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“…but what surprised me more than 
I can well express, was, that a 
candle burned in the air with a 

remarkably vigorous flame….I was 
utterly at a loss to account for it.” 

Joseph Priestly 1774



“From the greater strength and vivacity 
of the flame of a candle, in this pure 

air, it may be conjectured, that it might 
be peculiarly salutary to the lungs in 

certain morbid cases when the 
common air would not be sufficient” 

Joseph Priestly 1774



“…having ascertained the superior 
goodness of dephlogisticated air by 

mice living in it…I satisfied my curiosity 
by breathing it. The feeling of it to my 
lungs was not sensibly different to that 

of common air but I fancied that my 
breast felt peculiarly light and easy for 

some time afterwards.” 
Joseph Priestly 1774



“…but, perhaps, we may also infer 
from these experiments, that though 
pure dephlogisticated air might be 

very useful as a medicine it might not 
be so proper for us in the usual 

healthy state.” 
Joseph Priestly 1774



















>125 mmHg
OR 1.23

<65 mmHg
OR 1.12





OR for 10% increment in FIO2 = 1.12













Pooled crude 
OR for death = 1.38

Pooled adjusted 
OR for death = 1.21



Asher

Small (n=193) retrospective review of patients with 
TBI at a single centre

Data only adjusted for presence/absence of chest 
trauma and ARDS

PaO2 threshold of 250 mmHg in the first 72 hours 
was associated with survival, OR = 3.4

Asher SR et al. J Neurosurg Anesthesiol 2013; 25(2): 168-73





Helmerhorst 2017
Defined mild hyperoxamia as PaO2 >120 mmHg and 
severe as PaO2 > 200 mmHg 

MAX24 & MAXLOS = max PaO2 in first 24 hrs & ICU stay 

WOR24 & WORLOS = PaO2 at time of worst P/F value in 
first 24 hrs & ICU stay 

Cumulative exposure calculated from all ABG 

Risk adjusted with APACHE and age





PaO2 = 120-200 mmHg

PaO2 >200 mmHg









Kilgannon

Reperfusion injury, increased formation of reactive 
oxygen species 

Ongoing oxidative stress 

Exaggerated inflammatory response





AVOID

Ambulance Victoria & 9 metro hospitals 

Adults with < 12 hrs chest pain and ST elevation in 
2 contiguous limb or chest leads 

Excluded if SpO2 < 94% at presentation 

Randomised to 8 L/min mask O2 vs air (with O2 prn) 
maintained until end of PCI



Peak CK 1948 vs 1543, p=0.01



Peak Tn 57.4 vs 48.0, p=0.18



AVOID
Increased incidence of in-hospital recurrent MI 
(5.5% vs 0.9%, p=0.006) in oxygen group 

Increased incidence of significant tachyarrhythmias 
(40.4% vs 31.4%, p = 0.05) 

No difference in survival to discharge (but not 
powered for this analysis) 

Larger infarct size - MRI - at 6 months in O2 group 
(20.3g vs 13.1g, p = 0.04)













Can we go lower?



Can we get away with less?





Retinopathy 8.6 vs 17.9%
Mortality 19.9 vs 16.2%









Retinopathy 10.6 vs 13.5%
Mortality 23.1 vs 15.9%
NEC 10.4 vs 8.0%







Oxygen-ICU and Hyper2S study



Oxygen-ICU
Single centre non blinded randomised trial 

Adults expected to be ventilated for > 72 hrs 

94-98% vs 97-100% (with PaO2 up to 150 mmHg) 

Primary outcome: ICU mortality 

Secondary outcomes: LOS, new organ failure 

Powered to detect 6% difference in mortality, n=660



Hospital mortality 24.2 vs 33.9%

ICU mortality 11.6 vs 20.2%





Conclusions

Oxygen is a drug 

LD50 in animals was described 100 years ago 

Animal and human data indicates substantial dose-
related cellular pathology in high O2 environments 

All cause mortality in critical illness appears to be 
independently related to duration of hyperoxia



Everything in poisonous, 
nothing is poisonous; 

it is all a matter of dose 
Claude Bernard


