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Disclosures

• until January 2021 Xenios/Fresenius, Germany
• until January 2023 Hamilton Medical AG, Switzerland

• less experience with NIV than with HFNO 
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Limitations

• NIV and HFNO in patients in non–hypercapnic AHRF

• ‘beyond the guidelines’
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Increase in Use of Noninvasive Ventilation 
in Hypercapnic Patients

PROtective VEntilation (PROVE) Network Collaboration for Research, Implementation and Training in Intensive CARE in ASIA (CRIT CARE ASIA)

University of Amsterdam, The Netherlands Mahidol University, ThailandOxford University, UK Medical University Wien, Austria

Bourke Lancet Resp Med 2018; 6:935



Use of Noninvasive Ventilation in ARDS
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POPULATION

LOCATION

VENTILATION STRATEGIES FINDINGS

QUESTION In patients with non–hypercapnic acute hypoxemic respiratory failure (AHRF), what are the effects of treatment with
high–flow nasal oxygen (HFNO), standard oxygen, or noninvasive ventilation on need for intubation??
CONCLUSION In patients with non–hypercapnic AHRF, treatment with HFNO, standard oxygen, or noninvasive ventilation did not result in
different intubation rates; there was a significant difference in favor of HFNO in 90–day mortality.

98 Women 212 Men

23 ICUs in
the France

FLORALI–investigators. High–flow Oxygen through Nasal Cannula in Acute Hypoxemic Respiratory Failure. [New Eng J Med 2015; 372:2185 doi: 
10.1056/NEJMoa1503326]

mean age: 60 years 

patients with AHRF with 
PaO2/FiO2 < 300

106 patients
HFNO

110 patients
NIV

(PRIMARY) OUTCOME

proportion of patients intubated at day 28 
(primary); ICU and 90–day mortality

310 patients with non–
hypercapnic AHRF

94 patients
standard O2



POPULATION

LOCATION

QUESTION Does a broadened Berlin definition of ARDS, in which ARDS can be diagnosed in patients who are not receiving ventilation, results 
in similar groups of patients receiving HFNO as in patients receiving ventilation?

CONCLUSION Using a broadened definition of ARDS may facilitate an earlier diagnosis of ARDS in patients receiving HFNO; however, ARDS 
patients receiving HFNO and ARDS patients receiving ventilation have distinct baseline characteristics and mortality rates.

344 Women    384 Men

16 ICUs
in The Netherlands

PRoAcT–COVID study investigators. Broadening the Berlin definition of ARDS to patients receiving high-flow nasal oxygen: an observational study 
in patients with acute hypoxemic respiratory failure due to COVID–19. [AoIC 2023; 13:64; doi:10.1186/s13613-023-01161-6]

Mean Age: 66 years 

COVID–19 patients with ARDS, 
including patients receiving 
HFNO (flow > 30 L/min)

INICIDENCE OF HFNO



POPULATION

LOCATION

QUESTION What is the oxygen consumption with high-flow nasal oxygen (HFNO) vs with mechanical ventilation?

CONCLUSION Actual oxygen consumption, hourly oxygen consumption, and total oxygen consumption are substantially higher in patients that 
start with HFNO.

52 Women   194 Men

2 ICUs
in Europe

PROXY–COVID study investigators. Oxygen Consumption with High-Flow Nasal Oxygen versus Mechanical Ventilation—An International 
Multicenter Observational Study in COVID–19 Patients (PROXY–COVID). [Am J Trop Med Hyg 2023; 108:1035; doi:10.4269/ajtmh.22-0793]

Mean Age: 64 years 

COVID–19 ARDS patients 
receiving oxygen support in the 
ICU

GROUPS

OUTCOMES

RESULTS

actual oxygen consumption 
(primary), hourly and total oxygen 
consumption, in the first 2 days

147 patients
HFNO

128 patients 
IMV

275 patients with ARDS 
according to new definition



Noninvasive Ventilation vs 
Standard or High–flow Oxygen 
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• equipment
• interfaces
• PEEP
• cooperation
• failures



Intubation Rate with Noninvasive Ventilation vs 
Standard or High–flow Oxygen 
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Text: Use of NIV in ARDS

Limited information in the literature
• Uncertain whether NIV should be used

Predictors of failure
• PaO2/FiO2 < 150 mm Hg
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QUESTION Is during NIV the categorization of ARDS severity based on the PaO
2

/FiO
2

Berlin criteria is useful?

CONCLUSION NIV was used in15%of patients with ARDS, irrespective of severity category; NIV seems to be associated with higher ICU

mortality in patients with a PaO
2

/FiO
2

lower than 150 mm Hg.

179 Women    257 Men

459 ICUs

in 50 countries

LUNG SAFE investigators. Noninvasive Ventilation of Patients with Acute Respiratory Distress Syndrome - Insights from the LUNG SAFE Study. 

[Am J Resp Crit Care Med 2016; 175:67; doi:10.1164/rccm.201606-1306OC]

Mean Age: 65 years 

Patients with ARDS, managed 

with noninvasive ventilation on 

day 1 and 2

POPULATION

LOCATION

: all patients                                               : PaO
2
/FiO

2
< 150                              : PaO

2
/FiO

2
> 150 
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Benefits and Risks of HFNO
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• comfortable
• failures less well recognized
• oxygenation
• in case of hypoxic failure little reserves
• lower risk of P–SILI?



ROX index = SpO2/FiO2 to RR
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• predictors of HFNC failure
• ROX < 2.85 at 2 hours
• ROX < 3.47 at 6 hours
• ROX < 3.85 at 12 hours

Roca AJRCCM 2019; 119:1368
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QUESTION Does a broadened Berlin definition of ARDS, in which ARDS can be diagnosed in patients who are not receiving ventilation, results 
in similar groups of patients receiving HFNO as in patients receiving ventilation?

CONCLUSION Using a broadened definition of ARDS may facilitate an earlier diagnosis of ARDS in patients receiving HFNO; however, ARDS 
patients receiving HFNO and ARDS patients receiving ventilation have distinct baseline characteristics and mortality rates.

344 Women    384 Men

16 ICUs
in The Netherlands

PRoAcT–COVID study investigators. Broadening the Berlin definition of ARDS to patients receiving high-flow nasal oxygen: an observational study 
in patients with acute hypoxemic respiratory failure due to COVID–19. [AoIC 2023; 13:64; doi:10.1186/s13613-023-01161-6]

Mean Age: 66 years 

COVID–19 patients with ARDS, 
including patients receiving 
HFNO (flow > 30 L/min)

OUTCOMES

105 out of 229 (45.8%) HFNO patients needed IMV < 7 days

ICU mortality (primary), hospital; 28 
and 90–day mortality; need for 
ventilation within 7 days HFNO in 
patients

229 patients
HFNO

499 patients 
IMV

728 patients with ARDS 
according to new definition
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Oxygen Scarcity

• running out of oxygen = realistic scenario
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POPULATION

LOCATION

QUESTION What is the oxygen consumption with high-flow nasal oxygen (HFNO) vs with mechanical ventilation?

CONCLUSION Actual oxygen consumption, hourly oxygen consumption, and total oxygen consumption are substantially higher in patients that 
start with HFNO.

52 Women   194 Men

2 ICUs
in Europe

PROXY–COVID study investigators. Oxygen Consumption with High-Flow Nasal Oxygen versus Mechanical Ventilation—An International 
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Mean Age: 64 years 

COVID–19 patients with ARDS, 
including patients receiving 
HFNO

GROUPS

OUTCOMES

RESULTS

actual oxygen consumption 
(primary), hourly and total oxygen 
consumption, in the first 2 days

147 patients
HFNO

128 patients 
IMV

275 patients with ARDS 
according to new definition



Oxygen Use with High–flow Oxygen

• 850 vs 176 L/hour, or 20.000 vs 4.200 L/day
• 10.000 liquid oxygen tank ~ 400 HFNO days
• pressure swing adsorption plant 1.000 l/min ~ 70 HFNO 

patients
• 50 L steel cylinder ~ 9 HFNO days
• oxygen generator ~ 1 HFNO patient
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University of Amsterdam, The Netherlands Mahidol University, ThailandOxford University, UK Medical University Wien, Austria

Botta A J Trop Med Hyg 2023; 108:1035



Oxygen Use with High–flow Oxygen

• oxygen–sparing strategies 
• automated oxygen titration
• better bedside use of guidelines with strict cutoffs 

for SpO2

• prone positioning 
• noninvasively or invasive ventilation
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LOCATION

QUESTION What is the efficacy of a closed–loop oxygen control in critically ill patients with moderate to severe acute hypoxemic respiratory 
failure (AHRF) treated with high flow nasal oxygen (HFNO).

CONCLUSION Closed–loop oxygen control improves oxygen administration in patients with moderate-to-severe AHRF treated with HFNO, 
increasing the percentage of time in the optimal oxygenation range and decreasing the workload of healthcare personnel.

45 patients 
under HFNO

1 ICU
in Spain

Roca O. Closed–loop oxygen control improves oxygen therapy in acute hypoxemic respiratory failure patients under high flow nasal oxygen 
(HILOOP): a randomized cross-over study. [Crit Care 2022; 26:108; doi10.1186/s13054-022-03970-w]

Median Age: 49 year 

patients with moderate to 
severe ARF, including patients 
with COVID–19

POPULATION RESULTS

percentage of time spent in 
the individualized optimal 
SpO2 ranges

(PRIMARY) OUTCOME

INTERVENTION

45 patients under HFNO

4 hours manual or 
automated FiO2 control

crossover

4 hours automated or 
manual FiO2 control



POPULATION

LOCATION

QUESTION What is the effect of HFNO with closed–loop control of the fraction of inspired oxygen (FiO2), compared to HFNO with manual 
titrations of the FiO2, on time spent in predefined pulse oximetry (SpO2) zones in pediatric critically ill patients?

CONCLUSION In this randomized crossover trial in pediatric critically ill patients under HFNO, the percentage of time spent within in optimal 
SpO2 zones increased with the use of closed–loop FiO2 control.

23 Pediatric
Patients

3 ICUs
in Turkey

Sandal O. Closed–loop Oxygen Control Improves Oxygenation in Pediatric Patients Under High–flow Oxygen Therapy – a randomized crossover 
study. [Frontiers Med 2022; 9:1046902; doi: 0.3389/fmed.2022.1046902]

Median Age: 1 year 

Children with acute hypoxemic 
respiratory failure under HFNO

RESULTS

FiO2 settings and SpO2 readings; 
alarms and manual adjustments

(PRIMARY) OUTCOME

INTERVENTION

23 patients under HFNO for 
acute hypoxemia

manual or 
automated FiO2 control

crossover

automated or 
manual FiO2 control

optimal
suboptimally low

unacceptably highunacceptably low

suboptimally high
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POPULATION

LOCATION

VENTILATION STRATEGIES FINDINGS

QUESTION Does early application of prone positioning improves  outcomes in patients with severe ARDS?

CONCLUSION In patients with severe ARDS, early application of prolonged prone-positioning sessions significantly decreased 28–day and 90–
day mortality.

148 Women     318 Men 

26 ICUs in 
France and 1 
ICU in Spain

The PROSEVA study group. Prone Positioning in Severe Acute Respiratory Distress Syndrome. [New Eng J Med 2013; 368:2159; 
doi:10.1056/NEJMoa1214103]

Mean Age: 59 years 

patients with moderate to 
severe ARDS

237 patients
early prone

299 patients
supine

(PRIMARY) OUTCOME

28–day and 90–day mortality

466 patients with moderate to 
severe ARDS



POPULATION

SOURCE

INTERVENTION

(PRIMARY) OUTCOME

FINDINGS

QUESTION Does awake prone positioning reduce the rate of treatment failure at 28 days, defined as either death or intubation, in patients with 
severe COVID–19 acute hypoxemic respiratory failure who require respiratory support with HFNO?

CONCLUSION Awake prone positioning of patients with hypoxemic respiratory failure due to COVID–19 reduces the incidence of treatment 
failure and the need for intubation without any signal of harm.

370 Women    750 Men

meta–trial 
including 5 RCTs 
worldwide

The Awake Prone Positioning Meta–Trial Group. Awake prone positioning for COVID-19 acute hypoxemic respiratory failure: a randomized, 
controlled, multinational, open-label meta–trial. [Lancet Respir Med 2021; 9:1387; doi:10.1016/S2213-2600(21)00356-8]

Median Age: 61 years 

patients with hypoxemic ARF 
related to COVID–19

1121 patients with COVID–19 
hypoxemic ARF

564
awake prone 
positioning

557
standard 

care

treatment failure at 28 days, defined as either 
death or intubation



Conclusions

• landscape is changing

• HFNO seems to outperform NIV in ARDS patients

• do not use NIV when PaO
2
/FiO

2
< 150 mm Hg

• be aware of limitations of your oxygen resources when 

applying HFNO
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