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Abstract

The important role of atherosclerosis in pathophysiology of Alzheimer's Disease has become evident. Mechanisms such as hyperlipidemia, inflammation, abdominal obesity and insulin are important yet they may not fully explain the specific involvement of the Circle of Willis in these pathologies. The Circle of Wills is a complex geometrical structure which has several areas with different curvature as well as various branching angles of vessels composing the circle. The hemodynamics in this region should take into account the Dean number which indicates the influence of curvature on the resistance to blood flow. Thus, areas with various curvature and angles may have different hemodynamics and there are certain areas in the Circle of Willis that are more likely to develop atherosclerotic changes. Therefore, this could suggest the novel pathophysiological pathway resulting from the geometric peculiarities of the Circle of Willis. One of the directions of future research is to examine whether specific areas of the Circle of Willis are more likely to develop atherosclerotic changes compared to other ones. Selective areas of the Circle of Willis affected by atherosclerotic changes could indicate the primary role of atherosclerosis promoting Alzheimer’s disease although other pathophysiological mechanisms suggesting the opposite direction should be also examined in prospective studies. 
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Core tip: The Dean number can become an important local pathophysiological mechanism that can help to explain the specific involvement of the Circle of Willis in atherosclerosis and Alzheimer's Disease as anatomically different parts of the Circle of Willis would exhibit various degree of the curvature which would predispose to Alzheimer’s disease. This could possibly explain some sporadic cases of Alzheimer’s disease in the presence of minimal damage from atherosclerosis as well as open up new avenues for prevention of sporadic Alzheimer’s disease.
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TO THE EDITOR
The important role of atherosclerosis in pathophysiology of Alzheimer’s disease has become evident. Studies that examined an association between the Circle of Willis atherosclerosis, Alzheimer’s disease and some other neurodegenerative conditions are examples of important research directions focused on probable influence of various vascular factors on Alzheimer’s disease[1,2]. On the other hand, those studies suggest that these pathologies could share some common pathophysiological mechanisms that yet need to be investigated. Some of such mechanisms such as hyperlipidemia, inflammation, abdominal obesity and insulin resistance were described by authors as probable candidates[1,2]. However, although all these factors are very important, they may not fully explain the specific involvement of the Circle of Willis in these pathologies.  

The Circle of Wills is a complex geometrical structure which has several areas with different curvature as well as various branching angles of vessels composing the circle. On the other hand, there are multiple anatomical variations of the Circle of Willis[3]. When a fluid runs through branching pipes a change of the its direction happens and similarly, when blood flows through the branching area in the Circle of Willis it changes direction. In general, taking into account that blood flow in the cardiovascular system is mostly laminar and the fact that branching areas of many arterial bifurcations have various angles, several hemodynamic factors (i.e., radius of curvature of internal wall at branching area, Reynolds number, diameters of bifurcating vessels, etc.) should be taken into account[4]. One of them is the degree of curvature or the Dean number (Di). The Dean number indicates the influence of curvature on the resistance to blood flow[4,5]. If flow is laminar, then the Dean number is determined as: [image: image1.png]D=05 Re((g)'/z)



Where Re indicates Reynolds number, R is a radius of the vessel, r is a radius of the curvature[4] (Figure 1).

Thus, areas with various curvature and angles may have different hemodynamics. For example, hemodynamics in the area where the degree of curvature is substantial could be described by the so called “hemodynamic shade” zone[6]. This zone can be characterized by a secondary flow and a boundary, therefore, there is a significant deterioration of mass exchange due to the attachment of stacks of erythrocytes (rouleaux) to the vascular wall[6]. This could deteriorate the permeability of the endothelium and decrease the rate of removal of various particles such as lipids and lipoproteins, which in turn can lead to the formation of lipid stripes directed along the blood flow and located in the "hemodynamic shade" of the original attached rouleaux. This could also explain why hyperlipidemia could be one of the non specific yet contributing pathophysiological mechanisms in the development of the Circle of Willis atherosclerosis. Therefore, there are certain areas in the Circle of Willis that are more likely to develop atherosclerotic changes. As mentioned earlier, other factors such as hyperlipidemia or abdominal obesity should be taken into account as well. 

Subsequently, with the development of atherosclerosis, vascular wall in the certain areas of the Circle of Willis (i.e., with substantial curvature) becomes less elastic and more rigid. This could result in the deterioration in the cyclic changes in the vascular wall deformation produced by cardiac contractions, and, therefore, in the performance of a “deformation pump”[7]. The operating principle of this pump is in the cyclic creation of the boundary layer and its separation[7]. This deformation pump is important to consider as it could influence the dynamics of the regional brain extravascular extracellular fluid which was previously studied with regard to amyloid beta-protein, amyloid-beta building blocks for plaques and subsequent involvement in neurodegeneration[8]. Such consideration of regional brain extravascular extracellular fluid dynamics is also particularly important in light of the fact that certain waste products such as glutamate or calcium can accumulate there causing degradation of certain cellular components thus playing an important role in the pathogenesis of Alzheimer’s disease[9,10]. A consideration of both the deformation pump and extravascular extracellular fluid could become an important link between Alzheimer’s disease and atherosclerosis.

All this could suggest the novel pathophysiological pathway resulting from the geometric peculiarities of the Circle of Willis. One of the directions of future research is to examine whether specific areas of the Circle of Willis are more likely to develop atherosclerotic changes compared to other ones. Selective areas of the Circle of Willis affected by atherosclerotic changes could indicate the primary role of atherosclerosis promoting Alzheimer’s disease. On the other hand, other pathophysiological mechanisms that could explore local factors (i.e., the Dean number) and suggesting the opposite direction should be also examined in prospective studies. For example, anatomically “different” parts of the Circle of Willis (i.e., narrowed branching areas) would exhibit various degree of the Dean number and this would predispose to Alzheimer’s disease. This could possibly explain some sporadic cases of Alzheimer’s disease in the presence of minimal damage from atherosclerosis in this area. More importantly, this would open up new avenues for prevention of sporadic Alzheimer’s disease in the light of the fact that this is an emerging health concern in the elderly. In addition, certain rheological factors such as blood viscosity should be taken into account as a contributing pathophysiological mechanism as well. In conclusion, more studies are needed to examine the common pathophysiological mechanisms related to both Alzheimer’s disease and various vascular pathologies. Such common pathophysiological pathways should take into account multiple factors such as hyperlipidemia, insulin resistance, certain local rheological and hemodynamic factors as well as potentially new contributing factors established in future research.
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Figure 1 The Circle of Willis: The values of curvature (R and r).
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