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Abstract— Nowadays, implanted permanent pacemakers (PPM) users need to undergo periodic pacemaker
replacement surgery. The surgery is needed since the pacemaker's battery is usually depleted in 5-10 years.
This surgery, although poses relatively low health risks, is inconvenient for PPM users. Moreover, the
surgery can still be dangerous for PPM users, especially considering that most of the users are elderly. PPM
replacement surgery is also costly. In addition to the costs of the surgery itself, the PPM users need to bear
the price of the new PPM every time they undergo surgery. Currently, when the PPM's battery runs out, the
whole PPM needs to be replaced. This is conducted to prevent the possibility of a leak in the battery seal,
which might allow the body fluids to enter the PPM. Typically, once a battery is inserted into the PPM, it will
be permanently sealed along with all other electronic components, and thus, battery-only replacement is
impossible. Thanks to the recent advancement of wireless power transfer (WPT) technology, a PPM
replacement surgery might no longer be necessary in the near future. This article presents a brief review of
the current state of coil-based WPT technology and its potential applications in pacemakers. Depending on
the load and transmission distance, a recent WPT system for PPM could achieve WPT efficiency as high as
97.91% on air and 78% on pig tissue medium. In terms of output power, recent works that we have
summarized showed that they are able to transmit power up to 5W on a WPT system implemented on a
human phantom. We also discuss the challenges, limitations, and future prospects for WPT in the medical
field, particularly for PPM applications.
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I. INTRODUCTION

Wireless power transfer (WPT) technology, also known as
wireless charging, has been gaining significant attention in
recent years due to its potential to revolutionize the way we
live and work. WPT technology allows for the transfer of
electrical energy from a power source to a user device without
the use of physical connectors or wires. This technology has
the potential to greatly simplify the way we power our devices,
making them more convenient and less prone to damage or
wear and tear.

To this date, WPT has been used in various applications
[1]-[6]. Among the most well-known applications are
toothbrushes [1], electric vehicles [2], and mobile phones [3]
and their accessories [4]. The potential use of WPT to power
drones [5] or 10T devices such as surveillance cameras [6] has
also been investigated. One area of particular interest for WPT
technology is the medical field [7]. Of those applications in
the medical fields are stimulators for the brain [8], cochlear
nerve [9], spinal cord [10], vagus nerve [11], and retinal nerve
[12]. WPT utilization to aid drug delivery robots has also been
investigated in [13]. In this article, however, we are
particularly interested in the potential use of WPT for
permanent pacemakers (PPM). Pacemakers are small devices
that are implanted in the chest to help regulate the heart's
rhythm. They are powered by batteries. Originally, PPM
needed to be replaced every couple of years [14]. Nowadays,

thanks to the Li-lon battery technology, the PPM battery can
last for 5 to 10 years [15], meaning the PPM replacement does
not have to be done every couple of years anymore. Still, this
replacement requires a surgical procedure, which can be risky
and costly for patients [16].

Although there is no official number of how many
pacemakers have been implanted worldwide, previous studies
found that the incidence of PPM insertion increase with age,
with an approximation of up to 80% of all PPMs being
implanted in > 65-year-old patients [17]. With the aging
populations and the increased overall life expectancy [18], the
frequency of PPM insertion has continued to rise in most
countries worldwide [19]-[21].

Currently, there is only a little information on the
prevalence of PPM insertion in any country. Among that,
information is available from the Danish regional population
survey in 1990 [22]. It was estimated that the incidence of
PPM insertion in the Danish regional population was
160/100,000, with 147 of 100,000 women and 172 of 100,000
men. This number increased with age, with 1102/100,000 for
the population aged 75-79 and 2454/100,000 for people aged
90 or older [22]. Moreover, the study [22] predicted that if
annual insertion prevalence continued to outnumber the death
rate, the incidence figure might double in the next quarter
century. Other information was provided by the Medical
Device Implant Supplement through the 1988 US National
Health Interview Survey [23]. The overall prevalence of the
PPM insertion was higher than the Danish one.
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In the survey [23], the figure was estimated to be
260/100,000 for the general population, with 40/100,000 for
patients aged between 18 and 65, and 2600/100,000 for those
aged >75. Unfortunately, over the years, this figure is rapidly
increased. Medicare (US) users of PPMs (age =65 years)
demonstrated this rapid increase, with age-standardized
incidence calculated at 325.4, 399.7, and 504.4 for every 100
000 people in 1990, 1995, and 2000, respectively [24]. The
study [25] on Western Australian populations found that 9782
PPMs were installed between 1995 and 2009. Over the course
of the study, the incidence has increased, reaching more than 1
in 50 among persons aged =75 by 2005. Patients aged >75
had rates that were more than twice as high as those between
65 and 74. This was supported by the prevalence rate that
increased with age and peaked in people who were >85 years
old, with >500 men per 100,000 people overall and >200
women per 100,000 people.

Although a low battery does not always usually result in
the complete breakdown of the pacemakers, it is possible that
the PPM will malfunction or fail due to power supply
depletion [26]. Pacemakers malfunction may result in
symptoms associated with the user's heart condition, such as
chest pain accompanied by dizziness, nausea, weakness, or
vomiting; heart palpitations; heart rate drop; respiratory
(breathing) trouble; and even fainting or losing consciousness
[27].

As aforementioned, in addition to the initial insertions,
surgeries are needed to replace the PPM every about 5-10
years for each patient. Although generally, surgeries required
to replace those PPMs are less complicated than those of the
initial insertions [28], [29], there are still risks for the patients,
especially considering that most of those patients are elderly,
which are typically more vulnerable than the adult ones.
Moreover, replacing those PPMs incurs significant financial
and resources burden [28], [29].

Currently, when the PPM's battery runs out, the whole
PPM needs to be replaced. This is conducted to prevent the
possibility of a leak in the battery seal, which might lead to
the body fluids entering the PPM [14], [30]. When the body
fluids enter the PPM, they might break the PPM and ends up
threatening the user's life. Therefore, typically, once a battery
is inserted into the PPM, it will be permanently sealed along
with all the other delicate electronic components, and thus,
battery replacement is impossible [31].

Following this situation, many scholars have attempted to
develop WPT for PPM applications. The use of WPT in
pacemakers could eliminate the need for battery replacement
surgeries, making the devices safer and more convenient for
patients. There are several different types of WPT
technologies currently available, including magnetic induction,
electromagnetic radiation, and near-field coupling. Each of
these technologies has its own advantages and limitations, and
the choice of technology will depend on the specific
application. For pacemakers, magnetic induction is arguably
the most commonly used WPT technology [32], [33] due to its
safety, efficiency, and ease of integration [32].

Magnetic induction WPT uses magnetic fields to transfer
energy between a power source and a device. The power
source, or transmitter, creates a magnetic field, which is
picked up by a receiver coil in the device. The receiver coil
then converts the magnetic energy into electrical energy to
power the device. One of the key advantages of magnetic
induction WPT is that it is relatively safe for human use [34],
[35]. The magnetic fields used are non-ionizing and will not
cause harm to human tissue. The magnetic fields used are also
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typically low in frequency, which means that they do not
cause any interference with other electronic devices or
medical equipment [32]. In the case of pacemakers, the
magnetic induction WPT coils are implanted in the body,
allowing the energy transfer to happen efficiently with
minimal loss of power.

However, there are also some challenges and limitations
associated with the use of WPT in pacemakers. One of the
main challenges is achieving a sufficient power transfer
distance between the transmitter and the receiver [36], [37].
Due to the nature of the magnetic field, the distance between
the transmitter and receiver coils is limited by the strength of
the magnetic field, and the power transfer efficiency decreases
as the distance increases. Therefore, for pacemakers, the
distance between the transmitter and receiver coils must be
kept as small as possible.

Another limitation is that the WPT efficiency is affected
by the coil size, coil design, and the alignment between the
transmitter and receiver coils [38]. Despite these challenges,
WPT technology is potential to improve the safety and
convenience of pacemakers for patients. The use of WPT in
pacemakers could eliminate the need for battery replacement
surgery, reduce the risk of complications, and improve patient
compliance.

In this brief review, we summarized the current state of
coil-based WPT technology, specifically its potential
applications in pacemakers. We also discussed the challenges
and limitations of this technology and its future prospects. The
review is derived from the recent high-quality published
papers related to the WPT and PPM. Considering the critical
need for WPT for implanted PPM, lots of work has been done
on that topic in the last decades. Still, WPT systems for
implanted pacemakers have not been widely available until
this paper was written.

Il. METHOD

In this article, we aim to summarize and present the recent
development of the WPT, particularly for pacemakers'
applications. In addition, we discuss the present challenges
and the attempts that have been conducted to overcome those
challenges. We also present a comprehensive discussion on
the future opportunities of WPT for pacemakers' applications.
This review was derived from recent high-quality original
research papers, meta-analyses, systematic reviews, and
selected literature. We searched major libraries such as
Scopus, IEEE, ACM, MDPI, Nature, and Google Scholar for
articles related to WPT and PPM for writing this short
narrative review. The following keywords were used in the
search strategy: wireless power transfer (WPT), wireless
charging, resonance, inductive, magnetic, coupling,
pacemakers, and permanent pacemakers (PPM). We did not
use Boolean operators (e.g., AND, OR, NOT, etc.). Instead,
we included all articles which contain one or more of the
abovementioned keywords. We limit the language of search to
English. There were no limitations on when the study was
conducted and was published. The selected studies are
summarized in Table I.

When this article was written, there were literally hundreds
of previous studies that had been conducted regarding the
WPT and PPM. However, this article is intended to be a brief
narrative  review instead of the comprehensive
systematic/scoping one. Therefore, we aim to make the article
as short as possible while maintaining the necessary
information.
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TABLEI. SUMMARY OF THE SELECTED STUDIES ON WPT FOR PPM APPLICATIONS
. WPT Coils
Output WPT Distance . Safety
Works Power Frequency Efficiency  (Transmission) Objects Measure S_ﬁtggﬂ Transmitter Receiver
[39], 1w 300 kHz 80% 10 mm Air and 2 W/kg Separated A planar A planar
[40] saline SAR spiral coil: spiral coil:
solution (IEEE) 22 AWG, 22 AWG, n
n=10 =4 (SP),
Dinner = Douter =
36.6 mm 35.4 mm
[39], 1w 13.56 80% 10 mm Air and 2 W/kg Separated A planar A planar
[40] MHz saline SAR spiral coil: spiral coil:
solution (IEEE) 22 AWG, 22 AWG, n
n=4(SS), =2(SS),
Dinner = Douter =
36.6 mm 35.4 mm
[41] 5W 160 kHz 88% up to 10 cm Human 2 Wikg Separated 2 planar 2 planar
phantom SAR spiral coils:  spiral coils:
(male) (IEEE) n =25, Ad n=13, Ad
=190 mm, =5 mm,
Douter = Douter = 50
280 mm, mm
Dinner =
190 mm, 16
ferrite bars
per coil
[42], 3.07W 300 kHz 78% 8 mm Pig tissue 2.89 N/A Planar helix  Planar helix
[43] (skin:fat:lea  Wi/kg coil: n =13, coil:n=9,
n ratio = psSAR size = size =
1:2:5[mm]) (IEEE) 58 x 44.5 x
48mm?%, D  30.5 mm?
=0.1mm
[44] 1mw 403 MHz 5.24% lcm Minced 2 W/kg Separated Circular Square Split
pork SAR (spiral) ring
(IEEE) resonator: resonator:
Size = Size =
30 x 149 x
30 mm3 14.9 mm3
[45] 13.26 6.78 MHz  91.86% 1-2cm Air N/A Separated Spider web  Spider web
W (50 50Q coil: n =4, coil: n =3,
Q load) load) Douter = Doyter =
235W 97.91% 122 mm, 115 mm,
(100 Q (100 Q Dinner = Dinner =
load) load) 105 mm 105 mm
[46] N/A 6.78 MHz  24% lcm Euthanized  N/A Combined PCB coil: n PCBcoil: n
rat =10, Caoil = 36, Coil
size = size =
27 X 27 X 17 x 19 x
0.5 mm3 1 mm3
[47] 200 13.56 6% 20-30mm Euthanized 2 W/kg Combined A planar A planar
uw MHz (estimated pig SAR spiral coil: spiral coil:
value, by the (IEEE) n =18, 23 n=4,30
diameters of the AWG, AWG,
COIIS) Douter = 40 Douter = 5
mm, Dinner mm, Dinner
=10 mm =1mm
[48] 300 198 MHz N/A 200 - 300 mm Ex vivo N/A Combined 2 octagonal A planar
mw (estimated Langendorf coils square coil:
value, by the f heart fabricated n==6, 22
diameters of the ~ models on PCB: n AWG, L =
coils) =4,n=3, 4.9 mm
Douter =
160 mm
[49] 500 20 kHz 77% 8 mm Pig tissue 2.7VIm Combined A planar A planar
mwW (air:skin:fat ~ (ICNIRP) spiral coil: spiral coil:
ratio = 3:3:2 n =29, 18 n =239, 24
[mm]) AWG, AWG,
DOU.LLBT = 70 Douter = 46
mm mm




To achieve the mentioned objective, we manually choose
the most appropriate articles which describe the recent
advancement of WPT, especially for charging the pacemakers.
As a result, 11 published articles were gathered. Published
research studies of any type were considered in this paper.
However, unpublished data, commentary, personal
communications, opinion articles, and technical notes were
excluded.

In choosing the selected articles, we consider the following
factors: Practical/experiment approach (instead of simulation-
only approach), containing coil design information, presenting
adequate performance metrics (e.g., output power, frequency
range, WPT efficiency, transmission distance), and
considering human safety measure (preferred). Due to these
factors (particularly due to the first factor), the number of
suitable works was significantly reduced. Indeed, there have
been numerous studies regarding WPT and pacemakers.
However, not many of them consider practicality (experiment
approach) and presenting the above factors in their studies.
We decided to include only WPT works with an experiment
approach not only to present a fair apple-to-apple comparison
between the selected articles but also to present more practical
works. It is well known that in the WPT research area,
simulation results can often differ significantly from the
experiment results. Moreover, some works with simulation-
only consideration often wused unrealistic and ideal
assumptions (e.g., zero noise, zero insertion/transmission 1oss,
perfect electric conductor (PEC), etc.)

Note that in this article, the review is not conducted by
following any protocol (e.g., PRISMA, etc.), nor using any
quality assessment tools (e.g., Cochrane, CASP, etc.). Instead,
the review is conducted simply based on the discussion
between the authors (i.e., during the article selection process)
considering the abovementioned factors.

I111. RESULTS AND DISCUSSION

A. Recent Development in WPT for Pacemakers

Pacemakers are normally implanted below the collarbone
of the user. An implanted pacemaker will then deliver
appropriate electrical pulses to support the user in maintaining
stable heart rates [50]. To achieve this function, pacemakers
are usually comprised of two main components: a lead system
and a pulse generator. As illustrated in Figure 1, pacemaker
case typically contains a pulse generator, a battery, and other
delicate circuits. A pacemaker is usually implanted not far
from the skin surface, and due to this reason, near-field
magnetic resonant WPT is preferred for PPMs. One important
consideration in WPT design for PPM is that the coil should

[1] Receiver coil
Cardiac pacemaker
Battery

+| Transmitter coils

17> Pacemaker’s shell

Figure 1. Typical magnetic coils-based WPT for PPM Applications
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be designed to be as flexible as possible because the human
body will stretch and flex most of the time.

In Table I, we present several selected studies on WPT for
pacemaker applications. When this paper was written, there
were numerous studies on the WPT system for powering the
PPM. Various media have been considered in previous studies.
For instance, studies [39], [40] consider air and saline solution,
while study [45] considers only air media. Pig tissue and pork
become the most used media in Table | [42], [43], [47], [49],
arguably due to their similarity with human tissue. The
utilization of animal models has also been demonstrated in
[46], where the authors conducted experiments on euthanized
rats. The authors in [41] consider male human mannequins,
while the authors in [48] employed Ex vivo Langendorff heart
models. Figure 1 depicts the typical WPT system for PPM
using magnetic coils. In [44], a resonant inductive link at 403
MHz is proposed to wirelessly power pacemakers with a
power delivery of only 1 mW. In [43], the authors analyzed
the eddy current's effect in the pacemaker's case without
ferrite shielding at various positions. Then, with the EM
radiation safety consideration in mind, a two-coil topology
was employed with the resonant frequencies of 300 kHz and
13.56 MHz in the analysis of the EM field problem [39]. The
proposed system is able to achieve power transfer efficiency
as high as 80%. In [45], the authors managed to achieve a very
high WPT efficiency (i.e., 97.91%). Attempts have also been
made to design battery-less pacemakers which can be powered
through the wireless link. However, this approach has quickly
lost researcher's interest as it might be impractical for mobile
patients [51], [52].

In [40], [53], magnetic resonant coupling-based WPT
systems at 300 kHz and 13.56 MHz have been proposed to
charge active implantable medical devices (AIMD). Possible
coil misalignment and EMF safety standards have been taken
into consideration. In that study, it was found that skin and
proximity effects have induced notable losses [40], [53]. It
was also found that the proposed WPT systems do not
introduce significant safety concerns. The authors in [41]
proposed a sandwiched WPT system to charge implantable
cardiac pacemakers. A sandwich structure with a bilateral coil
design approach is used to design a WPT system in a low-
frequency band (i.e., 160 kHz). Thanks to the sandwich
transmitting coil architecture, high feasibility and flexibility of
the controllable distance for different devices can be achieved.
In the study [41], the transmitter side is comprised of two coils
that are wrapped with 165 0.1 mm Litz wires to minimize
proximity and skin effects. The transmitting coils have 16
ferrite cores each to ensure that optimal power transfer
efficiency can be achieved. Both coils have an outer diameter
(Dyuter) Of 280 mm and an inner diameter (Dj;5err) 0F 190 mm.
Those coils are co-located with a 190 mm gap between them.
The gap is made such that it is enough for an adult patient to
lie down or stand between those two coils. Likewise, the two
receiver coils are wrapped with 100 0.07 mm Litz wire. In that
study, two symmetrical coils are used to increase the WPT
efficiency. As a result, a relatively decent WPT efficiency of
88% can be achieved in the in vitro test. However, coils
misalignment (i.e., rotation and position shift) might
deteriorate the power transfer efficiency, thus, needs to be
anticipated.

The feasibility of splitting the wireless transmission link
and the pacer is illustrated by previous studies (see Table I).
The integration of operational and power components may
produce a relatively poor efficiency because the magnetic flux
may readily reach the reception coil with a closer transmission
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length. Additionally, different research studies showed
different output power values. These parameters represent the
period of the charging phase. However, a quick charging
duration could have unfavorable consequences. Due to its
excellent metal shell ductility, titanium is often used as the
encapsulating material for pacemakers, as indicated by almost
all of the studies mentioned in Table I. However, it shall be
noted that metallic shielding causes the eddy current effect to
be stimulated. This will cause a drop in power transfer
efficiency (PTE) and a rise in specific absorption rate (SAR)
with heat generation. Typically, there is no additional coating
analysis for the implanted coil because the receiving coil is
already built inside the cardiac case. Using various criteria,
each study on the list complies with the safety requirements
for SAR. Since the majority of study papers extensively
examined the SAR or thermal impacts, the safety metric is
also included in Table I. The focus on safety issues is a sign
that the study has reached the commercialization and
optimization stages.

B. Specific Absorption Rate (SAR)

SAR can be defined as a time derivative of incremental
energy dissipated in or absorbed by an incremental mass
within a given density in a known volume [54]. Generally, the
SAR value can be estimated as [55]:

d (dw d (dw
$AR = 3 () = 3 Goav) W
In relation to the electric fields at a certain point (i.e.,
human tissue), (1) can be rewritten as:
SAR = Z x E2 [K 2)
p kg
where ¢ is the tissue conductivity [S/m], p is the tissue mass
density [kg/m3], and E is the electric field strength of the
RMS [V/m].

As in Table I, Studies [45], [46], and study [48] did not
specify the SAR standard in their study analysis. However, the
majority of the selected studies (i.e., 7 studies) adopted the
IEEE standard as their SAR constraint, while the study [49]
adopted the ICNIRP standard for the SAR analysis.
Regardless, the proposed WPT systems in those eight studies
managed to satisfy the SAR safety requirements.

C. Power Transfer Level and Efficiency

The output power level (power delivery) P, of WPT, in
general, and particularly for pacemaker applications, can be
calculated simply by multiplying the load voltage V, and the
load current I, of the WPT system as in (3) [56], [57]:

b=V, X 3)

whereas the power transfer efficiency can be calculated as
[56], [571:

Efficiency = “2 x 100% (4)

where P, represents the delivered power and P, represents
the input power.

D. Challenges in WPT Research for Pacemakers

Following previous studies, the challenges and difficulties
of WPT research and implementation for pacemakers can be
summarized as follows. First, due to the variations in the
muscles and tissues of the chests among individuals, the
transmission distances among WPT users can be different.
Thus, it may affect the performance of the implanted WPT
system (e.g., efficiency, power level, etc.). Second, it is quite
challenging to balance the requirements between the power

5

transfer level and the resonant frequency. ldeally, a PPM
needs an adequately high WPT level to be able to charge and
operate normally. Indeed, a higher resonant frequency might
enable a better capability of WPT under identical distances
[58], [59]. However, a sufficiently high resonant frequency
might introduce a higher risk of safety hazards for PPM users.

Although previous studies have considered safety
measurements (i.e., SAR, EMF safety standard), there is no
guarantee that long-term exposure to radiation (even at the
'safe’ level) will not introduce impacts on human health.
Previous studies showed that radiation might affect the human
body on genes, proteins, and even DNA levels [60]. In the
context of WPT implementations for PPM, the risk of a
potentially higher probability of heart attack due to the
reduced protein level [61] shall be taken into account. Then,
as additional wires might need to be employed to transfer the
power to the pacers [62], the additional safety risks need due
to those extra wires need to be taken into account. Lastly, a
rechargeable PPM requires additional delicate circuits, ferrite
beads, and coil that need to be packed into the PPM case, not
to mention that some rechargeable PPM might need multiple
coils to minimize the probability of coils misalignments and
increase the power transfer efficiency. Due to space
constraints, the design complexity of the already complex
PPM might increase exponentially. With this design
consideration in mind, the WPT efficiency and eddy current
effect shall also be considered [63].

E. Future Directions for WPT Research for Pacemakers

The ultimate goal for WPT implementations is to deliver a
sufficiently high power level via high-efficiency wireless links
in a safe and pleasant manner. To achieve this, innovation in
WPT compensation topologies (e.g., LCC-C [42] and LCL
[42]) can be explored. To increase the power transfer
efficiency, multiple coils and ferrite cores can be utilized.
Previous studies [64]-[66] have indicated that employing
ferrite cores in wireless links, although increasing the
production costs and complexities, intensifies the
electromagnetic field for a higher power transfer efficiency.

An adequately high power transfer level is preferred such
that the users do not need to stay nearby the charging station
for a long time. However, accurate numerical evaluation of
SAR and thermal effects should be conducted to ensure the
safety of the users.

Coil misalignment is another challenge for WPT
implementations. As  aforementioned, multiple coils,
configured in an appropriate manner, can prevent the

probability of WPT outage due to the coils' misalignment.
However, this approach increases the complexity and the PPM
size requirements. Another method to avoid coil misalignment
in WPT for implantable pacemakers is by completely
removing it. In the future, radio frequency-based WPT will be
preferred for power delivery for implantable devices [67]-[69].
This is because radio frequency-based WPT offers a longer
distance (i.e., in the order of meters, tens of meters, hundreds
of meters, and even hundreds of kilometers [70]). To enable
this, the PPM should be equipped with receiving antenna,
rectifier, and WPT circuits. However, rf-based WPT, at least
in its current state, is notorious for its low power transfer level
and low efficiency. While a low power transfer level is not a
problem (as long as it is adequate), low efficiency can be
improved through various methods. Beamforming [71],
efficient rectifiers [72], and multi-antennas [73] are among the
techniques that can be used to increase the efficiency of the
RF-based WPT.



1V.CONCLUSION

WPT technology has the potential to revolutionize
pacemakers by eliminating the need for battery replacement

surgeries, making them safer and more convenient for patients.

Magnetic induction, among various WPT technologies
available (e.g., magnetic induction, electromagnetic radiation,
and near-field coupling), is commonly used in pacemakers
due to its safety, efficiency, and ease of integration. This
technology uses magnetic fields to transfer energy, ensuring
non-ionizing and interference-free operation with other
electronic devices and medical equipment. This article briefly
reviews the current state of coil-based WPT technology and
its potential applications in pacemakers. Recent research has
demonstrated that the WPT system for PPM can achieve high
efficiency of up to 97.91% over the air and 78% over pig
tissue, depending on the transmission distance and load.
Furthermore, recent studies have shown that WPT system can
transmit up to 5W of output power when implemented on a
human phantom. Despite challenges such as distance
limitations and coil size alignment affecting power transfer
efficiency, further research and development might overcome
these obstacles. With the benefits of WPT technology, such as
improved patient safety and avoiding battery replacement
surgeries, outweighing the drawbacks, it is crucial to continue
exploring its potential applications in pacemakers.
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