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Implantable electrode with a stub line

The invention relates to an implantable electrode according to the preamble of claim 1 and

to a system comprising an implantable electrode.

An implantable electrode of this kind may be connected to an active electrical device, for
example a cardiac pacemaker or a neurostimulator, and for example may be implanted in the
form of a heart electrode in the heart, or in the form of a neuro electrode on the spinal cord,
on the vagus nerve or also in the brain of a patient. Electrical signals for stimulation may be

delivered to the patient via such an electrode and an active device connected thereto.

Such an implantable electrode comprises an outer tube, which has a distal end and a proximal
end, wherein the implantable electrode is connectable in the region of the proximal end to
an associated active device. The implantable electrode comprises at least one electrode line
arranged in the outer tube and at least one electrode pole, which is arranged in the region of
the distal end and is electrically connected to the at least one electrode line, for electrically

contacting tissue surrounding the electrode when the electrode is in the implanted state.

Such an electrode, following its implantation, remains in the body of the patient for a
relatively long period of time. Such an electrode should allow the possibility for
examinations to be performed on the patient during this time, in particular MRT (magnetic
resonance tomography) examinations, meaning that an electromagnetic field generated
during an MRT examination must not heat up the electrode, as this could be harmful to the

patient.

An electrode implanted in a patient might be heated in some circumstances by the in-
coupling of electromagnetic fields. The coupling of the electrode to the electromagnetic field
of an MR tomograph (which generates an excitation field with an excitation frequency
dependent on the magnetic field strength, for example at approximately 64 MHz at 1.5 Tesla)

is dependent here on the effective line length of the electrode lines of the electrode. If the
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effective line length of the electrode is in the range of a (series) resonance frequency of the
electromagnetic field, electromagnetic fields may thus be coupled into the electrode and may

cause the electrode to heat up, which should be avoided where possible.

An electrode, in particular for neurostimulation, should be made in a thin design. In addition,
there are specifications with regard to the length of the electrode line and the maximum

ohmic resistance.

An implantable electrode which has a first, inner conductor and an outer conductor which

runs outside the inner conductor is known from US 2009/0259281 Al.

An implantable medical electrode in which a fibre contains physical changes which define a
plurality of radiofrequency reflection points which are situated along the length of the fibre

is known from EP 2 667 929 B1.

In an electrode device known from US 2015/0170792 A1, conductors are arranged helically.

In this case an inner conductor is electrically contacted with an electrode pole.

Aspects of the invention are defined in the independent claims. Some optional features of

the invention are defined in the dependent claims.

It may be possible to provide an implantable electrode and also a system comprising such an
implantable electrode, wherein the implantable electrode has one or more electrode lines,
however electrical heating at a predetermined MR excitation frequency within the scope of

an MRI examination is prevented.

Thus, the implantable electrode comprises a stub line, which is connected in the region of
the distal end or the proximal end to the at least one electrode line in order to extend the

electrical length of the at least one electrode line.

The implantable electrode has an outer tube, which for example is manufactured from an

electrically insulating material, for example a silicone or polyurethane material, and encases
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one or more electrode lines. Electrode lines run lengthwise in the outer tube and are
connected at the distal end of the outer tube to electrode poles which are accessible from
outside in such a way that the electrode poles may electrically contact surrounding tissue
when the electrode is implanted in a patient. By contrast, at the proximal end of the outer
tube, the electrode lines are electrically contacted with the active device when the electrode
is connected to an associated, active electrical device, and therefore electrical signals may
be fed from the active device into the electrode lines and may be delivered to the patient via

the electrode poles.

Such an active device may be configured for example as a cardiac pacemaker, CRT device,
defibrillator, or also as an electrophysiology device. In this case the electrode — as heart
electrode — shall be implanted in particular in the heart of a patient. However, the electrode
may also be used in the form of a neuro electrode for neurostimulation at the spinal cord, at
the vagus nerve or in the brain (what is known as spinal-cord stimulation (SCS), vagus nerve

stimulation (VNS) or deep brain stimulation (DBS)).

In the implanted position the electrode lies with its electrode poles against a stimulation site
in the patient, for example in the region of the human heart or in the region of the spinal
cord. The active device, as implantable device, likewise may be implanted in the patient (for
example in the form of a cardiac pacemaker or neurostimulator). However, the active device

may also be situated outside the patient.

In order to reduce an electromagnetic excitation of the implanted electrode within the scope
of an MRI examination on account of an electromagnetic MR excitation field being coupled
into the electrode, and thus in order to reduce excessive heating of the electrode, particularly
at the electrode poles, the at least one electrode line of the electrode is connected to a stub
line, which modifies the effective line length of the at least one electrode line in such a way
that a resonant excitation at the at least one electrode line is inhibited. The stub line is
electrically connected in the region of the distal end or the proximal end to the at least one
electrode line, wherein it is also conceivable and possible that a first stub line is electrically
connected in the region of the distal end to the at least one electrode line and a second stub

line is electrically connected in the region of the proximal end to the at least one electrode
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line, such that the effective line length of the at least one electrode line is modified by being

extended on both sides, via one stub line in each case.

The stub line is electrically connected at one of its ends to the associated electrode line. The

other end of the stub line, by contrast, is free.

The at least one electrode line has a mechanical electrode line length, whereas the stub line
runs with a mechanical stub line length in the outer tube. The line length of the at least one
electrode line is given here from the sum of the electrode line length and the stub line length
and is additionally influenced by the terminating impedance of the at least one electrode line
at the proximal end and the distal end, that is to say on the side of an active device connected
to the electrode and on the side of the at least one electric pole and therefore the electrical

coupling to surrounding tissue.

In principle, the in-coupling of an electromagnetic field at a predetermined MR excitation
frequency — for example approximately 64 MHz at an MR magnetic field strength of 1.5
Tesla and approximately 123 MHz at an MR magnetic field strength of 3 Tesla — into the at
least one electrode line is maximal with an effective line length corresponding to a series
resonance. At such a series resonance the value of the impedance is minimal, and on account
of maximal in-coupling of the electromagnetic field there may be a field magnification and
therefore a comparatively high heating of the at least one electrode line, predominantly at an
electrode pole connected to the electrode line. With an effective line length of the at least
one electrode line, corresponding to a parallel resonance, the value of the impedance at the
at least one electrode line is, by contrast, maximal, and accordingly the in-coupling of the
electromagnetic field is eliminated. It is thus desirable to set the effective line length of the

at least one electrode line such that it corresponds to a parallel resonance.

It should be noted at this juncture that the excitation frequency of the 3 Tesla MR
tomographs, which are currently customary, is 123 MHz, since in these devices the coils
generating the static magnetic field generate a magnetic field of just about 2.9 Tesla. At a
magnetic field strength of 3.0 Tesla this excitation frequency is 128 MHz. For this reason,

an excitation frequency of 123 MHz is specified hereinafter for 3-Tesla tomographs.
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It is possible to determine when a parallel resonance occurs at a predetermined MR excitation
frequency, for example 64 MHz or 123 MHz, by computer simulations or also by way of
measurements on the basis of suitable test series. For example, the impedance spectrum for
different line lengths may be determined by way of measurements on the basis of the
reflection coefficient of the at least one electrode line with simulation of human tissue by a
saline solution. From this, at the predetermined MR excitation frequency, an advantageous
effective line length at the at least one electrode line corresponding to a parallel resonance
may be determined. On the basis of this effective line length thus determined, the length of
the stub line may then be selected such that the sum of the stub line length and the electrode
line length of the at least one electrode line corresponds to the desired effective line length.
If the at least one electrode line for example is 550 mm long and should the effective line
length formed from electrode line and stub line correspond to 600 mm for a parallel

resonance at for example 64 MHz, the stub line length should be selected to be 50 mm.

The effective line length may be coordinated here with a first parallel resonance in the
impedance spectrum. However, it is also conceivable and possible to coordinate the effective
line length to a parallel resonance of higher order by extending the stub line length by half a

wavelength (or a multiple of a half wavelength).

The stub line is connected at the distal end or at the proximal end to the at least one electrode
line. Here, the stub line may be formed in different ways and in particular may run in a
straight line parallel to the at least one electrode line in the outer tube, helically around the

at least one electrode line within the outer tube, or also in a meandering fashion.

If the stub line runs in a straight line, the stub line for example runs from the distal end in
the direction of the proximal end over such a length that the sum of the stub line length and
the electrode line length corresponds to the desired length for an effective line length at
parallel resonance. The stub line may also run firstly away from one particular end (for
example the distal end) in the direction of the other end, and may be reversed through 180°
at a turning point, such that the stub line runs from the turning point back in the direction of

the original end, for example the distal end. The stub line may in this way run in a straight
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line in some sections, but may be reversed at one or more turning points and thus may run

back and forth.

If the stub line runs helically, the stub line thus has a helix shape, which is encased inside
the outer tube and preferably surrounds the at least one electrode line. By way of such a helix
shape, a stub line of comparatively great mechanical length may be provided over a

comparatively small axial length of extent.

If the stub line runs in a meandering fashion, the stub line for example thus forms portions
along a plane which run in a meandering fashion relative to one another and thus form a
meander shape. Again, a stub line of comparatively great mechanical length may be provided

over a comparatively small axial length of extent.

The stub line, in one exemplary embodiment, for example may be formed by flexible
conductive track. Such a flexible conductive track for example may be applied to a support,
for example printed on, wherein the support for example consists of an electrically insulating
film material, for example what is known as an LCP (liquid crystal polymer) film, and is

thus flexible.

By means of such a flexible conductive track, a helical or meandering stub line may be
realised, for example. Such a flexible conductive track may be laid, for example in wound
form, in the outer tube in order to form the helix shape. A meandering conductive track may

be applied for example to a flat support, for example printed on.

In one exemplary embodiment the stub line is arranged jointly with the at least one electrode
line on a support, for example printed on a support. The electrode line may thus also be
realised by a flexible conductive track on a support, which enables simple manufacture of

the at least one electrode line together with the electrically attached stub line.

If the stub line and the at least one electrode line are arranged jointly on a support, the stub
line and the at least one electrode line for example may thus run jointly over a surface of the

support. The stub line and the at least one electrode line in this case are formed on the support
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along the same plane. Alternatively, however, a multi-layer structure is also possible, in
which the stub line and the at least one electrode line are formed by conductive tracks on the
support running parallel to one another along different planes. The stub line or the at least
one electrode line may be formed here for example on a surface of the support, whereas the
other line is embedded in the support. For example, the stub line may be formed in a
meandering fashion on a surface of the support, whereas the at least one electrode line is
embedded in the support in another plane or is arranged on the other side of the support.
However, it is also conceivable and possible that both the stub line and the at least one

electrode line are embedded in the support, but run in the support in different planes.

In one exemplary embodiment the implantable electrode has a plurality of electrode lines
and a plurality of electrode poles arranged in the region of the distal end. Here, each electrode
line is connected to an associated electrode pole, so that electrical signals may be conducted
via the electrode line to the associated electrode pole and may be delivered via the electrode
pole into the surrounding tissue (in the case of an implanted electrode). Here, for example,
the electrode poles are each formed as a sleeve at the distal end of the outer tube and are
accessible from outside, so that surrounding tissue may be electrically contacted by the
electrode poles. The electrode poles of the different electrode lines are offset here in relation
to one another axially along the direction of longitudinal extent of the electrode in that
adjacent electrode poles are distanced from one another for example by a predetermined

spacing, for example between 2 mm and 10 mm, for example 5 mm.

If a plurality of electrode poles are provided, precisely one stub line is connected to the
plurality of electrode lines at the distal end or at the proximal end. At the relevant end, the
plurality of electrode lines are thus connected merely to one single stub line, wherein it may
also be provided that (precisely) one stub line is provided at each of the distal end and also
the proximal end. The stub line at the relevant end is used here to modify the effective line
length of all electrode lines so that an electromagnetic field at a predetermined MR excitation

frequency may be coupled into the electrode lines only with difficulty.

In order to modify the effective line length of all electrode lines by a common stub line such

that the effective line length corresponds preferably to a parallel resonance, the electrode
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lines are preferably electrically short-circuited in the region of the relevant end, that is to say
in the region of the distal end or the proximal end, at the predetermined MR excitation
frequency, that is to say for example 64 MHz or 123 MHz. To this end, for example
capacitors, for example in the form of separate capacitor elements, may act between the
electrode lines and cause an effective electrical short circuit at the MR excitation frequency,
so that a stub line which is electrically connected to one of the electrode lines is also
electrically connected to the other electrode lines by way of the short-circuit. An individual
stub line is therefore sufficient to modify the effective line length at all electrode lines in a

desirable manner.

By contrast, the electrode lines are effectively not short-circuited for the low-frequency
electrical signals to be delivered via the electrode poles. Such signals are of a much lower
frequency than the MR excitation frequency, and therefore the electrode lines for the

stimulation signals are effectively electrically separated from one another.

Whereas the electrode poles are arranged in the region of the distal end in order to be
electrically coupled to the surrounding tissue when the electrode is implanted, the electrode
in one exemplary embodiment has connection elements at the proximal end, for example in
the form of sleeve-shaped electrical contacts, which are used to electrically contact the active
device. The electrode for example may be connectable to the active device by plugging via
a suitable plug-in connector. In the connected position the connection elements contact
associated electrical contacts of the active device, and therefore an electrical connection is
established between the active device and the electrode, in particular the electrode lines of

the electrode.

In a particular exemplary embodiment of the implantable electrode the electrode n comprises
n (n =2 to 16) electric lines, n electrode poles in the region of the distal end of the electrode
so as to be electrically coupled to the surrounding tissue when the electrode has been
implanted, and n connection elements at the proximal end of the electrode for electrically
contacting the electrode with the active device. Each of the n electrode poles is connected
here to the associated electrode line. Furthermore, each of the n connection elements is

connected to the associated electrode line. Here, each of the n connection elements is
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associated with one of the n electrode poles, wherein the connection element is electrically
conductively connected to the associated electrode pole by one of the n electrode lines.
Furthermore, the number n of electrode lines, electrode poles and connection elements lies
in the range between four and 12, and more preferably in the range between 6 and 10, and
more preferably the number n of electrode lines, electrode poles and connection elements is

8.

In a further exemplary embodiment the electrode of the above-described type is designed to

carry out spinal cord stimulation (SCS) via the electrode poles of the one electrode.

A system comprises an active device and an electrode of the above-described kind connected
to the active device. Such an active device may have, for example, a housing and at least one
electrical contact element for electrically contacting the at least one electrode line of the
electrode. In the connected position the electrode is for example contacted via connection
elements associated with the electrode lines to electrical contacts of the active device, so that
in this way an electrical connection is established between the active device and the

electrode.

Each electrical contact element of the active device may be electrically short-circuited here
to the housing at a predetermined MR excitation frequency, for example via capacitors in
the form of separate capacitor elements. In this case the electrode lines on the side of the
active device — at the MR excitation frequency — are connected with a terminating impedance
in the form of a short circuit. With arrangement of a stub line at the proximal end, this makes
it possible to dispense with capacitors within the electrode for short-circuiting of the
electrode lines, wherein just one stub line, however, is sufficient to extend the effective line

length of all electrode lines.

In a further exemplary embodiment the system comprises an active device and two

electrodes of the above-described kind connected to the active device.
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In a further exemplary embodiment the system consisting of the active device and the at least
one electrode of the above-described kind is designed to provide spinal cord stimulation

(SCS) via the electrode poles of the at least one electrode.

In a further exemplary embodiment the system for spinal cord stimulation comprises two

electrodes of the above-described kind.

The concept forming the basis of the invention will be explained in greater detail hereinafter

with reference to the exemplary embodiments shown in the figures, in which:

Fig. 1 shows a view of an exemplary embodiment of an electrode with electrode

lines and a stub line encased in an outer tube;

Fig. 2 shows a schematic cross-sectional view through an electrode.

Fig. 3 shows an exemplary view of an impedance spectrum for two different MR

excitation frequencies;

Fig. 4 shows a schematic view of an electrode in the region of a proximal end;

Fig. 5 shows a schematic view of an electrode in the region of a distal end;

Fig. 6 shows a schematic view of an electrode in conjunction with an active device;

Fig. 7 shows a view of another exemplary embodiment of an electrode with a stub
line;

Fig. 8 shows a view of another exemplary embodiment of an electrode with a stub
line;

Fig. 9A shows a view of another exemplary embodiment of an electrode with a stub

line;
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Fig. 9B

Fig. 10A

Fig. 10B

Fig. 11A

Fig. 11B

Fig. 11C

Fig. 12

Fig. 13
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shows a separate view of the stub line on an associated electrode line;

shows a view of another exemplary embodiment of an electrode with a stub

line;

shows a separate view of the stub line together with an associated electrode

line;

shows a view of another exemplary embodiment of an electrode with a stub

line;

shows a separate view of the stub line;

shows an enlarged depiction of the stub line;

shows a view of another exemplary embodiment of an electrode with a stub

line; and

shows a schematic view of a stub line and an associated electrode line on a

support;

An electrode 1 shown by way of example in Fig. 1 on the basis of an exemplary embodiment

has an outer tube 10, which is manufactured from electrically insulating material, for

example a silicone or polyurethane material and runs lengthwise along a direction of

longitudinal extent. The electrode 1 has a plurality of electrode lines 12A-12D, which run

within the outer tube 10 between a proximal end 101 of the outer tube 10 and a distal end

100 of the outer tube 10 and are used to conduct electrical signals from an active device to

two electrode poles 13A-13D at the distal end 100.

The electrode poles 13A-13D are arranged axially offset in relation to one another in the

region of the distal end 100 of the outer tube 10 of the electrode 1. The electrode poles 13A-
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13D are sleeve-shaped and are accessible from outside in such a way that surrounding tissue
G in an implanted position of the electrode 1 may be electrically contacted via the electrode
poles 13A-13D, and therefore excitation signals may be delivered into the tissue G. Each

electrode pole 13A-13D is connected here to an associated electrode line 12A-12D.

At the proximal end 101, the electrode 1 has connection elements 14A-14 D, which are
sleeve-shaped and are used to electrically contact the active device 2. The active device 2
feeds electrical signals via the connection elements 14A-14 D into the electrode lines 12A-
12D, which conduct these signals to the electrode poles 13A-13D and thus deliver them into
the tissue G.

A basic, exemplary structure of such an electrode 1 is shown in Fig. 2 in cross-section
perpendicularly to the direction of longitudinal extent. The outer tube 10 forms an outer
sleeve of the electrode 1 and encases the electrode lines 12, 12A-12D encased therein. The
electrode lines 12, 12A-12D are grouped here around an inner tube 11 and each have an
inner conductor 120 and a surrounding electrical insulation 121 so that the electrode lines

12, 12A-12D are each electrically insulated.

The space in Fig. 2 formed by the outer tube 10 and the inner tube 11, which space contains
the electrode lines 12, 12A-12D, may be filled with an insulating material so that the
electrode lines 12, 12A-12D are each electrically insulated. The electrode lines 12, 12A-12D

are thus surrounded by a continuous surrounding electrical insulation 121.

The electrode 1 may have one or more electrode lines 12, 12A-12D, for example three, four,

five or six electrode lines 12, 12A-12D.

The outer tube 10 may for example have an outer diameter between 1 mm and 1.5 mm. The

inner diameter of the inner tube 11 may be for example between 0.3 mm and 0.5 mm.

Such an electrode 1 may be used for example as a heart electrode for implantation in the
human heart. However, such an electrode 1 may also be formed as a neuro electrode and

thus may be implanted into the spinal cord or into the brain of a patient.
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In the case of use as a heart electrode, the active device 2 may be embodied for example as
a cardiac pacemaker, CRT device, defibrillator, or electrophysiology device, for example for
catheter ablation. The active device 2, in one exemplary embodiment, likewise may be
implanted. Alternatively, the active device 2 may also be operated outside the human body,

and therefore may be connected to the electrode 1 outside the human body.

In the case of use as a neuro electrode the active device 2 is designed for neurostimulation
in the spinal cord or in the human brain (what is known as spinal-cord stimulation (SCS) or

deep brain stimulation (DBS)).

Also in the case of an implanted electrode 1, medical examinations should be possible on
the patient without limitation, in particular also an MRI examination, if necessary even
within the scope of the implantation for verification of the position of the electrode 1. Here,
excess heating on account of an in-coupling of an electromagnetic field at the electrode poles
within the scope of the MRI examination should be avoided in order to rule out injury to the

patient.

The electrode lines 12A-12D, as shown in Fig. 1, run over an electrode line length L within
the outer tube 10, wherein the mechanical length of the individual electrode lines 12A-12D
may differ slightly from one another depending on the axial position of the electrode poles
13A-13D. The possibility of electromagnetic fields being coupled in is dependent
fundamentally on the effective line length of the electrode lines 12A-12D, wherein in
principle there is increased in-coupling at a series resonance, but by contrast an in-coupling

is substantially eliminated in the case of a parallel resonance.

Figure 3 shows — by way of example — impedance spectra for an MR excitation frequency
of 64 MHz (corresponding to a magnetic field strength of 1.5 Tesla, solid line in Fig. 3) and
an MR excitation frequency of 123 MHz (corresponding to a magnetic field strength of
2.9 Tesla, dashed line in Fig. 3). Minima in each of the curves of the spectrum correspond

to series resonances, whereas maxima correspond to parallel resonances.
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It may be seen from Fig. 3 that for an MR excitation frequency of 64 MHz a first parallel
resonance is present at an effective line length of approximately 60 cm. A second parallel

resonance occurs at an effective line length of approximately 150 cm.

It may be seen from Fig. 3 that for an MR excitation frequency of 123 MHz a first parallel
resonance is present at an effective line length of approximately 30 cm. A second parallel
resonance occurs at an effective line length of approximately 80 cm. A third parallel

resonance occurs at an effective line length of approximately 130 cm.

It may be derived from this that the effective line length of the electrode lines 12A-12B
should be optimised to a length that corresponds (approximately) to a parallel resonance,

that is to say for example 60 cm at 64 MHz or 80 cm at 123 MHz.

In the exemplary embodiment according to Fig. 1 a stub line 15 is provided in order to
modify the effective line length of the electrode lines 12A-12D and is electrically connected
to one of the electrode lines 12A-12D at an end 150 associated with the proximal end 101
and runs within the outer tube 10 from this end 150, parallel to the electrode lines 12A-12D,
as is also shown by way of example in Fig. 2. The stub line 15 has a mechanical length s.
The sum of the electrode line length L and the stub line length s is preferably such that the

effective line length L+s at the electrode line 12A-12D corresponds to a parallel resonance.

The effective line length of the electrode lines 12A-12D is thus modified by the stub line 15
in such a way that at a predetermined MR excitation frequency an in-coupling of fields and
therefore heating at the electrode poles 13A to 13D is eliminated. Excess heating at the

electrode poles 13A to 13D may be avoided in this way.

A stub line 15 (as shown in Fig. 1) may be arranged at the proximal end 101 and/or at the
distal end 100. Here, it is also conceivable and possible to provide a stub line 15 at each of

both the proximal end 101 and also the distal end 100.

The arrangement of the stub line 15 at the proximal end 101 or at the distal end 100 may also

be dependent on the use. For example, a stub line 15 at the proximal end 101 may be
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particularly effective for neurostimulation, whereas a stub line 15 in the region of the distal

end 100 may be advantageous for an application as a heart electrode.

In principle, each electrode line 12A-12D may be connected to a separate stub line 15 so that

the effective line length of each electrode line 12A-12D is modified separately.

In an advantageous embodiment the electrode lines 12A-12D, however, are modified with
respect to their effective line length via a (single) common stub line 15. The electrode lines
12A-12D, at the particular end 100, 101 at which the stub line 15 is arranged, to this end
may be electrically short-circuited at the MR excitation frequency for which the electrode 1
is to be optimised by providing capacitors between the electrode lines 12A-12D, as is shown
schematically in Fig. 4 and 5. Adjacent electrode lines 12A, 12B at the proximal end 101
may thus be electrically short-circuited at the MR excitation frequency via a capacitor 17
arranged in between, for example in the form of a separate capacitor element (Fig. 4).
Additionally or alternatively, adjacent electrode lines 12C, 12D may be short-circuited in
the region of the distal end 100 via a capacitor arranged in between in the form, for example,
of a capacitor element 18 (Fig. 5). Accordingly, all electrode lines 12A-12D may be
effectively short-circuited with one another so that a single stub line 15, as shown by way of
example in Fig. 4 and 5, is suitable in order to modify the effective line length at all electrode

lines 12A-12D.

An effective short circuit at the MR excitation frequency, for example at 64 MHz or
123 MHz, may also be brought about via the active device 2. The electrode 1 thus contacts
associated electrical contact elements of the active device 2 via its connection elements 14A-
14D, as is shown by way of example in Fig. 6 for two connection elements 14A, 14B and
associated electrical contact elements 21 A, 21B of the active device 2. The electrical contact
elements 21A, 21B, each configured for example as a bushing to make electrical contact
with the associated sleeve-shaped connection elements 14A, 14B of the electrode 1, may
each be short-circuited here with respect to a housing 20 of the active device 2 at the MR
excitation frequency via a capacitor in the form of a capacitor element 22A, 22B, such that

an effective short circuit for the electrode lines 12A-12D is caused within the active device
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2. In this case a stub line 15 connected at the proximal end 101 to one of the electrode lines

12A-12D is effective for modifying the electrical length of all electrode lines 12A-12D.

In the exemplary embodiment of the electrode 1 shown in Fig. 1, the stub line 15 runs parallel
to the electrode lines 12A-12D within the outer tube 10 and is connected via its end 150 to
an associated electrode line 12A-12D, and by contrast is free (electrically open) at its other

end.

In an exemplary embodiment shown in Fig. 7 the stub line 15 by contrast firstly runs starting
from its end 150, at which the stub line 15 is connected to one of the electrode lines 12A-
12D, away from the proximal end 101, parallel to the electrode lines 12A-12D. At a turning
point 151 the direction of extent of the stub line 15 reverses, however, so that the stub line
15 runs with a portion back in the direction of the proximal end 101. The portions may have
portion lengths S1, S2 which modify the effective line length of the electrode lines 12A-12D
in such a way that the effective line length corresponds to a parallel resonance of higher
order (for example the next-higher parallel resonance in Fig. 3 at a length of approximately

150 cm for the MR excitation frequency of 64 MHz (1.5 Tesla)).

In an exemplary embodiment shown in Fig. 8 the stub line 15 is wound helically and runs
within the outer tube 10 around the electrode lines 12A-12D. The stub line 15 is connected
via its end 150 to an associated electrode line 12A-12D. The stub line 15 here has a

mechanical length s.

In an exemplary embodiment shown in Fig. 9A and 9B the stub line 15 is arranged as a
flexible conductive track on a support 16, wherein in the case of Fig. 9a the associated
electrode line 12A is formed as described above. In addition, the stub line 15 together with
the electrode line 12A for example may be printed onto the support 16, as is shown in Fig.
9b. The support 16 may be formed for example by a flexible film material and is

manufactured from an electrically insulating material, for example an LCP material.

In the exemplary embodiment according to Fig. 9A, 9B, the stub line 15 runs in a straight

line parallel to the associated electrode line 12A. By contrast, in the exemplary embodiment
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according to Fig. 10A, 10B, the stub line 15, which is again manufactured as a flexible
conductive track on a flexible support 16, is arranged in a coiled fashion in the outer tube 10
in that a portion 160 of the support 16 carrying the stub line 15, which portion is branched
off from a portion 161 carrying the electrode line 12A, is laid and received in a coiled fashion

within the outer tube 10.

In an exemplary embodiment shown in Fig. 11A to 11C the stub line 15 is formed in a
meandering fashion and for example is realised by a flexible conductive track printed on a
support portion 160. Here, the stub line 15 is formed by meander portions 152 arranged side-
by-side, each formed by longitudinal portions 153 and transverse portions 154 arranged in
alternation, and runs parallel to the electrode lines 12A-12D within the outer tube 10. The
stub line 15 is connected via its end 150 to an associated electrode line 12A-12D. Due to the
meandering form, the required length s’ of the stub line 15 along the support portion 160 is
much shorter than the actual geometric length S of the stub line 15 along the turns of the

meander.

In an exemplary embodiment shown in Fig. 12 and 13 the stub line 15 runs in a straight line
within the outer tube 10, wherein in this exemplary embodiment the stub line 15 and an
associated electrode line 12A are embedded in a support 16 and run within the support 16
along parallel planes E1, E2. Here, the stub line 15 may have a meandering form (similar to
Fig. 11A to 11C). The support 16 and the conductive tracks embedded therein may each be
flexible. The support 16 for example may have a thickness in the range between 10 um and

100 um, for example 50 um, and a width between 0.5 mm and 1.5 mm, for example 1 mm.

The concept forming the basis of the invention is not limited to the exemplary embodiments

described above, and may also be realised in other embodiments.

An electrode of the kind described here may in principle be used in completely different
applications, in each case with associated active devices, for example implantable active

devices or also active devices that are to be used externally of the patient.
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Such an electrode may have one or more electrode lines and a corresponding number of
electrode poles and connection elements. The electrode poles may also be configured in a

form other than as ring electrode poles.

It will be apparent to those skilled in the art that numerous modifications and variations of
the described examples and embodiments are possible in light of the above teachings of the
disclosure. The disclosed examples and embodiments may include some or all of the
features disclosed herein. Therefore, it is the intent to cover all such modifications and
alternate embodiments as may come within the true scope of this invention, which is to be
given the full breadth thereof. Additionally, the disclosure of a range of values is a disclosure

of every numerical value within that range, including the end points.
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101

11
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120

121
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14A-D
15

150

151

152

153

154

16
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2

20
21A,21B
22A, 22B
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G

L

S

sl, s2

implantable electrode
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electrode line

conductor

insulation

electrode pole

connection element

stub line

end
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transverse portions

support

support portion

capacitor (capacitor element)
capacitor (capacitor element)
active device

housing

electrical contact element
capacitor (capacitor element)
plane
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electrode line length

stub line length

portion length
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Claims

An implantable electrode (1), comprising

an outer tube (10), which has a distal end (100) and a proximal end (101), wherein the
implantable electrode (1) is connectable in the region of the proximal end (101) to an
active device (2),

at least one electrode line (12, 12A-12D) arranged in the outer tube (10) and

at least one electrode pole (13A-13D), which is arranged in the region of the distal end
(100) and is electrically connected to the at least one electrode line (12, 12A-12D), for
electrically contacting tissue (G) surrounding the electrode (1) when the electrode (1)
is in the implanted state,

characterised by

a stub line (15), which is connected in the region of the distal end (100) or the proximal
end (101) to the at least one electrode line (12, 12A-12D) in order to extend the
electrical length of the at least one electrode line (12, 12A-12D).

The implantable electrode (1) according to claim 1, characterised in that the at least
one electrode line (12, 12A-12D) has a mechanical electrode line length (L) and the
stub line (15) has a mechanical stub line length (s), wherein an effective line length of
the at least one electrode line (12, 12A-12D) is given from the electrode line length

(L) and the stub line length (s).

The implantable electrode (1) according to claim 2, characterised in that the sum of
the electrode line length (L) and the stub line length (s) is selected such that the at least
one electrode line (12, 12A-12D) has a resultant effective line length corresponding to

a predetermined MR excitation frequency of a parallel resonance.

The implantable electrode (1) according to any one of claims 1 to 3, characterised in

that the stub line (15) runs in a straight line, helically, or in a meandering fashion.

The implantable electrode (1) according to any one of the preceding claims,

characterised in that the stub line (15) is formed by a flexible conductive track.
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The implantable electrode (1) according to any one of the preceding claims,
characterised in that the stub line (15) is arranged jointly with the at least one

electrode line (12, 12A-12D) on a support (16).

The implantable electrode (1) according to claim 6, characterised in that the stub line
(15) and the at least one electrode line (12, 12A-12D) are formed by conductive tracks

on the support (16) running parallel to one another along different planes (E1, E2).

The implantable electrode (1) according to any one of the preceding claims,
characterised by a plurality of electrode lines (12, 12A-12D) and a plurality of
electrode poles (13A-13D) arranged in the region of the distal end (100), wherein each
electrode line (12, 12A-12D) is electrically connected to one of the electrode poles

(13A-13D).

The implantable electrode (1) according to claim 8, characterised in that precisely
one stub line (15) is electrically connected at the distal end (100) or at the proximal

end (101) to the plurality of electrode lines (12, 12A-12D).

The implantable electrode (1) according to claim 8 or 9, characterised in that the
plurality of electrode lines (12, 12A-12D) is electrically short-circuited in the region
of the distal end (100) and/or in the region of the proximal end (101) at a predetermined

MR excitation frequency.

The implantable electrode (1) according to claim 10, characterised in that the
plurality of electrode lines (12, 12A-12D) in the region of the distal end (100) and/or
in the region of the proximal end (101) is electrically connected to one another via at

least one capacitor (17, 18).

The implantable electrode (1) according to any one of the preceding claims,

characterised by at least one connection element (14A-14D) arranged in the region
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of the proximal end (101) and electrically connected to the at least one electrode line

(12, 12A-12D) for making electrical contact with the active device (2).

The implantable electrode (1) according to any one of the preceding claims, wherein

the electrode (1) is designed for stimulation of the spinal cord.

A system comprising an active device (2) and an electrode (1) connected to the active

device (2) according to any one of the preceding claims.

The system according to claim 14, characterised in that the active device (2) has a
housing (20) and at least one electrical contact element (21A, 21B) for making
electrical contact with the at least one electrode line (12, 12A-12D) of the electrode
(1), wherein the at least one electrical contact element (21A, 21B) is electrically short-

circuited to the housing (20) at a predetermined MR excitation frequency.



