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LEAD FOR AN IMPLANTABLE STIMULATION DEVICE FOR CARDIAC
STIMULATION OF A PATIENT

The present invention relates a lead for an implantable stimulation device for cardiac

stimulation of a patient according to the preamble of claim 1.

A lead of this kind generally extends along a longitudinal axis and comprises a body
section, a distal lead section extending from the body section along the longitudinal axis
and forming a distal end, a first electrode device arranged on the distal lead section and a
second electrode device arranged on the body section. The first electrode device herein
serves to at least one of transmit an electrical pacing signal and sense an electrical sense
signal, the first electrode device being configured for placement in or on intra-cardiac
tissue, such that the first electrode device electrically contacts with intra-cardiac tissue. The

second electrode device, in turn, serves to emit an electrical defibrillation signal.

A lead of this kind may for example be used on an implantable stimulation device e.g. in
the shape of a CRT device which may be subcutaneously implanted in a patient, for
example in the region of the collarbone of a patient. One or multiple leads herein extend
from the stimulation device, the leads extending into the patient's heart for providing for an
intra-cardiac stimulation action, in particular a pacing action and a defibrillation action.
Because a (single) lead comprises different electrode devices, a pacing and/or sensing

action as well as a defibrillation may be achieved by means of a single lead.

The lead may for example extend, in an implanted state, into the right ventricle of the
patient's heart. There herein is a general desire to combine an effective physiological

stimulation with a defibrillation therapy. For an effective physiological stimulation, herein,
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approaches exist to provide for a stimulation at the so-called left bundle branch, in
particular to provide a (re-)synchronization therapy in case of a so-called left bundle block.
As for a stimulation at the left bundle branch a lead cannot be fixed at the vertex of the
right ventricle, but is to be implanted to extend towards the septum of the heart to engage
with the left bundle branch, a lead for providing for a left bundle branch stimulation may

not be easily combined with a defibrillation (ICD) therapy.

WO 2019/079456 A1 discloses an arrangement for providing for an HIS bundle or bundle
branch pacing in a cardiac pacing system to achieve synchronized ventricular activation.
Bundle pacing may be delivered in response to determining whether a QRS parameter or
activation interval is greater than a threshold. A set of AV delays may be generated, and an

optimal AV delay may be selected from the stored set of AV delays.

It is an object of the instant invention to provide a lead for an implantable stimulation
device for cardiac stimulation of a patient which allows for a left bundle branch stimulation
for providing for a pacing action in a patient's heart in combination with a defibrillation

therapy.

This object is achieved by means of a lead comprising the features of claim 1.

Accordingly, the distal lead section of the lead in at least one portion comprises a reduced

bending stiffness with respect to at least a portion of the body section of the lead.

For achieving a left bundle branch pacing, the first electrode device of the lead, which is
arranged on the distal lead section of the lead, is to be placed on intra-cardiac tissue in the
vicinity of the left bundle branch, that is on the septum of the patient's heart. Hence, the
distal lead section, in an implanted state, comes to rest on the septum of the heart at a
substantial distance from the vertex of the right ventricle (in case of implantation of the
lead in the right ventricle), in the region of which however the second electrode device

should be placed in order to enable an effective defibrillation action in the right ventricle.
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Hence, in order to allow a combination of a first electrode device (configured for providing
for a pacing action in the region of the left bundle branch or for sensing signals in the
region of the left bundle branch) and a second electrode device (configured for providing
for a defibrillation action) on a single lead the distal lead section is formed to be flexibly
bendable such that the lead, with its distal lead section, may be placed on the septum of the
heart in the region of the left bundle branch and may extend from a location of fixation to
bend towards the vertex of the right ventricle in order to allow a placement of the second
electrode device in the region of the vertex of the right ventricle. The lead hence may
assume a curved, bent shape within the right ventricle, allowing the second electrode
device to be received within the right ventricle in the vicinity of the vertex of the right

ventricle.

A first electrode device configured for transmitting an electrical pacing signal and/or for
sensing an electrical sense signal in particular in the region of the left bundle branch of the
conduction system of the patient's heart hence may be combined with a second electrode
device configured for emitting an electrical defibrillation signal. Using a single lead,
hence, a left bundle branch pacing therapy may be combined with a defibrillation therapy.
Because the lead may be implanted into the patient's heart such that the distal lead section
with the first electrode device arranged thereon comes to rest in the region of the left
bundle branch and may electrically contact the left bundle branch, a pacing at the left
bundle branch may be provided, allowing for a physiological stimulation by achieving a
propagation of stimulation signals along the bundle branches of the ventricles at low
stimulation thresholds. A left bundle branch stimulation may allow for an easy and reliable
implantation and easy stimulation algorithms, in particular not requiring a particular

adjustment of AV delays as necessary for example for an HIS bundle pacing.

In one embodiment, the distal lead section in at least one portion comprises a reduced
bending stiffness with respect to a portion of the body section carrying the second
electrode device. The distal lead section, hence, is flexibly bendable in particular with
respect to the portion of the body section which carries the second electrode device.
Because the distal lead section is flexibly bendable, it may assume a shape such that the

second electrode device may be placed in the region of the vertex of the right ventricle, the



20

25

30

WO 2021/083794 PCT/EP2020/079847

distal lead section extending from the body section towards a fixation site on the septum of

the heart for achieving a left bundle branch pacing.

In one embodiment, the distal lead section comprises an iso-diametric cross-sectional
shape. In addition or alternatively, the body section comprises an iso-diametric cross-
sectional shape. The distal lead section herein may comprise a first diameter, whereas the
body section comprises a second diameter larger than the first diameter. Because the distal
lead section may have a reduced diameter with respect to the body section, the bending
stiffness of the distal lead section may be reduced, such that the distal lead section may be
flexibly bent to allow a placement of the second electrode device in the region of the vertex

of the right ventricle.

The bending stiffness generally describes the resistance of a respective member against
bending deformation. It is in particular a function of the Young's modulus E, and the area

moment of inertia I of the cross-section of the respective section about the axis of interest.

In one embodiment, the distal lead section comprises a length, measured between the distal
end and the body section, equal to or larger than 10 mm, preferably equal to or larger than
20 mm, even more preferably equal to or larger than 30 mm, even more preferably equal to
or larger than 40 mm, even more preferably equal to or larger than 50 mm. Because the
distal lead section extends over a substantial length from the body section and the second
electrode device arranged thereon, the distal lead section may easily bend with respect to
the body section and allows for a placement of the second electrode device arranged on the
body portion at a substantial distance from a fixation site at which the distal end formed by
the distal lead section is fixed on intra-cardiac tissue, in particular on the septum in the
region of the left bundle branch for achieving a left bundle branch pacing. Because the
distal lead section comprises a substantial length, the lead may form a curved loop within
the right ventricle, the loop reaching into the region of the vertex of the right ventricle,
such that the second electrode device may come to rest in the region of the vertex of the
right ventricle, hence allowing for a defibrillation in the region of the vertex of the right

ventricle.
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In one embodiment, the first electrode device is arranged at the distal end formed by the
distal lead section. By placing the distal end on intra-cardiac tissue, hence, the first
electrode device may be brought into contact with intra-cardiac tissue, in particular in the
region of the left bundle branch in order to allow for a pacing or a sensing of signals at the

left bundle branch.

In one embodiment, the first electrode device is configured to pierce into intra-cardiac
tissue for fixing the lead at the distal end to intra-cardiac tissue. The first electrode device
hence serves to electrically contact with intra-cardiac tissue in order to provide for an
electrical pacing and/or sensing, and at the same time serves to provide for a mechanical
fixing of the lead on intra-cardiac tissue. For this, the first electrode device for example
may have the shape of a screw, which may be screwed into intra-cardiac tissue in order to

engage with intra-cardiac tissue to fix the lead to intra-cardiac tissue.

The first electrode device may be formed from an electrical conductor, for example by
forming the screw from an electrically conductive material which, along its entire length,
may contact with intra-cardiac tissue. Alternatively, the electrode device may comprise one
or multiple contact sections, formed for example from sections of the screw which are
exposed towards the outside and may contact with intra-cardiac tissue. In other regions an
insulating layer may provide for an electrical insulation, such that the electrode device, for
example formed as a screw, may electrically contact with intra-cardiac tissue only in the

region of the one or the multiple contact sections.

By means of the first electrode device, beneficially an emission of pacing signals or a
reception of sensing signals in the region of the left bundle branch of the electrical
conduction system of the heart shall be enabled. For this, the first electrode device, in one
embodiment, extends from the distal end by a length, as measured along the longitudinal
axis, such that the first electrode device may be placed on and engaged with intra-cardiac
tissue to reach into the left bundle branch within the septum of the heart, in particular when
implanting the lead in the right ventricle of the heart. The first electrode device hence

allows for a deep engagement in particular in the septum of the heart, such that the first
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electrode device may electrically contact with the left bundle branch and hence may inject

pacing signals into and receive sense signals from left bundle branch.

The first electrode device, for example in the shape of a screw, herein may have a
diameter, measured in a transverse direction transverse to the longitudinal axis, which is
equal to or only slightly smaller than the diameter of the distal lead section. In this way, by
inserting the first electrode device into intra-cardiac tissue (for example by screwing the
first electrode device in the shape of a screw into intra-cardiac tissue), the electrode device
may be engaged with intra-cardiac tissue, wherein also a portion of the distal lead section
may be inserted into intra-cardiac tissue when e.g. screwing the electrode device into intra-

cardiac tissue.

In one embodiment, the distal lead section comprises a drug reservoir, such as a steroid
eluting reservoir. The reservoir may be configured to elute, in an implanted state of the
lead, the drug towards intra-cardiac tissue in order to for example reduce or prevent a rise

of a stimulation threshold after implantation.

In one embodiment, the second electrode device comprises a helical coil shape. The second
electrode device may for example be formed from a coil wound about the body section of
the lead or embedded into the body section, the second electrode device having a surface
area sufficiently large to allow for an emission of defibrillation signals for providing for a

defibrillation therapy.

In one embodiment, the second electrode device is formed from a single electrode, having
for example a helical coil shape. The second electrode device may be received in particular
in the region of the vertex of the right ventricle, such that defibrillation signals may be

emitted from the second electrode device in the course of a defibrillation therapy.

In one embodiment, the second electrode device comprises a first electrode section and a
second electrode section formed for example from separate helical coils. The lead herein

comprises a connection section extending in between the first electrode section and the
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second electrode section, such that the first electrode section and the second electrode

section are spatially separated from one another.

Herein, in one embodiment, the connection section in at least one portion comprises a
reduced bending stiffness with respect to a portion of the body section carrying the first
electrode section and/or to a portion of the body section carrying the second electrode
section. The connection section, hence, may be flexibly bendable, allowing to arrange
portions of the body section carrying the electrode sections of the second electrode device
at a (sharp) angle with respect to one another. This may facilitate fitting the lead into the
vertex of the right ventricle. By providing different electrode sections of the second
electrode device, in addition, an active electrode length may be increased, allowing for
example to reduce a diameter of the lead, because an increase of the active length may

allow for a reduction of the cross-sectional shape of the second electrode device.

The connection section in particular may allow for a tight bending radius. Hence, the
different electrode sections of the second electrode device may be arranged at a rather
sharp angle with respect to one another, allowing to place the lead with the electrode

sections arranged thereon in the region of the vertex of the right ventricle.

In another aspect, a method for operating an implantable stimulation device for cardiac
stimulation of a patient comprises: providing a lead generally extending along a
longitudinal axis, the lead comprising a body section and a distal lead section extending
from the body section along the longitudinal axis and forming a distal end, the lead further
comprising a first electrode device arranged on the distal lead section for at least one of
transmitting an electrical pacing signal and sensing an electrical sense signal and a second
electrode device arranged on the body section for emitting an electrical defibrillation
signal. The method further comprises: using the first electrode device, which is placed on
intra-cardiac tissue to reach into a left bundle branch of the cardiac conduction system, to
at least one of inject pacing signals into or receive sense signals from the left bundle

branch.
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All aspects as described above are combinable with the method, such that the advantages

and advantageous embodiments described above for the lead equally apply also to the

method.

A lead as described herein may be connected to a stimulation device. One or multiple leads

herein may be connected to the stimulation device, which for example may be

subcutaneously implanted in a patient. The connection of the lead to the stimulation device

herein may be achieved for example by a connector, for example a DF4 connector formed

on the lead.

The idea of the invention shall subsequently be described in more detail with reference to

the embodiments shown in the figures. Herein:

Fig. 1

Fig. 2

(9%

Fig.

Fig. 4

Fig. 5

Fig. 6

shows a schematic view of the human heart, including the Sinoatrial node,
the Atrioventricular node, the HIS bundle and the left bundle branch and
right bundle branch extending from the HIS bundle;

shows a view of an embodiment of a lead placed in the right ventricle of the
heart for providing for a left bundle branch pacing as well as a defibrillation

therapy;

shows an embodiment of a lead combining electrodes for a left bundle

branch pacing and a defibrillation therapy;

shows a front view of a distal end of the lead;

shows a view of another embodiment of a lead placed in the right ventricle

of the heart; and

shows an embodiment of an electrode device arranged on a distal end of a

distal lead section.
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Subsequently, embodiments of the invention shall be described in detail with reference to

the drawings. In the drawings, like reference numerals designate like structural elements.

It is to be noted that the embodiments are not limiting for the invention, but merely

represent illustrative examples.

Fig. 1 shows, in a schematic drawing, the human heart comprising the right atrium RA, the
right ventricle RV, the left atrium LA and the left ventricle LV, the so-called sinoatrial
node SAN being located in the wall of the right atrium RA, the sinoatrial node SAN being
formed by a group of cells having the ability to spontaneously produce an electrical
impulse that travels through the heart’s electrical conduction system, thus causing the heart
to contract in order to pump blood through the heart. The atrioventricular node AVN
serves to coordinate electrical conduction in between the atria and the ventricles and is
located at the lower back section of the intra-atrial septum near the opening of the coronary
sinus. From the atrioventricular node AVN the so-called HIS bundle H is extending, the
HIS bundle H being comprised of heart muscle cells specialized for electrical conduction
and forming part of the electrical conduction system for transmitting electrical impulses
from the atrioventricular node AVN via the so-called right bundle branch RBB around the
right ventricle RV and via the left bundle branch LBB around the left ventricle LV.

In the embodiment of Fig. 1, an implantable medical device 1 in the shape of a stimulation
device, such as a CRT device, is implanted in a patient, the implantable medical device 1
comprising a generator 12 connected to leads 10, 11 extending from the generator 12
through the superior vena V into the patient's heart. By means of the leads 10, 11, electrical
signals for providing a pacing action in the heart shall be injected into intra-cardiac tissue
potentially at different locations within the heart, and sense signals may be received. In
addition, a defibrillation therapy may be performed by an electrode arrangement arranged

on one or both of the leads 10, 11.

In an embodiment shown in Fig. 2, a lead 10 is implanted into the heart such that it extends
into the right ventricle RV of the heart and, at a distal end 102, is arranged on intra-cardiac

tissue at the septum M in between the right ventricle RV and the left ventricle LV of the
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heart. At the distal end 102 herein an electrode device 14 in the shape of a screw is
arranged, the electrode device 14 being screwed into intra-cardiac tissue for injecting
electrical signals into the intra-cardiac tissue or for receiving sense signals from the intra-

cardiac tissue.

An embodiment of such a lead 10 is shown in Fig. 3. The lead 10 comprises a body section
100 having a tube shape and forming for example an inner lumen. The body section 100
carries an electrode device 13 which comprises a coil shape and is wound about or
embedded in the body section 100, the electrode device 13 serving as a shock electrode for
providing for a defibrillation function in an implanted state of the lead 10. A distal lead
section 101 extends from the body section 100 distally from the electrode device 13, the
distal lead section 1 carrying, at a distal end 102, the electrode device 14 in the shape of the
screw to be engaged with intra-cardiac tissue for fixing the lead 10 into intra-cardiac tissue
at the distal end 102.

In one embodiment, both the body section 100 and the distal lead section 101 comprise an
iso-diametric cross-section, as this is visible e.g. from Fig. 4. Herein, the distal lead section
101 comprises a reduced bending stiffness in that the diameter D1 of the distal lead section
101 is reduced in comparison to the diameter D2 of the body section 100. Hence, the distal
lead section 101 with the electrode device 14 arranged thereon may be flexibly bent, a
stiffness along the length L2 of the distal lead section 101 being reduced with respect to the
body section 100, in particular the portion of the body section 100 carrying the electrode

device 13.

This allows, as this is shown in Fig. 2, to arrange the lead 10 in the right ventricle RV such
that the electrode device 14 on the distal end 102 formed by the distal lead section 101
comes to rest on the septum M in the range of the right bundle range RBB and the left
bundle range LBB. Herein, the electrode device 14 in the shape of the screw, in addition to
its electrical function, provides a fixation means which may be screwed into the septum M
such that the electrode device 14 provides for a fixation within the septum M. By means of
the electrode device 14 the lead 10 at its distal end 102 hence is fixed to the septum M and

held in place on the septum M.
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As visible from Fig. 2, the electrode device 14 may be inserted into the septum M such that
it reaches, from the right ventricle RV, towards the left bundle branch LBB and engages
with the left bundle branch LBB for injecting stimulation signals into the left bundle
branch LBB for providing for a pacing using the left bundle branch LBB. In addition or

alternatively, sense signals may be received from the left bundle branch LBB.

Referring now to Fig. 6, the electrode device 14, in one embodiment, comprises the shape
of a screw extending over a length L1 from the distal end 102, as measured along a
longitudinal axis L along which the lead 10 generally extends. The length L1 herein is
chosen such that the electrode device 14 may be inserted into the septum M such that it
reaches into a depth at which the left bundle branch LBB is placed, such that a left bundle

branch pacing or sensing may be achieved by means of the lead 10.

As visible from Fig. 6, the electrode device 14 in one embodiment may comprise a body
140 formed by an electrically conductive core 141 which extends along the electrode
device 14 and in portions is covered by an insulating layer 142. For example, the core 141
is exposed towards the outside only at a distal end 143 forming a contact section for
electrically contacting intra-cardiac tissue. In this way it can be achieved that the electrode
device 14 extends across the right bundle branch RBB, as visible from Fig. 2, towards the
left bundle branch LBB, but electrically contacts only the left bundle branch LBB for
providing a pacing and/or sensing at the left bundle branch LBB.

In an alternative embodiment, the electrode device 14 may be electrically conducting and
exposed along its entire length L1 and may contact electrically with intra-cardiac tissue
along its entire length L1. In such embodiment for example a synchronous pacing at the
right bundle branch RBB and the left bundle branch LBB by means of the electrode device

14 may be achieved.

Referring now again to Fig. 3, a reservoir 15 may be formed in the region of the distal end

102 of the distal lead section 101, the distal lead section 101 for example comprising a
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drug reservoir such as a steroid eluting reservoir to be emitted towards intra-cardiac tissue

for reducing or preventing a rise of a stimulation threshold after implantation.

As visible from Fig. 3 and Fig. 4, the electrode device 14 in the shape of a screw has a
diameter which is only slightly smaller than the diameter of the distal lead section 101.
This may allow to screw the electrode device 14 into the septum M such that also at least a
portion of the distal end section 101 is introduced into the septum M, bringing the reservoir

15 for example into contact with intra-cardiac tissue.

Referring now again to Fig. 2, because the distal lead section 101 comprises an increased
bending flexibility with respect to the body section 100 of the lead 10, the lead 10 may be
arranged in the right ventricle RV such that a loop is formed, the electrode device 13
serving as a shock electrode being placed in the region of the vertex of the right ventricle
RV. Because the distal lead section 101 is substantially flexible, the distal end 102 formed
by the distal lead section 101 may be placed on the septum M in the region of the left
bundle branch LBB, the distal lead section 101 assuming a rather tight bending radius
allowing the electrode device 13 to come to rest in the region of the vertex of the right

ventricle RV and hence allowing for an efficient defibrillation action.

To allow the distal lead section 101 to flexibly bend such that the electrode device 13 may
reach into and come to rest in the region of the vertex of the right ventricle RV, the length
L2 of the distal lead section 101 may be equal to or larger than 10 mm, preferably equal to
or larger than 20 mm, more preferably equal to or larger than 30 mm, even more preferably
equal to or larger than 40 mm or even 50 mm. The distal lead section 101 hence comprises
a length L2 allowing the electrode device 13 to be arranged at a substantial distance from
the left bundle branch LBB to which the distal end 102 of the distal lead section 101 with

the electrode device 14 arranged thereon is connected.

Referring now again to Fig. 3, the lead 10, at a proximal end, comprises a connector 16
having contacts 160 for electrically contacting with a connector block of the generator 12.

The connector 16 may for example have the shape of a (standardized) DF4 connector.
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In the embodiment of Figs. 2 and 3 the electrode device 13 serving as a shock electrode for
a defibrillation therapy extends over a length L3 on the body section 100, the electrode

device 13 being formed by a continuously wound coil.

In another embodiment shown in Fig. 5, the electrode device 13 is divided into two
electrode sections 13A, 13B which are spatially separated from one another and each are
formed as a wound coil. In between the electrode sections 13A, 13B a connection section
103 extends, the connection section 103 having a reduced bending stiffness such that the
lead 10 may flexibly bend at the connection section 103 and in particular may assume a
rather tight bending radius. Hence, the sections 13A, 13B of the electrode device 13 may
be arranged at a sharp angle with respect to one another, which facilitates the arrangement
of the electrode device 13 in the region of the vertex of the right ventricle RV, as visible

from Fig. 5.

Both in the embodiment of Fig. 2 and in the embodiment of Fig. 5 the electrode device 13

may extend from the right ventricle RV into the right atrium RA.

In either embodiment, the body section 100 may form an inner lumen into which for
example a locking stylet may be inserted in order to facilitate an explantation of the lead
10. By means of the locking stylet a pulling force may be exerted on the distal lead section

101, the locking stylet preventing an axial deformation of the electrode device 13.

Electrical conductors may be embedded within the body section 100 and the distal lead
section 101 in order to electrically connect the electrode device 13 of the electrode device

14 to the connector 16 for connection to the generator 12.

The idea of the invention is not limited to the embodiments described above, but may be

implemented in an entirely different manner.

One or multiple leads may be used on a generator. The leads herein may provide for a
pacing and/or sensing of electrical signals at different locations within the heart. One or

multiple leads, in addition to a pacing and/or sensing electrode, may comprise a
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defibrillation (shock) electrode such that, using a single lead, a pacing function as well as a

defibrillation function may be provided.
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LIST OF REFERENCE NUMERALS
1 Implantable medical device
10 Lead
100 Body section
101 Distal lead section
102 Distal end
103 Connection section
11 Lead
12 Generator
13 Electrode device
13A, 13B Electrode section
14 Electrode device
140 Screw body
141 Conducting core
142 Insulation layer
143 Contact section (free end)
15 Reservoir
16 Connector
160 Contact elements
AVN Atrioventricular node
D1, D2 Diameter
H HIS bundle
L Longitudinal axis
L1,L2,L3 Length
LA Left atrium
LBB Left bundle branch
LV Left ventricle
M Intra-cardiac tissue (myocardium)
RA Right atrium
RBB Right bundle branch

RV Right ventricle
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SAN Sinoatrial node

A% Superior vena



