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To the Editor,

Dr. Mutch and colleagues hypothesized that

intraoperative partial pressure of carbon dioxide (PaCO2)

may be a predictor of postoperative delirium due to

ischemia induced by hypocapnia-induced cerebral

vasoconstriction.1 Support for this hypothesis was later

provided by a retrospective analysis of 89 patients, in

whom low end-tidal intraoperative PaCO2 was a predictor

of delirium after surgery.2 Indeed, there is a credible

rationale for this, as hypocapnia can reduce cerebral blood

flow (CBF) to the point where there is loss of

consciousness. Thus, it is plausible that regional cerebral

hypoperfusion during anesthesia could cause brain

dysfunction, which could then lead to postoperative

delirium. Dr. Mutch’s letter suggested that hyperoxia

may also play a role, by further reducing CBF. Unlike

the earlier hypothesis, this one requires further justification.

There is no evidence that addition of hyperoxemia to

either normocapnia or hypocapnia augments brain tissue

hypoxia. While hyperoxia is well-known to reduce CBF by

depletion of nitric oxide through generation of reactive

oxygen species,3 there is no evidence that it limits oxygen

delivery or uptake, even in the presence of hypocapnia. On

the contrary, a large body of evidence in both animals and

humans is consistent with arterial hyperoxemia inducing a

parallel rise in indices of brain oxygenation.3,4

Measurements of jugular vein blood oxygen levels, a

surrogate of overall brain oxygenation, show an increase

when 100% oxygen is administered.4 Although direct brain

tissue PO2 is only measured in humans if there is a medical

reason to implant an electrode, in a study of patients with

traumatic brain injury, increasing inspired oxygen fraction

from 0.35 to 1.0 for six hours led to both an increase in

brain tissue oxygen and a decrease in brain lactate.4

Supplemental oxygen administration under various clinical

circumstances is accompanied by a rise in brain PO2. In his

review, Johnston reports that brain tissue oxygen normally

has a linear relationship to arterial PO2.4

Is it possible that reduced flow could result in inadequate

uptake of another nutrient molecule, such as glucose? This

is unlikely, since whole brain glucose utilization is

typically 18–60 lM�100 g-1�min-1 (ranging from white

to grey matter). Over the same range of tissues CBF varies

from 30 to 110 mL�100g-1�min-1, thus glucose delivery

(assuming a normal blood glucose concentration of 130

mg�dL-1 (7 mM.L-1) is 200–770 lM�100 g-1�min-1.5

Therefore if blood flow were to limit glucose utilization it

would have to be reduced by a factor of 10–12,

considerably beyond any reduction due to hyperoxia.

Dr. Mutch and colleagues have proposed an interesting

idea, but before avoiding hyperoxemia, either a plausible

mechanism or outcome data are needed.

Disclosures None.

Funding statement None.

Editorial responsibility This submission was handled by Dr.

Gregory L. Bryson, Deputy Editor-in-Chief, Canadian Journal of
Anesthesia.This letter is accompanied by a reply. Please see Can J Anesth 2021;

this issue.

R. E. Moon, MD, CM, FRCPC (&)

Duke University Medical Center, Durham, NC, USA

e-mail: richard.moon@duke.edu

123

Can J Anesth/J Can Anesth (2021) 68:150–151

https://doi.org/10.1007/s12630-020-01798-y

http://orcid.org/0000-0003-4432-0332
http://crossmark.crossref.org/dialog/?doi=10.1007/s12630-020-01798-y&amp;domain=pdf
https://doi.org/10.1007/s12630-020-01798-y


References

1. Mutch WA, El-Gabalawy RM, Ruth Graham M. Strawman redux:

management of end-tidal gases in patients at risk of perioperative

neurocognitive disorder. Can J Anesth 2020; https://doi.org/10.

1007/s12630-020-01768-4.

2. Mutch WA, El-Gabalawy R, Girling L, Kilborn K, Jacobsohn E.

End-tidal hypocapnia under anesthesia predicts postoperative

delirium. Front Neurol 2018; https://doi.org/10.3389/fneur.2018.

00678.

3. Demchenko IT, Oury TD, Crapo JD, Piantadosi CA. Regulation of

the brain’s vascular responses to oxygen. Circ Res 2002; 91: 1031-7.

4. Johnston AJ, Steiner LA, Gupta AK, Menon DK. Cerebral oxygen

vasoreactivity and cerebral tissue oxygen reactivity. Br J Anaesth

2003; 90: 774-86.

5. Goyal MS, Vlassenko AG, Blazey TM, et al. Loss of brain aerobic

glycolysis in normal human aging. Cell Metab 2017; 26(353–60):

e3.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

123

Hyperoxia-induced brain ischemia: the Strawman comes up short 151

https://doi.org/10.1007/s12630-020-01768-4
https://doi.org/10.1007/s12630-020-01768-4
https://doi.org/10.3389/fneur.2018.00678
https://doi.org/10.3389/fneur.2018.00678

	Hyperoxia-induced brain ischemia: the Strawman comes up short
	References




