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7) ABSTRACT

An intra-body communication system for monitoring physi-
ological changes in a patient is provided. The system can
include a first device implanted into a patient’s body; a
second device spaced apart from the first device; and a
receiver for detecting and/or decoding the signals to monitor
physiological changes in the patient. The first device and
second device are capable of engaging in a two-way com-
munication through transmission of one or more signals
through at least a portion of the patient’s body between the
first device and the second device. In one embodiment, the
signal may be an optical signal.
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INTRA-BODY COMMUNICATION METHOD
FOR IMPLANTED AND NON-IMPLANTED
BIOSENSORS OR DEVICES

FIELD OF THE INVENTION

[0001] The present invention relates to implantable sen-
sors suitable for monitoring physiological changes within
the body.

BACKGROUND

[0002] Generally, wireless communication provides an
advantage over lead based systems but also introduces a new
technical problem: electromagnetic interference. Wireless
systems based on RF are inherently susceptible to environ-
ment EMI (electromagnetic interference) and have signifi-
cant power requirements that limit implantable technology.
[0003] The potential problems that patients can experience
due to communication interruptions in any implantable
cardiac device whether wireless or lead based, include
inappropriate shock therapy, unintended inhibition of pacing
due to over sensing, commanded therapy signaling may not
be received and acted upon, and early battery depletion
because of need to repeat transmission or increase power of
transmission. The potential issue of wireless communication
affecting an unintended patient in the same vicinity as the
patient with the device of interest at that time needs to be
addressed.

[0004] Recent advances allowing the verification and
security of data being transmitted to the targeted device have
minimized the concern in this area. Pacemaker/ICD pro-
grammers have addressed the problem in systems that
clinicians use to interrogate pacemakers in the office. If one
tries to interrogate a different device when the previous
patient’s software interface is active, the device does not
allow it because it recognizes a different Controller ID
during communication. A new link is then required. This
encoding can be done at the micro level and provides the
safeguards needed. The main technical challenges will
involve securing accurate transmission of data between
modules including implantable cell based sensors.

[0005] Thus, there is a need for a novel system that utilizes
at least two (2) and possibly three (3) different media for
communication within a single implantable biosensor sys-
tem. While the use of RF and ultrasonic communication
within or around the body is well established, the invention
of the present application uses optical emission that specifi-
cally uses the body and its tissues as the medium through
which to communicate.

SUMMARY

[0006] There is a need for improved intra-body commu-
nication systems and methods for monitoring physiological
changes in a patient. The present invention is directed
toward further solutions to address this need, in addition to
having other desirable characteristics.

[0007] In accordance with an example embodiment of the
present invention, an intra-body communication system for
monitoring physiological changes in a patient is disclosed.
The system can include a first device implanted into a
patient’s body; a second device spaced apart from the first
device; and a receiver for detecting and/or decoding the
signals to monitor physiological changes in the patient. The
first device and second device are capable of engaging in a
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two-way communication through transmission of one or
more signals through at least a portion of the patient’s body
between the first device and the second device.

[0008] In accordance with aspects of the present inven-
tion, the first device can have a biologic component.
[0009] In accordance with yet further aspects of the pres-
ent invention, the biologic component can have a cell layer
having cells from the target site pre-positioned on or in the
device prior to implantation.

[0010] In accordance with yet further aspects of the pres-
ent invention, the pre-positioned cells can be adapted to
respond to a physiological signal from a patient.

[0011] In accordance with yet further aspects of the pres-
ent invention, the first device can further include an elec-
tronic component.

[0012] In accordance with yet further aspects of the pres-
ent invention, the electronic component can have at least one
sensor and at least one electrode contacting said biologic
component.

[0013] In accordance with yet further aspects of the pres-
ent invention, the second device can be implanted inside the
patient’s body.

[0014] In accordance with yet further aspects of the pres-
ent invention, the second device can be external to the
patient’s body.

[0015] In accordance with yet further aspects of the pres-
ent invention, the two-way communication includes trans-
mitting and receiving optical signals.

[0016] In accordance with yet further aspects of the pres-
ent invention, the optical signal is selected from the group
consisting of infrared light, visible light, and ultraviolet
light.

[0017] In accordance with yet further aspects of the pres-
ent invention, the signal can include infrared light, visible
light, ultraviolet light, radio waves, microwaves, X-rays,
gamma rays, and ultrasonic signals or combinations thereof.
[0018] In accordance with yet further aspects of the pres-
ent invention, the signals can be transmitted with a wave-
length frequency in a range of approximately 1x107° to
1x107! Hz.

[0019] In accordance with yet further aspects of the pres-
ent invention, the signals can travel through the body with
minimal interference from the surrounding tissues or organs.
[0020] In accordance with yet further aspects of the pres-
ent invention, the signals can measure blood pressure, ECG,
heart rate, body temperature, glucose levels, gene and pro-
tein changes, local cellular changes that reflect systemic
disease or change in health status or combinations thereof.
[0021] In accordance with yet further aspects of the pres-
ent invention, the receiver can compare the signal to a
reference signal to diagnose a disease or condition.

[0022] In accordance with yet further aspects of the pres-
ent invention, the receiver can decode the signal to trigger an
event.

[0023] In accordance with yet further aspects of the pres-
ent invention, the event may include adjusting the patient’s
medical treatment.

[0024] In accordance with an example embodiment of the
present invention, a method for monitoring physiological
changes in a patient is provided. The method can include the
steps of: providing an intra-body communication system;
transmitting one or more signals through at least a portion of
the patient’s body between the first device and the second
device; and providing a receiver for detecting and/or decod-
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ing the signals to monitor physiological changes in the
patient. The intra-body communication system can include a
first device implanted into a patient’s body; a second device
spaced apart from the first device; and a receiver for detect-
ing and/or decoding the signals to monitor physiological
changes in the patient. The first device and second device are
capable of engaging in a two-way communication through
transmission of one of more signals through at least a portion
of the patient’s body between the first device and the second
device.

[0025] In accordance with an example embodiment of the
present invention, a method of diagnosing a patient is
provided. The method can include the steps of: providing an
intra-body communication system; transmitting one or more
signals through at least a portion of the patient’s body
between the first device and the second device; detecting
and/or decoding the one or more signals to monitor physi-
ological changes in the patient; and comparing the one or
more signals in the patient to a reference signal to diagnose
a disease or condition. The intra-body communication sys-
tem can include a first device implanted into a patient’s
body; a second device spaced apart from the first device; and
a receiver for detecting and/or decoding the signals to
monitor physiological changes in the patient. The first
device and second device are capable of engaging in a
two-way communication through transmission of one of
more signals through at least a portion of the patient’s body
between the first device and the second device.

[0026] In accordance with an example embodiment of the
present invention, a method of treating a patient is provided.
The method can include the steps of: providing an intra-
body communication system; transmitting one or more
signals through at least a portion of the patient’s body
between a first device and a second device; detecting and/or
decoding the signal(s) to monitor physiological changes in
the patient; reviewing and/or analyzing the signal(s); and
treating the patient based on the review and/or analysis of
the signal(s). The intra-body communication system can
include the first device implanted into the patient’s body; the
second device spaced apart from the first device; and a
receiver for detecting and/or decoding the signal(s) to moni-
tor physiological changes in the patient. The first device and
second device are capable of engaging in a two-way com-
munication through transmission of one of more signals
through at least a portion of the patient’s body between the
first device and the second device.

BRIEF DESCRIPTION OF THE FIGURES

[0027] These and other characteristics of the present
invention will be more fully understood by reference to the
following detailed description in conjunction with the
attached drawings, in which:

[0028] FIG. 1 is a drawing of an intra-body communica-
tion (IBC) system in accordance with an embodiment of the
present invention.

[0029] FIG. 2 is a drawing of an intra-body communica-
tion (IBC) system in accordance with an embodiment of the
present invention.

[0030] FIG. 3 is a drawing of an intra-body communica-
tion (IBC) system in accordance with an embodiment of the
present invention.
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DETAILED DESCRIPTION

[0031] An illustrative embodiment of the present inven-
tion relates to an intra-body communication system suitable
for monitoring physiological changes within the body.
[0032] FIG. 1 through FIG. 3, wherein like parts are
designated by like reference numerals throughout, illustrate
an example embodiment or embodiments of an intra-body
communication system suitable for monitoring physiologi-
cal changes within the body, according to the present inven-
tion. Although the present invention will be described with
reference to the example embodiment or embodiments illus-
trated in the figures, it should be understood that many
alternative forms can embody the present invention. One of
skill in the art will additionally appreciate different ways to
alter the parameters of the embodiment(s) disclosed, such as
the size, shape, or type of elements or materials, in a manner
still in keeping with the spirit and scope of the present
invention.

[0033] AsFIG. 1illustrates, embodiments of an intra-body
communication system 100 may comprise implantable
devices for monitoring physiological changes within the
body. As used herein, “intra-body communication” may
refer to internal communication within a single mammalian
body. However, sensors and components can be positioned
internally or externally to the individual. In one embodi-
ment, the intra-body communication system 100 may com-
prise a first device 101 that produces a signal and a second
device 103 spaced apart from the first device 101 for
receiving the signal. In one embodiment, the direction of the
signals is reversed. In one embodiment, both the first device
101 and the second device 103 are situated within the body.
In another embodiment, only one of the components is
external to the individual while the other is internal in the
body. For instance, the first device 101 is internal in the body
while the second device 103 is external to the body. In
another embodiment, there may be any number devices
implanted within the body or situated external to the body.
[0034] In an embodiment, the first device 101 may include
a biologic component and an electronic component. In an
embodiment, the biologic component may include a cell
layer having cells from the target site pre-positioned on or in
the device prior to implantation. The pre-positioned cells
may be adapted to respond to a physiological signal from a
patient. In an embodiment, the electronic component may
include at least one sensor and at least one electrode con-
tacting the biologic component. The first device 101 may be
the same or substantially the same as that described in U.S.
Pat. Nos. 8,024,020, 8,849,416; 8,938,300 and U.S. patent
application Ser. No. 13/212,804 all of which are hereby
incorporated by reference.

[0035] In an embodiment, the second device 103 may be
the same or substantially the same as the first device 101. In
another embodiment, the second device 103 may be different
from the first device 101. For instance, the second device
103 may a pace maker, a glucose monitor pump, an insulin
pump, a neurostimulator, a defibrillator or any other medical
device that can be implanted within or carried on a person.
[0036] As showninFIG. 2, the first device 101 and second
device 103 are capable of engaging in a two-way commu-
nication through transmission of one of more signals 107
through at least a portion of the patient’s body between the
first device 101 and the second device 103. In an embodi-
ment, the two-way communication includes transmitting and
receiving signals. In an embodiment, the signals may be



US 2017/0231498 Al

optical signals or light signals. As used herein, “optical
signals” may refer to infrared light, visible light, and ultra-
violet light. In accordance with an embodiment of the
present invention, the signals may be infrared light. In
accordance with an embodiment of the present invention,
the signals may be visible light. In accordance with an
embodiment of the present invention, the signals may be
ultraviolet light. In accordance with an embodiment of the
present invention, the signals may include infrared light,
visible light, ultraviolet light, electromagnetic radiation,
radio waves, microwaves, X-rays, gamma rays, ultrasonic
signals or combinations thereof. It should be appreciated
that other signals known in the art may also be included.
[0037] In an embodiment, the signals 107, e.g., optical
signals, may travel through the body with minimal interfer-
ence from the surrounding tissues or organs. For instance,
the signals 107, e.g., optical signals, may travel through
muscles, organs such as lungs and the heart, bone, cartilage,
or any other tissues in the body while experiencing minimal
interference and/or loss in wavelength frequency. In an
embodiment, it is expected that the loss in wavelength
frequency will be less than 10%, less than 9%, less than 8%,
less than 7%, less than 6%, less than 5%, less than 4%, less
than 3%, less than 2%, or less than 1%. It should be
appreciated that the amount of loss can vary based on a
number of factors. For instance, the amount of loss can
depend on the type of signal and/or the type of wavelength
selected. In addition, the amount of loss may depend on the
amount of absorption, diffusion and/or scatter. It should be
appreciated by one skilled in the art, however, that the
amount of loss will be minimal and will not impact the
operation of the invention of the present application.
[0038] In some embodiments, the signal is encoded using
frequency and/or amplitude modulation. In this way, the
signals 107, e.g., optical signals, may carry data such as
blood pressure, heart rate, ECG, body temperature, glucose
levels, gene and protein changes, local cellular changes that
reflect systemic disease or change in health status or other
body parameters to receiver 105. In an embodiment, the
optical signals may have a wavelength frequency in a range
of approximately 1x107% to 1x10™! Hz. Of course, it should
be appreciated to anyone skilled in the art that the wave-
lengths may vary.

[0039] After traveling through the body, the signal 107 can
be transmitted to the receiver 105, as shown in FIG. 3, which
then detects the signal 107. In addition, receiver 105 may
decode or demodulate the signal 107 to receive the data
encoded within the signal 107 and may compare the signal
107 to a reference signal to diagnose the disease or condi-
tion. In response to the detected signal 107, receiver 105
may initiate an action. The action can include adjusting the
patient’s medical treatment (e.g. drug delivery), activate an
alarm, send information to the physician, etc.

[0040] Accordingly, it is envisioned that the disclosed
intra-body communication system 100 may be used in
numerous applications. In one embodiment, the intra-body
communication system 100 may be used for drug release
applications. For example, an internal drug dispensing
device may be implanted within a patient. The receiver 105
may be coupled to the drug dispensing device. In response
to a signal 107, the receiver 105 may instruct the drug
dispensing device to release drugs into the body. Sensors
may then detect the effectiveness of the drug and allow the
user to trigger another dose release. Such systems may allow
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for patient targeted treatment. This may be particularly
useful in chronically ill patients, such as diabetic patients or
patients undergoing cancer treatment.

[0041] In another application, the intra-body communica-
tion system 100 may be used in health monitoring. Similar
to the above application, the receiver 105 may detect and
decode the signal 107 and may store data on a storage
medium such as a flash card, hard drive, or other devices
known to those of skill in the art and/or send the data to a
base station, such as a computer, a smart phone, or cell
phone. Depending on the complexity of the system setup the
information may be forwarded directly to a physician’s
office or nurse’s station, first responders, or other qualified
personnel who may then review the data and access the best
possible treatment path forward.

[0042] In a further application, embodiments of the dis-
closed intra-body communication system 100 could be used
to diagnose medical conditions. Currently, a health care
professional may be able to diagnose conditions and dis-
eases only after reviewing and analyzing data such as the
results of blood work, x-ray, computed tomography or
magnetic resonance imaging, etc. Without being limited to
theory, it is believed that conditions or diseases may have
distorted signal 107. In a healthy individual, the signal 107
may be transmitted differently than in an unhealthy indi-
vidual. Using an embodiment of the disclosed system,
differences in the signal 107 or rate of transmission may alert
a health care professional of a possible injury, disease or
condition.

[0043] To further illustrate various illustrative embodi-
ments of the present invention, the following examples are
provided.

[0044] We are proposing an intra-body communication
system that utilizes at least two (2) and as needed three (3)
different media for communication within a single implant-
able biosensor system. The system uses optical emission that
specifically uses the body and its tissues as the medium
through which to communicate.

[0045] Communication may be on any wavelength appro-
priate for the anatomical distance and substances/tissues
surrounding the two points of communication.

[0046] This approach will focus on optical (infrared) in a
synchronized fashion to minimize potential gaps in infor-
mation during transmission since one mode can provide the
necessary information at that time. The method of commu-
nication that is used in phase I is that all sensors, including
cell based implanted biosensors, have their own unique
address and all sensors are listening for commands. A host
controller sends out a command with an embedded address
to all sensors. The sensor with the correct address will
respond to the command and then send out an acknowl-
edgement. All other sensors ignore the command and wait
for another command to be sent.

[0047] There is minimal information in the literature about
using non-RF based methods for communication between
modules that are implanted in the body. In Phase I, we will
explore various options for wireless communication includ-
ing infrared, ultrasound, and RF. Important considerations
during Phase I include ease of use in prototype development,
cost, minimal power requirements, and the need to use the
data for advanced development of RF, light based, and/or
acoustic communication specifically for use in the proof of
concept prototype.
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[0048] INFRARED: While all wireless serial communi-
cations methods have their own advantages and disadvan-
tages, infrared communication (IRC) offers a number of
advantages in this application. IRC hardware has potentially
the least number of components. They include emitters,
detectors, amplifiers and pulse code modulators/demodula-
tors (PCMD). These components can be small and require
less support comporents.

[0049] Technology exists to detect and transmit light
within the infrared spectrum. All objects that have a tem-
perature greater than that of absolute zero (-273.16 degrees
C.) emit electromagnetic energy. The spectrum at which
energy is emitted is directly related to the temperature of the
object. The human body emits electromagnetic radiation at
9.3 uM wavelength. The infrared range is defined as elec-
tromagnetic energy with a wavelength of 0.7 uM-1000 uM.
Since the body itself emits infrared light, it poses a problem
for an infrared device to isolate true signals versus noise.
The same light is also altered as it passes through human
tissue, specifically as the light is transmitted and reflected
between various cell layers and organs. This change in
medium, akin to light passing from air to liquid, alters some
of the characteristics of the particular signal such as the
wavelength and velocity but not the frequency of the wave
pattern. This fact allows for relatively preserved signaling
using infrared within the human body.

[0050] A significant challenge is that of diode power and
sensor capabilities, both of which are directly related to the
distance and medium through which the infrared signal must
travel. For example, an infrared signal that needs to be
carried from one part of the heart to another would likely be
hampered by the heart muscle itself, the blood/tissue inter-
face within the cardiac chamber, as well as the surrounding
tissue it may need to penetrate. However, infrared light can
be used in a reflective manner within the body and provides
advantages. One needs to consider the ability of light to
reflect off tissue surfaces and use this fact to design a system
that combines both properties of penetration and reflection
capabilities within the media (body tissue). In this case, a
module placed on the epicardial right ventricle would com-
municate to the module implanted in the left ventricle by
transmitting the signal and allowing it to be reflected and
absorbed by surrounding tissue. The sensors at the desig-
nated receiving site can decode the information. Specific
designs that reflect light to target regions are available and
this can be used in the construction of site specific trans-
mission and receiving modules.

[0051] The advantages offered by the body as the primary
medium in the proposed technology includes a very stable
and narrow temperature range in the human, limited dis-
tances, and relatively consistent anatomy between individu-
als allowing for modeling of various tissue: tissue interfaces.
Environmental noise needs to be considered as well. Since
the body can absorb infrared as well as most wavelengths of
electromagnetic radiation, one must consider the potential
interference posed to an implanted infrared system when the
patient is exposed to various environments including fluo-
rescent lighting, bright summer sun, etc.

[0052] Design Challenges: IRC can communicate over
several meters in free air. In the body, infrared light will be
greatly diffused and attenuated. The communication dis-
tance within the body will be approximately 10 inches. The
body’s tissues attenuate some wavelengths of infrared light
less than others. Experiments will determine the most effec-
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tive wavelength of infrared source. Powerful and efficient
infrared sources are available. Infrared sources are generally
unidirectional. The infrared source light, though attenuated,
will be diffused and refracted by the body’s tissues. This
will, in effect, make the source omnidirectional. The detector
will be required to be sensitive to pick up the infrared source
light. The body’s tissues will provide a natural ambient light
filter reducing noise. Additionally, infrared systems fte-
quently operate at 95 kHz and 250 kHz, 300 kHz, 2.3 MHz
and 2.8 MHz sub-carriers. Fluorescent lighting (specifically
those with T-12 ballasts) produces infrared noise that inter-
feres with communication. Infrared receivers tend to use a
wider spectrum diode with pass band filters that are more
vulnerable to infrared interference.

In-Vitro Testing of Wireless Communication

[0053] The ability to communicate in a wireless manner is
a key aspect of the proposed technology. The major com-
munication methods to be explored include RF, infrared, and
tissue based conduction. Fach method has its weaknesses
and it is likely that an integrated method for communication
will be used. During Phase I, we will explore the use of all
forms of light or similar such as IR and RF communication
for short distances while continuing work on the software,
sensing and output circuits of the breadboard prototype
system.

[0054] In order to address the specific challenges associ-
ated with use of light for communication between devices
implanted in a human body, we have designed a chamber to
provide a suitable early stage bench testing environment for
wireless communication methods of implanted systems.
This system will be constructed and used to investigate the
various methods of wireless communication proposed for
the system.

[0055] Two chambers will be constructed: 1) cylindrical
and 2) cubic form.

[0056] The primary material framework will consist of
non-conducting plastic frame with outer shell consisting of
interchangeable walls. The system provides for watertight
seals so that it can be filled with solutions of various
viscosity and light altering characteristics. In addition there
is a mechanism in place to insert various optical wavelength
filters along the outer surface of the chamber as well as
inside the various sub-compartments. Fach compartment
can be individualized and the distances between walls (i.e.
interface) is adjustable within the chamber. The functional
chamber dimensions have been determined using CT scan
images to recreate an average distance between major tho-
racic structures such as the sling to thoracic cage (the most
variable parameter due to dependence on patient’s body
mass index), pleural space, mediastinal space and max/min
distances on inspiration and expiration. The goals are not to
create an exact replica of the human thorax, but to have a
clinically relevant test chamber for testing various modes of
communication.

[0057] Signal generation of light as well electromagnetic
interference will be built as insertion boards throughout the
chamber. Various light wavelengths including those pro-
duced by fluorescent and ambient lighting will be repro-
duced and evaluated for the impact on effective and reliable
communication between intelligent modules.

[0058] The communication sensors and emitters can be
placed within the chamber at various locations that corre-
spond to anatomically relevant distances and angles, with
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the intervening space consisting of sub-compartments
equipped with a combination of solutions and optical filters
to mimic the interface changes between tissue layers within
the body. In addition to non-biological materials being used,
it also supports the capability to use actual organs and tissues
(i.e. heart and lungs from a slaughterhouse pig). There is
method for pumping solutions (pulsatile and non-pulsatile
flow) throughout the various chambers or biologic tissue
during experiments designed to test the differences in light
transmission that might be seen in the chest while the lungs
expand and heart beats. The contribution low frequency
respiration and the slightly higher frequency of cardiac
beating movement on noise generation during communica-
tion can be studied. Since temperature affects light trans-
mission and tissue absorption characteristics, the fluid and
chamber will be maintained at 37 degrees C.x10 degrees to
determine the extreme of temperatures with the most vari-
ability being at the skin: subcutaneous tissue interface and
minimal temperature variation at core organs such as the
heart. One can predict that when the heart fills with blood or
lungs fill with air, the dimensions, distances and relationship
between the chest structures change. The effect of this
periodic distance oscillation in the 3-dimensional environ-
ment will be explored during Phase I and studied in detail
during Phase 2.

[0059] During Phase I, the chamber will provide the data
needed for confirmation of wireless communication, its
limits, and design considerations for the implanted version
of the prototype. A number of infrared source parameters
will be explored. The parameters we will investigate
include:

[0060] I. Wave length: Infrared sources are available at
830 nm, 850 nm, 880 nm and 940 nm. Experiments will be
designed to determine which wavelengths have optimal
tissue absorption and refraction. Statistically designed
experiments will identify the significance of this parameter.
Student T-tests will be used to compare the response at
different wavelengths.

[0061] 2. Optical Power and Energy Density: Infrared
sources are available at various maximum power and energy
densities. Experiments will be designed to determine energy
densities and total power required to overcome tissue
absorption providing reliable communication in vivo.

[0062] Silicon photo detectors are available in many sizes
(active areas) and packages. We will initially use a UDT
Sensors, Inc. pin: S-IOCL sold in “chip” form. It is not
installed in a package and thus has the largest percentage of
active area relative to its dimensions.

[0063] Numerous modifications and alternative embodi-
ments of the present invention will be apparent to those
skilled in the art in view of the foregoing description.
Accordingly, this description is to be construed as illustra-
tive only and is for the purpose of teaching those skilled in
the art the best mode for carrying out the present invention.
Details of the structure may vary substantially without
departing from the spirit of the present invention, and
exclusive use of all modifications that come within the scope
of the appended claims is reserved. Within this specification
embodiments have been described in a way which enables a
clear and concise specification to be written, but it is
intended and will be appreciated that embodiments may be
variously combined or separated without parting from the
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invention. It is intended that the present invention be limited
only to the extent required by the appended claims and the
applicable rules of law.

[0064] Itis also to be understood that the following claims
are to cover all generic and specific features of the invention
described herein, and all statements of the scope of the
invention which, as a matter of language, might be said to
fall there between.

What is claimed is:

1. An intra-body communication system for monitoring
physiological changes in a patient comprising:

a first device implanted into a patient’s body;

a second device spaced apart from the first device;

the first device and second device capable of engaging
in a two-way communication through transmission
of one of more signals through at least a portion of
the patient’s body between the first device and the
second device; and

a receiver for detecting and/or decoding the one or more

signals to monitor physiological changes in the patient.

2. The system of claim 1, wherein the first device com-
prises a biologic component.

3. The system of claim 2, wherein the biologic component
comprises a cell layer having cells from a target site pre-
positioned on or in the device prior to implantation.

4. The system of claim 3, wherein the pre-positioned cells
are adapted to respond to a physiological signal from the
patient.

5. The system of claim 2, wherein the first device further
comprises an electronic component.

6. The system of claim 5, wherein the electronic compo-
nent comprises at least one sensor and at least one electrode
contacting said biologic component.

7. The system of claim 1, wherein the second device is
implanted inside the patient’s body.

8. The system of claim 1, wherein the second device is
external to the patient’s body.

9. The system of claim 1, wherein the two-way commu-
nication includes transmitting and receiving optical signals.

10. The system of claim 9, wherein the optical signals are
selected from the group consisting of infrared light, visible
light, and ultraviolet light.

11. The system of claim 1, wherein the one or more
signals comprise at least one of infrared light, visible light,
ultraviolet light, radio waves, microwaves, X-rays, gamma
rays, and ultrasonic signals or combinations thereof.

12. The system of claim 1, wherein the one or more
signals are transmitted with a wavelength frequency in a
range of approximately 1x107® to 1x10™* Hz.

13. The system of claim 1, wherein the one or more
signals travel through the body with minimal interference
from a surrounding tissue(s) or organ(s).

14. The method of claim 1, wherein the one or more
signals measure blood pressure, ECG, heart rate, body
temperature, glucose levels, gene changes, protein changes,
local cellular changes that reflect systemic disease or change
in health status, or combinations thereof.

15. The system of claim 1, wherein the receiver compares
the one or more signals to a reference signal to diagnose a
disease or condition.

16. The system of claim 1, wherein the receiver decodes
the one or more signals to trigger an event.

17. The system of claim 16, wherein the event includes
adjusting the patient’s medical treatment.
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18. A method for monitoring physiological changes in a
patient, the method comprising the steps of:
providing an intra-body communication system compris-
ing:
a first device implanted into a patient’s body;
a second device spaced apart from the first device;
the first device and second device capable of engag-
ing in a two-way communication through trans-
mission of signals through at least a portion of the
patient’s body between the first device and the
second device; and
a receiver for detecting and/or decoding the signals to
monitor physiological changes in the patient;
transmitting one or more signals through at least a portion
of the patient’s body between the first device and the
second device; and
providing a receiver for detecting and/or decoding the
signals to monitor physiological changes in the patient.
19. A method of diagnosing a patient, the method com-
prising:
providing an intra-body communication system compris-
ing:
a first device implanted into a patient’s body;
a second device spaced apart from the first device; and
the first device and second device capable of engag-
ing in a two-way communication through trans-
mission of signals through at least a portion of the
patient’s body between the first device and the
second device; and
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a receiver for detecting and/or decoding the signals to
monitor physiological changes in the patient;
transmitting one or more signals through at least a portion
of the patient’s body between the first device and the
second device;
detecting and/or decoding the one or more signals to
monitor physiological changes in the patient; and
comparing the one or more signals in the patient to a
reference signal to diagnose a disease or condition.
20. Amethod of treating a patient, the method comprising:
providing an intra-body communication system compris-
ing:
a first device implanted into a patient’s body;
a second device spaced apart from the first device;
the first device and second device capable of engag-
ing in a two-way communication through trans-
mission of signals through at least a portion of the
patient’s body between the first device and the
second device; and
a receiver for detecting and/or decoding the signals to
monitor physiological changes in the patient;
transmitting one or more signals through at least a portion
of the patient’s body between the first device and the
second device;
detecting and/or decoding the one or more signals to
monitor physiological changes in the patient;
reviewing and/or analyzing the one or more signals; and
treating the patient based on the review and/or analysis of
the one or more signals.

I S I



patsnap

TRBR(F) ATHEAMKEANEYZBEFIEBENERBES E

[F(RE)F US20170231498A1 RF(REH) A 2017-08-17
RiES US15/424734 RiEH 2017-02-03
FRI& B A ROSERO SPENCER Z

RADER WILLIAM K

RBAAN ROSERO, SPENCER Z.
RADER, WILLIAM K.

IPCH %S A61B5/00 HO4B10/80 A61B5/1473 A61B5/042 A61B5/145 H04B13/00 A61B5/0205

CPCH¥S A61B5/0031 HO4B13/005 H04B10/80 A61B5/686 A61B5/02055 A61B5/02444 A61B5/14532 A61B5
/1473 A61B5/7271 A61B5/0215 A61B5/042 A61B5/0004 A61B5/0006 A61B5/0008 A61B5/0017 AG61B5
/002 A61B5/0024 A61B5/0028 A61B5/0205 A61B5/024 A61B5/4836

i £ 62/291763 2016-02-05 US
SNEBEE Espacenet USPTO
RE(R)

10
ABBUANE—RESE-—REARTNERE UREKSE AT
RAHN/H@EBESUENBENERERM, F-RENFRZIEBE
BEF-RZFNE-REZABIBESHFNED - EH— I RS
MESRETNEABRE. E—PREHF , FETURKES,

EHT-RATUENSENEETHERNBERS, uxaTaEs 100 \



https://share-analytics.zhihuiya.com/view/8e310c16-17c6-40a7-8537-34183d0a06f0
https://worldwide.espacenet.com/patent/search/family/059500247/publication/US2017231498A1?q=US2017231498A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170231498%22.PGNR.&OS=DN/20170231498&RS=DN/20170231498

