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Abstract: After the placement of expandable mesh stent

stent filled only with distilled water. Measured time

inside the coronory artery there is a potential danger of instent restenosis, which can be reduced by the lesion
treatment with radioactive isotopes, or sources of heat.
Here we propose a new way in-stet restenosis treatment
based on the application of the RF radiation. Alternating
kF magnetic fields induce eddy currents in the metal stent

temperafure dependence

result of which is stent heating. The advantage of the

proposed method

is that it

does not require

any

modifications of the stent and its implantation.

INTRODUCTION

was later analyzed so

that

temperature raise rates LTILI in the water-filled tube with
the stent and without it were extracted. The absorbed RF

power was calculated knowing the heat capacity

of

water in the tube C = ffi cp and temperature raise rates

as

P=CA,T/A,I.

the

(l)

Two absorbed RF powers were measured: the absorbed RF
in the water-filled tube with the stent (P1) and
without the stent (P2). From these two measurements the
absorbed RF power in the stent only was calculated as

power

P=Pr-Pz.

For the last few years, cardiologists have often placed
an expandable mesh stent inside the coronary artery at the
site where they perform percutaneous transcoronary
angioplasty (PTCA or balloon angioplasty). The purpose of
the stent is to prevent re-closure of the newly opened
segment of the coronary artery. This therapy seems rational,
its
effectiveness. The main problem, which can occur after this
intervention, is in-stent restenosis. In-stent restenosis is an
increasing clinical problem. However, it can be reduced by
treatment of lesions following the intervention. Several

and there have been many individual claims

of

methods for this treatment have been proposed. Very
efficient treatment is based on the intracoronary radiation
by sources of B-radiation []. For example, a 90-yttrium
source can be used as a source of radiation[2). Other group
of methods is based on a source of heat to treat in-stent
restenosis 13,4). This can be implanted in proximity of the
lesion. Here we propose inductive heating of lesions by the
conductive
properties of the metal stent in which when exposed to RF

RESULTS AND DISCUSSION
Temperature raise curves shown in Fig. I correspond to
two experiments where the RF power absorption was
monitored in the water-filled tube with the stent (upper
curve) and without it (lower curve). From the slope of the
temperature raise curves temperature raise rates for the

water-filled tube with the stent (AZl A^t = 0.049 oCls) and
without it (LTlLt = 0.028 oCls) were extracted. The heat
capacity of the water in the tube was C=m cp=0.24 mg

x4200 Jlkg'C=

l.0l Jl"C which yielded (Eq. 1) the

absorbed RF power in the water-filled tube with the stent

Pr = 50 mW and in the water-filled tube without the stent
Pz= 28 mW. The absorbed RF power in the stent only was
therefore P =22 mW.

RF power absorption. This is based on

radiation eddy currents are induced. The result

of

eddy

currents in the stent is stent heating.

MATERIALS AND METHODS
An expandable mesh stent (Palmaz Schatz, Johnson &
Johnson) was inserted in the plastic tube with a diameter
2.5 mm and a length 49 mm. To the one end of the tube a
precise temperature sensor (temperature sensitive resistor
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PTl000) was placed. The tube was filled with distilled
water, sealed on both sides and inserted in a RF coil. The
RF coil was tuned at 100 MHz and connected to a 100 W
RF power amplifier, which generated oscillating magnetic
field at the stent position with amplitude 0.4 mT. The RF
power was transmitted to the sample in 50 ps long RF
pulses I ms apart. Temperature in the sample, which was
exposed to RF radiation and had initially room temperature,
was monitored for l0 minutes in 20 seconds intervals. The
same measurement was repeated for the tube without the
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Figure
a

l: Temperature

raise due to RF power absorption in

water-filled tube with a stent (upper curve) and without it

(lower curve).

In our simple experiment the RF power was distributed
because of limitations of used
hardware. More efficient would be to apply RF power

to the sample in pulses

continuously. Assuming that the RF power amplifier could
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transmit the same RF power as was used in pulses also
continuously then the absorbed RF power in the stent
would be in our case increased 20 times and would be equal
to 440 mW. To apply this type of stent restenosis treatment
to a clinical practice a special type of RF coils that can
transmit RF power from the human body exterior is needed.
Such coils are known as surface soils and are widely used
in MRI and NMR spectroscopy. The depth of surface coil

range

is

approximately equal

to the coil diameter.

Therefore, for lesions deep in the body large RF coils
would be needed. Large RF coils transmit a considerable
amount of RF power to a large body volume and may result
in unwanted heating of the whole region and not only in the
stent vicinity. Lowering the RF frequency may help to
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In-stent restenosis treatment by RF heating has
advantage over other procedures since it requires no
modifications of the stent and its implantation. Other more
harmful methods are based on the use of radioactive
isotopes or implanted sources of heat. None of these is
required for RF stent heating. Namely, this is based on the

electrical conductivity inherent to the stent. However,
problems related to targeted application of RF power to the
stent reeion still remain.
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