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GENERAL DISCUSSION 
The dogma that cerebral autoregulation implies that cerebral blood flow does not alter despite 
changes in cerebral perfusion pressure155 between ~50 and ~150 mmHg213 was questioned by 
Hermes and Kontos as early as 1983.105 Rennie220 and Panerai203 postulated in 1998 that perfect 
autoregulation with a flat cerebral perfusion pressure-flow relation would require feedback 
gains much greater than what is normally found in biological systems.  
 
Autoregulation is present in many tissues, for instance, the limits of static autoregulation in the 
coronary arteries correspond remarkably well to that of the arteries in the brain, A major 
difference is that the steady state oxygen saturation in the coronary sinus is ~20%65 while in 
the jugular bulb it is around 70%.83 Therefore, unlike the heart, that extracts almost all oxygen 
from the blood, the brain consumes only about one third. When the beating frequency of a 
heart increases and therefore its metabolism, it can keep up with the increased demand only by 
raising coronary blood flow.65 Evidence exists that this may be different for the brain.213  
At first, the metabolic theory of cerebral autoregulation states that a reduction cerebral blood 
flow results in local release of (a) chemical factor(s) that elicit(s) dilatation of cerebral vessels 
and therefore increase cerebral blood flow.213 Although not considered as an intrinsic 
component of cerebral autoregulation,124 for carbon dioxide the metabolic regulation is 
revealed by a 2 to 5% increase in cerebral blood flow per mmHg rise in the partial arterial 
carbon dioxide pressure.114 The second defence of the brain is the enhancement of oxygen and 
nutrients extraction from the blood. For instance, during propofol/fentanyl anesthesia mean 
middle cerebral arterial blood velocity decreases 50% but, jugular bulb venous saturation 
decreased by ~70%.130 Another example is exercise, when cerebral blood flow increases to 
meet the enhanced metabolic demand, until during exhaustive exercise cerebral blood flow 
starts to decrease by the progressive exercise-related hypocapnia with a reduction in jugular 
bulb saturation.194 
 
Determination of the arterial pressure – cerebral blood flow relationship in conscious humans 
continues to remain difficult. Deliberately induced changes in blood pressure considered as a 
surrogate of cerebral perfusion pressure are intrinsically accompanied by changes in systemic 
hemodynamics and brain vascular conductance.122 For instance reducing blood pressure 
pharmacologically with sodium nitroprusside results in a massive systemic vasodilatation. 
Whether the cerebral and systemic vessels dilate into a similar extent is, however, unknown. If 
not, a “cerebral steal” may preferentially direct blood flow into the low resistance systemic 
vascular bed rather than into the relatively high resistance cerebrovascular bed, resulting in a 
reduction in middle cerebral artery blood velocity.126 In addition, the reflex tachycardia in 
response to nitroprusside increases cardiac output.126 There is mounting evidence that changes 
in cardiac output affect middle cerebral artery blood velocity independently from arterial 
pressure.192 Vice versa, increasing blood pressure with an α-agonist e.g. phenylephrine induces 
a reflex bradycardia with a reduction in cardiac output. There is a ongoing discussion whether 
the cerebral vasculature has a sympathetic innervation,186, 239 and the increase in middle cerebral 
artery blood velocity29, 167 in combination with a decreasing cerebral oxygenation28, 187 with α-
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stimulation may be explained by maintaining flow through a conductance vessel of smaller 
diameter by cerebrovascular constriction195 in parallel with its effect on other vascular beds, or 
flow may be reduced explaining the progressive reduction in cerebral tissue oxygenation.   
This does not imply absence of counter-regulation against an increase in arterial blood pressure 
by cerebral vasoconstriction. On the contrary, with fluids being virtually incompressible, this 
mechanism is fundamental in preventing swelling of the brain within the rigid skull. In absence 
of any control of the cerebrovascular pressure-flow relationship, an increase in intracranial 
pressure would obstruct the inflow of arterial blood, jeopardizing cerebral metabolism. 
Against this background and given some of the data presented in this thesis it is merely 
inconsistent to hold to the traditional concept of cerebral autoregulation that “cerebral blood 
flow remains constant despite changes in cerebral perfusion pressure”. It seems quite probable 
that cerebral autoregulation rather represents “the phenomenon that defends the brain from 
excessive perfusion resulting in high intracranial pressure levels and therefore a jeopardized 
perfusion, but also preserves an adequate cerebral metabolism during changes in systemic 
hemodynamics”. In fact, this definition diverges not that much from the definition of tissue 
autoregulation in a more broad sense; “The capability of an organ to regulate its blood supply 
in accordance with its metabolic needs”65 that was expressed by Lassen in his review published 
in 1974.156 The implication is that the fundamental ideas on the regulation of cerebral blood 
flow formulated ~ 40 years ago are still very relevant today. 
 
 
 
 
 
 
 
 
 


