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Low flow oxygen delivery system
◦ Flow < inspiratory flow demand

◦ Variable FIO2

◦ Nasal cannula, simple mask,                        
partial rebreathing mask

Oxygen delivery system



High flow oxygen delivery system
◦ Flow > inspiratory flow demand

◦ Constant FIO2

◦ Venturi mask,                                             
high flow nasal cannula,                                    
T-piece with reservoir,                    
Non-invasive mechanical 
ventilator

Oxygen delivery system



FiO2 0.2 to 1.0
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 Physiologic effect of HFNC

 Wash out CO2 in anatomical dead space

Creates positive nasopharyngeal pressure

Overcomes resistance against expiratory flow in nasopharynx

Increase respiratory lung volume

Humidification & Good mucociliary function

Constant FIO2



• Upper airway model, 
constructed from segmented 
CT-scan images of a healthy 
volunteer

• Filling the models with tracer 
gases, 81mKr-gas radioactive

• NHF was delivered at rates of 
15, 30, and 45 l/min

• Showed flow-dependent tracer-
gas clearance in the models 

Wash out CO2                                                 
in anatomical dead space

Mündel T et,al. J Appl Physiol 2015; 18:1525-32



Creates positive 
nasopharyngeal pressure

 HFNC :  nasal flow  expiratory pharyngeal pressure 

Groves et al. Aust Crit Care 2007; 20:126-31



Overcomes resistance against 
expiratory flow in nasopharynx

 HFNC :  expiratory resistance  expiratory flow  

 inspiratory resistant

Mündel T et,al. J Appl Physiol 2013; 114:1058-65



HFNC:  tidal volume (from 0.7 + 0.1 L  0.8 + 0.2 L)                                        

 respiratory rate (from 16 + 2  13+3 bpm)

Increase                                          
respiratory lung volume

Mündel T et,al. J Appl Physiol 2013; 114:1058-65



HFNC end-expiratory lung impedance

mean airway pressure,  tidal impedance variation

improved PF ratio, dyspnea score

 respiratory rate 

Corley A et,al. Br J Anaesth 2011; 107:998-1004

Increase                                          
respiratory lung volume



 Absolute humidity was lower at 20 than 40 and 50 L/min of flow
 HFNC  AH increased with increasing HFNC flow 

Humidification
& Good mucociliary function

Airvo 2 HFNC OptiFlow HFNC

35.3+2.0 37.1+2.2 37.6+2.1 33.1+ 1.5 35.9+ 1.7 36.2+ 1.8



 HFNC 

 dryness of nasal mucosa

 discomfort

 improves clinical tolerance   

of oxygen therapy

9 L/min            12 L/min
Baseline median oxygen flow

Cuquemelle et,al. Respir Care 2017; 57:1571-7

Humidification
& Good mucociliary function



Constant FIO2

 FiO2 approached 0.60 as gas flow rates increased above 30 l/minute 
during nose breathing at rest

Ritchie et,al. Anaesth Intensive Care 2011; 39: 1103-1110
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Bräunlich et,al. Respiration 2013;85:319–325

Δ pCO2 before and after 8 hr. of HFNC

Healthy 
volunteers

COPD
Idiopathic 
pulmonary 

fibrosis

Hypercapnic respiratory failure
:HFNC effect in COPD &IPF



Hypercapnic respiratory failure
:HFNC effect in COPD &IPF

COPD IPF

CO2↓ 55.6+6.5 → 50.5+5.2 mmHg CO2↓ 51.5+6 → 47.9+4 mmHg

Bräunlich et,al. Respiration 2013;85:319–325

 HFNC :  CO2 wash out 



Hypoxemic respiratory failure
: FLORALI trial 

Frat et,al. N Engl J Med 2015;372:2185-96.



Hypoxemic respiratory failure
: FLORALI trial 

Hypoxemic 
respiratory failure 

(P/F < 300)

High-flow oxygen 
group

Standard oxygen 
group

NIV group

Primary outcome : intubation rate at day 28

Secondary outcomes : mortality in the ICU at 90 days 

Frat et,al. N Engl J Med 2015;372:2185-96.



Frat et,al. N Engl J Med 2015;372:2185-96.

Hypoxemic respiratory failure
: FLORALI trial 

NIV : 50% 

Standard O2: 47%
HFNC : 38% 

 HFNC :  intubation rate  

OVERALL population : intubation rate at day 28 

P = 0.17



Frat et,al. N Engl J Med 2015;372:2185-96.

Hypoxemic respiratory failure
: FLORALI trial 

HFNC 

Standard O2

NIV

Cumulative probability of survival at 90 days

 HFNC :  survival rate
P = 0.02



Post-extubation
: OPERA trial

Futier et,al. Intensive Care Med (2016) 42:1888–1898 



Post-extubation
: OPERA trial

Futier et,al. Intensive Care Med (2016) 42:1888–1898 

Postoperative 
abdominal 

surgery patients

High-flow oxygen 
group

Standard oxygen 
group

Primary outcome: 
hypoxemia (P/F ratio < 300)  

- 1 hr after extubation
- after O2 treatment discontinuation



Post-extubation
: OPERA trial

Futier et,al. Intensive Care Med (2016) 42:1888–1898 

Secondary outcome: 
- postoperative pulmonary complications 
- duration of hospital stay
- mortality rate

Postoperative 
abdominal 

surgery patients

High-flow oxygen 
group

Standard oxygen 
group



Post-extubation
: OPERA trial

Futier et,al. Intensive Care Med (2016) 42:1888–1898 

Primary outcome:  hypoxemia (P/F ratio < 300)  

 HFNC : does not   postop hypoxemia 



Post-extubation
: OPERA trial

Futier et,al. Intensive Care Med (2016) 42:1888–1898 

Secondary outcome:  

 HFNC : does not  
postop pulmonary complication , length of hospital stays , mortality 



Futier et,al. Intensive Care Med (2016) 42:1888–1898 

Post-extubation
: OPERA trial

 HFNC : does not improve pulmonary outcomes in 
postoperative patients compared w/ standard O2 therapy 

HFNC

Standard O2

Hazard ratio 0.81 ( 95% CI : 0.57-11.5)

Secondary outcome:  postop pulmonary complication



Stéphan F et,al. JAMA.2015;313(23):2331-2339

Post-extubation
: BiPOP study



Stéphan F et,al. JAMA.2015;313(23):2331-2339

Post-extubation
: BiPOP study

Postoperative 
cardiothorasic

surgery patients

High-flow oxygen 
group

BIPAP

Primary outcome:  treatment failure
- Reintubation 

- Premature Rx discontinuation: 
patient request, adverse effects ie. gastric distention



Stéphan F et,al. JAMA.2015;313(23):2331-2339

Post-extubation
: BiPOP study

Patients w/o treatment failure (%) 

HFNC :  79 %

BiPAP: 78.1 %

Absolute risk reduction 0.9 ( 95% CI : - 4.9 % to 6.6 %)

 HFNC : is not inferior to BiPAP in postoperative patients. 



Demoule et,al. Intensive Care Med 2016; 42:768–771 

HFNC and ARDS
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Signs of HFNC failure

HFNC success

HFNC failure

Sztrymf et,al. Intensive Care Med 2011; 37:1780–1786 

Respiratory Rate

Time after HFNC started

Thoracoabdominal asynchrony

Time after HFNC started



Signs of HFNC failure

HFNC success

HFNC failure

Sztrymf et,al. Intensive Care Med 2011; 37:1780–1786 

ABG parameter

Time after HFNC started

SpO2

Time after HFNC started



BKang et,al. Intensive Care Med 2015;41:623–63

HFNC failure

 Overall ICU mortality
 Extubation success
 Ventilator weaning 

The early intubated 
patients (<48 hr. )   



Conclusion 

 HFNC is an effective in treating

- hypercapnic respiratory failure 

- hypoxemic respiratory failure

- mild ARDS 

 Role of HFNC in post operative 

patients is unclear 

 Failure of HFNC might cause delayed      

intubation and worse clinical   

outcomes






