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Introduction

The shift of surgical paradigm from open surgery to minimally invasive surgery (MIS) allows surgeons to perform complex operations inside the human body cavity with a few small incisions, which reduces trauma, scarring, and hospitalization. Though many surgical tasks can be operated by MIS, open surgery is still the state-ofthe-art for vascular graft in heart surgery due to the lack of effective tools. In this work, we present an innovative fully insertable vascular anastomosis device for MIS which significantly reduces the operation time and improves surgical efficiency.

Hui Liu, Xiaolong Liu, Zhe Su, and Jindong Tan Department of Mechanical, Aerospace, and Biomedical Engineering, University of Tennessee, Knoxville, TN 37996 

Results and Discussion

The prototype of our vascular anastomosis module is demonstrated in Fig. 1. The SMA wires are buried in clamping wings to actuate the module by dragging rotatable pads against micro springs. Integrating a micro thermistor to detect the wire temperature, a closed-loop PID temperature control system was designed to control

Materials and Methods

This design features a miniature actuation structure for installing vessels onto couplers, stretching the vessel ends and clamping vessels with couplers by a shape memory alloy (SMA) actuator. As illustrated in Figure .1 

Conclusion

This work proposed a novel modular device for vascular anastomosis in minimally invasive heart surgery. We demonstrated the prototype design that provides reliable vessel installation onto the coupler and sufficient strength for anastomosis. The module is designed into a tiny size according to the force analysis and can be mounted onto the distal of laparoscopic tools. The module will be tested by using porcine vessels for further evaluation. When SMA wire is heated, there will be two steps to install the vessel onto the couplers, as shown in Fig. 3(b). Firstly, the pads push the pins to penetrate vessel walls.

Then the pads rotate the coupler wings to stretch the vessel end. The modular actuator is designed small enough so that it can be mounted onto the flexible distal end of laparoscopic tool (Fig. 3(c)) and inserted through a trocar. The laparoscopic tool is modified into a motor control model, which can be further developed into autonomous anastomosis system. 

Fig. 1

 1 Fig.1 Conceptual illustration of the vascular anastomosis module

Fig. 3 .

 3 Fig.3. (a) Force analysis of the design; (b) Install vessel onto the coupler; (c) Motor controlled laparoscopic tool with flexible distal end

  The size of the module is determined by detailed force analysis, as shown in Fig.3(a).
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 2 Fig.2 Design of couplers