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Biotelemetry and Wireless Powering
for Leadless Pacemaker Systems

Rupam Das and Hyoungsuk Yoo

Abstract—In this letter, we address the telemetry and wireless
powering problems associated with the recently invented leadless
pacemaker. To overcome the telemetry problem, we propose a
conformal spiral type Implantable antenna at Medical Implanted
Communication Service (MICS) band. In addition, we also apply
the recently proposed midfield wireless power transfer (WPT)
technique at 1.5 GHz to avoid the bulky energy storage compo-
nent. We simulate and experimentally measure the performance
of the implantable antenna by using porcine heart tissue. Our
research shows that, the implantable antenna and wireless power
transfer scheme can be implemented in a leadless pacemaker
without any significant coupling between them.
Index Terms—Implantable antenna, leadless pacemaker, MICS

band, midfield wireless power transfer.

I. INTRODUCTION

P ACEMAKERS provide electrical stimuli to cause cardiac
contractions when intrinsic cardiac activity is inappropri-

ately slow or absent. Traditional cardiac pacing or pacemaker
systems comprise an implantable pulse generator and lead
system. A conventional pulse generator has an interface for
connection to and disconnection from the electrode leads that
carry signals to and from the heart. The complex connection
between connectors and leads provides multiple opportunities
for malfunction [1]. Moreover, the pacemaker lead may also
interact with magnetic resonance imaging (MRI) systems,
which can cause tissue damage. Recently, an MRI-compatible
capsule-type leadless pacemaker was introduced to resolve
these problems [1], [2]. A leadless pacemaker has several
advantages, such as being less invasive (no surgery, more
cosmetically pleasing for the patient, i.e., invisible), improved
efficiency (no system connections, more readily MRI-compat-
ible), and cost-effectiveness (reduced length of hospital stay,
less infection or erosion). However, the potential disadvan-
tages or technical challenges of the leadless pacemaker cannot
be neglected. These challenges include multiple chamber
pacing, novel delivery systems, battery longevity, telemetry
and long-term efficacy [3].
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The leadless pacemaker's telemetry might facilitate a devel-
opment that would allow healthcare professionals to control the
device and monitor patients using a standard programmer via
smartphones, thereby providing individual treatment to patients
in the most rural of areas. Moreover, the leadless pacemaker
must remain in place even after the batteries are exhausted. If
a noninvasive method of recharging the batteries or powering
the leadless pacemaker could be found then this would cease to
be a problem and could even be considered an advantage. The
implantable antenna allows for wireless monitoring and device
control in patients, and the inclusion of wireless power transfer
allows for continuous monitoring beyond normal battery life-
times.
Here, we introduce an implantable antenna [4] which can

be incorporated into a capsule-type leadless pacemaker for
telemetry. This antenna was designed at Medical Implanted
Communication Service (MICS) band ( MHz) [5]. We
also utilize the recently published midfield energy transfer
technique [6] to check the likeliness of wireless powering
of the leadless pacemaker and for removal of batteries. A
midfield transmitter antenna was designed for this purpose at
1.5 GHz. Finally, we simulated and measured the performance
of both antennas, and we also checked any significant coupling
between these two schemes.

II. METHODS

A. Implantable Antenna Design
A spiraled patch PIFA antenna was chosen for the telemetry

application. The antenna was designed on a flexible substrate
so it can be wrapped around a cylinder-shaped device and
can be used in a biotelemetric capsule system for medical
purposes. The geometry and dimensions of the proposed an-
tenna are shown in Fig. 1. The PIFA antenna can be tuned at
about MHz (the MICS band) simply by changing the
short-pin positions. If more tuning is required then the width
or length of the patch can be varied. A biocompatible and
flexible dielectric [7], polyamide (

mm) was used as a substrate as well as a
superstrate. Therefore, the total size of the antenna is 20.5 mm
30 mm 0.05 mm (30.75 mm ), which occupies the smallest

volume according to the table given in [4]. Then, the antenna
was given a capsule or conformal shape, as shown in Fig. 2(b).
The Consumer Electronics approved Nanostim leadless pace-
maker is smaller than a AAA battery [8]. Generally, a AAA
battery has 10.5 mm diameter by 44.5 mm height. 44.5 mm.
In our case, the whole conformal antenna has a diameter of
9.46 mm and a length of 20.5 mm, which can fit easily on
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Fig. 1. Geometry (top view and side view) and dimensions of the proposed
antenna (all units are in mm).

Fig. 2. (a) XFdtd simulation setup, (b) conformal antenna with a coil, (c) an-
tenna measurement setup, (d) fabricated WPT transmitting midfield antenna.

the surface of a leadless pacemaker. The performance of this
antenna was initially simulated with Ansoft HFSS by using a
homogeneous phantom box ( s/m, represents
heart tissue at 400 MHz [9]) of dimension 50 mm 50 mm
60 mm. For further validation and to calculate the specific

absorption rate (SAR) and to specify the safety thresholds,
the antenna was placed inside the heart of a realistic human
body (adult male, 97 Kg) in a Remcom XFdtd simulation
environment [Fig. 2(a)]. Finally, the antenna performance was
measured in a porcine heart (Fig. 2(c)) and compared with the
simulation results.

B. Midfield Transmitter Design for Wireless Power Transfer
Inductive wireless power transfer to medical implants oper-

ates in the weakly coupled regime due to the asymmetry be-

tween the large external source and the small receiver on the
implant. Recently, Poon et al. [6] showed that much higher ef-
ficiency can be obtained in the Midfield where power transfer
occurs through a combination of inductive and radiative modes.
Midfield refers to a frequency range (generally the low GHz
range) in between the near field and far field. In our study,
we also applied this technique. Using a patterned metal plate
like slot array [Fig. 2(d)] placed in close proximity to skin; the
output field can be focused to dimensions much smaller than
the vacuum wavelength. In our case, the distance between the
transmitter antenna and the receiver coil is mm. For this
distance, the optimal frequency for midfield WPT was found to
be GHz for heart tissue by using the formulae

(1)

Parameters are given in [9] for different types of
tissue. Our proposed slot array antenna consists of a 2 2 array
of cross slots curved at a radius that corresponds to the outer cur-
rent path. The dimension of this antenna is shown in Fig. 2(d)
and a Teflon ( ) substrate of 1.6 mm thick-
ness was used. By exciting the structure at the indicated ports the
antenna can be tuned at 1.5 GHz and by adjusting the phase of
each port the focal regions of field pattern can be adjusted. The
receiver coil was a solenoid of diameter 9 mm and length 20 mm
and it was placed inside the volume of the conformal antenna as
shown in Fig. 2(b). WPT efficiency can be increased by using a
larger receiver coil or by using metamaterial [10]. However, the
use of larger receiver coil is not feasible in leadless pacemaker
and biomedical implants. Moreover, use of Metamaterials will
make the system much complex to design.

III. RESULTS

A. Performance of the Implantable Antenna
The reflection coefficient for implantable antennas for

different cases is shown in Fig. 3(a). As we can see from this
figure, remains almost unchanged for different cases and
there was no significant coupling due to inclusion of a solenoid
coil inside the conformal antenna. Similar coupling results were
also obtained by Duan et al. [11]. The proposed antenna has a

dBi bandwidth of more than 15 MHz in each case. For the
implanted antenna, usually the gain is quite low. For instance,
the gain usually ranges from dBi to dBi for MICS
band operation depending on the size of the antenna [4], [11].
In our case, the antenna had a maximum gain of dBi for
homogeneous phantom when simulated in HFSS. With the het-
erogeneous realistic human body in the Remcom XFdtd simu-
lation environment, the maximum gain was found to be
dBi and the measured maximum gain of the antenna in a porcine
heart was dBi, which fits well in the traditional implantable
antenna gain for MICS band telemetry. The simulated and mea-
sured radiation pattern for the conformal antenna is depicted in
Fig. 3(b). The measured gain was higher due to lower volume
of the homogeneous porcine heart as compared to the XFdtd
simulated complex heterogeneous human body. From the YZ-
plane we can see that the direction of maximum radiation is in
the - direction, which is out of the human body.
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Fig. 3. (a) Reflection coefficient for different cases of the proposed im-
plantable antenna, (b) simulated (green line) and measured (blue line) radiation
pattern of the implantable antenna.

TABLE I
PEAK SPATIAL SAR VALUES OF PROPOSED ANTENNA FOR

1 W OF INPUT POWER

For safety concerns, we should also evaluate SAR, the stan-
dards of which are regulated by Institute of Electrical and Elec-
tronics Engineers (IEEE). The 1 g and 10 g SAR values of the
conformal antenna at MICS band are listed in Table I. These
values are obtained from a power input of 1W, which means the
maximum output power to reach the safety level of 1.6 W/Kg in
case of 1g SAR is 3.114 mW and in case of 10 g SAR (2 W/Kg)
is 14.66 mW. These values are much larger than the highest
output power of transmitters ( dBm) for implantable appli-
cations. Also, it is much larger than the effective isotropically
radiated power (EIRP) maximum limit of dBm (25 W)
[7]. Or we can say that for 25 W of input power, the maximum
SAR value is W/kg, which is much
smaller than either 1.6 W/kg or 2 W/kg SAR limit.

B. Performance of the Midfield Transmitter Antenna
The simulated and measured parameter is shown in

Fig. 4(a). Fig. 4(b) shows that the magnetic field coupled nicely
with human tissues as well as with the receiver coil at 1.5 GHz.
The focused region of the field can be controlled by adjusting
the phase of each port and this can be done electronically. This
is really important as the position of the receiver is often not
precisely known due to natural body motion (e.g., heartbeat or
breathing) [6]. For the slot array, this problem can be mitigated
by adjusting the phase of each port in the array to change the
focal point of the field. According to Ho et al. [6], 500 mW of
power can easily be coupled with the porcine tissue without any

Fig. 4. (a) Reflection coefficient for midfield WPT transmitter,
(b) focused magnetic field inside the human tissue layers when each port
separated from each other by 90 (with 1 V at each port).

safety issues. Therefore, we applied 500 mW of input power to
the transmitter antenna for calculation of received power from
the receiver coil. From the simulation, we calculated an overall
efficiency of , which results in 2.9 mW of received
power at the receiver coil. Generally, a leadless pacemaker re-
quires 64–70 W of power [1] and with an implantable antenna
may require W of power. The received power is more
than enough to operate the leadless pacemaker within safety
limits.

IV. CONCLUSION
This letter discusses the two major limitations biotelemetry

and wireless power transfer for a leadless pacemaker. A con-
formal implantable antenna was proposed for biotelemetry and
a midfield wireless power transfer technique was applied for
wireless power. Simulation and experimental results showed
good agreement as to the satisfactory performance of the pro-
posed implantable antenna, and the milliwatt level of wireless
power reached by a receiver coil placed deep inside tissue within
the conformal implantable antenna. Our findings encourage us
to use biotelemetry for remote patient monitoring and wireless
power transfer to compensate for short-life batteries.
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