Fabrication of Surface Microstructures and Investigation of their Influence on the Interaction with Blood for Use in a Left Ventricular Assist Device 
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Heart failure is the leading cause of death in Western countries and is increasingly challenged by the shortage of donor organs [1]. Contemporary mechanical circulatory support (MCS) devices promote survival and improve the quality of life for patients. Rotodynamic blood pumps (RBP) used as left ventricular assist devices (LVADs) constitute the largest proportion of clinically used MCS devices. The interaction of blood with the implant surface is a key aspect of the success of these devices, since thrombus formation can occur at the inner surfaces and must be avoided. Using computational fluid dynamics simulations, we establish an understanding of the detailed flow conditions within a novel pediatric LVAD (see Figure 1) with the aim of replicating these in a microfluidic setup that allows to test different surfaces with respect to their thrombogenicity. Microscale-roughness can promote hydrophobicity through the Cassie-Baxter state [2]. Three patterns (cones, spheres, riblets) were designed respecting geometrical constraints needed to maintain the Cassie–Baxter state (see Figure 2 left). These surfaces were manufactured at different scaling factors (nominal 1x, small 3x, medium 6x, large 9x) using a two-photon polymerization (2PP) 3D printing system (NanoOne, UpNano, Vienna). These structures were then replicated using UV-NIL. Figure 2 right shows an image of an imprinted test structure array. Using PDMS stamps (Sylgard 184) and OrmoComp (micro resist technology GmbH, Berlin) as imprinting material the process allowed us to replicate also the inverted cone structures. Micropatterned surfaces were physically characterized through water contact angles measurements directly on the 2PP structures (UpBrix resin). The effect of the different micropatterns (Figure 3) can be clearly observed and gives us a good indication of fluid repellency for the ongoing static experiments, which aim to test the potential platelet-repellent properties of the micropatterned surfaces. The static experiments are performed with washed platelets incubated under physiological conditions with the micropatterned surfaces, and platelet adhesion is then evaluated via scanning electron microscopy. The next step will involve testing the platelet-repellent property in a microfluidic setup to simulate the high shear rates the cells undergo. We will report on the fabrication procedure of the microstructures and the microfluidic setup and present first experimental results relevant for our LVAD use case. We acknowledge funding from the OptiFlow 3D project (FFG FO999891239).
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Figure 1. Instantaneous wall shear stresses on the surface of the impeller (left) and on the inner surface of the casing (right)
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Figure 2. left: Sketches of two of the three structures designed. Right: Nanoimprint of a test structure array where cones, spheres and riblets were printed at three different scales.
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Figure 3. Water contact angle outputs of the 3 geometries and significance with respect flat surface (N=3, n=5, * p<0.1)
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