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Communication system for intra-body communication

The instant invention generally relates to a communication system for intra-body

communication and a method for operating a communication system.

Within a communication system of the kind described herein a communication in between
implantable medical devices shall be facilitated, such as cardiac stimulation devices (for
example a pacemaker device or a cardioverter defibrillator), sensor devices, recording
devices or other medical devices to be implanted into a patient for providing a therapeutic
or diagnostic function. A communication system of this kind may also be denoted as Body

Area Network (BAN) system.

An implantable medical device of the kind concerned herein may for example be a
pacemaker, an implantable cardioverter defibrillator, a sensor device such as a bio-sensor
for measuring a blood pressure, or a recording device such as a loop recorder to be

subcutaneously implanted in a patient.

An implantable pacemaker may for example be subcutaneously implanted in a patient and
may comprise leads carrying electrodes and extending from a generator unit of the
pacemaker device into the patient's heart for example to provide a pacing action in the right
ventricle of the heart. Alternatively, an implantable pacemaker device may be designed as
a leadless pacemaker not comprising leads, but being directly implanted into the patient's

heart, for example in the right ventricle in order to provide for a pacing action.

A cardioverter defibrillator may serve for monitoring and treating potentially life-
threatening arrhythmias in a patient's heart, wherein a cardioverter defibrillator of this kind

may for example be implanted subcutaneously and may comprise leads extending into the
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patient's heart in order to record signals and to inject stimulation energy into the patient's

heart for example to provide an electric shock (defibrillation).

Sensor devices, such as pressure sensors, flow sensors, temperature sensors or the like,
may for example be implanted into a blood vessel, such as a vein, in order to provide for a

monitoring of relevant parameters in the context of providing a therapy.

A loop recorder is for example subcutaneously implanted and serves to continuously
record information for example about cardiac activity, such as an ECG. A loop recorder
may continuously loop its memory and may store particular portions of signals, such that
recorded signals may be communicated to an external device for analyzing the signals and

for providing a diagnosis.

There is a desire that medical devices implanted in a patient may communicate with each
other in order to allow the medical devices to interact. For example, signals sensed by a
pacemaker device or an implanted sensor device may be transmitted to a loop recorder
such that the loop recorder may record such signals. In addition, a pacemaker device may
receive signals from a sensor device implanted remotely from the pacemaker device in
order to take sensing signals of the sensor device into account for controlling a pacing

action in the patient's heart.

For establishing a communication, approaches exist to create an intra-body network (IBN)
linking implanted medical devices with each other such that signals may be exchanged in

between the implanted medical devices.

For example, EP 2 327 609 B1 describes an acoustic communication link in between
implanted medical devices for exchanging information in between the implanted medical
devices. The acoustic communication link is established to permit wireless communication
between the implanted medical devices, wherein transmission parameters may be adapted,
such as a sensitivity and a carrier frequency, in order to improve an existing

communication link.
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Implantable medical devices may generally sense data which shall be communicated to
another implantable medical device and in addition to an external device for further
processing. Alternatively or in addition, implantable medical devices may receive
configuration data from an external device in order to adapt operation of a particular
implantable medical device. For this, a communication needs to be established with the

external device.

In some approaches, a dedicated implantable medical device serves as a hub to provide a
communication link to an external device with a dedicated communication concept
differing from a signaling employed within the environment of the implantable medical
devices. This comes with the drawback that the implantable medical device serving as the
hub may exhibit an increased energy consumption, as communication with the external
device may be power intensive. In addition, communication with the external device
depends on the correct functioning of the implantable medical device serving as the hub,
the hub having to implement different communication concepts in order to be able to
establish a communication with the external device as well as with other implantable
medical devices. Any failure of the dedicated implantable medical device serving as the

hub may eliminate communication to the other implantable medical devices.

US 2006/0031378 A1l describes a system and method for providing digital data
communications over a wireless intra-body network. A physical protocol layer is logically
defined with an identifier uniquely assigned to a plurality of implantable devices in an
intra-body network. Functions are specified within the physical protocol layer to permit
data exchange over a wireless interface. A slave implantable device is activated in response
to an activation signal transmitted through the wireless interface by a master implantable
device. A wireless communication link is established between the slave implantable device
and the master implantable device upon matching of the identifier assigned to the slave

implantable device. Data is communicated intra-bodily over the communications link.

US 2007/02083890 A1 describes an apparatus and method for an implanted sound sensor
wirelessly communicating with an implantable medical device, or with an external

monitoring device.
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It is an object of the instant invention to provide a communication system and a method for
operating a communication system which allow for a reliable, yet power efficient

communication in between implantable medical devices as well as with an external device.

It is a further object of the invention to provide intra-body communication with minimized
energy consumption and maximized system simplicity to best support the requirements for

small and low energy implantable devices.

In one aspect, a communication system for establishing an intra-body communication
comprises: a multiplicity of implantable medical devices, each of the multiplicity of
implantable medical devices comprising communication circuitry for communicating with
another of the multiplicity of the implantable medical devices using a first signaling
technique; and at least one external device comprising first communication circuitry for
communicating with the multiplicity of implantable medical devices using said first
signaling technique and second communication circuitry for communicating with a remote

system using a second signaling technique different than the first signaling technique.

Accordingly, within the communication system multiple implantable medical devices are
configured to communicate with each other and with an external device using a first
signaling technique. Hence, each of the implantable medical devices is enabled to
communicate with other implantable medical devices and an external device, i.e. a device

outside of the patient's body.

Because the external device may communicate with any of the implantable medical
devices (when implanted in a patient), no dedicated implantable medical device serving as
a hub for relaying communication is required. Rather, a common communication technique
is used for an intra-body communication in between the implantable medical devices as

well as for a communication of the implantable medical devices with the external device.

By utilizing the same signaling technique for the intra-body communication between

implantable medical devices (in an implanted state) amongst each other as well as for
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communication between the implantable medical devices and one or multiple external
devices, the implementation complexity for communication circuitry of intra-body devices
can be minimized. In addition, the external device is able to address individual implantable
medical devices without the need of a specific intra-body hub to perform e.g. programming
or interrogation tasks, and in addition to monitor a communication between the various

medical devices to provide e.g. network maintenance tasks.

In addition, by allowing the communication to any individual internal implantable medical
device by an external device, battery depletion or failure of an implantable medical device

would not prevent the communication to other implantable medical devices.

The first communication circuitry of the at least one external device in particular is
configured to communicate with each of the multiplicity of implantable medical devices
using the first signaling technique. Hence, any implantable medical device is enabled to
directly communicate with one or multiple external devices, without the need for a relaying

by means of another implantable medical device.

The first signaling technique and the second signaling technique allow for a wireless
communication, such that the communication system wirelessly spans medical devices
implanted in a patient as well as external devices utilizing a common wireless signaling

technique.

In one embodiment, the first signaling technique is based on a first physical layer signaling
using modulated oscillating electrical fields. For example, the Intrabody Communication
(IBC) technology may be used for a communication, as described in the IEEE 802.15.6
WBAN protocol. Herein, external devices may in particular couple to the patient using a

galvanic coupling or a capacitive coupling.

In another embodiment, the first signaling technique is based on a physical layer signaling
using acoustic signals, in particular ultrasonic signals. For this, communication circuitry of
the implantable medical devices as well as the at least one external device may be formed

as an ultrasonic transducer which is packaged such that it is vibrationally coupled to the
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medium surrounding the implantable medical device respectively the external device. An
external device may for example be placed on the patient's skin in order to couple to the
patient, such that ultrasonic signals may be transmitted into the patient and may be

received from the patient.

In yet another embodiment, the first signaling technique is based on a physical layer
signaling using oscillating magnetic fields or electromagnetic wave signals. In this
embodiment, the implantable medical devices as well as the at least one external device
comprise communication circuitry using magnetic coils and using modulated oscillating
magnetic fields for communication in between the implantable medical devices as well as

with the external device.

In another embodiment, the first signaling technique is based on a physical layer using RF

technology with a carrier frequency suitable for penetrating body tissue.

Within the communication, a common physical layer signaling as well as a common
communication protocol is used for communication in between the implantable medical
devices and the at least one external device. The physical layer herein denotes a logical
layer defining a physical signaling in between the different devices using a common
technology according to a common communication protocol. Each implantable medical
device as well as the at least one external device herein may be identified within
communication messages by means of a unique identifier, such that messages transmitted
through the patient's body are received by all devices and processed by the devices

according to identifier information included in the messages.

In one embodiment, the at least one external device is configured to externally contact a
patient. For example, the at least one external device may be configured to be worn on a
patient's body. For example, the at least one external device may have the shape of a wrist
watch and hence may be worn on a patient's wrist, wherein a contact face of the at least
one external device is configured to be brought into contact with the patient's skin for
coupling to the patient, for example for introducing electrical signals or acoustical signals

(in particular ultrasonic signals) into the patient or receiving such signals from the patient.
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The at least one external device in addition implements a second signaling technique,
which for example is based on a second physical layer signaling using RF signals. The
second signaling technique may for example employ a standardized communication
technology, such as a Bluetooth technique, in particular Bluetooth Low Energy (BLE), a
Zigbee technique, a Near Field Communication (NFC) technique, or a Wi-Fi technique.

The second signal technique implements a second (logical) physical layer for establishing a
communication of the at least one external device with a remote system, such as a remote
server accessible via a public communications network, such as the Internet. By means of
the second signaling technique the at least one external device may e.g. connect to a
communication device serving as a relay device, such as a local computer, a mobile device
such as a smart phone or another local device in proximity to the patient, wherein by
means of the second signaling technique in particular a communication within a local
environment may be established. By means of the communication device data may be
relayed to and from the remote system, for example using a common communication

protocol scheme by means of the public communications network.

In one embodiment, the second signaling technique is based on a second physical layer
using acoustic signals. For example, the second communication circuitry of the at least one
external device may comprise an acoustic transducer which is configured to produce
acoustic signals in an audible acoustic frequency range, for example in between 50 Hz to 8
kHz, which may be transmitted using a Public Switched Telephone Network (PSTN). For
example, for relaying data to a remote system, a user may call a phone number using a
telephone, the phone number being associated with a central server link station. The user
may then place the at least one external device in proximity to the telephone's microphone
such that a data transmission may take place by transferring the acoustic signals produced
by the at least one external device via the telephone to the remote system, without

requiring an Internet connection or other specialized hardware.

In one embodiment, at least one of the implantable medical devices is a cardiac stimulation

device, such as a pacemaker device or a cardioverter defibrillator.



10

15

20

25

30

WO 2022/248198 PCT/EP2022/062411

In one embodiment, at least one of the implantable medical devices is a leadless cardiac
stimulation device, that is a cardiac stimulation device not comprising leads carrying
electrodes. A leadless cardiac stimulation device of this kind may in particular be
implanted directly into the patient's heart, for example the right ventricle or the right

atrium.

Generally, one or multiple implantable medical devices of the communication system may
be implanted subcutaneously into a patient or directly into the patient's heart. For example,
in one embodiment, one implantable medical device is implanted into the right ventricle
and another implantable medical device is implanted into the right atrium of the patient's
heart, a communication being established in between the intra-cardiac implantable medical

devices within the communication system.

In one embodiment, at least one of the implantable medical devices is a subcutaneous

cardiac loop recorder or a bio-sensor for measuring the blood pressure.

Generally, within the communication system different implantable medical devices e.g. in
the shape of stimulation devices, sensing devices, recording devices or marking devices
may communicate with one another and with at least one external device making use of a
common (first) signaling technique, involving a common physical layer as well as a

common communication protocol.

In one embodiment, within the communication system an intra-cardiac pacemaker is
implanted in the right ventricle and an intra-cardiac pacemaker is implanted in the right

atrium.

In one embodiment, within the communication system an intra-cardiac pacemaker is

implanted in the right ventricle and a loop recorder is implanted subcutaneously.

In one embodiment, within the communication system an intra-cardiac pacemaker is

implanted in the right ventricle and a sensor (e.g. a bio sensor) measuring the blood
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pressure is implanted in a blood vessel of the patient and/or integrated into the intra-cardiac

pacemaker.

The communication system may be based on energy saving optimizations using modulated
oscillating electric fields to communicate between implanted devices within a body. Such
communication concepts utilize high frequency electric pulses to either being phase-shift
keying (PSK) or on-off keying (OOK) modulated to convey bit information. In either case
the carrier frequency may be generated by a 50% duty cycle square pulse shaped signal. In
case of a PSK modulation, the carrier frequency signal is continuous, and phase shifts of
the carrier frequency are indicative for the change in the bit value transmitted. In case of an
OOK modulation, the presence of the carrier frequency for a predetermined time represents
the code for the bit value 1 and the absence of the carrier frequency, again for a
predetermined time frame, represents the code for bit value 0. This basic principle of the
OOK modulation makes it a good candidate for a simple communication concept with

good energy saving potential.

There may be two energy saving parameter available for an OOK modulated oscillating
electric field with a 50% duty cycle square pulse signal shape of the carrier frequency:
1. the predetermined time used to define a bit duration (0 or 1), and

2. the duty cycle used for the square pulse signal of the carrier frequency.

Tests indicate that the demodulation of OOK modulated oscillating electric fields may be
performed for significantly reduced pulse width times together with a strong reduced duty
cycle. Reducing the duty cycle for the active part of the pulse interval effectively produces
a wideband signal. The narrower the pulse the wider the frequency spectrum will be.
Applying both energy saving methods for the generation of the communication signal can
yield a magnitude of energy savings in comparison to the existing state of the art
technology. This can be observed by comparing the active signal time (AST) as used in
existing technologies (e.g. ZAND communication) with test results utilizing energy
optimized signal parameters. Since AST represents the time an active voltage is applied to
the transmitting electrodes, reducing AST will directly reduce the energy needed to

generate the transmission signal.
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AST in OOK may apply by design only to bit transmissions of the value 1 where the
predetermined bit time can be expressed in the numbers of carrier frequency intervals
needed for that time. Finally, with the duty cycle of the square pulse shape further limiting

the active signal time, AST can be expressed as

AST = (1/fc) * N * DC

with

fc = carrier frequency,

N = number of carrier frequency intervals, and

DC = duty cycle of the carrier frequency square pulse shape.

For the communication with OOK modulation the number of intervals may be about 60
and the duty cycle used may be 0.5 (50%). For example, successful communication may be
achieved with parameter N set to 10 and the duty cycle value set to 0.1 (10%), yield an

energy reduction factor of 30 in comparison to the settings above.

The described embodiments above and any combination of them allow for implanted
devices to perform communication with minimal energy consumption by utilizing none

complex technology.

In another aspect, a method for operating a communication system for intra-body
communication comprises: establishing a communication in between a multiplicity of
implantable medical devices, each comprising communication circuitry for communicating
with another of the multiplicity of implantable medical devices using a first signaling
technique; establishing a communication in between at least one external device and the
multiplicity of implantable medical devices, the at least one external device comprising
first communication circuitry for communicating with the multiplicity of implantable
medical devices using said first signaling technique; and establishing a communication
between the at least one external device and a remote system, the at least one external
device comprising second communication circuitry for communicating with the remote

system using a second signaling technique different than the first signaling technique.
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The advantages and advantageous embodiments described above for the communication

system equally apply also to the method, such that it shall be referred to the above in this

respect.

The various features and advantages of the present invention may be more readily

understood with reference to the following detailed description and the embodiments

shown in the drawings. Herein,

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

shows a schematic drawing of a communication system of medical devices

implanted in a patient;

shows a schematic drawing of two medical devices in between which a
communication link for a data communication in between the medical devices

shall be established;

shows a schematic drawing of a communication system including multiple

medical devices implanted in a patient and a variety of external devices;

shows a schematic drawing of a physical layer signaling in between the

implantable medical devices, an external device and a remote system; and

shows an example of a data transmission in between an external device and a

remote system using an acoustic signaling technique.

Subsequently, embodiments of the invention shall be described in detail with reference to

the drawings. In the drawings, like reference numerals designate like structural elements.

It is to be noted that the embodiments are not limiting for the invention, but merely

represent illustrative examples.
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Referring to Fig. 1, implantable medical devices 1, 2, 3 may be implanted in a patient P at
different locations in order to provide different functions within the patient P. For example,
a medical device 1 in the shape of a leadless pacemaker device may be implanted in the
right ventricle RV of the patient's heart H in order to provide for a pacing action within the
heart H. Another medical device 2 for example in the shape of a loop recorder may
subcutaneously be implanted within the chest, the loop recorder allowing for a recording of
signals and, for example, a communication with an external device in order to monitor
certain parameters within the patient P. Another implantable medical device 3 in the shape
of a sensor device, for example a pressure sensor, a flow sensor or a temperature sensor or
the like, may be implanted for example in a blood vessel in order to sense characteristic

parameters such as a blood pressure or a blood flow.

There generally exists a desire for a data communication in between different medical
devices 1, 2, 3 implanted in a patient P. Approaches exist to establish a communication of
this kind in a wireless fashion by establishing an intra-body network linking the medical
devices 1, 2, 3 together, such that data may be exchanged in between the medical device 1,
2, 3. A loop recorder may hence for example record sensor data of a sensor device, or data
of a pacemaker or a cardioverter defibrillator, and may also provide data for example to a

pacemaker or a cardioverter defibrillator to control a therapeutic action.

In order to allow for a data communication, a communication link between medical
devices 1, 2, 3 needs to be established. Signals herein are exchanged in a modulated
fashion making use of a particular transmission technology, such as an acoustic, electric or
magnetic (inductive) signal transmission, and a particular modulation scheme, such as a

PCM, FSK, PSK, QPSK, FM, or AM modulation or the like.

Referring now to Fig. 2, medical devices 1, 2 to be implanted in a patient P may have a
small built and may be designed for a low power consumption in order to remain in a

patient P over a long-term.

A first medical device 1, for example in the shape of a leadless pacemaker, may herein

comprise a housing 10, a control circuitry 11, an electrode arrangement 12 for emitting
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stimulation signals or receiving sense signals, a communication circuitry 13 and an energy

storage 14, for example in the shape of a battery.

A second medical device 2, for example in the shape of an implantable sensor device, such
as a pressure sensor, or in the shape of a loop recorder, comprises a housing 20, a control
circuitry 21, a communication circuitry 23, and an energy storage 24, for example in the

shape of a battery.

The communication circuitry 13, 23, in each case, comprises a transmission unit 130, 230,
and a reception unit 131, 231. The communication circuitry 13, 23, is designed for the
specific transmission technology, that is for transmitting and receiving acoustic, electric or
magnetic signals. Also, the communication circuitry 13, 23 is designed to modulate
respectively demodulate signals for transmission and reception, to optimize transmission
parameters, to amplify received signals and to process signals in order to forward
processed signals to the control circuitry 11, 21 for an analysis and control of the operation

of the medical device 1, 2.

Generally, within a communication system as schematically shown in Fig. 1, a
communication in between implantable medical devices 1, 2, 3 shall be established using
communication links. Referring for example to Fig. 2, a communication link L shall be
established in between the medical devices 1, 2 for example at the initial startup of one of
the medical devices 1, 2 or after exiting a sleep mode after a prolonged duration of
passivity of the medical device 1, 2. Herein, a medical device 1, 2 which wishes to
establish a communication may for example send out a trigger signal towards the other
medical device 2, 1, the trigger signal indicating that the medical device 1 wishes to
establish communication. Communication then takes place using a common physical layer
signaling employing a signaling technology utilizing for example electrical, acoustic or

magnetic signals.

Referring now to Fig. 3, medical devices 1, 2, 3 implanted in a patient P may establish a
communication for transmitting data amongst each other using communication links L1,

Lis, La3. Via such communication links Li2, Li3, Las for example measurement data may be
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transferred from a sensing device to a recording device, such as a loop recorder, or to a

stimulation device, for processing by the receiving device.

In addition, the medical devices 1, 2, 3 implanted in the patient P may communicate with
one or multiple external devices 4, 5 in order to transfer data, for example measurement
data, from the medical device 1, 2, 3 towards the external device 4, 5, or to receive
configuration data from the external device 4, 5 to adapt operation of the implanted
medical device 1, 2, 3. Communication herein takes place via communication links L;s,
Las, Lss, Lss connecting the external devices 4, 5 and the implanted medical devices 1, 2, 3
with each other, wherein in addition the external devices 4, 5 may also communicate with

each other via a communication link Lys.

In order to facilitate communication in between the intra-body medical devices 1, 2, 3 and
the external devices 4, 5, it herein is proposed to use a common communication technology
for both the internal, intra-body devices 1, 2, 3 and the external devices 4, 5, such that the
medical devices 1, 2, 3 may communicate with each other as well as with the external

devices 4, 5 using the same communication technology.

The common communication technology in particular involves a common physical layer

signaling and a common communication protocol.

For example, the implantable medical devices 1, 2, 3 and the external devices 4, 5 may use
a signaling technique based on a physical layer signaling using modulated oscillating
electric fields. For example, a signaling according to the standardized Intra-Body
Communication (IBC) may be employed, using a galvanic coupling or a capacitive

coupling of the external devices 4, 5 to the patient P.

In another embodiment, the implantable medical devices 1, 2, 3 and the external devices 4,
5 may use a signaling technique based on a physical layer signaling using acoustic signals,
in particular ultrasonic signals. In this case, the implantable medical devices 1, 2, 3 and the
external devices 4, 5 employ an acoustic transducer in order to couple to surrounding

medium. In particular, the implantable medical devices 1, 2, 3 may employ a transducer
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contacting tissue. The external devices 4, 5 may be placed on the patient's skin, as it for
example is the case for the external device 4 having the shape of a wrist watch in the

embodiment of Fig. 3.

In yet another embodiment, the implantable medical devices 1, 2, 3 and the external
devices 4, 5 may use a signaling technique based on a physical layer signaling using
modulated oscillating magnetic fields. In this case the medical devices 1, 2, 3 and the
external devices 4, 5 comprise a transducer in the shape of a magnetic coil to induce

oscillating magnetic fields.

In yet another embodiment, the implantable medical devices 1, 2, 3 and the external
devices 4, 5 may use a signaling technique based on a physical layer signaling using
modulated electromagnetic waves. In this case the medical devices 1, 2, 3 and the external

devices 4, 5 comprise a transducer in the shape of a suitable antenna.

One or multiple of the external devices 4, 5 may be placed on the patient's skin and for this
may for example be worn by the patient P, as it is the case for the external device 4 in the

shape of the wrist watch in the embodiment of Fig. 3.

Communication in between the implantable medical devices 1, 2, 3 amongst each other, in
between the implantable medical devices 1, 2, 3 and the external device 4, 5, and in
between the external devices 4, 5 amongst each other using the common signaling
technique is based on a transmission of modulated signals, wherein the signals may encode
identifier information identifying and addressing devices 1-5. Each device 1-5 herein may
be identified by a unique identifier, such that messages can be exchanged in between the

devices 1-5.

The communication links as illustrated in Fig. 3 hence are established as logical links,
signals generally being transmitted using the body of the patient P as a wave guiding
medium, such that signals transmitted from one device 1-5 generally are received by all
devices 1-5 coupled within the network, but may be discerned according to identifier

information encoded in the signals.
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In the embodiment of Fig. 3, the external devices 4, 5 are configured to communicate with
a remote system 6, for example a remote server system within a public communications
network, such as the Internet. For example, data may be transmitted from one or both of
the external devices 4, 5 to the remote system 6, and may be received from the remote
system 6 at the external devices 4, 5. The remote system 6 communicates with the external

device 4 via the external link E4 and with the external device 5 via the external link ES5.

Referring now to Fig. 4, each of the external devices 4, 5 comprises first communication
circuitry 41 for establishing a communication with the implantable medical devices 1, 2, 3
making use of a common physical layer signaling PHY1. By means of the common
physical layer signaling PHY1 a communication may be established in between the
external devices 4, 5 to any of the implantable medical devices 1, 2, 3 individually, such
that data may be exchanged between the external devices 4, 5 and any of the implantable

medical devices 1, 2, 3.

In addition, the external device 4, 5 comprises a second communication circuitry 42 for
establishing a communication with the remote system 6 using a physical layer signaling
PHY?2 different from the physical layer signaling PHY1. By means of the communication

circuitry 42 data may be exchanged with the remote system 6.

The physical layer signaling PHY2 may for example utilize a standard close-proximity
communication scheme such as Bluetooth, Zigbee, Near Field Communication (NFC), or
Wi-Fi. In order to establish a communication to the remote system ©6, herein a connection
using the physical layer signaling PHY2 may be established to a local communication
device 7, such as a mobile device or a local computer, which relays the data and
communicates with a remote server 6 via a public communication network. The remote

systems 6 can be the remote server 6 and vice versa.

A control unit 40 serves to control operation of the external device 4, 5 and processes data.

For example, the control unit 40 may be configured to translate data between the different
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communication circuitry 41, 42, for transmission in between the remote server 6 and the

implantable medical devices 1, 2, 3.

Referring now to Fig. 5, in one embodiment the local communication device 7 may have
the shape of a regular telephone, which is connected to the remote system 6 via a Public
Switched Telephone Network (PSTN). The communication circuitry 42 of the external
device 4, 5 may for example be configured to produce acoustic signals in an audible
frequency range, for example in between 50 Hz and 8 kHz, which may be transferred via a
regular telephone line. To establish a communication to the remote system 6, a user may
for example dial a phone number associated with a central server link station of the remote
system 6, upon which the user may place the external device 4, 5 in proximity to the
telephone's microphone such that data can be transmitted using acoustic signals via the

communication device 7 in the shape of the telephone towards the remote system 6.

The implantable medical devices 1, 2, 3 within the communication system may for
example be cardiac stimulation devices, such as a leadless pacemaker devices or
cardioverter defibrillators, sensing devices such as biosensors for example for sensing a

blood pressure, or recording devices such as a loop recorder.

Generally, the implantable medical devices 1, 2, 3 may be implanted fully or in part
directly into the patient's heart, for example the right ventricle or the right atrium. In
another embodiment, the implantable medical devices 1, 2, 3 may be implanted fully or in

part subcutaneously within the patient.

As a communication between the external devices 4, 5 and the implantable medical devices
1, 2, 3, in the above embodiment, may be established possibly only by bringing the
external devices 4, 5 into close proximity with the patient P, beneficially in contact with
the patient's skin, inherently an increased security is achieved, in that communication with

the implantable medical devices 1, 2, 3 cannot easily be corrupted or interrupted.
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List of reference numerals
1,2, 3 Implantable medical device
10, 20 Housing
11,21 Control circuitry
12 Electrode arrangement
13, 23 Communication circuitry
130, 230 Transmission unit
131, 231 Reception unit
14, 24 Energy storage
4,5 External device
40 Control unit
41 Communication circuitry
42 Communication circuitry
6 Remote system (remote server)
7 Communication device
E4, ES External link
H Heart
L Communication link
Li2-L4s Communication links
P Patient
PHY1, PHY2 Physical layer signaling

RV Right ventricle

PCT/EP2022/062411



10

15

20

25

30

WO 2022/248198 PCT/EP2022/062411

-19 -

Claims

1.

A communication system for establishing an intra-body communication, comprising:

a multiplicity of implantable medical devices (1-3), each of the multiplicity
of implantable medical devices (1-3) comprising communication circuitry (13, 23)
for communicating with another of the multiplicity of implantable medical devices
(1-3) using a first signaling technique; and

at least one external device (4, 5) comprising first communication circuitry
(41) for communicating with the multiplicity of implantable medical devices (1-3)
using said first signaling technique and second communication circuitry (42) for
communicating with a remote system (6) using a second signaling technique

different than the first signaling technique.

The communication system according to claim 1, wherein the first communication
circuitry (41) of the at least one external device (4, 5) is configured to communicate
with each of the multiplicity of implantable medical devices (1-3) using said first

signaling technique.

The communication system according to claim 1 or 2, wherein the first signaling
technique is based on a first physical layer signaling using oscillating electrical

signals.

The communication system according to claim 1 or 2, wherein the first signaling

technique is based on a first physical layer signaling using ultrasonic signals.

The communication system according to claim 1 or 2, wherein the first signaling
technique is based on a first physical layer signaling using oscillating magnetic fields

or electromagnetic wave signals.

The communication system according to one of the preceding claims, wherein the at

least one external device (4, 5) is configured to externally contact a patient.
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The communication system according to one of the preceding claims, wherein the at

least one external device (4, 5) is configured to be worn on a patient's body.

The communication system according to one of claims 1 to 7, wherein the second

signaling technique is based on a second physical layer signaling using RF signals.

The communication system according to claim 8, wherein the second signaling
technique is based on a Bluetooth technique, a Zigbee technique, an NFC technique

or a WiFi1 technique.

The communication system according to one of claims 1 to 7, wherein the second

signaling technique is based on a second physical layer using acoustic signals.

The communication system according to one of the preceding claims, comprising a
communication device (7) to be coupled to the at least one external device (4, 5) for
establishing a data transmission in between the at least one external device (4, 5) and

the remote system (6) using the second signaling technique.

The communication system according to one of the preceding claims, wherein at
least one of the multiplicity of implantable medical devices (1-3) is a cardiac

stimulation device.

The communication system according to one of the preceding claims, wherein at
least one of the multiplicity of implantable medical devices (1-3) is a leadless cardiac

stimulation device.

The communication system according to one of the preceding claims, wherein at
least one of the multiplicity of implantable medical devices (1-3) is a sub-cutaneous

cardiac loop recorder or a bio-sensor for measuring the blood pressure.
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15. A method for operating a communication system for intra-body communication,
comprising:
establishing a communication in between a multiplicity of implantable
medical devices (1-3), each comprising communication circuitry (13, 23) for
5 communicating with another of the multiplicity of implantable medical devices (1-3)
using a first signaling technique;
establishing a communication in between at least one external device (4, 5)
and the multiplicity of implantable medical devices (1-3), the at least one external
device (4, 5) comprising first communication circuitry (41) for communicating with
10 the multiplicity of implantable medical devices (1-3) using said first signaling
technique; and
establishing a communication between the at least one external device (4, 5)
and a remote system (6), the at least one external device (4, 5) comprising second
communication circuitry (42) for communicating with the remote system (6) using

15 a second signaling technique different than the first signaling technique.



WO 2022/248198 113 PCT/EP2022/062411

2
I R
FIG. 1
1
11N\ 14 130 13 131 2
[ [ Vo0 230 23 231 /
) M) \] M 4 ‘ ! ,
RN L
r=—*t=—7 r——*-—7 pA=af=4y L (p=d=ig A
B L i | BR MR LS
I dleoeo R ] I ]
/A \ o o |
12 10 | ] |
\L_T___J L__T__JJ
Vo)
24 20 21




213 PCT/EP2022/062411

WO 2022/248198

FIG. 3



WO 2022/248198 313 PCT/EP2022/062411

FIG. 4




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2022/062411

A. CLASSIFICATION OF SUBJECT MATTER
INV. A61N1/372

ADD. A61B5/0215 A61N1/375 A61N1/362

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A61B A61N

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2021/106833 Al (VON ARX JEFFREY A [US] 1,3,5-9,
ET AL) 15 April 2021 (2021-04-15) 11-14
Y paragraphs [0013], [0015], [0033], 4,10
[0035] - [0036], [0069], [0074]; figure
1B
X US 2020/337563 Al (ANDERSEN DEAN P [US]) 1-3,5,6,
29 October 2020 (2020-10-29) 12-14

paragraphs [0038], [0039], [0041],
[0089]; figure 1A

Y US 2012/209342 Al (VON ARX JEFFREY A [US] 4,10
ET AL) 16 August 2012 (2012-08-16)
paragraph [0040]

A US 2021/085989 Al (HUEGERICH BURKHARD 1-14
[US]) 25 March 2021 (2021-03-25)
paragraphs [0057] - [0067]; figures 1-2

-/—

|__K| Further documents are listed in the continuation of Box C. ‘z‘ See patent family annex.

* Special categories of cited documents : ) ) ) - o
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X document of particular relevance;; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other """ document of . . - - -
. b particular relevance;; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
1 July 2022 11/07/2022
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016 Rogala, Tomasz

Form PCT/ASA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2022/062411
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2018/236249 Al (KLIMOVITCH GLEB [US] ET 1-14

AL) 23 August 2018 (2018-08-23)
paragraphs [0098] - [0114]

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



International application No.
PCT/EP2022/062411
INTERNATIONAL SEARCH REPORT
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. @ Claims Nos.: 15
because they relate to subject matter not required to be searched by this Authority, namely:
see FURTHER INFORMATION sheet PCT/ISA/210

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims;; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/EP2022 /062411

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.1

Claims Nos.: 15

The method defined in claim 15 relates to operating a communication
system, which involves multiplicity of implantable medical devices. As
such, this method implicitly requires the step of implantation performed
beforehand and, in addition, encompasses also communication during the
normal operation of said medical devices. Thus, method claim 15
encompasses both surgical and therapeutical treatment of the human body.
In consequence it is covered by the provisions of Article 17(2) (a) (i) PCT
and Rule 39.1 (iv) PCT, i.e. the International Search Authority cannot be
required to perform the search on the subject-matter of this claim.
Moreover, according to Article 34 (4) (a) (i) PCT and Rule 67.1 (iv) PCT, it
cannot be examined.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2022/062411
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2021106833 Al 15-04-2021 CN 112642060 A 13-04-2021
EP 3804810 A1l 14-04-2021
JP 2021058582 A 15-04-2021
Us 2021106833 Al 15-04-2021
US 2020337563 Al 29-10-2020 NONE
US 2012209342 Al 16-08-2012 EP 1771224 Al 11-04-2007
JP 4931809 B2 16-05-2012
JP 2008505714 A 28-02-2008
Us 2006009818 Al 12-01-2006
Us 2009143836 Al 04-06-2009
Us 2012209342 A1 16-08-2012
WO 2006010010 A1 26-01-2006
US 2021085989 Al 25-03-2021 EP 3795213 Al 24-03-2021
JP 2021048580 A 25-03-2021
Us 2021085989 A1l 25-03-2021
US 2018236249 Al 23-08-2018 NONE

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report
	Page 31 - wo-search-report

