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Schematic illustration of the AECD. (A) Exploded schematics of the device
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structure. (B) Illustration showing the AECD function—wireless charging and
communication based on ultrasound. (C) Image of the device in the bent
configuration. (D) Image of the device in the twisted configuration. (E) Image of
the device in the stretched configuration. (F) System schema for the AECD in
use. Photo credit: Peng Jin, Tsinghua University. Credit: Science Advances,
10.1126/sciadv.abg2507

Implantable medical devices including cardiac pacemakers and brain
pacemakers are increasingly prevalent, although replacing their batteries
surgically is a drawback for long-term functionality and patient health.
Current devices are also large and rigid, with potential discomfort to the
patient post-implantation. To address this problem, Peng Jin and a
research team in mechanics and electronics in Beijing China, developed
a thin, battery-free and flexible implantable system for wireless
recharging and communication via ultrasound. The results automatically
determined abnormal heartbeats and responded by simulating the heart
electrically to demonstrate the potential of the device for emerging
treatments.

Medical devices for power transfer

Implantable electronic equipment (IEE) is vital in the medical field to
perform drug delivery and physiological parameter monitoring as cardiac
and brain pacemakers. Implantable glucose sensors can also provide
accurate, real-time glucose monitoring to assist diabetic individuals. The
applications of IEE are, however, held back by shortcomings of the
batteries used. A possible solution is the adoption of an implantable fuel
system using endogenous substances such as glucose to create electricity
via an electrochemical reaction. The power transfer method can be
delivered wirelessly through tissue. To accomplish an optimal setup
exceeding conventional methods of wireless power transfer and 
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communication, Jin et al. developed an implantable acoustic energy
transfer and communication device (AECD). The flexible electronic
technology-based device was soft, comfortable and well-adapted to the
human biological structure, as a stretchable ultrasonic device for
ultrasonic energy transfer and efficient communication.
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Manufacturing process. (A) Steps in manufacturing the AECD. (B) Steps in
manufacturing the external energy–transmitting equipment. Photo credit: Peng
Jin, Tsinghua University. Credit: Science Advances, 10.1126/sciadv.abg2507

 Device design

To build the AECD, the scientists incorporated a fractal serpentine
copper pattern placed on a polyimide pattern layer, where the circuit
interconnected between chip components. The researchers encapsulated
all the components in a soft polydimethylsiloxane (PDMS) layer to make
the AECD soft, flexible, and accommodating without altering its
function. They verified the flexibility of the device with repeated
mechanical testing to minimize the damage and inflammatory response
in the human body after implantation. The entire system achieved
wireless energy transfer and wireless communication via ultrasound. To
achieve this, the team integrated five modules and upon implantation,
the AECD ultrasonic transducer accepted the ultrasound transmitted by
the rectifier module and the energy management module to power the
control unit. After activation, the unit collected physiological
information via biosensors to then transmit information-coded
ultrasound, which an external ultrasound system then received to recover
the physiological information. For example, the AECD functioned as an
implantable heart monitoring device to wirelessly monitor the heart's
health via ultrasound.
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Ultrasonic focusing method achieved by changing the geometry of the flexible
base. (A) Ultrasonic transmission using a few ultrasonic transducers. (B)
Ultrasonic transmission by a tiled array of ultrasonic transducers. (C) Ultrasonic
transmission by an array of ultrasonic transducers placed inside the top part of a
flexible base. (D) Adjusting the ultrasonic focusing position by changing the
curvature of the flexible base upper surface. (E) Deformation process of the
flexible base while injecting water. (F) Deformation process of the flexible base
during the experiment. (G) Experimental results for the received P-P voltage
with different arc heights, normalized by 60 mV, which is the received P-P
voltage when the arc height was 0 mm. (H) Description of geometric relation
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variables and reception position. (I) Acoustic power in a fixed reception position
with different arc heights and ultrasonic transmission frequencies during a
simulation. (J) Acoustic pressure level distribution during the deformation
process of the flexible ultrasonic launcher during a simulation. Photo credit:
Peng Jin, Tsinghua University. Credit: Science Advances,
10.1126/sciadv.abg2507

Developmental process

To build the AECD, Jin et al. used a two-step manufacturing process:
First, they established the circuit and then packaged it. The researchers
also specially designed external energy-transmitting equipment to
transmit ultrasound and provide energy to the acoustic energy transfer
and communication device (AECD). The entire process of AECD
manufacture included a three-step process. The next process of external
energy-transmitting equipment (EETE) development comprised of an
array of ultrasonic transducers and the implantation of the completed
device into a flexible base. Jin et al. then created the ultrasonic array
using an ultrathin, flexible, printed circuit produced using an identical
flexible printed circuit technology.

Wireless energy transfer

The researchers achieved wireless power transfer via an acoustic method
by converting mechanical to electrical energy. To achieve this, they
transmitted ultrasound to the AECD receiver in vitro, then the AECD
ultrasonic accepted the ultrasound and converted it to electrical energy in
vivo. The AECD energy management then supplied energy to the entire
internal electronic system. The scientists used many small transducers in
an array to prevent acoustic scattering for efficient power transfer and
developed a centralized symmetric curved design to focus ultrasound on
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a specific point in the central line and implanted it in a flexible base
made of silicone. They then developed a centralized symmetric curved
design to focus ultrasound on a specific point in the central line and
implanted it in a flexible base made of silicon and confirmed the
feasibility of the proposed method using acoustic simulations.

  
 

  

Mechanism and experiment to prove successful ultrasonic wireless
communication based on ultrasound. (A) Binary modulation method. (B) Pulse
number modulation method. (C) Experiment designed to show that the AECD
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could accept ultrasound transmitted across biological tissue. (D) Temperature
information–coded ultrasound showing that the AECD was activated by
ultrasound and began to transmit measured temperature data after accepting
ultrasound from outside the biological tissue. (E) AECD temperature monitoring
experiment result. Photo credit: Peng Jin, Tsinghua University. Credit: Science
Advances, 10.1126/sciadv.abg2507

 Wireless communication

Using the acoustic energy transfer and communication device (AECD),
Jin et al. transmitted information-coded ultrasound to achieve ultrasound-
based wireless communication. In its working state, a biological sensor
acquired physiological information and then regulated the information
into the corresponding pulse signal. Simultaneously, an external
ultrasonic transducer accepted the ultrasound and converted it to a
voltage signal. The team then demodulated and recovered the voltage
signal undergoing amplification and filtration to recover it via a
computer to obtain internal physiological information. Thereafter they
facilitated wireless acoustic communication using a special signal
modulation and demodulation technique. The team conducted
experiments to directly show the function of the AECD during
simultaneous acoustic energy transfer and communication in biological
environments using a piece of fresh meat and a water heating device to
measure their inherent temperatures using the described method.
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Cardiac pacing experiment to prove the AECD ability to serve as a cardiac
pacemaker. (A) Experimental animal. (B) Fixing the AECD, sensors, and
electrodes. The top arrow shows the PVDF, the middle arrow shows the
electrode, and the bottom arrow shows the AECD. (C) Suturing the rabbit’s
chest. (D1) Rabbit’s regular heartbeat using ultrasound to power the AECD. (D2)
Rabbit ECG, when using a high-voltage AC directly to stimulate the heart to
cause cardiac arrest. (D3) Rabbit ECG to confirm that cardiac arrest was
initiated successfully. (D4) Rabbit ECG shows that the AECD, powered by
ultrasound, successfully detected abnormal heartbeats and stimulated the heart.
Photo credit: Peng Jin, Tsinghua University. Credit: Science Advances,
10.1126/sciadv.abg2507
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Cardiac pacing experiments and outlook

The versatile implantable electronic equipment device developed in this
work functioned in many areas as a heart pacemaker and nerve
stimulator. As proof-of-concept, Jin et al. conducted a cardiac pacing
experiment with a rabbit animal model. During the experiment, they
implanted the AECD inside the subcutaneous tissue of a rabbit's chest
and recorded the electrocardiogram (ECG) and monitored the heartbeat
to indicate the normal heart rhythm of the rabbit. The device also
indicated its capacity to detect abnormal heartbeats.

In this way, Peng Jin and colleagues developed a flexible implantable
platform based on an acoustic method for wireless power transfer and
wireless communication. The team improved the acoustic intensity for
wireless power transfer and showed highly consistent results for the
experiments and acoustic simulations. They improved the flexibility of
the acoustic energy transfer and communication device (AECD) and
used in vivo animal experiments to show its role as a cardiac pacemaker
capable of monitoring the heartbeat state. During abnormal heart
rhythms, the device responded by electrically stimulating the heart as
emergent treatment. The device can be optimized to treat and normalize
the function of other organs such as the bladder and rectify physiological
abnormalities.

  More information: Peng Jin et al, A flexible, stretchable system for
simultaneous acoustic energy transfer and communication, Science
Advances (2021). DOI: 10.1126/sciadv.abg2507 
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