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Description
Field of the invention

[0001] The present invention relates to the field of te-
lemetry, and in particular to a medical apparatus for pro-
gramming and/or monitoring an implantable medical de-
vice over a radio-based wireless network, and such a
system.

Background of the invention

[0002] Telemetry is a generic term for techniques for
conveying measuring data from one point to another,
usually by means of radio. In particular, within the medical
field telemetry systems are generally used for enabling
radio-frequency (RF) communication between an im-
plantable medical device (IMD) such as a pacemaker,
and an external monitoring device. The frequency spec-
trum used for wireless communications between implant-
ed medical devices and external equipment is about 400
MHz, but for wireless medical telemetry services in gen-
eral several frequency bands may be used. Within amed-
ical telemetry system crucial physiologic data is trans-
mitted, and it is critical to ensure that data is not lost or
delayed. Medical telemetry is a low-power radio system,
and although relatively short distances are usually em-
ployed within such systems, there may nevertheless
arise a need for considering reception aspects. One such
consideration is related to the fact that electromagnetic
fields emitted in a room will give rise to standing wave
patterns. The energy that a receiver will be able to receive
is varying as a function of the position in the room. Using
multiple antennas, resulting in so called spatial diversity,
may minimize the effects of this.

[0003] US 2002/0013518 discloses a wireless patient
monitor adapted to communicate with a medical telem-
etry network having a central station. The monitor in-
cludes sensor inputs for receiving vital signs data that is
communicated to the central station over the telemetry
network.

[0004] US 6,167,312 discloses such a device for use
in communication with an implantable medical device.
The device is provided with a spatial diversity antenna
array including at least one antenna permanently and
fixedly mounted to the housing of a monitor or program-
mer, and an additional antenna removably mounted to
the housing.

Summary of the invention

[0005] This known telemetry system, although sug-
gesting the use of spatial diversity in order to facilitate
the reception of signals from an implantable device and
also the transmission of signals to the implanted device,
still has several drawbacks regarding the signaling. For
example, as mentioned above, the system comprises a
removable antenna, but the use of it entails the physician
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having to move the antenna around until an acceptable
reception is obtained. Therefore, should there arise a
need to move a patient from one place to another, for
example from an examination room to an X-ray exami-
nation room, the tedious reception/transmission optimi-
zation would have to be performed once more. Thus, the
apparatus described requires the physician operating it
to perform a kind of an antenna reception optimization,
which is a time-consuming and also unreliable method.
Further, the range of said removable antenna is limited,
and dependent upon the length of a coiled cord by means
of which the removable antenna is coupled to a trans-
ceiver within the programmer.

[0006] Furthermore, such a programmer is relatively
expensive, and it would be desirable and convenient to
be able to easily move the programmer, for example be-
tween different wards in a hospital, with retained com-
munication quality, to thereby avoid having to buy several
costly programmers.

[0007] Itwould thus be desirable to provide, in a telem-
etry- system, an improved two-way communication of
signals between a monitoring device and an implantable
medical device, both forming parts of a medical system
for programming and/or monitoring the implantable med-
ical device over a radio-based wireless network. In par-
ticular, it would be desirable to provide a reliable com-
munication, which overcomes the above mentioned
short-comings of the prior art.

[0008] Itis an object of the presentinvention to provide
areliable radio communication within a telemetry system,
which communication is easily and conveniently opti-
mized, eliminating or at least reducing the risk of a com-
munication failure between an implantable medical de-
vice and a monitoring device due to fading and/or a low
signal strength.

[0009] Itis a further object of the present invention to
provide a medical apparatus and system, by means of
which spatial diversity is achieved.

[0010] These objects, among others, are achieved by
a medical apparatus, as claimed in claim 1, and by a
system as claimed in claim 20.

[0011] In accordance with the present invention the
above mentioned objects are achieved by a medical ap-
paratus, comprising a monitoring device and at least two
antenna devices, the medical apparatus enabling pro-
gramming and/or monitoring of an implantable medical
device over a radio- based wireless network. The at least
two antenna devices comprised within the system are
provided as separate, stand-alone units, i.e. not forming
part of the programmer or monitoring device. Thereby it
is possible to place the antenna devices in an optimal
way, preferably at stationary locations, such as for ex-
ample wall and/or ceiling mounted. The antennas may
be placed in each room, or area of use, in which telemetry
is utilized, for example an X-ray room, examination room
or operating room, or even in the equipment utilized.
Since, in accordance with the present invention, the dis-
tance between a patient and the programmer no longer
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is a consideration with regard to signal reception, the
programmer may be easily moved from one place to an-
other without thereby affecting the signal quality. The
placement of the antennas may also be optimized in ad-
vance, in consideration of where in the respective rooms
the patient usually is located.

[0012] The medical apparatus of the present invention
further comprises a control unit provided for measuring
a signal quality parameter of signals received from the
implantable medical device by each of the antenna de-
vices. Thereafter one of the antenna devices is selected
for subsequent reception or transmission of signals from
the implantable medical device depending on the meas-
ured signal quality parameter of the received signals.
Spatial diversity is thereby ensured, and the antenna giv-
ing the best reception may be chosen and a reliable com-
munication is provided.

[0013] In accordance with an embodiment of the
present invention the signal quality parameter is any of
RSSI, BER, or C/N ratio. A flexibility in how to chose a
suitable antenna, i.e. in dependence on an optional pa-
rameter, is thereby provided. These parameters are com-
monly known.and often used in assessing signal quality,
thus enabling the use of well established, easily obtain-
able algorithms.

[0014] In accordance with yet another embodiment of
the present invention the control unit is utilized for meas-
uring a signal quality parameter of signals received from
the implantable medical device by each of the antenna
devices at regular intervals, or continuously. Itis thereby
possible to rapidly detect a deteriorated signal quality
and switch to an antenna having a better signal reception.
[0015] In accordance with yet another embodiment of
the present invention the control unit is connected be-
tween the programmer or monitoring device and the an-
tenna devices. In an alternative embodiment, the control
unit is an integral part of the programmer. In yet a further
embodiment, the control unit is provided as an integral
part of either one of the antenna devices. This provides
a modular structure, giving a great design flexibility, and
enabling custom-made solutions.

[0016] In accordance with yet another embodiment of
the present invention the communication links between
the programmer or monitoring device and the control unit
on one hand, and between the control unit and the an-
tenna devices on the other hand, may be via wire, e.g.
an USB connection, or wirelessly, e.g. via Bluetooth. This
again adds to the design flexibility.

[0017] In accordance with yet another embodiment of
the present invention each of the antenna devices com-
prises a radio transceiver unit. In another embodiment,
only one transceiver unit is provided, preferably centrally
located in a room, or other area of use. Utilizing several
radio transceiver units provides an additional security,
butif aless expensive solutionis desired, a fewer number
of radio transceiver units may be provided.

[0018] In accordance with still another embodiment of
the present invention each of the antenna devices are
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fixedly mounted, for example in a ceiling or to a wall.
Thereby the antenna devices may be more or less per-
manently placed at locations considered to be the best
in view of reception/transmission from and to an implant-
able medical device. The reception/transmission may be
optimized in advance, in dependence of an expected lo-
cation in a room of the patient wearing the implantable
medical device.

[0019] In accordance with still another embodiment of
the present invention each of the antenna devices com-
prises a conductive radiating antenna element, and these
conductive radiating antenna elements are adapted to
emit and receive radio waves having essentially parallel
polarization. Thereby spatial diversity is provided inde-
pendently of polarization diversity.

[0020] In accordance with the present invention each
of the antenna devices comprises at least one conductive
radiating antenna element capable of emitting and re-
ceiving radio waves of orthogonal polarizations. If at least
two conductive radiating antenna elements are provided
in each antenna device they should be operatively pro-
vided adjacent to each other at a single location in space.
[0021] In accordance with still another embodiment of
the invention the programmer or monitoring device is
portable, and is in particular a hand held device. In ac-
cordance with the presentinvention, the antenna devices
are not physically part of the programmer or monitoring
device, which would, considering the frequencies in
question, require a certain, non-portable size of the pro-
grammer in order to accommodate the fastening of sev-
eral antennas to it. The size of the programmer may
therefore be reduced in accordance with the invention.
A user may thereby easily bring the programmer along,
should such need arise. In another embodiment, the pro-
grammer or monitoring device is arranged on a movable
rack such as aroller table or the like, whereby the present
invention may be utilized also in connection with currently
used programmer or monitoring devices, giving a solution
easy to implement with existing programmers.

[0022] The present invention is also related to such a
system, in accordance with which advantages corre-
sponding to the above described are achieved.

Brief description of the drawings

[0023]
Figure 1 shows a schematic view of an embodiment
of a medical apparatus in accordance with the
present invention.
Figure 2 shows a schematic view of another embod-
iment of a medical apparatus in accordance with the

present invention.

Figure 3 shows a system in accordance with the
present invention.
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Detailed description of preferred embodiments

[0024] In the following description the same reference
numerals will be used for equivalent or similar elements
throughout the drawings. With reference first to figure 1,
a schematic layout depicting an exemplary medical ap-
paratus in accordance with the invention is shown. A
medical apparatus 1 for programming and/or monitoring
a patient related device (not shown), for example an im-
plantable medical device, over a radio-based wireless
network comprises a programmer or monitoring device
2, hereinafter referred to as a programmer 2. The pro-
grammer 2 is provided with input and/or output means
for transmitting programming instructions to an implant-
able medical device, and/or for outputting monitoring in-
formation patient related data, for example for display on
a screen, thereby enabling a physician to easily see such
patient related data received from the implantable med-
ical device.

[0025] A control unit 3, for example a microcontroller,
is connected to the programmer 2, via wired standards,
for example via USB (Universal Serial Bus), or via some
wireless protocols. Bluetooth is such an exemplary, pre-
ferred wireless protocol, being an open-standard proto-
col. Using an open-standard protocol allows interopera-
bility among devices from different manufacturers, which
may be very advantageous in some cases. For example,
utilizing Bluetooth standard for communication between
the programmer 2 and antenna devices may permit the
use of programmers from different producers, without al-
so necessitating antenna device changes, which is par-
ticularly advantageous if the antenna devices are wall
mounted or in some other manner more permanently
mounted. In the embodiment shown in figure 1, the con-
trol unit 3 and the programmer 2 are shown as separate
parts, but it is possible to, in an alternative embodiment,
make the control unit 3 an integrated part of the program-
mer 2.

[0026] The control unit 3 is connected to at least one
radio frequency circuitry unit 4, hereinafter called trans-
ceiver unit, via a digital link such as SPI (Serial Peripheral
Interface), USB, Bluetooth or the like. The control unit 3
controls the one or more transceiver units 4. The trans-
ceiver unit 4 comprises conventional radio frequency cir-
cuitry, such as, for example, a duplexer, connected to a
transmitter section and a receiver section, microcontrol-
ler, a wakeup transmitter, switches, low noise amplifiers
(LNA), power amplifiers, AGC (Automatic Gain Control),
power detectors and filters. The transceiver unit may also
be an integral part of the contol unit 3.

[0027] The medical apparatus 1 further includes at
least two antenna devices 5a, 5b, ..., 5n operatively pro-
vided at different locations, that is, they are provided as
separate, stand alone units, i.e. not forming part of the
programmer 2 as in the prior art. The programmer 2 is
connected, via a control unit 3 and transceiver unit 4, to
the antenna devices 5a, 5b, ..., 5n and is provided for
transmitting signals to and receiving signals from an im-
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plantable medical device via either one of the antenna
devices 5a, 5b, ..., 5n. The connection between the an-
tenna devices 5a, 5b, ..., 5n and the programmer 2 is a
wired connection, e.g. an USB connection, or a wireless
connection, e.g. via Bluetooth. Thereby movements of
the programmer 2 is enabled, while the antenna devices
5a, 5b, ..., 5nare kept still, for example being permanent-
ly mounted to a wall or the like. By means of the invention
it is possible to place the antenna devices 5a, 5b, ... 5n
in an optimal way, preferably at stationary locations, such
as for example wall mounted. The antenna devices 5a,
5b, ... 5n may be placed in each room, or area of use, in
which telemetry is utilized, for example an X-ray room,
examination room or operating room, or even in the
equipment utilized. Since, in accordance with the present
invention, the distance between a patient and the pro-
grammer 2 is not a consideration with regard to signal
reception anymore, the programmer 2 may be easily
moved from one place to another without the signal qual-
ity being affected. The placement of the antenna devices
5a, 5b, ... 5n may also be optimized in advance, in con-
sideration of where in a respective room the patient usu-
ally is located. For example, in an X-ray room the patient
is most likely placed at a certain location known in ad-
vance, and the antenna devices 5a, 5b,..., 5n may be
placed so as to optimize the reception/transmission in
relation to this location. In the embodiment shown in fig-
ure 1 the antenna devices 5a, 5b, ..., 5n consist only of
antenna elements, i.e. electrically conductive and radi-
ating structures for transmitting and receiving radio fre-
quency signals. These antenna elements can have any
desired and appropriate shape, such as for example strip
shape, cross shape or star shape. In the figure three such
antenna elements are shown, but it is understood that
any suitable number of antenna elements may be used.
Further, each antenna device 5a, 5b,..., 5n may comprise
means for enabling polarization diversity, for example by
providing the antenna device 53, ..., 5b, ..., 5n with con-
ductive structures for emitting and/or receiving radiation
of different polarizations. In this regard, reference is
made to the pending International application, no.
PCT/SE2004/000832, entitled "Medical transceiver de-
vice and method", having the same applicant as the
present application.

[0028] Theantennadevices 5a, 5b, ..., 5n are connect-
ed to the transceiver unit 4, the transceiver unit 4 being
controlled by the control unit 3. A switch device 6, switch-
able between using one or more of the different antenna
devices 5a, 5b,..., 5nis also included. When utilizing spa-
tial diversity, advantage is taken of the different paths of
a wave propagation in a reflective environment, and the
antenna device 5a, 5b, ..., 5n giving the best reception
at any time may be utilized. In accordance with the in-
vention thus, the antenna device 5a, 5b,..., 5n giving the
bestcommunication link, as determined in a suitable way,
is chosen for communication between the programmer
2 and an implantable medical device. The control unit 3
comprises circuitry for measuring characteristics of the
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radio frequency signals as received by the antenna de-
vices 5a, 5b,..., 5n. Depending on a suitable signal quality
indicator one of the antenna devices 5a, 5b, ..., 5nis cho-
sen for the subsequent communication. The signal qual-
ity indicator or parameter may for example be one of:
signal strength, bit error rate (BER), carrier-to-noise
(C/N) ratio, carrier-to-interference (C/l) ratio or received
signal strength indicators (RSSI). In an alternative em-
bodiment, requiring more signal processing, the signals
from two or more of the different antenna devices 5a,
5b,..., 5n are combined, i.e. the different paths are putin
phase and then added. It is possible to perform regular
polling of all antenna devices 5a, 5b,..., 5n or transceiver
units 4 in order to keep track of the signal quality at dif-
ferent places in the room. In an alternative embodiment,
the control unit is set on continuous listening of the an-
tenna devices 5a, 5b,..., 5n or transceiver units 4.
[0029] Alternatively, the medical apparatus 1, and in
particular the control unit 3 thereof, receives from anim-
plantable medical device a measure of a signal quality
parameter of signals as received by the implantable med-
ical device, wherein the signals received by the implant-
able medical device are signals as transmitted from the
medical apparatus to the implantable medical device af-
ter having been distorted by a transmission medium, i.e.
the airinterface between the respective antenna devices.
The signal strength and the phase of the signals there-
after transmitted may be altered in dependence on the
signal quality parameter of the signals as received by the
implantable medical device.

[0030] In figure 1 a single transceiver unit 4 is shown,
but in an alternative embodiment, shown in figure 2, sev-
eral transceiver units 4, 4’, 4" could be used. In fact, each
antennadevice 5a, 5b,..., 5n could comprise one or more
antenna elements and one transceiver unit 4, 4’, 4". The
antenna devices 5a, 5b,..., 5n and their respective trans-
ceiver units 4, 4’, 4" could form an integrated unit, as
shown in figure 2, or be separated units. Utilizing several
transceiver units enables the use of an ad-hoc structure,
i.e.the antenna devices 5a, 5b,...5n, comprising antenna
elements and a transceiver unit, constitutes autonomous
nodes, thereby providing increased robustness in the
communication.

[0031] Inthe embodiment of figure 2, there is no need
for a switch device 6, since each antenna device 5a,
5b,..., 5n comprises a transceiver unit 4. In other re-
spects, the embodiment of figure 2 is similar to the em-
bodiment in figure 1.

[0032] The number of antenna devices 5a, 5b, ..., 5n
may be different in different rooms, in dependence of the
particular need in a certain room. For example, an exer-
cise room used for monitoring the heart of a patient when
subject to an increased heart rate, may be provided with
alarger number of antennas, thereby increasing the spa-
tial diversity and enabling the patient to freely move
around within the room without risking a communication
failure due to fading. In a smaller room, in which the pa-
tient is not moving around, it may suffice to use a single
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antenna device 5a, 5b, ..., 5n.

[0033] Inaccordance with the invention, the placing of
the antenna devices 5a, 5b, ..., 5n may be optimized with
regard to, on the one hand, the most probable placement
of the patient in a room. As was mentioned above, the
most probable location of the patient in a room may be
readily determined for example in an x-ray examination
room, in which the patient presumably is monitored when
being in situ for being x-rayed. The antennas may be
mounted on the walls, the ceiling or even within equip-
ment such as x-ray equipment or a hospital bed, or in a
hospital room, such as a waiting room or an operating
room. Thereby it is easy to optimize the communication
between the patient-related device and the antennas of
the medical apparatus in advance. In addition, when po-
sitioning the antenna devices 5a, 5b, ..., 5n one should
also consider near-field interference, and in particular
their mutual coupling. Mutual coupling is pronounced up
to a few wavelengths, and requires the space between
adjacent antennas to be no less than a half-wavelength,
the distance thus depending on the frequency in ques-
tion. The signal at antenna device locations spaced a few
wavelengths apart are almost independent, so increas-
ing the distance between antennas would be beneficial.
In accordance with the state of the art, the antennas are
mounted to the programmer, whereby the distance be-
tween the antennas is limited to the size of the program-
mer. In contrast to this, the programmer 2 in accordance
with the invention may be made portable, and in particular
hand-held. Since the antenna devices 5a, 5b, ..., 5n are
not physically part of the casing containing the program-
mer 2, i.e. not in physical contact with the programmer
2, there are no restrictions being placed on the size of
the programmer 2 for accommodating a plurality of an-
tennas. Therefore the size of the programmer may be
reduced considerably, and a user may easily bring the
programmer 2 along if desired. In particular, the antenna
devices 5a, 5b,..., 5n may be placed at locations such
that the distance between them is larger than the largest
external length of the programmer, and also such that
the antenna devices 5a, 5b,..., 5n are separated at least
two wavelengths apart in order to achieve appropriate
spatial diversity. However, it is to be understood that the
programmer 2 may, in an alternative embodiment, have
a state-of-the art size and be arranged on a movable rack
such as a roller table or the like.

[0034] Inthe prior artreferred to in the introductory part
of the description, the distance between the patient and
the programmer is critical. In fact, as soon as the pro-
grammer, which includes antennas permanently mount-
ed to it, is moved relative the patient the signal reception
has to be assessed once more. In accordance with the
invention, there is no longer a need for such tedious op-
timization.

[0035] Although the medical apparatus in accordance
with the invention has been described above utilizing an-
tenna devices separated from the programmer, it does
not exclude the additional use of antennas mounted to
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the programmer.

[0036] Figure 3 shows a system in accordance with
the present invention. A medical apparatus 1 in accord-
ance with the invention, comprising a programmer 2, a
control unit 3, and antenna devices 5a, 5b,...,5n, with
radio transceiver units 4,4 ...... are utilized for monitoring
and/or transmitting programming instructions to a patient
related device 7, here shown to be animplantable device,
implanted into a patient 8. The implantable medical de-
vice 7 comprises a radio transceiver enabled for commu-
nication with the medical apparatus 1 of the present in-
vention.

Claims

1. A medical apparatus (1) for programming and/or
monitoring an implantable medical device (7) over a
radio-based wireless network comprising:

- a programmer or monitoring device (2) provid-
ed with input and/or output means for transmit-
ting programming instructions to and/or receiv-
ing monitoring information from said implantable
medical device (7);

- at least two antenna devices (5a, 5b, ..., 5n)
operatively provided at different locations,
wherein

- said programmer or monitoring device (2) is
connected to said antenna devices (5a, 5b, ...,
5n) and is provided for transmitting signals to
and receiving signals from said implantable
medical device (7) via at least one of said an-
tenna devices (53, 5b, ..., 5n),

- each of said antenna devices (5a, 5b, ..., 5n)
is provided as a physically separated unit wire-
lessly connected to said programmer or moni-
toring device (2), to thereby allow for movements
of said programmer or monitoring device (2) rel-
ative said antenna devices (5a, 5b, ..., 5n),

- each of said antenna devices (5a, 5b, ..., 5n)
comprises at least one conductive radiating an-
tenna element capable of emitting and receiving
radio waves of orthogonal polarizations, and

- a control unit (3) provided

- for measuring a signal quality parameter
of signals received from said implantable
medical device (7) by each of said antenna
devices (5a, 5b, ..., 5n); and

- for selecting either one of said antenna
devices (5a, 5b, ..., 5n) for subsequent re-
ception of signals from said implantable
medical device (7) depending on the meas-
ured signal quality parameter of said signals
received by each of said antenna devices
(54, 5b, ..., 5n).
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2. The medical apparatus of claim 1, wherein said con-
trol unit (3) is provided for selecting either one of said
antenna devices (5a, 5b, ..., 5n) for transmission of
signals to said implantable medical device (7) de-
pending on the measured signal quality parameter
of said signals received by each of said antenna de-
vices (5a, 5b, ..., 5n).

3. The medical apparatus of claim 1 or 2, wherein said
signals received by each of said antenna devices
(5a, 5b, ..., 5n) comprise a measure of a signal qual-
ity parameter of signals as received from said med-
ical apparatus (1) by said implantable medical device
(7) after having been distorted by a transmission me-
dium.

4. The medical apparatus of any of claims 1-3, wherein
said signal quality parameter is any of RSSI, BER,
or C/N ratio.

5. The medical apparatus of any of claims 1-4, wherein
said controlunit (3) is provided formeasuring a signal
quality parameter of signals received from said im-
plantable medical device (7) by each of said antenna
devices (5a, 5b, ..., 5n) regularly or continuously.

6. The medical apparatus of any of claims 1-5, wherein
said control unit (3) is connected between said pro-
grammer or monitoring device (2) and said antenna
devices (5a, 5b, ..., 5n).

7. The medical apparatus of any of claims 1-6, wherein
said control unit (3) is provided as a separate unit
connected to said programmer or monitoring device
(2) via a first connection and connected to each of
said antenna devices (5a, 5b, ..., 5n) via a second
connection, wherein either both the first and the sec-
ond connections are wireless, e.g. Bluetooth, or one
of the first and second connections is wired, e.g. an
USB connection, and the other connection is wire-
less, e.g. Bluetooth.

8. The medical apparatus of any of claims 1-6, wherein
said control unit (3) is provided as an integral part of
said programmer or monitoring device (2) and is
wirelessly connected to each of said antenna devic-
es (5a, 5b, ..., 5n), e.g. via Bluetooth.

9. The medical apparatus of any of claims 1-6, wherein
said control unit (3) is provided as an integral part of
either one of said antenna devices (5a, 5b, ..., 5n)
and is connected to the other of said antenna devices
(5a, 5b, ..., 5n) via wire, e.g. USB connections, or
wirelessly, e.g. via Bluetooth and wirelessly connect-
ed to said programmer or monitoring device (2), e.g.
via Bluetooth.

10. The medical apparatus of any of claims 1-9, wherein
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said control unit (3) is provided with radio-based cir-
cuitry for transmitting signals to and receiving signals
from said implantable medical device (7).

The medical apparatus of any of claims 1-10, where-
in each of said antenna devices (5a, 5b, ..., 5n) com-
prises at least one amplifier.

The medical apparatus of any of claims 1-10, where-
in each of said antenna devices (5a, 5b, ..., 5n) com-
prises a radio transceiver unit (4).

The medical apparatus of any of claims 1-12, where-
in each of said antenna devices (5a, 5b, ..., 5n) is
configured to be fixedly mounted.

The medical apparatus of any of claims 1-13, where-
in each of said antenna devices (5a, 5b, ..., 5n) is
configured to be mounted in a ceiling or to a wall.

The medical apparatus of any of claims 1-14, where-
in said control unit (3) is provided

- for measuring a signal quality parameter of sig-
nals received from said implantable medical de-
vice (7) by each of said conductive radiating an-
tenna elements in each of said antenna devices
(5a, 5b, ..., 5n); and

- for selecting a single one of said conductive
radiating antenna elements in one of said an-
tenna devices (5a, 5b, ..., 5n) for subsequent
transmission of signals to and reception of sig-
nals from said implantable medical device (7)
depending on the measured signal quality pa-
rameter of said signals received by each of said
conductive radiating antenna elements in each
of said antenna devices (5a, 5b, ..., 5n).

The medical apparatus of any of claims 1-15, where-
in said programmer or monitoring device (2) is port-
able.

The medical apparatus of any of claims 1-16, where-
in said programmer or monitoring device (2) is a
hand-held device.

The medical apparatus of any of claims 1-17, where-
in said input and/or output means comprise a display
unit or screen and a key set or keyboard.

The medical apparatus on any of claims 1-18, where-
in the distance between said at least two antenna
devices (5a, 5b, ..., 5n) provided at different locations
is larger than a maximum length of said programmer
or monitoring device (2).

A medical communication system comprising an im-
plantable medical device (7) and a medical appara-

15

20

25

30

35

40

45

50

55

tus (1) as claimed in any of claims 1-19, said implant-
able medical device (7) comprising a radio transmit-
ter and/or receiver for communication with said med-
ical apparatus (1).

Patentanspriiche

Medizinisches Gerat (1) zur Programmierung
und/oder Uberwachung eines implantierbaren Me-
dizinprodukts (7) Uber ein drahtloses Funknetzwerk,
bestehend aus:

- einer Programmier- oder Uberwachungsvor-
richtung (2), ausgestattet mit Eingangs-
und/oder Ausgangsmitteln zur Ubertragung von
Programmierbefehlen und/oder zum Empfan-
gen von Uberwachungsinformationen vom im-
plantierbaren Medizinprodukt (7);

- zumindest zwei Antennenvorrichtungen (5a,
5b, ..., 5n), die betriebsfahig an verschiedenen
Stellen bereitgestellt werden, wobei

- die Programmier- oder Uberwachungsvorrich-
tung (2) an die Antennenvorrichtungen (5a,
5b, ..., 5n) angeschlossen ist und dazu dient,
Uber zumindest eine der Antennenvorrichtun-
gen (5a, 5b, ..., 5n) Signale an das implantier-
bare Medizinprodukt (7) zu Gbertragen und von
diesem zu empfangen,

- jede der Antennenvorrichtungen (5a, 5b, ...,
5n) als physikalisch gesonderte Einheit bereit-
gestellt, die kabellos an die Programmier- oder
Uberwachungsvorrichtung (2) angeschlossen
ist, um dadurch Bewegungen der Programmier-
oder Uberwachungsvorrichtung (2) gegeniiber
den Antennenvorrichtungen (5a, 5b, ..., 5n) zu
ermoglichen,

- jede der Antennenvorrichtungen (5a, 5b, ...,
5n) zumindest ein leitendes, strahlendes Anten-
nenelement umfasst, das in der Lage ist, Radi-
owellen mit orthogonalen Polarisationen zu sen-
den und zu empfangen, und

- eine Kontrolleinheit (3), die dazu bereitgestellt
ist,

- einen Signalqualitdtsparameter von Sig-
nalen zu messen, die eine jede der Anten-
nenvorrichtungen (5a, 5b, ..., 5n) vom imp-
lantierbaren Medizinprodukt (7) empfangt;
und

- eine der Antennenvorrichtungen (5a,
5b, ..., 5n) fur den weiteren Empfang von
Signalen vom implantierbaren Medizinpro-
dukt (7) auf Basis des ermittelten Signal-
qualitdtsparameters der Signale, die eine
jede der Antennenvorrichtungen (5a, 5b, ...,
5n) empfangen hat, auszuwahlen.
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2. Medizinisches Gerat nach Anspruch 1, wobei die

Kontrolleinheit (3) dazu vorgesehen ist, eine der An-
tennenvorrichtungen (5a, 5b, ..., 5n) in Abhangigkeit
vom gemessenen Signalqualitdtsparameter der Si-
gnale, die eine jede der Antennenvorrichtungen (5a,
5b, ..., 5n) empfangen hat, fiir die Ubertragung von
Signalen an das implantierbare Medizinprodukt (7)
auszuwahlen.

Medizinisches Gerat nach Anspruch 1 oder 2, wobei
die Signale, die eine jede der Antennenvorrichtun-
gen (5a, 5b, ..., 5n) empfangen hat, eine Messgroflie
eines Signalqualitdtsparameters fir Signale enthal-
ten, wie sie das medizinische Gerét (1) vom implan-
tierbaren Medizinprodukt (7) empfangen hat, nach-
dem diese durch ein Ubertragungsmedium verzerrt
wurden.

Medizinisches Gerat nach einem der Anspriiche 1
bis 3, wobei es sich beim Signalqualitdtsparameter
um RSSI, BER oder das C/N-Verhaltnis handelt.

Medizinisches Gerat nach einem der Anspriiche 1
bis 4, wobei die Kontrolleinheit (3) dazu dient, einen
Signalqualitatsparameter von Signalen zu ermitteln,
die eine jede der Antennenvorrichtungen (5a, 5b, ...,
5n) vom implantierbaren Medizinprodukt (7) regel-
maRig oder durchgehend empfangt.

Medizinisches Gerat nach einem der Anspriiche 1
bis 5, wobei die Kontrolleinheit (3) zwischen der Pro-
grammier- oder Uberwachungsvorrichtung (2) und
den Antennenvorrichtungen (5a, 5b, ..., 5n) ange-
schlossen ist.

Medizinisches Gerat nach einem der Anspriiche 1
bis 6, wobei die Kontrolleinheit (3) als getrennte Ein-
heit bereitgestellt wird, die Uber eine erste Verbin-
dung an die Programmier- oder Uberwachungsvor-
richtung (2) und tber eine zweite Verbindung an eine
jede der Antennenvorrichtungen (5a, 5b, ..., 5n) an-
geschlossen ist, wobei entweder beide von der ers-
ten und der zweiten Verbindung kabellos, z.B. Blue-
tooth, sind oder entweder eine von der ersten und
der zweiten Verbindung tber Kabel, z.B. USB-An-
schluss, erfolgt und die andere Verbindung kabellos,
z.B. Bluetooth, ist.

Medizinisches Gerat nach einem der Anspriiche 1
bis 6, wobei die Kontrolleinheit (3) als fester Bestand-
teil der Programmier- oder Uberwachungsvorrich-
tung (2) bereitgestellt wird und kabellos an eine jede
der Antennenvorrichtungen (5a, 5b, ..., 5n) ange-
schlossen ist, z.B. liber Bluetooth.

Medizinisches Gerat nach einem der Anspriiche 1
bis 6, wobei die Kontrolleinheit (3) als fester Bestand-
teil einer der Antennenvorrichtungen (5a, 5b, ..., 5n)
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10.

1.

12.

13.

14.

15.

16.

17.

bereitgestellt wird und Uber Kabel, z.B. USB-An-
schllisse, oder kabellos, z.B. tiber Bluetooth, an die
andere der Antennenvorrichtungen (5a, 5b, ..., 5n),
sowie kabellos, z.B. tiber Bluetooth, an die Program-
mier- oder Uberwachungseinrichtung (2) ange-
schlossen ist.

Medizinisches Gerat nach einem der Anspriiche 1
bis 9, wobei die Kontrolleinheit (3) mit Funkverbin-
dungen bereitgestellt wird, um Signale an das imp-
lantierbare Medizinprodukt (7) zu senden und Sig-
nale von diesem zu empfangen.

Medizinisches Gerat nach einem der Anspriiche 1
bis 10, wobei jede der Antennenvorrichtungen (5a,
5b, ..., 5n) mindestens einen Verstarker umfasst.

Medizinisches Gerat nach einem der Anspriiche 1
bis 10, wobei jede der Antennenvorrichtungen (5a,
5b, ..., 5n) eine Funk-Sende- und Empfangseinheit
(4) umfasst.

Medizinisches Gerat nach einem der Anspriiche 1
bis 12, wobei jede der Antennenvorrichtungen (5a,
5b, ..., 5n) fir die fixe Montage vorgesehen ist.

Medizinisches Gerat nach einem der Anspriiche 1
bis 13, wobei jede der Antennenvorrichtungen (5a,
5b, ..., 5n) fur die Montage in einer Decke oder an
eine Wand vorgesehen ist.

Medizinisches Gerat nach einem der Anspriiche 1
bis 14, wobei die Kontrolleinheit (3) dazu dient

- einen Signalqualitdtsparameter von Signalen
zu messen, die ein jedes der leitenden, strah-
lenden Antennenelemente in jeder der Anten-
nenvorrichtungen (5a, 5b, ..., 5n) vom implan-
tierbaren Medizinprodukt (7) empfangt; und

- ein einziges der leitenden, strahlenden Anten-
nenelemente in einer der Antennenvorrichtun-
gen (5a, 5b, ..., 5n) fiir die weitere Ubertragung
von Signalen an das implantierbare Medizinpro-
dukt (7) und den weiteren Empfang von Signa-
len vom implantierbaren Medizinprodukt (7) in
Abhangigkeit vom ermittelten Signalqualitats-
parameter der Signale auszuwahlen, die ein je-
des der leitenden, strahlenden Antennenele-
mente in einer jeden der Antennenvorrichtun-
gen (5a, 5b, ..., 5n) empfangt.

Medizinisches Gerat nach einem der Anspriiche 1
bis 15, wobei die Programmier- oder Uberwa-
chungsvorrichtung (2) tragbar ist.

Medizinisches Gerat nach einem der Anspriiche 1
bis 16, wobei die Programmier- oder Uberwa-
chungsvorrichtung (2) ein Handgerat ist.
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Medizinisches Gerat nach einem der Anspriiche 1
bis 17, wobei das Eingangs- und/oder Ausgangsmit-
tel eine Display-Einheit oder einen Bildschirm, sowie
ein Tastenfeld oder eine Tastatur umfasst/umfas-
sen.

Medizinisches Gerat nach einem der Anspriiche 1
bis 18, wobei der Abstand zwischen den mindestens
zwei Antennenvorrichtungen (5a, 5b, ..., 5n), die an
verschiedenen Orten bereitgestellt sind, grofer ist
als eine maximale Lange der Programmier- oder
Uberwachungsvorrichtung (2).

Medizinisches Kommunikationssystem, bestehend
aus einem implantierbaren Medizinprodukt (7) und
einem medizinischen Gerat (1) nach einem der An-
spriiche 1 bis 19, wobei das implantierbare Medizin-
produkt (7) einen Funksender und/oder Funkemp-
fanger zur Kommunikation mit dem medizinischen
Gerét (1) umfasst.

Revendications

1.

Appareil médical (1) permettant de programmer
et/ou de surveiller un dispositif médical implantable
(7) par un réseau sans fil a base d'ondes radio
comprenant :

- un programmateur ou un dispositif de sur-
veillance (2) équipé d’un systéme d’entrée et/ou
de sortie pour transmettre les instructions de
programmation audit dispositif médical implan-
table (7) et/ou pour recevoir les données de sur-
veillance provenant dudit dispositif médical im-
plantable (7) ;

- au moins deux dispositifs d’antenne (5a,
5b,...5n) situés de maniére fonctionnelle a diffé-
rents endroits, ou

-ledit programmateur ou dispositif de surveillan-
ce (2) est connecté audits dispositifs d’antenne
(5a, 5b,...5n) et est prévu pour transmettre les
signaux audit dispositif médical implantable (7)
et pour recevoir les signaux provenant dudit dis-
positif médical implantable (7) par I'intermédiai-
re de l'un desdits dispositifs d’antenne (5a,
5b,...5n),

- chacun desdits dispositifs d’antenne (5a,
5b,...5n) se présente sous la forme d’'une unité
physiquement distincte connectée sans fil audit
programmateur ou dispositif de surveillance (2),
pour permettre ainsi les mouvements dudit pro-
grammateur ou dispositif de surveillance (2) par
rapport auxdits dispositifs d’antenne (5a,
5b,...5n),

- chacun desdits dispositifs d’antenne (5a,
5b,...5n) comprend au moins un élément d’an-
tenne de rayonnement conducteur capable
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d’émettre et de recevoir des ondes radio de po-
larisations orthogonales, et
- une unité de commande (3) permettant

- de mesurer un parametre qualitatif pour
les signaux provenant du dispositif médical
implantable (7) regus par chacun desdits
dispositifs d’antenne (5a, 5b,...5n) ; et

- de sélectionner I'un desdits dispositifs
d’antenne (5a, 5b,...5n) pour la réception
consécutive de signaux provenant du dis-
positif médical implantable (7) en fonction
du parameétre qualitatif mesuré pour lesdits
signaux regus par chacun desdits disposi-
tifs d’antenne (5a, 5b,...5n).

Appareil médical (1) selon la revendication 1, ladite
unité de commande (3) permettant de sélectionner
I'un desdits dispositifs d’antenne (5a, 5b,...5n) pour
la transmission de signaux audit dispositif médical
implantable (7) en fonction du parametre qualitatif
mesuré pour lesdits signaux regus par chacun des-
dits dispositifs d’antenne (5a, 5b,...5n).

Appareil médical selon la revendication 1 ou 2, les-
dits signaux regus par chacun desdits dispositifs
d’antenne (5a, 5b,...5n) comprenant une mesure
d’un parameétre qualitatif des signaux tels qu'’ils pro-
viennentdudit appareil médical (1) par ledit dispositif
meédical implantable (7) aprés avoir été déformés par
un milieu de transmission.

Appareil médical selon I'une quelconque des reven-
dications 1 a 3, ledit parameétre qualitatif étant 'une
quelconque des mesures RSSI, BER ourapport C/N.

Appareil médical selon I'une quelconque des reven-
dications 1 a 4, ladite unité de commande (3) per-
mettant de mesurer un paramétre qualitatif pour les
signaux provenant dudit dispositif médical implanta-
ble (7) regus par chacun desdits dispositifs d’anten-
ne (5a, 5b,...5n) de maniére réguliére ou en continu.

Appareil médical selon I'une quelconque des reven-
dications 1 a 5, ladite unité de commande (3) étant
connectée entre ledit programmateur ou dispositif
de surveillance (2) et lesdits dispositifs d’antenne
(5a, 5b,...5n).

Appareil médical selon I'une quelconque des reven-
dications 1 a 6, ladite unité de commande (3) étant
prévue en tant qu’unité distincte connectée audit pro-
grammateur ou dispositif de surveillance (2) par I'in-
termédiaire d’une premiére connexion et connectée
a chacun desdits dispositifs d’antenne (5a, 5b,...5n)
par l'intermédiaire d’'une seconde connexion, la pre-
miére et la seconde connexion étant des connexions
sans fil, par exemple une connexion Bluetooth, ou
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'une des deux connexions étant une connexion fi-
laire, par exemple une connexion USB, et I'autre
étant une connexion sans fil, par exemple une con-
nexion Bluetooth.

Appareil médical selon I'une quelconque des reven-
dications 1 a 6, ladite unité de commande (3) étant
prévue en tant que partie intégrante dudit program-
mateur ou dispositif de surveillance (2) et étant con-
nectée sans fila chacun desdits dispositifs d’antenne
(5a, 5b,...5n), par exemple par une connexion Blue-
tooth.

Appareil médical selon I'une quelconque des reven-
dications 1 a 6, ladite unité de commande (3) étant
prévue en tant que partie intégrante de I'un desdits
dispositifs d’antenne (5a, 5b,...5n), et étant connec-
tée a l'autre desdits dispositifs d’antenne (5a,
5b,...5n) par une connexion filaire, par exemple une
connexion USB, ou une connexion sans fil, par
exemple une connexion Bluetooth et étant connec-
tée par une connexion sans fil audit programmateur
ou dispositif de surveillance (2), par exemple parune
connexion Bluetooth.

Appareil médical selon I'une quelconque des reven-
dications 1 a 9, ladite unité de commande (3) étant
équipée d’un circuit a base d’ondes radio pour trans-
mettre les signaux vers ledit dispositif médical im-
plantable (7) et recevoir les signaux provenant dudit
dispositif médical implantable (7).

Appareil médical selon I'une quelconque des reven-
dications 1 a 10, chacun desdits dispositifs d’anten-
ne (5a, 5b,...5n) comprenant au moins un amplifica-
teur.

Appareil médical selon 'une quelconque des reven-
dications 1 a 10, chacun desdits dispositifs d’anten-
ne (5a, 5b,...5n) comprenant une unité émettrice-
réceptrice d'ondes radio (4).

Appareil médical selon I'une quelconque des reven-
dications 1 a 12, chacun desdits dispositifs d’anten-
ne (5a, 5b,...5n) étant congu pour étre monté de ma-
niere fixe.

Appareil médical selon I'une quelconque des reven-
dications 1 a 13, chacun desdits dispositifs d’anten-
ne (5a, 5b,...5n) étant congu pour étre monté a un
plafond ou a un mur.

Appareil médical selon 'une quelconque des reven-
dications 1 a 14, ladite unité de commande (3) per-
mettant

- de mesurer un parametre qualitatif des signaux
provenant du dispositif médical implantable (7)
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16.
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20.
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regus par chacun desdits éléments d’antenne
de rayonnement conducteur dans chacun des-
dits dispositifs d’antenne (5a, 5b,...5n) ; et

- de sélectionner I'un desdits éléments d’anten-
ne de rayonnement conducteur dans I'un des-
dits dispositifs d’antenne (5a, 5b,...5n) pour la
transmission consécutive des signaux vers ledit
dispositif médical implantable (7) et la réception
des signaux provenant dudit dispositif médical
implantable (7) en fonction du paramétre quali-
tatif mesuré pour lesdits signaux regus par cha-
cun desdits éléments d’antenne de rayonne-
ment conducteur dans chacun desdits disposi-
tifs d’antenne (5a, 5b,...5n).

Appareil médical selon I'une quelconque des reven-
dications 1 a 15, ledit programmateur ou dispositif
de surveillance (2) étant un dispositif portable.

Appareil médical selon I'une quelconque des reven-
dications 1 a 16, ledit programmateur ou dispositif
de surveillance (2) étant un dispositif portatif.

Appareil médical selon I'une quelconque des reven-
dications 1 a 17, ledit systéeme d’entrée et/ou de sor-
tie comprenant une unité d’affichage ou un écran et
une machine a enregistrementindirect ou un clavier.

Appareil médical selon I'une quelconque des reven-
dications 1 a 18, la distance entre les deux dispositifs
d’antenne (5a, 5b,...5n) prévue en différents points
étant supérieure a la longueur maximale dudit pro-
grammateur ou dispositif de surveillance (2).

Systéme de communication médicale comprenant
un dispositif médical implantable (7) et un appareil
meédical (1) selon 'une quelconque des revendica-
tions 1 a 19, ledit dispositif médical implantable (7)
comprenant un transmetteur et/ou un récepteur a
ondes radio pour communiquer avec ledit appareil
medical (1).
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