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Introduction

The article of Thomas Gargadennec’s et al. “Detection of
cerebral hypoperfusion with a dynamic hyperoxia test
using brain oxygenation pressure monitoring” [1] is a big
step forward towards a new paradigm in neurotrauma:
the high brain tissue oxygen pressure (PbrO,) pres-
ence by oxygen challenge (OC) from baseline to 100% in
brain-injured patients is in fact independent from local
perfusion sufficiency (i.e. the cut-off of regional cerebral
blood flow<3.5 ml/100 gxmin). Accordingly, with OC
the PbrO, in the tissue of traumatic brain injury (TBI)
patients without hypoperfusion reaches up to 123 [96—
138] mmHg (supplement 2) [1].

This daily challenge of PbrO,, whose mechanisms of
action in the end capillaries remain uncertain until today,
is explained by authors as an “increase in interstitial oxy-
gen diffusion at the arterial capillary side” [1].

Indeed, with OC in all groups of traumatic and non-
traumatic brain injury patients, the PbrO, reaches to
arterial oxygen pressure (PO,) levels (i.e. 62 mmHg in
hypoperfusion zones and 91 mmHg in no brain hypop-
erfusion zones). Therefore, the blood that is in said envi-
ronment has to be arterial.

On the other hand, as confirmed by Johnston and col-
leagues, “normally it is assumed that there is a minimal
oxygen gradient between the extracellular space and the
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end-capillary compartment, and thus that PbrO, reflects
end-capillary oxygen tension” [2].

As we know, the Clark electrode measures PO, in a vol-
ume of 1 mm?, where there are millions of cells and hun-
dreds of capillaries; this “small” volume encloses such a
“megacontent” which is practically in an environment of
the same pressure. Consequently, the end-capillary PO,
in this volume is at least equal or higher than the PO,
measured by PbrO, electrode.

Accepting data presented in the article that the changes
of PbrO, by OC in all brain-injured patients raise to arte-
rial levels of PO,, we can confirm that in a fairly large
homogeneous brain volume, the venous capillary side
blood has arterial level of PO, by hyperoxia. As confirma-
tion, the MRI-derived brain extracellular PO, data with
OC (which includes a much larger volume of tissue) are
consistent with data from the literature obtained using
invasive techniques and exceed 100 mmHg [3].

However, current literature indicates no significant
change in cerebral metabolic rate of brain tissue oxygen
consumption by normobaric hyperoxia [4—7] and oxygen
extraction fraction (OEF) at 0.56 +0.06 in reversible tis-
sues [8]. That is, the OC at the end of cerebral capillar-
ies causes high PO, which is typical to arterial blood with
the presence of blood with low oxygen saturation of Hb
(SO,) (i.e. venous blood).

With the classical knowledge, it is impossible to explain
the presence of such a high PO, at the end-capillary side
of brain tissue: according to the sigmoid “S”-shaped oxy-
haemoglobin dissociation curve (ODC), the SO, with
OC in the brain tissue end-capillary part is expected to
be near 100%, which would mean the miserly oxygen
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extraction and massive mitochondrial dysfunction by
hyperoxia.

The solution of this puzzle is in the field of biochem-
istry: the described high increase in PbrO, with OC is
possible only with intracapillary conformational change
of haemoglobin (Hb) quaternary state from relaxed (R) to
tens (T), which has a lower Hb—O, affinity, highest buft-
ering capacity and hyperbolic and low form of ODC [9].

The existence of Hb T state in the cerebral micro-
circulation is essential: first, it increases PO, with low
SO, in the capillary venous part. Second, it favours to
equally distribute PO, among all cells by capillary length
in homogeneous tissue. And finally, it incomparably
increases Hb buffering capacity to maximum, reaching
the human Haldane coefficient at 0.6 (i.e. the release of
1 mol of oxygen will allow the Hb to bind a 0.6 mol of
H+) [9].

Assuming this, we can confirm that the increase in
PbrO, by OC is a phenomenon due to T state of Hb in
the cerebral venous capillary side with or without local
perfusion involvement. Furthermore, the biological sense
of cerebral autoregulation is to maintain Hb T quaternary
state in the cerebral end-capillary part.

Acknowledgements are due to the authors who confirm
the presence of arterial PO, equivalent PbrO, with OC
in various types of brain injury patients, regardless of the
state of local perfusion.

Thanks to this practical discovery and the biochemi-
cal explanation of the process (i.e. intracapillary R to T
transition of Hb), many discrepancies in neurotrauma
patients can be clarified (we have discussed in detail else-
where) [10, 11].

Conclusion

Brain tissue oxygen pressure is derived from end-capil-
lary oxygen tension independent of oxygen challenge and
reflects the T state of haemoglobin.
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