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Acute Respiratory Failure

• Severe form of acute organ dysfunction 
characterized by impaired gas-exchange 

• PaO2/FiO2 < 300; SpO2/FiO2 < 315

• De novo / acute hypoxemic / Type 1 respiratory 
failure is the predominant type of ARF in 
immunocompromised patients  

• Management

• Restoration of oxygenation, and decrease the 
work of breathing

• Appropriate diagnosis

• Prediction 

• Diagnostic confirmation

• Appropriate therapy of the underlying pathology  

ARF

Clinical 
findings

Gas 
exchange 
findings 

Radiologic 
findings

Lab 
findings



• Growing number of adults have 
immune dysfunction

• Up to 5% of the general 
population are cancer survivors

• Transplantation is on the rise

• Immunosuppressant drugs and 
immunotherapy are used more

• ARF occurs in up to half of patients 
with hematological malignancies (AML 
and allogeneic HSCT) and 15% of 
those with solid tumours (lung cancer) 
or solid organ transplantation (heart 
and lung), with a mortality of 50%

• Immunosuppressed patients comprise 
1/3rd of ICU admissions

• > 3 mo or > 0.5 mg/kg/day steroid 
use

• Other immunosuppressive agent 
use

• Solid organ transplant patients

• Chemotherapy for solid tumors 
within last 5 years

• Hematologic malignancy

• Primary immunodefficiencies



Main causes of ARF in the immunocompromised host

• Disease related

• Leukemic infiltration

• Leukostasis

• Lysis pneumopathy

• Recovery phase of neutropenia

• Infections

• Treatment related

• Diffuse alveolar hemorrhage

• Cardiogenic pulmonary edema



Factors associated with mortality include …

1. Factors reflecting severity of ARF and associated organ dysfunctions

• Degree of hypoxemia (PaO2/FiO2), tachypnea and respiratory distress

• SOFA score

2. Factors related to the initial oxygenation and ventilation strategy

• Patients requiring  6 L/min O2 or FiO2 > 40% →  intubation and hospital mortality (40%)

• HFNO or NIV failure; Need for invasive mechanical ventilation

3. Factors related to the underlying disease and comorbid conditions

• Older age, frailty or poor performance status 

• Degree of immunosuppression

4. Factors related to the cause of acute respiratory failure

• Invasive fungal infection or unknown cause has worst prognosis

• Cardiogenic pulmonary edema has the best prognosis

5. Factors related to delayed ICU admission



• 1611 patients

• Hematological malignancies 52%

• Solid tumors 35% 

• Systemic diseases 17%

• Solid organ transplantation 9%

• Main etiologies

• Bacterial 30%

• Viral 15%

• Fungal 15%

• Undetermined 13%

• On admission 37% were intubated

• 57% not intubated

• Standard O2 54%

• HFNC 20%

• NIV 17%

• NIV+HFNC 9%

• ICU mortality 32%, 

• Hospital mortality 44%

• 90-day mortality 56%





• ICU-AP occurred in 10% of patients

• Hospital mortality was 15% in ICU-AP group vs 7% in no ICU-AP group 
(p<0.001)

• Vasopressors (OR 2.22 [1.46–3.39]) and invasive mechanical 
ventilation vs HFNC at day 1 (OR 2.12 [1.07–4.20]) were associated 
with increased risk of ICU-AP 

• ICU-AP was independently associated with mortality (HR 1.48 [1.14–
1.91]; P=0.003)





• Post-hoc analysis of EFRAIM study on AML patients

• Hospital mortality 46.8%

• Variables independently associated with mortality  

• ECOG performance status ≥ 2 (OR = 2.79, p = 
0.04)

• Cough (OR = 2.94, p = 0.034)

• Use of vasopressors (OR = 2.79, p = 0.044)

• Leukemia-specific pulmonary involvement 
[namely leukostasis, pulmonary infiltration by 
blasts or acute lysis pneumopathy (OR = 4.76, 
p = 0.011)]

• Liver SOFA score (OR = 1.85, p = 0.014)

• Focal alveolar chest X-ray pattern was associated 
with survival (OR = 0.13, p = 0.001)

• 3 clusters according to clinical, biological and 
radiological features were identified: 

• Cluster 1 “leukemic cluster”, isolated, 
milder ARF

• Cluster 2 “pulmonary cluster”, 
symptomatic, highly oxygen-requiring, 
severe ARF with diffuse radiological 
findings (mortality OR = 2.48, p = 0.04)

• Cluster 3 “inflammatory cluster”, 
multiorgan failures in addition to ARF (OR 
= 3.49, p = 0.006)





Etiologies and Outcome of Patients with Solid 
Tumors Admitted to ICU with Acute Respiratory 
Failure: A Secondary Analysis of the EFRAIM Study

Benguerfi et al. Respiratory Care 2023;68:740-748

• 529 had solid tumors: 33% lung cancer, 21% breast 
cancer 10%, GI cancer 9%

• Cause of admission: bacterial or viral infection 
42%; cancer or treatment related 16%; 
extrapulmonary sepsis 12%, fungal infection 4%, 
unknown 12%

• Hospital mortality rate 46%. Independent factors 
related with mortality

• Chronic cardiac failure OR 1.78 [1.09–2.92]

• Lung cancer OR 2.50 [1.51–4.19]

• Day 1 SOFA OR 1.97 [1.32-2.96]

• Non-infectious etiologies OR 0.32 [0.16–0.61]

Etiologies and Outcomes of Acute Respiratory 
Failure in Solid Organ Transplant Recipients: Insight 
Into the EFRAIM Multicenter Cohort

Messika, et al. Transplantation Proceedings, 52, 2980e2987 (2020)

• 142 were SOT recipients; kidney 51%, lung 23%, 
liver 20%, heart 5%

• Invasive diagnostic strategy was more frequently 
performed in lung transplant recipients with a 
trend toward a higher rate of bacterial etiology in 
lung than kidney transplant recipients

• ICU survival 75%, hospital survival 63%, 90-day 
survival 55%; although statistically not significant 
lung tx patients had the worst prognosis

• SOFA score (OR 1.19 [1.06-1.33] and ECOG  3 
4.26 [0.91-20.06] 



Assessing the cause of ARF at the bedside

D Duration of respiratory symptom

I Immunosuppression type

R Radiological pattern (CXR, lung USG …)

E Experience of clinician regarding similar cases

C Clinical findings

T Tomography (HRCT)





Diagnostic algorithm
Echocardiography and 

biomarkers (BNP …)

- R/O cardiogenic 
pulmonary edema

Sputum (induced)

- Bacteria, 
Mycobacteria, P 

jirovecii

Blood cultures

- Bacteria, 
fungi

Urine antigen

- Legionella p and S 
pneumoniae

Multiplex PCR on nasopharyngeal 
aspirates or nasal swabs

- Viruses, Legionella p, 
Mycoplasma p, Chlamydia p

Viral PCR on plasma 
or blood 

- Herpesviruses
(including CMV)

Other PCR

- Aspergillus sp, 
Mucorales, 

Toxoplasma g 

Biomarkers

- Procalcitonin (limited predicitive value in 
immunocompromised patients)

- Serum galactomannan (invasive aspergillosis and 
histoplasmosis)

- Serum 1,3 β-D-glucan (all fungal infections except 
mucormycosis)

Imaging

- CXR, lung 
USG, HRCT

Detailed clinical 
exam to find a 

source



• Performed in 39% of patients who had mostly hematological malignancy and a higher 
severity of illness score

• Achieved a diagnosis in 27% of patients and resulted in a management change in 38% of 
patients

• Associated with worsening of respiratory status in 11% of patients

• Rate of undiagnosed causes was 13%

• Associated with higher ICU (40% vs 28%; p<0.0001) and hospital mortality (49% vs 41%; 
p=0.003) 

• Associated with increased risk of hospital mortality (OR 1.4 [1.1–1.8] after propensity 
score matching



Pretreatment Treatment induction Consolidation

From diagnosis to 1-2 days … - 1-2 weeks … - 1 month … - > 1 year

Myeloid M Lymphoid M Myeloid M Lymphoid M Myeloid M Lymphoid M Myeloid M Lymphoid M

Leukemic 
infiltration

Leukemic 
infiltration

Lysis 
pneumopathy

Penomococcal 
pneumonia

Invasive 
aspergillosis

RSV 
pneumonia

ARDS during 
neutropenia 

recovery

Fusarium 
infection

Leukostasis Influenza 
pneumonia

Cytarabine 
related

Pleural 
infiltration

Mucormycosis Varicella 
pneumonia

Extrapulmonary 
septic ARDS

Nocardia 
infection

Alveolar 
proteinosis

P jirovecii 
pneumonia

Cardiogenic 
edema

Eosinophilic 
lung disease 

related to 
chemotherapy

Parainfluenza 
pneumonia

CMV 
pneumonia

TBC Geotrichum 
infection





T cells

Steroids, SOT, Hairy cell leukemia, 
Acute T Cell leukemia, T lymphoma, 

Chemotherapy (fludarabine, ibrutinib, 
alemtuzumab)

Opportunistic infections, Systemic 
viruses, PJP, Cryptococcus, 
Mycobacteria, Toxoplasma  

B cells (hypogammaglobulinemia)

Splenectomy, Asplenism, Complement 
deficiency, CVID, Rituximab, MM, CLL

Streptococcus, Meningococcus, H. 
influenzae

Neutrophils / Macrophages

Steroids, SOT, Neutropenia, MDS, 
AML, Allo HSCT

Systemic viruses, Aspergillus, 
Mycobacteria, Nocardia, Mucor, 

Toxoplasma







9.2% had a diagnosis of 
Virus detected ARF

Bacterial infection in 21%
IPA in 6%



Crude in-hospital mortality rate 38%

0.77, CI [0.60–0.98]

*RSV, parainfluenza, hMPV



Invasive fungal infections 

• Pneumocystis jirovecii

• Aspergillus spp

• Cryptococcus spp

• Mucorales

• Fusarium

Parasitic infections

• Toxoplasma gondii

• Strongyloides stercoralis



a low incidence

b high incidence in lung Tx

c high incidence if no 
prophylaxis



Oxygenation and ventilation

• Earlier studies have shown higher mortality in immunocompromised 
patients who required IMV.

• However, more recent studies have revealed that failure of NIV or 
HFNO was associated with higher mortality, and even that early IMV 
was associated with improved survival, as IMV is a reflection of 
disease severity.











• 24 ICUs, 11,000+ pts
• 74% were intubated within 24 hours of ICU admission (early 

intubation)
• The crude mortality rate was 53% 
• Mortality for time from admission to intubation OR 1.38 [1.26-1.52]
• Mortality for early intubation OR 0.83 [0.72-0.96]
• After propensity match, OR for delayed intubation, 1.56 [1.44-1.70]

Hospital mortality per year
OR 0.96 [0.95-0.97]).



In conclusion …

atopeli@hacettepe.edu.tr @atopeli

Thank you …

Multidisciplinary 
approach

Infectious 
diseases 
specialist Pulmonologist

Intensivist

Thoracic 
surgeon

Microbiologist
Radiologist

Pathologist

Hemato-
oncologist

Try to avoid 
undetermined 

diagnosis ! 

Try to avoid 
delayed ICU 
admission ! 
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