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O2 supply 

Low flow system (nasal 
cannula; simple mask; 
non-rebreathing mask)

High flow system 
(Venturi mask; high 
flow nasal cannula) 



Moisture 
equipment  

Bubble humidifier for 
low flow O2 therapy 

Nebulizers for high 
flow O2 therapy 



氣泡式濕化器對於高流量氧氣治療
之加濕效率顯著不足，可能造成鼻
乾、喉嚨乾燥、眼睛刺激、與呼吸
道黏膜受損等不適症狀，降低了病
人對於氧氣治療的耐受性

霧化式加濕器雖然可提供高流量與
較足夠的濕度，但霧氣粒子可能因
夾帶細菌或病毒等病原體，造成染
污與散播的潛在空氣傳染性疾病，
也不適用於氣道敏感的病人上



High flow nasal 
cannula: equipment-
patient interface
: 30-60 L/min 
: FiO2 =0.21-0.9 
: 31-37C 
: 相對溼度 100 % 的氣體



Mechanisms and benefits of oxygen delivered via high 
flow nasal cannula



HFNC increases nasopharyngeal airway pressure that peaks 
at the end of expiration (ie, "PEEP effect")

Respir Care 2013; 58(10):1621. 



Indications

in patients with severe hypoxemic respiratory failure (eg, [PaO2:FiO2] ratio <300 mmHg)

Medical patients with severe hypoxemic resp failure

Post-extubation support 

Prevention of post-op resp failure 

Oxygenating patients during weaning trials or bronchoscopy

HFNC does not have a role to play for those who are sufficiently oxygenated with low-flow nasal 
cannulae or those with an indication for immediate intubation (which includes failure of NIV)



Contraindications 

Abnormalities or surgery of the face, nose, or 
airway that preclude an appropriate-fitting nasal 
cannula. 

Following upper airway surgery to avoid the 
theoretical risk that the high pressure may 
precipitate a venous thromboembolism 



Complications of 
HFNC 
Abdominal distension, aspiration, and 
rarely, barotrauma (eg, pneumothorax)



• Evaluate the safety and efficacy

• no difference in mortality

• decreased risk of requiring intubation (RR 0.85, 95% CI 0.74-0.99) or 
escalation of oxygen therapy(RR 0.71, 95% CI 0.51-0.98)

• no effect on intensive care unit length of stay; patient reported 
comfort; or patient reported dyspnea



1)evaluated the effectiveness in severe AECOPD with moderate hypercapnic acute 
respiratory failure (ARF) compared to non-invasive ventilation (NIV).
2) prospective observational trial
3) The end point was the intubation rate and 30-day mortality
4) The intubation rate at day 30 was 25.0% in the HFNC group and 27.3% in the NIV group 
(P = .857)
5) the 30-day mortality was 15.9% in the HFNC group and 18.2% in the NIV group 
(P = .845).

no difference of the 30-day mortality and intubation rate



https:// www.covid19treatmentguidelines.nih.gov/



High-Flow Nasal Cannula Oxygen and Noninvasive 
Ventilation

Recommendations

• For adults with COVID-19 and acute hypoxemic respiratory failure 
despite conventional oxygen therapy, the Panel recommends starting 
therapy with HFNC oxygen; if patients fail to respond, NIV or 
intubation and mechanical ventilation should be initiated (BIIa).

• For adults with COVID-19 and acute hypoxemic respiratory failure 
who do not have an indication for endotracheal intubation and for 
whom HFNC oxygen is not available, the Panel recommends 
performing a closely monitored trial of NIV (BIIa).



Part I:HFNC in 
acute hypoxemic 

resp failure 

I: ARDS patients 

II: Pneumonia patients 

III: HF patients 



I:HFNC in ARDS patients 

• Crit Care Med. 2017;45(11):1845-1853.



Study designs 

Intubated and non-intubated patients admitted to the ICU with acute 
hypoxemia (Pao2/Fio2 ≤ 300) and bilateral opacities

If similar in terms of Lung epithelial, endothelial, and inflammatory 
biomarkers



*RAGE: receptor for advanced glycation end products 
*surfactant protein-D   



*ANG-2:angiopoietin-2
*IL-6 



*IL-8 and IL-33 





• Acute hypoxemic patients with bilateral infiltrates treated with high-
flow nasal cannula presented a similar pattern of biomarkers of 
inflammation and injury to acute respiratory distress syndrome 
patients undergoing direct mechanical ventilation



I:HFNC in ARDS patients 

• 不建議在中度或重度的 ARDS （PaO2 / FiO2 < 200) 中使用 HFNC ，
因為會提高病人死亡率



J Crit Care. 2016;35:200-205ROX index（[ 氧飽和度 / FiO2] / 呼吸頻率）



在 2、6 或 12 小時測得的 ROX index 需大於或等於 4.88，才具有 HFNC 的成功因素



Summary: 
HFNC in ARDS 

patients           

在 Berlin definition for ARDS 輕度的病人（200 mmHg 
< PaO2/FiO2 < 300 mmHg) ，可考慮使用 HFNC 做為
第一線治療，尤其 ARDS 主因是肺炎引起的病人

但在較高的 SAPS II 分數（>46）、合併有其他器官
衰竭，血行力學不穩或意識混亂的病人，有較高的
失敗率

應注意病人是否有立即性插管的可能，避免延遲插
管的發生

可考慮使用 ROX index（[ 氧飽和度 / FiO2] / 呼吸頻
率）作為 HFNC 是否失敗的預測



II:HFNC in pneumonia patients 

Chest. 2017;151(4):764-775.



HFNC vs COT + HFNC vs NIPPV: intubation   



ICU mortality 

Chest. 2017;151(4):764-775



Chest. 2017;151(4):764-775



Compared with COT, HFNC could reduce the 
rate of endotracheal intubation in patients 
with ARF



*The primary outcome was the proportion of patients intubated at day 28
*P/F ratio < 300, without hypercapnia









Expert 
suggestions 
for HFNC in 

patients with 
pneumonia 

•儘管尚無直接證據表明在肺炎
患者中可使用 HFNC，但許多
針對急性低血氧性呼吸衰竭的
研究都包括了肺炎患者。因此，
HFNC 可被視為肺炎患者的前
線治療。



III:HFNC in heart failure patients 

*HVNI=22; NIPPV=20
*The primary outcome was therapy failure at 72 h after 
enrolment





Much comfort/tolerance; less monitoring   



•this subgroup analysis suggests 
HVNI may be non-inferior to 
NIPPV in patients with 
respiratory failure secondary to 
ADHF that do not need 
emergent intubation



Primary outcomes: the physiological responses and in-hospital clinical 
outcomes between two groups. 

J Thorac Dis 2019 Feb;11(2):410-417





J Thorac Dis 2019 Feb;11(2):410-417

No difference ! 



This study showed HFNC group had a similar 
result of improvement of oxygen saturation 
and in-hospital clinical outcomes compared 
with intubation group in AHF. 



Expert 
consensus of 
HFNC for HF 

patients 

•心衰竭併呼吸衰竭，臨床評估可先
使用非侵襲性機械通氣輔助時，
選擇 HFNC 與 NIPPV 效果相當。

•低血氧者若血行動力穩定且意識清
楚，可考慮以 HFNC 取代插管，兩
者無顯著死亡率差異。



Part II:HFNC 
in patients 
with acute 
hypercapnic 
resp failure

I: mild to moderate   
hypercapnic resp failure 

II: AECOPD 



I: mild to moderate hypercapnic resp failure 

Can Respir J . 2020 Oct 29;2020:7406457

•

> 16 years old 
PaCO2 > 45 mmHg

621 patients ; 6 RCT and 2 cohort study  



Intubation 

Mortality 



ABG

Resp Rate



• HFNC may be an effective and safe 
alternative to prevent endotracheal 
intubation and mortality when NIV is 
unsuitable in mild-to-moderate hypercapnia. 



II: AECOPD 



HFNC versus NIV for intubation



HFNC versus NIV for MORTALITY 



• Conclusion: For AECOPD patients, low-
quality evidence indicates that HFNC does 
not increase intubation and mortality risks 
compared to NIV.



Expert 
consensus 

• 對於輕度到中度的高碳酸血症病人，
HFNC 在防止氣管內管插管和死亡率方
面與 NIPPV 沒有顯著差異。HFNC 在 pH 
值變化、改善氧合、清除二氧化碳、減
輕呼吸困難和 ICU 天數方面與 NIPPV 有
相同的效益。在病人的舒適度和治療相
關併發症方面，使用 HFNC 優於 NIPPV。

• 針對 AECOPD 病人，HFNC 和 NIPPV 在插
管風險、死亡率、PaCO2、pH、呼吸
速率和使用裝置時間方面沒有差異。
HFNC 可能比 NIPPV 有更低的 ICU 天數
和更為舒適。在 PaCO2 和 pH 值方面，
HFNC 和 COT 之間也沒有差異，但使用
HFNC 病人的呼吸速率可能會比 COT 低。



Part III: HFNC in 
post-extubation 

care

I: HFNC in post-
extubation resp failure 

II:HFNC in post-thoracic 
or post-cardiovascular 
surgery high risk patients 



• Intensive Care Med. 2020;46(12):2226-2237

Intensive Care Med. 2020;46(12):2226-2237



•Intensive Care Med. 2020;46(12):2226-2237



I: HFNC in post-extubation resp failure

•. JAMA 2016 Apr 5;315(13):1354-61for 24 hours after extubation



Low risk for reintubation definitions: 

• younger than 65 years; 

• Acute Physiology and Chronic Health Evaluation II score less than 12 on day of 
extubation;

• body mass index less than 30;

• adequate secretions management; 

• simple weaning; 

• 0 or 1 comorbidity; and

• absence of heart failure, moderate-to-severe chronic obstructive pulmonary 
disease, airway patency problems, and prolonged mechanical ventilation







•Among extubated patients at 
low risk for reintubation, the 
use of high-flow nasal cannula 
oxygen compared with 
conventional oxygen therapy 
reduced the risk of 
reintubation within 72 hours



•.JAMA 2016 Oct 18;316(15):1565-1574





• Among high-risk adults who have undergone extubation, high-flow 
conditioned oxygen therapy was not inferior to NIV for preventing 
reintubation and postextubation respiratory failure. High-flow 
conditioned oxygen therapy may offer advantages for these patients.



Expert 
consensus 

已有實證支持預防拔管後呼吸
衰竭使用 HFNC 優於 COT

但不支持也不反對 HFNC 優於
NIPPV，尤其當病人已接受
NIPPV 治療時。



II:HFNC in post-thoracic or post-cardiovascular 
surgery high risk patients 

The primary outcome was treatment failure, defined as reintubation, switch to the other study treatment, or 
premature treatment discontinuation (patient request or adverse effects, including gastric distention).





• Among cardiothoracic surgery patients with or at risk for respiratory 
failure, the use of high-flow nasal oxygen therapy compared with 
intermittent BiPAP did not result in a worse rate of treatment failure. 
The findings support the use of high-flow nasal oxygen therapy in 
similar patients.



Expert 
consensus 

•在接受心臟和胸腔大手術的高
風險族群或肥胖病人中，術後
預防性使用 HFNC 可能優於
COT。

•但與 NIPPV 相比，術後使用
HFNC 並無優勢也無不利影響。

•目前並無足夠證據建議在其他
手術後預防性使用 HFNC 有幫
助



Part IV: HFNC 
in palliative 
care 



Respir Care 2013 Apr;58(4):597-600. R





HFNC was initiated at a mean FIO2 of 0.67 (range 0.30 –1.0) and flow of 42.6 L/min 
(range 30 – 60 L/min). 



•HFNC can provide adequate 
oxygenation for many patients 
with hypoxemic respiratory failure 
and may be an alternative to NIV 
for DNI patients.



HFNC effects on ILD patients with DNI 









對於 DNI 病人，HFNC 能有效治療低血氧，
並顯著改善呼吸困難症狀。與 NIPPV 相
較，病人對 HFNC 的耐受性較高，亦較
能進食與溝通。在緩和療護中，我們推
薦使用 HFNC 來治療低血氧和改善呼吸困
難症狀。

對於已經使用 HFNC 的重症末期 COVID 病
人，在充分與病人及家屬討論病情後，
可以參考國外的流程，在緩和醫療及團
隊照護共識下，依照病人的最大利益，
評估逐步地脫離 HFNC，進行安寧緩和照
護



Part V:Special Consideration 
in COVID-19 Era







• 在使用氧氣下仍有低血氧現象的新冠肺炎病人，建議使用濕化高
流量氧氣治療，優先於非侵襲性正壓呼吸器（Noninvasive Positive 
Pressure Ventilators, NIPPV）。

• 新冠肺炎病人使用高流量氧氣鼻導管必須在有經驗的單位與人員
監控下執行，而且在病情惡化或治療反應不佳時，他們必須有能
力執行緊急插管。

• 因考量可能增加新冠肺炎院內感染風險，使用高流量氧氣鼻導管
仍應力行空氣傳播感控原則，包括嚴格使用個人防護裝備、定期
洗手、在負壓隔離室使用、並於鼻導管外加外科口罩



Take home message -1

• 使用非重複吸入式氧氣面罩 10 L/min 仍無法維持 SpO2 > 92% 或
每分鐘呼吸次數≧ 25 次。

• WHO 建議 COVID-19 病人出現輕度氧合能力缺失，即 P/F（PaO2 / 
FiO2）ratio 介於 200 mmHg ~ 300 mmHg，可能可以使用 HFNC。



Take home message -2

• 不建議使用 HFNC

• 1. 使用呼吸輔助肌、胸腹部不協調等呼吸窘迫徵象者

• 2. 上呼吸道阻塞者

• 3. 缺乏保護上呼吸道能力，有吸入性肺炎風險者

• 4. 嚴重低血氧，包括 P/F ratio < 100 mmHg

• 5. 高碳酸血症，其中 pH < 7.25 且 PaCO2 > 50 mmHg

• 6. 臉部創傷，無法配戴鼻導管者

• 7. 無法配合使用者



Take home message -3

• 初始設定

• 1. 依照選擇的高流量氧氣設備組裝管路，加熱潮溼器加入無菌蒸
餾水。

• 2. 設定加熱潮溼器 37°C，確保在該溫度時達相對濕度 100%。

• 3. 鼻導管連接加熱管路，導管置入病人鼻孔，確認未彎折並繫帶
固定。

• 4. 設定流速至少 50 L/min，氧氣濃度保持在 SpO2>92%，並依照
病人舒適性及臨床評估調整



Take home message -4

• 用於空氣傳染疾病病人，先將鼻導管放入鼻孔，依序將外科口罩
完整覆蓋病人口鼻，才可開啟 HFNC；暫停使用時，應先關閉
HFNC 或進入待機模式後才可取下鼻導管，避免氣霧逸散。

• 治療期間病人無法緊閉嘴巴，變動性氣道正壓將會減低，使提供
穩定氣道能力大幅下降

• 以 ROX index 預測 HFNC 成功率： (1) ROX index > 4.88，預測 HFNC 
成功。 (2) ROX index < 3.85，建議立即插管。 (3) ROX index 介於
3.85 ~ 4.77，病人需密切監視，建議轉入加護病房。



•Thanks for your listening 
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