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Evidence for NIV across acute care condition

Eur Respir J 2017;50:1602426



NEJM 2022;387:1688-98

Frequency of use and failure face-mask NIV for Lung SAFE study



NIV of patients with ARDS, insight from the LUNG SAFE study

AJRCCM 195(1),66-77,2016



Intensive Care Medicine 2021;47,851-866



Predictor of intubation in patients with AHRF 

Multivariate logistic regression of factors ass. with intubation

50 vs 44

55 vs 55

66 vs 40

CCM 2018;46:208-215



• Oronasal Mask NIV vs Standard Oxygen Therapy

High Flow Oxygenation

• Helmet NIV vs Standard Oxygen Therapy

Oronasal NIV

High Flow Oxygenation



A multicenter RCT of NIV in pneumonia-induced early mild ARDS

Intubation Survival

(Oronasal mask vs Venturi mask)

Critical Care (2019) 23:300

(PF ratio 200-300)

IPAP 14  /  EPAP 6

NIV (n) = 102 
Venturi =  98 



Acute Respiratory Failure in Patients with Severe CAP 

(Oronasal mask vs O2)

Inclusion

- RR > 35 

- Accessary muscles

- PaO2 < 68  on FiO2 ≥ 0.4

- PF ratio < 250 on FiO2 ≥ 0.5

- PaCO2 > 50 with pH < 7.33

- 50% in size of infiltration

- SBP ≤ 90 or DBP ≤ 60

- Vasopressor > 4h

- UO < 80 cc in 4h

AJRCCM  1999;160:1585-1591



Effect of NIV vs Oxygen therapy on Mortality Among immunocompromised 

Patients with ARF (Oronasal mask vs O2)

Inclusion

- RR > 35 

- PaO2 < 60  on RA

- Respiratory distress

- Hematologic or solid tumor

(Active or remission < 5 yrs)

- Solid organ transplantation

- Immunosuppressants

Exclusion: PaCO2 >50 

JAMA 2015;314(16):1711-1719



Effect of NIV on Tracheal Reintubation Among Patients with Hypoxemic 

Respiratory Failure Following Abdominal Surgery (Oronasal mask vs O2) 

Inclusion

- elective or non-elective  under GA

- PaO2 < 60  on RA or

PaO2 < 80  on 15 LPM 

over 30min after surgery

- RR > 30

- Respiratory distress

JAMA 2016;315(13):1345-1353



Effect of NIV on Tracheal Reintubation Among Patients with Hypoxemic Respiratory 

Failure Following Abdominal Surgery (Oronasal mask)

JAMA 2016;315(13):1345-1353



HFNC in AHRF (HFO vs Oronasal mask)

NIV

Standard O2

HFO

NIV

Standard O2

HFO

Cumulative incidence of Intubation : PF ≤ 200 Cumulative Probability of Survival

NEJM 2015;372:2185-21963

NIV IPAP 8 / EPAP 6

Standard O2 > 10L 

HFO: 50 LPM



High-velocity Nasal insufflation in treatment of RF  at ED

(HFO vs Oronasal mask)

Ann Emerg Med. 2018;72:723-83

Baseline characteristics
IPAP 10 / EPAP 5

CI -14 to 2 %

HFNC is noninferior to NIPPV at 15% margin for intubation



Benefits & risks of NIV in COVID-19 (COVID-ICU)

Prospective cohort study admitted in ICU by COVID-19 / Oronasal mask vs HFO

Critical care 2021; 25:421

Oxygen failure

Intubation
+

DNR

Standard O2 : 6 L/min

NIV: PS 8 PEEP 7

HFNC : 50 LPM

DNR rate

Standard O2 : 8 % / HFNC : 10% / NIV 23%



• Oronasal Mask NIV = Standard Oxygen Therapy

≤ High Flow Oxygenation

• Helmet NIV vs Standard Oxygen Therapy

Oronasal NIV

High Flow Oxygenation



180-day outcomes of COVID-19 treated with helmet NIV or usual 

respiratory support

ICM 2023 ;23:1-11

Intubation Intubation

No Intubation
No Intubation



Break normal physiology of upper airway

VAP

Heavy sedation

Muscle weakness

Alertness

delirium



Physiological Effects

• Tight neck sealing 

→ High PEEP (10-12 cmH2O)

→ Less air leak

• Better tolerability

→ Uninterrupted treatment



Physiological Effects of higher PEEP

• Alveolar recruitment and enhanced ventilator homogeneity

• Reduced work of breathing ( + inspiratory support)

• Providing mechanical stent of the upper airway (OSA, OHS)

• In case of left ventricular dysfunction

• Decreasing preload and afterload



Physiologic comparison of HFNC & Helmet NIV in AHRF

n=15

AJRCCM 2020;201;303



Helmet CPAP vs O2 therapy to improve oxygenation in CAP

Chest 2010; 138(1):114-120

CAP

- RR ≤ 35

- 300 ≥ PF ratio ≥ 200, venturi 15 L

→ CPAP 10 vs Venturi mask

→ PF ratio ≥ 315 on CPAP group 

switched to Venturi mask  

n=20
n=27

Relative rapidity PF ratio ≥ 315 



Helmet CPAP vs O2 in severe hypoxemic RF due to pneumonia

ICM (2014) 40:942-949

Severe Hypoxemic RF 

- PF ratio <250 with O2 15L

- RR > 30

- Respiratory distress

PEEP 10 

Venturi mask

CPAP       Venturi

PF ratio            134          148



CPAP for treatment of postoperative hypoxemia

JAMA 2005;293(5):589-595

Inclusion

Abdominal surgery over 1.5 h

After extubated, 

PF ratio < 300 with venturi 0.3

Exclusion

Chronic heart disease and

Respiratory disease excluded

Venturi        CPAP

PF ratio                   255              247    

PEEP 7.5 on Helmet



Noninvasive CPAP by helmet in hematologic malignancy patients with hypoxic ARF

ICM 2004;30:147-150

Uninterrupted Treatment !!
(Mantel-Cox log-rank test, p<0.05)

Helmet Mask

N 17 17

PEEP 8 8

Duration 28.4 hs 7.5 hs

Intubation 0 7



Helmet vs Face mask on the rate of endotracheal intubation in ARDS

Baseline characteristics Level of Respiratory support during NIV

JAMA.2016:315(22):2435-2441



Helmet vs Face mask on the rate of endotracheal intubation in ARDS

JAMA.2016:315(22):2435-2441

Probability of Survival from Randomization to Day 90

Duration of Helmet NIV 19.8 hours



Helmet vs Face mask CPAP in COVID-19 Respiratory failure

Patients 

PF ratio ≤ 200 with ≥ 10L O2

or RR ≥ 25

12 h HFNC at 60 LPM

Non-Responder RR ≥ 30 and    

SpO2 ≤ 94% with FiO2 ≥ 60%

Helmet CPAP or FaceMask CPAP (n= 55 vs 57) 

10-14 cmH2O      

CHEST 2022:163(2);341-344



Effect of Helmet NIV vs Usual respiratory support on Mortality among 

AHRF due to COVID-19

Helmet failure 36.5% (58/159)

- by intolerance 

(occurred after 20.5 hours)

-No PEEP difference between Helmet and Mask 

- PF ratio 73 vs 76 

JAMA.2022:328(11):1063-1072



Effect of Helmet NIV vs Usual respiratory support on Mortality among 

AHRF due to COVID-19

JAMA.2022:328(11):1063-1072

Endotracheal Intubation Mortality



Helmet vs HFNO on days free of respiratory support with COVID-19

JAMA 2021:325(17):1731-1743

Inclusion

• PF ratio ≤ 200 with Venturi mask

• PaCO2 ≤ 45 mmHg

Intervention

• Helmet

• 48-hour continuous

• PS 10-12 cmH2O

• PEEP 10-12 cmH2O

• FiO2: SaO2 92-98%

• HFNO

• 48-hour continuous

• Flow 60 L/min

• FiO2: SaO2 92-98%

Baseline characteristics

PSV 10 / PEEP 12



Helmet vs HFNO on days free of respiratory support with COVID-19

JAMA 2021:325(17):1731-1743

Cumulative incidence of Intubation



Ass. of noninvasive O2 strategies with all–cause mortality with AHRF:

Meta-analysis

JAMA.2020:324(1):57-67



Ass. of noninvasive O2 strategies with all–cause mortality with AHRF:

Meta-analysis

JAMA.2020:324(1):57-67



Ass. of noninvasive O2 strategies with all–cause mortality with AHRF:

Meta-analysis

JAMA.2020:324(1):57-67



• Oronasal Mask NIV = Standard Oxygen Therapy

≤ High Flow Oxygenation

• Helmet NIV > Standard Oxygen Therapy

>  Oronasal NIV

≥  High Flow Oxygenation



Evidence for NIV across acute care condition

NEJM 2022;387:1688-98



- Volume of Helmet  15-18 L

→ Dead space !!!

→ Desynchronization

(Auto and delayed triggering)

; Inspiratory trigger 

; Fastest pressurization 

JAMA 2021:325(17):1731-1743



Helmet NIV on COVID-19 in IUH

• Alert mental status

• Bilateral infiltration on CXR

• HFNC: FiO2 0.6 on SaO2 < 95 %

• Respiratory Rate > 30

• NIV Setting

• PEEP 10-12 cmH2O for SaO2 ≥ 95

• PSV 5-10 cmH2O for RR <30

• FiO2 ≤ 0.6

• Break time only at meal

• NIV Failure

• Intolerance

• SaO2 < 90 at over FiO2 0.6

• RR > 35

• Persistent respiratory distress 

after 6 hour of NIV



Helmet NIV on COVID-19 in IUH

Characteristic
Helmet NIV

(N=20)

Age (Years) 63.2

BMI (kg/m2) 24.8

SOFA score (except Respiration) 1.45

Before 
NIV apply

ROX index 5.86

pH 7.419

PaCO2 (mmHg) 40.1

NIV duration (Days) 7.3

NIV failure (%) 9 (45%)

Mortality (%) 6 (30%)





Pitfall of Helmet interface

Starmed Helmet : 

72 hours

Skin ulcer 

Uncheckable TV

Hypercapnea

Claustrophobia

Anxiety

Noise



Monitoring for failure of NIV with AHRF

HACOR with facemask interface

Intensive Care Med (2017) 43:192-199

Over 5 points at 1hr after NIV 



Monitoring for failure of NIV with AHRF

Helmet  interface from HENIVOT

AJRCCM 2022;205:360-364

In ICU Mortality 11% vs 31% (CI, -0.47 to -0.06)

Baseline PaO2 / (FiO2 x VAS dyspnea) <30



Take home message

- Helmet NIV can make higher PEEP than any other interfaces

→ Minimize Lung Injury and Improve oxygenation

→ NIV with helmet could be considered in patients with ARDS

- Keep in mind that delayed intubation could lead to higher mortality

- HACOR score, PaCO2
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