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Abstract—In this work, the use of backscattering for
telemonitoring of in-stent restenosis in two different types of
stents, namely, conventional and antenna stents, is investigated.
Various aspects of the telemonitoring approach including power
consumption and reliability are studied and confirmed with
in-vitro measurements. Experimental results confirm that the
antenna stent is capable of providing −87 dBm backscattered
power at 900 MHz carrier frequency for a −10.0 dBm
transmitted power provided by an external antenna located at
4 cm away from the antenna stent. For the same setup the
conventional stent provides −99 dBm backscattered power. The
backscattered power is reduced to −103 dBm when the antenna
stent is buried in 4 cm of ground beef to emulate the physical
environment surrounding the stent.

I. INTRODUCTION

Angioplasty is a method commonly used to mechanically

widen narrowed or clogged arteries by inflating a balloon

positioned at the tip of a catheter that is guided to the

narrowed site. During the procedure, sometimes a stent is

placed at the site. A stent is a mesh-like tubular structure

which holds open the narrowed section of the blood vessel.

However, re-narrowing of the artery at the stented site

(in-stent restenosis) may occur a few months after surgery

(on average 6 months [1]) by the mechanism of thrombosis,

i.e., clotting of the blood inside the blood vessel, and/or

excessive tissue growth at the inner wall of vessel at the

stented site. Since the rate of restenosis after balloon-only

angioplasty is high, stent placement (bare metal stent, also

known as, BMS) is usually utilized to decrease the rate to

33% [2]. To further reduce in-stent restenosis drug-eluted

stents (DES) are widely used. Recent studies show that even

for DES, the rate of restenosis occurrence post surgery is

3.5% after one year and 4.9% after 2 years [3]. Moreover,

Similar studies show smaller arteries (2.7 mm in diameter)

have 79% higher risk of in-stent restenosis compared to

larger arteries (3.4 mm in diameter) [4]. Currently, monitoring

of restenosis is performed through either invasive methods

(e.g., angioplasty), or by non-invasive imaging techniques

(e.g., computed tomography (CT) or echocardiography) [5],
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Fig. 1. Schematic diagram of backscattering telemonitoring system using
stent antenna

[6]. Such techniques are typically costly and there is some

level of patient discomfort associated with the monitoring.

Therefore, telemonitoring of the stent site is emerging as

a more cost-effective and patient-friendly technique. One

such telemonitoring approach is to embed a miniature sensor

and a corresponding transponder integrated circuit (IC) on

the stent, i.e., ”smart stent” [7]. The IC enables wireless

transmission of the sensor data to a receiver outside the

patient’s body. While such wireless system facilitates chronic

monitoring with minimal patient’s discomfort, providing

power to the implanted ”smart stent” remains a challenge.

Note that unlike larger implants (e.g., pace makers), employing

a battery as a power source for a smart stent is not

feasible due to physical limitations of the intravenous

implants. Various techniques for wireless power transmission

to biomedical implants have been extensively studied: e.g.,

power transfer based on inductive coupling (near-field)

[8]–[10], electromagnetic wave propagation (far-field) [2], [11]

and ultrasonic wave propagation [12]. In this paper, we focus

on a backscattering-based monitoring technique.

The organization of this paper is as follows: Section II

reviews the commonly used telemonitoring techniques and

discuss backscattering scheme for two types of stents, namely,

conventional and antenna stents. Section III presents the

experimental results on the two aforementioned types of stents.

Finally, Section IV presents concluding remarks.

II. TELEMONITORING OF IN-STENT RESTENOSIS

Fig. 1 illustrates the system-level schematic of the proposed

backscattering-based in-stent restenosis telemonitoring system.

Backscattering refers to reflecting of the incident power

(wave) back to the direction of the transmit power (wave).

Backscattering can be used as a power-efficient means for

communication [13], [14] . As shown in the figure, the external

transmitter radiates a radio-frequency (RF) carrier signal that

35th Annual International Conference of the IEEE EMBS
Osaka, Japan, 3 - 7 July, 2013

978-1-4577-0216-7/13/$26.00 ©2013 IEEE 5167



A
n

t
e

n
n

a
 s

t
e

n
t

C
o

n
v

e
n

t
io

n
a

l 
s
t
e

n
t

Fig. 2. Comparison of the mesh of medical stent and antenna stent

penetrates into the patient’s body. The RF signal is used

for harvesting energy to operate the implanted transponder

IC embedded on the ”smart stent” (i.e., the stent with

embedded sensors and IC) [7]. The sensors embedded on

each end of the stent (typically capacitive sensors) will help

monitoring the blood flow through the stent. The change of

capacitance of these sensors can be used as an indicator

of the status of restenosis. The stent itself is used for RF

energy harvesting as well as an antenna for transmitting

sensory data to the external reader. The task of the transponder

IC is to facilitate RF energy harvesting and control data

transmission. The data transmission is performed through

varying the impedance seen by the stent. This is achieved by

selectively opening or closing the switch as shown in Fig. 1.

Backscattering can accommodate various modulation schemes

including amplitude, frequency and phase shift keying [13].

As mentioned above, RF power transmission in biomedical

implants is typically achieved through one of the following

techniques: inductive coupling (near-field), electromagnetic

wave propagation (far-field), and ultrasonic wave propagation.

The ultrasonic-based power harvesting has been used in

various biomedical applications [12], however, due to the

physical geometry and dimensions of the arteries using

this method is impractical. Compared to inductive coupling,

electromagnetic wave propagation does not require exact

alignment of the primary and the secondary coils to achieve

maximum power delivery. Although electromagnetic based

systems provide better power transmission efficiency for

longer telemetry distances [2], for implants within 4 cm of

the skin where most of the transmitted power is absorbed by

tissues, the inductive coupling can be a viable approach [7].

The conventional stent is a mesh-like tubular device shown

in Fig. 2 which is similar to a coil whose turns are linked

together. Although this linking bridges improve the structural

strength of the stent they significantly reduce its effective

inductance. Therefore, to achieve a higher inductance for

the purpose of establishing a better inductive link, antenna

stents (Fig. 2) have been proposed [15] which resemble the

structure of a helical coil. In this work, we will experimentally

compare the performance of monitoring systems based on both

conventional and antenna stents.

From the frequency of operation point of view, a

recent study shows that the optimum frequency for power

transmission through tissues using antenna stent as an

inductive receiver is in the range of 800 MHz to 1.5 GHz

[7]. This relatively high range of frequency can be attributed

to the small dimension of the stent [16]. From the standpoint

of data transmission techniques, the up link which transfers

sensory data back to the external reader can be established

either using an active transmitter (e.g., oscillator) [2], [8]–[11]

or electromagnetic back-scattering approach in which a passive

transmitter such as relaxation oscillator [14], [17] or a

simple LC filter [18]–[20] are used. The active transmitters

are relatively power hungry, e.g., more than two order

of magnitude higher in [8] than the backscattering-based

counterpart [14]. The higher required power can adversely

impact the reliability of the telemetry system.

III. EXPERIMENTAL RESULTS

To investigate the feasibility of backscattering-based

telemonitoring approach, a proof-of-concept setup has been

used. Fig. 3 shows the in-vitro experimental setup used

for measurements. A 100 kHz square-wave clock signal

drives a discreet quadruple bilateral analog switch (Texas

Instrument-74HC4066N) which modulates the impedance seen

by the stent through opening and closing the switch across

the stent (Fig. 1). To observe (retrieve) the backscattered

modulated sensory data a spectrum analyzer (Anritsu

MS2034A) has been used along with a directional coupler

(Mini Circuits 15542 ZFDC-SMA) that separates the received

signal from the transmitted signal. The experiments are

performed in a RF enclosure (ETS-Lindgren Table Top

Enclosure). Both conventional and antenna stents are tested in

free space. The antenna stent is also tested while covered by

different thicknesses of ground beef to mimic different implant

depth.

All experiments are performed at 900 MHz. Fig. 4 shows

the experimental backscattered power versus different load

resistances. This results show that having a transponder

IC with lower power consumption can improve the

backscattering reflected power and hence the performance of

the telemonitoring system. In addition, Fig. 4 verifies that the

efficiency of transmission is independent of the transmitted

power level of reader antenna as changing the transmitted

power by 10 dB results in approximately 10 dB change in

the received backscattered power. For the rest of experiments,

the antenna is switched between short and 100 kΩ which is

close to the load seen by the stent (e.g., assuming that the

transponder IC draws a current of 10 µA from a harvested
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Fig. 3. In-vitro measurement setup.
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Fig. 4. Measured backscattered power level versus different load values and
input powers.

1 V supply). As shown in Fig. 5, for a transmission power

of 100 µW, the antenna stent provides better performance as

compared to conventional stent for typical distances between

the reader and the stent. This experiment has been performed

in air (free space).

To analyze the radiation pattern of the antenna stent, the

backscattered power level of the antenna stent are measured

in two directions (vertical and horizontal directions relative to

the stent) as shown in Fig. 6. The experimental results reveal

that the external reader should be positioned above the stent

in order to achieve a better transmission efficiency.

Fig. 7 illustrates the normalized received backscattered

power as a function of implant depths. To calculate the

normalized power, the measured received backscattered power

of the antenna stent in the presence of a layer of ground beef

between the stent and the reader antenna is divided by the
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Fig. 5. Backscattered power of antenna stent compered to conventional stent.
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Fig. 6. The Measured backscattered power from antenna stent along vertical
and horizontal axes.

received backscattered power measured for the same geometry

without the ground beef layer. Fig. 8 shows the results of the

aforementioned two experiments (with and without a layer of

ground beef). For the experiment with no layer of ground beef

the distance between the antenna and the stent is given on the

right axis.

IV. CONCLUSION

In this paper, a backscattering-based technique for

telemonitoring of in-stent restenosis using smart stents is

investigated. The preliminary in-vitro measurements are

performed for both conventional and antenna stents. To mimic

the real environment of the stent, the stent is covered with

different thicknesses of ground beef. The measured results

confirm the feasibility of the backscattering technique for

telemonitoring of restenosis using smart stents.
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Fig. 7. The measured normalized backscattered power received from the
antenna stent versus tissue thickness.
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Fig. 8. Measured backscattered power with/without layers of ground beef.
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