CMM-2017 — 22" Computer Methods in Mechanics

September 1316 2017, Lublin, Poland
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Abstract

The study presents a comparison of analysis results of blood flow in two different arteries. One of them was narrowed to simulate an
arteriosclerosis obstructing the blood flow in the vessel, whereas the other simulates the vessel after angioplasty treatment. During
the treatment, a biodegradable stent is inserted into the artery, which prevents the vessel walls from collapsing. The treatment was
simulated through the use of numerical analysis using a finite element method. An element mesh obtained from the analysis was
exported to the dedicated software in order to create geometry in which a flow domain inside the artery with the stent could be
created. The flow analysis was conducted in ANSYS Fluent software, with non-deformable vessel walls.
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1. Introduction

The problem of an acute coronary syndrome affects a
significant part of the society. Majority of these syndromes can
be classified as insufficient transport of both oxygen and energy
to the hearth, compared to the needs of the organ.

Fast pace of living combined with high stress levels and
non-optimal diet can lead to syndromes such as arteriosclerosis.
Arteriosclerosis plates can grow in blood vessels over time.
These plates, when growing in arteries, can obstruct the blood
flow. In the worst scenario, the artery can close completely
through clotting of the blood and can lead to the patient’s death
[2].

Advancement in the field of numerical methods in
engineering allows studying more and more difficult
phenomena and processes. Numerical modelling of blood flow
is a difficult task, requiring an advanced, combined knowledge
of fluid mechanics and blood flow hemodynamic [1,5-7].

The study presents a comparison of the blood flow through
a vessel before and after angioplasty through the use of a stent.
There is presented an innovative approach, which allowed for
two flow domains which are based on the geometry of the
narrowed vessel. The other domain is based on the mesh created
from the last step of non-linear analysis, where a balloon is
expanded in order to put a stent in the vessel. The flow analyses
were performed with use of the finite volumes method based on
three conservation laws — conservation of mass, momentum and
energy.

In the areas affected by the arteriosclerosis, flow disruption
occurs. In these areas, the substances composing the
arteriosclerosis plates can be formed. The analyses were aimed
at finding the regions where flow turbulences occur and
checking the distribution of the flow velocity along the vessel.

2. Geometric model

During the blood flow analysis, a flow domains needs to
created. In the presented analyses, it consists of the internal

volume of the vessel — the part filled with blood. Depending on
the case, the approach to creating the domains was differed.

2.1. Narrowed artery

The geometric model (Fig.1) of the narrowed artery was
created through recreation of the vessels outline (characteristic
boundaries) based on results of the vessels cross sections
medical scans and statistical studies of pathological changes in
the them [3]. The total length of the coronary artery was
assumed to be 16 mm. The cross-sections created based on the
scanned pictures were used to create a surface, and then a solid
which corresponded to the walls of the vessel.
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Figure 1: Geometrical model of stenosis
2.2. The artery with a stent

The first step during modelling the geometry of the artery
vessel with the implanted stent after the angioplasty (Fig.2) was
to export the mesh used in implicit analysis [2] to the Altair
HyperMesh software. To create the blood flow domain, it was
important to fill the empty space with an entity simulating the
volume of the blood inside. Since it is impossible to create such
a complicated geometry in a single operation, it was necessary
to combine the outer surfaces into a single, continuous entity.
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Figure 2: Models used to create the domains: a) FEM from the
last step of the implicit analysis, b) Geometry of the domain
after implanting the stent

3. Discrete model

The discrete model (Fig. 3) was created using tetragonal
elements. The area where the flow disruption was estimated was
modelled with a finer mesh to increase solution accuracy.

a) Number of elements: 7 639 687

b) Number of elements: 8 323 317

Figure 3: Discrete model: a) stenosis artery, b) artery after
angioplasty procedure

4. Boundary conditions

For the considered case, it was necessary to define the
following conditions: velocity at inlet, pressure at outlet,
friction between the walls and the blood, and viscosity as a
function of shear stress [4]. A simplification in the form of
averaged pressure at exit (13 332 Pa) was used in the model.
Velocity was defined as a periodic function, through UDF (user
defined function), and was changing from 0.1 m/s during
diastole to 0.5 m/s during contraction.

5. Results

As a result of the conducted analysis, distributions of
velocity (Fig. 3), pressure and WWS shear stress were obtained
for both domains. Flow analysis was conducted with the use of
a coupling method with k-omega SST turbulence model
available in Ansys Fluent software. The time step was set at

0.004 s, with 50 iterations per step. Visualisations of each value
were shown through creation of additional surfaces, where the
values were displayed.
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Figure 4: Velocity profile comparison for two analysed cases

6. Conclusions

The above presented results show that a stent significantly
improves the blood flow in the vessel. The areas of lower flow
velocities are smaller than in the narrowed vessel. Based on the
velocity distribution, the highest velocities of the blood appear
in the narrowed part of the vessel. It was also observed that the
velocity of the flow dropped from 2 m/s to 0.9 m/s in the centre
of the vessel after angioplasty procedure (Fig. 4).
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