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1. Membrane-based Blood Pumps

Left-Ventricular Assist Devices (LVADs) are
blood pumps that support the activity of failed
hearts by mechanically pumping blood into the
ascending aorta.

LVADs have become a life-saving option for
many patients, being a promising treatment as
bridge to transplantation or destination therapy.
However, their implantation might lead to severe
side effects, like hemolysis, clotting and
gastro-intestinal bleeding.
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" CorWave has developed new blood pumps
where the interaction between blood and an
elastic membrane results in an effective
pulsatile pumping action.

Such pumps, named membrane-based
pumps, are designed so that patterns of
velocity and shear stress lead to a reduced risk
of blood trauma.

0 Implement a new efficient software for full 3D time-dependent simulations
of the Fluid-Structure Interaction (FSI) problem that supports multi-thread
parallelization

Perform model validation using experimental data on membrane motion,
fluid dynamic measurements and blood data acquired at CorWave

Study the structural dynamics of the membrane in order to predict possible
sources of blood trauma and thrombosis

3. Current Simulation Tools in CorWave

At CorWave, commercial software packages are used to make FSI simulations
iInside the blood pump and test the effect of different designs on its final
performance.

Taking advantage of the cylindrical symmetry of the device, 2D axisymmetric
simulations are performed in order to save computational time.
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However, such simulations have two drawbacks:

i. experimental evidences showed that membrane vibrational modes present a
three-dimensional nature, that cannot be captured in a 2D-simulation
framework
frequent remeshing is needed to overcome undesired configurations with
distorted elements

4. Software for 3D Simulations in LIFEV

The proposed computational methodology is based on the coupling of the

Extended Finite Element Method (X-FEM)1 with a Discontinuous Galerkin

(DG) mortaring at the Fluid-Structure interface?.

This framework offers two advantages:

I.  No need of remeshing, because the
fluid mesh is kept fixed on the background, while
the structure meslh moves on the foreground

mm) at each time instant, different fluid elements are
covered and/or cut by the moving structure mesh

Accuracy is preserved at the Fluid-Structure interface thanks to a local
enrichment of the functional space of the fluid cut elements, which allows to
represent the solution on its uncovered portions

(cm)

1.3e-01
0.1 B

0.08 ¢
0.06 —
0.04 —

3.0e-03 j

Displacement

3D visualization of blood (cm/s)

. 6.0e+01
velocity and membrane ; |

displacement. Black vectors : 50 L
indicate velocity direction. 100 8

@ 80
-2.0e+02jI
The simulations are carried out in LIFEV3, an academic Finite Element Library

that has been extensively used in complex real-life PDE problems, particularly
In cardiovascular applications.

Our current results carried out in simplified scenarios proved that X-FEM is a
promising numerical approach for simulating the FSI dynamics arising in the
blood pump developed by CorWave.

The main steps to take in the next three years™ are the following:

Implement the contact model to analyze the interaction between the
membrane with the pump housing

Enable parallelization of the codes in order to decrease computational time
Compare the performance of the new software with simulation tools currently
employed in CorWave

Support CorWave’'s development team in the optimization of the pump
design by analyzing new geometries in terms of hydraulic performance and
risk of blood trauma
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