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a b s t r a c t 

Acute hypoxemic respiratory failure (AHRF) is the leading cause of intensive care unit (ICU) admissions. Of 
patients with AHRF, 40 %–50 % will require invasive mechanical ventilation during their stay in the ICU, and 
30 %–80 % will meet the Berlin Criteria for Acute Respiratory Distress Syndrome (ARDS). Rapid identification 
of the underlying cause of AHRF is necessary before initiating targeted treatment. Almost 10 % of patients with 
ARDS have no identified classic risk factors however, and the precise cause of AHRF may not be identified 
in up to 15 % of patients, particularly in cases of immunosuppression. In these patients, a multidisciplinary, 
comprehensive, and hierarchical diagnostic work-up is mandatory, including a detailed history and physical 
examination, chest computed tomography, extensive microbiological investigations, bronchoalveolar lavage fluid 
cytological analysis, immunological tests, and investigation of the possible involvement of pneumotoxic drugs. 
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Acute hypoxemic respiratory failure (AHRF) is the leading
ause of intensive care unit (ICU) admissions. In the multina-
ional LUNG SAFE study, [1] 10 % of patients admitted to the ICU
et the criteria for acute respiratory distress syndrome (ARDS).
f patients with AHRF, 40 %–50 % will require invasive me-
hanical ventilation during their stay in the ICU 

[2 , 3] and 30 %–
0 % will meet the Berlin Criteria for ARDS. [1 , 3 , 4] While symp-
omatic supportive care of patients with AHRF is required imme-
iately (i.e . , admission to the ICU, administration of appropriate
entilatory support, management of associated organ failures),
apid identification of the underlying cause of AHRF is necessary
efore initiating targeted treatment, and in order to improve
utcomes. [5] A diagnosis of ARDS requires that the AHRF is
ot exclusively or primarily related to cardiogenic pulmonary
dema or fluid overload, atelectasis or lung collapse, pleural ef-
usion, or pulmonary embolism. [6] The first step in the diagnos-
ic approach to AHRF is therefore to investigate these conditions
uring initial assessments. The most common causes of AHRF
eported in the FLORALI trial [3] were community-acquired
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neumonia (63.5 %), hospital-acquired pneumonia (11.9 %),
xtrapulmonary sepsis (5.2 %), and aspiration and near drown-
ng (1.9 %). Less common risk factors for ARDS reported in the
UNG SAFE study [1] included non-cardiogenic shock (7.5 %),
nd trauma (4.2 %). These should therefore be prioritized for
creening so that the cause of AHRF can be rapidly identified in
he majority of cases. In rare cases, however, the cause of AHRF
emains elusive after an initial diagnostic work-up. [7 , 8] This
ccurs more commonly in immunosuppressed patients, where
he precise cause of AHRF cannot be identified in up to 15 %
f cases. [9] The management of patients in whom the cause of
HRF cannot be identified is a challenge for the intensivist, who
ust attempt both diagnosis and specific treatment without
 clear diagnosis. Although the prognoses of patients with
nidentified causes of AHRF remain a subject of debate, [10–12] 

t is imperative that a comprehensive diagnostic work-up is
erformed to ensure that curable conditions are not overlooked.
his review summarizes the essential elements of the initial
iagnostic work-up, then details the main conditions that
hould be investigated in the setting of AHRF when no ARDS
isk factor has been identified. The review does not consider
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Figure 1. Diagnostic approach for application in patients with AHRF. 
∗ First-line microbiological investigations for pneumonia include respiratory sample and blood culture, pneumococcal and legionella urinary antigen analysis, and 
respiratory virus testing via PCR. 
† Immunological testing includes AAN, anti-ENA panel, rheumatoid factor, anti-CCP antibodies, ANCA, myositis-specific antibodies, and depending on the clinical 
context, anti-GBM, and anti-GM-CSF antibodies. 
‡ If the patient is invasively ventilated. 
AAN: Antinuclear antibodies; AHRF: Acute hypoxemic respiratory failure; ANCA: Anti-neutrophil cytoplasmic antibody; BAL: Bronchoalveolar lavage; CCP: Cyclic 
citrullinated peptide; CT: Computed tomography; ENA: Extractable nuclear antigen; GBM: Glomerular basement membrane; GM-CSF: Granulocyte-macrophage 
colony-stimulating factor; HIV: Human immunodeficiency virus; PCR: Polymerase chain reaction. 
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irway, vascular, neuromuscular, or chest wall diseases that
ead to AHRF. 

nitial Diagnostic Work-Up 

A pragmatic diagnostic approach in cases of AHRF is summa-
ized in Figure 1 . The first step is to rule out cardiogenic pul-
onary edema or fluid overload, atelectasis or lung collapse,
leural effusion, and pulmonary embolism – which are at the
orefront of acute respiratory distress. In most cases, a thorough
edical history focusing on cardiovascular and thromboembolic

omorbidities, a complete physical examination, chest X-ray,
nd cardiac and pleuropulmonary ultrasound 

[13 , 14] are sufficient
120
o diagnose these conditions. After these conditions have been
nvestigated and ruled out, the second step is to look for the most
ommon causes of AHRF, such as pneumonia, non-pulmonary
nfection, trauma, transfusion, aspiration, and shock. [6] These
auses can be rapidly identified via history taking and physical
xamination, medical record review, and laboratory tests. In a
arge multicenter study conducted in France, no common risk
actor could be identified in 7.5 % of ARDS patients. [11] Strik-
ngly, this figure was confirmed in an ancillary analysis of the
UNG SAFE study, in which approximately 8 % of ARDS patients
ad no ARDS risk factor identified at the time of ARDS recog-
ition. [12] The etiologies of this subgroup can be considered
are causes of AHRF. These patients without identified common
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Table 1 

Main non-infectious causes of AHRF with no common risk factors for ARDS identified. 

Rare causes 
of ARDS 

Main entities Associated radiological patterns BAL findings Key element of the 
diagnostic work-up 

Highlighted 
references 

Immune CTDs: Idiopathic inflammatory 
myositis (ASS, dermatomyositis 
with anti-MDA-5 antibodies), SLE, 
rheumatoid arthritis, systemic 
sclerosis, and mixed CTD 

Alveolar consolidations, ground glass opacities with/ 
without signs of lung fibrosis ∗ 

Non-specific Immunological testing: 
AAN, anti-ENA panel, 
rheumatoid factor, 
anti-CCP antibodies, 
ANCA, myositis-specific 
antibodies with/without 
anti-GBM, and 
anti-GM-CSF antibodies 

[ 34 ] 

Small-vessel vasculitides: 
microscopic polyangiitis, 
granulomatosis with polyangiitis, 
anti-GBM antibody disease 

Ground glass opacities sparing the lung periphery, 
alveolar consolidation 
Nodules/excavations 

DAH 

† 

Lymphocytic alveolitis 
DAH 

† 

[ 48 ] 

Drug 
induced 

Amiodarone Ground glass or alveolar opacities 
with/without signs of lung fibrosis ∗ 

Lymphocytes > 15 % Medical history 
https://www.pneumotox. 
com/drug/index/ 

Pneumotox®
methotrexate (Methotrexate), 
bleomycin (Bleomycin) 
Targeted therapy, 
immune-checkpoint inhibitors 

Eosinophils > 15 % 

Neutrophilic alveolitis 
[ 64 , 66 ] 

Malignant Lymphangitic carcinomatosis 
Lepidic adenocarcinoma 

Mediastinal lymphadenopathies and/or lung nodules 
or masses 

Lymphocytes > 15 % 

Tumoral cells 
Histopathology [ 10 ] 

Hematological malignancies (AML) Alveolar diffuses opacities Rare presence of blasts Bone marrow exam [ 73 ] 

Idiopathic Acute exacerbations of idiopathic 
pulmonary fibrosis or other 
underlying ILD 

Alveolar consolidations, ground glass opacities and 
signs of lung fibrosis ∗ 

Neutrophils alveolitis 
( > 30 %) 

Medical history, CT-scan 
pattern 

[ 75 ] 

Acute hypereosinophilic pneumonia Alveolar opacities and pleural effusion Eosinophils > 25 % Eosinophilia (blood 
sample, BAL fluid) 

Cryptogenic OP Inverted halo sign, patchy, migrating infiltrates and 
alveolar consolidations Centrilobular nodules, mosaic 
air-trapping, and upper lobe distribution Bilateral 
patchy ground-glass opacities with/without bilateral 
consolidations, patchy ground-glass opacities 

Mixed alveolitis with 
> 15 % lymphocytes 

CT-scan pattern, BAL 
fluid findings 

Acute hypersensitivity pneumonitis Lymphocytes > 15 % 

Acute interstitial pneumonia Neutrophilic alveolitis 
( > 30 %) 

∗ Signs of lung fibrosis: reticulations, traction bronchiectasis, honeycombing. 
† Bloody BAL fluid (i.e., alveolar red blood cells) and/or hemosiderin-laden macrophages on Perls staining with a Golde score > 100 or > 60 % alveolar siderophages. 

AAN: Antinuclear antibodies; AHRF: Acute hypoxemic respiratory failure; AML: Acute myeloid leukemia; ANCA: Antineutrophil cytoplasmic antibodies; ARDS: 
Acute respiratory distress syndrome; ASS: Antisynthetase syndrome;; BAL: Bronchoalveolar lavage; CCP: Cyclic citrullinated peptide; CT: Computed tomography; 
CTD: Connective tissue disease; DAD: Diffuse alveolar damage; DAH: Diffuse alveolar hemorrhage; ENA: Extractable nuclear antigen; GBM: Glomerular basement 
membrane; GM-CSF: Granulocyte-macrophage colony-stimulating factor; ILD: Interstitial lung disease.; MDA-5: Anti-melanoma differentiation-associated protein 5; 
NSIP: Non-specific interstitial pneumonia; OP: Organizing pneumonia; SLE: Systemic lupus erythematosus; UIP: Usual interstitial pneumonia. 
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auses of AHRF require a very specific etiological diagnostic ap-
roach, which we describe in detail below. 

are Causes of AHRF 

It is impossible to provide an exhaustive list of non-infectious
are causes of AHRF, but pragmatically they can be divided
nto four categories; immune, drug-induced, malignant, and id-
opathic. A pragmatic list of the main entities, based on expert
pinion, [8 , 11 , 12] is provided in Table 1 . Identifying situations
hat suggest a rare cause of AHRF is crucial, even if a common
ause appears to have been identified after the initial diagnos-
ic work-up. This is especially true because two causes may be
ssociated, for example, an infection may occur in addition to a
are-up of an immune disorder. [15] 

Several clinical features may cause clinicians to suspect rare
auses of AHRF, including a previous history of immune disease
r exposure to a known pneumotoxic drug, a subacute presenta-
ion (i.e . , onset of respiratory symptoms > 7 days but < 30 days
rior to presentation), the presence of extrapulmonary manifes-
ations, or an unresolved pneumonia with adequate antibiotic
reatment and no microbiological documentation. [8 , 16] Impor-
antly, the onset of respiratory symptoms in < 7 days, although
ess suggestive, should not lead clinicians to rule out an un-
sual cause. Bronchoalveolar lavage (BAL) fluid analysis and
hest computed tomography (CT), although often non-specific,
an prompt suspicion of a rare cause of AHRF. Certain CT pat-
121
erns are suggestive of a rare cause of AHRF, including diffuse
r patchy ground-glass lung infiltrates, signs of underlying inter-
titial lung disease (ILD) (e.g., subpleural reticulations, traction
ronchiectasis), or pulmonary nodules with or without cavita-
ion. In the absence of clinical, radiological, or BAL cytology
vidence suggesting a rare cause of AHRF, comprehensive mi-
robiological investigations are necessary, particularly if symp-
oms started < 7 days before and the patient became febrile. 

omprehensive microbiological investigations 

Microbiological documentation is lacking in 40 %–60 % of
ases of severe community-acquired pneumonia, and should
herefore not be the only criterion for ruling out the diagno-
is. [17–19] Rapid improvement of AHRF with antibiotic therapy
trongly supports an infectious etiology, and may justify delay-
ng further microbiological investigations. However, if there is
o improvement despite appropriate antibiotic therapy, further
nvestigation is warranted. The presence of immunosuppression
s a key factor guiding additional microbiological testing. Cur-
ently, it seems appropriate to perform the following tests in
ll patients regardless of their immunosuppression status: Le-

ionella testing, human immunodeficiency virus testing, respi-
atory virus testing by polymerase chain reaction (PCR), and
ronchoscopy with BAL sampling. New molecular tools such as
he BioFire® FilmArray® Pneumonia Panel (Biomérieux, Marcy
’Etoile, France) may be useful, [20 , 21] particularly when antibi-

https://www.pneumotox.com/drug/index/
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tic therapy has been used prior to conventional microbiolog-
cal culture. Aggressive testing for Legionella is essential, using
 combination of assessments including repeated urinary anti-
en tests at intervals ≥ 24 h, and specific respiratory sample cul-
ure. Legionella PCR (specific or multiplex PCR), although not
ecommended, [22] can reportedly yield better diagnostic results
han urinary antigen testing, [23] though it should be combined
ith other tests. Pathogens known to be difficult to culture,

uch as atypical bacteria (e.g., Mycoplasma pneumoniae, Chlamy-

ia pneumoniae, Chlamydia psittaci, Coxiella burnetii, Leptospira

pp.) should also be investigated via PCR or specific serolog-
cal tests, depending on the time elapsed since the onset of
ymptoms. Non-respiratory viruses (e.g., Hantavirus, viral hem-
rrhagic fevers) can also cause pneumonia, but these are often
ssociated with multisystemic manifestations. [24] In such cases,
CR or serology may also be helpful. In immunosuppressed pa-
ients, the search for pathogens should be more comprehensive,
nd tailored to the type of immunosuppression. [25] Fungal (e.g.,
neumocystosis, aspergillosis, emerging invasive fungal infec-
ions) and viral (e.g., cytomegalovirus, herpes simplex virus)
valuations need to be comprehensive, incorporate the analy-
is of chest CT patterns, and potentially include bronchoscopy,
AL analysis, tests for specific biomarkers, and PCR tests. Lastly,
etagenomics, an emerging unbiased pan-pathogen molecular

pproach, may also be of use in these challenging diagnostic
ituations. [26–28] 

mmune causes 

Pulmonary involvement in immune diseases may present as
HRF requiring ICU admission. Typically, there are associated
uggestive extrapulmonary manifestations (e.g., skin, kidney,
oint, muscle), but some patients may present with isolated pul-
onary involvement. 

onnective tissue diseases (CTDs) 

CTDs are the most common autoimmune disorders seen in
he ICU, particularly in cases of AHRF. [8 , 29–31] The term rapidly
rogressive interstitial lung disease (RP-ILD), the definition of
hich is not universally agreed upon, is often used to describe
HRF associated with CTD. [32] In such patients, the pulmonary
anifestations of idiopathic inflammatory myopathies (IIMs), a

roup of rare CTDs characterized by varying degrees of muscle
nflammation, [33] are emblematic due to their frequency dur-
ng disease progression and the severity of respiratory impair-
ent. [34] The two most commonly implicated subtypes of IIMs

re antisynthetase syndrome and dermatomyositis with anti-
elanoma differentiation-associated protein 5 (MDA-5) anti-

odies. Antisynthetase syndrome has been characterized as the
ssociation of inflammatory myositis, ILD, arthritis, Raynaud’s
henomenon, and mechanic’s hands with the presence of anti-
minoacyl-tRNA-synthetase (ARS) antibodies. [35] Other symp-
oms overlapping with Sjögren’s syndrome and systemic scle-
osis are also quite commonly reported. A total of eight ARS
ntibodies have been identified. Although anti-JO1 antibod-
es are the most common, forms with anti-PL7, anti-PL12, and
nti-EJ antibodies appear to be associated with greater respira-
ory severity. [35–38] In addition to ARS antibodies, anti-MDA-5
ntibodies were discovered in 2005 in patients with clinically
myopathic dermatomyositis (CADM), thus they were initially
122
ermed anti-CADM antibodies. [39] Dermatomyositis with anti-
DA-5 antibodies is most commonly characterized by respira-

ory involvement, skin involvement, Raynaud’s syndrome, and
oint involvement. [40 , 41] Muscle involvement is variable and of-
en mild when present, justifying the term amyopathic dermato-
yositis. Lung involvement is sometimes isolated, making diag-
osis more difficult. The reputation of the disease is based on
he frequency and severity of lung involvement. [34 , 42 , 43] Vuil-
ard et al., [34] analyzed a multicenter cohort of patients with
nti-synthetase or anti-MDA-5 antibodies presenting with AHRF
equiring ICU admission, and reported that the latter had dra-
atically higher in-hospital mortality than the former (29 % vs.

4 %) despite aggressive management. In cases requiring extra-
orporeal membrane oxygenation, mortality can reach 100 %
ithout emergency lung transplantation. [42] Pulmonary involve-
ent in other IIMs is rarer, more chronic, and less aggres-

ive, and therefore much less common in ICU patients. [33] Other
TDs that occasionally present with ILD leading to AHRF in-
lude rheumatoid arthritis, scleroderma, primary Sjögren’s syn-
rome, and mixed CTD. [31 , 44] Systemic lupus erythematosus –
ith or without antiphospholipid syndrome – can cause severe
nd abrupt AHRF associated with diffuse alveolar hemorrhage
DAH) related to pulmonary capillaritis, which is accompanied
y acute glomerulonephritis in more than two-thirds of cases
nd can be the inaugural manifestation of the disease. [31 , 45] Sim-
larly, antiphospholipid syndrome may present as AHRF, partic-
larly as DAH in cases of catastrophic syndrome [46] Other CTDs,
ncluding rheumatoid arthritis, systemic sclerosis, and mixed
TD, can also present as AHRF, but this is much rarer and often
ccurs in the setting of underlying ILD. In this situation, a thor-
ugh assessment is essential to rule out alternative diagnoses,
articularly infections, before concluding a disease flare-up. 

asculitides 

AHRF requiring ICU admission may complicate or, in up
o 90 % of cases, reveal small-vessel vasculitides, [47 , 48] mostly
ranulomatosis with polyangiitis and microscopic polyangiitis.
atients may present with isolated acute respiratory failure (ap-
roximately one-third of cases), typically related to DAH, or
ith a pulmonary-renal syndrome (approximately one-third of

ases), defined as the association of DAH with rapidly pro-
ressive glomerulonephritis. Eosinophilic granulomatosis with
olyangiitis can present as a severe exacerbation of asthma,
ometimes associated with pulmonary infiltrates. [49] Early iden-
ification of patients with vasculitis flares is necessary to initiate
argeted treatment and prevent worsening of acute respiratory
ailure and renal function deterioration, which can lead to renal
eath. Anti-neutrophil cytoplasmic antibody (ANCA) testing, us-
ng high-quality proteinase 3 and myeloperoxidase ANCA im-
unoassays as opposed to indirect immunofluorescence, is now

ecommended as the preferred initial screening method and has
igh diagnostic accuracy in selected patients. [49 , 50] 

Anti-glomerular basement membrane (GBM) disease is a rare
ause of DAH, and typically presents as a pulmonary-renal syn-
rome. Circulating anti-GBM antibodies can be detected with
igh specificity by enzyme-linked immunosorbent assays in
 90 % of patients. Notably, however, clinicians should be aware

hat negative test results may be due to all the antibodies be-
ng fixed to their target (lung and kidney), or to a lack of sen-
itivity. In the latter clinical setting, renal biopsy can be per-
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ormed, and typically indicates extracapillary glomerulonephri-
is with linear immunoglobulin G deposits along the GBM. In
atients with anti-GBM disease, urgent immunosuppression and
lasma exchange are required to prevent permanent loss of renal
unction. [51] It remains uncertain whether patients with ANCA-
ssociated vasculitis benefit from plasma exchange. [52 , 53] 

ther immune diseases 

Less commonly, autoinflammatory diseases can present as
HRF. Although predominantly seen in pediatrics, it is impor-

ant to be aware of situations that can occur in adults in the
CU. Severe forms of Still’s disease may require admission to in-
ensive care, and pulmonary involvement is reported in 75 %
f patients, typically with fever, often associated with cardiac
nvolvement and hemophagocytosis. [54] A transient skin rash,
rthralgias, odynophagia, and markedly elevated ferritin levels
ontribute to the formulation of the diagnosis. [55] COPA syn-
rome, a recently described monogenic interferon-related au-
oinflammatory syndrome, is mainly associated with DAH, ILD,
nd arthritis. Forms with isolated pulmonary involvement have
een described, and adult-onset has been documented in a few
atients. [56] Positive interferon assessment is a disease marker.
yelodysplastic/myeloproliferative neoplasms are increasingly

ecognized for their immunological manifestations, and can be
ssociated with pulmonary involvement [57] Prominent examples
nclude non-Langerhans histiocytosis [58 , 59] and the recently de-
cribed vacuoles, E1 enzyme, X-linked, autoinflammatory, so-
atic (VEXAS) syndrome, [60 , 61] which can present with AHRF

equiring ICU admission. Diagnosis is based on a complete blood
ount, assessment for extrapulmonary manifestations, and bone
arrow biopsy with next-generation sequencing myeloid panel

nalyses. 
Lastly, pulmonary alveolar proteinosis (PAP) is a disease

haracterized by abnormal accumulation of surfactant in the
lveoli, and alveolar macrophage dysfunction. PAP results in
rogressive dyspnea of insidious onset. Primary PAP is char-
cterized by the disruption of granulocyte-macrophage colony-
timulating factor (GM-CSF) signaling. Autoimmune PAP is
aused by elevated levels of GM-CSF autoantibodies, and ac-
ounts for > 90 % of all cases. [62 , 63] 

rug-induced causes 

Extensive lists of drugs have been reported as causes of drug-
nduced pneumonias that can lead to AHRF. To our knowledge,
o studies have reported the prevalence of drug-related causes
n patients admitted to the ICU with AHRF, but several stud-
es have addressed this issue in patients with ARDS. Dhokarh
t al. [64] reported that in a retrospective cohort of 514 ARDS
atients, 9.5 % could be classified as having drug-induced ARDS.
n a study conducted by Gibelin et al., [11] 26 % of patients with
RDS and no common risk factor identified – 7.5 % of the whole
ohort – were ultimately diagnosed with drug-induced ARDS,
ith chemotherapeutic agents and amiodarone being the most

ommon culprits. Anan et al. [65] reported that in a retrospective
ohort of 197 patients with ARDS, 13.7 % could be classified as
eing drug-induced. In fact, all drugs can be associated with pul-
onary adverse effects, with a wide spectrum of clinical and ra-
iological patterns (e.g., chronic ILD, ARDS, DAH, eosinophilic
neumonia), making diagnosis particularly challenging for clin-
123
cians. The drug-induced respiratory disease website (pneumo-
ox.com) can be a useful tool in this regard. Patients at higher
isk of pulmonary toxicity include those of older age, those with
re-existing lung diseases including ILD and lung cancer, and
ung surgery patients. [66] The main drugs involved are amio-
arone, bleomycin (Bleomycin), methotrexate (Methotrexate),
echanistic target of rapamycin inhibitors, cyclophosphamide

nd other alkylating agents, and anti-CD20 therapies. [66] Tho-
acic radiotherapy is also a classic cause of acute lung injury
hat can lead to AHRF, particularly in the presence of underly-
ng ILD. [67] 

Immune-checkpoint inhibitors, which represent the latest
reakthrough in oncology, have recently been reported to cause
mmune-related adverse events. [68] These include several pul-
onary complications such as sarcoid-like granulomatosis, pleu-

al effusion, exacerbation of obstructive lung disease, and most
otably, checkpoint inhibitor pneumonitis (CIP). [68] Of these
omplications, CIP is the most widely recognized, and is of se-
ious concern due to its high morbidity and mortality rates.
he incidence of CIP in clinical trials has been reported to be
 6 %. This claim has been challenged by real-world data, how-
ver, which have indicated higher rates ranging from 10 % to
0 %. Several factors have been shown to increase the risk of
IP, including the use of programmed cell death protein (PD-
) or programmed cell death protein ligand agents ( vs. cyto-
oxic T-lymphocyte-associated antigen 4 [CTLA-4] inhibitors),
ombination immunotherapy (CTLA-4 and PD-1 combination
s. monotherapy), radiotherapy, and the organ of tumor ori-
in (e.g., non-small cell lung cancer vs. renal cell or other can-
er types). [68 , 69] The clinical presentation of CIP includes dysp-
ea, cough, and hypoxemia, either at rest or on exertion. These
ymptoms may appear soon after treatment initiation, typically
ithin days to weeks. The reported timeframes vary between

tudy cohorts, but the reported median onset is approximately
–3 months after starting on immune-checkpoint inhibitors.
he most common radiographic patterns found are ground-glass
pacities, organizing pneumonitis, and hypersensitivity pneu-
onitis. [69] 

alignant causes 

Several cancers can be revealed as a result of AHRF, and ful-
ll the clinical and radiological criteria for ARDS, [11] including
ainly solid cancers with lymphangitic carcinomatosis and lung

denocarcinomas. Mediastinal/hilar lymphadenopathies and/or
ulmonary nodules or masses on chest CT may help to raise clin-
cal suspicion, and guide the diagnostic strategy. Lepidic ade-
ocarcinoma is a well-differentiated adenocarcinoma that de-
elops along intact alveolar septa without stromal, pleural, or
ascular invasion, [70] and its clinical and radiological presenta-
ion may mimic pneumonia. [71] Cytological analysis of respira-
ory samples (sputum or BAL) enables diagnosis. Small cell neu-
oendocrine carcinoma is a rare but well-known cause of AHRF
n the ICU. [72] Among the hematological malignancies, acute
yeloid leukemia is most commonly associated with pulmonary

nvolvement, which may be secondary to pulmonary leukosta-
is, pulmonary leukemic infiltration, and acute lysis pneumopa-
hy. [25 , 73] In-hospital mortality is particularly high in these pa-
ients, approaching 50 % according to a multicenter, interna-
ional, prospective study. [74] 
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diopathic diseases 

Acute interstitial pneumonia refers to an idiopathic form of
HRF characterized histologically by the presence of diffuse
lveolar damage in the absence of exposure to ARDS risk fac-
ors, and no other identified cause, including CTD and drug ex-
osure. [75 , 76] It affects patients of all ages and both sexes, and is
ften preceded by a flu-like illness. The duration of symptoms
n the original series ranged from 2 days to 11 days. [76] Physical
ndings are non-specific and do not include the digital club-
ing seen in patients with acute exacerbations of idiopathic pul-
onary fibrosis/usual interstitial pneumonia, which are chronic

orms of idiopathic lung disease. Treatment is based on sup-
ortive care and high-dose intravenous steroids, although the
evel of evidence is low. [76] Mortality has ranged from 50 % to
00 % in previously reported series. [76] Cryptogenic organizing
neumonia is a subacute idiopathic interstitial pneumonia [77] 

haracterized by patchy and often migratory multifocal alveo-
ar consolidations and a rapid response to steroids, but frequent
elapses. Acute eosinophilic pneumonia can have an abrupt and
evere onset, presenting with ARDS criteria, and may be idio-
athic, although identifiable causes such as smoking and in-
alation exposures, medications, and infections have been re-
orted. [78] Marked BAL fluid eosinophilia ( > 25 %) is a key fea-
ure of its diagnosis. Peripheral blood eosinophilia may be ab-
ent in the early stages of the disease, and a marked increase oc-
urs after corticosteroids are initiated, peaking 4–5 days there-
fter. [79] A rapid clinical response is typically achieved within
4–48 h of corticosteroid initiation. 

ragmatic diagnostic approach for rare causes of AHRF 

When faced with a patient with AHRF without an apparent
ause after an initial diagnostic work-up, it is appropriate to
erform a comprehensive microbiological evaluation ( Fiure 1 ),
uided by possible underlying immunosuppression, broncho-
copic BAL analysis, and high-resolution chest CT. BAL is a
igh-risk procedure in non-intubated patients, with the potential
or secondary deterioration. A non-invasive strategy has been
hown to have comparable diagnostic performance to an inva-
ive approach in onco-hematological patients with AHRF. [80] In
on-intubated patients, BAL should only be considered after a
ell-executed non-invasive strategy. If the diagnostic work-up

emains negative at this stage, a comprehensive search for the
ain causes of ARDS with no risk factor is required, using a
ultidisciplinary approach. First, a detailed history and physical

xamination are essential to look for possible extra-respiratory
ymptoms, signs, and exposure to pneumotoxic drugs. Second, a
omprehensive immunological assessment is required, including
ntinuclear antibodies, anti-extractable nuclear antigen panel,
heumatoid factor, anti-cyclic citrullinated peptide (CCP) an-
ibodies, ANCA, myositis-specific antibodies and – depending
n the clinical context – anti-GBM and anti-GM-CSF antibodies.
he presence of a macroscopically bloody BAL in the absence
f bronchial hemorrhage is associated with DAH in > 80 % of
ases, [81 , 82] and together with the presence of extrapulmonary
ymptoms (e.g., arthralgias, renal involvement), it is highly sug-
estive of an immune cause. [83] If a diagnosis remains elusive a
ung biopsy approach may be considered, [7 , 14] but this strategy
s only feasible in invasively ventilated patients. Previous ob-
124
ervational series have reported high diagnostic performance of
pen lung biopsy in selected patients. [10 , 84–86] Specifically, in a
eta-analysis conducted by Libby et al., [85] open lung biopsy
as associated with a high diagnostic performance of 84 % in
RDS patients, with resulting changes in patient management

n 73 % of cases. Other studies have reported lower diagnos-
ic performance, however, [87] and the potential complications of
he procedure are substantial, with reported complication rates
f 25 %–35 %. [84 , 86] These reported complications are mainly re-
ated to air leaks, which can sometimes be fatal. The specificity
f histological findings is also questionable. Therefore, the deci-
ion to perform a diagnostic open lung biopsy should only be
onsidered in a multidisciplinary context, after the failure of
 comprehensive and well-conducted non-invasive approach in
he face of ARDS with no identified risk factors and unfavor-
ble evolution, most often after a trial of high-dose corticos-
eroids. [14] Notably, of the 2813 ARDS patients managed in the
UNG SAFE study, only 11 (0.4 %) underwent open lung biopsy,
ndicating that the vast majority of ARDS cases are managed
ithout a lung biopsy. [1] The roles of less invasive techniques

uch as cryobiopsies and transbronchial biopsies remain to be
etermined in the ICU setting. 

onclusions 

Rapid identification of the cause of AHRF is essential in order
o facilitate the initiation of targeted treatment as soon as pos-
ible. Patients with AHRF in whom no common cause has been
dentified should rapidly undergo a comprehensive and hierar-
hical diagnostic work-up aimed at categorizing the underlying
isease as immune, drug-induced, malignant, or idiopathic. A
ultidisciplinary approach involving intensivists and organ spe-

ialists is required to determine which patients may benefit from
 particular intervention such as immunosuppression, removal
f pneumotoxic drugs, or corticosteroid therapy. 
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