggest that ARDSCRF- patients may have a poorer
prognosis than their counterparts. Indeed, the absence of
CRF remained associated with ICU mortality after
adjustment for the severity scores, age, the severity of
ARDS and shock, and the absence of bacterial infection.
Of note, the prolonged use of non-invasive ventilation
was also independently associated with mortality, in line
with previous series suggesting its potentially harmful
effects in patients with de novo acute respiratory failure
[22].

Early identification of ARDSCRF- patients may
improve their management and outcome. Importantly, the
clinical presentation of ARDSCRF- patients differed from
that of other ARDS patients in several respects. First,
ARDSCRF- patients exhibited a longer time between the
onset of respiratory symptoms and ICU admission, with a
worsening of symptoms occurring within 2 days prior to
ICU admission, consistent with the timing criterion of the
Berlin definition [1]. Second, the presence of shock on
ICU admission was less frequent, consistent with findings
from other series [23]. Together with the lack of a

Table 4 Factors recorded during the first 48 h of ICU admission and associated with ICU mortality of ARDS patients with no common
risk factors of the Berlin definition (n = 50)

n Death n (%) Univariable analysis Multivariable analysis

OR (95 % CI) p AOR (95 % CI) p

Non-invasive mechanical ventilation
Yes 23 19 (83) 4.41 [1.18–16.45] 0.03 – –
No 27 14 (52) 1
Presence of potentially reversible lung lesionsa

Yes 19 8 (42) 0.16 [0.04–0.60] 0.007 0.14 [0.03–0.62] 0.010
No 28 23 (82) 1
Plasma creatinine level[140 lmol/L
Yes 14 5 (36) 0.16 [0.04–0.61] 0.007 0.13 [0.02–0.65] 0.013
No 36 28 (78) 1
LOD score 50 – 0.83 [0.68–1.01] 0.06 – –

a As assessed on the basis of BAL fluid cytology and chest CT scan patterns by three experts blinded to outcome. The Hosmer–
Lemeshow goodness of fit test showed good calibration of the model (p = 0.95)
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recognized risk factor for ARDS, these features should
raise the suspicion of an unusual etiology and drive the
clinician to perform a comprehensive diagnostic workup
in search of etiologies potentially amenable to specific
therapies [6].

In the ARDSCRF- group, ICU survival was associated
with the presence of potentially reversible lung lesions, as
assessed by three independent experts blinded to out-
come, based on BAL cytology and chest CT scan patterns
available within the first 48 h of ICU admission. Alto-
gether, these findings suggest that ARDSCRF- patients,
who exhibit a high mortality, may have better outcomes
when cytological or radiological signs suggestive of lung
lesions potentially responding to therapy with anti-in-
flammatory agents are present. Such findings are in line
with observations in patients with idiopathic pulmonary
fibrosis, where lung cellular infiltration scores, obtained
from open lung biopsies, together with an alveolar pattern
on chest CT scan (i.e., predominance of ground glass
opacities) allow for predicting the response to a corti-
costeroid challenge [12, 24]. In contrast, in typical ARDS
cases (i.e., ARDSCRF?), BAL fluid cytological analyses
usually show a predominance of neutrophils [25], and
chest CT scans most frequently reveal alveolar consoli-
dations of lower lobes [26]. Last, as was recently shown,
the early acquisition of a chest CT scan allows for pre-
dicting a poor outcome when lung fibrosis is present [27].
Thus, both chest CT scans and BAL fluid analysis could
be important decision-making tools in this subgroup of
ARDSCRF- patients, as they might help to identify which
patients are more likely to benefit from specific therapies,
including corticosteroids.

Surprisingly, acute renal failure, as defined by a
plasma creatinine level over 140 lmol/L, was a protective
factor for mortality, likely reflecting the fact that it was
mainly associated with vasculitis, a condition associated
with a low mortality (17 %) in the current study. How-
ever, the proportion of patients requiring hemodialysis
during their ICU stay was not different between survivors
and non-survivors of the ARDSCRF- group.

Study limitations

Our study has several limitations. First, we used a two-
center retrospective design, which may have caused a
selection bias, thereby limiting the generalizability of our
findings. Indeed, we cannot exclude that some of these
patients categorized as having ARDS with no CRF and
exhibiting a subacute presentation (i.e., longer than
7 days) were misdiagnosed because previous respiratory
symptoms could have been underestimated or neglected.
Moreover, the etiologies of ARDS with no CRF could
vary depending on hospital recruitment and size of the
cohort. Second, important predictors of mortality related

to mechanical ventilation (i.e., tidal volume, positive end-
expiratory pressure level, plateau and driving pressure
[28]) were not entered in the mortality analyses, because
these parameters were not readily available as a result of
the retrospective design and the 10-year span of the study.
However, because patients included were admitted after
the demonstration of a reduction in mortality with ‘pro-
tective ventilation’ [29], all patients of the current study
received a standardized tidal volume of 6 mL/kg. Third,
although meeting the Berlin criteria for mild ARDS if
having a PaO2/FiO2 ratio less than 300 mmHg, patients
who received non-invasive ventilation only were not
included in the study cohort because we assumed that,
because of the retrospective design of the study, ARDS
might have been less well identified and reported over the
study period. As a matter of fact, only 37 patients (5 % of
the whole cohort) were identified as having ARDS while
receiving non-invasive ventilation only. This might be
explained at least in part because patients from the current
study were included between 2003 and 2012, i.e., before
the Berlin definition was proposed, and thus ARDS was
potentially underdiagnosed in this less severe subgroup of
patients. Fourth, lung histopathological specimens were
obtained in only 24 % of our patients. The low number of
lung biopsies (n = 5) probably reflects the concerns of
intensivists regarding the risk associated with this pro-
cedure, although previous series have suggested that open
lung biopsies may be well tolerated even in severe ARDS
patients [17, 30]. Fifth, the small numbers of patients
within each etiological ARDSCRF- subgroup may have
limited our ability to show differences among clinical or
laboratory features, as well as in management and out-
comes. Sixth, although vasculitides were mentioned
among risk factors for ARDS in the Berlin definition, we
have deliberately classified patients with vasculitides
within the ARDSCRF- group. Indeed, lung involvement in
vasculitides is not pathologically characterized by diffuse
alveolar damage but rather by diffuse alveolar hemor-
rhage and capillaritis, so vasculitides are usually classified
as ARDS mimickers rather than common risk factor for
ARDS [5, 6, 16].

We believe our work has several important clinical
implications. First, we report a meaningful prevalence of
so-called ARDS mimickers, having no CRF from the
Berlin definition, a feature identified as an independent
factor of mortality in a large cohort of unselected ARDS
patients receiving invasive mechanical ventilation. Sec-
ond, among the subset of ARDSCRF- patients, BAL fluid
cytology and chest CT scan might help to identify a
subset of patients who might benefit from specific thera-
pies and have a better outcome. Whether early therapy
with anti-inflammatory agents could decrease the mor-
tality of ARDSCRF- patients and which patients would
benefit most from this treatment need to be prospectively
assessed.
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