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Introduction

Vascular atherosclerotic plaques in the carotid artery
bifurcations lead to progressive narrowing of the vessel
lumen, which may erode or rupture, causing
thromboembolism and cerebral infarction, manifested as
stroke. The aim of the project TAXINOMISIS is to
develop a new approach for the stratification of patients
suffering from carotid artery disease. TAXINOMISIS
focuses on the pathobiology underlying symptomatic
plaques, discriminating distinct disease mechanism-
driven states and biomarkers. The main outcome will be
a software platform which can perform the risk
stratification.

Materials and Methods

The TAXINOMISIS risk stratification platform will
be composed by: a) a numerical model of plaque
progression based on fluid dynamics and finite element
analysis of 3D-reconstructed carotid arteries, b) an agent
based model of plaque growth, ¢) the integration of the
two models into a hybrid model, and d) the
implementation of big data analytics including machine
learning and data mining approaches for the integration
of model outcomes with available big data in order to
stratify patients according to the risk of manifesting
cerebrovascular events.

The computational model of plaque progression will
be based on a three-level approach. More specifically,
the first level comprises advanced 3D-reconstruction of
the plaque and carotid artery bifurcation. The second
level includes the blood fluid dynamics modeling,
together with the transport of lipoproteins into the
arterial wall, based on finite element analysis. The
Navier Stokes equations are solved in order to estimate
blood velocity, pressure and wall shear stress (WSS).
The aim of this level is to identify the regions of low
WSS and high LDL accumulation, which have been
correlated with sites of plaque progression [1]. The third
level, models the major mechanisms of atherosclerotic
plaque growth (e.g. monocyte infiltration and
differentiation into macrophages, oxidation of LDL,
foam cell formation).

Results and Discussion
In Fig. 1, the WSS distribution is depicted from a
patient enrolled to the observational clinical study. The

computational model was established using 3D-
reconstruction of Magnetic Resonance Imaging data.
The blue areas depict areas of very low WSS in the
range 0-0.5 Pa. Areas of low WSS appear at the outer
sites of the bifurcation.

Figure 1. Wall Shear Stress distribution.

The results indicate that the inner bifurcation area
presents higher WSS values, whereas at the outer areas
of the two side branches, lower values of WSS are
identified, constituting them prone to develop
atherosclerosis. This is in agreement with the current
literature proposing that increased atherosclerosis is
prone on developing at the outer side of the bifurcation
site [2].
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