
Oxygène à haut débit dans l‘IRA 
hypoxémique du patient immunodéprimé 
Élie AZOULAY, Hôpital Saint-Louis,  

Université Paris-Diderot, Sorbonne Paris-Cité 
Groupe de Recherche Respiratoire en Réanimation Onco-Hématologique (GRRR-OH) 

Nine-I



Quelle est la question? 

 Les immunodéprimés sont-ils différents ? 

 

Chez les ID, la stratégie d’oxygénation/ventilation a-t-
elle un impact sur le pronostic ? 

 

 Faut-il encore tout faire pour éviter l’intubation dans 
l’IRA hypoxémique du patient immunodéprimé ? 

Quelle sont les questions? 



 Clarifications 



Immunocompromized Patients with ARF: Striking Differences 

Unselected 
Patients 

Immunocompromized 
patients 

Incidence of respiratory events 1-5% 1-50% 

Risk for severe hypoxemia Ref 

Increased mortality if delayed intubation Probably Yes (NIV or HFNO failure) 

Complications of MV Similar Similar or slightly 

Respiratory drive = = 

VTE under NIV Similar  Similar 

Need for diagnostic strategy Sometimes Almost always 

Intubation rate (if not intubated at admission) 25-30% 40% 

Mortality of patients not intubated at admission 10-15% 25-35% 

Reduced mortality over time Slightly Yes +++ 

Conclusive literature No No 
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Immunodéprimés: quo va dis?  

Déficit immunitaire secondaire 
• Immunodépression médicamenteuse 

• Hémopathies malignes 

• Tumeurs solides? 

• Chimiothérapie 

• Greffe d’organe 

• SIDA  

• Dénutrition  

• Diabète  

• … 

Déficit immunitaire secondaire 
>200 maladies, 5 grands groupes. 
• Les DIP humoraux: DICV les + fréquents. 

Déficit en Ig sériques, manque d’Ac  
 

• Les DIP combinés:  DICS: Altération des 

lymphocytes et des anticorps 
 

• Le déficit de la phagocytose 
 

• Altérations du système du complément  
 

• Les DIP complexes (mdies génétiques / Sd 

(Wiskott-Aldrich= eczéma, thrombopénie) 



IRA: incidence selon le type d’immunodépression 
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IRA: Intubation et mortalité selon le type d’ID 

IOT MORTALITE 

Allogreffe de moelle 50% 80% 

LAM inaugurale 50% 50% 

LAM (neutropénie) 40% 40% 

Hémopathie lymphoïde 30% 40% 

Greffe rénale 30% 30% 

Greffe pulmonaire 25-30% 20-25% 

LAL 25-40% 40% 

Lymphome 25% 40% 

Cancer du poumon 50% 60% 

Maladies systémiques 25-30% 20% 

Greffe cardiaque 10-15% 20% 

Tumeurs solides (post-op exclus) 20% 30% 



Insuffisance respiratoire aiguë: quo va dis? 

   



 Un couple ou un trouple ? 





Oxygenation strategy in hypo ARF in IC:  
The menu is the same 

Strength Weakness 

Standard oxygen Easy, can be used everywhere Low FiO2, poor comfort, Lack of 
monitoring 

NIV (PS/CPAP/Helmet) Has changed the perspective for 
COPD/CPO…, has been very 
successful at a time when mortality 
was high with intubation, allows to 
monitor VTE, … 

Comfort,  
increased mortality if delayed 
intubation,  
workload,  
Helmet? 

High flow oxygen Easy, high FiO2, humidified and 
warmed, some positive pressure, 
comfort, reduces WOB, reduces 
intubation, reduces mortality vs. NIV 

Lack of monitoring 
Same issues with HFNC failure 
Reduces intubation rate only in 
the most hypoxemic 

First line intubation May control PSILI 
Allows protective ventilation 
Is not anymore the “end” 

Intubated patients always have 
higher mortality rates.  
Marker of severity > a decision 

A+B+C+D … … 





HFNC delivered at 40 L/min vs. standard nonocclusive facial mask at 12 L/min 

Reduction of  

inspiratory effort  

(red negative 

swings of  Es 

pressure  

Reduction of work  

of breathing 

(esophageal 

pressure-time 

product) 

Am J Respir Crit Care Med Vol 195, Iss 9, pp 1207–1215, May 1, 2017 



HFNC delivered at 40 L/min vs. standard nonocclusive facial mask at 12 L/min 

Improved  

oxygenation  
reduced minute  

ventilation 

Am J Respir Crit Care Med Vol 195, Iss 9, pp 1207–1215, May 1, 2017 



Prospective randomized cross-over study, 17 AHRF, PAFI≤300 mmHg.  
 

HFNC at flow rates of 30, 45 and 60 l/min randomly applied, constant FiO2 
 

At the end of each phase, ABG, we measured arterial blood gases, inspiratory 

effort (ΔPes) and on the esophageal pressure–time product (PTPPes), and lung 

volume, by electrical impedance tomography. 

Intensive Care Med (2017) 43:1453–1463 



inspiratory effort  CO2 « clearance » 



Changes in lung aeration PaO2 / Fi02 



inspiratory effort 

Changes in 

lung aeration

CO2 « clearance »

dynamic

compliance

Most of the effect on inspiratory workload and CO2 

clearance was already obtained at the lowest flow rate. 

 
Increasing HFNC flow rate progressively decreased 

inspiratory effort and improved lung aeration, dynamic 

compliance and oxygenation.  

« OPTIMAL » 





Quel comparateur?  

 Ventilation non invasive 

– Essai iVNIctus négatif: pas de bénéfice de la VNI 

– Essai FLORALI post hoc: plus d’intubation et surmortalité avec la VNI 

– Cohorte Efraim: pas de bénéfice de la VNI 

– Chez les patients les plus hypoxémiques, les VTe expliquent en partie l’échec de la VNI 

– La VNI ça suffit? Et la c.CPAP? 

 Oxygène standard  

– Essai iVNIctus – analyse post hoc : pas de différence entre HFNO et O2 

– Essai FLORALI – analyse post hoc: pas de différence entre HFNO et O2 

– Cohorte Efraim: Réduction de l’intubation avec HFNO, mortalité idem 

– Besoin d’essais randomisés 



(encore) Une place pour la VNI ? 

iVNIctus 
JAMA 2015-CCM2017 

Florali 
NEJM2015-LRM 2016 

Efraim 
ICM 2017 

RCT 
N=374  

RCT 
N=300 ( 82 ID) 

Cohorte 
N=1611 (915 non intubés) 

O2 Standard NS par rapport HFNC NS par rapport HFNC NS par rapport à la VNI 

VNI Aucun bénéfice 
Aucun effet nocif 
Effet Vte? 

Plus d’intubation 
Plus de mortalité 
Effet VTe 

NS par rapport à O2 
Aucun effet nocif 
Effet VTe 

HFNC NS par rapport O2 NS par rapport O2 Presque supériorité par 
rapport à l’O2 sur l’IOT mais 
NS sur la mortalité 

VNI : nég ou nocive, surtout si PAFI bas, FR élevée et hauts Vte : on arrête? Helmet? 

O2 vs. HFNO: peut-être un effet sur l’IOT, à confirmer. Rien sur la mortalité 

Et toujours le prix à payer de l’intubation retardée 



NIV in patients with hypoxemic ARF: three RCTs 

Study Antonelli, NEJM 1998 Delclaux, JAMA 2000 Ferrer, AJRCCM  

Patients 64 patients,  
1 ICU 
hypoxemic acute resp. with 
criteria for MV 
Intubation vs. NPPV 
PAFI: 116 vs. 124 

123 patients 
6 ICUs 
hypoxemic acute resp.  
 
Oxygen vs. CPAP 
PAFI 148 vs. 140 

105 patients 
1 ICU 
hypoxemic acute resp.  
 
Oxygen vs. BiPAP 
PAFI 102 vs. 103 

Endpoints No S Improved oxygenation 
31% intubation 
53% vs. 72% (NIV) survival 
Complications: higher 
Lengths of …: increased 

Improved oxygenation  
33% vs. 39% intubation 
75% vs. 79%  survival 
Complications NS 
Lengths: NS 

/ 
25% vs. 52% intubation 
72% vs. 61% survival 
10% vs. 24% 
NS 

Comments Pulmonary edema included Pulmonary edema included Pulmonary edema included 



NIV use and failure in ARDS patients (LUNG SAFE) 
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Bellani G. & al. AJRCCM 2016 

ARDS severity was associated with an 

increase in intensity of ventilatory support, NIV 

failure, and ICU mortality. 

 

Overall, hospital mortality was 16.1 % in 

patients with NIV success and 45.4% in case of 

and NIV failure. 



Data from LUNG SAFE: 436/2813 (15%) NIV use 

Bellani G. & al. AJRCCM 2016 



Demoule A. & al. Intensive Care Med. 2016 



A U shape paradoxical effect of NIV in 
hypoxemic ARF? 

Relative  
NIV  

success 

iVNIctus 

Florali 

Helmet 

• Baseline PaO2/FiO2 
• NIV duration 
• NIV settings 
• Criteria for NIV WH 
• Criteria for intubation 



680 met all study inclusion criteria 

306 were not included 
81 met ≥1 exclusion criterion 
82 required immediate intubation 
55 had do-not-intubate orders 
33 declined participation 
19 were eligible but were not randomized 
10 were outside randomization window 
9 were previously included into the study 
17 had other reasons 

374 were randomized 

183 were assigned to 
oxygen therapy only 

183 were included in the intent-
to-treat analysis of the primary 

outcome 

191 were included in the intent-
to-treat analysis of the primary 

outcome 

Three (1,5%) patients received 
rescue noninvasive ventilation 

All patients received NIV 
14 (7,3%) received a 
single NIV session 

191 were assigned to 
Non-invasive ventilation 

Lemiale et al. GRRR-OH. JAMA 2015 



JAMA.  
October 07, 2015 



Critical Care Medicine, online 



Of the 82 immunocompromised patients: 

 30 were treated with standard oxygen, 26 with HFNC alone, 26 with NIV + HFNC  

  

Intubation at 28 days: 

 Standard Oxygen: 43%  

 HFNC alone: 31% 

 NIV + HFNC: 65%  

  

OR for intubation: OR 4·25 (95% CI 1·33–13·56) for HFNC vs. NIV  

OR for intubation NS vs. O2 

 

After multivariable logistic regression, the two factors independently associated with endotracheal 

intubation and mortality were age and use of non-invasive ventilation as first-line therapy. 



HFNC + NIV 
N=69 

OTHER 
N=69 

P VALUE 

SOFA 6 (4-9) 6 (4-8) 0.73 

PaO2/FiO2<200 46% 51% 0.39 

D-28 MORTALITY 36% 54% 0.01 

MORTALITY IF VENTILATED 52% 72% 0.07 



1611 immunocompromized patients with hypoxemic ARF

100 patients 
with missing 
information

54% 
Intubation

33% 
Mortality

596 (37%) first 
intubated

100% 
Intubation

52.5% 
Mortality

Standard 
O2 496 
(54.2%)

40.8% 
Intubation

34.8% 
Mortality

HFNC 
187 

(20%)

42.3% 
Intubation

37.9% 
Mortality

HFNC + 
NIV 79 
(8.6%)

42.7% 
Intubation

33.3% 
Mortality

NIV 
153 

(16.7%)

39.7% 
Intubation

38.2% 
Mortality

915 (57%) 

Azoulay et al. The Efraim Study. Intensive Care Medicine 2017  



Probability of Intubation 
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INTUBATION 

Age 

High Flow 
Oxygen 

SOFA 

P/F ratio 

IFI 

Undetermined ARF 
etiology 



MORTALITY 

Age 
Direct ICU admission                     
SOFA score at Day 1 

P/F ratio 

Intubation 

Undetermined ARF 
etiology 



Propensity Analysis 
Initial oxygenation strategy has an impact on intubation 

• High flow oxygen (P=0.05) , NIV not significant  
 

Initial oxygenation strategy has NO impact on mortality  

Azoulay et al. The Efraim Study. Intensive Care Medicine 2017  



• Compared with standard oxygen, HFNC oxygen therapy was associated with a lower 

intubation rate (risk ratio [RR] 0.60, 95% confidence interval [CI] 0.38 to 0.94; I2 = 49%).  

 

• No significant difference in the rate between HFNC oxygen therapy and noninvasive 

ventilation (RR 0.86, 95% CI 0.68 to 1.09; I2 = 2%).  

 

• No difference in mortality 

6 RCTs (n = 1892).  



Early HFNC failure group compared with the late HFNC failure group 



 Éviter l’intubation ? 



Un standard of care pour les patients immunodéprimés 
en réanimation 

 L’intubation chez les malades immunodéprimés? 

 Prévenir l’intubation: bonne médecine vs. bon oxygène? 

 Intubation précoce vs. Intubation tardive 

 Ressusciter Helmet? 

Quelle sont les questions? 



Ferguson N. et al. Intensive Care Med. 2012 

Criteria considered but not included in the Berlin definition 

Oxygenation SpO2/FiO2, minimal FiO2, PEEP 

Imaging CT, Murray, Impedance 

Origin of edema EVLW, CK, genetics 

Pulmonary mechanics Plateau pressure, dead space, 
compliance 

Pathology DAD 



High Flow Oxygen: a size for all? 
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Chest 2002 



 Spontaneously breathing patients with ARF have a high respiratory drive and breathe with 

large tidal volumes and potentially injurious transpulmonary pressure swings.  

 In patients with existing lung injury, regional forces generated by the respiratory muscles 

may lead to injurious effects on a regional level.  

 The increase in transmural pulmonary vascular pressure swings caused by inspiratory 

effort may worsen vascular leakage.  

 These patients may develop lung injury similar to VILI.  

 Would the application of a lung protective ventilation, with sedation and intubation, might 

be considered a prophylactic therapy, rather than just a supportive therapy? 

Patient-self inflicted lung injury (P-SILI) 

Brochard, Slutsky, Pesenti. Am J Respir Crit Care Med. 2016 Sep 14.  



In the LUNG SAFE study, a 

propensity matched analysis, ICU 

mortality was 

higher in NIV than invasively 

ventilated patients with a PaO2/FiO2 

lower than 150 mmHg. 





Reserve: Tidal volume in NIV group 

Lemiale et al. GRRR-OH. JAMA 2015 
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Efraim: ETV D2 (ml/kg ibw)  
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Conclusion 

Faut-il tout faire pour éviter 
l’intubation dans l’IRA hypoxémique 

du patient immunodéprimés? 

 

Ou bien … faut-il le protéger? 
identifier la cause de l’IRA? 



Thank you for your attention 


