CHRYME

Fluoroscopy is the most common method used for the detection of stents that are inside the body.  It utilizes X-rays, which strike a fluorescent plate that is connected to an intensifier and a TV output for live views from within the body (Brentall).  Fluoroscopy is capable of delivering more radiation than typical x-rays and when used in conjunction with contrast material dyes the body’s blood vessels are easily seen.  This procedure works very well for detecting the flow within the vessels, but is sometimes fails to detect stent materials inside the body.

SHAG

The main property associated with the detection of stent materials using the previous techniques is the radiopacity of the material.  Radiopacity is the ability of a material to be radiopaque, which means that the material is not transparent to x-rays or other radiation.  There is a direct correlation between the radiopacity of a material and its density, because; denser materials will absorb more radiation. 

TARM

Currently there are four major materials used in stents; 316L Stainless Steel, L-605 (Cobalt Chromium), Nitinol (Nickel based alloy), and Titanium alloys.  There are several material properties that are important for stents and they can be found in table 1 for each of the four materials.   The perfect stent would exhibit a high density; elastic modulus, tensile strength, and % elongation, while still exhibiting a low yield strength.  As the table shows this “perfect material” is currently not in major use and it is doubtful that one will ever be found because, there is usually an inverse relationship between yield strength and tensile strength.  For the purposes of x-ray detection the density is the most important property. 
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Table 1 Stent Material Properties ( Poncin, P., and Proft, J. )

	Material
	Density (g/cc)
	Elastic Modulus (Gpa)
	Tensile Strength (Mpa)
	2% yield strength

(Mpa)
	% Elongation

	316L SS
	7.95
	193
	670
	340
	48

	L-605 CoCr
	9.10
	243
	820-1200
	378-780
	35-55

	Nitinol (martinsitic)
	6.45
	40
	1200
	200-300
	25

	Titanium
	4.50
	107
	300
	200
	30


 KRYS-KRUIS

The relative densities of these materials are small when compared to other materials such as gold, which at 19.6 g/cc is more than twice as much as the closest competitor.  This is one reason why gold is used as a marker within stents.  By inserting a gold disc into the stent matrix at various locations (usually the ends and middle) the overall radiopacity of the stent increases and it can be seen using the standard fluoroscopy.  
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Figure 1

A gold disc inserted into

 the stent matrix for 

 detection purposes.
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TRACKERS

Another type of labeling is using radioisotopes of different materials to coat the stents.  Radioactive materials are also used to help prevent against restenosis (the closing of arterial walls).  One such material, Rhenium-188, has been tested successfully in animal subjects for restenosis prevention and biocompatibility.  The isotope exhibits a half-life of 16.9 hours and it emits beta particles with a max energy of 2.12 MeV. ( Knap)    This makes the stent detectable by beta particle radiation within the next few days after implantation.  

MONO

Research is also being done with longer lasting detection possibilities.  The radioisotope 32P is another beta-particle emitter that is being investigated for its restenosis prevention and labeling purposes.  This isotope exhibits a 14.3-day half-life, which means that there should be a longer prevention of restenosis. (Wardeh)  This is a key element since that most patients have no complications after 6 months of initial implantation, so any means of prolonging resistance to restenosis is looked for.  There is a minimal detection of the isotope outside the human body, but there are possibilities of adding markers to the stent, which would increase the small radiopacity.  

