Comparison of Embolization rates in Patient Specific Geometries using
Steady and Unsteady Multi-Scale Modelling
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ABSTRACT

Despite improved Ventricular Assist Device (VAD) design and anti-coagulation treatments, patients
implanted with VADs have a 20% to 40% chance of experiencing a thrombo- embolism within 6
months of implantation'. These clots may originate from each of the following locations: (1) the VAD
itself, (2) dislodged clots from the aortic root walls, (3) or the native ventricle'”. This study aims to
assess the effect of various outflow graft (OG) implantation configurations on embolization to the great
vessels.

A 3D patient-specific geometry obtained from CT scans has been brought to the numerical domain by
using segmentation software and CAD software to generate various cannula configurations. The
hemodynamics are resolved utilizing 3D computational fluid dynamics (CFD) code coupled to a 0D
lumped parameter model (LPM) of the peripheral circulation. Blood flow is modeled as a laminar,
incompressible and non-Newtonian fluid whose rheology is accounted for by a Carreau-Y asuda model.
Thrombi are modeled as non-interacting solid spheres of set density and size varying between 2mm
and 5 mm, tracked throughout the domain with a Lagrangian scheme.

Figure 1 — Outflow graft implantation.

For the steady flow solution as previously noted, each of the configuration, 90°, 60° and 30° display
respective total mean cerebral embolization rates of 13.89%, 13.56% and 6.81%. It can be observed
that the 30° anastomosis angle presents the lowest embolization probabilities, while the other
configurations two-fold adverse results. A similar trend can be observed for each separate arterial bed.
Pulsatile solutions generate embolization rates of 8.95%, 18.02% and 3.57%. Similarly, pulsatile
results suggest the 30° VAD-OG to be the best implantation with a 50% reduction in embolization rates
over the two other configurations. When comparing the overall statistics, flow pulsatility appears to
strongly affect the predicted embolization rates.

Results display the strong influence of pulsatility over the flow field in the aortic arch which in turn
translates in altered emboli transport. In addition, the stroke probabilities clearly identify the 30° VAD
cannula anastomosis as the most ideal configuration under both pulsatile and steady flow conditions.
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