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Two mechanisms of shear stress and mass transport have been recognized
to play an important role in the development of localized atherosclerosis.
However, their relationship and roles in atherogenesis are still obscure.
It 15 necessary to investigate quantitatively the correlation among low-
density lipoproteins (LDL) transport, haemodynamic parameters and
plague thickness. We simulated blood flow and LDL transport in rabbit
aorta using computational fluid dynamics and evaluated plaque thickness
in the aorta of a high-fat-diet rabbit. The numerical results show that regions
with high luminal LDL concentration tend to have severely negative haemo-
dynamic environments (HEs). However, for regions with moderately and
slightly high luminal LDL concentration, the relationship between LDL
concentration and the above haemodynamic indicators is not clear cut.
Point-by-point correlation with experimental results indicates that severe
athervsclerotic plaque corresponds to high LDL concentration and seriously
negative HEs, less severe atherosclerotic plaque is related to either moder-
ately high LDL concentration or moderately negative HEs, and there is
almost no atherosclerotic plaque in regions with both low LDL concentration
and positive HEs. In conclusion, LDL distribution is closely linked to blood
flow transport, and the synergetic effects of luminal surface LDL con-
centration and wall shear stress-based haemodynamic indicators may
determine plaque thickness.

1. Introduction

It is well documented that atherosclerosis is much more prone to ocourming in
particular regions of the arterial system where the geometry changes sharply,
such as arterial branching, curvature and vascular stenosis, which is referred
to the localization of atherosderosis [1,2]. Two mechanisms have been proposed
to explan the phenomenon [3]. One is the vascular responses to abnormal
blood flow-induced shear stress [4-6]. The other one is the localized alterations
in mass transport [4,7-15]. For the shear stress mechanism, it is believed that



