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Introduction

The Left Atrial Appendage (LAA) is the main source of
blood clots in patients with non-valvular Atrial
Fibrillation (AF), accounting for over 90% of thrombi
formation [1]. To lower the risk of cardioembolic
events, LAA Occlusion (LAAO) has emerged as a key
alternative treatment for patients with a contraindication
to anti-coagulation therapy [2]. However, there is a risk
of Device-Related Thrombosis (DRT) occurring in 2-
16% of patients after LAAO [3]. In this context,
numerical methods represent a powerful tool to both
simulate the LAAO [4], using Finite Element (FE)
analysis, and the LAA hemodynamics [5], by means of
Computational Fluid Dynamics (CFD). In this work we
present a patient-specific numerical workflow
integrating the results of FE simulation of LAAO and
CFD analysis to assess the effect of different LAAO
configurations, in terms of device type and/or
positioning, on the Left Atrium (LA) hemodynamics.

Methods

The workflow is composed by two consecutive
numerical simulations: FE analysis of LAAO and post-
LAAO CFD simulation. LA models were obtained from
Computed Tomography (CT) images of patients who
underwent LAAO. The models included Pulmonary
Veins (PVs) and Mitral Valve (MV). For each model,
different LAAO configurations were simulated. FE
simulation of LAAO was run in Abaqus, using a
validated device model [4]. The device was discretized
with 1D elements. The LA was meshed with 2D shell
elements. LA wall thickness and stiffness were assumed
from literature. Edges of MV and PVs were fixed. The
deformed LA model, as result of the device expansion
within the LAA, was used to define the fluid domain for
the CFD analysis (ANSYS Fluent). The CFD model was
meshed with tetrahedral elements. AF boundary
conditions were implemented [5], using an inflow
pressure condition of 8 mmHg at PVs and an outflow
velocity profile at MV. An example of the workflow is
reported in Figure 1, showing, first, the FE model of
LAAO and, second, the post-LAAO CFD simulation.

Results

Results of each post-LAAO CFD analysis analysed in
terms of pressure, velocity, and main hemodynamic
indices. Figure 2 shows the velocity field obtained from
two CFD simulations of different LAAQ configurations.

Figure 1: FE simulation of LAAO (a) and post-LAAO
CFD simulation (b) with details of local velocity field in
proximity of the occlusion device (c).
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Figure 2: Local velocity field obtained from the CFD
simulations of two different LAAO configurations with
Watchman (a) and Watchman FLX (b) devices.

Discussion

In this study an integrated FE/CFD numerical workflow
was presented, with the aim to investigate the effect of
different LAAO configurations in a controlled in-silico
environment. Given the importance of risk stratification
in the follow-up of LAAQO procedure, this tool could
represent a key solution in the understanding of the DRT
problem. The possibility to simulate any clinical
scenario, by independently setting patient anatomy,
device type and positioning, would allow to explore a
potentially infinite LAAO configurations and highlight
the most critical scenarios from CFD results.
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