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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates generally to elec-
tronic medical devices, and specifically to wireless trans-
mission of radio signals to and from such devices within
the body of a patient.

BACKGROUND OF THE INVENTION

[0002] The use of encapsulated, wireless sensors
within a patient’s body is known in the art. Typically, such
sensors include a sensing circuit, for detecting a param-
eter of interest, and a transmitter, with a suitable antenna,
for transmitting readings of the parameter to a receiver
outside the body. In some applications, the sensor may
also be capable of receiving signals and/or radiated pow-
er transmitted from outside the body. The parameter de-
tected by the sensing circuit may be a physiological pa-
rameter, such as a local pressure, temperature or chem-
ical characteristic (such as pH), or it may be a position
parameter, indicative of the position coordinates of the
sensor. Generally, all the elements of the sensor are en-
capsulated in a sealed casing (also referred to as a pack-
age or "can") made of a suitable biocompatible material,
such as a ceramic or plastic material.

[0003] An exemplary wireless position sensor of this
sort is described in U.S. Patent 6,239,724, to Doron et
al.. This patent describes a telemetry system for provid-
ing spatial positioning information from within a patient’s
body. The system includes an implantable telemetry unit
having (a) afirsttransducer, for converting a power signal
received from outside the body into electrical power for
powering the telemetry unit; (b) a second transducer, for
receiving a positioning field signal that is received from
outside the body; and (c) a third transducer, for transmit-
ting a locating signal to a site outside the body, in re-
sponse to the positioning field signal.

[0004] The strength of the signals transmitted by a
wireless sensor depends, inter alia, on the size of the
antenna that is used to transmit the signals. The ability
of the sensor to receive signals is likewise a function of
the size of the antenna. Unfortunately, the area of the
antennais limited by the available volume within the sen-
sor casing. For implantable devices, in particular, this
volume is very small, and the transmission range of the
device may be very short as a result. In response to this
problem, U.S. Patent 6,009,350, to Renken suggests us-
ing multiple antennas connected in parallel with each oth-
er. The antennas may be mounted within the can of the
implantable device or externally.

[0005] As another example, U.S. Patent 6,053,873, to
Govari et al. describes a stent having a sensor for meas-
uring characteristics of a fluid flow passing through the
stent and a transmitter for transmitting flow parameters
to a receiver outside the body. The stent comprises a
coil, which also serves as an antenna, for receiving en-
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ergy from an electromagnetic field irradiating the body
so as to power the transmitter. In one embodiment, the
transmitter is based on a tunnel diode oscillator circuit,
suitably biased so as to operate in a negative resistance
regime.

[0006] US 4,494,950 discloses a medical device of the
type set forth in the preamble of the accompanying claim
1 and a method of the type set forth in the preamble of
the accompanying claim 15.

SUMMARY OF THE INVENTION

[0007] Embodiments of the present invention provide
techniques forimproving the coupling between a wireless
device inside the body and a transmitter or receiver out-
side the body, by using a portion of the casing of the
device as an antenna. The casing, which is typically
sealed, comprises a conductive external area, which is
coupled to circuitry inside the casing so as to serve as
all or part of the device antenna. Using the outer surface
of the casing as an antenna in this fashion increases the
active area of the antenna, without necessarily increasing
the overall size of the device.

[0008] Insome embodiments of the present invention,
the conductive external area of the casing is designed to
contact conductive structures outside the device casing.
For example, when the device is used in conjunction with
a metal implant, the conductive area may contact the
implant, in such a way that a part or all of the implant
serves as the device antenna. Alternatively or addition-
ally, when the casing of the device is in contact with con-
ductive body fluids, such as blood or other electrolytes,
ionic currents in the fluids may be used to enhance the
antenna signals transmitted and received through the
conductive area of the casing.

[0009] The principles of the present invention are ap-
plicable particularly to implantable devices, but may also
be applied to invasive tools, such as catheters. Typically
(although not necessarily), the wireless device compris-
es a sensor, which is coupled to communicate via the
conductive area of the casing with a receiver outside the
body. The sensor may comprise a position sensor, which
generates signals for transmission to the receiver that
are indicative of the position and/or orientation coordi-
nates of the device. Alternatively or additionally, the sen-
sor may comprise a transducer for detecting physiolog-
ical parameters, such as temperature, pressure, chemi-
cal properties, or substantially any other type of param-
eter that is amenable to sensing by such a device.
[0010] There is therefore provided, in accordance with
an embodiment of the present invention, a medical de-
vice for use inside a body of a mammalian subject as set
forth in the accompanying claim 1.

[0011] Thereis moreover provided, in accordance with
an embodiment of the present invention, a method for
transmitting a signal from inside a body of a mammalian
subject as set forth in the accompanying claim 15.
[0012] Preferred aspects of the medical device and the
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method are set out in the accompanying dependent
claims.
[0013] The present invention will be more fully under-
stood from the following detailed description of the em-
bodiments thereof, taken together with the drawings in
which:

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Fig. 1A is a schematic, sectional illustration of a wire-
less device for use inside the body of a subject;
Fig. 1B is a schematic, pictorial illustration of the de-
vice of Fig. 1A;

Fig. 2A is a schematic, detail illustration showing
coupling between a sensor and an antennain a wire-
less device for use inside the body of a subject, in
accordance with an embodiment of the present in-
vention;

Fig. 2B is a schematic, pictorial illustration showing
a coil antenna formed on a casing of a wireless de-
vice for use inside the body of a subject, in accord-
ance with an embodiment of the present invention;
Fig. 3 is a schematic side view of a system for de-
tecting position coordinates of a catheter, in accord-
ance with an embodiment of the present invention;
Fig. 4A is a schematic, cutaway view of a nail im-
planted inside a bone, with a wireless device con-
nected to the nail, in accordance with an embodiment
of the present invention;

Fig. 4B is a schematic, sectional view of the device
of Fig. 4A and a portion of the nail in contact with the
device; and

Fig. 5 is a schematic, cutaway view of the digestive
tract of a subject, showing a wireless device inside
the subject’s stomach, in accordance with an em-
bodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0015] Reference is now made to Figs. 1A and 1B,
which schematically illustrate a wireless device 10 for
use inside the body of a mammalian subject. Fig. 1A is
a sectional view of the device, while Fig. 1B is a pictorial
illustration of the device exterior. Device 10 comprises
circuitry that is contained within a sealed casing 20. The
casing comprises an insulating material 22, such as a
ceramic or plastic material, with a conductive area 24,
typically made of a suitable biocompatible metal. In this
example, which is outside the scope of the claimed in-
vention, the entire thickness of the casing in area 24 is
metal, which is fastened and sealed to the surrounding
insulating material 22 by a suitable metal/ceramic or met-
al/plastic seal, as is known in the art.

[0016] Device 10 comprises electrical circuitry 25,
which is encapsulated inside casing 20. The circuitry typ-
ically comprises a transmitter 28, which is coupled to
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transmit signals via conductive area 24 to one or more
receivers outside the patient’s body (not shown in this
figure). Area 24 thus serves as the antenna for the trans-
mitter, either by itself or in conjunction with an internal
antenna 26 inside casing 20. The internal antenna, if
used, may be coupled to area 24 either in series, as
shown in Fig. 1A, or in parallel. Area 24 may also be
electrically coupled to conductive structures outside de-
vice 10, for enhancing the antenna gain, as described
further hereinbelow.

[0017] Typically, circuitry 25 further comprises a sen-
sor 29, which generates signals that are transmitted by
transmitter 28. In some embodiments of the present in-
vention, sensor 29 comprises a position sensor, which
generates a position signal indicative of the coordinates
of device 10 inside the patient’s body. The sensor may
comprise a wireless electromagnetic position sensor, as
described, for example, in the above-mentioned U.S.
Patent 6,239,724, or as described in U.S. Patent Appli-
cation 10/023,473. Alternatively, the sensor may gener-
ate the position signal in response to ultrasonic beams
directed toward device 10, as described, for example, in
U.S. Patent Application 10/029,595. Both of these patent
applications are assigned to the assignee of the present
patent application, The use and characteristics of posi-
tion sensors in device 10 are described in further detail
hereinbelow with reference to Fig. 3.

[0018] Alternatively or additionally, sensor 29 may be
configured to sense a physiological parameter in the vi-
cinity of device 10 within the body. For this purpose, it
may be necessary for the sensor to be in contact with
casing 20 and possibly to protrude through the casing.
For example, sensor 29 may comprise a pressure sen-
sor, such as a piezoelectric pressure transducer; a flow
sensor, based on an ultrasound transducer or bioimped-
ance measurement element; a chemical sensor, such as
a pH sensor or oxygen saturation sensor; a temperature
sensor; an electrical activity sensor; an optical orimaging
sensor; or substantially any other type of miniaturized
sensing device known in the art. Some sensors of these
types are described in the above-mentioned U.S. Patent
6,053,873.

[0019] Circuitry 25 typically comprises other elements
known in the art, which are not shown in the figures for
the sake of simplicity. For example, circuitry 25 generally
comprises means for providing power to transmitter 28,
such as a battery or areceiver circuit, for receiving energy
radiated toward device 20 from an external source (not
shown). Devices adapted for this sort of battery-less op-
eration are described in the above-mentioned U.S. Pat-
ents 6,053,873 and 6,239,724 and in U.S. Patent Appli-
cation 10/023,473. Circuitry 25 may also comprise a re-
ceiver, which is coupled to receive interrogation signals
from a transmitter outside the body (not shown), and to
prompt transmitter 28 to send a response. Other compo-
nents that may be included in circuitry 25 will be apparent
to those skilled in the art.

[0020] Fig.2Ais aschematicdetailillustration showing
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a conductive area 30 on the casing of a wireless device
for use inside the body, in accordance with an embodi-
ment of the present invention. In this embodiment, con-
ductive area 30 typically comprises a conductive, non-
ferromagnetic coating formed over the outer surface of
non-conducting material 22 that makes up the casing.
Transmitter 28 is connected to area 30 by a feed-through
32, passing through material 22. This arrangement of
area 30 is advantageous in that it may simplify the pro-
duction of the casing, as well as allowing area 30 to take
on a greater variety of different shapes.

[0021] Fig. 2B is a schematic, pictorial illustration of
another wireless device 36 for use inside the body of a
subject, in accordance with an alternative embodiment
of the present invention. In this embodiment, area 30 is
formed over material 22 on the outer surface of casing
20, as shown in Fig. 2A, so as to define a conducting
spiral. The characteristics of the spiral (as well as of the
other types of antennas described herein) are typically
optimized for a particular transmission frequency, such
as in the 433 MHz band or in the 800-900 MHz band,
depending on application requirements. Feed-throughs
connect the ends of the spiral to the transmitter inside
the casing. Alternatively, area 30 may be formed in sub-
stantially any shape that is useful as an antenna, and
may in some cases cover substantially the entire exterior
of casing 20, as long as there is no additional antenna
inside the casing that must be able to transmit or receive
signals through the casing. Although applications of the
present invention are described hereinbelow with refer-
ence to the exemplary device 10, as shown in Figs. 1A
and 1B, it will be understood that devices with conductive
areas of other shapes and forms, such as device 36, may
likewise be used in these applications.

[0022] Fig. 3 is a schematic side view of a system 40
for guiding a catheter 42 inside the body of a patient, in
accordance with an embodiment of the presentinvention.
Device 10 is contained within a distal end of catheter 42,
which is inserted into the patient’s body, typically through
the vascular or digestive system. A set of reference coils
44 are fixed in known positions outside the body, and
receive position signals generated by device 10. A posi-
tion sensing system 46 analyzes the signals in order to
determine position and, optionally, orientation coordi-
nates of device 10 (and thus of catheter 42) within the
body. Methods for determining coordinates of a position
sensor inside the body in the configuration of system 40
are known in the art, as described, for example, in U.S.
Patents 5,391,199 and 5,443,489, to Ben-Haim. The use
of device 10 in such a system is advantageous, however,
in that it requires no wires to carry the position signals
generated by device 10 between the distal and proximal
ends of catheter42. Although the exemplary embodiment
of Fig. 3 illustrates the use of device 10 in a catheter, the
device may be used in like fashion in different sorts of
invasive medical instruments, as will be apparentto those
skilled in the art.

[0023] In another embodiment of the present inven-
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tion, sensor 29 in device 10 (shownin Fig. 1) is configured
as an AC magnetic field receiver, which senses an AC
magnetic field generated by a plurality of magnetic field
transmitters outside the body of the patient. Coils 44, for
example, may be configured to serve as the magnetic
field transmitters. These transmitters are also referred to
as magnetic field generators or radiators, and generate
respective AC magnetic fields to define a fixed frame of
reference. Position sensors of this type are further de-
scribed in PCT application PCT/US95/01103, published
as W096/05768 (U.S. Patent Application No. 08/793,371
filed May 14, 1997).

[0024] The position and orientation coordinates of de-
vice 10 within the body are ascertained by determining
the position and orientation coordinates of the position
sensor. Typically, the position sensor comprises one or
more antennas, for example one or more coils, which are
irradiated by two or three radiators (transmitters) outside
the body surface of the patient.

[0025] The transmitters may be arranged in any con-
venient position and orientation, so long as they are fixed
in respect to some reference frame, and so long as the
transmitters are non-overlapping, that is, there are no
two transmitters with the exact, identical location, i.e. po-
sition and orientation. When driven by a suitable radiator
driver (not shown), the transmitters generate a multiplicity
of distinguishable AC magnetic fields that form the mag-
netic field sensed by receiving antennas in the position
sensor. The magnetic fields are distinguishable with re-
gard to the frequency, phase, or both frequency and
phase of the signals in the respective magnetic fields.
Time multiplexing is also possible.

[0026] Placement of the transmitters, as well as their
size and shape, will vary according to the application of
the invention. In one embodiment, useful in a medical
application, the transmitters comprise wound annular
coils from about 2 to 20 cm in outer diameter (O.D.) and
from about 0.5 to 2 cm thick, in a coplanar, triangular
arrangement, wherein the centers of the coils are from
about 2 to 30 cm apart. Bar-shaped transmitters or even
triangular or square-shaped coils could also be useful for
such medical applications. In instances in which a prone
patient is the subject of a procedure involving the instant
invention, the transmitters are preferably positioned in or
below the surface upon which the patient is resting (such
as an operating table), below the portion of the patient’s
body upon which the procedure is being performed. In
other applications, the transmitters may be close to the
skin of the patient. The transmitters are driven by a radi-
ator driver, preferably in a manner described below.
[0027] The position sensor in device 10 may consist
of a single coil, or may alternatively include two or more
sensor coils wound on either air cores or a core of material
(not shown). In one embodiment, the coils have mutually
orthogonal axes, in known alignment relative to the ge-
ometry of device 10. Unlike prior art position sensors
(used for other applications), which contain three coils
that are concentrically located, or at least whose axes



7 EP 1 502 540 B1 8

intercept, the coils used in sensor 29 may be closely
spaced along a longitudinal axis, in order to reduce the
diameter of the sensor and thus reduce the size of device
10.

[0028] The signals received by the receiving antennas
(coils) of the position sensor in device 10 are processed
and transmitted by transmitter 28 to a receiver associated
with position sensing system 46, outside the patient’s
body. System 46 also receives a representation of the
signals used to drive the transmitters. System 46 proc-
esses the signals to provide a display or other indication
of the position and orientation of device 10 within the
body, typically on a monitor or other display.

[0029] To measure the six-dimensional position and
orientation of device 10 (X, Y, Z directions and pitch, yaw
and roll orientations) in afixed frame of reference requires
at least two non-overlapping transmitters outside the
body, which generate at least two distinguishable AC
magnetic fields; and at least two non-parallel coils in sen-
sor 29 to measure the magnetic field flux resulting from
the magnetic fields. In some embodiments, three coils
are used in sensor 29 to improve the accuracy and reli-
ability of the position measurement. In other applications
in which fewer dimensions are required, only a single coil
may be necessary for the position sensor. In this case,
the position sensing system determines five position and
orientation coordinates of device 10 (X, Y, Z directions
and pitch and yaw orientations). Specific features and
functions of a single coil system (also referred to as a
single axis system) are described in U.S. Patent
6,484,118.

[0030] In one embodiment of the invention, the coils
used in sensor 29 have an inner diameter of 0.5 mm and
have 800 turns of 16 micrometer diameter to give an over-
all coil diameter of 1-1.2 mm. The effective capture area
of the coils is typically about 400 mm2. It will be under-
stood that these dimensions may vary over a consider-
able range and are only representative of a particular
range of dimensions. In particular, the size of the coils
can be as small as 0.3 mm (with some loss of sensitivity)
and as large as 2 or more mm. The wire size of the coils
can range from 10-31 pm and the number of turns be-
tween 300 and 2600, depending on the maximum allow-
able size and the wire diameter. The effective capture
area should be made as large as feasible, consistent with
the overall size requirements of device 10. Although the
preferred sensor coil shape is cylindrical, other shapes
can also be used. For example, a barrel shaped coil or
square or other shaped coils may be useful depending
on the geometry of device 10.

[0031] Wireless position sensor devicesin accordance
with the principles of the present invention may also be
implanted in the body (temporarily or permanently). For
example, a device of this sort may be used in a wireless
tag, which is implanted in a patient’s body to mark the
location of a planned diagnostic or therapeutic proce-
dure. The use of wireless tags for this purpose is de-
scribed in U.S. Patent Application 10/173,197 filed on
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June 17, 2002.

[0032] Reference is now made to Figs. 4A and 4B,
which schematically illustrate the use of device 10 in con-
junction with anintramedullary nail 50, in accordance with
another embodiment of the present invention. Fig. 4A is
a schematic, cutaway view of a broken bone 52, into
which nail 50 has been inserted, as is known in the art.
Fig. 4B is a sectional view of device 10, which shows
details of the relation of the device to a metal outer surface
54 of nail 50. Conductive area 24 of device casing 20 is
electrically coupled to surface 54, so that in effect, nail
50 serves as a giant antenna for transmitter 28. Typically,
device 10 is simply fastened in place so that area 24
makes a conductive contact with surface 54. Alternative-
ly, an inductive or capacitive coupling scheme may be
used.

[0033] Fig.5isaschematic cutaway view of adigestive
tract 62 of a patient 60, showing the use of device 10 in
this context, in accordance with still another embodiment
of the present invention. In this embodiment, device 10
has the form of a pill, which is swallowed by patient 60.
As the pill passes through digestive tract 62, it senses
local characteristics and uses conductive area 24 to
transmit signals to receivers outside the body (not shown
in this figure). For example, device 10 may sense tem-
perature, pressure or acidity of the digestive fluids. Alter-
natively or additionally, device 10 may comprise a mini-
ature electronicimage sensor, with suitable optics, which
captures and transmits images of the digestive tract. This
sortof "video pill" is described, forexample, in U.S. Patent
5,604,531.

[0034] Conductive area 24 on device 10 makes elec-
trical contact with the digestive fluids in which the device
is immersed, and/or with the walls of the digestive tract.
To the extent that these fluids are electrolytic, the signals
transmitted by device 10 through area 24 cause an ionic
currentto flow in the fluids. The ionic current causes elec-
tromagnetic radiation at the signal frequencies, so that
in effect, a portion of digestive tract 62 acts as an extend-
ed antenna for device 10. (Thus, the signals received
outside the body from device 10 may be stronger, al-
though the effect of the biological "extended antenna"
may be unpredictable.) In a similar manner, if area 24 is
in contact with blood or lymphatic fluid, a portion of the
vascular system or lymphatic system could serve as an
extended antenna. Since soft tissues also comprise sub-
stantial electrolyte content, these tissues could be ex-
ploited in a similar manner to enhance the antenna gain
of device 10. In order to improve the electrical contact
between area 24 and the body fluids or tissues, the outer
surface of area 24 may be roughened, or it may be coated
with metal particles, such as titanium.

[0035] Although aspects of the present invention are
described above with reference to certain particular ap-
plications, other applications of the principles of the
present invention will be apparent to those skilled in the
art. For example, device 10 may be adapted for implan-
tation in the head of a patient for purposes of brain stim-
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ulation and/or monitoring. It will thus be appreciated that
the embodiments described above are cited by way of
example, and that the present invention is not limited to
what has been particularly shown and described herein-
above. Rather, the scope of the present invention in-
cludes both combinations and subcombinations of the
various features described hereinabove, as well as var-
iations and modifications thereof which would occur to
persons skilled in the art upon reading the foregoing de-
scription and which are not disclosed in the prior art.

Claims

1.  Amedical device (10) for use inside a body of a mam-
malian subject, the device comprising:

a casing (20) adapted for insertion into the body
of the mammalian subject, the casing having an
outer surface and comprising an insulating ma-
terial (22) and an electrically-conductive mate-
rial, which are arranged so that an area (30) of
the outer surface of the casing is electrically con-
ductive; and

a transmitter (28), which is adapted to generate
an electrical signal and is encapsulated in the
casing (20) and coupled to the conductive ma-
terial so that the electrically-conductive area
(30) of the outer surface serves as an antenna
for transmitting the signal to a receiver outside
the body,

characterised in that the electrically-conduc-
tive area (30) comprises a conductive coating
formed over the outer surface of the insulating
material (22) that makes up the casing (20), the
transmitter (28) being connected to the electri-
cally-conductive area (30) by a feed-through
(32) passing through the insulating material
(22).

2. The device according to claim 1, wherein the insu-
lating material (22) comprises at least one of a ce-
ramic material and a plastic material.

3. The device according to claim 1 or claim 2, wherein
the electrically-conductive area (30) is configured to
contact a metal implant (50) within the body of the
mammalian subject while transmitting the signal.

4. The device according to claim 1, 2 or 3, wherein the
electrically-conductive area (30) is configured to
contact an electrically-conductive body fluid while
transmitting the signal.

5. The device according to claim 4, wherein the elec-
trically-conductive area (30) is configured to contact
the electrically-conductive body fluid in at least one
of a digestive tract (62) and a vascular system of the
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body.

6. The device according to claim 1, and comprising a
sensor (29), which is encapsulated within the casing
(20) and is adapted to sense a parameter associated
with a location of the device (10) within the body,
wherein the sensor (29) is coupled to the transmitter
(28) so that the signal generated by the transmitter
is indicative of the sensed parameter.

7. The device according to claim 6, wherein the sensor
(29) comprises a position sensor, such that the signal
generated by the transmitter (28) is indicative of a
position coordinate of the device (10).

8. The device according to claim 6, wherein the param-
eter comprises a physiological parameter.

9. The device according to claim 8, wherein the sensor

(29) comprises at least one of a pressure sensor, a
temperature sensor, a flow sensor, a chemical sen-
sor, an electrical sensor and an optical sensor.

10. A medical implant, comprising:

an implantable member (50), comprising a me-
tallic material (54), which is adapted to be im-
planted in a body of a mammalian subject; and
the medical device (10) of claim 3, arranged so
that the electrically-conductive area (30) of the
outer surface (22) of the casing (20) is in contact
with the metallic material (54) of the implantable
member (50).

11. The implant according to claim 10, wherein the im-
plantable member comprises an implantable ortho-
pedic device (50).

12. Aninvasive medical tool (40), comprising:

an insertion member (42), having a distal end,
which is adapted to be inserted into a body of a
mammalian subject; and

the medical device of any of claims 6 to 9, con-
tained within the distal end of the insertion mem-
ber (42) wherein the sensor (29) is adapted to
sense a parameter associated with a location of
the distal end of the insertion member (42) within
the body.

13. The tool according to claim 12, when dependent on
claim 7, further comprising areceiver, which is adapt-
ed to receive the electrical signal transmitted by the
antenna and to process the electrical signal so as to
determine coordinates of the insertion member (42)
within the body.

14. The tool according to claim 12 or claim 13, wherein
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the insertion member comprises a catheter (42).

A method for transmitting a signal from inside a body
of a mammalian subject, the method comprising:

encapsulating an electronic device (10) com-
prising a transmitter (28) in a casing (20) having
an outer surface and comprising an insulating
material (22) and an electrically-conductive ma-
terial, which are arranged so that an area (30)
of the outer surface of the casing (20) is electri-
cally conductive, thereby forming a swallowable
pill;

coupling the transmitter (28) to the conductive
material so that the electrically-conductive area
(30) of the outer surface serves as an antenna
for the transmitter (28);

inserting the casing (20) containing the device
(10) into the body of the mammalian subject by
the act of swallowing; and

transmitting the signal from the transmitter (28)
within the body via the antenna to a receiver
outside the body,

characterised in that the encapsulating step
comprises forming a conductive coating over the
outer surface of the insulating material (22) that
makes up the casing (20) to produce an electri-
cally-conductive area (30), and connecting the
transmitter (28) to the electrically-conductive ar-
ea (30) by passing a feed-through (32) through
the insulating material (22).

The method according to claim 15, wherein inserting
the casing (20) comprises bringing the eteetrically-
conductive area (30) into contact with an electrically-
conductive body fluid while transmitting the signal,
soastoincrease a gain of the antenna in transmitting
the signal.

The method according to claim 16, wherein bringing
the electrically conductive area (30) into contact
comprises contacting the electrically-conductive
body fluid in a digestive tract (62), of the body.

The method according to any of claims 15 to 17,
wherein transmitting the signal comprises sending a
parameter associated with a location of the device
(10) within the body, wherein the transmitted signal
is indicative of the sensed parameter.

The method according to claim 18, wherein the trans-
mitted signal is indicative of a position coordinate uf
the device (10), and comprising receiving and
processing the signal outside the body in order to
determine the position coordinate.

The method according to claim 18, wherein sensing
the parameter comprises sensing a physiological pa-
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rameter with respect to the body.

21. The method according to claim 20, wherein sensing

the physiological parameter comprises sensing at
least one of a pressure, a temperature, a flow char-
acteristic, a chemical characteristic, an electrical
characteristic and an optical characteristic.

Patentanspriiche

Medizinische Vorrichtung (10) zum Verwenden in-
nerhalb eines Kdérpers eines Saugetiers, wobei die
Vorrichtung Folgendes umfasst:

eine Hiuille (20), welche zum Einfiihren in den
Korper des Saugetiers eingerichtet ist,

wobei die Hulle eine duRere Oberflache auf-
weist und ein isolierendes Material (22) und ein
elektrisch leitfahiges Material umfasst, welche
so angeordnet sind, dass ein Bereich (30) der
auReren Oberflache der Hille elektrisch leitfa-
hig ist; und

einen Sender (28), welcher eingerichtet ist, um
ein elektrisches Signal zu erzeugen,

und welcher in der Hiille (20) verkapselt ist und
mit dem leitfahigen Material gekoppelt ist, so
dass der elektrisch leitfahige Bereich (30) der
auReren Oberflache als eine Antenne zum
Ubertragen des Signals an einen Empfanger au-
Rerhalb des Kdrpers dient,

dadurch gekennzeichnet, dass der elektrisch
leitfahige Bereich (30) eine leitfahige Beschich-
tung umfasst, welche ber der duReren Ober-
flache des isolierenden Materials (22), aus wel-
chem die Hulle (20) besteht, gebildet ist, wobei
der Sender (28) mit dem elektrisch leitfahigen
Bereich (30) durch eine Durchfiihrung (32) ver-
bunden ist, welche durch das isolierende Mate-
rial (22) verlauft.

Vorrichtung gemaf Anspruch 1, wobei das isolieren-
de Material (22) zumindest ein keramisches Material
und/oder ein Kunststoffinaterial umfasst.

Vorrichtung gemal Anspruch 1 oder Anspruch 2,
wobei der elektrisch leitfahige Bereich (30) einge-
richtet ist, um ein metallisches Implantat (50) inner-
halb des Koérpers des Saugetiers zu kontaktieren,
wahrend das Signal Gbertragen wird.

Vorrichtung gemaf Anspruch 1, 2 oder 3, wobei der
elektrisch leitfahige Bereich (30) eingerichtet ist, um
eine elektrisch leitfahige Korperflussigkeit zu kon-
taktieren, wahrend das Signal Ubertragen wird.

Vorrichtung gemafR Anspruch 4, wobei der elektrisch
leitfahige Bereich (30) eingerichtet ist, um die elek-
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trisch leitfahige Korperflissigkeitinzumindest einem
Verdauungstrakt (62) und/oder einem vaskularen
System des Korpers zu kontaktieren.

Vorrichtung gemaf Anspruch 1, welche ferner einen
Sensor (29) umfasst, welcher innerhalb der Hiille
(20) verkapselt ist und eingerichtet ist, um einen Pa-
rameter abzutasten, welcher mit einem Ort der Vor-
richtung (10) innerhalb des Koérpers in Verbindung
steht, wobei der Sensor (29) mit dem Sender (28)
gekoppeltist, so dass das Signal, welches durch den
Sender erzeugt ist, den abgetasteten Parameter an-
zeigt.

Vorrichtung gemafR Anspruch 6, wobei der Sensor
(29) einen Ortssensor umfasst, so dass das Signal,
welches durch den Sender (28) erzeugt ist, eine
Ortskoordinate der Vorrichtung (10) anzeigt.

Vorrichtung gemaR Anspruch 6, wobei der Parame-
ter einen physiologischen Parameter umfasst.

Vorrichtung gemaR Anspruch 8, wobei der Sensor
(29) zumindest einen Drucksensor, einen Tempera-
tursensor, einen Flusssensor, einen chemischen
Sensor, einen elektrischen Sensor und/oder einen
optischen Sensor umfasst.

Medizinisches Implantat, welches Folgendes um-
fasst:

ein implantierbares Element (50), welches ein
metallisches Material (54) umfasst, wobei das
Element eingerichtet ist, um in einen Korper ei-
nes Saugetiers implantiert zu werden; und

die medizinische Vorrichtung (10) nach An-
spruch 3, welche angeordnet ist, so dass der
elektrisch leitfahige Bereich (30) der aueren
Oberflache (22) der Hiille (20) sich in Kontakt
mit dem metallischen Material (54) des implan-
tierbaren Elements (50) befindet.

Implantat gemaR Anspruch 10, wobei das implan-
tierbare Element eine implantierbare orthopadische
Vorrichtung (50) umfasst.

Invasives medizinisches Werkzeug (40), welches
Folgendes umfasst:

ein Einfiihrungselement (42) mit einem distalen
Ende, welches eingerichtet ist, um in einen Kor-
per eines Saugetiers eingeflihrt zu werden; und
die medizinische Vorrichtung nach einem der
Anspriiche 6 bis 9, welche innerhalb des dista-
len Endes des Einfiihrungselements (42) ent-
halten ist, wobei der Sensor (29) eingerichtetiist,
um einen Parameter abzutasten, welcher mit ei-
nem Ort des distalen Endes des Einfiihrungs-
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13.

14.

15.

16.

17.

elements (42) innerhalb des Kérpers in Verbin-
dung steht.

Werkzeug gemaR Anspruch 12, wenn dieser von An-
spruch 7 abhangig ist, wobei das Werkzeug weiter
einen Empfanger umfasst, welcher eingerichtet ist,
um das elektrische Signal zu empfangen, welches
von der Antenne Ubertragen wird, und um das elek-
trische Signal zu verarbeiten, um Koordinaten des
Einfihrungselements (42) innerhalb des Korpers zu
bestimmen.

Werkzeug gemaf Anspruch 12 oder Anspruch 13,
wobei das Einflihrungselement einen Katheter (42)
umfasst.

Verfahren zum Ubertragen eines Signals aus dem
Inneren eines Korpers eines Saugetiers, wobei das
Verfahren Folgendes umfasst:

Verkapseln einer elektronischen Vorrichtung
(10), welche einen Sender (28) umfasst,

in einer Hille (20), welche eine duf3ere Oberfla-
che aufweist und welche ein isolierendes Mate-
rial (22) und ein elektrisch leitfahiges Material
umfasst, welche so angeordnet sind, dass ein
Bereich (30) der auBeren Oberflache der Hiille
(20) elektrisch leitfahig ist, wodurch eine
schluckbare Pille gebildet ist;

Koppeln des Senders (28) an das leitfahige Ma-
terial, so dass der elektrisch leitfahige Bereich
(30) der &ulReren Oberflache als eine Antenne
fur den Sender (28) dient;

Einfihren der Hdlle (20), welche die Vorrichtung
(10) enthalt, in den Korper des Saugetiers durch
den Akt des Schluckens; und

Ubertragen des Signals von dem Sender (28)
innerhalb des Koérpers Uiber die Antenne an ei-
nen Empfénger aulRerhalb des Kdrpers;
dadurch gekennzeichnet, dass der Schritt
des Verkapselns Folgendes umfasst: Bilden ei-
ner leitfahigen Beschichtung Uber der dufleren
Oberflache des isolierenden Materials (22), aus
welchem die Hulle (20) hergestellt ist, zum Her-
stellen eines elektrisch leitfahigen Bereichs (30)
und Verbinden des Senders (28) mit dem elek-
trisch leitfahigen Bereich (30) durch ein Durch-
queren einer Durchfiihrung (32) durch das iso-
lierende Material (22).

Verfahren gemaf Anspruch 15, wobeidas Einflihren
der Hiille (20) ein in Kontakt Bringen des elektrisch
leitfahigen Bereichs (30) mit einer elektrisch leitfahi-
gen Korperflissigkeit umfasst, wahrend das Signal
Ubertragen wird, so dass eine Verstarkung der An-
tenne beim Ubertragen des Signals erhoht wird.

Verfahren gemaf Anspruch 16, wobei das in Kontakt
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Bringen des elektrisch leitfahigen Bereichs (30) ein
Kontaktieren der elektrisch leitfahigen Korperflis-
sigkeit in einem Verdauungstrakt (62) des Korpers
umfasst.

Verfahren gemaR einem der Anspriiche 15 bis 17,
wobei das Ubertragen des Signals ein Abtasten ei-
nes Parameters umfasst, welcher mit einem Ort der
Vorrichtung (10) innerhalb des Korpers in Verbin-
dung steht, wobei das Ubertragene Signal den ab-
getasteten Parameter anzeigt.

Verfahren gemafR Anspruch 18, wobei das Ubertra-
gene Signal eine Ortskoordinate der Vorrichtung
(10) anzeigt, und das Verfahren ferner ein Empfan-
gen und ein Verarbeiten des Signals auRerhalb des
Korpers umfasst, um die Ortskoordinate zu bestim-
men.

Verfahren gemafR Anspruch 18, wobei das Abtasten
des Parameters ein Abtasten eines physiologischen
Parameters in Bezug auf den Kérper umfasst.

Verfahren gemaf Anspruch 20, wobei das Abtasten
des physiologischen Parameters ein Abtasten von
zumindest einem Druck, einer Temperatur, einer
Flusseigenschaft, einer chemischen Eigenschatt, ei-
ner elektrischen Eigenschaft und/oder einer opti-
schen Eigenschaft umfasst.

Revendications

1.

Dispositif médical (10) destiné a étre utilisé a l'inté-
rieur d’'un corps d’un sujet mammalien, le dispositif
comprenant :

M un boitier (20) adapté pour l'insertion dans le
corps du sujet mammalien, le boitier ayant une
surface externe et comprenant un matériau iso-
lant (22) et un matériau électriquement conduc-
teur, qui sont agencés de sorte qu’'une surface
(30) de la surface externe du boitier est électri-
quement conductrice ; et

M un émetteur (28) qui est adapté pour générer
un signal électrique et estencapsulé dans le boi-
tier (20) et couplé au matériau conducteur de
sorte que la surface électriquement conductrice
(30) de la surface externe serve d’antenne pour
transmettre le signal a un récepteur a I'extérieur
du corps,

caractérisé en ce que la surface électriquement
conductrice (30) comprend un revétement conduc-
teur formé sur la surface externe du matériau isolant
(22) qui compose le boitier (20), 'émetteur (28) étant
raccordé a la surface électriquement conductrice
(30) par un trou d’interconnexion (32) passant par le
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matériau isolant (22).

2. Dispositif selonlarevendication 1, dans lequel le ma-
tériau isolant (22) comprend au moins un matériau
en céramique et une matiére plastique.

3. Dispositifselonlarevendication 1 oularevendication
2, dans lequel la surface électriquement conductrice
(30) est configurée pour entrer en contact avec un
implant métallique (50) a I'intérieur du corps du sujet
mammalien tout en transmettant le signal.

4. Dispositif selon la revendication 1, 2 ou 3, dans le-
quel la surface électriquement conductrice (30) est
configurée pour entrer en contact avec un fluide cor-
porel électriquement conducteur tout en transmet-
tant le signal.

5. Dispositifselon larevendication 4, dans lequella sur-
face électriquement conductrice (30) est configurée
pour entrer en contact avec le fluide corporel élec-
triquement conducteur dans au moins I'un parmi une
voie digestive (62) et un systéme vasculaire du
corps.

6. Dispositif selon la revendication 1, et comprenant un
capteur (29), qui est encapsulé al'intérieur du boitier
(20) et est adapté pour détecter un parameétre asso-
cié a un emplacement du dispositif (10) a l'intérieur
du corps, dans lequel le capteur (29) est couplé a
un émetteur (28) de sorte que le signal généré par
I'émetteur indique le paramétre détecté.

7. Dispositif selon la revendication 6, dans lequel le
capteur (29) comprend un capteur de position, de
sorte que le signal généré par I'émetteur (28) indique
une coordonnée de position du dispositif (10).

8. Dispositif selon la revendication 6, dans lequel le pa-
rametre comprend un parameétre physiologique.

9. Dispositif selon la revendication 8, dans lequel le
capteur (29) comprend au moins un capteur de pres-
sion, un capteur de température, un capteur d’écou-
lement, un capteur chimique, un capteur électrique
et un capteur optique.

10. Implant médical comprenant :

H un élément implantable (50) comprenant un
matériau métallique (54), qui est adapté pour
étre implanté dans un corps dun sujet
mammalien ; et

M le dispositif médical (10) selon la revendica-
tion 3, agencé de sorte que la surface électri-
quement conductrice (30) de la surface externe
(22) du boitier (20) est en contact avec le maté-
riau métallique (54) de I'élément implantable
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(50).

Implant selon la revendication 10, dans lequel I'élé-
ment implantable comprend un dispositif orthopédi-
que implantable (50).

Outil médical invasif (40), comprenant :

H un élément d’insertion (42) ayant une extré-
mité distale, qui est adapté pour étre inséré dans
un corps d’un sujet mammalien ; et

M le dispositif médical selon 'une quelconque
des revendications 6 a 9, contenu a l'intérieur
de l'extrémité distale de I'élément d’insertion
(42), dans lequel le capteur (29) est adapté pour
détecter un parametre associé a 'emplacement
de l'extrémité distale de I'élément d’insertion
(42) a I'intérieur du corps.

Ouitil selon la revendication 12, lorsqu’elle dépend
de la revendication 7, comprenant en outre un ré-
cepteur, qui est adapté pour recevoir le signal élec-
trique transmis par I'antenne et traiter le signal élec-
trique afin de déterminer les coordonnées de I'élé-
ment d’insertion (42) a l'intérieur du corps.

Outil selon la revendication 12 ou la revendication
13, dans lequel I'élément d’insertion comprend un
cathéter (42).

Procédé pour transmettre un signal depuis l'intérieur
d’un corps d’'un sujet mammalien, le procédé com-
prenant les étapes consistant a :

B encapsuler un dispositif électronique (10)
comprenant un émetteur (28) dans un boitier
(20) ayant une surface externe et comprenant
un matériau isolant (22) et un matériau électri-
quement conducteur, qui sont agencés de sorte
gu’une surface (30) de la surface externe du boi-
tier (20) est électriquement conductrice, formant
ainsi une pilule pouvant étre avalée ;

M coupler 'émetteur (28) aI'élément conducteur
de sorte que la surface électriquement conduc-
trice (30) de la surface externe sert d’antenne
pour I'émetteur (28) ;

M insérer le boitier (20) contenant le dispositif
(10) dans le corps du sujet mammalien en
'avalant ; et

M transmettre le signal provenant de I'émetteur
(28) a I'intérieur du corps via I'antenne, a un ré-
cepteur a I'extérieur du corps,

caractérisé en ce que I'étape d’encapsulation com-
prend I'étape consistant a former un revétement con-
ducteur sur la surface externe du matériau isolant
(22) qui compose le boitier (20) pour produire une
surface électriquement conductrice (30), et raccor-
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20.
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der I'émetteur (28) a la surface électriquement con-
ductrice (30) en faisant passer un trou d’intercon-
nexion (32) a travers le matériau isolant (22).

Procédé selon la revendication 15, dans lequel I'éta-
pe consistantainsérer le boitier (20) comprend I'éta-
pe consistant a amener la surface électriquement
conductrice (30) en contact avec un fluide corporel
électriquement conducteur tout en transmettant le
signal, afin d’augmenter un gain de I'antenne lors de
la transmission du signal.

Procédé selon la revendication 16, dans lequel I'éta-
pe consistant a amener la surface électriquement
conductrice (30) en contact, comprend I'étape con-
sistant a mettre en contact le fluide corporel électri-
quement conducteur dans une voie digestive (62)
du corps.

Procédé selon 'une quelconque des revendications
15a 17, dans lequel I'étape consistant a transmettre
le signal comprend I'étape consistant a détecter un
parametre associé a un emplacement du dispositif
(10) a lintérieur du corps, dans lequel I'élément
transmis indique le parameétre détecté.

Procédé selon la revendication 18, dans lequel le
signal transmis indique une coordonnée de position
du dispositif (10), et comprenant I'étape consistant
a recevoir et a traiter le signal a I'extérieur du corps
afin de déterminer la coordonnée de position.

Procédé selon la revendication 18, dans lequel I'éta-
pe consistant a détecter le paramétre comprend
I'étape consistant a détecter un paramétre physio-
logique par rapport au corps.

Procédé selon la revendication 20, dans lequel I'éta-
pe consistant a détecter le paramétre physiologique
comprend I'étape consistant a détecter au moins
I'une parmi une pression, une température, une ca-
ractéristique d’écoulement, une caractéristique chi-
mique, une caractéristique électrique et une carac-
téristique optique.
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