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A49 - Cerebral autoregulation as a chemical-mechanical regulatory process
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Introduction:

Cerebral autoregulation (CA) istraditionally defined as regulation of cerebral blood flow in response to changes
in perfusion pressure. Although useful, this predominantly mechanical description may not fully capture the
metabolic and chemical meaning of cerebrovascular responsesin acute braininjury.

M ethods:

Conceptual physiological analysisintegrating pressure-flow behaviour, carbon dioxide reactivity, oxygen asa
vasoactive signal, and haemoglobin-mediated transport and buffering of 02, CO2, and H+.

Results:

Within this framework, CA may be interpreted as a mechanism aimed at preserving blood chemistry compatible
with cerebral metabolism. Pressure-related increases in perfusion may shift capillary blood toward more
oxygenated, R-state-dominant behaviour; autoregulatory vasoconstriction may therefore be viewed asa
counter-regulatory response limiting this shift and helping restore R—T balance. Conversely, reductionsin
perfusion pressure favour greater extraction and T-state function, requiring vasodilation to restore haemoglobin
equilibrium and buffering capacity. Hypocapnia shifts haemoglobin toward R-state behaviour, reduces buffering
capacity, impairs oxygen unloading, and is associated with vasoconstriction, whereas hypercapniafavours T-
state function and is associated with vasodilation. Hyperoxia may also influence vascular tone by modifying
haemoglobin-dependent CO2 and H+ handling and stabilizing R-state behaviour in the microcirculation.
Conclusion:

CA may be more completely understood as a coupled chemical—-mechanical process supporting cerebral
metabolic homeostasis rather than flow regulation alone. This perspective may refine interpretation of
cerebrovascular responses in neurocritical care.



