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1. INTRODUCTION

Coronary artery stents are used to reduce
blockage in coronary arteries followed by an invasive
procedure known as percutaneous transluminal
coronary angioplasty (PTCA) [1]. Although
angioplasty is an effective treatment for partially
blocked blood vessels, but restenosis or re-narrowing
of blood vessels affect 30-40% of patients within 6
months followed by PTCA treatment [2]. One
solution to restrain thrombosis (restenosis) is
moderate heating of stents, somewhat around 50°C is
effective to curb thrombosis [3].

In this research project we intend to use shape
memory alloy (SMA) due to its promising
mechanical properties and capability to actuate
wirelessly. A helical structured inductive stent is laser
cut from Nitinol tube. The stent is then
electromechanically coupled with parallel plate
capacitor build by MEMS process to obtain an L-C
resonant stent. This stent can be operated by external
RF source to actuate wirelessly and heat for
endohyperthermia treatment by utilizing joules
heating phenomenon in order to inhibit in-stent
restenosis.

2. DESIGN AND FABRICATION

The stent structure is produced by laser
micromachining medical grade nitinol tube (4.5mm
outer diameter, 100pm wall thickness). This stent
would work as a mechanical scaffold and an L-C tank
circuit. Commercial stents normally have connection
struts between the loops which cause electrical
shortening and resulting in low inductance. A helical

stent without having connection struts between the
loops provides a stent of high inductance which aid
to have an efficient L-C tank circuit. The helical stent
contains 18 loops having 9 zigzag patterns in each
loop. The length of stent is 25mm with strut thickness
of 335pm; these dimensions are chosen to have
maximum inductance value. The capacitor strips are
built by MEMS process with an overlap area of
1mm? and separation distance between the plates is
10pm. Both capacitor and inductor (stent) are bonded
together by using conductive silver epoxy to obtain
an L-C resonant circuit.

3. EXPERIMENT AND RESULT

The inductance and capacitance of L-C stent is
measured by using RLC meter which is found to be
around 400nH and 25pF respectively. Resonance
frequency of electromechanically coupled L-C stent
is examined by using Aglient 4395A Network
analyzer, which is 53.95 MHz. The measured
resonance frequency matches well with the
theoretical value, which is 50.3 MHz. The resonance
peak of stent is shown in figure 3.

To ensure the reliability of fabricated device
(stent), helical stent is coupled with commercial
capacitor having 20pF capacitance and the resonance
peak is examined as shown in figure 4. The results
show that the helical stent has definite inductance and
it is working properly, by incorporating it with
different capacitor we can obtain different resonance
frequency depending on the capacitance of the device
used. The experimental results related to actuation of



o

SHUZE3 20156 HE EASENS =T

stent would be presented at the conference.
4. CONCLUSION

In this paper we have presented the design,
fabrication and resonance measurement of L-C
resonant stent which can be heated by utilizing joules
heating phenomenon. This design of stent would be
able to actuate wirelessly and can be used for
endohyperthermia treatment for in-stent restenosis.
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Parallel plate capacitor

Fig. 1 (a) shows the real L-C stent and (b) shows the
schematics of L-C stent
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Fig. 2 Process flow schematics of parallel plate
capacitor (h) real device.
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Fig. 3 Resonance frequency of L-C stent with MEMS
capacitor, 53.95MHz
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Fig. 4 Resonance frequency of L-C stent with 20pF
commercial capacitor, 59.4MHz
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INTRODUCTION

Each year, three million stents are implanted worldwide, for both
vascular (e.g., coronary, carotid, renal, and peripheral arteries)
and non-vascular (e.g., urinary and biliary ducts) applications.

Stents are most widely used for cardiovascular disease, the
number one cause of death in North America.

Restenosis (re-narrowing of blood vessels) occurs in stented
patients with substantial rates e.g., up to 30%, mainly due to
scar-tissue proliferation within the stent. When severe, it may
lead to complete blockage of blood flow.

Before procedure After procedure

In-stent
restenosis

Decreased Normalized
¥ blood flow blood flow

Stent implant by angioplasty (PTCA) Restenosis occurs inside implanted stent



CONTINUED

In order to restrain restenosis number of different kinds of
solutions have been proposed.

Drug Eluting Stent (DES). But this method 1s not helpful in long
term application and in most of cases restenosis occur after 6
months of stent implant.

Using Bio-absorbable stent, uncontrolled degradation rate of stent
still needs to be addressed.

Hyperthermia treatment (at temperature ~50 °C) of stent could
be effective in limiting cell proliferation (restenosis).



RESEARCH PLAN

* A helical type stent is designed in order to obtain a stent with
inductor characteristics.

By removing connecting struts between the loops, inductance of
the stent can be greatly increased.

 This stent will act as a mechanical scaffold and an active
antenna for RF power transfer.

* Inductive stent can be electromechanically coupled with
capacitor to obtain an L-C resonant stent.

25
Commercial stent \ Z S

having connection
struts

3D 1image of helical stent having no connection struts between the loops, before and after expansion



CONTINUED

Development of smart shape memory alloy (SMA) stent for

hyperthermia treatment and wireless actuation.

RF power can be used to heat resonant stent.

SMA can be actuated by using Joules heating phenomenon.
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Figure 2: Equivalent circuit of L-C stent Figure 1: Conceptual illustration of Li-C stent



CURRENT PROGRESS

o L-C stent development using Nitinol tubes.

o Helical type stent is designed and laser cut from 4.5 mm Nitinol
tubes.

o Capacitor part is build by bonding two strips using a non-
conductive epoxy in between.
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Stent produced by laser cutting
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Schematic diagram of stent fabrication (a) 4.5 mm medical grade Nitinol tube (b) stent produced by laser
cutting (c) plates are bonded together by using non-conductive epoxy (d) real L-C stent




CONTINUED

o Designing and fabrication of parallel plate MEMS

capacitor.

o Helical stent is bonded with capacitor by using silver

epoxy.

o Capacitance is found to be around 25pF.

Parallel plate capacitor

Top real Li-C stent and bottom is the
schematic of L-C stent
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CONTINUED

o To validate the results helical stent 1s coupled with
commercial capacitor.

o A 20 pF commercial capacitor is electromechanically
coupled with helical stent and its resonance frequency 1s
analyzed.

Capacitor




RESONANCE FREQUENCY
MEASUREMENT

Resonance frequency of three different types of L-C stents
1s measured by using Agilent 4395A network analyzer.

Type of Stent Sample 7 1 Sample # 2
Stent with commercial C=30pF C=20pF
capacitor

fr=50.15MHz f=62.5MHz

Stent with laser cut C=3_1pF C=3.1pF
parallel plate capacitor
fr =110.0MHz fr =134 5MHz

Stent with MEMS C=15pF =215pF
capacitor

fr=52.32MHz fr=72.5MHz

Resonance frequency measurement of L-C stent having three different types of capacitors
with same type stent having inductance in range of 375-425nH



JOULES HEATING

To analyze joules heating effect on the stent structure, DC power
1s applied across the stent.

The results of both experiment and simulation are shown bellow.
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CONTINUED

Temperature distribution on stent surface, experimental and

simulation results at 3V.

Surface: Temperature (degC)
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MECHANICAL CHARACTERISTICS

o In order to confirm the mechanical integrity of stent, compression
force analysis 1s done on helical stent in comparison with
commercial stent.

o Stent should be designed to withstand the internal wall pressure
of the coronary artery.

o Due to thicker strut thickness, SMA helical stent withstand
maximum force of up to 6N.
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CONTINUED

o To adapt the environment of the artery, stent should be

flexible enough.
o Bending force analysis.
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CONCLUSION

Helical stent is successfully designed, fabricated, and
electromechanically coupled with capacitor to obtain an L-C
resonant stent.

Stent shows good electrical properties in order to operate
under external RF source.

Stent shows good mechanical properties in comparison with
commercial stent and can be used for practical application.

FUTURE WORK

Designed L-C stent would be operated by utilizing RF
power for wireless heating and actuation both in vivo and
vitro.

Design characterization would be done to have a more
uniform temperature distribution along the stent surface.



THANK YOU FOR LISTENING!

This study was supported by Korean Health Technology R&D Project (HI13C1527) Ministry of
Health & Welfare, Republic of Korea and International Collaborative R&D Program through
KIAT grant funded by the MOTIE (N0O000894).



