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O2 delivery system: Low vs high-flow

**Conventional oxygen therapy, COT**
- FiO2 was limited if  inspiratory flow exceeds the delivered O2 flow, resulting in  

entrainment of ambient air.
- Conventional high flow system induced mucosal injury and patient discomfort. 





Adequate heat and moisture 
of inspired medical gases

8www.wilamed.com



HFNC system (Fisher & Paykel).                    HFNCa on an adult 

- Respiratory Investigation, 2014/09/01, Vol 52, Issue 5, Pages 310-314
9



FIO2 between 0.21 ~1.0 
Flow up to 60 L/min 

In high low of 60 L/min, electrical
output  humanity  can be  100% (F&P)

open circuit

PEEP Effect
≈ 3 -5cm H2O

Dead space wash  

10- Respiratory Care, Apr 2016, 61(4) 529-541



1.5 ± 0.6

2.2 ± 0.8

3.1 ± 1.2

- Respiratory Care October 2013, 58 (10) 1621-1624

Airway Pressures Delivered 
With Nasal High Flow Oxygen



• Prospective randomized crossover study in non-intubated
AHRF with PaO2 /FiO2 <300 mm Hg , ICU

• Randomly applied HFNC set at 40 L/min compared with a 
standard non-occlusive facial mask at the same clinically set 
FiO2 (O2 flow 12L/min)

- AJRCCM, Vol 195, Iss 9, pp 1207–1215, May 1, 2017



Inspiratory effort Work of breathing

Qxygenation Minute ventilation



Lung volume Ratio of VT to inspiratory effort

Baseline arterial CO2 tension is 
correlated with changes in 
inspiratory effort.



Effects of HFNC on Lung Aeration, Homogeneity, 
and Respiratory Pattern

*In AHRF, HFNC exerts multiple physiologic effects including less 
inspiratory effort and improved lung volume and compliance. 



Physiologic benefits of high-flow nasal cannula compared with 
conventional low-flow oxygenation

➢ Improved oxygenation

➢ Decreased anatomic dead space owing to washout of upper airway

➢ Decreased metabolic cost of breathing/reduced carbon dioxide generation

➢ Generation of positive nasopharyngeal and tracheal airway pressure

➢ Improved work of breathing

➢ Preconditioning of inspired gas (heated and humidified)

➢ Better secretion clearance

➢ Superior comfort

➢ Reduced room air entrainment

- StatPearls Publishing; 2020 Jan



Clinical applications of HFNC

1.Acute Hypoxemic Respiratory Failure

2.Post Surgical Respiratory Failure

3. Acute Heart Failure /Pulmonary edema

4.Hypercapnic Respiratory Failure, COPD

5.Pre intubation & Post extubation Oxygenation

6.Obstructive Sleep Apnea

7. Use in the emergency department

8. Do Not Intubate the patient



Main indications to HFNC utilization

Indications Levels of recommendations References

Hypoxemic respiratory failure

+++ [ 9 ,13,14,15,16,17,18,19 ]
- ARDS

- Pneumonia

- Cardiogenic pulmonary edema

Hypercapnic respiratory failure +− − [ 5 ,20,21,22 ]

Pediatric +++ [ 23,24,25,26,27,28,29,30,31 ]

Trauma ++− [ 32 , 33 ]

Immunocompromised +++ [ 13 , 34 ]

Do-not-intubate patients +++ [ 35 , 36 ]

Procedures

++− [ 38 , 39 , 42 , 43 ]- Rapid sequence intubation

- Bronchoscopy

- European Journal of Internal Medicine, 2019, Vol 64, P10-14



Application and settings

• No guideline  

• But practically suggestion

– patients in need of HFNC are at high risk of severe 
respiratory failure or mechanical ventilation

– applied in a monitored setting such as the in ICU, 
ED or intermediate care floor.



Initial settings and adjustments

• Flow
– below 5 L/min and up to 60L/min

– Initial set 25-35 LPM (patient comfort and compliance 
are key factors)

• Oxygen
– FiO2 21%~100%, 

– Set target peripheral SpO2

• Heat and Humidity
– Heat to 37 o C and 100% relative humidity



Initial settings and adjustments

• titrate up

– Flow rate increased 5-10L/min

– Prefer FiO2 keep < 60% as possible

• Switch to conventional low-flow 

– once the flow  ≤20 L/min and FiO2 ≤50 %.

• Aerosolized medication

– Not recommandation



- J Pediatr (Rio J). 2017;93:36---45. 

- Med Intensiva. 2015;39(8):505---515







Contraindication of HFNC

• No strong evidence, however be careful to apply it to patients 
to whom NPPV is contraindicated.

Contraindication of NIV



What’s new  in HFNC application



High-flow nasal cannula for 
COVID-19 patients ?

Low risk of bio-aerosol dispersion 

- European Respiratory Journal 2020



- Clinical Infectious Diseases 2007; 44:1017–25

• A case-control study, 124 medical wards in 26 hospitals 

• In Guangzhou and Hong Kong, China
• Experience from 2003 SARS





Risk factors of super-spreading 
nosocomial outbreaks of SARS:

6 independent risk factors 

1. Minimum distance between beds <1m (OR 6.98, 95%CI 1.68-28.75, p=0.008)

2. Washing or changing facilities for staff (OR 0.12, 95%CI 0.02-0.97, p=0.05)

3. Performance of resuscitation (OR 3.81, 95%CI 1.04-13.87, p=0.04)

4. Staff working while experiencing symptoms (OR 10.55, 95%CI 2.28-48.87, p=0.003)

5. SARS pts requiring oxygen therapy >6L/min (OR 4.30, 95%CI 1.00-18.43, p=0.05)  

6. SARS pts requiring non-invasive ventilation (OR 11.82, 95%CI 1.97-70.80, p=0.007) 



• NIV via a helmet: leakage to 230mm if 
mask neck interface loose when IPAP ↑ 
from 12 to 20cmH20 while EPAP set at 
10cmH20. No leakage with a good neck 
seal.
• NIV via a total face mask: leakage up to 
812mm when IPAP ↑ from 10-18cmH20 
while EPAP set at 5cmH20.

- CHEST 2015 May;147(5):1336-1343



Barrier Enclosure during Endotracheal Intubation

- N Engl J Med 2020; 382:1957-1958



Summary of exhaled smoke dispersion 
distances with different O2 devices

- European Respiratory Journal 2020



NIV/HFNC in COVID 19 patient ?



- CHEST-2020-1164.

- Nature Scientific Reports
volume 8, 198 (2018)

- Simple Surgical Mask during HFNC 



氧氣治療於新冠肺炎

• 因新冠病毒的高傳染性，醫療人員應特別小心會
增加病毒氣溶膠(aerosol)的醫療行為!

– 使用每分鐘大於六升氣流速的氧氣患者均要小心。

• 戴鼻導管或使用氧氣面罩時，建議病人加戴外科
口罩!

– 不建議使用可調式氧 氣面罩(Venturi mask)

– 不建議使用噴霧藥劑，若需要吸入藥物，建議使用吸
藥輔助腔+定量氣霧劑治療。

-台灣胸腔暨重症加護醫學會 2020/05



氧氣治療於新冠肺炎

• 嚴重缺氧P/F<200時，使用Non rebreathing mask
– 需加裝單向閥與高效濾網；也建議 病人加戴外科口罩。



新冠肺炎病人非侵襲性呼吸器的使用

• NIV治療易有懸浮微粒，對醫護人員有威脅，故
不建議於該類病人!

• 若考慮使用，應於負壓隔離室使用，醫護需穿著
完整個人防護裝備；管路應加裝高效濾網



高流量鼻導管的使用

• 有可能增加病毒氣溶膠 (aerosol) 產生，增加病毒
傳播可能性!

– 醫療人員應穿戴N95 及全套防護裝備；

– 且應在負壓病室或換氣良好獨立房間，來照顧使用高
流量鼻導管的病人。



- CCM 2020/Jun • Vol 48 • No 6

Surviving Sepsis Campaign: guidelines on the 
management of critically ill adults with COVID-19



Surviving Sepsis Campaign: guidelines on the 
management of critically ill adults with COVID-19

Recommendations and Statements of ventilation

- CCM 2020/Jun • Vol 48 • No 6





High Flow Nasal Cannula, Is There a 
Role in COPD?



HFNC effects on breathing pattern in 
stable hypercapnic COPD

Braunlich J et al Int J COPD 2016: 11



Impact on PCO2 and comfort

- Braunlich J et al Int J COPD 2016: 11

N=54 ABG change after 2 hours



Nasal highflow improves ventilation 
in patients with severe COPD

* In summary: 
- NHF leads to a flow-dependent reduction in pCO2.  
- NHF enhances effectiveness of breathing in patients with COPD

: educes pCO2, the work of breathing, and respiratory work load.



HFNC oxygen therapy versus NIV for COPD with acute-
moderate hypercapnic respiratory failure: an 

observational cohort study

• COPD AR, PaCO2>50 mmHg, received HFNC or NIV

• 39 in the HFNC group and 43 in the NIV group

• Endpoint was treatment failure : 

– invasive ventilation, or a switch to the other study 
treatment, 28-day mortality.

- Int J COPD 2019:14 1229–1237





Outcomes between the HFNC and NIV groups



Effects of HFNC in patients with persistent hypercapnia
after an COPD AE: a prospective pilot study

在“純” COPD患者中，HFNC能夠在72小時後顯
著降低PaCO 2，並且可以從急性高二氧化碳呼
吸衰竭中恢復。

- BMC Pulmonary Medicine
volume 20, Article number: 12 (2020)





High-Flow Nasal Cannula Therapy for 
Obstructive Sleep Apnea in Children

- J Clin Sleep Med 2015;11(9):1007–1010

minimal oxygen saturation



HFNC ventilation therapy for OSA in ischemic stroke 
patients requiring nasogastric tube feeding:

a preliminary study

• OSA, with acute stroke, need NG tube feeding 

• One week after the stroke onset, N=11

- Scientific Reports,  (2020) 10:8524



The result of polysomnography in baseline and HFNC therapy



In Hypoxemia 

HFNC



Right patient right time right dose


