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Abstractin this work we present a methodology to extract

information from medical imaging and use it for hoelynamical

simulation in arteries. Based on in-vivo magnetsanance images

(MRI), the velocity of the blood flow has been mezdat different
positions and times. Also, the anatomy of the Vekas been
converted into a volume mesh suitable for numernicatleling. This
data has been used to solve computationally thardias of the fluid
inside the artery in healthy and pathologic cas®s.an application,
we have developed a computational model within theticks. The
next step in the pipeline will be to extend the &atn to fluid-
structure interaction (FSI) to find the parametersn an
atherosclerotic plague that could lead to rupture.

INTRODUCTION

The complex structure of an atherosclerotic plagffiects the
dynamics of the fluid inside the vessel. Usuallys composed
of different materials such as a lipid pool, cabzfion or
hemorrhage. In the last decades, magnetic resonaraggng

METHODOLOGY

The problem is divided in three different parts:

1. MRlacquisition Following the study protocols, patients
are imaged on a Siemens MR/PET (3T) mMR. The intagin
protocol is defined as follows: (i) the bilateralrotid arteries
extending 3 cm below and above the carotid bifimoatare
imaged using an 8-channel carotid coil. (ii) Toidkehte the
vessel lumen, localization with gradient echo seqas, time-
of-flight (TOF) images are acquired. (iii) To obtdilack
blood images and measure carotid stenosis, 3D SRAME
T2 weighting are acquired in free breathing coodisi
untriggered with fat suppression.

As a result, 2D images in the coronal planesadntained.
Each slice has an in-plane resolution of 0.7x0.72mwith an

slice thickness of 0.7 mm. The flow in a vesseltisecis

(MRI) has emerged as an imaging modality that exsabl Measured with a 2D, single-slice, cardiac-gatecs@lantrast

accurate quantification of the main componentshefplaque.

Size, shape and plaque constituents can be idhtifi (Venc=100cm/s).

noninvasively [1, 2, 3]. Other MRI techniques likdase-
contrast have also been developed to acquire rimaltitbnal
blood velocity data in-vivo. 2D and 3D phase-cositr®RI

has been used for the characterization of norma a

pathological velocity profiles in those areas [4].

To study the dynamics of the flow in the cardiovwdac
system, the simulation tool has been proved to peveerful
complement. It has helped to investigate the prakterough
simple and complex geometry models, most of thesedan
in-vivo measurements [5, 6]. Particularly, imagedxh
computational modeling can provide valuable infatiora of
the hemodynamical conditions and can assist theigiren of
possible outcomes.

The present work aims to bring imaging and simaiati

closer in a robust framework. In this work, 3D M&dta of
human carotids is acquired at Mount Sinai HospifaNew
York. For each case, the geometries of the lumenh the
vessel wall are segmented from images and convémteda
computational mesh ready to run the simulationslo&iy

measurements are also acquired and included agl init

conditions in the computational model. As a firpprach,
only fluid simulations are performed. Once the feavork will
be validated, it will be extended to FSI to obtaim accurate
simulation of the phenomenon occurring betweenatalk and
the blood flow, to study the effect of the athetesatic plaque
in the carotids.

n

with through-plane velocity  encoding
The acquisition plane is placed
perpendicular to the carotid artery, 2 cm before th
bifurcation, using a 3D time of flight acquisitido localize

the vessels. The slice has the same resolutioheaprevious

sequence

imaging protocol.

2. Image analysis and mesh generation. The georoétilye
carotids is extracted from the MRI raw data perfiogna
manual segmentation in ITK-SNAP [7]. The vessellvsl
reconstructed computationally using the informatiorthree
different planes in space. In case of plaque, treesponding
materials are also identified. Once the segmemtagifinished,
the software generates the surface mesh of thenlangthe vessel
wall in the STL (STereoLithography) file formatnglly, the mesh
generator Iris, developed and supported at Baelon
Supercomputing Center (BSC), creates the unstedctdinite
element meshes for both fluid and solid geomefrgs 1).

3. Simulation.The appropriate framework for the simulation
of fluid-structure interaction (FSI) in blood veksas the
arbitrary  Lagrangian-Eulerian  (ALE) description  of
continuous media. In this description, the fluiddasolid
domains are allowed to move to follow the distelesiessels
and deforming fluid domain [8]. In this preliminampork, only
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fluid simulations are presented. In this case, fiwd is
simulated as laminar, viscous, incompressible, Naisnh
flow in a fixed domain solving the Navier-Stokesuatjons
and choosing suitable initial and boundary condgi]. The
3D computational model is performed in Alya, the ltiu
physics and parallel code developed at BSC [911012, 13]
in

and solved in parallel
supercomputer.

Fig. 1. Computational mesh created for a healttsecLeft: meshes of the the
lumen (grey) and the vessel wall (red), composedethhedral elements.
Right: view of the bifurcation in the carotids.

Fig. 2 shows a pathological carotid artery wherfedgnt
components have been identified. The result ofsthmilation
is presented in Fig. 3 and it is compared to thadthg carotid
artery of the same patient. In both cases, MRI diatbeen
used to provide the geometry and boundary conditi(re.
inflow, and outflow) for a computational fluid dymécs
calculation.

Fig. 2. Surface mesh of a pathologic case in #retitls bifurcation. Lumen
(blue) and wall (brown) are represented in coldtse atherosclerotic plaque
is drawn in yellow.
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Fig. 3. The image-based computational frameworkused to solve the
hemodynamics of the problem. We compare the dyramicthe fluid in
healthy and pathological arteries. Colors represeftcities. Right: healthy
case. The velocity profile is normal, achieving axdmum of 70 cm/s at the
systolic peak (PSV). Left: pathologic case. Maximuetocities are found in
the bifurcation. Values are high is this case, edhg 200 cm/s at PSV.

VII. FUTUREWORK

Nowadays, theres a lack of realistic geometriesd use
numerical simulation. The pipeline presented herél w
constitute an efficient bridge to connect image sinaulation.
Given the increasing resolution and accuracy obrimftion
obtained from clinical imaging, the simulation toisl the
complement that can provide an efficient way ofesssh,
prior to clinical trials which are expensive anchdze a risk to
the patients. Simulations can be performed on anpatdata
and the results can be delivered to the doctornira@hoc
visualization manner (virtual lab) to get a deepsight of the
problem.

To identify the wall shear stress in the atherastie material,
flow will be simulated on a moving mesh using an_EA
strategy. The artery wall and the plague componeiitsbe
modeled hyperelastic, isotropic, incompressible and
homogeneous. The coupled FSI model will be solved i
parallel in Marenostrum.
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