
2. Carbon dioxide and oxygen

Figure 2. Relationship between CBF and PaC02.

At normotension, the relationship between partial pressure of carbon dioxide in arterial

blood (PaCO2) and CBF is almost linear and at a PaCO2 80mmHg (10.6kPa) CBF is

approximately doubled.  No further increase in flow is possible at this point as the

arterioles are maximally dilated.  Conversely at 20mmHg (2.7kPa) flow is almost halved

and again cannot fall further as the arterioles are maximally vasoconstricted (Fig. 2).

These effects are regulated by a complex and interrelated system of mediators.  The

initial stimulus is a decrease in brain extracellular pH bought about by the change in

PaCO2, further mediated by nitric oxide, prostanoids, cyclic nucleotides, potassium

channels, and a decrease in intracellular calcium concentration as a final common

mediator.

Arteriolar tone has an important influence on how PaCO2 affects CBF.  Moderate

hypotension impairs the response of the cerebral circulation to changes in PaCO2, and

severe hypotension abolishes it altogether.

The response of the cerebral vessels to CO2 can be utilised to help manage patients with

raised intracranial pressure, for example after traumatic brain injury.  Hyperventilation

reduces the PaCO2 and causes vasoconstriction of the cerebral vessels (reduces their

radius) and therefore reduces cerebral blood volume and ICP.  However if PaCO2 is

reduced too much, the resulting vasoconstriction can reduce CBF to the point of causing

or worsening cerebral ischaemia.  Clearly hypercapnia and the resulting vasodilatation

and increase in ICP must be avoided.  PaCO2 is therefore best maintained at low-normal


