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SUMMARY 
The oxygen supply to the brain depends on the arterial O2 content and a resting gCBF of 
approximately 50 to 60 ml·100 g-1·min-1. The cerebral oxygen uptake of ~3 ml·100 g-1·min-1 
accounts for 15% to 20% of total body basal metabolic rate. It underscores that the brain, 
among all tissues, is the least tolerant to ischemia; an interruption of blood supply to the brain 
for no more than a few seconds results in loss of consciousness. Therefore it is crucial that the 
cerebral blood flow is guaranteed at all times. In this thesis the regulation of the cerebral blood 
flow during changes in systemic hemodynamics in health and disease is discussed. 
 
Chapter 1 summarizes the history of CA. Until the mid 19th century the Monro-Kellie doctrine 
continued to consider the human brain circulation as a system of rigid tubes where in every 
experimental condition the cerebral circulation passively follows the change in the systemic 
arterial and venous pressures. Around 1850, Burrows suggested that also intrinsic regulatory 
mechanisms are present. The introduction, by Kety and Schmidt in 1945, of a method to 
quantify gCBF in humans using a nitrous oxide wash out technique, proved that CBF barely 
changed despite fluctuations in MABP between ~60 and ~150 mmHg. In the last quarter of 
the 20th century, the possibilities created by new monitoring devices that deliver non-invasive 
derivatives of gCBF as presented in chapter 2, like cO2Hb with NIRS and TCD derived MCA 
Vmean, have moved the concept of CA forward. As powerful as CA may be, it does not have an 
infinite gain, an intrinsic property shared by all biological control systems. From the first 
change in arterial pressure as a surrogate of cerebral perfusion pressure it takes several seconds 
to recognize the result of action of CA as a controller and still gCBF is not maintained exactly 
constant when blood pressure changes as it does continuously. Rather CA operates by its 
capacity to dampen the transmission of  arterial pressure fluctuations to the brain vasculature. 
 
Chapter 3 attempts to identify why both MCAV and cO2Hb decrease during standing up 
despite the fact that blood pressure remains in what is designated as the CA range.  
At first, a decline in PaCO2 upon standing is a known fact with the potential to reduce gCBF by 
hypocapnia induced cerebral vasoconstriction. Thus far, there was debate on whether the 
postural decrease in gCBF is to be attributed to this decline in the PaCO2 with the unspoken 
premise of an infinite gain of CA. In the majority of studies the PaCO2 is usually monitored as 
the PETCO2. It is true that during steady state conditions, i.e. stable pulmonary blood flow, 
changes in the PETCO2 tracks changes in the PaCO2. However, we challenged the validity of the 
PETCO2 as a measure for PaCO2 when changing the position of the body.  
In chapter 3.1 we monitored the PaCO2, PETCO2, the VE/Q ratio, MCA V and cO2Hb in 
healthy subjects who assumed the upright position. During the transit from supine to upright, 
VE increased and the following reduction in PETCO2 seems to explain the decrease in MCA 
Vmean. However, when standing Q declines and at the same time the flow distribution across 
the lungs changes with an alteration in VE/Q ratio. We suggest that due to this phenomenon 
the postural decrease in the PaCO2 is overestimated by the PETCO2 and therefore explains the 
postural decrease in MCAV and cO2Hb only in part at the most. 
Chapter 3.2 studies this effect into some detail by considering the effects of clamping the 
partial PaCO2 during head-up tilt by using a custom made rebreathing device. After one minute 
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upright the postural decrease in MCAV wass exactly the same as when the same subjects were 
passively tilted head-up while breathing freely. Based on these two studies we suggest that the 
postural decrease in the PaCO2 has only a minor effect on the postural decrease in MCAV (and 
cO2Hb).  
Chapter 3.3 addresses whether systemic sympathetic activation in response to active postural 
stress is manifested also in the cerebral circulation, which could explain the postural decline in 
cerebral perfusion and oxygenation in healthy humans. To that purpose, in chronic pain 
patients the cerebral sympathetic activity in one hemisphere was blocked by injecting local 
anesthetics around the superior cervical ganglion. Following superior cervical ganglion 
blockade, subjects assumed the upright position while following the ensuing changes in 
cerebral perfusion and cortical oxygenation. Suppression of cerebral sympathetic activity by 
SGB did not affect the cerebrovascular conductance response to orthostatic stress and neither 
CA efficacy, suggesting that in humans the orthostatic decrease in CBF takes place 
independently of sympathetic activation. 
 
Chapter 4 is concerned with the integrity of dCA during cerebral ischemia and stroke in 
microvascular disease. In chapter 4.1 middle cerebral artery blood velocity was monitored 
bilaterally in the acute phase of a first lacunar or cortical ischemic stroke to study the effect of 
acute ischemia on dCA efficacy and thus MCA V. Dynamic CA was impaired unilaterally in 
cortical stroke but bilaterally in lacunar stroke. Considering the larger volume of ischemic brain 
tissue in cortical vs. lacunar stroke this finding was somewhat unexpected. Penumbra size and 
etiology of the two stroke types are different in that cortical strokes result mainly from 
embolism or large cerebral artery artherothrombosis while lacunar strokes more often occurs in 
subjects with small vessel disease. Therefore, we speculated that in subjects suffering lacunar 
stroke, CA was already impaired prior to the cerebrovascular incident due to pre-existing 
microvascular damage. In chapter 4.2 we made an attempt to test this hypothesis in part by 
assessing CA in subjects with type II diabetes with and without end organ damage. There 
appeared to be a positive relationship between severity of end organ damage and CA 
impairment. 
 
Chapter 5 describes the behavior of CA during extreme hypertension. In chapter 5.1 patients 
were studied who had been admitted to the hospital because of symptoms related to malignant 
hypertension (i.e. a blood pressure above the upper limit of CA). In these patients immediate 
treatment with short-acting parenteral arterial bood pressure lowering agents is indicated to 
prevent further cardiac, renal, cerebral or retinal tissue damage. The classical teaching is that 
since CA capacity is impaired, the initial ABP reduction should not exceed 25% to prevent 
cerebral hypoperfusion. Here the premise is that within these 25% blood pressure reduction 
the relation between blood pressure and cerebral blood flow is such that flow remains when 
pressure is lowering. We found, however, that both static and dynamic CA before, during and 
directly after intravenous treatment with sodium nitroprusside had been seriously effected with 
the result that MCA V declined in proportion to arterial pressure, and an upper limit of 
autoregulation was not found. Chapter 5.2 compared the cerebrovascular effects of blood 
pressure lowering with sodium nitroprusside, a nitric oxide donor, and labetalol, a mixed α and 
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β-adrenergic antagonist. We found that dCA was affected equally in both groups but when 
hypertension was treated with labetalol vs. sodium nitroprusside the reduction in middle 
cerebral blood artery blood velocity for a given decrease in blood pressure was smaller, thus 
favouring labetolol as the drug of choice from the viewpoint of the brain. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


