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Design and application of novel vibration end-effectors for catheter
surgery
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Vibration has been widely utilized in the therapeutic purposes. Since 1950s, many medical
devices based on vibration have been invented and applied for therapy applications which
including tissue cutting, cataract phacoemulsification, fat emulsion, sonophoresis, bone fracture
healing, cancer treatment, sonothrombolysis and so on.

The work of some current devices depends on the mechanical vibration, in which the
effective vibration needs to be delivered to the lesion directly in complicated environments with
many restrictions. For example, one advanced device to remove the thrombus quickly is the
dissolution of blood clot by stirring of a vibration stirrer which embedded in a micro-catheter. In
this case, the micro-stirrer needs to generate desired motion to smash the blood clot into small
fragments with injecting tiny amount of thrombolytic agent into the clot, which results in quick
dissolution and low risk of hemorrhagic complications.

It is know that the external energy needs to be transferred to the location of clot through
catheter from a long distance, and converted into mechanical vibration safely to avoid attaching
and damaging the vascular intimal due to the narrow space and curves of blood vessels.
Moreover, the stirrer has to apply different amplitudes and frequencies to dissolve the clots with
various mechanical properties because of the different formation circumstances. How to
efficiently convert the vibration force into stirring motion only occurred at the stirrer’s tip with
requested output in the restrict environments is the key problem in design of the micro stirrer.
Regarding the previous study, the new actuator design should obtain stable and reliable
transversal vibration motion in narrow space. The effective transversal vibration excited at the
end effector of the stirrer should be stable with no length or size limitations so that the stirrer can
be made freely with any size for small blood vessel applications.

This thesis is concentrated on the design and application of the end-effectors with




effective-desired vibration motion for catheter applications. In the research, the proposed new
structures which transmit longitudinal elastic wave through a beam or a shaft and convert into
scissor type vibration just at the end effector is studied. The application of the new design used
in catheter-delivered thrombus dissolution was investigated, and its extended application in
cataract removal was also studied.

This thesis consists of five chapters. In the chapter 1, the relevant literature review and
research backgrounds were introduced for clearly represent the purpose and significance of this
research.

The description of the design idea and the fundamental study of the structure for generating
desired scissoring vibration mode at end-effector were introduced in chapter 2. Initially, the
fundamental study on the design principle was described by the establishment and analysis of the
mathematical modeling. Also, a series of FEM models were developed to verify the design
effectiveness, as well as evaluated the stability of the desired mode generation under different
boundary conditions. In addition, the effective requested frequency of the structure was studied
in the last section.

Chapter 3 investigated the application of the proposed scissor type end-effector in the
thrombus dissolution. Initially, a short review was done to describe the state of art in
micro-stirrer design for thrombus dissolution. Considering the limitations of previous study, a
model of scissoring type micro-stirrer was designed based on the proposed structure in the
previous chapter, and its effectiveness was evaluated by FEM analysis. To further evaluate the
effectiveness of the scissor type micro-stirrer in practice, a physical model of micro-stirrer used
to test in laboratory was fabricated. The real vibration mode shape of prototype was measured by
scanning laser vibrometer, as well as a harmonic analysis of the tip deflection was conducted to
further confirm the design’s effectiveness and reliability. At last, the high efficiency for
dissolving thrombus was experimentally verified by both of stirring phenomenon and
concentration change test.

One of the significant advantages of thé proposed design is to efficiently convert the
longitudinal vibration force to transversal vibration only occurred at the end effector. The current

devices of cataract removal indicated that the key problem to effectively reduce the frictional




heat between the needle shaft and silicone sleeve is to decrease the movement at the needle shaft,
which is in accordance with the advantage of the proposed design. In chapter 4, the extended
application of the scissor type end-effector in cataract removal was studied. The design principle
of the needle to obtain tip transversal vibration is mentioned firstly and the dynamics analysis of
the designed needle is investigated in detail. Finally, the potential advantage of the new needle
for reducing heat generation at incision was identified by a thermal generation experiment.
Finally, we conclude the overall work of the thesis and provide the prospects of the research

in the future.
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