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(57) ABSTRACT

The present invention relates to an electrode configured to
be fixable relative to a target area within a body, the
electrode comprises: a positioning device for tracking varia-
tions of a position of the electrode relative to a radiation
source, a dose measuring unit to detect administered dose in
the target area from the radiation source, and an identifica-
tion unit. The identification unit and the dose measuring unit
are configured to be connectable to an externally arranged
control unit via a first pair of electrical connections. The
identification unit comprises: an electronic identification tag,
and a switch configured to alternate between a first mode in
which administered dose from the radiation source may be
detected in the dose measuring unit, and a second mode in
which the identification tag may be read by the externally
arranged control unit.
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1
ELECTRODE

TECHNICAL FIELD

The present invention relates to an implantable electrode
suitable for medical applications.

BACKGROUND

During radiotherapy it is essential to track the movement
of the target area in order to increase the efficiency of the
treatment and to reduce the effect of radiation on nearby
tissue. Positioning systems have been developed by Micro-
pos Medical AB to track variations using an emitted elec-
tromagnetic signal which is received by a plurality of
receiving elements, as disclosed in the published interna-
tional application WO 2005/104976.

In the published international application WO 2007/
061351, assigned to Micropos Medical AB, a combined
device for dose measurement and tracking positioning is
disclosed. Other types of sensors, such as temperature, are
also suggested to be implemented together with an elec-
tronic identification tag used to verify the patient before
performing radio therapy treatment.

A drawback with the prior art devices is that the design is
rather complex which results in an expensive or bulky
design.

SUMMARY OF THE INVENTION

An object with the present invention is to provide an
implantable electrode adapted to be used for positioning that
also can measure administered dose from a radiation source,
as well as verify the identity of the patient, that has a
simplified structure compared to prior art electrodes.

This object is achieved by an implantable electrode hav-
ing a positioning device for tracking variations of a position
of the electrode relative to a radiation source. A combined
dose measuring unit and identification unit is connected
between a first pair of electrical connections, preferably
provided in a shielded multi wire cable, to an externally
arranged control unit. The identification unit comprises: an
electronic identification tag, and a switch configured to
alternate between a first mode in which administered dose
from the radiation source may be detected in the dose
measuring unit, and a second mode in which the identifica-
tion tag may be read by the externally arranged control unit.

An advantage with the present invention is that only a pair
of electrical connections is needed to measure an adminis-
tered dose from a radiation source and to determine an
electronic identity of the electrode. This will result in a
simplified structure which is easier to manufacture com-
pared to prior art electrodes.

In a preferred embodiment, the positioning device is an
antenna element connected to the externally arranged con-
trol unit via a second pair of electrical connections, prefer-
ably provided in the shielded multi wire cable.

An advantage with a preferred embodiment of the present
invention is that only two pairs of electrical connections in
a cable (e.g. three wires and the shield, or four wires without
the shield) are needed to control the electromagnetic antenna
structure, which is used to determine the position of the
electrode when implanted within a body, and to measure
administered dose from a radiation source and to verify the
identity of the electrode and thus the body.
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An advantage with a preferred embodiment is that the
ambient temperature of the electrode when implanted in a
target area may be determined without the need of a separate
temperature sensor.

Further objects and advantages may be found by a skilled
person in the art from the detailed description.

BRIEF DESCRIPTION OF DRAWINGS

The invention will be described in connection with the
following drawings that are provided as non-limited
examples, in which:

FIG. 1 shows a first embodiment of an electrode accord-
ing to the invention.

FIG. 2 shows a second embodiment of an electrode
according to the invention.

FIG. 3 shows a radiotherapy system provided with an
electrode according to the invention.

FIG. 4 shows a detailed view of a main unit in an
electrode as described in FIG. 1 with a preferred implemen-
tation of the dose/ID unit.

DETAILED DESCRIPTION

FIG. 1 describes a first embodiment of an electrode 10,
preferably an implantable electrode, suitable for medical
applications. The electrode 10 comprises a main unit 11
arranged at a first end of a multi wire cable 12 and a
connector 13 arranged at a second end of the multi wire
cable 12. The multi wire cable 12 comprises in this embodi-
ment of two pairs of electrical connections (such as twisted
pair wires) 14" and 14" within a shield 15, which intercon-
nects the connector 13 with the main unit 11. An explant line
7, e.g. an aramid fibre (aromatic polyamide), having a tensile
strength over 100 Newton (>100N) is preferably arranged
beside the cable 12 and connected between the main unit 11
and the connector 13 to facilitate the removal of the main
unit 11 from a target area 1. A biocompatible cover 9 is
preferably arranged over the explant line 7, the cable 12 and
the main unit 11 to avoid any problems that could occur
when the electrode 10 is partly positioned within a body as
indicated by the dash-dotted line.

The main unit 11 comprises an antenna element 17, e.g.
implemented as a coil on a ferrite rod, configured to transmit
an electromagnetic signal 2 adapted to be received in a
receiving unit (not shown) to track variations of a position
of the electrode relative a radiation source (not shown). The
antenna element 17 is connected over one pair of electrical
connections, 1.e. the wires of a first of the twisted pair wire,
14'. Tt is also possible to track variations of the position of
the electrode by receiving multiple electromagnetic signals
2 in the antenna element 17 originating from a plurality of
external antenna elements in the external antenna unit (not
shown). The explant line 7 is preferably attached to the
ferrite rod of the antenna element 17.

The main unit 11 is fixable relative the target area 1 within
a body and the radiation source emits radiation into the
target area 1. In order to monitor the administered dose in the
target area from the radiation source, the main unit 11 is also
equipped with a dose measuring unit 18, which in this
embodiment is connected over another pair of electrical
connections, i.e. the wires of a second twisted pair wire, 14"
and an identification unit 19 positioned at the connector 13.
The shield 15 of the multi wire cable 12 is only used for
shielding in this embodiment.

The connector 13 is configured to be connected to an
external control unit 16, which in turn is in communication
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with the radiation equipment and the external antenna unit.
It should be noted that the connector 13 is configured to be
arranged outside the body when the main unit 11 is fixated
in relation to the target area.

The control unit 16 is configured to verify the identifica-
tion of the implant (and thereby the patient since the implant
is fixated to the patient during the complete radiotherapy
treatment process) and thereafter measure administered dose
from a radiation source. The dose measuring and identifi-
cation unit is described in more detail in connection with
FIG. 4. If the antenna element 17 is configured to transmit
the electromagnetic signal, the control unit also generates
and controls the electromagnetic signal 2 which is transmit-
ted from the antenna element 17 and thereafter is received by
a plurality of receiving elements in the external antenna umit
(not shown). On the other hand, if the antenna element 17 in
the electrode is configured to receive multiple electromag-
netic signals 2, the control unit generates and controls the
multiple electromagnetic signals transmitted from the exter-
nal antenna unit.

Furthermore, the antenna element 17 has an internal
resistance indicative of surrounding temperature in the target
area 1, and the externally arranged control unit 16 may
monitor the surrounding temperature of the target area 1 by
measuring the internal resistance. The temperature depen-
dency of the antenna element is calibrated by measuring the
internal resistance at two specific temperatures, e.g. at 22° C.
(room temperature) and at 37° C. (in the target area 1 before
radiotherapy commences). The internal resistance may be
measured at the same time as the electromagnetic signal(s)
is/are transmitted, or received, in the antenna element 17.

The dose measuring unit 18 and the identification unit 19
will operate in two modes, a first mode in which the
radiation from the radiation source will create a DC current
measured by the control unit 16, and a second mode in which
the control unit verifies the identity from the identification
unit 19. This process is described in more detail in connec-
tion with FIG. 4.

FIG. 2 shows a second embodiment of an electrode 20. A
shielded multi wire cable 22, having only three twisted wires
24 and a shield 25, is connected between a processing unit
23 and a main unit 21. An aramid line 27 having a tensile
strength over 100 Newton (>100N) is preferably arranged
beside the cable 22 and connected between the main unit 21
and the processing unit 23 to facilitate the removal of the
main unit 21 from a target area 1. The complete electrode 20,
i.e. the explant line 27, the main unit 21, the cable 22 and the
processing unit 23, is preferably provided with a biocom-
patible cover 29 since it is configured to be arranged within
a body during use.

The antenna element 17, similar to the antenna element
used in FIG. 1, is connected over one pair of electrical
connections, i.e. a first and a second of the wires 24, and a
dose measuring unit 28 is arranged in the main unit 21 and
is connected between another pair of electrical connections,
i.e. a third of the wires 24 and the shield 25. An electronic
identification tag is arranged in the processing unit 23. The
processing unit 23 communicates wirelessly with an external
control unit 26, which in turn is connected to the radiation
equipment and an external antenna unit (not shown). Fur-
thermore, the processing unit 23 is provided with a micro-
processor UP configured to switch between the first and
second mode of operation, as well as measure the DC
current during the first mode of operation and to provide the
identity to the external control unit 26 during the second
mode of operation.
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The process of determining the administered dose from
the measured DC current may be implemented either in the
processing unit 23 or in the control unit 26, and the verifi-
cation of the identity is performed in the control unit 26. The
control unit 26 preferably instructs the processing unit 23 to
switch between the different modes of operation since it also
controls the process of the radiation equipment. The internal
resistance of the antenna element 17 is measured by the
processing unit 23, but the process of determining the
temperature in the target area 1, based on the calibration as
explained above, is preferably performed in the control unit
26.

The purpose of the capacitor attached to the processing
unit 23 is to store energy provided from the control unit 26.
In an alternative configuration, a battery is provided within
the processing unit 23.

FIG. 3 shows a system 30 for performing radiotherapy
using radiation equipment 31 with a radiation source, a
control unit 32, an external antenna unit 33 and an electrode
34 as described in connection with FIG. 1. The control unit
32 is connected to the radiation equipment 31, the external
antenna unit 33 and also communicates with the electrode by
wires (or alternatively through a wireless connection if an
electrode as described in connection with FIG. 2 is used).

The electrode 34 comprises a main unit 35 where the
antenna element for tracking variations in position and the
dose measuring unit are situated, and the main unit 35 is
fixated in relation to a target area 36 within a body 37. The
identification unit (not shown) is arranged outside the target
area 36 as described in connection with FIGS. 1 and 2. The
external antenna unit 33 comprises a plurality of external
antenna elements 38, which are used to track the antenna
element in the electrode 34. The control unit 32 is also
configured to keep track of the distance between the external
antenna elements 38 in the external antenna unit 33 and the
radiation source in the radiation equipment 31 in order to
control the radiation beam 39, as well as to monitor the
temperature in the target area 36 by measuring the internal
resistance of the antenna element arranged in the main unit
3s.

FIG. 4 shows a detailed view of an electrode 40 similar to
the electrode described in connection with FIG. 1 compris-
ing a dose measuring unit 41 and an antenna element 17
arranged within the main unit 11, and an identification unit
42 arranged at the connector (not shown). The antenna
element 17 preferably comprises a coil on a ferrite rod and
is connected to one pair of electrical connections, such as a
twisted pair wire 43 (marked RF- and RF+ in the connec-
tor), to transfer an electromagnetic RF signal between a
control unit (not shown) and the antenna element 17 as
described above in connection with FIGS. 1 and 2. The
internal resistance of the antenna element 17 is also mea-
sured over the twisted pair wire 43.

The dose measuring unit 41 comprises a diode, which is
connected to another pair of electrical connections, in this
embodiment between a single wire 44 (marked DOSE/ID)
and ground 45 (marked GND/SHIELD), and the identifica-
tion unit 42 comprises a switch 46 implemented as a bridge
of two Schottky diodes, in series with an electronic identi-
fication tag 47, preferably implemented in a chip. The
identification unit 42 is connected parallel with the dose
measuring unit 41 at the connector side of the shielded cable.
In FIG. 1, the dose measuring unit 18 is connected to a
second twisted pair wire 14" instead of using the available
shield 15 and one wire of the twisted pair.

The switch 46 makes it possible to switch between the two
modes of operation, as described above. The first mode, i.e.
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dose measuring mode, is achieved when zero volt DC is
applied between the single wire 44 and ground 45, and the
second mode, i.e. the identification mode, is achieved when
a DC voltage is applied over the measuring diode 41 to
arrange the diode 41 in reverse, e.g. by applying five volts
reverse DC between the single wire 44 and ground 45.
First Mode (Dose Measuring Mode)

When zero volts DC (0 V) is applied between the single
wire 44 and ground 45, the switch is closed since a Schottky
diode requires at least 0.4 volts to conduct current. A DC
current may thereafter be measured over the diode 41, which
is proportional to the exposed amount of radiation but
calibration is needed to determine the administered dose in
the target area.

Second Mode (Identification Mode)

When a voltage of five volts DC (+5 V) is applied
between the single wire 44 and ground 45, the switch 46 is
open and the diode 41 is in reverse. The electronic identi-
fication tag 47 may thereafter be read by the control unit.

The control unit may also comprise an integrator that
integrates the measured DC current during the first mode of
operation, and the administered dose may be determined
when a dose calibration factor (which is determined during
calibration for each diode) is taken into account.

A memory used for storing necessary patient data, dose
calibration data, etc may be implemented in the identifica-
tion unit 42, or in the external control unit to which the
electrode 40 is intended to be connected.

An aromatic polyamide, such as Kevlar or Vectran, is
preferably included as an explant line 48 in the electrode 40,
as described above, wherein the explant line 48 connects the
antenna element 17 together with the shielded cable to the
connector. It is also possible to integrate the explant line 48
in the shielded multi wire cable.

In the above described embodiments, a wire connected
antenna element 17 has been used to illustrate a positioning
device used for tracking variations of a position of the
electrode relative to a radiation source. However, other types
of positioning devices, e.g. magnetically induced position-
ing devices, wireless positioning devices, gold markers, etc.,
may be used.

It should be noted that the antenna element 17 may be
used to heat the tissue in the target area by increasing the
power of the transmitted signal, and the temperature in the
target area may be monitored at the same time by measuring
the internal resistance of the antenna element. Suitable
frequencies that may be used to heat the tissue is in the
microwave range, such as 980 MHz-2.4 GHz.

It should be noted that although FIGS. 1-4 discloses an
implantable electrode, the electrode may be used for breast
cancer treatment by attaching the electrode to the surface of
the breast.

The invention claimed is:

1. An electrode connectable to a control unit configured to
be fixable relative to a target area within a body, said
electrode comprising:

a positioning device for tracking variations of a position

of the electrode relative to a radiation source;

a dose measuring unit to detect administered dose in the

target area from the radiation source; and

an identification unit,

wherein the identification unit and the dose measuring

unit are connected in parallel via only a first pair of
electrical connections in a shielded cable for connect-
ing to the control unit to facilitate monitoring radiation
dose, and are configured to be communicatively con-
nectable to an externally arranged control unit with all
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information from both the identification unit and dose
measuring unit passing through the first pair of elec-
trical connections, and

wherein said identification unit comprises:

an electronic identification tag, and

a switch configured to alternate between a first mode in
which an administered dose from said radiation
source may be detected in the dose measuring unit,
and a second mode in which the electronic identifi-
cation tag may be read by the externally arranged
control unit, and

wherein the electronic identification tag is connected to

the dose measuring unit via the first pair of electrical
connections.

2. The electrode according to claim 1, wherein said switch
is controlled by changing an applied DC voltage over the
parallel connected dose measuring unit and identification
unit.

3. The electrode according to any of claims 1-2, wherein
said positioning device and dose measuring unit are
arranged within a main unit, said dose measuring unit is
connected to a first end of said first pair of electrical
connections and said identification unit is connected to a
second end of said first pair of electrical connections.

4. The electrode according to claim 3, further comprising
an explant line having a tensile strength over 100 Newton
(>100 N) arranged beside the first pair of electrical connec-
tions and connected to the main unit to facilitate the removal
of the main unit from the target area.

5. The electrode according to claim 4, wherein the posi-
tioning device comprises a coil on a ferrite rod, and the
explant line is connected to the ferrite rod of the positioning
device.

6. The electrode according to claim 1, wherein said
electrode further comprises a connector configured to be
arranged outside the body when the electrode is fixated
relative to the target area, said first pair of electrical con-
nections being connected to the connector, which is config-
ured to provide the only connection to said externally
arranged control unit from the dose measuring unit and
identification unit.

7. The electrode according to claim 1, wherein said
identification unit is implemented in a processing unit,
configured to be arranged inside the body when the electrode
is fixated relative to the target area, said first pair of electrical
connections is connected between the dose measuring unit
and the processing unit, which is configured to wirelessly
communicate with the externally arranged control unit.

8. The electrode according to claim 1, wherein the dose
measuring unit is a diode.

9. The electrode of claim 8, wherein the diode of the dose
measuring unit is a dose measuring diode, and the switch
comprises a bridge of two Schottky diodes connected in
series with the electronic identification tag.

10. The electrode according to claim 1, wherein said
positioning device is an antenna element configured to be
connectable to said externally arranged control unit via a
second pair of electrical connections, said first pair and
second pair of electrical connections are implemented as a
cable having at least three wires and a shield.

11. The electrode according to claim 10, wherein said
antenna element has an internal resistance indicative of
surrounding temperature in the target area, whereby the
surrounding temperature may be monitored by measuring
the internal resistance.
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12. The electrode of claim 1 wherein said electrode
interacts with the externally arranged control unit via an
electrical or radio wave connection.

13. A method for measuring administered dose and pro-
viding an identity related to an electrode fixed relative to a
target area within a body, said electrode having a positioning
device for tracking variations of a position of the electrode
relative to a radiation source, and a dose measuring unit,
wherein said electrode further comprises an identification
unit connected in parallel to the dose measuring unit via only
a first pair of electrical connections in a shielded cable, the
identification unit having an electronic identification tag,
which is connected to the dose measuring unit via the first
pair of electrical connections, and a switch, said method
comprising:

communicatively connecting the parallel connected iden-

tification unit and dose measuring unit to an externally
arranged control unit only by a communication path
employing a single pair of electrical connections, and
alternating between a first mode in which an administered
dose from the radiation source is detected in the dose
measuring unit, and a second mode in which the
electronic identification tag is read by the externally
arranged control unit with all information from both the
identification unit and dose measuring unit passing
through the first pair of electrical connections.
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14. The method according to claim 13, wherein the
method further comprises changing an applied DC voltage
over the parallel connected dose measuring unit and iden-
tification unit to alternate between the first mode and the
second mode.

15. The method according to claim 14, wherein the dose
measuring unit is a dose measuring

diode, and the switch comprises a bridge of two Schottky

diodes connected in series with the electronic identifi-
cation tag.

16. The method according to claim 15, wherein the
method further comprises applying zero volts DC over the
dose measuring diode during the first mode, and applying a
DC voltage over the dose measuring diode to arrange the
dose measuring diode in reverse during the second mode.

17. The method according to any of claims 13-16, wherein
said positioning device is an antenna element and said
method further comprises:

connecting said antenna element to the externally

arranged control unit via a second pair of electrical
connections, and

monitoring surrounding temperature in the target area by

measuring an internal resistance of the antenna ele-
ment.
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