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IMPLANTABLE SYSTEM FOR STIMULATING A HUMAN HEART OR AN
ANIMAL HEART

The present invention relates to an implantable system for stimulating a human heart or an
animal heart according to the preamble of claim 1, to a method for controlling the
operation of such an implantable system according to the preamble of claim 11, and to a
computer program product suitable for carrying out such a method according to the

preamble of claim 12.

Implantable systems for stimulating a human heart or an animal heart, such as cardiac
pacemakers, have been known for a long time. These can carry out a variety of functions.
Various stimulation programs may be carried out by a corresponding cardiac pacemaker in
the process so as to return the treated heart to a normal state. Cardiac pacemakers for

stimulating the His bundle are also known.

The His bundle is a bundle of specific heart muscle cells that forms part of the cardiac
conduction system. The His bundle is located distal from the atrioventricular node, toward

the cardiac apex.

Conventional cardiac pacemakers and implantable defibrillators are frequently used for His
bundle pacing. A stimulation output of such a conventional device is connected to a His
bundle electrode in the process. The conventional devices are then typically adapted to the
needs of His bundle pacing within the scope of the available parameter value ranges, with

certain concessions.

Conventional devices for stimulating the human or animal heart generally have a safety

mode (also referred to as back-up mode). When a fault is detected on the part of the device,
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the safety mode is activated by using typically established device settings for the continued
operation of the device. In general, however, the traditionally utilized device settings do
not allow adequate His bundle pacing. For example, it is possible for a His bundle
electrode to be connected to the right atrial terminal of a device for stimulating the heart,
but for a VVI mode with right ventricular pacing to be stored for this device as the safety
mode. In the VVI mode, only right ventricular signals are sensed. In addition, only right
ventricular pacing is carried out. Moreover, a stimulation by the cardiac pacemaker is
inhibited in the VVI mode when intrinsic activity of the heart is detected. The right atrial
terminal, however, is no longer addressed at all in the VVI mode. As a result, His bundle
pacing can no longer take place, whereby the patient wearing such a device is then

undersupplied.

US 6,996,437 B2 describes various safety modes of a cardiac pacemaker designed for

ventricular pacing of a heart.

US 8,688,234 B2 describes a cardiac pacemaker suitable for pacing the His bundle of a

patient. Different pacing modes are provided in the process.

It is the objective of the present invention to provide a device for stimulating a human heart
or an animal heart that is able to carry out reliable His bundle pacing even in the event of a

fault.

This objective is attained by an implantable system for stimulating a human heart or an

animal heart having the features of claim 1.

Such a system comprises a processor, a memory unit (memory device) and a stimulation
unit (stimulation device) for stimulating a His bundle or another cardiac region of a human
heart or an animal heart. Moreover, such a system comprises a sensing unit (sensing
device) for sensing an electrical signal of this heart. Furthermore, a diagnostic unit
(diagnostic device) for checking functional parameters of the implantable system is

provided.
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According to the invention, the implantable system is characterized in that the memory unit
includes a computer-readable program, which prompts the processor to carry out the steps

described hereafter when the program is being executed on the processor.

It is thus detected, on the one hand, by way of the diagnostic unit whether at least one

malfunction state of the implantable system is present.

On the other hand, it is checked whether an electrode provided for stimulating a His bundle
of a human heart or an animal heart is connected to the stimulation unit. In other words, it
is checked whether the implantable system is provided for stimulating the His bundle of a

patient.

If a malfunction state was detected, the operating state of the implantable system is
switched into a safety mode (also referred to as backup mode) according to the executed

program. This safety mode can be selected at least from a first and a second safety mode.

The first safety mode is then selected when it was ascertained during the checking as to
whether an electrode provided for stimulating the His bundle of the heart that no such
electrode is connected. The first safety mode ensures a first safety operation of the
implantable system, in which the implantable system does not meet any specific
requirements for His bundle pacing. When no electrode that is provided for stimulating the
His bundle is connected to the stimulation unit of the implantable system, no safety
operation that is specifically tailored to His bundle pacing is required. Rather, for example,
it is possible to use a safety mode known from the related art, such as a VVI mode, as the

first safety mode.

If, in contrast, it was ascertained during the checking as to whether an electrode suitable
for stimulating the His bundle is connected to the stimulation unit that this is the case, the
second safety mode is selected. The second safety mode ensures a second safety operation
of the implantable system. In this second safety operation, the implantable system is able to
meet specific requirements for His bundle pacing. For example, in the second safety

operation resulting from the second safety mode, a stimulation pulse that has an amplitude
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in arange of 7.5 V to 30 V, in particular of 12 V to 30 V, in particular of 15 V to 25 V, and
in particular of 20 V to 22 V, and a pulse width in a range of 1 ms to 15 ms, in particular of
2 ms to 12 ms, in particular of 3 ms to 10 ms, in particular of 4 ms to 9 ms, and in
particular of 5 ms to 8 ms can be implemented, conducted or provided by the terminal of
the stimulation unit to which the electrode provided for stimulating the His bundle is

connected.

The presently claimed implantable system is thus designed so as to be able to select and
apply different safety modes, as a function of whether or not an electrode suitable for His
bundle pacing is connected to the stimulation unit of the system. In this way, in the case
where no electrode suitable for His bundle pacing is connected, a safety mode (namely the
first safety mode) can be selected, as before, which corresponds to a conventional safety
mode and ensures a simple basic function of the implantable system. On the other hand, a
different safety mode (namely the second safety mode), which, even though it likewise
satisfies the basic functions of the conventional safety mode, moreover allows His bundle
pacing as well, can be selected when an electrode suitable for His bundle stimulation is
connected to the stimulation unit of the implantable system. This avoids an undersupply
situation of a patient occurring with cardiac pacemakers known from the prior art. The
second safety mode thus makes it possible to deliver a life-sustaining stimulation therapy
of a His bundle stimulator, even if the detection of a malfunction causes a general or other
operating state to be switched into a safety mode or safety operation of the implantable

system.

In one variant, the implantable system is configured as a cardiac pacemaker. In another
variant, this is configured as an implantable cardioverter-defibrillator (ICD). In another
variant, the system is configured as a device for carrying out cardiac resynchronization
therapy (CRT). In another variant, the implantable system is configured as a device for
cardiac resynchronization therapy with ICD function (CRT-D device). In another variant,

the system is configured as an implantable leadless pacemaker or pacer (iLP).

In one variant, the information that is required for switching the operating state of the

system into the safety mode is stored in a non-volatile memory, a redundant memory or a
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recoverable memory of the implantable system. This memory may be the memory unit of
the implantable system, a memory area of the memory unit of the implantable system or a
memory separate from the memory unit. A particularly suitable variant involves storing the
pieces of information required for switching in a non-volatile memory. Particularly suitable
non-volatile memories are memories of the ROM, EPROM, EEPROM, and FLASH type.
It is then possible to ensure particularly easily that the pieces of information required for
the switch into the safety mode cannot be inadvertently deleted, but are ready for retrieval

at all times. This increases the reliability of the device.

In one variant, the implantable system is able to automatically detect whether an electrode
provided for His bundle pacing is connected to the stimulation unit of the system. This can
be achieved, for example, by reading out a code of a connector plug of the electrode

provided for His bundle pacing.

In another variant, the checking as to whether an electrode that is provided for stimulating
the His bundle of a human heart or an animal heart is connected to the stimulation unit is
carried out using information that is stored in the memory unit or in another memory of the
implantable system. For example, such information can be stored in the memory unit
within the setting of the implantation of the implantable system. It is not necessary then for
a connector plug of an electrode suitable for His bundle pacing to have a particular
configuration. Rather, a surgeon is then able to store information in the implantable system
that this system is equipped with such a His bundle stimulation electrode, when implanting
an electrode provided for His bundle pacing together with the implantable system. All that
is required in this variant is to query the memory of the implantable system as to whether
corresponding information has been stored. It is then assumed that such an electrode
suitable for His bundle pacing is in fact connected, so that thereafter, in the event of a
malfunction, the operating state of the implantable system is switched into the second

safety mode.

In one variant, the diagnostic unit is designed so as to be able to detect, based on certain
events, whether or not a malfunction state of the implantable system is present. These

events in which a malfunction state is detected include, in this variant, a memory error
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(such as a so-called single bit upset), a software runtime error, a software status error, an
detected cyberattack (that is, the attempt of to remotely access the implantable system
without authorization), a parameter error, an activation of a reset state of the implantable
system (wherein, in general, different reset states of the implantable system are
conceivable and settable), a battery drainage (that is, reaching or dropping below a pre-
definable capacity limit of a battery of the implantable system at which a flawless
operation of the system is no longer ensured), and outside electromagnetic interference of

the implantable system.

Such outside electromagnetic interference can be a strong permanent magnetic field, for
example, as it is emitted by magnetic resonance imaging (MRI) machines. If a patient
knows, for example, that an MRI examination is to be carried out within a certain time
frame, a physician can store corresponding information in the implantable system. Since
strong magnetic fields can impair the function of the implantable system, the implantable
system is sensitized, during a pre-definable time period, with increased monitoring
accuracy to the detection as to whether the system is exposed to a permanent magnetic
field. If this is the case, one of the safety modes can be selected directly and activated, so
as to prevent a malfunction of the implantable system. The detection of such an MRI
environment can thus be identified as a malfunction state and result in the activation of one
of the safety modes. After the MRI examination has been completed, the implantable

system can then be manually transferred back into the customary operating state.

In one variant, the second safety operation is characterized by at least one of the

configurations described hereafter.

For example, a specific His bundle pacing setting of an electrode terminal of the
stimulation unit, to which an electrode provided for His bundle pacing is connected, can be
implemented during the second safety operation as a configuration. The electrode terminal
to which the His bundle electrode is connected can, for example, be selected, as described

above, using user-dependent information.
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As an alternative or in addition, stimulation energy for a stimulation, which can be
delivered by a His bundle electrode for stimulating a His bundle, can be set specifically so
as to be suitable for stimulating the His bundle of the particular heart. Suitable stimulation

energies (characterized by voltage and pulse widths) are described above.

As an alternative or in addition, a detection sensitivity (sensing sensitivity) of the sensing
unit for sensing His bundle-specific signals can be set. It can then be ensured that His

bundle-specific signals can in fact be correctly sensed in the safety operation.

As an alternative or in addition, a stimulation operating mode of the implantable system
can be set to an operating mode specific to His bundle pacing. This can take place, for
example, by specifying certain parameter ranges, which relate to different functions of the
implantable system (in particular stimulation, sensing and/or storage of the sensed or

executed events).

As an alternative or in addition, a stimulation frequency (stimulation rate) of a stimulation

can be set, which can be delivered by an electrode suitable for His bundle pacing.

As an alternative or in addition, it is also possible to implement a specific His bundle
pacing setting of an additional electrode terminal of the stimulation unit to which an
electrode provided for stimulating the His bundle of a human heart or an animal heart is

additionally connected (so-called His bundle back-up stimulation terminal).

In one variant, the program prompts the processor to additionally carry out the step
described hereafter. In this additional step, an operating state of the implantable system is
switched into a protective mode when the protective mode was activated by an external
signal. In contrast to a safety mode, which is activated by a device-internal diagnosis of the
function of the implantable system, the protective mode is thus a mode that can be
activated by an external signal. The protective mode could, for example, be activated by a
programming device emergency function. This can be carried out by a physician, for
example, when the physician establishes during an examination that the implantable

system does not function in the intended manner.
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According to one embodiment, the protective mode represents a standardized, uniform safe
operating mode for the stimulator, which can be used for all patients wearing an implant
designed for His pacing. In contrast, the safety mode can, for example, depend on an

individual device setting and be configured in a patient-specific manner.

The protective mode is then selected at least from a first and a second protective mode.

Similarly to the first safety mode, the first protective mode is then selected when the prior
check has shown that no electrode provided for stimulating the His bundle of a human
heart or an animal heart is connected to the stimulation unit. The first protective mode
causes the implantable system to be transferred into a first protective operation, in which
the implantable system does not meet any specific requirements for His bundle pacing. The
reason is that when no His bundle electrode is connected to the stimulation unit of the

system, it is not necessary to consider specific requirements for His bundle pacing.

In contrast, the second protective mode is selected when the prior checking as to whether
an electrode suitable for His bundle pacing is connected to the stimulation unit has shown
that such an electrode is present. The second protective mode activates a second protective
operation of the implantable system, in which the implantable system is able to meet the
specific requirements for His bundle pacing. The second protective mode is comparable to
the second safety mode. In particular, all variants that are described in the present
application with respect to the second safety mode can thus also be directly applied to the

second protective mode.

In one variant, the second protective operation is thus characterized by at least one of the
following configurations: a His bundle pacing setting of an electrode terminal of the
stimulation unit to which an electrode provided for stimulating a His bundle of a human
heart or an animal heart is connected; a stimulation energy of a stimulation to be delivered
by an electrode provided for stimulating a His bundle of a human heart or an animal heart;
a sensing sensitivity of the sensing unit for sensing His bundle-specific signals; a

stimulation operating mode of the implantable system; a stimulation frequency of a
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stimulation to be delivered by an electrode provided for stimulating a His bundle of a
human heart or an animal heart; and a His bundle pacing setting of a second electrode
terminal of the stimulation unit to which a second electrode for stimulating a human heart
or an animal heart is connected. The second electrode can, for example, be a right or left
ventricular stimulation electrode, and the second electrode terminal can accordingly be the

terminal for a right or left ventricular stimulation electrode.

In one variant, it is possible for the configuration of the second safety operation (and/or of
the second protective operation) to be establishable or individually adaptable as a function
of settable programming parameters. For this purpose, it is possible for a user to adapt the
corresponding programming parameters to the needs of a patient in whom the implantable
system was implanted. It is then possible to address patient-specific circumstances, thereby

enabling an individual safety operation or protective operation of the system.

In one variant, pieces of information are stored in the implantable system, based on which
the configuration of the second safety operation (and/or the second protective operation) is
automatically determined. This means that, in this variant, no setting options of parameters
with respect to the configuration of the second safety operation are provided. This variant
eliminates the risk of inadvertently incorrectly setting certain parameters since the second
safety operation (and/or the second protective operation) is always carried out using preset

parameters.

In one variant, the implantable system comprises a data remote transmission unit. In this
variant, the program can prompt the processor to transmit an activation of the safety mode
to a remote monitoring system by means of the data remote transmission unit. It is then
possible to detect in the remote monitoring system that a malfunction state was sensed in
the implantable system, which resulted in the safety mode being activated. The patient in
whom the implantable system was implanted and/or the physician can then be notified that

it is necessary to check the function of the implantable system.

In one variant, it is displayed on a programming device, which can be used to program the

implantable system, that the safety mode was activated. It can also be displayed in the
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process which safety mode was activated. In this way, it is possible to check particularly
easily whether the settings that are stored for the particular implantable system with respect
to the presence of an electrode suitable for His bundle pacing are in fact correct. In
addition, it is also possible to check particularly easily whether an activation or inactivation

of the safety mode was successful.

One aspect of the present invention relates to a method for controlling the operation of an
implantable system for stimulating a human heart or an animal heart according to the

above description. This method is characterized by the steps described hereafter.

In one method step, it is detected, by means of a diagnostic unit for checking functional
parameters of the implantable system, whether at least one malfunction state of the

implantable system is present.

In a further method step, it is checked whether an electrode, which is provided for
stimulating a His bundle of a human heart or an animal heart, is connected to a stimulation
unit of the implantable system. This stimulation unit is designed to stimulate a His bundle

or another cardiac region of a human heart or an animal heart.

In a further method step, an operating state of the implantable system is switched into a
safety mode when a malfunction state was detected. The safety mode can be selected at

least from a first and a second safety mode in the process.

The first safety mode is then selected when the previously completed check has shown that
no electrode provided for stimulating a His bundle of a human heart or an animal heart is
connected to the stimulation unit. The first safety mode results in the activation of a first
safety operation of the implantable system, in which the implantable system does not meet
any specific requirements for His bundle pacing. The reason is that this is generally not
required when no electrode at all that is provided for His bundle pacing is connected to the

stimulation unit of the system.
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In contrast, the second safety mode is selected when the previously completed check has
shown that an electrode that is suitable for stimulating a His bundle of a human heart or an
animal heart is connected to the stimulation unit. The second safety mode causes a second
safety operation of the implantable system, in which the implantable system is able to meet

specific requirements for His bundle pacing.

One aspect of the present invention relates to a computer program product including
computer-readable code, which prompts a processor to carry out the steps described

hereafter when the code is being executed on the processor.

In one method step, it is detected, by means of a diagnostic unit for checking functional
parameters of the implantable system, whether at least one malfunction state of the

implantable system is present.

In a further method step, it is checked whether an electrode, which is provided for
stimulating a His bundle of a human heart or an animal heart, is connected to a stimulation
unit of the implantable system. This stimulation unit is designed to stimulate a His bundle

or another cardiac region of a human heart or an animal heart.

In a further method step, an operating state of the implantable system is switched into a
safety mode when a malfunction state was detected. The safety mode can be selected at

least from a first and a second safety mode in the process.

The first safety mode is then selected when the previously completed check has shown that
no electrode provided for stimulating a His bundle of a human heart or an animal heart is
connected to the stimulation unit. The first safety mode results in the activation of a first
safety operation of the implantable system, in which the implantable system does not meet
any specific requirements for His bundle pacing. The reason is that this is generally not
required when no electrode at all that is provided for His bundle pacing is connected to the

stimulation unit of the system.
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In contrast, the second safety mode is selected when the previously completed check has
shown that an electrode that is suitable for stimulating a His bundle of a human heart or an
animal heart is connected to the stimulation unit. The second safety mode causes a second
safety operation of the implantable system, in which the implantable system is able to meet

specific requirements for His bundle pacing.

Another aspect of the present invention relates to a method for treating a human patient or
an animal patient in need of such treatment. This treatment is carried out by means of an
implantable system for stimulating a human heart or an animal heart, and in particular by
means of an implantable system according to the above description. Such an implantable
system comprises a stimulation unit for stimulating a His bundle or another cardiac region
of a human heart or an animal heart. This furthermore comprises a sensing unit for sensing
an electrical signal of this heart. Finally, such a system is equipped with a diagnostic unit,
which is used to check functional parameters of the implantable system. The medical

method comprises the steps described hereafter:

In one method step, the diagnostic unit detects whether at least one malfunction state of the

implantable system is present.

In a further method step, it is checked whether an electrode, which is provided for
stimulating a His bundle of a human heart or an animal heart, is connected to the

stimulation unit.

In a further method step, an operating state of the implantable system is switched into a
safety mode when a malfunction state was detected. The safety mode can be selected at

least from a first and a second safety mode in the process.

The first safety mode is then selected when the previously completed check has shown that
no electrode provided for stimulating a His bundle of a human heart or an animal heart is
connected to the stimulation unit. The first safety mode results in the activation of a first
safety operation of the implantable system, in which the implantable system does not meet

any specific requirements for His bundle pacing. The reason is that this is generally not
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required when no electrode at all that is provided for His bundle pacing is connected to the

stimulation unit of the system.

In contrast, the second safety mode is selected when the previously completed check has
shown that an electrode that is suitable for stimulating a His bundle of a human heart or an
animal heart is connected to the stimulation unit. The second safety mode causes a second
safety operation of the implantable system, in which the implantable system is able to meet

specific requirements for His bundle pacing.

If a corresponding medical need exists, the human or animal heart of the patient in whom
the implantable system was implanted is then stimulated using the implantable system. The
stimulation is carried out as part of the safety operation of the implantable system, which is

specified by the previously selected safety mode.

All variants and alternative embodiments described in connection with the implantable
system can be arbitrarily combined with one another and applied to the described methods
and the described computer program product. The described variants of the methods can
further be arbitrarily combined with one another and applied to the respective other
methods and to the computer program product and the implantable system. Similarly, the
described variants of the computer program product can be arbitrarily combined with one

another and applied to the described methods and the described implantable system.

Details of aspects of the present invention are to be described in more detail based on

exemplary embodiments and figures. In the drawings:

FIG. 1 shows a schematic illustration of different electrode configurations for
connecting an electrode suitable for His bundle pacing to an implantable

system for stimulating the human or animal heart; and

FIG. 2 shows a schematic flow chart of a method for controlling the operation of an

implantable system for stimulating the human heart or an animal heart.
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FIG. 1 shows a schematic illustration of different electrode configurations that are possible
for connecting an electrode suitable for stimulating the His bundle of a human heart or an

animal heart to a device for stimulating this heart.

A single-chamber stimulation is carried out in a first electrode configuration 110. For this
purpose, the electrode suitable for His bundle pacing is connected to an electrode terminal
for an electrode for stimulating the right atrium RA or for stimulating the right ventricle
RV. Such a pacemaker can also be referred to as a single-chamber pacemaker or a demand
pacemaker. At least in the safety mode, it is typically operated in a mode in which a
stimulation takes place in the right ventricle, and sensing takes place in the right ventricle,
and an inhibiting operating mode is carried out (VVI). This means that the pacemaker only
applies pacing pulses when no intrinsic activity of the heart can be detected. In this mode, a

right ventricular or biventricular stimulation is possible using the His bundle electrode.

When the electrode provided for His bundle pacing is connected to the RA terminal of
such a pacemaker, and such a pacemaker enters a VVI safety mode, adequate His bundle
pacing is not possible. The presently described invention is thus suitable, in particular, for
improving cardiac pacemakers having the first electrode configuration 110. However,
further electrode configurations described hereafter also typically result in an undersupply
situation of the patient as a result of the selection of conventional safety modes. The
presently claimed invention also offers a corrective action in this regard by ensuring a
safety mode configured specifically for His bundle pacing and allowing this safety mode to

be activated when a His bundle electrode is connected.

In a second electrode configuration 120, the electrode used for stimulating the His bundle
is connected to the terminal of the right ventricle RV. In addition, an arterial electrode is
also connected to the terminal for the right atrium RA. Such a pacemaker can be operated
in the DDD mode (dual pacing (that is, atrial and ventricular), dual sensing (that is, atrial
and ventricular) with dual operating mode (that is, triggering or inhibition). In this mode as
well, a right ventricular or biventricular stimulation is possible using the His bundle

electrode. As a result, sequential pacing of the atrium and of the His bundle is possible.
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In a third electrode configuration 130, the electrode suitable for stimulating the His bundle
is connected to the terminal for the right ventricle RV or the left ventricle LV of the
cardiac pacemaker. In contrast, an electrode provided for stimulating the left ventricle is
connected to the, still free, terminal for stimulating the left ventricle LV or the right
ventricle RV. Moreover, an atrial electrode is connected to the terminal for the right atrium
RA. Such a stimulation device is, in particular, a device for cardiac resynchronization
therapy (CRT). It allows biventricular stimulation as well as cardiac resynchronization

with optional His bundle pacing.

In a fourth electrode configuration 140, the electrode used for stimulating the His bundle is
connected to the terminal for the right atrium RA of a pacemaker. Moreover, an electrode
for stimulating the right ventricle is connected to the corresponding terminal for the right
ventricle RV. Such a pacemaker can implement an RV safety mode and is, in particular,

suited for operation in the DDD mode.

In a fifth electrode configuration 150, the electrode provided for His bundle pacing is
connected to the terminal for the left ventricle LV. Moreover, an atrial electrode is
connected to the terminal for the right atrium RA, and a ventricular electrode is connected
to the terminal for the right ventricle RV. Such a device is also in particular a CRT device,
which allows right ventricular or biventricular stimulation, and moreover enables optional

His bundle pacing when carrying out cardiac resynchronization therapy.

In a sixth electrode configuration 160, the electrode provided for His bundle pacing is,
again, connected to the terminal for the right atrium RA. Moreover, two ventricular
electrodes are provided, of which the electrode arranged in the right ventricle is connected
to the terminal for the right ventricle RV, and the left ventricular electrode is connected to
the terminal for the left ventricle LV. Once again, such an electrode configuration is
particularly suited for CRT devices, which are able to carry out a biventricular stimulation

and cardiac resynchronization with optional His bundle pacing.

An implementation of the presently claimed invention is useful and contemplated in the

various stimulation devices whose electrode configurations are shown in FIG. 1. The
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reason is that the problem of the patient possibly being undersupplied when conventional
safety modes are selected arises in all of these electrode configurations. The option of
selecting a safety mode that is tailored to the specific requirements of His bundle pacing
makes it possible to avoid such an undersupply situation when an electrode suitable for His

bundle pacing is connected to the corresponding stimulation device.

FIG. 2 shows a schematic flow chart of a method for controlling the operation of an
implantable system for stimulating the animal or human heart, which can implement the

second safety mode according to the invention (hereafter referred to as stimulation device).

This stimulation device is initially active in a regular operating mode 210. When an error
state is detected as a result a self-test carried out cyclically by a corresponding diagnostic
unit, a check 220 is carried out as to whether an electrode suitable for stimulating the His
bundle is connected to the stimulation device. This can be achieved, for example, by
querying internal information, which is stored in the stimulation device when an electrode

suitable for His bundle pacing is connected.

If the check 220 shows that no electrode suitable for His bundle pacing is connected to the
stimulation device, a first safety mode 230 is selected, by way of which thereafter a first

safety operation of the stimulation device is carried out.

If, in contrast, the check 220 shows that an electrode provided for His bundle pacing is
connected to the stimulation device, a second safety mode 240 is selected, which transfers
the stimulation device into a second safety operation. This second safety operation is
specifically tailored to the needs of His bundle pacing, whereby adequate His bundle

pacing is also possible in this safety mode.

After a restoration procedure 250, which, in particular, removes the error state that results
in the stimulation device being transferred into one of the safety modes in the first place,

the stimulation device is transferred back into the regular operating mode 210 thereof.



