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Outlines

• Current device of non-invasive respiratory support

• Indications of non-invasive respiratory support

• Parameters predicting failure of non-invasive respiratory 
support.



Devices of non-invasive respiratory support

• Negative pressure ventilator

Mid-1800’s ~

EGAN’S FUNDAMENTALS OF RESPIRATORY CARE, TWELFTH EDITION



Non-invasive respiratory support

• Conventional oxygen therapy (COT)
✓Nasal cannula

✓Simple mask

✓Non-rebreathing mask

✓Venturi mask

• High-flow nasal cannula (HFNC)

• Pressure support non-invasive ventilation (NIV)



HFNC
• Warm and wet airflow

• Delivered set FiO2 and washout nasopharyngeal dead space

• Reduce inspiratory effort and provide positive airway pressure (4 
cmH2O)

• Setting
✓FiO2: 0.21 – 1

✓Gas flow: 40 – 60 L/min

✓Temperature: 31 – 37°C

Grieco DL, et al., Intensive Care Med. 2021 Aug;47(8):851-866. 



Lodeserto et al., Cureus. 2018 Nov 26;10(11):e3639; Maggiore et al., Intensive Care Med. 2023 Jun;49(6):673-676.

Nasal Cannula High-FlowNasal Cannula

Physiologic effects of high-flow nasal cannula

• Washout of anatomical deadspace

• Reduction of respiratory efforts

• Optimization in patients comforts



Non-invasive ventilation (NIV, NPPV)

• CPAP or BIPAP

• Facemask (oronasal or full-face) or Helmet

• Setting
• PEEP 5 – 8 (facemask) or 10 – 12(helmet) cmH2O

• PS: 7 – 10 (facemask) or 10 – 12 (helmet) cmH2O

• Skin ulcer, air leaks (facemask); impossibility to 
measure tidal volume, asynchrony, upper limbs 
edema, dead space (helmet)

• Delayed intubation

Grieco DL, et al., Intensive Care Med. 2021 Aug;47(8):851-866. 



NIPPV provided PEEP and a driving pressure

Mosier et al., J Am Coll Emerg Physicians Open. 2024 Mar 7;5(2):e13118.



HFNC vs NIV
HFNC NIV

Interface Nasal prone Facemask or Helmet

O2 flow Warm and wet (31 – 37°C) Depends on machine

FiO2 Constant (30 – 60 L/mins) Depends on machine

PEEP

(improve atelectasis)
3 – 4 cmH2O 5 – 12 cmH2O

Driving pressure

(reduce muscle fatigue)
No 7 – 12 cmH2O

Limitation
Hypercapnia, can not control 

VT

Dealy intubation, can not control VT

Adverse events Nasal bleeding
Skin ulcer, air leaks, asynchrony, upper 

limbs edema, dead space

Prediction model ROX index HARCOR

Grieco DL, et al., Intensive Care Med. 2021 Aug;47(8):851-866. 



Indications of non-invasive respiratory support

NIPPV HFNC

• Cardiogenic pulmonary edema
• Hypercapnic respiratory failure
• COPD exacerbation
• Acute hypoxic respiratory failure
• Immunocompromised patients
• Weaning from mechanical ventilation
• Obesity hypoventilation
• Post-operative
• Asthma?

• Acute hypoxic respiratory failure
• Weaning from mechanical ventilation
• Acute hypercapnic respiratory failure?

Munshi et al., N Engl J Med. 2022 Nov 3;387(18):1688-1698; Maggiore et al., Intensive Care Med. 2023 Jun;49(6):673-676.



Why NIV or HFNC?



Respiratory failure

• Oxygenation failure

• Ventilation failure

DemandSupply



Oxygenation failure (hypoxemia)

EGAN’S FUNDAMENTALS OF RESPIRATORY CARE, TWELFTH EDITION



PEEP: keep the lung open

EGAN’S FUNDAMENTALS OF RESPIRATORY CARE, TWELFTH EDITION



PEEP: keep the lung open

EGAN’S FUNDAMENTALS OF RESPIRATORY CARE, TWELFTH EDITION

• Increasing functional residual capacity (FRC)

• Improving oxygenation



Ventilation

EGAN’S FUNDAMENTALS OF RESPIRATORY CARE, TWELFTH EDITION

Ppl

PA

Air flow

Lung volume



Opposing force during inspiration

EGAN’S FUNDAMENTALS OF RESPIRATORY CARE, TWELFTH EDITION

Lung compliance Airway resistance



Work of breath

EGAN’S FUNDAMENTALS OF RESPIRATORY CARE, TWELFTH EDITION



EGAN’S FUNDAMENTALS OF RESPIRATORY CARE, TWELFTH EDITION

A driving pressure helps to open the lung, and 
PEEP to keep the lung open

• Reducing end-expiratory atelectasis 
(lung recruitment)

• Unloading respiratory muscle

• Increasing functional residual 
capacity (FRC), improving 
oxygenation

• Decreasing inspiratory force, lung 
strain, and work of breath

• Increasing overdistension



Hypercapnic respiratory failure and 
COPD



Pressure gradient during expiration
How to help patients with COPD with a PEEP

EGAN’S FUNDAMENTALS OF RESPIRATORY CARE, TWELFTH EDITION

Equal pressure point (EPP)

Transmural pressure

Dynamic compression of airway

• Prevent airway closing

• Help the patient to conquer auto-PEEP



HFNC after NIV interruption in patients recovering from 
hypercapnic respiratory failure

• Patients: COPD with acute hypercapnic respiratory failure, using NIV more than 
24 hrs (N=20)

• Interventions: 5 sessions (30 mins each seesion)

• Aim: evaluate the impact of HFNC on gas exchange, diaphragm function, 
respiratory rate, patient comforts 

Longhini et al., Crit Care Med. 2019 Jun;47(6):e506-e511.
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HFNC vs NIV in patients with COPD exacerbation

• Patients: COPD exacerbation with PaCO2 ≥55 mmHg, pH 7.25 to 7.35

• Intervention: HFNC (n=40) vs BiPAP (n=39) for 2 to 6 hrs

Cortegiani et al., Crit Care. 2020 Dec 14;24(1):692.

1. HFNC was non-inferior 
with NIV in CO2 reduction 
in first 2 hrs

2. 32% of patients receiving 
HFNC required NIV by 6 hrs



HFNC in patients with hypercapnic respiratory failure:
a systemic review and meta-analysis

• HFNC vs NIV vs Conventional O2 (COT)

• Acute hypercapnic respiratory failure

(AHRF, 9 studies)

• Chronic hypercapnic respiratory failure

(CHRF, 7 studies)

• Primary outcomes: PaCO2

Guan L et al., Eur J Intern Med. 2025 Apr;134:119-129.



AHRF

Guan L et al., Eur J Intern Med. 2025 Apr;134:119-129.

PaCO2

SpO2

pH

Similar

Similar

NIV better

HFNC vs NIV

HFNC vs COT
PaCO2

pH

Comfort scale

Treatment failure

HFNC better

HFNC better

HFNC better

HFNC better



CHRF

Guan L et al., Eur J Intern Med. 2025 Apr;134:119-129.

PaCO2

Comfort scale

HFNC vs NIV

NIV better

HFNC better

PaCO2

pH

Exacerbation

QoL

HFNC better

HFNC better

HFNC better

HFNC better

HFNC vs COT

For patients with hypercapnic respiratory failure
• Clinical efficacy of HFNC vs NIV is inconclusive

• Low-quality evidence shows that HFNO vs COT can better

improve blood gases, comfort, health-related quality of life, and 

exacerbation in patients with AHRF or CHRF.



Acute hypoxic respiratory failure



Acute hypoxic respiratory failure

• Acute cardiogenic pulmonary edema

• Acute respiratory distress syndrome

• Immunocompromised patients

• Preoxygenation



Cardiogenic pulmonary edema



Effects of intrathoracic pressure on cardiovascular system

• Venous return
• RV afterload
• LV afterload

Alviar et al., J Am Coll Cardiol. 2018 Sep 25;72(13):1532-1553.



Effects of intrathoracic pressure on cardiovascular system

• Venous return
• RV afterload
• LV afterload

Alviar et al., J Am Coll Cardiol. 2018 Sep 25;72(13):1532-1553.



Updated definition of ARDS

Matthay et al., Am J Respir Crit Care Med. 2024 Jan 1;209(1):37-47.



Bos LDJ, Ware LB.. Lancet. 2022 Oct 1;400(10358):1145-1156.

Physiological Clinical

Interstitial edema Decreased lung 
compliance

Increased work of breath 
(WOB)

Diffuse alveolar filling VQ mismatch and 
shunting

Hypoxemia, radiographic 
opacities

Decreased surfactant Alveolar collapse atelectasis

Microvascular thrombosis Increased dead space and 
pulmonary hypertension

High minute ventilation, 
RV failure

Leak of inflammatory 
mediators

Systemic inflammation Multi-organ failure

Pathophysiology during hypoxic respiratory failure (ARDS)



The balance of hydrostic
pressure, osmotic pressure 
and alveolar pressure

EGAN’S FUNDAMENTALS OF RESPIRATORY CARE, TWELFTH EDITION

Phydrostic

Phydrostic

Phydrostic

Palveolar

Palveolar

Palveolar

Permeability

Cardiogenic pulmonary edema

Acute respiratory distress syndrome



Thompson BT, et al., N Engl J Med. 2017 Aug 10;377(6):562-572; Grieco DL, et al., Intensive Care Med. 2021 Aug;47(8):851-866. 

Patient self-inflicted lung injury (PSILI)

Reduce the drive

• Adequate O2 flow provide the 
demand 

• A PEEP to recruit the lung 
(reducing atelectasis)

• A driving pressure to unloading 
respiratory muscle and open the 
lung

• Decreasing inspiratory force, lung 
strain, and work of breath

• Increasing overdistension



Frat et al. N Engl J Med. 2015 Jun 4;372(23):2185-96.
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90-day survival

HFNC vs NIV vs COT in Acute Hypoxemic Respiratory Failure

• Prospective, RCT

• 23 ICUs in France and Belgium, N=310

• Adult patients with acute hypoxic respiratory failure
✓ RR >25, PaO2:FiO2 ≤300 mmHg

✓ Oxyngen therapy with O2 flow ≥10L/min for 15 min

✓ PaCO2 ≤45 mmHg



Helmet vs Face Mask NIV in ARDS

62%

18%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Overall

RATE OF INTUBATION

Face mask Helmet
Patel et al. JAMA. 2016 Jun 14;315(22):2435-41

P<0.001

90-day survival

• Prospective, RCT

• Single ICU in Chicago, N=83

• Adult patients diagnosed ARDS according to Berlin criteria



Association of Noninvasive Oxygenation Strategies With All-Cause 
Mortality in Adults With Acute Hypoxemic Respiratory Failure

Ferreyro et al., JAMA. 2020 Jul 7;324(1):57-67.

A Systematic review and meta- analysis

• Adult patients with acute hypoxic respiratory failure comparing 
HFNC, face mask NIV, helmet NIV, and standard oxygen therapy

• Excluding: COPE with AE, heart failure, and post-extubation.

• 25 RCTs, 3,804 patients



Results

Ferreyro et al., JAMA. 2020 Jul 7;324(1):57-67.



Results

Ferreyro et al., JAMA. 2020 Jul 7;324(1):57-67.



Non-invasive supportin Patients With Respiratory Failure Due to COVID-19

SOHO-COVID

Frat et., JAMA. 2022 Sep 27;328(12):1212-1222; Grieco et al., JAMA. 2021 May 4;325(17):1731-1743.

HENIVOT



NIV reduced respiratory drive and dynamic lung strain more than HFNC in 
patients with high demand

Menga et al., Am J Respir Crit Care Med. 2023 May 15;207(10):1310-1323.



Grieco et al., Am J Respir Crit Care Med. 2022 Feb 1;205(3):360-364.

Helmet NIV may have a protective 
effect for patients at risk for PSILI

Incidence of intubationHENIVOT



HFNC vs COT in Acute hypoxemic respiratory failure

• Open-lable, multicenter, RCT, France

• Patients with P/F ratio ≤200, N=1,110

SOHO

28-day OS: 14.6% vs 14.6% Intubation: 42.4% vs 48.4%
Frat JP et al., N Engl J Med. 2026 Mar 17.

HFNC did not 
significantly reduce
28-day mortality



SSC sepsis 
guideline 2026

• New 
recommendation
✓HFNC over COT

✓HFNC over NIV

✓Awakening prone

Conditional 
recommendation, 
with very low or 
low certainty of 
evidence

Prescott HC et al., Crit Care Med. 2026 Mar 23.



Immunocompromised patients



Immunocompromised patients with acute respiratory distress 
syndrome

• Secondary analysis of the LUNG SAFE database

• More NIV as first-line treatment (20% vs 16%)

• Similar mortality of NIV-failure (62.7%) and IMV (52.8%)

Cortegiani et al., Crit Care. 2018 Jun 12;22(1):157.

Hospital mortality
Immunocompromised 52.4% vs 

control 36.2%



Survival in Immunocompromised Patients Requiring Invasive 
Mechanical Ventilation

• Mortality 53.2% overall

• Survival improved over time

• Early intubation was 
associated with lower 
mortality (OR, 0.83 [0.72 –
0.79])

Dumas et al., Am J Respir Crit Care Med. 2021 Jul 15;204(2):187-196.



NIV vs Oxygenation Among Immunocompromised Patients With 
Acute Respiratory Failure

Lemiale et al., JAMA. 2015 Oct 27;314(16):1711-9.

28-day Mortality 24.1% vs 27.3%

28-day Intubation 38.2% vs 44.8%

• HFNC was allowed in both groups 
(40% in control group)

• Limited study power (lower mortality 
than expected)

Mortality



Use of NIV in immunocompromised patients with acute 
respiratory failure

Huang et al., Crit Care. 2017 Jan 7;21(1):4.

NIV better than O2 therapy alone



HFNC versus NIV in immunocompromised patients with acute 
respiratory failure

NIV (n=55) HFNC (n=60) P value

Intubation 55% 35% 0.04

Mortality 40% 20% 0.02

Coudroy et al., Ann Intensive Care. 2016 Dec;6(1):45

Multivariate analysis of factors associated with 28-day survival

• Retrospective observational cohort

• More hypercapnia and respiratory 
acidosis in NIV group



Non-invasive oxygenation in immunocompromised patients 
with severe acute respiratory failure

• Post-hoc analysis of a randomised trial

• Small patients number (n=82)

Frat  et al., Lancet Respir Med. 2016 Aug;4(8):646-652.

Intubation

Survival



Acute hypoxemic respiratory failure in immunocompromised patients

Azoulay et al., Intensive Care Med. 2017 Dec;43(12):1808-1819.

EFRAIM
Multivariate analysis for factors associated with intubation



• HFNC was associated with 
lower rate of intubation (HR, 
0.77[0.59 – 1.00])

• IMV was associated with 
mortality

• Undetermined etiology was 
associated with intubation 
and mortality

Azoulay et al., Intensive Care Med. 2017 Dec;43(12):1808-1819.

EFRAIM
Multivariate analysis for factors associated with mortality



HFNC alone or alternating with NIV in critically ill immunocompromised 
patients

• RCT (2017 to 2019)

• 99% NIV delivered via face mask

• Limited study power

Coudroy et al., Lancet Respir Med. 2022 Jul;10(7):641-649.



HFNC vs NIV in patients with acute respiratory failure

• RCT, Brazil, 2019 to 2023

• Non-inferiority of HFNC vs NIV, N=1,766

• Primary outcomes: intubation or death

RENOVATE

Maia IS et al., JAMA. 2025 Mar 11;333(10):875-890.

Intubation or death

HFNC failed to reach non-inferiority vs NIV in 

immunocompromised patients

The statistic power was limited in COPD, immunocompromised, 

and cardiogenic edema due to small sample size

Immunocompromised favor NIV



Non-invasive respiratory support in respiratory failure

• Reduced intubation most of the time, sometimes improve 
survival

• HFNC
✓Improved outcomes in COVID-19 with AHF compared with COT
✓Preferentially over NIV in patients with high sputum load and may be 

preferred in mild ARDS

• NIV
✓May be considered in mild to moderate ARDS (P/F ≥150), higher 

respiratory drive
✓Helmet over face mask
✓Titrating PEEP and monitor VT as lung protective strategy
✓Close monitor hemodynamic, consciousness, arterial blood gas and 

never delay intubation



Weaning from mechanical 
ventilation



High risk patients following extubation
High risk groups (mechanical ventilation more than 12 hours)

• Age ≥65 years
• Heart failure
• Moderate to severe COPD
• APACHE II ≥12 on the day of extubation
• BMI ≥30
• Airway patency problems
• Respiratory secretions (inadequate cough, suction ≥2 times within 8 hrs)
• Difficult weaning (re-intubated)
• Mechanical ventilation for more than 7 days
• ≥2 Comorbidities

Fernando et al., Intensive Care Med. 2022 Feb;48(2):137-147.

Re-intubation



HFNC for high risk patients following extubation

Hernández et al., JAMA. 2016 Oct 18;316(15):1565-1574.; Erratum in: JAMA. 2016 Nov 15;316(19):2047-2048; Erratum in: JAMA. 2017 Feb 28;317(8):858

Reintubation

HFNC 22.8%

NIPPV 19.1%

Risk difference, -3.7% (-9.1% to ∞)

Respiratory Failure

HFNC 26.9%

NIPPV 39.8%

Risk difference, 12.9% (6.6% to ∞)

Non-inferior trial



HFNC vs NIV after invasive mechanical ventilation:
a systemic review and meta-analysis

• COPD, post-lung transplant, 
acute respiratory failure, post-
operative hypoxemia, preterm 
infants

• 18 RCT and 2 non-RCT

Maimaitiniyazi M et al., Front Med (Lausanne). 2025 Sep 25;12:1594145.



Maimaitiniyazi M et al., Front Med (Lausanne). 2025 Sep 25;12:1594145.

PaO2

HFNC vs NIV

HFNC better

PaCO2

HFNC better

Re-intubation

HFNC better

Mortality Similar

For patients with extubated from invasive mechanical 

ventilation, HFNC

• Improved PaO2, reduced PaCO2, and lower re-intubation 

rate

• A viable clinical alternative for post-extubation

respiratory support

• Only shorterm outcomes were evaluated

• Risk factor stratification?



Thille et al., Am J Respir Crit Care Med. 2022 Feb 15;205(4):440-449.

NIV

NIV

NIV

HFNC

HFNC

HFNC

NIV vs HFNC in obesity after extubation



NIV in obesity patients following extubation
• Adult patients have mechanical ventilation ≥6 hrs and admitted to ICU

• BMI ≥30

De Jong et al., Lancet Respir Med. 2023 Jun;11(6):530-539.

NIV
NIV

NIV

HFNC or COT

HFNC or COT

HFNC or COT

Treatment failure

reintubation
reintubation



HFNC and NIV for patients with prolonged mechanical 
ventilation following extubation

• Adult patients transferred from ICU to RCC

• Mechanical ventilation ≥14 days

Tseng et al., Sci Rep. 2023 Mar 22;13(1):4689.

Reintubation

HFNC 25%

NIPPV 0%

Mortality

HFNC 10%

NIPPV 20%

NIV

HFNC

NIV

HFNC



Very high risk patients following extubation

Hernández et al., Intensive Care Med. 2022 Dec;48(12):1751-1759; Erratum in: Intensive Care Med. 2023 Mar;49(3):385.

NIV (n=92) HFNC (n=90) P value

Re-intubation 22.8% 38.9% 0.019

ICU LOS (days) 9.5 12.5 0.047

Hospital mortality 15.2% 6.7% 0.475

• Adult patients received mechanical ventilation ≥24 hrs

• ≥4 risk factors for post-extubation respiratory failure
NIV

HFNC



Combination with NIV and HFNC following extubation

Thille et al., JAMA. 2019 Oct 15;322(15):1465-1475

HFNC or HFNC + NIPPV 
for at least 48 hours 
following extubation for 
high risk patients

NIV + HFNC

HFNC alone



HFNC vs HFNC + NIV after extubation
• Post-hoc analysis combining 2 RCT

• Patients without hypercapnia before extubation, N=829

Thille AW et al., Intensive Care Med. 2026 Apr 13.

HFNC

NIV+HFNC

reintubation
death



Respiratory support after mechanical ventilation

• HFNC or NIV reduced intubation in high-risk patients than COT

• NIV better than HFNC in obesity, prolong mechanical ventilation, 
very high risk

• NIV+HFNC reduce re-intubation even more than HFNC alone



Preoxygenation before intubation



Noninvasive ventilation improves preoxygenation before 
intubation of hypoxic patients

Baillard et al., Am J Respir Crit Care Med. 2006 Jul 15;174(2):171-7.

For the intubation of hypoxemic patients, preoxygenation using NIV 
reduces desaturation than the usual method

Usual method: ≥3 min of normal tidal volume ventilation with bag and mask with 100% 
O2

N=27 N=26



Effect of preoxygenation using non-invasive ventilation before 
intubation in hypoxaemic patients

Baillard et al., Br J Anaesth. 2018 Feb;120(2):361-367

NIV as a preoxygenation method did not reduce organ 
dysfunction (SOFA score during 7 days) compared with usual 
preoxygenation in hypoxaemic, critically ill patients requiring 
tracheal intubation for invasive ventilation.



• NIV should not be discontinued for preoxygenation in the cases of patients treated by NIV before 
the decision to intubate.

Baillard et al., Br J Anaesth. 2018 Feb;120(2):361-367

Adverse events: occurrence of arrhythmia with haemodynamic failure, occurrence of regurgitation (presence of gastric content seen during laryngoscoy), 
severe O2 desaturation (SpO2<80%), de novo myocardial ischemia (myocardial repolarization and/or elevated serum troponin sampled between 4 and 8 hr
after intubation)



Non-invasive ventilation versus high-flow nasal cannula oxygen therapy 
with apnoeic oxygenation for preoxygenation before intubation

• Acute hypoxic respiratory 
failure
➢RR ≥25 or signs of respiratory 

distress

➢P/F ratio ≤300mmHg regardless 
of oxygenation strategy

• Preoxygenation ≥3 mins with 
NIV vs HFNC (no valve-bag-
facemask)

Frat  et al., Lancet Respir Med. 2019 Apr;7(4):303-312.



Frat  et al., Lancet Respir Med. 2019 Apr;7(4):303-312.

overall

P/F ratio <200 • Preoxygenation with valve-bag facemasks should be replaced by 
HFNC therapy or NIV in ICUs before the intubation

• Further studies are needed in a larger population to investigate 
whether NIV should be used for all patients regardless of their 
level of hypoxaemia.



Noninvasive Ventilation for Preoxygenation during Emergency 
Intubation

• Inclusion criteria
✓Planed tracheal intubation 

using a laryngoscope and 
sedation

✓Operator is a clinician 
routinely perform tracheal 
intubation in participant 
units

Preoxygenation ≥3 mins with 
NIV vs NRM or BVM (with or 
without manual ventilation)

Gibbs et al., N Engl J Med. 2024 Jun 20;390(23):2165-2177.



• Critically ill adults undergoing tracheal intubation in an emergency department or an ICU, the incidence 
of hypoxemia was lower with preoxygenation with noninvasive ventilation than with an oxygen mask

• The use of high-flow nasal cannula during tracheal intubation was not evaluated

Gibbs et al., N Engl J Med. 2024 Jun 20;390(23):2165-2177.

Risk of hypoxemia during intubation

Risk of hypoxemia during intubation
NIV 9.1% vs Oxygen mask 18.5% (P <0.001)
Cardiac arrest
NIV 0.2% vs Oxygen mask 1.1%



NIV for preoxygenation

• 15 RCT, n=2,939

• NIV vs HFOT vs COT

• ICU, ED, OR

Boscolo A et al., ERJ Open Res. 2025 Dec 15;11(6):00329-2025.

Meta-analysis

Lowest SpO2

Severe desaturation (SpO2 <80)

➢ During emergent endotracheal intubation in critical care areas, preoxygenation

with NIV or HFOT overperformed COT in maintaining SpO2.

➢ Only NIV reduced the incidence of severe desaturation



Monitor parameters during the 
non-invasive respiratory support



Incidence of NIV failure and mortality in patients with ARDS

• Patients with ARDS

• 90 studies, 98 arms

Wang J et al., BMC Pulm Med. 2024 Jan 22;24(1):48.

Systematic review and meta-analysis

NIV failure rate

Mild ARDS

30%

Mod ARDS

50%

Sev ARDS

71%

NIV failure rate

Pulmonary > extrapulmonary
Immunocompromised higher

ICU mortality 29%

NIV failure rate 45%

• Severe > Moderate > Mild ARDS

• Pulmonary > extrapulmonary

• Immunosuppression > without immunesuppresion



NIV of Patients with ARDS: LUNGSAFE

• N=2,813; with 436 (15%) managed with NIV

• Propensity score matching comparing NIV vs IMV

Bellani G et al., Am J Respir Crit Care Med. 2017 Jan 1;195(1):67-77.

Overall P/F <150 P/F ≥150

IMV

NIV

NIV failure rate 37.5%

• Severe (47%) > Moderate(43) 
> Mild (22%)

Hospital mortality
• NIV failure (45%) > 

success (16%)

NIV seems associated 
with higher mortality in 
P/F < 150 mmHg



ROX index
𝑆𝑝𝑂2/𝐹𝑖𝑂2

𝑅𝑅

Roca et al., Am J Respir Crit Care Med. 2019 Jun 1;199(11):1368-1376.

2hrs 6hrs 12hrs All times

< 2.85 < 3.47 < 3.85 ≥ 4.88

Intubation Observe



HARCO
(Hear rate, acidosis, consciousness, 
oxygenation, and respiratory rate)

Duan et al., Intensive Care Med. 2017 Feb;43(2):192-199.

HACOR score >5 at 1hour of NIV with a >80% 
risk of NIV failure.



Temte B et al., BMJ Open Respir Res. 2025 Nov 18;12(1):e003355.

Machine learning model to predict HFNC failure

• Retrospective, multicenter, USA

• 2009 to 2022, N=11,618 (6,787 training; 4,831 validation)

AUC

Machine learning model

ROX index



Parameters to predict respiratory failure

• PaCO2

• Consciousness

• Hemodynamics

Grieco DL, et al., Intensive Care Med. 2021 Aug;47(8):851-866. 

We Shall Never Delay Intubation



Take home message

• Physiologic effects of non-invasive respiratory support
✓PEEP to reduced atelectasis, increased FRC, driving pressure to 

unloading respiratory muscle

✓Improving oxygenation, reduced respiratory drive and work of breath

• For patients with acute respiratory failure
✓NIV and HFNC reduced intubation than COT

✓NIV provide more respiratory support than HFNC in patients with 
higher respiratory drive

• NIV and HFNC reduce re-intubation than COT in high-risk 
patients

• NIV and HFNC prevent severe hypoxemia during emergent 
endotracheal intubation

• Never delay intubation when using NIV or HFNC



Thanks for 
your attention
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