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INTRODUCTION
The Thoracic Endovascular Aortic Repair (TEVAR) is a minimally invasive
technique to treat the thoracic aorta pathologies, such as aneurysms and
dissections.

To develop a numerical workflow to virtually implant a stent-graft in an idealized aorta and to reproduce the
pre- and post-TEVAR hemodynamics.
AIM

A stent-graft is crimped inside a catheter, inserted into the pathological
region and released to restore the correct lumen.

Structural analysis

➢ Finite Element Analysis (FEA)

➢ Computational Fluid Dynamic (CFD)
➢ Fluid-Structure Interaction (FSI)

Fluid-dynamic analysis

Common long-term complications and consequences are: Endoleaks, Device
Migration, Bird Beak and Compliance Mismatch.

Device deployment into the vessel
Pre-TEVAR and Post-TEVAR
hemodynamics
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METHODS
Crimping, morphing and deployment
of the stent-graft into the aorta

IDEALIZED AORTA

Mesh: quadrangular shell
elements

Mesh: triangular shell
elements – node-tonode connection with
the stent

Mesh: hexahedral
elements
Material: Nitinol

Material: Isotropic Hyperelastic
Mooney-Rivlin constitutive
model

Material: PET

➢ Explicit LS-Dyna solver
➢ Timestep 0.001ms
➢ Penalty contacts in the deployment phase

Inlet: physiological velocity waveform [1]
Outlets:.3-elements Windkessel circuits [2]

Preliminary CFD simulations are performed to test the boundary
conditions, boundary layers and fluid mesh.
Two-way, strongly coupled and boundary fitted FSI simulations are
carried out using:
Detail: device
embedded into
the fluid volume

➢ implicit ICFD solver of LS-Dyna for the fluid domain
➢ implicit FEA solver of LS-Dyna for the structural domain
Pre-TEVAR
fluid domain

Blood is modeled as a Newtonian and incompressible fluid.

In the post-TEVAR, the materials,
geometries, contacts and stress/strain
distribution are imported from the
structural FEA results.

Post-TEVAR
fluid domain
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RESULTS
Crimping, morphing and deployment simulation.

Simulation results show that
the device is more in contact
with the vessel in the proximal
and distal regions.
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The FSI analysis is necessary to account for
the material deformability.
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In the post-TEVAR:
➢ Higher velocity in systole
➢ Higher systolic pressure
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TEVAR COMPLICATIONS AND CONSEQUENCES
1.

Bird beak
configuration
2.

1.

The device migration is studied by computing the
displacement force (DF) acting on the device [3].
𝐷𝐹 𝑁 = න𝑝 ⅆ𝐴 + න𝜏 ⅆ𝐴

The compliance mismatch verifies because of a difference in stiffness at the devicearterial wall interface. It is evaluated on 4 sections along the length of the device [4].
𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 [𝑚𝑚𝐻𝑔−1 ] =
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CONCLUSIONS
This numerical tool can be used both for procedural planning and stent-grafts design optimization to minimize complications. The Windkessel Boundary conditions make the procedure applicable to patient
specific cases. Also, common TEVAR complications can be both qualitatively and quantitatively analyzed.
The real novelty – with respect to literature studies – are the complex FSI simulations which take into account for material non linearities and contacts; moreover, the device is embedded into the fluid volume
thus allowing some local movements.
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