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CONCLUSIONS & FUTURE WORKS
• A patient-specific CFD framework was developed to simulate LA hemodynamics before and after LAAO

• Results demonstrate that atrial wall motion influences local flow patterns and hemodynamic indices

• The patient cohort will be expanded to enable statistically robust analyses of hemodynamic parameters

• Future work includes integrating realistic catheter trajectories and enhancing experimental validation through 3D PIV data reconstruction

PROBLEM AND MOTIVATION
Atrial fibrillation (AF) disrupts the normal contraction of the left atrium (LA), reducing flow velocities and promoting blood stagnation, particularly in the left atrial 

appendage (LAA) [1]. Left Atrial Appendage Occlusion (LAAO) devices are used to mechanically seal the LAA when anticoagulation therapy is contraindicated. CFD is 

a non-invasive tool for studying patient-specific hemodynamics and improving the understanding of thrombus formation mechanisms. However, the accuracy of CFD 

analyses depends strongly on the correct representation of atrial wall motion and on proper experimental validation of simulation results. Developing reliable CFD 

tools for both pre- and post-LAAO can therefore support personalized risk assessment and optimized procedural planning.

Aim:

• CFD pre-LAAO:  assess the fluid dynamics within the LA and LAA in patients with AF before LAAO, investigating relationship with 

thrombotic risk while accounting for patient-specific atrial wall motion throughout the cardiac cycle.

• CFD post-LAAO: investigate the impact of different device deployment strategies on the LA hemodynamics to identify 

configurations that minimize post-procedural complications.

• PIV validation: design of an experimental setup consisting of a mock circulatory loop embedded with a Particle Image 

Velocimetry (PIV) system to validate CFD results and ensure model reliability according to standard guidelines (ASME V&V40).

ABSTRACT
Atrial fibrillation impairs left atrial contraction, promoting blood stagnation in the left atrial appendage and increasing thromboembolic risk. Computational Fluid
Dynamics (CFD) was developed to simulate patient-specific left atrial hemodynamics before and after left atrial appendage occlusion, supporting personalized
procedural planning. An experimental mock circulatory loop with particle image velocimetry is used to validate CFD predictions and ensure model reliability.

RESULTS
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3D models

• Source mesh generation (0% phase) 

• Non-rigid registration from source to target [4]

• Interpolation of each surface node’s coordinates to 

prescribe wall motion [5]
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Device deployment through FE simulations using 
different Wall Stiffness (WS)

Simulation approaches

• CFDRW rigid wall assumption

• CFDMW                  prescribed wall motion

Post processing  
• Velocity fields (u)

• Time Avaraged Wall Shear Stress (TAWSS) 

• Endothelial Cell Activation Potential (ECAP)
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Experimental setup [6]

PIV acquisition planes

Deployed device subtracted from the deformed 
geometry to generate the post-procedural model

nnU-Net [2,3]

Longitudinal Transversal

• 26 PIV triggers 

per cardiac cycle

• 30 cycles
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