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INTRODUCTION 

In recent years we have improved our previous fluid 
structure interaction (FSI) model of aortic valve first by 
addition of the sinuses of valsalva and now by expanding it to 
include the coronary structure. This FSI model will enable us 
to retrieve data related to either the fluid domain such as flow 
patterns, velocity distribution, perfusion level into the 
coronaries or the structural domain such as distensibility, 
maximum stress and leaflet dynamics. Inclusion of the 
coronaries allows us to investigate many interesting aspects 
which were not possible with the previously established 
models by other groups. The structural portion of this model is 
presented in Figure 1. 
The goal of the present study is to include the flow in the 
coronary arteries in order to derive hemodynamic information 
in these structures specifically velocity distribution. A 
hypothesis is that valve dynamics, root geometry and tissue 
properties have significant impact on perfusion levels and 
velocity profile in the coronaries. 

 
Figure 1. Three dimensional finite element model of the aortic 

valve with the inclusion of coronary structure 
 
Such a model will eventually allow us to investigate the 
possible interrelationship between valvular and coronary 
pathologies. 
 
METHODS 
 A generic and anatomically inspired 3D model of the 
aortic valve including the coronary structures was created 

using Pro/Engineer software and then meshed using TrueGrid. 
This Finite element mesh was then exported in the format of 
an input file for ANSYS including the geometry, material 
properties, boundary conditions, loads and FSI methodology. 
LS-DYNA solver (a package of ANSYS) was used as an 
explicit solver in our study which has previously been used by 
other authors for similar analysis [1,2]. The model is made of 
two main domains; the solid and the fluid, each containing 
subassemblies. Three components comprise the solid domain: 
the aortic root, the leaflets, and the sinuses. The sinus 
component of the model has been extended to include a 
portion of the ascending aorta and the two coronaries up to the 
first bifurcation. The fluid domain on the other hand, consists 
of five components: a ventricular inlet, an aortic outlet, the 
central region which embeds the entire solid structure 
accommodating fluid-solid interaction and the right and left 
coronary outlets. These components are represented in Figure 
2. The arbitrary Lagrangian-Eulerian (ALE) method is then 
used in LS-DYNA environment for the purpose of FSI to 
implement the coupling and remeshing of the structure as it 
moves through the fluid domain. 
 

 
 

Figure 2. Embedment of the solid domain in the fluid domain 
and their respective components 



Linear elastic material properties have been used to 
model the cardiac tissue. A Young’s modulus of elasticity of 
3.34 and 4.00 MPa was used for the aortic root and leaflets 
respectively with a Poisson’s ratio of 0.45. Blood was 
considered to be a Newtonian fluid with a viscosity of 3.5e−3 
Pa·s and density of 1060 kg/m3. As for the boundary 
conditions there are four locations in the fluid domain of the 
model that must have defined boundary conditions. These are 
known pressures at the ventricular inlet and the ascending 
aortic outlet and downstream of the two coronary arteries as 
independent outlets. For simplification and stability reasons, 
the inlet boundary condition was taken to be the difference 
between the ventricular pressure and the aortic pressure which 
is in line with other studies [3]. In the solid domain there are 
six locations where boundary conditions have been applied: 
the aortic ring, the ascending aorta, the coronary ostia, the 
distal part of the coronary extensions and contact between 
leaflets. 
 
RESULTS AND DISCUSSION 

Pressure was prescribed as boundary condition at the 
ventricular inlet and the three outlets so that the flow 
characteristics of the model can be explored and analyzed. The 
model was able to recreate the flow into the coronary arteries 
which were similar to their known physiological values with 
an overall coronary flow of 100 ml/min. Figure 3 shows 
snapshots of different instances during the cardiac cycle which 
represent flow establishment in both coronaries. 
 

 
 
Figure 3. Volume fractional plot demonstrating the flow into 

the coronaries 
 
Figure 4 below shows the vortex formation in the sinuses at 
the end of systole which aid the valve leaflet closure and 
coronary flow initiation and is a well known phenomenon [4]. 

 
Figure 4. Volume fractional plot representing the vortex 

formation in the sinuses during diastole 
 

Common metric values such as rapid valve opening and 
closing times and velocities were also in agreement with 

Echocardiography values. These values are presented in the 
table below. 
 
Table 1. Comparison of rapid valve opening and closing times, 

velocities and the total ejection time in our model versus 
echocardiography values and their corresponding percent 

difference 
 

  Our model Echo % Difference 

RVOT ms 51.0 46.0 10.31 
RVOV cm/s 26.3 29.2 10.45 
RVCT ms 52.4 47.0 10.86 
RVCV cm/s 19.1 23.6 21.07 
ET ms 281.0 329.0 15.73 
 
 
CONCLUSIONS 

The model presented here is an improvement to our 
previous aortic valve model making it the first 3D aortic valve 
model which extends to incorporate the coronary arteries as 
well. This advancement allows us to study the flow into these 
arteries and look at the velocity profile along the coronaries 
from the ostia towards downstream of the arteries and see the 
effect of curvature or any pathological situation on the flow 
[5,6]. The model was able to recreate the coronary flow and 
leaflet dynamics similar to their physiological values. Such 
model has the potential to study the effect of valvular or 
cardiac tissue pathologies on the coronary flow distribution. It 
would also be interesting to study the mutual effect of 
coronary disease on valvular hemodynamics. 
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