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(57)  The present disclosure relates to a medical sys-
tem (1), comprising a plurality of devices (10, 20, 30)
forming nodes of a network, wherein each device (10, 10
20, 30) of said plurality of devices is configured to com- \ '

municate with another device in a wireless fashion by time
receiving a message from another device in the network
or by transmitting a message to another device in the
network, and wherein a priority is assigned to each device
(10, 20, 30), wherein as long as no other transmission of 20

a message is ongoing in the network, each device (10, \
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20, 30) is configured to initiate a transmission of a mes-
sage by transmitting a start signal (SI, S2, S3), wherein
the higher the priority of the respective device (10, 20,
30), the higher the duration (D1, D2, D3) of the start signal
(SI, S2, S3) allocated to the respective device (10, 20,
30), and wherein in case several devices in the network

simultaneously initiate a transmission of a message by \
transmitting a start signal, a permission to transmita mes-
sage is automatically granted to the device in the network
with the highest priority. Furthermore, the present disclo-
sure relates to a method of communicating in a medical
system/network.
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Description

[0001] The present invention relates to a medical sys-
tem utilizing a network, particularly a body are network
(BAN).

[0002] In the framework of the present invention, a
body area network (BAN), is a network of devices capable
of performing wireless communication within a body area
of a patient. The respective device can be an implantable
device that is positioned inside the patient’s body or a
device positioned outside the patient's body. A device
positioned outside the person’s body may be configured
to be worn by the patient and may be arranged on the
person’s body. The devices of the BAN may communi-
cate via wireless (particularly short-range) radio commu-
nication. Particularly, IEEE 802.15 formally defines a
BAN as a communication standard optimized for low
power devices and operation on, in or around the human
body (but not limited to humans) to serve a variety of
applications including medical, consumer electron-
ics/personal entertainment and other.

[0003] In a network or BAN working in half-duplex
mode, two parties (e.g. devices) can communicate with
each other, but not simultaneously (i.e. the communica-
tion is one direction at a time). In case such a net-
work/BAN shall be used for the communication between
(e.g. implantable) medical devices, it needs to facilitate
the exchange of information in a reliable and timely fash-
ion.

[0004] The communication between devices can be
made reliable by implementing a transmit/response
scheme where the transmitting party repeats the trans-
mission until it receives an acknowledging response from
the addressed party.

[0005] Existing solutions do not handle time critical
communication in a reliable timely manner. Half duplex
body area networks such as envisioned for the commu-
nication between implantable medical devices may need
the ability to prevent the collision of transmissions from
separate devices when started accidentally at the same
time. The collision of the transmission of information may
or may not be critical.

[0006] If the information to be transmitted is not time
critical, the transmission can be made reliable by imple-
menting the transmit/response scheme where the trans-
mitting party repeats the transmission until it receives an
acknowledging response from the addressed party. If the
information to be transmitted by one device is time critical
for another device such as in the synchronization of intra-
cardiac pacemaker activities implanted in different heart
chambers, the repeated transmission until an acknowl-
edging response is observed may not be sufficient. Time
critical information needs a communication concept that
prevents the potential collision of transmissions.

[0007] Therefore, itis an objective to provide a medical
system comprising communication concept that prevents
the collision of transmissions in a network, particularly in
case the network (e.g. BAN) operates in half duplex
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mode.

[0008] A medical system having the features of claim
1and a method with the features of claim 13 are provided.
Furtherembodiments are stated in the dependent claims.
[0009] In one aspect, a medical system is disclosed
which comprises a plurality of devices forming nodes of
a network provided by the medical system, wherein each
device of said plurality of devices is configured to com-
municate with another device of said plurality of devices
via the network in a wireless fashion by receiving a mes-
sage from another device in the network or by transmit-
ting a message to another device in the network, and
wherein a priority is assigned to each device, wherein as
long as no other transmission of a message is ongoing
in the network, each device is configured to initiate a
transmission of a message by transmitting a start signal,
wherein the higher the priority of the respective device,
the higher the duration of the start signal allocated to the
respective device, and wherein in case several devices
in the network simultaneously initiate a transmission of
a message by transmitting a start signal, a permission to
transmita message is automatically granted to the device
in the network with the highest priority.

[0010] In another aspect, a method for wireless com-
munication between devices of a medical system is pro-
vided, wherein the devices form nodes of a network, and
wherein the method comprises the steps of:

- assigning a priority to each device,

- allowingeachdevice inthe network to initiate a trans-
mission of a message by transmitting a start signal
as long as no other transmission of a message is
ongoing in the network, wherein the higher the pri-
ority of the respective device, the higher a duration
of the start signal allocated to the respective device,
and

- incase several devices in the network simultaneous-
ly initiate a transmission by transmitting a start signal,
granting a permission to transmit a message to the
device in the network having the highest priority.

[0011] The disclosure thus provides a novel concept
to prevent communication collisions in networks such as
body area networks, particularly in case the network/BAN
comprises half duplex communication.

[0012] According to an embodiment, the network is a
body area network (BAN) (e.g.as defined above).
[0013] Furthermore, according to an embodiment of
the system, wherein the devices are configured to com-
municate with one another via the network in half-duplex
mode.

[0014] Further, according to an embodiment, each de-
vice is configured to be in a receiving mode in which the
respective device is able to receive a message from an-
other device and is able to transmit a message of its own
and is not inhibited by an ongoing or initiated message
of another device of the network. Start sending a start
signal might be inhibited by an already ongoing start sig-
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nal or a message from another device.

[0015] Furthermore, according to an embodiment of
the system, the respective device is configured to return
into the receiving mode for a pre-defined time period after
having transmitted a start signal, wherein in case the re-
spective device receives a start signal from another de-
vice during this time period, the respective device is con-
figured to postpone transmission of its own message until
the ongoing transmission of the start signal from the other
device ends, and wherein the respective device is con-
figured to transmitits own message in case the respective
device sees no ongoing transmission of a start signal
from a different device after its own start signal has end-
ed.

[0016] Further, according to an embodiment of the sys-
tem, no two devices of the network comprise the same
start signal duration.

[0017] Furthermore, in an embodiment, a difference
between the durations of each two start signals is larger
than a transition time from transmission to receiving
mode of a device among the plurality of devices that com-
prises the longest transition time.

[0018] Furthermore, according to an embodiment of
the system, the plurality of devices comprises at least a
first and a second medical device, wherein particularly
the first device is an implantable medical device, and
wherein particularly the second medical device is an im-
plantable medical device.

[0019] Furthermore, according to an embodiment, the
firstdevice is an implantable intracardiac pacemaker that
is configured to be implanted in the heart of a patient.
Further, according to an embodiment, the second device
is an implantable intracardiac pacemaker that is config-
ured to be implanted in the heart of a patient. Alterna-
tively, the second device can be a sensor. The sensor
may be configured to measure a blood pressure of a pa-
tient or the sensor can be a loop recorder configured to
measure an ECG.

[0020] Particularly, the first device is an intracardiac
pacemaker configured to be implanted in the right ven-
tricle of the patient. Furthermore, particularly, in case the
second device is an intracardiac pacemaker, the latter is
preferably configured to be implanted in the right atrium,
in the left atrium or in the left ventricle of the patient.
[0021] Accordingto a further embodiment, the plurality
of devices further comprises a third medical device,
wherein particularly the third medical device is an im-
plantable medical device. The third medical device can
be an intracardiac pacemaker, the latter may be config-
ured to be implanted in the right atrium, in the left atrium
orin the left ventricle of the patient. Also, the third medical
device may be a sensor (e.g. configured to measure a
blood pressure of a patient) or a loop recorder.

[0022] The plurality of devices may also comprise more
than three medical devices.

[0023] Furthermore, in an embodiment of the method,
the method comprises the further step of sending the
message from the device having the highest priority and
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receiving the message by another device in the network
in half-duplex mode.

[0024] Further, according to an embodiment of the
method, the method comprises the further step of main-
taining each device in the network in a receiving mode
in which the respective device is able to receive a trans-
mission of a message from another device and is able
to transmit a message of its own and is not inhibited by
an ongoing or initiated message of another device of the
network.

[0025] Furthermore, according to an embodiment of
the method, the method comprises the further steps of
prompting the respective device to return into the receiv-
ing mode for a pre-defined time period after having trans-
mitted a start signal, and postponing a transmission of a
message of the respective device when the respective
device sees a start signal from another device during this
time period, and allowing the respective device to trans-
mit its own message in case the respective device sees
no ongoing transmission of a start signal from a different
device after its own start signal has ended.

[0026] Furthermore, according to an embodiment of
the method, no two devices of the network comprise the
same start signal duration. Particularly, a difference be-
tween the durations of each two start signals is larger
than a transition time from transmission to receiving
mode of a device among the plurality of devices that com-
prises the longest transition time. Particularly, the method
according to the present disclosure can be conducted
with the first device, second device, and particularly third
device described above. All features disclosed herein
with regard to the system can be applied to the method
and vice versa.

[0027] Inthe following, embodiments, features and ad-
vantages of the present invention shall be described with
reference to the Figures, wherein

shows a schematical illustration of an embodi-
ment of a medical system comprising medical
devices forming nodes of a network, particularly
of a BAN; and

Fig. 1

Fig.2  shows a schematical illustration of transmitting
a message in the medical system shown in Fig.

1.

[0028] Fig. 1 shows in conjunction with Fig. 2 an em-
bodiment of a medical system 1 which comprises at least
a first and a second device 10, 20.

[0029] Particularly, in an embodiment, the first device
10 can be an intracardiac pacemaker implanted in the
right ventricle of a patient, wherein the second device
can be an intracardiac pacemaker implanted in the right
atrium of the patient. According to another example, the
first device 10 can be an intracardiac pacemaker implant-
ed in the right ventricle, and the second device can be
an intracardiac pacemaker implanted in the left ventricle.
Furthermore, according to an alternative example, the
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first device can be an intracardiac pacemaker implanted
in the right ventricle, whereas the second device 20 can
be a sensor, e.g. configured to measure blood pressure
of the patient.

[0030] In the following, for describing the communica-
tion among the devices in a medical system 1, a third
device 30 is considered forming a node of the network,
too.

[0031] Particularly, for enabling communication e.g. in
the medical system 1/network shown in Fig. 1, preferably
a physical layer is defined to determine the beginning of
a data transmission, e.g. in form of a start signal S1, S2,
S3 as well as a signal pattern to define the logical bit
values of the actual digital data transmission which is
denoted as a message herein. Particularly, the commu-
nication is based on the duration D1, D2, D3 of the start
signal S1, S2, S3 to be dependent on a priority scheme
assigned to all the devices 10, 20, 30 communicating
within the same network, which particularly is a BAN.
[0032] Any device 10, 20, 30 that takes part in the in-
formation exchange within the same network/BAN needs
to be always in the message receiving mode R1, R2, R3
unless it is granted permission to transmit its own mes-
sage. After transmitting, the device 10, 20, 30 preferably
needs to return to the receiving mode R1, R2, R3 as soon
as possible.

[0033] Aslong as no othertransmission is ongoing any
device 10, 20, 30 may initiate a transmission by trans-
mitting a start signal S1, S2, S3. The duration D1, D2,
D3 of the start signal S1, S2, S3 for each device 10, 20,
30 is dependent on the priority assigned to the device
10, 20, 30. By starting to transmit a start signal S1, S2,
S3thedevice 10, 20, 30 indicates the intention to transmit
information (i.e. a message).

[0034] Aftertransmitting the start signal S1, S2, S3 the
transmitting device 10, 20, 30 needs to first return into
receiving mode R1, R2, R3 for a limited amount of time.
If at this time the device 10, 20, 30 sees an incoming
transmission (receiving an ongoing start signal from a
different device), the device 10, 20, 30 needs to postpone
its own message transmission until the ongoing mes-
sage/start signal transmission stops. If the device 10, 20,
30 sees no ongoing transmission of a start signal S1, S2,
S3 from a different device 10, 20, 30 after its own start
signal S1, S2, S3 ended, the device 10, 20, 30 is allowed
to transmit its information.

[0035] If several devices 10, 20, 30 initiate simultane-
ously the transmission of the start signal S1, S2, S3, a
situation that is shown in Fig. 2, the permission to send
is granted automatically to the device with the higher pri-
ority by the proposed implementation of the start signal
S1, S2, S3. The priority scheme assigned to each device
10, 20, 30 within the same network (e.g. BAN) defines
the duration D1, D2, D3 of the allowed transmission of
the start signal S1, S2, S3. The device 30 with the highest
priority is allocated the longest duration of the start signal
D3 and the device 10 with the lowest priority is allocated
the shortest duration D1 of the start signal S1. Preferably,
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no twodevices 10, 20, 30 must have the same start signal
duration D1, D2, D3 assigned if working in the same net-
work, e.g. BAN. The incremental differences in the start
signal duration D1, D2, D3 needs to be longer than the
transition time from transmission to receiving of the de-
vice 10, 20, 30 with the longest transition time to ensure
thateach device 10, 20, 30 will be able to see the ongoing
start signal of a higher priority device.

[0036] Particularly, as shown in Fig. 2 as an example,
the first device 10 comprises the lowest priority (and con-
sequently shortest start signal duration D1) and the third
device 30 the highest priority (longest start signal dura-
tion D3), wherein the second device 20 comprises a pri-
ority in between the lowest and highest priority (duration
D1 between D2 and D3). All three devices 10, 20, 30
initiate the transmission of their respective start signal
S1, S2, S3 at the same time to request the transmission
of a message, respectively.

[0037] The firstdevice 10 comprises the lowest priority
and therefore returns to the receiving mode R1 at time t
first, wherein the first device 10 then sees the incoming
start signals S2, S3 from the higher priority second and
third devices 20, 30 and therefore postpones transmis-
sion of its message to wait for the incoming messages.
[0038] Furthermore, the second device 20 returns to
the receiving mode R1 after the first device 10 at time t’
and then sees an incoming start signal S3 from the higher
priority third device 30. Consequently, the second device
20 postpones its transmission of a message and waits
for the incoming message of the third device 30.

[0039] Finally, the highest priority third device 30, after
having transmitted its start signal S3, returns to the re-
ceiving mode R3 after the other two devices 10, 20 at
time t" and therefore sees no incoming start signals S1,
S2. Therefore, the third device 30 is automatically al-
lowed to start transmission of its message.

[0040] Particularly, one advantage of the present dis-
closure may be the ability to avoid lengthy arbitration
schemes in order to prevent the loss of information due
to information transmission collisions in a network, par-
ticularly in a body area network (BAN), operating e.g. in
the half duplex mode.

Claims

1. A medical system (1), comprising a plurality of de-
vices (10, 20, 30) forming nodes of a network, where-
in each device (10, 20, 30) of said plurality of devices
is configured to communicate with another device of
the network in a wireless fashion by receiving a mes-
sage from another device in the network or by trans-
mitting a message to another device in the network,
and wherein a priority is assigned to each device
(10, 20, 30), wherein as long as no other transmis-
sion of a message is ongoing in the network, each
device (10, 20, 30) is configured to initiate a trans-
mission of a message by transmitting a start signal
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(S1, S2, S3), wherein the higher the priority of the
respective device (10, 20, 30), the higher the dura-
tion (D1, D2, D3) of the start signal (S1, S2, S3) al-
located to the respective device (10, 20, 30), and
wherein in case several devices in the network si-
multaneously initiate a transmission of a message
by transmitting a start signal, a permission to transmit
a message is automatically granted to the device in
the network with the highest priority.

The medical system according to claim 1, wherein
the network is a body area network.

The medical system according to claim 1 or 2, where-
in the devices (10, 20, 30) are configured to commu-
nicate with one another in half-duplex mode.

The medical system according to one of the preced-
ing claims, wherein each device (10, 20, 30) is con-
figured to be in a receiving mode (R1, R2, R3) in
which the respective device (10, 20, 30) is able to
receive a message from another device and is able
to transmit a message of its own and is not inhibited
by an ongoing or initiated message of another device
of the network.

The medical system according to claim 4, wherein
the respective device (10, 20, 30) is configured to
return into the receiving mode (R1, R2, R3) for a pre-
defined time period after having transmitted a start
signal (S1, S2, S3), wherein in case the respective
device (10, 20, 30) sees a start signal (S1, S2, S3)
from another device during this time period, the re-
spective device (10, 20, 30) is configured to post-
pone transmission of its own message until the on-
going transmission of the start signal from the other
device ends, and wherein the respective device (10,
20, 30) is configured to transmit its own message in
case the respective device (10, 20, 30) sees no on-
going transmission of a start signal from a different
device after its own start signal has ended.

The medical system according to one of the preced-
ing claims, wherein no two devices (10, 20, 30) of
the network comprise the same start signal duration
(D1, D2, D3).

The medical system according to one of the preced-
ing claims, wherein a difference between the dura-
tions (D1, D2, D2) of each two start signals (S1, S2,
S3)is larger than a transition time from transmission
to receiving mode (R1, R2, R3) of a device among
the plurality of devices (10, 20, 30) that comprises
the longest transition time.

The medical system according to one of the preced-
ing claims, wherein the plurality of devices comprises
atleast a first and a second medical device (10, 20).
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10.

1.

12.

13.

14.

15.

The medical system according to claim 8, wherein
the first device (10) is an intracardiac pacemaker,
and/or wherein the second device (20) is an intrac-
ardiac pacemaker or a sensor configured to measure
a blood pressure of a patient.

The medical system according to claim 9, wherein
the first device (10) is an intracardiac pacemaker
configured to be implanted in the right ventricle of
the patient.

The medical system according to claim 9 or 10,
wherein the second device (20) is an intracardiac
pacemaker configured to be implanted in the right
atrium or in the left ventricle of the patient.

The medical system according to one of the claims
8 to 11, wherein the plurality of devices further com-
prises a third medical device (30).

A method for wireless communication between de-
vices (10, 20, 30) of a medical system (1), wherein
the devices (10, 20, 30) form nodes of a network,
and wherein the method comprises the steps of:

- assigning a priority to each device (10, 20, 30),
- allowing each device (10, 20, 30) in the network
to initiate a transmission of a message by trans-
mitting a start signal (S1, S2, S3) as long as no
other transmission of a message is ongoing in
the network, wherein the higher the priority of
the respective device (10, 20, 30), the higher a
duration (D1, D2, D3) of the start signal (S1, S2,
S3) allocated to the respective device (10, 20,
30), and

- in case several devices (10, 20, 30) in the net-
work simultaneously initiate a transmission by
transmitting a start signal (S1, S2, S3), granting
apermission to transmita message to the device
(10, 20, 30) in the network having the highest
priority.

The method according to claim 13, wherein the meth-
od comprises the further step of maintaining each
device (10, 20, 30) in the network in a receiving mode
(R1, R2, R3) in which the respective device (10, 20,
30) is able to receive a transmission of a message
from another device and is able to transmit a mes-
sage of its own and is not inhibited by an ongoing or
initiated message of another device of the network.

The method according to claim 14, wherein the meth-
od comprises the further steps of prompting the re-
spective device (10, 20, 30) to return into the receiv-
ing mode (R1, R2, R3) for a pre-defined time period
after having transmitted a start signal (S1, S2, S3),
and postponing a transmission of a message of the
respective device (10, 20, 30) when the respective
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device (10, 20, 30) sees a start signal (S1, S2, S3)
from another device during this time period, and al-
lowing the respective device (10, 20, 30) to transmit
its own message in case the respective device (10,
20, 30) sees no ongoing transmission of a start signal
(S1, S2, S3) from a different device after its own start
signal has ended.

The method according to one of the claims 13 to 15,
wherein no two devices (10, 20, 30) of the network
comprise the same start signal duration (D1, D2, D3).

The method according to one of the claims 13 to 16,
wherein a difference between the durations (D1, D2,
D3) of each two start signals (S1, S2, S3) is larger
than a transition time from transmission to receiving
mode (R1, R2, R3) of a device among the plurality
of devices that comprises the longest transition time.
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