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Application of oxygen therapy

• Nasal cannula: limited when patients are tachypneic due to high 
respiratory rate (leading to increased entrainment of air) with high peak 
inspiratory flow rate of the patient (exceeding that of delivered oxygen).  
Also, lack of humidification affects mucosal dryness/patient comfort.

• Venturi mask: delivers higher flow rates (30-50 L/min) with FiO2 24-60%.  
Also limited by insufficient humidification via standard bubble humidifiers.

• Hi Flow Nasal Oxygen: delivers up to 60 L/min heated, humidified O2 
with FiO2 range 21-100%. 



Hi-Flow Nasal Cannula Oxygen (HFNC)

Intensive Care Med 2016; 42: 1336-49

Hi pressure source of O2

Blender or Venturi system for 
accurate FiO2 %

Designed to minimize 
condensation (one system 
uses a heated inspiratory 
circuit)



Am J Respir Crit Care Med 2017; 195: 1128-31



HFNC

Pros

• Lowers respiratory rate

• Decreases subjective dyspnea

• Increases comfort

• Improves oxygenation

• Reduces accessory muscle use

• Well tolerated, minimal 
claustrophobia

• Can continue to eat, drink, speak

Cons

• Nasal irritation

• Runny nose

• Noisy

• Epistaxis

• Potential problem if recent nasal 
surgery or trauma.

• Risk of delayed intubation



HFNC vs. NIV vs. NRB for AHRF

• Multicenter RCT

• 310 patients (PaO2/FiO2 ≤ 300, PaCO2 < 45)

• 1◦ outcome: rate of intubation

– Trend toward decreased intubation rate with HFNC (38% vs. 47% 
NRB, 50% NIV; p=0.18)

• 2 ◦ outcomes: all-cause mortality in ICU and at 90 days, number 
of ventilator free days, complications

N Engl J Med 2015; 372: 2185-96



N Engl J Med 2015; 372: 2185-96

HFNC vs. NIV vs. NRB for AHRF

• HFNC significantly increased number of 
ventilator-free days

• No difference in adverse events

• HFNC associated with less respiratory 
discomfort and dyspnea

Decreased Mortality with HFNC

Decreased Intubation Rate with HFNC in Patients 
with PaO2/FiO2 ≤ 200







Conclusion

• HFNC failure (defined as the need for endotracheal intubation—unable to maintain 
SpO2 > 90%, hypercapnia with pH < 7.3, RR > 35 with distress, metabolic acidosis 
with hypotension, need for airway protection) after 48 hr was a predictor of 
mortality.

• But…

• Single center 

• Retrospective



Standard (NRB): 10L/min or more
Hi flo: 50L/min or more
SaO2 targets:  92-96%
Hi flow for at least 48 hr



Mortality, pneumonia, length of ICU stay

Escalation to other type of
oxygen therapy



Non-invasive 
ventilation

nasaloronasal pillows

helmethybridtotal face



Non-invasive ventilation (CPAP and BPAP)

• Ok to try if:
• Respiratory distress
• Appropriate diagnosis (see next slide)
• Increased work of breathing
• Respiratory acidosis
• No contraindications (see below)

• Best not to try if:
• Unable to protect airway 
• Unable to fit interface
• Uncooperative patient
• Unlikely to be short term
• Recent esophageal surgery
• Facial trauma
• Cardiac or respiratory arrest

Frequent re-assessment for efficacy is 
critical! 

• Best to stop when:
• Lack of improvement within 1-2 hr
• Patient is intolerant of the treatment



Potential benefits of NIV

• Reduce WOB

• *Improve gas exchange, decreases 
afterload

• Avoid complications and discomfort 
associated with invasive ventilation

• Reduce intubation rate

• Facilitate/accelerate extubation

• Reduce LOS

• Decrease cost

• Reduce mortality



Complications

• Leaks

• Mask discomfort, facial soreness, facial skin breakdown

• Eye irritation

• Sinus congestion

• Oronasal drying

• Gastric insufflation

• Hemodynamic compromise



Note: hypoxic respiratory failure is not on the list



Retrospective
Single-center
Propensity matched
Those trialed with NIV first vs those intubated w/o NIV
Primary outcome: ventilator free days

Conclusion: Compared with early 
intubation, NIV use was associated 
with more ventilator-free days in 
patients with hypoxaemic respiratory 
failure. However, this did not translate 
into a shorter length of stay or reduced 
mortality based on our single-centre
experience.
Note: those who failed NIV trial had high 
mortality



Pragmatic
Non-blinded
Helmet versus usual respiratory care (including NIV 

but not helmet) 
Feb 8, 2021 to Nov 16, 2021
659 assessed for inclusion
322 randomized

40% either refused the helmet or, more commonly, 
discontinued it for intolerance within 24 hr

Primary endpoint was 28 day mortality.



Take Home Points

• Oxygen delivery systems each have a role in certain clinical circumstances. 

• HFNC offers improved comfort over NIV, may lead to lower likelihood of 
intubation, and is a reasonable first step for the treatment of hypoxic 
respiratory failure. However….

• When trialing HFNC or NIV, it is critically important to assess and re-assess 
at frequent intervals.  If not having the desired effect (increase pO2, 
decrease RR, etc) then escalation to other therapy is indicated without 
delay.



Oxygen 
therapy in the 
critically ill
When is it too much of a good thing?



Oxygenation of the critically ill

a. Traumatic brain injury

b. Ischemic stroke

c. Post-cardiac arrest

d. All of  the above

e. None of  the above

JAMA 2010;303:2165-71

Which critically ill patients enjoy a mortality benefit from having higher oxygen targets as compared 
with lower ones?



• Hypoxia: sometimes bad 
but we can adapt within 
limits.

• Hyperoxia: probably bad 
but more so in certain 
circumstances

The consequences of 
both are probably a 
matter of degree and host 
factors



The Great Oxidative Event

It was caused by cyanobacteria doing photosynthesis. It took from about 

three billion years ago to about one billion years ago.

Years (billions)

https://kids.kiddle.co/Cyanobacteria
https://kids.kiddle.co/Photosynthesis
https://kids.kiddle.co/Billion


Singer et al.  Critical Care 2021;25:440.
[Sleep loss and death]



Oxygen toxicity

Everyone has heard of it but no one has seen it        OR                    hiding in plain sight







Bottom Line re oxygen use:



Take Home Points

• Too much oxygen is bad

• Too little oxygen is bad

• Finding the best oxygen target for each individual patient should 
probably consider the underlying problem (supply-demand mismatch 
versus direct lung injury for example).
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