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cation.
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Fig. 3. (color online) (a) and (b) Velocity and WSS distribution for different interval sizes; (c¢) and (d)

velocity and WSS distribution for Newtonian and non-Newtonian model.
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Fig. 4. (color online) (a) The influence of density of a single fat particle on the velocity distribution along

I; (b) the influence of density of a single fat particle on WSS distribution along the non-divider wall.
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Fig. 8. (color online) (a)—(d) Velocity distribution along I> at different times: (a) 0.3 s; (b) 0.45 s; (c)
0.6 s; (d) 0.75 s. (e)—(h) WSS distribution along the non-divider wall at different times: (e) 0.3 s; (f) 0.45 s;
(g) 0.6 s; (h) 0.75 s.
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Abstract

It has been widely observed that atherosclerotic diseases occur in regions with complex hemodynamics, such as
artery bifurcations and regions of high curvature. These regions usually have low or oscillatory wall shear stress, which
is a main factor that results in thrombus formation. In addition, after the thrombosis, the stenosis will in turn affect
the hemodynamics. In the blood circulation, the abnormal substances that do not dissolve in the blood can block the
vascular cavity, which is called embolism. These substances such as fat particles are called embolus. Embolism results
in high velocity and wall shear stress (WSS), which is harmful to the vessel wall. Embolism leads to stroke easily,
resulting in the death of the patient. Here, the authors focus on the formation process of fat embolism and its influence
on hemodynamics. In order to investigate the influence of various factors on the movement of a fat particle, we carry
out the single factor simulation. Fat particles do not dissolve in the blood and easily adhere to the vessel wall. We
use a virtual fluid that represents the fat particles. In the present work, a two-dimensional (2D) carotid bifurcation is
established, and the simulation is carried out by the computational fluid dynamics software. The movement of the fat
particles relies on the thrust and surface friction of the blood, and the values of thrust and surface friction are governed by
the blood velocity, viscosity and the diameter of the fat particle, which has little relationship with the density, especially
for a blood vessel that is not too long. The fat particles can smoothly pass through the carotid sinus when the vessel is
0 or 25% stenosed, which indicates that the embolism does not occur and the fat particle does not adhere to the vessel
wall. Small deformation occurrs when the vessel is 25% stenosed for 0.6 s. When the degree of stenosis increases to 50%,
the fat particles partially blocks the vascular cavity. We give an experiment about the influences of the stenosis on the
movement of two fat particles and thrombus. When the carotid sinus is 0 or 25% stenosed, the two fat particles adhere
to the vessel wall at the end of internal carotid artery (ICA), resulting in fat embolism. One fat article is on the upper
wall of ICA and the other is on the lower wall. At the end of ICA, the vascular diameter becomes smaller and the two
fat particles cannot pass through it. When the carotid sinus is 50% stenosed, the two fat particles merge into a larger
one and partially block the narrow vascular cavity, impeding blood circulation. The findings in this paper may help
hematological experts to check the spread of atherosclerotic disease. The main conclusions drawn from the present study
are a) the vascular stenosis has an important influence on the movement of fat particles and the formation of embolism
as well; b) the fat particles may adhere to the vessel wall, and due to the flow of blood, the fat particles spread slightly
on the wall; ¢) the region behind the stenosis might be the next site of thrombosis; d) with the movement of fat particles,
the maximum negative WSS increases slightly, and its coordinate position moves to the right; ¢) when embolism occurs,

the velocity and WSS distribution become very complex, which is harmful to the vessel.
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