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Respiratory system

• Lung (pulmonary) failure

• PaO2 ↓ ↓

• PaCO2 N or ↓

• Ventilation failure

• PaO2 ↓

• PaCO2 ↑ ↑ 

LungsPump

Tx: OxygenationTx: Ventilation



Unloading respiratory m. with NIV (not with CPAP)

L’Her et al. Am J Respir Crit Care 2005;172:1112–1118,

Esophageal Pr. swings

Transdiaphragmatic Pr. swings

10 patients with ALI

NIV



AE of COPD

Brochard et al. New Engl J Med 1995; 333:817-22.

RCT, 5 ICUs and 15-months

N = 85 (43 standard vs. 42 noninvasive)

NIV

Inclusion criteria
• Known COPD

• Dyspnea < 2 weeks

• RR > 30/min

• PO2 < 45 mmHg

• pH < 7.35

Intubation criteria
• Resp. arrest or pause

• Loss of consciousness or gasping for air

• HR < 50 beats/min with loss of alertness

• SBP < 70 mmHg

• pH < 7.3 or below the admission value

• PaO2 < 45 mmHg despite O2 therapy



AE of COPD

Brochard et al. New Engl J Med 1995; 333:817-22.

Intubation: 26% vs. 74% (P <0.001; NIV vs. standard Tx)

Complications: 16% vs. 48% (P = 0.001)

In-hospital mortality” 9% vs. 29%  (P = 0.02)

NIV

NIV group: NIV > 6hr/day, PSV mode (PS, 20 cmH2O)

Standard Tx: O2 ~ 5L/min

32 pts successfully treated with NIV (4 ± 4 days)

PaCO2, 59 ~73
pH, 7.26 ~ 7.33



NIV in CPE

Gray et al. N Engl J Med 2008;359:142-51.

•A multicenter open RCT in UK (1:1:1)

• Clinical diagnosis of CPE, RR > 20,  pH <7.35

NIV

Standard Tx: 02

CPAP:   5-15 cmH2O  (2.2 hr)

NIPPV: PS 8-20 cmH2O, PEEP 4-10 cmH2O (2.0 hr)

97.5 mmHg

57 mmHg



NIV in CPE

Gray et al. N Engl J Med 2008;359:142-51.

“NIV can decrease WOB, as well as improved oxygenation, during a short period of time”

NIV

No differences in intubation or death rates within 7 days

No difference in 7-day mortality



Immunocompromised patients

Hilbert et al. N Engl J Med. 2001;15;344:481-7 

A single center RCT with 52 patients (France)

NIV



Immunocompromised patients

Hilbert et al. N Engl J Med. 2001;15;344:481-7 

NIV: above PEPP/PEEP = 15 / 6 cm H2O

7±3 hours per day (4±2 days)

• P/F ratio: 141 vs. 136 (RR: 35 vs. 36)

• Intubation: 46% vs. 77% (p = 0.03)

• ICU death: 38% vs. 69% (p = 0.03)

• In-hospital death 50% vs. 81% (p = 0.02)

• Serious complications 50% vs. 81% (p = 0.02)

• Time to intubation: 63h vs. 51h

NIV

However, intubation criteria seemed too strict ? 

• P/F ratio < 85 mmHg

• SBP < 70, myocardial ischemia, or VF

• Mental changes (GCS ≤ 8)

• Copious secretion

• ↑ PCO2 with pH < 7.3



Lemiale et al JAMA. 2015;314(16):1711-1719

Immunocompromised patients (2)

NIV

A RCT on 374 patients (28 ICUs) in France and Belgium

Intubation criteria
• PaO2 <60 mm Hg on room air, 

• Tachypnea >30/min, or respiratory distress at rest

• Respiratory symptom duration less than 72 hours 

• Immune deficiency defined as hematologic malignancy or solid 

tumor (active or in remission for < 5 years)

• Solid organ transplant

• Long-term (>30 days) or high-dose (>1 mg/kg/d) steroids or any 

immunosuppressive drugs (high dosage or > 30 days)



Lemiale et al JAMA. 2015;314(16):1711-1719

Immunocompromised patients (2)

NIV

28-d mortality

Need for intubation

SOFA on day3

No significant differences

Underpowered to detect a difference?
• 35% mortality rate was assumed in O2 alone group

but 27.3% in this study.

• Mortality rate was 50% vs. 81% in Hilbert’s study

• HFNC was used frequently in 31.4% vs. 44.3% (in 

NIV vs O2 alone group)

However, cannot exclude the potential benefit?
• 15% absolute risk reduction when sample size 

calculation

• The lower limit of 95% CI for mortality, -12.1%

• The lower limit of 95% CI for Intubation, -16.6%



Hypoxemic RF

• Acute cardiogenic pulmonary edema

• Post-operative management

• Immunosuppression

• Community-acquired pneumonia

• ARDS/ALI

“Small-sized studies with various etiologies => heterogeneous (or mixed) results”
=> no recommendation for routine use (except for CPE) 

De novo RF

NIV



Community-acquired pneumonia (1)

NIV

Prospective multicenter cohorts 

354 patients with ARF from 8 centers (Europe and USA)

RR > 30, PF ratio < 200 

Antonelli et al. Intensive Care Med 2001;27:1718-1728

Failure rate > 40%



Community-acquired pneumonia (1)

Antonelli et al. Intensive Care Med 2001;27:1718-1728NIV

Risk factors for NIV failure
• Higher severity
• Older age
• ARDS, CAP
• Failure to improve after 1h

Intubation criteria
• < PaO2 65 mmHg with FiO2 0.6

• To protect airway (comma or seizure)

• Copious secretion

• Hemodynamic or ECG instability

(hypotension for > 1h despite fluid)

Overall NIV failure rate 30%



Community-acquired pneumonia (2)

Carrillo et al. Intensive Care Med 2012;38:458–466NIV

Single center, prospective cohort study (Spain)

184 ARF (102 de novo & 82 cardiac or respir. ds.)

NIV failure rates (de novo vs. previous CR)

- 46% vs. 26%

NIV using BiPAP machine

- IPAP 19 ± 3 cmH2O

- EPAP 9 ± 1 cmH2O

- Duration 44 ± 33 h

Baseline characteristics (de novo vs. previous CR)

- age,       62 vs. 72 years (P <0.001)

- SAPSII,    42 vs. 46    (P = 0.078)

- P/F ratio 127 vs. 136  (P 0.084) 

- PaCO2 42 vs. 60    (P < 0.001)



Community-acquired pneumonia (2)

Carrillo et al. Intensive Care Med 2012;38:458–466NIV

“Among intubated patients, a longer NIV was ass. with 

higher mortality only in those with de novo RF” 

Risk factors for NIV failure

Risk factors for in-hospital mortality



ALI/ARDS

• 436 (15.5%) of 2,813 patients with ARDS used NIV

• NIV failure: 22.2%, 42.3%, 47.1% for mild, mod., severe ARDS, 

• Hosp, mortality: 16.1% vs. 45.4% (for NIV success vs. failure.)

Bellani et al. Am J Respir Crit Care Med 2017;195:67–77NIV

LUNG SAFE study
• Bellani et al. JAMA. 2016;315(8):788-800

• ESICM trials group

• A prospective multicenter cohort

• 459 ICUs from 50 countries across 5 continents

• RWD about clinical practice of ARDS (10.4% of ICU patients)



ALI/ARDS

Bellani et al. Am J Respir Crit Care Med 2017;195:67–77NIV

LUNG SAFE study

Higher ICU mortality for NIV than for invasive MV 

in patients with PF < 150 (by PSM analysis)

P/F < 150 P/F ≥ 150



Ventilatory parameters for NIV failure

• High tidal volume

• High inspiratory efforts

(+/- High respiratory rate)

Low PF ratio
High severity

High inspiratory drive

Increased transpulmonary pressure

NIV



Helmet mask

• Large interval volume ( ~ 18L)

• Gas flow > 30 ~ 50 L/min is needed to prevent rebreathing.

• Measuring MV is not unreliable (set pressure ≠ delivered pressure) 

• Slow pressurization -> ↓respiratory m. unloading 

• Minimal leakage

• High PEEP (10-15 cm H2O) without patient’s discomfort

• Asynchrony does not discomfort the patient.

d/t Interface 
compliance

(vs. facial mask: 5-8 cm H2O)

NIV



Helmet mask in ARDS

Patel et al. JAMA. 2016;315:2435-2441

Single-center RCT (Chicago)
• 83 patients with ARDS 

• Randomization after 8 h of NIV via face mask

• 44 helmet (P/F 118) vs. 39 face mask (P/F 144).

NIV

Outcomes
• Intubation rate, 61.5 vs. 18.2% (P <0.001)

• Hospital mortality, 48.7 vs. 27.3% (P = 0.04)

• 90-D mortality, 56.4 vs. 34.1% (P = 0.02)



Helmet mask in ARDS

NIV Patel et al. JAMA. 2016;315:2435-2441



Rochwerg et al. Eur Respir J 2017; 50: 1602426

NIV



High flow nasal cannula (HFNC)

Frat et al. Ann Transl Med 2017;5(14):297 and Mauri et al. Intensive Care Med 2017;43:1453-1463

Flow treatment

HFNC



Frat et al. NEJM 2015;372:2185~2196 

Acute hypoxemic RF

HFNC

RCT in 23 ICUs in France and Belgium

310 non-hypercapnic AHRF 

106 HFNC, 94 SOT, 110 NIV

Inclusion criteria

• RR > 25

• P/F ratio ≤ 300

• PCO2 ≤ 45 mmHg

• No history of chronic respiratory failure

Exclusion criteria

• PCO2 > 45 mmHg

• AE of asthma or COPD

• Cardiogenic pulmonary edema

• GCS < 12

• Neutropenia, vasopressors, hemodynamic instability 

FLORALI study



Frat et al. NEJM 2015;372:2185~2196 

Acute hypoxemic RF

HFNC

FLORALI study

Standard oxygen group

• Nonrebreather face mask at a 10 L/min or more

• SpO2 target ≥ 92%

HFNC group

• Flow 50L/min, FiO2 1.0

• At least 2 calendar days

• SpO2 target ≥ 92%

NIV group

• Face mask

• TV (exhaled), mean 9.2 ml/kg (PBW)

• Above PEEP/PEEP, mean 8/5 cmH2O

• At least 2 calendar days (>8h/day)

• HFNC was allowed during NIV breaks

• SpO2 target ≥ 92%



Frat et al. NEJM 2015;372:2185~2196 

Acute hypoxemic RF

HFNC



HFNC vs. O2 in immunocompromised patients

Azoulay et al. JAMA. 2018;320:2099-2107.HFNC

RCT of 776 patients from 32 ICUs in France

388 HFNC vs. 388 SOT

SpO2 target ≥ 95%

Inclusion criteria

• AHRF

• PaO2 < 60 or SpO2 < 90% (room aire)

• RR > 30 or respiratory distress requiring O2 6 L/min

Immunocompromization

• Long-term (>3 months) or high-dose (>0.5mg/kg/d) steroids 

• Use of other immunosuppressant drugs, 

• Solid organ TPL, solid tumor requiring chemotherapy (within 5 yrs)

• Hematologic malignancy regardless of time 

• Primary immune deficiency

Exclusion criteria

• Hypercapnea (PaCO2 ≥ 50 mmHg) indicating NIV

• Cardiogenic pulmonary edema indicating NIV



HFNC vs. O2 in immunocompromised patients

Azoulay et al. JAMA. 2018;320:2099-2107.HFNC



HFNC vs. HFNC/NIV in immunocompromised patients

Coudroy et al. Lancet Respir Med 2022;10: 641–49HFNC

FLORALI-IM study

RCT in 29 ICUs in France and Italy

299 non-hypercapnic AHRF 

154 HFNC vs. 145 NIV/HFNC

Inclusion criteria

• RR > 25

• P/F ratio ≤ 300

Exclusion criteria

• PCO2 > 50 mmHg

• Those who benefits from NIV (CPE and post-OP)

• GCS < 12

• Severe shock

• An urgent need for intubation

HFNC group

• 60 L/min

NIV/HFNC group

• NIV 4h → at least 12h/day

• PSV mode, TV < 8 ml/kg(PBW), PEEP ≥ 8 cmH2O



HFNC vs. HFNC/NIV in immunocompromised patients

Coudroy et al. Lancet Respir Med 2022;10: 641–49HFNC



Guidelines for the use of HFNC

2020 2022

HFNC



Summary

• Based on the current data, including FLORALI study, there might not be a one-
size-fits all oxygenation strategy in patients with AHRF.

• However, in patients with de novo respiratory failure, vigorous breathing efforts
generate large TV, causing SILI, that can be associated with NIV failure.

• Hence, HFNC or helmet NIV seems to be a better choice than face-mask NIV in
patients with moderate-to-severe AHRF.



Thank you for your attention
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