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ABSTRACT 
 

There is a need for controllable microvascular clamps in the surgical industry. Currently 
used microvascular clamps are designed in a range of sizes to make them suitable for use 
with various size vessels and clamping force requirements. In some procedures, a clamp is 
required to remain inside the body after a surgical procedure. However, the clamp typically 
needs to be released at a later time. A controllable microvascular clamp has the potential to 
accomplish these goals while minimizing the invasiveness of the post-operative releasing 
process. A Ni-Ti alloy, commercially referred to as Nitinol, is being evaluated to ascertain 
whether it can be incorporated into a design which can exert a clamping force in the range of 
50 to 150 g on a vessel. This paper will relate the features and testing of the first design of 
such a microvascular clamp.  
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INTRODUCTION 
 

     Microvascular clamps are used in thoracic and laparoscopic surgery. In certain 
circumstances, the clamp is required to stay inside the body so that it can be released at a 
later time. A procedure that may require this is endoscopic thoracic sympathetic clamping, or 
ETC [1]. Currently, the method to disengage microvascular clamps entails the use of a string 
connected to the clamp. To avoid this invasive procedure, or the need for a second, albeit 
simpler, follow-up procedure, this research proposes the utilization of a smart material based 
clamp which can be released more conveniently.  
 
     In certain surgical procedures, stopping blood flow in a vessel is critical. However, it is 
imperative that the clamping device not damage the vessel through the application of an 
excessively large clamping force. This is particularly important in laparoscopic or thoracic 
procedures in which the vessel must be returned to functionality without incurring damage 
from the clamp. The controllable clamps based on smart materials will be beneficial because 
they can easily stop and then release blood flow in vessels and/or the function of nerves 
during and after a surgical procedure. In the event that the clamp needs to be released after 
the wound has been sutured, a minimally invasive procedure could be used to trigger a shape 
memory alloy based latch on the clamp. This would be more reliable than existing methods 
using strings.   
 
     In order to impart the desired functionality in the clamps, this project intends to use smart 
materials, specifically a shape memory alloy (SMA). Smart, or active, materials exhibit 
useful coupling between multiple physical domains, and their mechanical properties can be 
changed using external stimulus, such as electric fields and magnetic fields. In biomedical 
devices, particularly for microvascular clamps, an innovative material/component is desirable 
because conventional mechanical components, such as valves and gears make the device too 
big and complex. Large devices take up space in the body cavity, and the number of 
components should be limited to reduce failure rate and reduce the number of foreign 
implements inside the body. Smart materials bridge the gap between mechanisms and 
biocompatibility; they provide the mechanical means to stop the blood flow with minimally 
intrusive components.  
 
     Shape memory alloys are biocompatible, making them an excellent choice for medical 
devices. The biocompatibility of Nitinol, the selected shape memory alloy, can be enhanced 
through specific treatment methods, such as acidic passivation, to preclude tissue 
contamination. The biocompatibility of Nitinol wire is demonstrated by Nitinol stents which 
are implanted within the body [2]. Different activation temperatures are available. 
 
     This paper describes the design constraints and fabrication of the first prototype. It is 
intended to serve as a proof of concept and test bed for optimizing the design of the SMA 
based latch/release mechanism.  
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FABRICATION 
 

     Rather than preparing a design that was entirely based on the deformation and recovery 
characteristics of a SMA, it was decided that a hinged pin design utilizing a SMA only for a 
latching and release mechanism would afford the greatest flexibility in tuning for clamping 
forces and activation temperatures. While the prototype was machined from Al 7075-T6 for 
design evaluation, biocompatible versions could be prepared using cobalt steel or titanium. 
Fig. 1 demonstrates how a clamp is used during a surgical procedure. The leftmost box 
represents the clip as it was mechanically opened and placed around a vessel. The middle box 
represents the clip at body temperature. The box on the right demonstrates the removal of the 
clip by applying a cool temperature, roughly 20°C.  

 

 
Fig. 1: Demonstration of vascular clip functionality [3]. 

 
     Clamps are applied using forceps or another implementation device. In addition to the 
goal of designing a clip to occlude the vessel, some design considerations that should be 
taken into account are the insertion and removal of the clip and the interference of the clip 
with the surgical procedure. The clip must be removable from the vessel without an open 
surgery.  
 
     There are two key points to the design. There is a torsion spring supplying the opening 
force, and a Nitinol wire keeping the clamp closed. The prototype is pictured in Fig. 2 in the 
closed position. The Nitinol wire and top arm wire are secured in the device by tightening set 
screws inserted into the end face of the clamp. The SMA latches onto a rigid stainless steel 
pin similarly secured into the second leg of the clamp.  

 

 
Fig. 2: First prototype in the closed position.  
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 The prototype clamp is largely rectangular for ease of manufacturing. Other features 
were incorporated into the design that will maximize the effectiveness of the clamp. Instead 
of being uniformly rectangular, the width of the top arm steps out after the hinge. This gives 
the top and bottom arms the same width where the vessel is gripped. A few other geometries 
were machined into the prototype around the spring so that the top and bottom arms would 
not have a rough interface.  

 
 Shape memory alloys could be further incorporated into the design. This is demonstrated 

by the development of a pair of atraumatic haemostatic forceps [4]. In these forceps, the 
amount of force applied to the blood vessel can be controlled. This feature could potentially 
be incorporated into the next design to control the amount of force applied to the vessel, in 
addition to controlling the release of the clamp.  
 

EXPERIMENTATION 
 

The features of the clamp can be further optimized for mass fabrication and enhanced 
functionality. There are a few design changes that will be implemented into the next design 
iteration. First, the hole for the SMA wire or the wire it hooks on to would be positioned 
differently. Currently, they are aligned vertically, but this does not take into account the 
diameters of the SMA wire. The wire should be able to be positioned vertically and neatly 
hooked onto the wire on the top leg. It proved to be difficult to hook the wire on to the pin to 
close the clamp. One improvement would be to make the length of the Nitinol wire longer to 
make it easier to manipulate within the small network of nerves which are present during 
surgery. The SMA wire chosen had a diameter of 0.002 in. The strength of the wire is 
sufficient, but a thinner wire would be able to hook on to the wire in the top arm with less 
manipulation.  

 
The preliminary setup for a procedure testing the release process is shown in Fig. 3. Since 

the Nitinol can be custom ordered with different activation temperatures, the response of the 
clamp can be tuned.  However, it is then necessary to verify the actual activation temperature 
of the wire. This was accomplished by using a dynamic mechanical analyzer (DMA) in a 
temperature ramp mode while monitoring the force on the plate positioned just above the 
clamp. In addition to determining the release temperature, this test also verified the 
performance of the SMA latch. The test showed that the wire caught slightly on the pin. It 
released in a horizontal direction normal to the pin in addition to releasing vertically. The 
next design iteration will consider this behavior in the design. The pin will also be shortened 
to minimize binding. During testing, the prototype is not centered on the fixture as pictured 
in Fig. 3 so that the wire has clearance to release. 
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Fig. 3: Initial setup of the clamp. 

 
The testing was done on a dynamic mechanical analyzer (TA Instruments, model RSA3). 

This equipment is capable of measuring low forces in an environmentally controlled 
chamber. A 15 mm compression flattened fixture was used during the test. The temperature 
was ramped to 100° C at 10° C per minute. The release of the SMA latch is evidenced by a 
sharp increase in force at approximately 77 °C. The transition temperature for the 0.002 in 
diameter Nitinol wire is specified to be 70° C.  
 

 
Fig. 4: Release strength of the microvascular clamp. 

 
CONCLUSION 

 
     The design of the microvascular clamp includes a torsion spring and latch mechanism 
incorporating a shape memory alloy. The results from testing have proven the concept that 
shape memory alloys can function in microvascular clamps. A design configuration utilizing 
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a spring and a shape memory alloy wire latch would be able to be used during surgery. The 
results have shown that the concept of using a shape memory alloy in a surgical clamp is 
possible. At this time the existing design will be improved for ease of use. The clamp will be 
smaller and the hook mechanism will be easier to manipulate using forceps during a surgery. 
A shape memory alloy can be ordered with a lower activation temperature for use in the 
body.  
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