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Introduction

Percutaneous transluminal coronary angioplasty (PTCA) is a powerful means for
treatment of coronary disease, but still not free from a relatively high percent of restenoses
which may lead to repetitive treatment. The search for ways of preventing this effect revealed
that radiation doses of 10-30 Gy play a positive role in remodelling of the arterial wall, which
in mid-nineties initiated the practice of post-PTCA intravascular brachytherapy (IVBT).
Among suggested IVBT sources (^Y, 32P and 192Ir [1, pp. 181, 207, 296]) 32P has advantages
such as favourable half-life (Tl/2 14.3 d), decay by pure P emission and short range of the
emitted particles. [1, p. 323].

Physical form of the source determines the treatment fractionation and technique (high or
low dose rate). As a preliminary study to catheter-based or stent-based IVBT techniques we
have been evaluating several methods of preparation of 32P sources, taking into account
properties of stent or thrust wire materials like: pure titanium, Ti-Ni alloy and stainless steel.

Methods of preparation of solid sources

a) Implantation of phosphorus onto metallic surfaces

Beams of ions are very suitable for doping thin surface layers of solids by stable or
radioactive isotopes, or for creation hard complex coating layers with very good adhesion.

An easy way of source preparation is implantation of stable 3IP into purest Ti substrate.
The implanted 31P can be later activated with thermal neutrons to 32P, without much risk of
activating the supporting material. In the case of stainless steel or titanium alloys, ion beam
modification of the surfaces requires direct implantation of radioactive 32P. Otherwise, contrary
to titanium of highest purity, thermal neutron bombardment would activate unwanted longlived
gamma-emitting nuclides in these materials.

Initially, we were implanting pure stable phosphorus onto solid surfaces. By the dual
beam IBAD methods another set of metallic surfaces was covered by thin carbon layer doped
by phosphorus. The depth distribution of 3lP in Ti and in C was investigated by proton beams
(RBS and PIXE methods).

Our dual beam 75 kV ion implanter, used either for implantation or for the IBAD
technique was described in detail in Ref.[3]. Phosphorus was implanted with an energy of 25
keV. The currents of the 3 IP beams were 0.05 - 0.2 uA.

b) Chemical conversion coatings

The alternative for pure titanium stent (which, to our knowledge, has not been described
in the literature) is the Nitinol or the stainless steel one (Palmaz Schatz or much cheaper of our
own construction [4]). To avoid either production of long-lived contaminants in the alloy
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material or radioactive contamination of our ion implanter, we tried a wet method of fixing 32P
on the stainless steel surface (SS) Preliminary experiments were performed with 31P phosphates
on highly polished 3 mm x 5 mm x 10 mm plates of austenitic chromium-nickel steel (AISI
316L), preprocessed as in Ref.[2]. By immersing the plates in hot acidic phosphate solutions
we obtained thin conversion coatings on whose quality we are still working. The deposition
process was observed by measuring the electrochemical potential relative to the standard
calomel electrode. Time necessary for reaching the chemical equilibrium was about 60 minutes.
The deposition of 31P on the SS subrace was also investigated by RBS and PLXE methods.

Dosimetric considerations

The main problems in dosimetry of 32P radiation are high dose-rate gradients within a
volume of a few millimetres. To obtain a good spatial resolution we used miniature
thermoluminescent LiF detectors specially developed for that purpose in our laboratory. They
have form of pellets with diameter of 2 mm and effective thickness of about 0.1 mm.
Measurements were performed within a PMMA phantom (modified version of that by
Popovski et al [1, p. 336] enabling placement of detectors at various distances from a source.

Conclusions

Ionic methods are recommendable for deposition of phosphorus into the metal surface
layer. Their advantage is that they produce very hard, friction- and chemically resistant surfaces
which can be considered as sealed sources. Its limitation is the risk of contamination of our
multipurpose apparatus with radioactive 32P. Neutron activation of the 31P implanted stents or
thrust wires is recommendable only for those from purest Ti but not for the stainless steel or
Nitinol (Ni-Ti) ones because of the activation of long-lived gamma emitting nuclides in these
alloys.

The technique of thin [32P] conversion coatings on the stainless steel still requires
experiments on their mechanical properties and the chemical resistance.
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