Ferromagnetic soft robots for minimally invasive thrombus extraction
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This work presents a minimally invasive programmable magnetic soft catheter for thrombus extraction in vitro. We have developed new composition and programming techniques for such magnetic material. We further demonstrate the applicability of our system for thrombus extraction tasks, in particular the navigation through vessel-mimicking system, penetration the plasma clot under the application of a rotating magnetic field and its extraction from the vascular phantom. 

Thrombosis-related diseases are the leading death cause in the world [3]. However, there is still a need for thrombosis treatment development due to the invasive nature of existing methods, which leads to significant deadly consequences, such as infection, excess bleeding and damage to the blood vessel at the site of the blood clot [1, 2]. Therefore, the development of effective and safe minimally invasive thrombosis treatment is still challenging task and small-scale soft material robots are attracting widespread interest in this field due to their fast response, remote actuation, and large penetration range [4, 5]. 

Our proposed composite consists of elastomer matrix containing ferromagnetic nanoparticles, encapsulated with a phase change polymer. Such material with a shape memory can change its form under the applied magnetic field to one, that we have programmed before, through the special process. This approach is based on the changing of magnetization patterns in the soft material via the alteration of the directions of magnetic domains. The concept of our work is to insert such magnetic material into the model blood vessel, deliver it to the blockage site (the fibrin clot), using an external magnetic field. Then we will shape our system from usual strip to spiral form, which is the most suitable for our task to drill a clot like a screwdriver, and using a rotating magnetic field we hook the clot and after that extract it from the vessel-mimicking system.

As a result, we characterized mechanical properties and programming efficiency of the composite, identified that our soft magnetic material can be reprogrammed and it has been experimentally proven that this material can be used for thrombus extraction. Such results give new opportunities to develop minimally invasive surgery for thrombosis therapy, which will be less harmful and more comfortable for people. 
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