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Acute Respiratory Failure

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

* Pa0,/FiO, < 300; SpO,/FiO, < 315 g e /\

\,
N
N\
\

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

immunocompromised patients Lab Gas
findings ARF gxchanee
e Management 8 findings
* Restoration of oxygenation, and decrease the I »
work of breathing
* Appropriate diagnosis Radiologic
 Prediction _ findings

* Diagnostic confirmation ~
* Appropriate therapy of the underlying pathology



* Growing number of adults have * Immunosuppressed patients comprise

immune dysfunction 1/3rd of ICU admissions
* Up to 5% of the general * >3 mo or > 0.5 mg/kg/day steroid
population are cancer survivors use
* Transplantation is on the rise * Other immunosuppressive agent
* Immunosuppressant drugs and use
immunotherapy are used more * Solid organ transplant patients
* ARF occurs in up to half of patients * Chemotherapy for solid tumors
with hematological malignancies (AML within last 5 years
and allogeneic HSCT) and 15% of  Hematologic malignancy
those with solid tumours (lung cancer) * Primary immunodefficiencies
or solid organ transplantation (heart
and lung), with a mortality of 50% Acute respiratory failure in immunocompromised adults

Lancet Respir Med 2019;

Elie Azoulay, Djamel Mokart, Achille Kouatchet, Alexandre Demoule, Virginie Lemiale
7:173-86

Diagnosis of severe respiratory infections
in immunocompromised patients Intensive Care Med (2020) 46:298-314

Elie Azoulay'*"®, Lene Russell®, Andry Van de Louw* Victoria Metaxa®, Philippe Bauer®, Pedro Povoa’,
José Garnacho Montero®, Ignacio Martin Loeches’®, Sangeeta Mehta'®, Kathryn Puxty'", Peter Schellongowski'?,
Jordi Rello*™, Djamel Mokart'®, Virginie Lemiale' and Adrien Mirouse'? on behalf of the Nine-i Investigators



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 (PaO,/FiO,), tachypnea and respiratory distress
* SOFA score

2. Factors related to the initial oxygenation and ventilation strategy
* Patients requiring > 6 L/min O, or FiO, > 40% — T intubation and hospital mortality (40%)
e HFNO or NIV failure; Need for invasive mechanical ventilation

3. Factors related to the underlying disease and comorbid conditions
e Older age, frailty or poor performance status
e Degree of immunosuppression

4. Factors related to the cause of acute respiratory failure
* |Invasive fungal infection or unknown cause has worst prognosis
e Cardiogenic pulmonary edema has the best prognosis

Acute respiratory failure in immunocompromised adults

5 . Fa Cto rS re | ate d tO d e I aye d I C U a d m i S S i O n Elie Azoulay, Djamel Mokart, Achille Kouatchet, Alexandre Demoule, Virginie Lemiale ?:;;g:wmdzom;




Acute hypoxemic respiratory failure
in immunocompromised patients: the Efraim
multinational prospective cohort study

Elie Azou\ay”  Peter Pickkers?, Marcio Soares®, Anders Perner?, Jordi Rello®, Philippe R. Bauer®,
Andry van de Louw’, Pleun Hemelaar?, Virginie Lemiale’, Fabio Silvio Taccone®, Ignacio Martin Loeches®'?,
Tine Sylvest Meyhoff*, Jorge Salluh?®, Peter Schellongowski'', Katerina Rusinova'?, Nicolas Terzi'?,
Sangeeta Mehta'?, Massimo Antonelli'®, Achille Kouatchet'®, Andreas Barratt-Due'’, Miia Valkonen'®,
Precious Pearl Landburg'®, Fabrice Bruneel®, Ramin Brandt Bukan?', Frédéric Péne®, Victoria Metaxa®,
Anne Sophie Moreau®, Virginie Souppart', Gaston Bmghi::_’, Christophe Girault?®, Ulysses V. A. Silva?,
Luca Montini'®, Francois Barbier®®, Lene B. Nielsen?*", Benjamin Gaborit®', Djamel Mokart* and
Sylvie Chevret® for the Efraim investigators and the Nine-I study group

Intensive Care Med (2017) 43:1808-1819

1611 patients * On admission 37% were intubated

* Hematological malignancies 52% e 57% not intubated
* Solid tumors 35% * Standard O, 54%
* Systemic diseases 17% e HENC 20%

Solid organ transplantation 9% e NIV 17%
* Main etiologies * NIV+HFNC 9%
* Bacterial 30% ICU mortality 32%,
* Viral 15% Hospital mortality 44%

* Fungal 15% .
90-day mortality 56%
e Undetermined 13% Y y 56%



Age (per year)

Initial ventilation strategy (with standard Oxygen as reference)

High Flow Oxygen (HFNC)

Noninvasive ventilation (NIV)

NIV + HFNC

Chronic Respiratory Insufficiency

Hazard Ratios
(95% Confidence Intervals)

0.92 (0.86-0.99) -
0.77 (0.59-1.01)  +—m—
0.94 (0.69-1.28)

0.74 (0.51-1.09) —@—

0.76 (0.54-1.08)

+

Acute hypoxemic respiratory failure
in immunocompromised patients: the Efraim
multinational prospective cohort study

Elie Azoulay'"®, Peter Pickkers?, Marcio Soares®, Anders Perner”, Jordi Rello®, Philippe R. Bauer®,

Andry van de Louw’, Pleun Hemelaar?, Virginie Lemiale', Fabio Silvio Taccone®, Ignacio Martin Loeches®'?,
Tine Sylvest Meyhoff*, Jorge Salluh?, Peter Schellongowski'", Katerina Rusinova'?, Nicolas Terzi'®,
Sangeeta Mehta'¥, Massimo Antonelli'®, Achille Kouatchet'®, Andreas Barratt-Due'’, Miia Valkonen'®,
Precious Pearl Landburg'®, Fabrice Bruneel®®, Ramin Brandt Bukan?', Frédéric Péne®, Victoria Metaxa®®,
Anne Sophie Moreau®, Virginie Souppart', Gaston Burghi?®, Christophe Girault®®, Ulysses V. A, Silva,

Luca Montini'®, Francois Barbier?®, Lene B. Nielsen?®*°, Benjamin Gaborit*', Djamel Mokart*? and

Sylvie Chevret® for the Efraim investigators and the Nine-l study group

Intensive Care Med (2017) 43:1808-1819

Intercept

Odd Ratios

(95% Confidence Intervals)

0.06 (0.03-0.11) ‘

I Age (per year)

1.18 (1.09-1.27)

E

Direct admission to the ICU

0.69 (0.54-0.87)

Day 1 SOFA score without
respiratory items

1.12 (1.08-1.16)

Pa02/Fi02 = 300 (as the reference)

r
n

SOFA score at ICU admission

Pa02/FiO2 < 300

1.09 (1.06-1.13)

1.47 (1.05-2.07)

Etiology of the Acute Respiratory Failure (ARF)

Pneumocystis jirovecii Pneumonia

Invasive Pulmonary Aspergillosis

Undetermined ARF etiology
-

2.11 (1.42-3.14)

1.85 (1.21-2.85)

1.46 (1.09-1.98)

I <100 1.60 (1.03-2.48) =
100-199 1.46 (0.98-2.18) =
200-299 1.30 (0.83-2.05) rm—

Need for intubation and mechanical ventilation (IMV, with no intubation as the reference)

& {
= | IMV after failure of NIV+HFNC
First line IMV
r , , : : Undetermined ARF etiology
03 15 2 25 3

IMV after standard oxygen failure

IMV after high flow oxygen (HFNC) failure

IMV after noninvasive ventilation (N1V) failure

4.16 (2.91-5.93)
5.54 (3.27-9.38)
3.65 (2.05-6.53)
2.31(1.09-4.91)
2.55 (1.94-3.29)

1.43 (1.04-1.97)

Increased risk of intubation and mechanical ventilation

T
6

Increased risk of hospital mortality




ICU-acquired pneumonia in immunosuppressed patients with acute

hypoxemic respiratory failure: A post-hoc analysis of a prospective
international cohort study Journal of Critical Care 63 (2021) 243-245

Ignacio Martin-Loeches, MD ***! Michael Darmon, MD ', Alexandre Demoule, MD¢,

Massimo Antonelli, MD ¢, Peter Schellongowski, MD#, Peter Pickkers, MD ", Marcio Soares, MD',

Jordi Rello, MD/, Philippe Bauer ¥, Andry van de Louw, MD', Virgine Lemiale, MD¢, David Grimaldi, MD ™,
Martin Balik, MD ", Sangeeta Mehta, MD °, Ac Kouatchet, MD P, Andreas Barratt-Due, MD 9, Miia Valkonen, MD",
Jean Reignier, MD*, Victoria Metaxa, MD", Anne Sophie Moreau, MD", Gaston Burghi, MD",

Djamel Mokart, MDY, Elie Azoulay, MD ¢, For the Efraim investigators and the Nine-I study group |

* |CU-AP occurred in 10% of patients

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

 VVasopressors (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

* |CU-AP was independently associated with mortality (HR 1.48 [1.14-
1.91]; P=0.003)



Incidence of respiratory

Need for ICU

Hospital

events admission respiratory
mortality

Haematological malignancies
Acute myeloid leukaemia®*®2 22-84% 66% 45%
Acute lymphoblastic leukaemia®®”>* 7-18-5% 12-15% 38-5%
Lymphoproliferative diseases® 8% 8% 40-50%
Myelodysplastic syndrome* 29-4% 20% 17%
Autologous haemopoietic stem cell therapy***  3-28% 42% 3-55%
Allogeneic haemopoietic stem cell therapy**”  24-30% 50% 51%
Prolonged neutropenia®* 8-29-5% 11-16% 5-12%
Solid tumours
Lung cancer’®?° 26-50% 100% 11-2-60%
Other solid tumours>* 0-7-10-3% 100% 6-1-55%
Patients on immunotherapy*** 13-3-6% 1-3%*
Solid organ transplantation
Lung transplantation 14% All 65%
Heart transplantation® 12:5% All 76-5%
Kidney transplantation®®¥ 33-4-8% All 16-4-22-5%

Acute respiratory failure in immunocompromised adults

Elie Azoulay, Djamel Mokart, Achille Kouatchet, Alexandre Demoule, Virginie Lemiale

Lancet Respir Med 2019; |
7:173-86



Characteristics and outcomes of patients
with acute myeloid leukemia admitted

to intensive care unit with acute respiratory
failure: a post-hoc analysis of a prospective
multicenter study Annals of Intensive Care ~ (2023) 13:79

Carolina Secreto'#'®, Dara Chean’, Andry van de Louw?, Achille Kouatch

o e Ler r °, Color
Marcio Soares'", Jor 1 Rel Hc F édéric P éne
Ignacio Martin-Loeches®, Sangeeta \ ehta’ P

* Post-hoc analysis of EFRAIM StUdV on AML patients « 3 clusters according to clinical, biological and

* Hospital mortality 46.8% radiological features were identified:
e Variables independently associated with mortality ’ Clyster 1 “leukemic cluster”, isolated,
* ECOG performance status >2 (OR=2.79,p = milder ARF
0.04) e Cluster 2 “pulmonary cluster”,
e Cough (OR=2.94, p = 0.034) symptomatic, highly oxygen-requiring,
+ Use of vasopressors (OR = 2.79, p = 0.044) severe ARF with diffuse radiological

* Leukemia-specific pulmonary involvement findings (mortality OR = 2.48, p = 0.04)

[namely leukostasis, pulmonary infiltration by * Cluster 3 “inflammatory cluster”,
blasts or acute lysis pneumopathy (OR = 4.76, multiorgan failures in addition to ARF (OR
p=0.011)] = 3.49, p = 0.006)

* 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)



Survival probability

1.001

0.751

0.50+

0.254

0.001

Cumulative survival

p =024

Acute Respiratory Failure Outcomes in Patients with Hematologic

Malignancies and Hematopoietic Cell Transplant: A Secondary Analysis

of the EFRAIM Study

Laveena Munshi’”, Michael Darmon?, Marcio Soares?, Peter Pickkers*, Philippe Bauer?,
Anne-Pascale Meert®, Ignacio Martin-Loeches’”®, Thomas Staudinger®, Frederic Pene ",
Massimo Antonelli'"'?, Andreas Barratt-Due ', Alexandre Demoule'?, Victoria Metaxa'>,
, Elie Azoulay'®,

Virginie Lemiale'®, Fabio Taccone!”, Djamel Mokart'®

Sangeeta Mehta' On Behalf of the EFRAIM Investigators

Transplantation and Cellular Therapy 27 (2021) 78.e1-78.e6

HSCT=None
HSCT=Auto_CST =

HSCT=Allo CST

10

20 30

Multivariable Logistic Regression Analysis Demonstrating the Association
Between HM without HCT versus Autologous HCT or Allogeneic HCT and Hos-

pital Mortality

Variable OR 95%Cl PValue
ECOG status 0 Reference — -
ECOG status 1 1.30 J7-2.18 32
ECOG status 2 2.25 1.29-3.93 .04
ECOG status 3 5.33 2.86-9.94 =.001
BAL performed 1.35 1.02-156 .04
Vasopressors 2.76 1.83-4.15 =.001

| Renal replacement therapy 3.07 1.90-494 =.001

Age (per 1 yr) 1.02 1.00-1.03 .03
HM no HCT Reference — -
Autologous HCT 1.07 57-203 .83
Allogeneic HCT 99 .60-1.66 .98
Other etiologies Reference — -
Fungal infection 1.43 .68-3.01 34
Undetermined ARF 1.29 .70-240 42




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

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)

* 529 had solid tumors: 33% lung cancer, 21% breast
cancer 10%, Gl cancer 9%

e 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
e Chronic cardiac failure OR 1.78 [1.09-2.92]
e 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]

e 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

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

e 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

Immunosuppression type

Radiological pattern (CXR, lung USG ...)
Experience of clinician regarding similar cases
Clinical findings

Tomography (HRCT)

-1 O m X

Acute respiratory failure in immunocompromised adults

Elie Azoulay, Djamel Mokart, Achille Kouatchet, Alexandre Demoule, Virginie Lemiale ;a: CCCCCCCCCCCCCCC |




Oxygenation strategy during acute respiratory failure in
lmmunocompromlsed patlents Journal of Intensive Medicine 1 (2021) 81-89

Virginie Lemiale %, Elise Yvin', Achille Kouatchet? Djamel Mokart?, Alexandre Demoule*,
Guillaume Dumas', Grrr-OH Research Group

Neutropenia after chemotherapy associated with bacterialinfection
Steroid treatment associated with Pneumocystis infection
Multiple myeloma associated with pneumococcal infection

Bronchial endoscopy
Immunofluorescence for PCP
Cell count for toxicity

Duration of symptoms

Few minutes for acute cardiogenic oedema
One week for Pneumocystis infection
Few weeks for lung toxicity

Non-invasive
examinations

Blood culture for bacterial infection
PCR onnasal swab
Blood galactomannan for fungal infection

Respiratory examination
CT scan

Haemoptysis-related aspergillosis infection
Crackles related to bacterial pneumonia
Wheezing related to Aspergillus tracheobronchitis

Ground glass opacity related to pneumocystis
Nodular lesionrelated to fungal disease
Alveolardisease related to pneumococcal infection

Extrapulmonary symptoms

Cutaneous lesion related to fungal infection or toxicity
Brain impairment related to Nocardia or specificinfiltration
Kidney failure related to immune disease




Echocardiography and
biomarkers (BNP ...)

Diagnostic algorithm

Sputum (induced)

Blood cultures Urine antigen

- Bacteria,

- R/O cardiogenic Mycobacteria, P | B?cte'na, g pecionelapands

b N | ungi pneumoniae

_ pulmonary edema . jirovecii ] N S o
'f
Other PCR Viral PCR on plasma Multiplex PCR on nasopharyngeal
- Aspergillus sp, or blood aspirates or nasal swabs

Mucorales, - Herpesviruses - Viruses, Legionella p,

. Toxoplasma g _ (including CMV) Mycoplasma p, Chlamydia p
LU
A

Biomarkers

- Procalcitonin (limited predicitive value in

immunocompromised patients) Imaging Detailed clinical
- Serum galactomannan (invasive aspergillosis and & - CXR, lung » exam to find a
histoplasmosis) USG, HRCT source
. .

- Serum 1,3 B-D-glucan (all fungal infections except
\_ mucormycosis) W,




Diagnosis and outcome of

acute respiratory failure in
immunocompromised patients
after bronchoscopy [Frr=o i)

Philippe R. Bauer’', Sylvie Chevret?, Hemang Yadav', Sangeeta Mehta®,

Peter Pickkers®, Ramin B. Bukana, Jordi Rello®, Andry van de Luuw7,

Kada Klouche®, Anne-Pascale Meert’, Ignacio Martin-Loeches'®!", Brian Marsh'?,
Lorenzo Socias CFESpIIJ, Gabriel Moreno-Gonzalez'4, Nina Buchtele'®,

Karin Amre'm”’. Martin Balik'”, Massimo Antonelli'®, Martine Nyungaw.
Andreas Barratt-Due®®, Dennis C.J.J. Bergmans”, Angélique M.E. Spoelstra-de Man??,
Anne Kuitunen?, Florent Wallet®, Amelie Ev:egum2 , Victoria Metaxa®,

Virginie Lemiale””, Gaston Burghi®®, Alexandre Demoule?®, Thomas Karvunidis™,
Antonella Cotoiaal, Pal Klepstade, Ann M. Mmller33, Djamel Mokart* and

Elie Azoulay?’ for the Efraim investigators and the Nine-| study group™

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



< Bacterial infection, fluid overload, pulmonary oedema, alveolar haemorrhage B

| Pre-treatment phase | |

Consolidation | ‘

Treatment induction | |

Pretreatment Treatment induction Consolidation
From diagnosis to 1-2 days ... - 1-2 weeks ... - 1 month ..->1vyear
Myeloid M Lymphoid M Myeloid M Lymphoid M Myeloid M Lymphoid M Myeloid M Lymphoid M
Leukemic Leukemic Lysis Penomococcal Invasive RSV ARDS during Fusarium
infiltration infiltration pneumopathy pneumonia aspergillosis pneumonia neutropenia infection
recovery
Leukostasis Influenza Cytarabine Pleural Mucormycosis Varicella Extrapulmonary Nocardia
pneumonia related infiltration pneumonia septic ARDS infection
Alveolar P jirovecii Cardiogenic Eosinophilic Parainfluenza CMV TBC Geotrichum
proteinosis pneumonia edema lung disease pneumonia pneumonia infection
related to
chemotherapy
= E Newly diagnosed chronic Newly diagnosed T-cell Acute myeloid Hairy cell leukaemia treated pneumonia pneumonia Acute myeloid T-cell acute
o myeloid leukaemia acute lymphoblastic leukaemia with 2-chlorodeoxyadenosine Myelodysplastic NK/T-cell ymphomain leukaemia lymphoblastic leukaemia
e leukaemia syndromes a patient with HIV
Earliest phase Early phase Intermediate phase Consolidation
>
Diagnosis 1-2 days 1-2 weeks 1 month lyear

Acute respiratory failure in immunocompromised adults

Elie Azoulay, Djamel Mokart, Achille Kouatchet, Alexandre Demoule, Virginie Lemiale

Lancet Respir Med 2019;
7:173-86



Proportion of cases (%)

/709

60

504

40-

304

20—

10 -

Study

B Overall Bl Lemialeetal®
Bl Grusonetal? [ Fratetal

Bl Randetal® [ Wohlfarth etal”
[ Hilbertetal”” EA Azoulayetal®
B Azoulayetal® HM Schmidtetal®
3 Azoulayetal®

Bacterial infections Pneumocystis Viral infections Disease-related
jirovecii infection infiltrates
32:8% (31-1-34-5) 8:2% (7-3-9-2) 13-2% (12-0-14-4) 6-7% (5-8-7-6)

Invasive
pulmonary aspergillosis

7-0% (6:1-7.9)

Cardiogenic
pulmonary oedema

33% (2:7-3-9)

Other causes

11-9% (10-8-13-1)

Undetermined cause

15.2% (13916.4*'

Elie Azoulay, Djamel Mokart, Achille Kouatchet, Alexandre Demoule, Virginie Lemiale

Acute respiratory failure in immunocompromised adults

Lancet Respir Med 2019;
7:173-86



1) Sputum and blood culture

1) Sputum and blood culture, antigenuria
2) Virus multiplex PCR //’_\ -

Steroids, SOT, Hairy cell leukemia,
Acute T Cell leukemia, T lymphoma, | Splenectomy, Asplenism, Complement

Chemotherapy (fludarabine, ibrutinib, Il deficiency, CVID, Rituximab, MM, CLL
alemtuzumab)

Opportunistic infections, Systemic ' Streptococcus, Meningococcus, H.
viruses, PJP, Cryptococcus, influenzae
Mycobacteria, Toxoplasma

Diagnosis of severe respiratory infections
in immunocompromised patients  recemaeoqs

Elie Azoulay'”'®, Lene Russell®, Andry Van de Louw?, Victoria Metaxa®, Philippe Bauer®, Pedro Povoa’,
José Garnacho Montero®, Ignacio Martin Loeches®, Sangeeta Mehta'®, Kathryn Puxty"!, Peter Schellongowski ™,
Jordi Rello'®" Djamel Mokart'®, Virginie Lemiale' and Adrien Mirouse'? on behalf of the Nine-i Investigators

/

©
K

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

Neutrophils / Macrphages %/

6) Broncho-alveolar lavage

1) Sputum and blood culture

2) Antigenuria 7) Mycologic sputum culture

3) Virus Multiplex PCR . . . 8) BD-glucan, GM

4) MV, HSV, VZV PCR Systemic viruses, Aspergillus, 9) Aspergillus PCR

TSP Mycobacteria, Nocardia, Mucor, e
ryptococcus PCR

Toxoplasma




NODULAR LESIONS SEPTAL THICKENING

- Bacterial pneumonia - Atypical bacterial pneumonia
- Aspergillosis

- Nocardiosis - Sputum and blood culture

- Mucormycosis - Antigenuria

- Broncho-alveolar lavage

- Sputum and blood culture

- Antigenuria

- Sputum with mycologic culture

- PCR Aspergillus and mucormycosis

CAVITATION

- Mycobacteria
- Histoplasma
- Bacterial pneumonia (S. aureus)

- Sputum and blood culture
- Mycobacteria culture
- Histoplasma PCR

- Galactomannan, BD-glucan
- Bronco-alveolar lavage

MICRONODULES

- Mucor PCR
- Bacterial pneumonia J ’ - Nocardia PCR
- Viral pneumonia ; / - BD-glucan
- Mycobacteria yREE - Galactomannan
v I - Aspergillus PCR
- Sputum and blood culture —
- Multiplex vir.us PCR ~ “\ °
- Mycobacteria culture b . ]
- CMV, VZV, HSV, PCR SN » /4

GROUND GLASS
OPACITIES

- Pneumocystosis
- Viral pneumonia
- Atypical bacterial pneumonia

PLEURAL EFFUSION
- Sputum and blood culture - Bacterial pneumonia
- Legionella antigenuria - Tuberculosis
- Induced sputum for Pneumocystis search
- BD-glucan - Sputum and blood culture
- Multiplex virus PCR

- Antigenuria
- CMV, V2V, and HSV blood PCR

- Broncho-alveolar lavage, Pneumocystis IF and PCR

- Mycobacteria blood culture
- Pleural aspiration and culture

EXCAVATED NODULES

- Bacterial pneumonia - Nocardiosis
- Mucormycosis - Actinomyces
- Aspergillosis

NS - Sputum and blood culture

CONSOLIDATION

- Bacterial pneumonia
- Aspergillosis

- Sputum and blood culture
- Antigenuria

- Mycologic sputum culture
- GM, BD-glucan

Diagnosis of severe respiratory infections
in immunocompromiSEd patie ntS Intensive Care Med (2020) 46:298-314

Elie Azoulay'”"®, Lene Russell?, Andry Van de Louw®, Victoria Metaxa®, Philippe Bauer®, Pedro Povea’,
José Garnacho Montero® Ignacio Martin Loeches®, Sangeeta Mehta'®, Kathryn Puxty'!, Peter Schellongowski'?,
Jordi Rello'*', Djamel Mokart'?, Virginie Lemiale’ and Adrien Mirouse'? on behalf of the Nine-i Investigators




Table 3 Community-acquired respiratory virus (CARV)

ype Family Genus
RNA viruses Orthomyxoviridae Influenza A
Influenza B
Paramyxoviridae Rubulavirus
Respirovirus
Pneumoviridae Metapneumovirus
Orthopneumovirus
Coronaviridae Betacoronavirus
Picornaviridae Enterovirus

Virus

All Influenza A subtypes
Influenza B

Human parainfluenza virus type 2 (PIV-2)
Human parainfluenza virus type 4a (PIV-4a)
Human parainfluenza virus type 4b (PIV-4b)

Human parainfluenza virus type 1 (PIV-1)
Human parainfluenza virus type 3 (PIV-3)

Human metapneumovirus (hMPV)

Human orthopneumovirus/Respiratory syncytial virus A (RSV-A)
Human orthopneumovirus/Respiratory syncytial virus B (RSV-B)

Middle East respiratory syndrome-related coronavirus (MERS-CoV)
Severe acute respiratory syndrome-related coronavirus (SARS-CoV)
Human coronavirus NL63
Human coronavirus 229E
Human coronavirus HKU1
Human coronavirus OC43

Enterovirus A-L
Rhinovirus A, B, C

Diagnosis of severe respiratory infections
in immunocompromised patients Intensive Care Med (2020) 46:298-314

Elie Azoulay'#"®, Lene Russell®, Andry Van de Louw?, Victoria Metaxa®, Philippe Bauer®, Pedro Povoa’,

José Garnacho Montero®, Ignacio Martin Loeches®, Sangeeta Mehta'®, Kathryn Puxty'?, Peter Schellongowski'?,

Jordi Rello" ™ Djamel Mokart', Virginie Lemiale' and Adrien Mirouse'? on behalf of the Nine-i Investigators

Table 4 Systemic viruses responsible for pneumonia in immunocompromised patients

Source

HSV (HSV-1, HSV-2)
Reactivation in T-cell defects

Donor transmission to transplant recipient

Extra-respiratory manifestations

Skin and genital eruption
Encephalitis, esophagitis,
Keratitis

VZV Donor transmission to transplant recipient Varicella, herpes zoster

Reactivation in T-cell defects

MV Donor transmission to transplant recipient

Reactivation in T-cell defects

Adenovirus Reactivation

Encephalitis, cerebellitis, hepatitis, myelitis
Herpes zoster ophthalmicus

Esophagitis, gastritis, colitis

Retinitis, encephalitis, myelitis, polyradicu-
lopathy

Neutropenia

Hemorrhagic cystitis, nephritis
Colitis, hepatitis, encephalitis

Diagnosis

PCR (blood, BAL, tissue)
Tissue culture
Serology
Histopathology

PCR

Direct fluorescent antibody testing
Viral culture

Histopathology

PCR (blood, BAL)
Histopathology
Serology

Viral culture (nasal, blood, urine, CSF,
tissues)

EIA, Immunofluorescence, PCR, serology

Histopathology




Respiratory syncytial virus -

Prognosis of critically ill
immunocompromised patients
with virus-detected acute respiratory failure

Guillaume Dumas' ®, Maxime Bertrand®?, Virginie Lemiale®, Emmanuel Canet®, Francois Barbier”,
Achille Kouatchet®, Alexandre Demoule’, Kada Klouche®, Anne-Sophie Moreau®, Laurent Argaud'®,
Florent Wallet'', Jean-Herlé Raphalen'?, Djamel Mokart'?, Fabrice Bruneel'#, Frédéric Pene''® and
Flie Azoulay*? Annals of Intensive Care  (2023) 13:101

Influenza -

Parainfluenza 1l -

Rhinovirus -

9.2% had a diagnosis of
Virus detected ARF

human Metapneumovirus -

Adenovirus -

IPA in 6%

Bacterial infection in 21%

Others* -

human Coronavirus

T T

20 40
Frequency (%)

°"lllll|

Consolidation
1%

Pleural effusion

4,038 i ympromised pati
admitted to the ICU
with Acute Respiratory Failure (ARF)
971 Excluded
310 patients with Acute
Pulmonary Edema ]
659 patients with unknow v

diagnosis ‘ 3067 patients with hypoxemic ’

ARF with known diagnosis

I

i
{ 2,697 patients with ARF from

other etiologies

i

1,110 matched patients

370 patients with ARF from viral
etiology
in-hospital mortality:
37.8%

in-hospital mortality:
44.1%

Ground glass Opacities
52%

Micronodules
28%

Tree-in-bud

25%
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Crude in-hospital mortality rate 38%

A

IF1+

PJP-

specific lung diseases-

Bacterial infection 1

Virus-

B
Covariates OR [95%ClI] _ p-value
Bacterial infection Ref. n
Virus 0.77, CI [0.60-0.98]
Influenza 0.99 [0.72-1.36] —— 0.95
| Influenza-like* 0.54 [0.33-0.88] +—=— 0.01}
Others 0.98 [0.58-1.65] —a— 0.94
IFI 2.06 [1.32-3.21] —s—  <0.001
PJP 1.24 [0.83-1.84] —a— 0.30
Specific lung diseases  1.12 [0.83-1.51] | '—1-—' — 0.45
0.501.0 2.0 4.0
Odds Ratio

20

o.

40 60

Crude mortality rate (%)

*RSV, parainfluenza, hMPV




Invasive fungal infections

* Pneumocystis Jirovecii
* Aspergillus spp

* Cryptococcus spp

* Mucorales

* fFusarium

Parasitic infections

* Toxoplasma gondii
e Strongyloides stercoralis



Diagnostic and therapeutic approach b
to infectious diseases in solid organ transplant
recipients

Jean-Francois Timsit"*"®, Romain Sonneville®*, Andre C. Kalil®, Matteo Bassetti®, Ricard Ferrer’,
Samir Jaber® Fanny Lanternier®'?, Charles-Edouard Luyt'"'?, Flavia Machado'?, Malgorzata Mikulska'®,
Laurent Papazian'®, Fréderic Pene'®", Garyphalia Poulakou'®, Claudio Viscoli'®, Michel Welff'?, Lara Zafrani?

Intensive Care Med (2019) 45:573-591

0

and Christian Van Delden?'

a8 ™
Virus Influenzae and other respiratory virus
. . H C
a low incidence _ Herpesviruses
% HBV and HCV infections y
b high incidence in lung Tx - : N
Parasites

¢ high incidence if no
prophylaxis

Organ-specific General

Latent
infections of
the host

Sepsis from urinary
tract source

Kidney

(Bacteria

\

Nocardia, Listeria® Mycobacterium tuberculosis

Health-care associated and community-acquired bacteriaJ

N\

Aspergillus®

Mucor?, Scedosporium?
Cryptococccus neoformans @
Pneumocystis jirovecii © Y,

Aspergillus?
Mucor, 2 Scedosporium?

Toxoplasma gondii®
Strongyloides stercoralis®




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
HENO was associated with higher mortality, and even that early IMV
was associated with improved survival, as IMV is a reflection of
disease severity.



Effect of Noninvasive Ventilation vs Oxygen Therapy

on Mortality Among Immunocompromised Patients

With Acute Respiratory Failure

A Randomized Clinical Trial e —|

Virginie Lemiale, MD; Djamel Mokart, MD; Matthieu Resche-Rigon, MD, PhD; Frédéric Pene, MD, PhD; Julien Mayaux, MD; Etienne Faucher, MD;

Martine Nyunga, MD; Christophe Girault, MD, PhD; Pierre Perez, MD; Christophe Guitton, MD, PhD; Kenneth Ekpe, MD; Achille Kouatchet, MD;

Igor Théodose, MS; Dominique Benoit. MD, PhD: Emmanuel Canet, MD; Frangois Barbier, MD, PhD; Antoine Rabbat, MD; Fabrice Bruneel, MD:

Francois Vincent, MD; Kada Klouche, MD, PhD; Kontar Loay, MD; Eric Mariotte, MD; Lila Bouadma, MD, PhD; Anne-Sophie Moreau, MD;

Amélie Seguin, MD: Anne-Pascale Meert, MD, PhD; Jean Reignier. MD, PhD: Laurent Papazian, MD, PhD: Ilham Mehzari. MD: Yves Cohen, MD, PhD:
Maleka Schenck, MD; Rebecca Hamidfar, MD; Michael Darmon, MD, PhD: Alexandre Demoule, MD, PhD:; Sylvie Chevret, MD, PhD; Elie Azoulay, MD, PhD;

for theGrouie de Recherche en Réanimation Resiiraroire du ﬁtienrd‘oncorHémaloloiie (GRRR-OH)

No. of Deaths/Total No. )
Favors : Favors
Oxygen Noninvasive Odds Ratio Noninvasive | Oxygen
Source Alone Ventilation (95% CI) Ventilation Alone
Underlying Conditions
Solid tumors or hematologic malignancies 43/150  41/161 0.85 (0.51-1.40) —l—
Immunosuppressive treatment or organ transplant 7/33 5/30 0.74(0.2-2.63) =
Oxygen flow at randomization®
>9 L/min 26177 24/84 0.78 (0.4-1.53) [
<9 L/min 24/106  22/107 0.88 (0.46-1.70) D [
All patients 50/183  46/191 0.84 (0.53-1.34) =

0.2 1.0
Odds Ratio (95% Cl)

5.0

100+ 100 -
Noninvasive ventilation f—'\o_
80 E 80
Oxygen alone =
T =]
E
O\O 60’ \.|6 60,
T g
= =
= g Oxygen alone
A 40 'S 40~
é Noninvasive ventilation
E 20
20 E
3
O
Log-rank P=.43 Gray P=.25
0 T T T T O T T T 1
0 7 14 21 28 0 7 14 21 28

Time Since Randomization, d

Time Since Randomization, d




Overall Mortality Probability, %
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Log-rank P=.85

Standard oxygen therapy

High-flow oxygen therapy

Effect of High-Flow Nasal Oxygen vs Standard Oxygen
on 28-Day Mortality in Immunocompromised Patients
With Acute Respiratory Failure

The HIGH Randomized Clinical Trial

|/ama. 2018;320(20):2099-2107.|

Elie Azoulay, MD, PhD; Virginie Lemiale, MD; Djamel Mokart, MD, PhD; Saad Nseir, MD, PhD; Laurent Argaud, MD, PhD; Frédéric Pene, MD, PhD;
Loay Kontar, MD; Fabrice Bruneel, MD; Kada Klouche, MD, PhD:; Frangois Barbier, MD, PhD; Jean Reignier, MD, PhD:; Lilia Berrahil-Meksen, MD:;
Guillaume Louis, MD; Jean-Michel Constantin, MD, PhD; Julien Mayaux, MD; Florent Wallet, MD; Achille Kouatchet, MD; Vincent Peigne, MD;

Igor Théodose, MS; Pierre Perez, MD; Christophe Girault, MD; Samir Jaber, MD, PhD; Johanna Oziel, MD; Martine Nyunga, MD; Nicolas Terzi, MD, PhD;
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12 15 18
Days Since Randomization

21

24

27

30

Deaths at Day 28/Total No. of Patients

High-Flow Nasal  Standard Hazard Ratio

Subset Oxygen Therapy  Oxygen Therapy (95% ClI)
ICU admission to randomization, d

0-1 120/321 118/330 0.95(0.74-1.22)

22 18/67 22/58 1.55(0.83-2.90)
Pao,: Fi0, ratio

<200 99/237 95/251 0.89 (0.68-1.19)

>200 16/65 10/35 1.18 (0.54-2.60)
Oxygen flow at randomization, L/min

<9 122/348 127/347 1.06 (0.83-1.36)

>9 16/40 13/41 0.76 (0.36-1.57)
Catecholamines

No 121/355 126/349 1.08 (0.84-1.39)

Yes 17/33 14/39 0.62(0.31-1.26)
Unknown diagnosis

No 99/297 95/303 0.93(0.70-1.23)

Yes 39/91 45/85 1.39(0.90-2.13)
Hematologic malignancy

No 66/199 72/198 1.11(0.79-1.55)

Yes 64/167 65/181 0.94 (0.67-1.33)
All patients 138/388 140/388 1.02 (0.81-1.29)

Favors High- i Favors
Flow Nasal { Standard

Oxygen Therapy i Oxygen Therapy

e

—

.

0.2 1
Hazard Ratio (95% Cl)

10
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——HFNO alone group
— NIV group HR 1.03 (95% Cl 0.73-1-56); log-rank p=075
0 T T | 1
0 7 14 21 28
Number at risk
(number censored)
NIV group 145 (0) 123 (0) 108 (0) 103 (0) 98 (0)
HFNO alone group 154 (0) 132 (0) 111(0) 101 (0) 94 (0
B
100
¥ Bo
S
£ 60
£
£ 407
=
2 90
HR 1.16 (95% Cl 0-84-1.61); log-rank p=0-33
0
0 7" 1'4 2 28
Time since randomisation (days)
Number at risk
(number censored)
NIV group 145 (0) 83(0) 78(0) 78(0) 78(0
HFNO alone group 154 (0) 81(0) 77 (0) 76(0) 76(0

High-flow nasal oxygen alone or alternating with
non-invasive ventilation in critically illimmunocompromised
patients with acute respiratory failure: a randomised

controlled trial

Rémi Coudroy, Jean-Pierre Frat, Stephan Ehrmann, Frédéric Péne, Maxens Decavéle, Nicolas Terzi, Gwenaél Prat, Charlotte Garret, Damien Contou,
Arnaud Gacouin, Jeremy Bourenne, Christophe Girault, Christophe Vinsonneau, Jean Dellamonica, Guylaine Labro, Sébastien Jochmans,
Alexandre Herbland, Jean-Pierre Quenot, Jérdme Devaquet, Dalila Benzekri, Emmanuel Vivier, Saad Nseir, Gwenhaél Colin, Didier Thevenin,
Giacomo Grasselli, David Bougon, Mona Assefi, Claude Guérin, Thierry Lherm, Achille Kouatchet, Stephanie Ragot, Arnaud W Thille, for the
FLORALI-IM study group and the REVA Research Network*

Lancet Respir Med 2022;
10: 641-49

HFNO alone NIV group Hazard ratio Pinteraction
group (n=154)  (n=145) (95%Cl)
All patients 56/154 51145 —L— 1-03 (0-73-1.56)
Type of immunosuppression
Haematological malignancyor  31/81 2275 — = 1.37 (0-80-2-37)
leucopenia or neutropenia 018
Others 25/73 2570 —— 0-82 (0-48-1-41)
Pa0,/Fi0, at inclusion
=200 mm Hg 6/25 7/21 — 0-81(0-26-2.51)
=200 mm Hg 50/129 44/124 o 111 (0.74-1.66) 050
Cause of respiratory failure
Confirmed diagnosis 48/132 40/118 1.09 (071-1.65) 087
Mo diagnosis 8/22 11/27 1.01 (0-40-2.56)
D!D CI'I-S fI. 1!5 l-lﬂ 2|-5 3]0
+— —»

Favours HFMO - Favours

alone NNV




Immunocompromised patients with acute
respiratory distress syndrome: secondary

analysis of the LUNG SAFE database grmarmwm

Andrea Cortegiani' ®, Fabiana Madotto?, Cesare Gregoretti', Giacomo Bellani*#, John G. Laffey>®”’, Tai Pham®”’,

[o]

“rank Van Haren®?, Antonino Giarratano', Massimo Antonelli'®, Antonio Pesenti''2, Giacomo Grasselli',

-UNG SAFE Investigators and the ESICM Trials Group

Patients with ARHF
4,499

ARDS (day 1/day 2)
2,813 (62.5%)

|

1,874 (84.1%)

Immunocompetent Immunocompromised
2,229 (79.2%) 584 (20.8%)
IMV IMV

462 (79.1%)

1,433 (6.4%)

. NIV L NIV
212 (9.5%) 63 (10.8%)
NIV failure NIV failure

59 (10.1%)

o
~ L = Control
Immunocompromised
@
2
2 9
g o
:
£ <
‘g =]
o~ Log-Rank Test
o p-value<.0001
o
o I I I I
0 20 40 60 80
Time to event (days)
Control Study p Value
(n=2229) (n =584)
Hospital mortality, n (%)
IMV NIV NIV failure p Value
(n =462) (n =63) (n =59
ICU mortality®, n (%) 214 (46.3) 18 (28.6)° 34 (57.6) 0.0043
Hospital mortality®, n (%)
All patients 2472 (52.8) 25 (39.7) 37 (62.7)° 0.0362
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Survival in Inmunocompromised Patients Ultimately Requiring

Invasive Mechanical Ventilation [imJ Respir Ciit Care Med vol 204, Iss 2, pp 187-196, Jul 15, 2021
A Pooled Individual Patient Data Analysis

Guillaume Dumas'?, Virginie Lemiale'?, Nisha Rathi®, Andrea Cortegiani*, Frédéric Péne®, Vincent Bonny'+2,
Jorge Salluh®, Guillermo M. Albaiceta”®, Marcio Soares®, Ayman O. Soubani®, Emmanuel Canet'®, Tarik Hanane'",
Achille Kouatchet'?, Djamel Mokart'®, Pia Lebiedz'?, Melda Tiirkoglu'®, Rémi Coudroy'®'”, Kyeongman Jeon'®'?,
Alexandre Demoule®®, Sangeeta Mehta®', Pedro Caruso®?, Jean-Pierre Frat'®'’, Kuang-Yao Yang®2*,
Oriol Roca®?>?®, John Laffey®”?®, Jean-Frangois Timsit®®, Elie Azoulay'?, and Michael Darmon'*

* 241CUs, 11,000+ pts

* 74% were intubated within 24 hours of ICU admission (early
intubation)

* The crude mortality rate was 53%

~
o
1

(o2}
o
1

(&)
o
1

W
o
1

Adjusted Death Rate, %
B
o

no
o
1

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

—y
o
1

* 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] FESEFS

* After propensity match, OR for delayed intubation, 1.56 [1.44-1.70]
Table 2. Result of Regression Model Assessing Factors Independently Associated 0.7 1
with Hospital Mortality, with Study as a Random Effect
5
©
OR (95% CI) P Value 3
S 0.6 1
Time to intubation, d* 1.38 (1.26-1.52) <0.001 %
Age >60 yr 1.73 (1.56-1.92) <0.001 <
Underlying disease S
Nonmalignant immunosuppression Ref. 3 0.5
Solid tumor 1.56 (1.34-1.81) <0.001 3
Hematological malignancy 1.69 (1.38-2.05) <0.001 2
Respiratory etiology undetermined 1.46 (1.10-1.94) 0.01
PHOZ/FIOZ
>300 mm Hg Ref. 0.4 1
200-299 mm Hg 1.32 (1.05-1.67) 0.02 15 =101.5 P<0.001
100-199 mm Hg 1.56 (1.25-1.95) <0.001
<1OO mm Hg 2 26 (179_285) <0001 T T T T T T T T
Nonrespiratory SOFA score (by point) 1.22 (1.20-1.24) <0.001 0 1 2 3 4 5 6 7
Year of admission 0.96 (0.95-0.97) <0.001 Time (days) since ICU admission



In conclusion ...

Try to avoid
undetermined
diagnosis !

Infectious
diseases
specialis

Hemato- % Imonologist
oncologlst
Multidisciplinary w
Pathologls approach
| horaC|c

Try to avoid
delayed ICU
admission !

urgeon
Microbiologlst |

Thank you ...

atopeli@hacettepe.edu.tr @atopeli
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