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IMPLANTABLE SYSTEM FOR STIMULATING A HUMAN HEART OR AN ANI-
MAL 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 a system according to the preamble of claim 11, and to a computer program product

suitable for control according to the preamble of claim 12.

Implantable systems for stimulating a human heart or an animal heart, such as cardiac pace-
makers, have been known for quite some time. These can carry out a variety of functions. It
is known, among other things, to use such cardiac pacemakers for treating atrial arrhythmia.
Different 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.

Frequently, it is difficult to predict which type of treatment is useful for adequately and ef-

fectively treating arrhythmia, and in particular atrial tachycardia.

US 6,876,880 B2, for example, describes the option of different atrial pacing therapies being
applied consecutively. The US patent furthermore describes that the success of the treatment
is dependent on the condition of the heart. As a result, the US patent furthermore opens up
the option of repeating atrial pacing therapies that were previously unsuccessful once a pre-
determined period of time has passed or the condition of the heart has changed otherwise. In
this way, an improved treatment of atrial arrhythmia is to be achieved. However, this proce-
dure yields only moderate success since ultimately this requires a spontaneous change in the

condition of the heart or the passing of a sufficiently long period of time.

US 7,107,098 B2 describes a method and a device for generating and selecting therapies, or
hierarchies of therapies, suitable for treating atrial or ventricular tachycardia. It is provided
to store an effectiveness of a therapy achieved in the past, and to then assign a higher hier-

archy to this therapy.
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US 7,280,869 B2 describes a method for determining whether a tachyarrhythmia episode
has been terminated. A heart beat pattern is used for this determination, which represents a

sequence of atrial and ventricular depolarizations.

Even when a particular treatment type has been selected, a therapeutic success of the con-
ducted treatment frequently does not last. Rather, the treated heart may relapse into an atrial

tachycardia state after only a short period of time.

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 a cardiac pacemaker that allows a more sustained treatment of

atrial tachycardia so as to enhance the therapeutic efficiency of such treatments.

This is achieved by an implantable system for stimulating a human heart or an animal heart
having the features of claim 1. Such a system may intended, in particular, for the permanent
implantation in a human patient or an animal patient. When the system is to be implanted in
an animal patient, the patient is preferably a mammal, for example a mammal selected from

the group consisting of rodents, horses, dogs and cats.

The system comprises a processor, a memory unit, an atrial stimulation unit, and a detection

unit for detecting atrial tachycardia.
It is provided that the memory unit comprises a computer-readable program, which prompts
the processor to carry out the steps described hereafter when the program is being executed

on the processor.

First, it is detected by way of the detection unit whether atrial tachycardia to be treated is

present in a human heart or an animal heart.
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When such atrial tachycardia to be treated was detected, atrial antitachycardia pacing is ap-

plied by way of the atrial stimulation unit.

After the atrial antitachycardia pacing has been applied, an atrial post-treatment stimulation
is carried out. In particular, the atrial stimulation unit is likewise used for this purpose. The
post-treatment stimulation may cause a change in the cardiac state, whereby the long-term
therapy success rate of the atrial overstimulation, which was carried out within the scope of
the atrial antitachycardia pacing, is increased. As a result of the atrial post-treatment, overall
a sustained effect of the atrial antitachycardia pacing therapy may be achieved. The reason
is that the treated heart, as a result of the atrial post-treatment, has a lesser tendency toward

returning into a state of atrial tachycardia.

In one variant, the program may prompt the processor, after the atrial antitachycardia pacing
has been applied, to initially check by way of the detection unit whether the atrial tachycardia
was terminated by the conducted stimulation. Thus, a termination detection of the atrial tach-
ycardia is carried out. Only when the termination of the atrial tachycardia was positively
ascertained is the atrial post-treatment stimulation carried out. In this way, it is achieved that
the atrial post-treatment stimulation is carried out at a point in time at which the treated heart
no longer requires atrial antitachycardia pacing for terminating the previously detected atrial

tachycardia.

In one variant, the program may prompt the processor to carry out the atrial post-treatment
stimulation as atrial overstimulation. This atrial overstimulation is delimited with respect to
the atrial antitachycardia overstimulation by being designed to be longer than atrial antitach-
ycardia overstimulation, that is, in the range of minutes up to days. According to one em-
bodiment, the atrial post-treatment may be designed to be within a range of up to 7 days, 6
days, 5 days, 4 days, 3 days, 2 days or 1 day. According to further embodiments, the atrial
post-treatment is designed to be within a range of up to 120 minutes, 60 minutes, 30 minutes,
20 minutes, 10 minutes, 5 minutes, 4 minutes, 3 minutes, 2 minutes, 1 minute or 0.5 minute.
Moreover, the atrial post-treatment stimulation differs from the known antitachycardia over-
stimulation by only being invoked when no tachycardiac intrinsic (heart's own) atrial activity

is present, that is, for example, when the atrial intrinsic heart rhythm is less than 100 bpm.
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According to a particularly advantageous embodiment, the atrial post-treatment stimulation
is delivered using a stimulation rate of less than or equal to 200 bpm, 180 bpm, 150 bpm,
140 bpm, 130 bpm, 120 bpm, 110 bpm, or 100 bpm. By comparison, stimulation rates of
375 bpm are used for the known antitachycardia overstimulation, or rates of up to 3000 bpm

(50 Hz) in the case of high-frequency bursts.

In one variant, the atrial post-treatment stimulation may be carried out in the form of right
atrial overdrive pacing. During such overdrive pacing, the corresponding atrium is stimu-
lated using a rate higher than the customary (intrinsic) non-tachycardiac atrial rate. However,
the stimulation rate for overdrive pacing is less than for atrial antitachycardia pacing (for

example, less than or equal to 130 bpm).

In another variant, the program may prompt the processor to carry out the atrial post-treat-
ment stimulation in the form of left atrial overdrive pacing. The atrial post-treatment stimu-
lation can thus deliberately influence the rate of the atrial rhythm of a single atrium, and in

particular delay the return from a tachycardia state into a normal state.

In another variant, it is provided that the atrial post-treatment stimulation may be designed
as biatrial overdrive pacing. In such a case, the program prompts the processor to increase

the atrial rate of the rhythm of both atria.

Such an overdrive post-treatment of one or both atria brings the heart more slowly back into
the normal state after atrial antitachycardia pacing than if no post-treatment stimulation were
carried out. As a result, a gentle transition between atrial antitachycardia pacing and the
normal heart rhythm is achieved, which results in a mild treatment of the heart and ensures

a more sustained effect of the atrial antitachycardia pacing therapy.
In one variant, the program may prompt the processor to carry out the atrial post-treatment

stimulation during a first duration. This first duration is specifiable in the process. It is thus

a defined time period in a range of 1 minute to 7 days.
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In one variant, the atrial post-treatment stimulation is not carried out for a (fixed) time period,
but uses the heart rhythm of the treated patient for reference. In this variant, the program
may thus prompts the processor to carry out the atrial post-treatment stimulation during a
defined number of cardiac cycles. In this variant, it may be possible to address the different
heart rhythms of the individual patients even more specifically, which can further enhance

the lasting success of the post-treatment stimulation.

In one variant, the program may prompts the processor to carry out the atrial post-treatment
stimulation in a manner that achieves a particular physiological objective. For example, the
post-treatment stimulation can be carried out in such a way that the pressure in the left and/or
right atrium is lowered at least briefly. As an alternative or in addition, the post-treatment
stimulation may be carried out in such a way that the risk of mitral valve regurgitation is
reduced at least briefly or entirely avoided. As an alternative or in addition, the post-treat-
ment stimulation may be carried out in such a way that the preload of the heart is reduced at
least briefly. As an alternative or in addition, the post-treatment stimulation may be carried
out in such a way that the blood pressure of a patient whose heart is being stimulated by the
implantable system is lowered at least briefly. As an alternative or in addition, the post-
treatment stimulation may finally be carried out in such a way that a myocardial oxygen
balance is improved at least briefly. All of these effects - either individually or in any arbi-
trary combination - achieve a change in the cardiac state, which increases the lasting effect
of the previously applied atrial antitachycardia pacing, and thereby improves the success of

the atrial antitachycardia pacing therapy.

In one variant, the atrial stimulation unit may be designed to apply the atrial antitachycardia
pacing and/or the atrial post-treatment stimulation in the form of electrical stimulation or in
the form of optical stimulation. In this way, it may be possible to apply not only the atrial
antitachycardia pacing therapy, but also the atrial post-treatment stimulation, by employing
different physical mechanisms of action. The different available treatment variants can, in
particular, be selected by taking the severity of the detected atrial tachycardia, and the re-

sultant post-treatment stimulation that is useful to carry out, into consideration.
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An exemplary embodiment relates to a method for controlling the operation of an implanta-
ble system for stimulating a human heart or an animal heart. This method is suitable, in
particular, for controlling the operation of an implantable system according to the above

descriptions. This control method comprises the steps described hereafter.

First, it is detected by way of a detection device whether atrial tachycardia to be treated is

present in a human heart or an animal heart.

When such atrial tachycardia to be treated was detected, at least one impulse for atrial anti-

tachycardia pacing is generated in an atrial stimulation unit.

After the impulse for the atrial antitachycardia pacing therapy has been generated, at least
one impulse for an atrial post-treatment stimulation is generated in the atrial stimulation unit.
Previously, it can be checked whether atrial tachycardia to be treated is still present in the
human or animal heart. The generation of the at least one impulse for the atrial post-treatment
stimulation may be made dependent on whether a termination of previously detected atrial
tachycardia requiring treatment was ascertained. An appropriate detector signal may serve

as an input variable for the control method for this purpose.
An exemplary embodiment relates to a computer program product including computer-read-
able code, which prompts a processor to carry out the steps described hereafter when the

code is being executed on the processor.

First, it is detected by way of a detection device whether atrial tachycardia to be treated is

present in a human heart or an animal heart.

When such atrial tachycardia to be treated was detected, atrial antitachycardia pacing is car-

ried out by way of an atrial stimulation unit.

After the atrial antitachycardia pacing has been applied, in particular likewise by way of the

atrial stimulation unit, an atrial post-treatment stimulation is carried out.
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An exemplary embodiment relates to a method for treating a human patient or an animal
patient in need of such treatment. An implantable system for stimulating the heart of the
patient is used in the process. This system comprises a processor, a memory unit, an atrial
stimulation unit, and a detection unit for detecting atrial tachycardia. The treatment method

comprises the steps described hereafter.

First, it is checked by way of the detection unit whether atrial tachycardia to be treated is

present in the heart of the patient.

When such atrial tachycardia was detected, atrial antitachycardia pacing is applied by way

of the atrial stimulation unit.

After the atrial antitachycardia pacing has been applied, an atrial post-treatment stimulation
is carried out. This atrial post-treatment stimulation may bring the heart of the patient more
slowly into a normal state having a common heart rhythm than if the atrial antitachycardia
pacing therapy were ended abruptly. As a result of this gentler transition to a common heart
rhythm, a sustained and longer lasting effect of the applied atrial antitachycardia pacing ther-

apy may be achieved.

An exemplary embodiment relates to an implantable system for stimulating a human heart
or an animal heart, having the features described hereafter. Such a system may be intended,
in particular, for the permanent implantation in a human patient or an animal patient. When
the system is to be implanted in an animal patient, the patient is preferably a mammal, for

example a mammal selected from the group consisting of rodents, horses, dogs and cats.

The system may comprise a processor, a memory unit, an atrial stimulation unit, a ventricular
stimulation unit, and a first detection unit. The first detection unit is used to detect atrial

tachycardia, that is, the atrium of the heart beating at an abnormally increased rate.
The system may be characterized in that the memory unit includes a computer-readable pro-

gram, which prompts the processor to carry out the steps described hereafter when the pro-

gram is being executed on the processor.
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First, it may be detected by way of the first detection unit whether atrial tachycardia to be
treated is present in a human heart or an animal heart of the patient in whom the implantable
system was implanted. This type of tachycardia, which can also be referred to as tachycardia
requiring treatment, is characterized in that the atrial rhythm exceeds a critical rate and/or
the resulting ventricular rthythm exceeds or drops below a critical rate and/or the atrial
rhythm is classified as unstable and/or the beats of the resulting ventricular rhythm exhibit

appreciable fluctuations.

In addition to non-pathological atrial tachycardia, the term 'atrial tachycardia requiring treat-
ment' also encompasses pathological atrial tachycardia, which is also known under the des-
ignation 'atrial fibrillation.' In one variant, the method carried out by the processor refers

only to non-pathological atrial tachycardia or only to pathological atrial tachycardia.

When atrial tachycardia to be treated is present, a ventricular conditioning stimulation may
be carried out by way of the ventricular stimulation unit. This ventricular conditioning stim-
ulation brings the heart into a state in which it is more receptive to subsequent atrial stimu-
lation. The heart is thus brought very deliberately into a state in which it exhibits increased
susceptibility toward subsequent treatments. As a consequence, the system does not wait for
the heart to assume a different state by itself or by prior atrial treatments. Rather, an active
change in the cardiac state is brought about by way of a ventricular conditioning stimulation.
A multitude of conditioning stimulations that are known per se are possible to achieve such

a change in the cardiac state.

As the ventricular conditioning stimulation is being carried out and/or thereafter, atrial anti-
tachycardia pacing may be applied. The atrial stimulation unit is used for this purpose. Such
atrial antitachycardia pacing is also known by the technical term 'atrial ATP' (the abbrevia-
tion ATP denoting antitachycardia pacing). ATP is also at times referred to as antitachycar-

dia pacemaker therapy.

Since the heart, as a result of the concurrent or prior ventricular conditioning stimulation, is

considerably more susceptible to the applied atrial ATP than without ventricular
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conditioning stimulation, the success of the atrial ATP therapy can be enhanced. This makes
it possible for the heart of the treated patient to beat more quickly again at a normal beat,
and for pathological consequences of the atrial tachycardia, such as declines in performance,

dizziness and thrombus formation, to occur far less frequently.

In one variant, the atrial antitachycardia pacing may be only applied while the ventricular
conditioning stimulation is being carried out. In another variant, atrial antitachycardia pacing
may be only applied after the ventricular conditioning stimulation has been carried out. In
another variant, the atrial antitachycardia pacing is applied both as the ventricular condition-

ing stimulation is being carried out and thereafter.

In one variant, the atrial stimulation unit may be designed to apply the atrial antitachycardia
pacing in the form of electrical stimulation or in the form of optical stimulation. As a result,
this offers different options for treating the detected atrial tachycardia. Different treatment
variants may be selected, in particular taking into account the severity of the detected atrial

tachycardia.

In one variant, the program may prompt the processor to carry out the ventricular condition-
ing stimulation in the form of right ventricular overdrive pacing. During overdrive pacing,
the corresponding ventricle is stimulated using a rate higher than the customary (intrinsic)

ventricle rate. In this way, an increase in the rate of the ventricular rhythm can be achieved.

In another variant, the program may prompts the processor to carry out the ventricular con-
ditioning stimulation in the form of left ventricular overdrive pacing. The ventricular condi-
tioning stimulation can thus deliberately influence, and in particular increase, only the rate

of the ventricular rhythm of a single ventricle.

In another variant, it is provided that the program may prompt the processor to stimulate
both ventricles equally. In this case, the ventricular conditioning stimulation is carried out in
the form of biventricular overdrive pacing. In this way, it is possible to achieve a simultane-

ous increase in the rate of the intrinsic ventricular rhythm of both ventricles.
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In one variant, the program may prompt the processor to carry out the ventricular condition-
ing stimulation in the form of biventricular overdrive pacing, and to specify a VV time de-
viating from a regular stimulation. The VV time (also referred to as VV delay) indicates the
time that passes between the stimulation of the right and the left ventricle. It is also referred
to as intraventricular delay. When both ventricles are stimulated at the same time, the VV
delay is zero. Typically, however, it is greater than zero so as to achieve that the left ventricle
is stimulated later than the right ventricle. Selecting a VV delay deviating from a regular
stimulation results in a change in the cardiac state, whereby the heart is more susceptible

toward concurrently or subsequently applied atrial antitachycardia pacing.

In one variant, the program may prompt the processor to carry out the ventricular condition-
ing stimulation so that ventricular pauses are compensated for. This can be achieved, for
example, by an intensity of the ventricular conditioning stimulation and/or by setting the VV
delay and/or by delivering additional ventricular stimuli and/or by setting alternative ven-

tricular stimulation vectors (such as between the right and left ventricular electrodes).

In one variant, the program may prompt the processor to couple the ventricular conditioning
stimulation with a short AV delay to the detected atrial tachycardia. A ratio of n:1 is specified
in the process. Specifically, the program prompts the processor to couple the ventricular
conditioning stimulation with an AV delay of 10 to 110 ms to detected actions of the atrial
tachycardia at a ratio of n:1, wherein n corresponds to the number of detected actions of the
atrial tachycardia, and n is 2 to 6. The AV time (also referred to as AV delay) indicates the
time that passes between a stimulation of the right atrium and the right ventricle. It is also
referred to as atrioventricular delay. When this AV delay is minimized, and moreover the
ventricular conditioning stimulation is adapted to the detected atrial tachycardia, a particu-
larly advantageous reaction of the heart thus treated to the ventricular conditioning stimula-
tion is to be expected, so that concurrent or subsequent atrial antitachycardia pacing can be

applied particularly effectively.
In one variant, the program may prompt the processor to carry out the ventricular condition-

ing stimulation in a manner so as to achieve a particular physiological objective. For exam-

ple, the conditioning stimulation may be carried out in such a way that the pressure in the
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left and/or right atria is lowered at least briefly. As an alternative or in addition, the condi-
tioning stimulation may be carried out in such a way that the risk of mitral valve regurgitation
is reduced at least briefly or entirely avoided. As an alternative or in addition, the condition-
ing stimulation may be carried out in such a way that the preload of the heart is reduced at
least briefly. As an alternative or in addition, the conditioning stimulation may be carried
out in such a way that the blood pressure of a patient whose heart is being stimulated by the
implantable system is lowered at least briefly. As an alternative or in addition, the condition-
ing stimulation may finally be carried out in such a way that a myocardial oxygen balance is
improved at least briefly. All of these effects - either individually or in any arbitrary combi-
nation - achieve a change in the cardiac state, which enhances a susceptibility of the heart to

concurrently or subsequently applied atrial antitachycardia pacing.

In one variant, the implantable system may comprise a second detection unit, which is used
to detect an effect of the ventricular conditioning stimulation on the atrial antitachycardia
pacing. As a result of this second detection unit, which may also comprise parts of the first
detection unit, it is thus possible to directly or indirectly detect the cardiac effect achieved
by the ventricular conditioning stimulation. In this way, the overall effectiveness of the stim-
ulation carried out by the implantable system can be improved. The reason is that it is pos-
sible, in this way, to obtain positive feedback about the achieved effect with respect to the
cardiac state. The second detection unit can, for example, use the same electrode that is also
used by the first detection unit. It is thus conceivable, in principle, for the second detection
unit to detect the effect of the ventricular conditioning stimulation in the atrium of the treated

heart.

In one variant, the program may prompt the processor to store a success of the atrial anti-
tachycardia pacing therapy and the ventricular conditioning stimulation carried out in con-
nection with this pacing therapy. It may be thus possible to create value pairs, which each
encompass the success of the atrial antitachycardia pacing therapy and the ventricular con-
ditioning stimulation carried out at the same time or beforehand. It is then possible to select
at least one value pair from the stored value pairs for a subsequent treatment of the heart.
For example, the value pair for which the best outcome of the atrial antitachycardia pacing

therapy was achieved can be selected. Similarly, for example, a value pair for which the
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desired success of the atrial antitachycardia pacing therapy could not be achieved, despite
ventricular conditioning stimulation, can be excluded. Storing can take place in the memory
unit of the implantable system. As an alternative, another memory unit may be provided in

the implantable system, which is used to store the value pairs.

An exemplary embodiment relates to a method for controlling the operation of the implant-
able system for stimulating a human heart or an animal heart. This method comprises the

steps described hereafter.

First, it may be detected by way of a first detection unit whether atrial tachycardia to be

treated (requiring treatment) is present in a human heart or an animal heart.

If this is the case, at least one impulse may be generated for a ventricular conditioning stim-
ulation in a ventricular stimulation unit. Instead of a single pulse, it may be also possible to
select a pulse sequence including pulses having the same amplitude or different amplitudes

and a constant, increasing or decreasing rate.

Simultaneously with and/or after the generation of the at least one pulse in the ventricular
stimulation unit, at least one pulse for atrial antitachycardia pacing may be generated in an
atrial stimulation unit. This at least one pulse may, for example, likewise be a pulse sequence
including different pulses having the same amplitude or amplitudes of different magnitudes,
wherein the rate between the individual pulses can be designed to be constant, increasing or
decreasing. This method thus relates to the generation of at least one ventricular conditioning

stimulation pulse and at least one atrial stimulation pulse within the implantable system.
An exemplary embodiment relates to a non-volatile 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.

First, it may be detected by way of a first detection unit whether atrial tachycardia to be

treated is present in a human heart or an animal heart.

18.156P-SG



10

15

20

25

30

-13 -

When atrial tachycardia to be treated is present, a ventricular conditioning stimulation may

be carried out by way of a ventricular stimulation unit.

As the ventricular conditioning stimulation is being carried out and/or thereafter, atrial anti-

tachycardia pacing may be applied by way of an atrial stimulation unit.

An exemplary embodiment relates to a method for treating a human patient or an animal
patient in need of such treatment. This treatment is carried out by way of an implantable
system for stimulating the heart of the patient. The system may comprise a processor, a
memory unit, an atrial stimulation unit, a ventricular stimulation unit, and a first detection

unit for detecting atrial tachycardia. The method comprises the steps described hereafter.

First, it may be detected by way of the first detection device whether atrial tachycardia to be

treated is present in the heart.

When such atrial tachycardia requiring treatment was detected, a ventricular conditioning

stimulation may be carried out by way of the ventricular stimulation unit.

During or after the ventricular conditioning stimulation, atrial antitachycardia pacing may
be applied by way of the atrial stimulation unit. This method thus has a direct therapeutic
effect on the treated human or animal heart so as to treat detected atrial tachycardia, and to
return the treated heart, and in particular the atrium of the treated heart, to a customary

rhythm.

An exemplary relates to an implantable system for treating a human heart or an animal heart,
having the features described hereafter. Such a system may comprise a processor, a memory
unit, a treatment unit comprising a treatment electrode, and a detection unit for detecting
cardiac events requiring treatment. The system may be 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.
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First, it may be detected by way of the detection device whether a cardiac event to be treated
has occurred in the human or animal heart. This cardiac event can, for example, be a cardiac

rhythm disturbance, such as atrial or ventricular tachycardia, or cardiac arrest.

When a cardiac event to be treated was detected, initially no treatment of this cardiac event
is carried out yet. Rather, a position of the treatment electrode may be first determined. In-
stead of a position of the treatment electrode, it may be also possible to determine a variable
correlating with this position. A position of a treatment electrode shall be understood to mean
the position of a conducting section of the treatment electrode. Such a conducting section is

also referred to as an electrode pole.

Thereafter, the position of the treatment electrode or the variable correlating with the posi-
tion may be compared to a reference variable. A cardiac treatment by way of the treatment
unit and the treatment electrode may be carried out when the position of the treatment elec-
trode, or when the variable correlating with the position, agrees with the reference variable

within a predefinable tolerance.

If the ascertained position of the treatment electrode or the variable correlating with the po-
sition does not agree with the reference variable within a predefinable tolerance, the position
of the treatment electrode may be inadequate. In this case, (initially) no cardiac treatment is
carried out. The reason is that the damage from such a cardiac treatment could be greater
than the benefit. When, for example, two electrodes are located too close together, or one
electrode is no longer disposed in the atrium, but in the ventricle of a heart, carrying out a
cardiac treatment could result in undesirable side effects, some of which are serious, which

are to be avoided.

The reference variable, including the tolerance thereof, may be determined so that a position
of the treatment electrode is considered to be inadequate when treatment success is unlikely
due to such a position, applying the treatment could result in side effects with (potentially
not foreseeable) consequences, or when delivering the treatment could have damaging con-

sequences for the treated heart.
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In any case, the actually required cardiac treatment is refrained from being carried out until
a decision has been made as to whether a treatment should nonetheless be carried out, despite
the position of the treatment electrode having been established to be inadequate. The reason
is that, even when a position of the treatment electrode was ascertained to be inadequate, at
times the benefit of a cardiac treatment that is nonetheless carried out could be greater than
any anticipated damage. In one variant, the option of a manual or automated intervention in
the program executed by the processor may be thus provided so as to still enable cardiac
treatment, even when the established position of the treatment electrode initially does not
support such a treatment. When considering a severity of the detected cardiac event to be
treated, and the deviation of the position of the treatment electrode from the reference vari-
able, however, it may be useful or necessary for saving the life of a patient to carry out a

treatment even if success of the therapy is questionable or if (serious) side effects are feared.

The system is suitable for temporary or permanent implantation, wherein, in particular, a
permanent implantation of the system in a human patient or an animal patient is intended.
When the system is to be implanted in an animal patient, the patient is, in particular, a mam-
mal, for example a mammal selected from the group consisting of rodents, horses, dogs and

cats.

The treatment unit and the treatment electrode, which can also be referred to as the therapy
unit and the therapy electrode, may be a unit and an electrode suitable for any type of treat-
ment of a human heart or an animal heart. For example, the treatment electrode can be a
stimulation electrode used to stimulate human or animal heart tissue. The treatment electrode
can also be a defibrillation electrode. The exact configuration of the treatment electrode is

not of particular significance for the present disclosure.

In one variant, the implantable system may comprise more than one treatment unit and more
than one treatment electrode. In particular, it may be provided that one treatment electrode
is provided for each cardiac region to be treated. Multiple treatment electrodes can be con-
nected to a single treatment unit. Typically, however, exactly one treatment unit may be

assigned to each treatment electrode.
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In an alternative embodiment, the implantable system may comprise more than one detection
unit. Again, one detection unit may be provided for each cardiac region to be treated. The
different cardiac regions to be treated can be, for example, the left atrium, the left ventricle,

the right atrium or the right ventricle of a human heart or an animal heart.

In one variant, the position of the treatment electrode to be determined may be a relative
position of the treatment electrode with respect to a reference point of the system. This ref-
erence point may be another treatment electrode of the system, for example. The reference
point can also be a reference electrode of the system. For example, a portion of the housing

of the implantable system can be configured in the form of a reference electrode.

In one variant, the relative position of the treatment electrode or the variable correlating with
this relative position may be determined by determining a distance between the treatment
electrode and the reference point. This distance may be then compared to a reference dis-
tance, which serves as a reference variable. Such a distance determination makes it possible
to ascertain whether a relative displacement of the considered electrodes has taken place. It
may be possible to determine a single distance between the treatment electrode and the ref-
erence point, or two or more distances between different treatment electrodes and/or between
one or more treatment electrodes and a reference electrode. It may be possible to apply dif-
fering weightings to the individual distances when calculating a variable correlating with the
distance. In this way, it may be possible to assign a higher weighting to a relative change in
position of an electrode in the case of which a change in position can have particularly seri-
ous consequences for a successful treatment, than to a relative change in position of an elec-
trode in the case of which a change in position can have a less serious effect on a successful

treatment.

In principle, different options exist for ascertaining the absolute or relative position of the
treatment electrode. In one variant, the program may prompt the processor to determine the
relative position of the treatment electrode by measuring an electrical current and/or by
measuring a voltage between the treatment electrode and the reference point. When, for ex-
ample, the distance between different treatment electrodes or between a treatment electrode

and a reference electrode is to be determined, a voltage is applied between these electrodes.
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One of the electrodes serves as a current sink in the process. Respective electrode pairs are
then selected from two of the considered n electrodes, and the voltage present between these

electrodes is determined. When the implantable system comprises a total of n electrodes
n!

(n—2)!2!

(treatment electrodes and reference electrodes), this results in = ('21) electrode com-

binations that can be used for a corresponding voltage determination. For example, if there

4*3x2%1
2x1%2%1

= 6 combinations result for a selection of two electrodes.

are n=4 electrodes, (;) =

It is provided in one embodiment to apply voltages between at least two to no more than n-
1 electrode poles. Thereafter, the voltage between electrode poles is measured, of which at

least one pole is not involved in the generation of the voltage.

Furthermore, according to another embodiment, an electrical current is feed between at least
two to no more than n-1 electrode poles. At least one electrode pole serves as a current sink
in the process. Thereafter, the voltage or the current between at least two of the n electrode

poles is measured.

According to a preferred exemplary embodiment, the electrical current and/or the voltage
are delivered by way of at least one treatment electrode (340, 341, 342, 640) and measured
by way of at least one treatment electrode (340, 341, 342, 640) and/or reference electrode.
The measurement is carried out immediately after the delivery of the electrical current and/or
the voltage, so that an effect generated by the fed current/the applied voltage can be meas-

ured directly. The effect can be a physiological effect generated by the current/the voltage.

In one variant, the reference point or the reference electrode may be situated in the area of
the thorax of the patient. As was already described, a portion of the housing of the implant-
able system can serve as the reference electrode. The distance between the electrodes situ-

ated in the heart and the reference electrode is then comparatively large.
In one variant, the voltage applied to the electrodes may have a frequency in a range of 0 to

1 MHz, in particular 0.1 to 0.9 MHz, in particular 0.2 to 0.8 MHz, in particular 0.3 to 0.7
MHz, in particular 0.4 to 0.6 MHz, and in particular 0.5 to 1 MHz.
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In one variant, the voltage applied to the electrodes may be a pulsed voltage having a pulse
duration in a range of 10 us to 100 ms, in particular 100 us to 10 ms, in particular 500 s to
5 ms, in particular 750 ps to 2.5 ms, in particular 900 us to 2 ms, and in particular 1 ms to

1.5 ms.

In one variant, the intervals between the individual pulses may cover a very wide range, in
terms of time. For example, it is possible to consecutively emit a plurality of pulses in very
short succession for determining the position of the treatment electrode, so as to then have a
longer pause until the next position determination. In one variant, the times that pass between
individual pulses may thus be 10 ps to 2 years, in particular 50 us to 1.9 years, in particular
100 ps to 1.8 years, in particular 1 ms to 1.7 years, in particular 500 ms to 1.6 years, in
particular 1 second to 1.5 years, in particular 10 seconds to 1.4 years, in particular 1 minute
to 1.3 years, in particular 10 minutes to 1.2 years, in particular 1 hour to 1 year, in particular
1 day to 0.5 years, in particular 1 week to 0.25 years, and in particular 2 weeks to 1 month.
It is also conceivable that the pulse spacing during individual measurements is in an interval
made up of the shorter time periods (for example 10 ps to 1 second) and the spacing between
pulses of different measurements is in an interval made up of the longer segments (for ex-
ample 1 minute to 2 years). Of course, all of the intervals explicitly mentioned above or the
intervals to be formed otherwise of the upper and lower values delimiting these intervals can

be used for the duration of the pulse spacing.

In one embodiment, a measurement may comprise a plurality of individual measuring pulses,

which are emitted in the form of so-called bursts.

In one variant, at least one measurement may be carried out per year, so as to enable contin-

uous position monitoring of the treatment electrode.

In one variant, the measurement of the voltage applied to the electrodes or of the currents
introduced into the electrodes may be carried out in the form of an impedance measurement.
For example, 2-pole, 3-pole and/or 4-pole impedance measuring methods can be employed

for this purpose.
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In one variant, the current fed into the electrodes or the voltage applied to the electrodes may
be measured directly by way of the electric fields generated in the body of the patient. In an
alternative embodiment, moreover an indirect measurement may also contemplated. The
reason is that the applied voltage or the fed current causes excitation of a cardiac region in
which one of the electrodes involved in the measurement is positioned, which subsequently
spreads to another cardiac region. This results in a physiological delay of the excitation prop-
agation. Based on the pattern of the excitation propagation and/or the physiological delay of
the excitation propagation, it is possible to determine the effect of the fed current or of the

applied voltage.

The current or the voltage generate electric fields that cause a particular effect in the body.
This effect and/or the effect determined indirectly via the delayed physiological effect of the
current or the voltage represents a characteristic parameter for the position of the treatment
electrode, and in particular for the distance between the treatment electrode and a reference
point, such as a reference electrode. This parameter is a variable correlating with the position

within the meaning of the present disclosure.

In an alternative embodiment, it may be also contemplated to measure both an immediate
(direct) effect of the fed current or of the applied voltage and a delayed physiological effect
of the current or the voltage and to use this for determining the position of the treatment

electrode.

In an alternative, the processor may be prompted by the program to assess the detected de-
layed physiological effect. In particular, it is provided to carry out a plausibility check so as
to check whether the reason for the detected physiological delay is the assumed position of
the treatment electrode. Limiting values can be predefined for this plausibility check, which
have to be adhered to within a likewise predefinable tolerance range. If an excessively large
delayed physiological effect or an excessively small delayed physiological effect is detected,
this plausibility check may cause the obtained result not to be considered to be outside the
range to be adhered to from the outset. Rather, this may be an indication that the measure-
ment is faulty and has to be repeated. In contrast, there are many reasons that support the

assumption that the measured position of the treatment electrode corresponds to the actual
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position thereof, in particular when only minor deviations from the presumed position are
established during the plausibility check. It is then possible to ascertain in a subsequent step
whether this position in fact agrees with the reference variable for this position within the

predefinable tolerance.

Whenever a predefinable value is described or explained within the scope of the present
disclosure, this value may be fixedly predefined or freely programmable, for example. In
such a case, it may be also possible for a corresponding value to be selected from a plurality
of exemplary values. These exemplary values can be predefined in ranges meaningful for
the particular application and, for example, can be made available for selection in what ex-

perience has shown to be realistic intervals.

In one variant, it may be ascertained based on a direct effect of the electric fields generated
in the body whether a permitted minimum distance between two electrodes is adhered to or
not met. For example, it is possible to check that a measurement signal ascertained as a result
of an applied voltage or a fed current does not exceed a threshold value serving as the refer-

ence variable. If the threshold value is not exceeded, the minimum distance is adhered to.

In one variant, the sensitivity of the ascertainment of a distance between two electrodes may
be increased by combining different measurement methods with one another. For example,
when the ascertainment of the immediate effect of the applied voltage or of the fed current
has already yielded the result that a drop below the minimum distance did not occur, it can
additionally be checked that the physiologically delayed effect achieved by the applied volt-
age or the fed current does not drop below a predefinable delay period. If a drop below the
defined delay period does not occur, two confirmations obtained by different measurement

methods exist that a drop below the minimum distance between the electrodes did not occur.

In one variant, it is provided that the position of the treatment electrode may be an absolute
position of the treatment electrode within a human heart or an animal heart when the system
is implanted in a human or an animal. This means that the position, in this case, may be

determined independently of other components of the then implanted system. The expression
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"absolute position" denotes the arrangement of the treatment electrode in the heart or in a

particular cardiac region.

So as to make such an absolute position determination of the treatment electrode possible,
the treatment electrode comprises an acceleration sensor in one variant. Such an acceleration
sensor, which can be configured, for example, as a linear acceleration sensor or a rotation
rate sensor or gyroscope, can be used to track a movement of the treatment electrode within

the heart.

In one variant, it is provided for this purpose that the program may prompt the processor to
create an acceleration profile of the treatment electrode by way of acceleration data collected
by the acceleration sensor. Moreover, the processor is prompted to correlate this acceleration
profile with the cardiac rhythm of the human or animal heart in which the corresponding
treatment electrode is situated. In this way, it is possible to ascertain whether the treatment
electrode is tracking the movements of the cardiac region in which the treatment electrode
is situated or presumed. If the acceleration profile of a ventricular treatment electrode is
synchronous with the ventricular cardiac rhythm of the corresponding ventricle, the treat-
ment electrode is still situated in the ventricle in which it was originally disposed. If, in
contrast, a correlation of the acceleration profile of the treatment electrode and the cardiac
rhythm of a particular cardiac region shows that the treatment electrode is tracking the move-
ments of a cardiac region in which it is not supposed to be situated (for example, an atrial
treatment electrode tracks a ventricular cardiac rhythm), this demonstrates that the treatment
electrode is no longer situated in the cardiac region in which it was originally disposed. This
means that a dislocation of the treatment electrode has taken place, which regularly precludes
this treatment electrode from being activated for carrying out a cardiac therapy. The reason
is that the expected therapy success would then not materialize. Rather, (serious) side effects
of a corresponding cardiac treatment would have to be expected. A relocation of the treat-
ment electrode would have to be carried out first here, so that the desired treatment success

can in fact be achieved.

In one variant, data may be also collected by sensors that are situated outside the human or

animal heart and that are not influenced by the movements of the heart, during the
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determination of the absolute position of the treatment electrode. By including such supple-
mental sensor data, it is possible to reduce, or even eliminate, artefacts that may occur else-
where. This increases the accuracy of the determination of the absolute position of the treat-

ment electrode .

In one variant, the system may comprise a patient state sensor. Such a patient state sensor is
used to determine a body position or an activity state of a patient in whom the system was
implanted. Such a patient state sensor may be a position sensor, for example, which can be
used to ascertain whether the patient is in an upright position or a horizontal position. For
example, a sensor that can be used to monitor the heart rate of the patient is a patient state
sensor suitable for determining the activity state of the patient. The heart rate is typically
monitored directly by one or more electrodes of the system for treating the heart, so that the
sensors already present in the system can assume the function of the patient state sensor,
which is why a separate patient state sensor is not necessarily required in such a case. De-
tecting the body position or the activity state of the patient makes it possible to collect addi-
tional data, which increases the reliability of the remaining measurement data since it can

provide an explanation for potentially abnormal measurement data.

In one variant, the program may prompt the processor to store a progression of the position
of the treatment electrode over time. In this way, it is possible to establish a trend of the
position of the treatment electrode. For example, an onsetting dislocation of the treatment
electrode can thus be identified at an early stage, when a change in the position of the treat-
ment electrode that, per se, is still within the predefined tolerance range is found, and, at the
same time, it is evident that this change in position is taking place in exactly one direction
(for example, an increasing distance or a decreasing distance). Such an analysis of the pro-
gression of the position of the treatment electrode can also be used to ascertain the positional
stability of the treatment electrode. In this way, for example, an imminent loose connection

of the treatment electrode can be identified at an early stage.
In one variant, the program may prompt the processor to store only those values of the posi-

tion of the treatment electrode which were collected when the patient was in a defined body

position and/or in a defined activity state. The data collected by the optionally provided
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patient state sensor is preferably used for this purpose. By limiting the values of the position
of the treatment electrode to be stored, an overall more reliable trend of a change in the
position of the treatment electrode can be ascertained. The reason is that overall improved
comparability of the stored values is achieved when the measurements that were obtained
for assessing the position of the treatment electrode are only stored when they relate to a
comparable body position of the patient or a comparable activity state of the patient. It is
then possible to provide more precise information as to the positional stability of the treat-

ment electrode. In this way, artefacts are minimized or eliminated.

In one variant, the program may prompt the processor to carry out a position determination
of the treatment electrode even when no cardiac treatment of the corresponding human or
animal heart is to be carried out. In this ways, it is possible to collect measurement data inde-
pendently of a cardiac treatment, which provides insights into the position of the treatment
electrode. When such data is collected at regular or irregular intervals, information as to the
positional stability of the treatment electrode can be provided. An (onsetting) dislocation of
the treatment electrode can thus be identified at an early stage, which may then possibly be

corrected even before the need to carry out a cardiac treatment.

In one variant, the program may prompt the processor to carry out a cardiac treatment after
a presettable time has elapsed or in response to a signal if a cardiac event to be treated was
established beforehand. This cardiac treatment may take place in such a case by way of the
treatment unit and the treatment electrode, regardless of the previously ascertained position
of the treatment electrode. This means that this safety step makes a cardiac treatment possible
even if an inadequate position of the treatment electrode was ascertained. The reason is that,
at times, the established deviation of the position of the treatment electrode from the ex-
pected position is comparatively small, while the cardiac event to be treated is comparatively
serious. Taking the patient's interest into consideration, it may be more advantageous on an
overall basis to carry out a cardiac treatment, and accept side effects, than to suppress such

a cardiac treatment.

An external input signal generated by a physician can, for example, be a signal that prompts

the processor to carry out a cardiac treatment, regardless of the ascertained position of the
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treatment electrode. As a result, a physician - taking the patient's interest and the medical
risk of a cardiac treatment into consideration - has the option to carry out a cardiac treatment,

despite a seemingly or effectively dislocated treatment electrode.

In one variant, the system may comprise at least one device for emitting and/or receiving
acoustic waves. This device is used to determine the position of the treatment electrode. The
acoustic waves can be ultrasonic waves, for example. An emitter for acoustic waves can be
disposed on the treatment electrode, for example. A receiver for the acoustic waves emitted
by the emitter may be disposed on the reference point. By way of signal attenuation, taking
place after the acoustic waves have been emitted, and/or a phase shift compared to the fed
acoustic signal, it is then possible to obtain additional information about the distance be-
tween the treatment electrode and the reference point. The delay that results from the acous-
tic signal propagation in the heart or in the body of the patient is orders of magnitude shorter
than a physiological delay of the excitation propagation caused by the introduction of a cur-
rent pulse into the heart. By a combined evaluation of the immediate effect of a fed current
or an applied voltage by way of the electric fields generated thereby in the heart and/or the
delayed physiological excitation as a result of the applied voltage or the fed current and/or
the emitted and received acoustic signals, it is thus possible to work in up to three different

levels of time, which allows a very precise position determination of the treatment electrode.

It may be also possible to dispose the emitter of the acoustic waves or acoustic signals on
the reference point, instead of on the electrode, and to dispose the receiver on the electrode.
At the same time, it may be possible to use a transceiver for acoustic signals instead of a
receiver that is separate from the emitter. It is also possible to provide the emitter, the re-
ceiver or the transceiver on a different component of the implantable system, instead of on
the electrode. In such a case, it is useful to provide a reflective element on the electrode,
which reflects the acoustic signals directed at the electrode. In such a case, it may be possible
to collect relevant data for the determination of the distance between the electrode and the
emitter, the receiver or the transceiver from the progression of the acoustic signals toward

the electrode and/or away from the electrode.

18.156P-SG



10

15

20

25

30

-25-

In one variant, the system may comprise at least one device for emitting and/or receiving
electromagnetic waves. This embodiment of the device may be used to determine the posi-
tion of the treatment electrode distance measurement using electromagnetic waves. The elec-
tromagnetic waves may have a frequency in the range of 1 MHz to 1 GHz, in particular of
10 MHz to 900 GHz, in particular of 100 MHz to 800 GHz, in particular of 500 MHz to 700
GHz, in particular of 1 GHz to 600 GHz, in particular of 10 GHz to 500 GHz, in particular
of 100 GHz to 400 GHz, and in particular of 200 GHz to 300 GHz. The electromagnetic

waves are galvanically fed into the tissue.

In one variant, the electromagnetic waves may be fed into the cardiac tissue in the frequency
range of 300 MHz to the infrared range, that is, 300 GHz. Thereafter, it is possible to ascer-
tain a distance between the treatment electrode and the reference point based on a transmis-
sion measurement of the electromagnetic waves. According to an exemplary embodiment,
it may be possible to use electromagnetic waves in the visible frequency range instead of
acoustic waves. Suitable frequency ranges are between 400 THz and 800 THz, in particular
between 500 THz and 700 THz, and in particular between 550 THz and 650 THz. Emitters
and receivers or transceivers can also be used in the case of electromagnetic waves. It is
possible, but not mandatory, to arrange an emitter, a receiver or a transceiver on the elec-
trode. It is likewise possible to use reflective elements, which reflect the electromagnetic
waves, but this is only useful for certain frequency ranges. The reason is that, in particular,
light in the visible range penetrates only short distances in the human tissue, so that the
luminous intensity may potentially already be too low once a reflective element is reached.
Lower-frequency electromagnetic waves, however, have a larger range in human tissue, so
that reflections are possible here. Instead of simple transmission measurements, combined

reflection and transmission measurements are also possible.

In one variant, the cardiac event to be detected which is to be treated by way of the implant-
able system may be atrial tachycardia. In such a case, the cardiac treatment may be atrial
antitachycardia pacing. The treatment electrode may also be referred to as a stimulation elec-

trode in this case.
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An exemplary embodiment relates to a method for controlling the operation of an implanta-
ble system for treating a human heart or an animal heart, and in particular to an implantable
system according to the above description. This method comprises the steps described here-

after.

First, it may be detected by way of a detection unit whether a cardiac event to be treated has

occurred in a human heart or an animal heart.

If a cardiac event to be treated has occurred, a position of a treatment electrode may be
determined. As an alternative or in addition, a variable correlating with this position of the

treatment electrode may be determined.

Subsequently, the position of the treatment electrode or the variable correlating with the

position may be compared to a reference variable.

When the position of the treatment electrode or the variable correlating with the position
agrees with the reference variable within a predefinable tolerance, an impulse for a cardiac
treatment may be generated in a treatment unit of the system. This impulse may then be

forwarded via a treatment electrode.

If, in contrast, the position of the treatment electrode or the variable of the treatment elec-
trode correlating with the position does not agree with the reference variable within a prede-
finable tolerance, no impulse for a subsequent cardiac treatment is generated in the treatment

unit.
An exemplary embodiment relates to a non-volatile 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.

First, it may be detected by way of a detection device whether a cardiac event to be treated

has occurred in the human or animal heart.
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When a cardiac event to be treated was detected, initially no treatment of this cardiac event
is carried out yet. Rather, a position of a treatment electrode may be first determined. Instead
of a position of the treatment electrode, it may be also possible to determine a variable cor-

relating with this position.

Thereafter, the position of the treatment electrode or the variable correlating with the posi-
tion may be compared to a reference variable. A cardiac treatment by way of the treatment
unit to which the treatment electrode may be assigned is carried out when the position of the
treatment electrode, or when the variable correlating with the position, agrees with the ref-

erence variable within a predefinable tolerance.

If the ascertained position of the treatment electrode or the variable correlating with the po-
sition does not agree with the reference variable within a predefinable tolerance, the position
of the treatment electrode may be inadequate. In this case, (initially) no cardiac treatment is
carried out. The reason is that the damage from such a cardiac treatment could be greater

than the benefit.

A further aspect of the present disclosure relates to a method for treating a human patient or
an animal patient requiring such treatment, by way of an implantable system for treating a
human heart or an animal heart, wherein the system may comprise a processor, a memory
unit, a treatment unit comprising a treatment electrode, and a detection unit for detecting a

cardiac event requiring treatment. The method comprises the steps described hereafter.

First, it may be detected by way of the detection unit whether a cardiac event to be treated
has occurred in the heart of the patient.
If a cardiac event to be treated has occurred, a position of the treatment electrode or a variable

correlating with this position may be determined.

The position of the treatment electrode or the variable correlating with the position may be

then compared to a reference variable.
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When the position of the treatment electrode or the variable correlating with the position
agrees with the reference variable within a predefinable tolerance, a cardiac treatment may

be carried out by way of the treatment unit and the treatment electrode.

In contrast, when the position of the treatment electrode or the variable correlating with the
position does not agree with the reference variable within a predefinable tolerance, initially

no cardiac treatment is carried out by way of the treatment unit and the treatment electrode.

An exemplary embodiment relates to an implantable system for the diagnostic and/or thera-
peutic treatment of a human patient or an animal patient, having the features described here-
after. Such a system may comprise a processor, a memory unit, a treatment unit, and a remote
data transmission unit. The treatment unit may be used to carry out a diagnostic and/or ther-
apeutic treatment of the patient in whom the system was implanted. By way of the remote
data transmission unit, data can be transmitted to a receiver located remotely in relation of
the implantable system via remote data transmission networks, which are known per se, such

as WLAN or mobile radio communication, and in particular wirelessly.

It is provided that the memory unit comprises a computer-readable program, which prompts
the processor to carry out the steps described hereafter when the program is being executed

on the processor.

Initially, it may be ascertained whether a treatment functionality of the treatment unit could
jeopardize a patient in whom the system was implanted if a diagnostic and/or therapeutic
treatment of the patient which corresponds to the treatment functionality were to be carried
out by way of the treatment unit. It may be thus ascertained in advance whether such a patient

risk could exist with a planned (but not yet administered) treatment.

When such a possible patient risk was ascertained, the corresponding treatment functionality
may be deactivated. The treatment unit typically includes a plurality of different treatment
functionalities. Typically, each of these treatment functionalities can be deactivated inde-
pendently of other treatment functionalities. It is also possible to jointly deactivate certain

treatment functionalities that form a group.
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As a result of the deactivation, a therapeutic or diagnostic treatment of the patient defined
by the treatment functionality can no longer be carried out by the treatment unit. This is not
possible again until the treatment functionality was reactivated. As was already mentioned
at the outset, the approaches known from the prior art require a patient to see a specialist to

have the treatment functionality reactivated.

However, a step of receiving reactivation data may now take place by way of the remote
data transmission unit. It is thus possible to send reactivation data to the implantable system

via the remote data transmission unit.

The deactivated treatment functionality may be then reactivated based on the received reac-
tivation data. If different treatment functionalities were previously deactivated, the reactiva-
tion data can include information as to which of the deactivated treatment functionalities are
to be reactivated. It is also possible to always reactivate all previously deactivated treatment

functionalities by way of the received reactivation data.

As a result of a reactivation of the treatment functionality, a diagnostic and/or therapeutic
treatment corresponding to the treatment functionality may subsequently be carried out

again.

It is provided that the reactivation data can only be transmitted to the implantable system by
trained medical staff, in particular physicians, specialized in such implantable systems. It is
then possible to ensure that the treatment functionality is only reactivated if a risk for the
patient is no longer presumed to exist. At the same time, however, it is not necessary for the
patient to see the corresponding physician or trained medical staff. This avoids needless

travel for the patient, and saves the physician from having unnecessary patient visits.

In one variant, the program may prompt the processor to send status data by way of the
remote data transmission unit. This status data indicates whether a particular treatment func-
tionality of the treatment unit is activated or deactivated. This status data can then be received

by a remotely situated computer (for example, at a physician specializing in implants). The
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physician or another user of the remotely situated computer is then able to identify which
treatment functionalities of the implantable system were deactivated, so as to decide whether
a reactivation of these treatment functionalities is in the interest of the patient. The status
data - as well as the reactivation data in this or in other exemplary embodiments - can be
transmitted in encrypted form. The sufficiently known, conventional encryption mechanisms

are suitable for this purpose.

In one variant, it may be possible to permit individual treatment functionalities to be reac-
tivated, while disallowing a reactivation of other treatment functionalities. For this purpose,
one or more treatment functionalities may be assigned to a first group, and one or more other
treatment functionalities may be assigned to a second group. The two groups may subse-
quently be treated differently with respect to the reactivation. Specifically, the program
prompts the processor in this variant to permit a reactivation of one or more treatment func-
tionalities assigned to the first group, based on the received reactivation data. At the same
time, the program may prompt the processor to disallow a reactivation of individual or mul-
tiple treatment functionalities assigned to the second group. Providing different groups thus
enhances the patient's safety since certain treatment functionalities that pose a particularly
high risk for the patient can thus be precluded in a targeted manner from being reactivated
by way of remote data transmission. So as to reactivate such functions, it is still necessary
to see a physician specialized in implantable systems, who is then able to carry out a corre-

sponding reactivation after having examined the patient.

So as to assign individual or multiple treatment functionalities to the first group or to the
second group, the processor uses assignment data in one variant. This assignment data may
be stored in the memory unit of the implantable system or be transmitted to the system by
other means. Such assignment data makes it possible to flexibly assign treatment function-
alities to the first group or to the second group. For example, such assignment data can pro-
vide that a particular treatment functionality is to be assigned to the first group at a first point
in time. At a later point in time, such assignment data can prompt an assignment of the same
treatment functionality to the second group. The assignment data can, for example, take a
state of health of the patient into consideration which affords or necessitates a facilitated or

more difficult reactivation of particular treatment functionalities.
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In one variant, assignment data may be precluded from being transmitted to the implantable

system by way of the remote data transmission device.

In one variant, the system may comprise a near field telemetry unit. In this variant, the pro-
gram may prompt the processor to receive assignment data by way of the near field telemetry
unit. In this way, it may be possible to clear certain treatment functionalities for reactivation,
or to exclude these from reactivation, and more particularly, for example, when the patient
is visiting a physician not specialized in implants, such as his or her primary care physician.
The primary care physician is then not able to directly initiate a reactivation of individual
previously deactivated treatment functionalities. However, it is possible for the primary care
physician to clear certain treatment functionalities by way of the near field telemetry unit.
Subsequently, reactivation data can then be transmitted by a specialist to the implantable
system and received by the same by way of the remote data transmission unit. In this way,
access to the implantable system would be subject to dual control. On the one hand, certain
treatment functionalities have to be cleared for reactivation by way of the near field telemetry
unit. On the other hand, a physician specialized in implants or accordingly trained medical
staff additionally has to send reactivation data to the implantable system. Such a multi-stage
safety procedure makes it possible to significantly reduce a risk due to unauthorized access
to the implantable system. Nonetheless, the patient has to see only one physician, who more-

over does not need to be a specialist for implants.

The assignment data transmitted to the implantable system by way of the near field telemetry
unit or by other means may, for example, allow a temporary assignment of certain treatment
functionalities to the first group of treatment functionalities. It may then be possible, for
example, to permit a reactivation of the previously deactivated treatment functionality within
a time window having a duration of, for example, 1 minute to 10 hours, in particular 5
minutes to 5 hours, in particular 10 minutes to 2 hours, in particular 20 minutes to 1.5 hours,
and in particular 30 minutes to 1 hour. Subsequently, the corresponding treatment function-
ality may be automatically assigned to the second group. A reactivation of the treatment

functionality is then no longer possible. If no reactivation has taken place within the time
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window, initially new assignment data has to be transmitted to the implantable system so as

to reopen the fundamental option of reactivating the deactivated treatment functionality.

In one variant, the implantable system is a system for treating, and in particular for stimulat-
ing, a human hear or an animal heart. For example, the system may be a cardiac pacemaker,
which has different functionalities. The system may, for example, be an implantable system
for stimulating a human heart or an animal heart, which is provided and configured to apply

atrial antitachycardia pacing. However, arbitrary other functionalities are also conceivable.

In one variant, the system may also be a medical product, which is used for entirely different
diagnostic and/or therapeutic applications within a patient. Examples include implantable

defibrillators, neurostimulators, implantable medical pumps and ventricular assist devices.

In one variant, the treatment unit may include at least one treatment functionality, which is
selected from the group consisting of ventricular pacing, ventricular conditioning stimula-
tion, atrial pacing, atrial antitachycardia pacing and defibrillation. Ventricular pacing may,
for example, be right ventricular overdrive pacing, left ventricular overdrive pacing, or
biventricular overdrive pacing. Biventricular overdrive pacing can be carried out, for exam-
ple, with a VV delay deviating from a regular stimulation. Specific adaptations of the ven-
tricular conditioning stimulation to previously detected atrial tachycardia, as they are de-

scribed elsewhere in the present disclosure, are likewise conceivable.

An exemplary embodiment relates to a treatment system comprising an implantable system
for the diagnostic and/or therapeutic treatment of a human patient or an animal patient ac-
cording to the above descriptions, and a remote access unit disposed remotely therefrom. As
described, the implantable system may comprise a first processor, a first memory unit, a
treatment unit, and a first remote data transmission unit. The remote access unit may com-
prise a second processor, a second memory unit, and a second remote data transmission unit.
The remote access unit may be a conventional computer. The first memory unit may include
a first computer-readable program, which prompts the first processor to carry out the steps

described hereafter when the program is being executed on the first processor.
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Initially, it may be ascertained whether a treatment functionality of the treatment unit could
jeopardize a patient in whom the system was implanted if a diagnostic and/or therapeutic
treatment of the patient which is specified by the treatment functionality were to be carried

out.

When such a potential patient risk was ascertained, the treatment functionality may be deac-
tivated. The treatment defined by the treatment functionality can then no longer be carried

out.

If thereafter reactivation data is received by way of the first remote data transmission unit,
the deactivated treatment functionality may subsequently be reactivated, taking the received

reactivation data into consideration.

The second memory unit may include a second computer-readable program, which prompts
the second processor to carry out the steps described hereafter when the program is being

executed on the processor.

Reactivation data may be generated in response to an input or a program request. This reac-
tivation data may be then transmitted by way of the second remote data transmission unit.
The steps of generating the reactivation data and of transmitting the reactivation data are
typically carried out prior to the step of receiving the reactivation data by way of the first
remote data transmission unit. It may be possible in the process and contemplated that the
reactivation data has already been generated and is only transmitted by way of the second
remote data transmission unit when a reactivation of a particular treatment functionality be-

comes necessary, so that the data can be received by way of the first data transmission unit.

An input that prompts the generation of reactivation data may, for example, be a user input
on the remote access unit. For example, after having been informed that a particular implant-
able system has deactivated a treatment functionality, which is now to be reactivated, a phy-
sician is able to prompt a generation of reactivation data by an input on a user interface. For

this purpose, the physician can previously obtain assurance, by telephone or other means,
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that a reactivation of the treatment functionality no longer poses a risk for the patient, for

example because the condition of the patient has since changed.

In one variant, the second program may prompt the second processor to receive status data
of the implantable system prior to the generation of the reactivation data by way of the sec-
ond remote data transmission unit. This status data indicates whether a particular treatment
functionality of the treatment unit is activated or deactivated. The reason is that reactivation
data with respect to a treatment functionality only has to be transmitted when this treatment
functionality has in fact been deactivated. The status data can also indicate whether or not a

remote reactivation of the respective treatment functionality is permissible.

For example, it is possible that a physician tasked with the reactivation of a treatment func-
tionality first checks the status of the corresponding implantable system. This can take place
based on such status data, which is transmitted from the first remote data transmission unit
to the second remote data transmission unit. When the physician then recognizes that a par-
ticular treatment functionality was deactivated, but he or she also has information that a risk
to the patient no longer exists as a result of a change in the patient's condition that has since
taken place, the physician is able to generate the required reactivation data in the remote
access unit. Such a change in the patient's condition may have occurred, for example, as a

result of a treatment with pharmaceuticals.

In one variant, it may be provided that the fundamental option of reactivating a treatment
functionality cannot be altered remotely. When a treatment functionality is thus labeled to
the effect that it is not reactivatable remotely, it is not possible for a physician to implement
a change to this labeling by way of remote access to the effect that a reactivation by way of
remote access is made possible after all. Rather, in one variant, an interaction with the im-
plantable system in much greater proximity, for example through direct access or access by
way of a near field telemetry unit, is required for this purpose. In this way, unauthorized
access to the implantable system and the activity status of the individual treatment function-

alities 1s made significantly more difficult.
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An exemplary embodiment relates to a method for controlling the operation of an implanta-
ble system for the diagnostic and/or therapeutic treatment of a human patient or an animal
patient according to the above descriptions. This method comprises the steps described here-

after.

Initially, it may be ascertained whether a treatment functionality of a treatment unit of the
system could jeopardize a patient in whom the system was implanted if a diagnostic and/or
therapeutic treatment of the patient defined by the treatment functionality were to be carried

out.

When such a possible patient risk is identified, the treatment functionality may be deac-

tivated.

Only after reactivation data has been received by way of a remote data transmission unit can
the deactivated treatment functionality be reactivated, based on the received reactivation
data. If, in contrast, such reactivation data is not received, the treatment functionality remains

in the deactivated state thereof.

An exemplary embodiment relates to a computer program product including computer-read-
able code, which prompts a processor to carry out the steps described hereafter when the

code is being executed on the processor.

Initially, it may be ascertained whether a treatment functionality of a treatment unit of an
implanted system for the diagnostic and/or therapeutic treatment of a human patient or an
animal patient could jeopardize a patient in whom the system was implanted if a diagnostic
and/or therapeutic treatment of the patient defined by the treatment functionality were to be

carried out.

When such a potential patient risk was ascertained, the treatment functionality may be deac-

tivated.
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A reactivation of the treatment functionality is only possible when reactivation data is avail-
able. This reactivation data may be received by way of a remote data transmission unit. After
having been received, the reactivation data may be used to reactivate the previously deac-
tivated treatment functionality. If no reactivation data is received, the treatment functionality

remains in the deactivated state thereof.

An exemplary method relates to a method for treating a human patient or an animal patient
in need of such treatment. This treatment is carried out by way of an implantable system for
the diagnostic and/or therapeutic treatment. The system may comprise a processor, a
memory unit, a treatment unit, and a remote data transmission unit. The method comprises

the steps described in greater detail hereafter.

Initially, it may be ascertained whether a treatment functionality of the treatment unit could
jeopardize a patient in whom the system was implanted if a diagnostic and/or therapeutic

treatment of the patient defined by the treatment functionality were to be carried out.

When such a potential patient risk was ascertained, the treatment functionality is deactivated.

It remains in the deactivated state thereof until it is reactivated based on reactivation data.

Such reactivation data may be received by way of the remote data transmission unit. After
the reactivation data has been received, it may be possible to reactivate the previously deac-

tivated treatment functionality.

Thereafter, a diagnostic and/or therapeutic treatment of the patient defined by the treatment

functionality may be carried out.
An exemplary embodiment relates to an implantable system for stimulating a human heart
or an animal heart, having the features described hereafter. Such a system may be intended,

in particular, for the permanent implantation in a human patient or an animal patient.

Such an implantable system may comprise a processor, a memory unit, a stimulation unit,

and a first detection unit for detecting a cardiac rhythm disturbance of a heart region.
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It is provided that the memory unit comprises a computer-readable program, which prompts
the processor to carry out the steps described hereafter when the program is being executed

on the processor.

First, it may be detected by way of the first detection unit whether a cardiac rhythm disturb-
ance is present in a cardiac region of a heart of a human patient or an animal patient. A
presence of a cardiac rhythm disturbance within the meaning of the present disclosure is to

be presumed if the onset or the presence of a cardiac rhythm disturbance can be detected.

If such a cardiac rhythm disturbance was identified, a suitable stimulation strategy may be
selected based on a selection criterion. The selection criterion includes a measurement vari-
able or a variable calculated from the measurement variable. The measurement variable may
be selected from the group consisting of a physiological measurement variable of the patient,
a pathophysiological measurement variable of the patient, and a non-physiological measure-
ment variable indicating a state of the patient. In particular, the group available for selection
is composed of the above-described measurement variables or a subset thereof. The selection
criterion may comprise more than one of these measurement variables, which can also be
arithmetically related to one another. A different weighting of individual or all measurement

variables may be possible.

According to one embodiment, the condition of the heart may be detected prior to the aATP
delivery. The condition can be mapped using different parameters, which are described
within the scope of the present disclosure. A suitable point in time for delivery of the aATP
therapy, having a high likelihood of success of the therapy, can be ascertained based on at

least one of these parameters.

Afterwards, the cardiac region in which the cardiac rhythm disturbance was detected is stim-
ulated using the selected stimulation strategy. The stimulation unit may be used for this pur-
pose. The stimulation unit may be an atrial stimulation unit or a ventricular stimulation unit.
It may be possible to stimulate one atrium or both atria and/or one ventricle or both ventricles

using the stimulation unit. The stimulation of the cardiac region or of the cardiac regions is
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carried out with the objective of terminating the detected cardiac rhythm disturbance. For
example, the cardiac rhythm disturbance can be atrial tachycardia/tachyarrhythmia (AT) or
atrial fibrillation (AFib). As a result of the selected stimulation strategy, ideally a stimulation
is carried out which results in a termination of the detected cardiac rhythm disturbance, such
as the detected AT/AFib, within a short time period, using the least amount of energy possi-
ble, and the termination success of which is long-lasting, that is, a long duration passes until

AT/AFib occurs again.

Thereafter, a success and/or an efficiency of the conducted stimulation may be detected. This

may take place by way of the first detection unit and/or a further detection unit of the system.

The detected success and/or the detected efficiency may be now compared to a predefinable
success and/or efficiency criterion. In this way, it is possible to determine whether a desired
success or a desired efficiency was able to be achieved. A success of a stimulation is, for
example, that a normal heart rhythm is restored. Indicators for the efficiency of a conducted
stimulation are, for example, the time required for restoring a normal heart rhythm, the en-
ergy required to do so, or also the time that passes between the first AT/AFib termination
and the renewed occurrence of AT/AFib. If this time increases for successive AT/AFib, this

speaks in favor of the effectiveness of the stimulation.

If the predefinable success and/or efficiency criterion was achieved, no adaptation of the
stimulation strategy is required. Rather, the selected stimulation strategy is then already suf-
ficiently successful or sufficiently efficient for the treated cardiac rhythm disturbance. If, in
contrast, the predefinable success and/or efficiency criterion was not achieved, the stimula-
tion strategy may be optimized, so that better success and/or greater efficiency can be
achieved during a subsequent stimulation using an optimized stimulation strategy. The opti-
mization of the stimulation strategy includes a change in the stimulation strategy with respect
to at least one parameter. This parameter is selected from the group consisting of a form of
the treatment, a number of the treatments, a combination of different treatments, a frequency
of the treatments, and a point in time of the treatment. In particular, the group is composed

of the above-described parameters or a subset thereof.
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The expression "form of the treatment" shall, in particular, be understood to mean a design
and/or a pattern of electrical pulses that are delivered within the scope of a stimulation by

the stimulation unit.

The point in time of the treatment can be selected in such a way, for example, that particu-
larly good success or a particularly high efficiency of the stimulation is to be expected. The
reason is that a stimulation which is delivered during a particular phase of a cardiac cycle
can, in principle, have a higher success rate for treating a cardiac rhythm disturbance than a

stimulation which is delivered at a different point in time of the heart rhythm.

In one variant, the measurement variable may be a hemodynamic measurement variable of
the patient, an amplitude of an intracardiac electrogram, an amplitude of a far field signal,
an amplitude of an electrocardiogram signal, an amplitude of an atrial signal, a systemic
blood pressure, an arterial blood pressure, a venous blood pressure, a blood pressure in one
of the ventricles, a pulmonary arterial pressure (PAP), another blood pressure, a change in
one of the aforementioned blood pressures, a change in a morphology of a detected signal,
an impedance change of a detected signal, a measurement value allowing a conclusion of a
regularity or irregularity of the heart rhythm of the patient, a body position of the patient, a
contractility of the heart muscle, or the change in the contractility of the heart muscle. As an
alternative or in addition, the measurement variable can also be a variable that indicates or

reflects one of the aforementioned variables.

A body position of the patient can, for example, be an upright position, a sitting position or
a recumbent position (in particular a horizontal position). By selecting one or more of the
aforementioned measurement variables, it is possible to take the current condition of the
patient or the state of health of the patient into consideration in the selection of a suitable
stimulation strategy. For example, if an increased blood pressure of the patient is detected, a
stimulation strategy is selected which does not result in an increase in the blood pressure, so
as not to further increase the already elevated blood pressure of the patient. Similarly, other
physiological measurement variables of the patient may be used to select the stimulation
strategy in such a way that a deviation of the respective measurement variable from

— astandard value or a standard range,
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— apredefined value and/or
— anindividual measurement value for the patient (for example a mean value, a median
and the like)

is not further amplified by the selected stimulation strategy.

In particular when the measurement variable is a hemodynamic measurement variable of the
patient, it is provided in one variant that the measurement variable may be ascertained by
the implantable system itself by way of the first detection unit or by way of a further detec-
tion unit. It is not necessary then to provide an additional sensor unit for detecting the meas-

urement variable.

In another variant, however, such an additional sensor unit may be provided, which is de-
signed independently of the implantable system for stimulating the human heart or animal
heart. Such an additional sensor unit may make it possible to determine not only hemody-
namic parameters, but also other physiological parameters of the patient particularly easily,
so that the possible physiological, pathophysiological or non-physiological measurement

variables available for selecting the measurement variable can be expanded.

In one variant, the efficiency of the stimulation is a physiological efficiency. In particular
the duration that is required to successfully treat an identified cardiac rhythm disturbance by
way of the selected stimulation strategy may be a measure suitable for determining the phys-
iological efficiency. As an alternative or in addition, the efficiency may be a non-physiolog-
ical efficiency, namely an efficiency for the energy required for the stimulation. Each im-
plantable system for stimulating the human heart or animal heart comprises a power source,
which contains a finite amount of energy. The service life of such systems decisively de-
pends on the use of energy. If it is possible to lower the energy consumption, while keeping
the success of the conducted stimulations at least the same, the service life of the stimulation
system is increased. This is associated with considerable comfort for the patient since a sur-
gical procedure for replacing the stimulation system or the power source of the stimulation

system is not necessary until at a later time.
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In one variant, stimulation strategies that in the past have proven to be particularly promising
or efficient for a particular type of cardiac rhythm disturbance are given a higher priority
than other stimulation strategies. When a renewed stimulation is carried out, these higher-
priority stimulation strategies are then preferably selected for carrying out the stimulation.
In this way, stimulation strategies that are expected to be successful can be predominantly
applied. This typically increases the success or enhances the efficiency of the conducted
stimulation. So as to carry out this variant, the program may prompt the processor to store
the selection criterion, the applied stimulation strategy and the success achieved thereby
and/or the efficiency achieved thereby in the memory unit. Thereafter, the stored stimulation
strategy is prioritized as a function of the achieved success and/or the achieved efficiency.
This storage can take place, for example, in the form of a ranking table, wherein stimulation
strategies that are listed higher in the ranking table have a higher prioritization than stimula-
tion strategies listed further down, and are given preference in a subsequent selection of a
suitable stimulation strategy. Other types of prioritization or hierarchization of the different

available stimulation strategies are likewise conceivable.

So as not to carry out a treatment of a patient that is likely not very promising or not very
efficient to begin with, or so as to utilize the energy available for the stimulations as effi-
ciently as possible, it is provided in one variant to entirely exclude a stimulation strategy
having a low prioritization at least temporarily from the stimulation strategies available for
selection. For example, it is possible not to offer such a low-priority stimulation strategy as
a stimulation strategy to be carried out for a first duration. The first duration can be a few
minutes, hours or 2 to 5 days, for example. So as to implement such a temporary or perma-
nent exclusion of individual stimulation strategies, the program prompts the processor in this
variant to exclude a low-priority stimulation strategy, for a first duration, from the stimula-

tion strategies to be carried out for an impending stimulation.

In one variant, the stimulation unit may be an atrial stimulation unit, that is, a stimulation
unit that is provided and configured for stimulating one atrium or both atria. In this variant,
it is provided, in particular, that the conductable stimulation strategies are strategies by way
of which atrial antitachycardia pacing (atrial ATP) can be applied. In one variant, the stim-

ulation strategy to be carried out is cardioversion, in particular by an atrial treatment.
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In one variant, the system for stimulating the heart may be designed to take the ventricular
activity of the heart into consideration in the selection of the atrial therapy. The reason be-
hind this is that fundamental risks can exist for carrying out a stimulation therapy in the atria
with the presence of ventricular tachycardia (VT). Specifically, so-called retrograde conduc-
tion can occur in the case of VT, that is, the VT is conducted back into the atrium via the
cardiac stimulus conduction system and causes excitation of the atrium. The atrial excitation
caused by VT cannot be terminated by an antitachycardia pacing therapy in the atrium. The
pacemaker implant should therefore not interpret such an excitation as AT/AFib that can be
terminated by atrial pacing. For this purpose, the ventricular activity has to be measured, and
also has to be taken into consideration in the decision as to the use, type and timing of the
atrial pacing therapy. For this purpose, it may be measured, for example, whether a high
ventricular heart rate (that is, VT) is present. Known methods for identification by way of
an ECG (intracardiac or surface ECG) can be employed for identifying retrograde conduc-
tion. For example, 2:1 retrograde conduction can be identified in a surface ECG in that P
waves are visible after every other R wave. As a result, one embodiment of the present sys-
tem for stimulating the heart may be designed to determine the risk of retrograde conduction
of ventricular tachycardia for the atria, and to adapt the stimulation to be delivered such that
this risk is minimized to the extent possible. For this purpose, the program may prompt the
processor to initially determine a ventricular cardiac rhythm (that is, a ventricular activity)
when the detected cardiac rhythm disturbance is atrial tachycardia. The risk of retrograde
conduction of ventricular tachycardia in at least one atrium is then assessed based on the
determined ventricular heart rhythm. A stimulation intended to treat the atrial tachycardia
may be then adapted as needed, in terms of time and/or location, taking the risk of retrograde
conduction of ventricular tachycardia into consideration. Taking the ventricular activity into
consideration in such a way can prevent atrial pacing from being delivered when the atrial
excitation is caused by VT, and thus cannot be terminated by atrial pacing. When such a
condition is identified, the system for stimulation may, for example, not carry out or delay

the atrial antitachycardia pacing therapy to be applied.

Within the scope of the assessment of the ventricular heart rhythm with respect to the risk of

retrograde conduction, discrimination features, such as the ratio of atrial to ventricular
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rhythm or the ventricular signal morphology, are preferably derived and used to adapt the
location and/or time for applying the atrial antitachycardia pacing therapy. It is possible to
entirely suppress a planned atrial antitachycardia pacing therapy when the risk of retrograde

conduction of ventricular tachycardia was assessed as being too high.

In one variant, the stimulation unit may be provided and configured to carry out the stimu-
lation in the form of electrical stimulation or in the form of optical stimulation. As a result,
the stimulation unit offers different options for treating the previously detected cardiac
rhythm disturbance. The decision as to which physical principle is selected for the corre-
sponding treatment can be made, for example, by taking the severity of the detected cardiac

rhythm disturbance into consideration.

An exemplary embodiment to a method for controlling the operation of an implantable sys-
tem for stimulating a human heart or an animal heart. In particular, it is intended that the
operation of an implantable system is controlled according to the above descriptions. This

control method comprises the steps described hereafter.

First, it may be checked by way of a first detection unit whether a cardiac rhythm disturbance

is present in a cardiac region of a heart of a human patient or an animal patient.

Thereafter, a suitable stimulation strategy may be selected. For this purpose, a selection cri-
terion that includes a measurement variable or a variable calculated from a measurement
variable may be used. The measurement variable may be a physiological measurement var-
iable of the patient, a pathophysiological measurement variable of the patient and/or a non-
physiological measurement variable indicating a state of the patient. A combination of dif-
ferent measurement variables is conceivable. Moreover, the different measurement variables
can be arithmetically related to one another and, if needed, may also be given different

weightings.
When a suitable stimulation strategy was selected, at least one impulse may be generated in

a stimulation unit for stimulating the cardiac region in which the cardiac rhythm disturbance

was detected. The type, form and duration of the at least one impulse may be decided based
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on the selected stimulation strategy. This strategy thus defines the pulse to be generated, and

further designs the same.

Thereafter, data regarding a success and/or an efficiency of a conducted stimulation is col-
lected and provided for further processing. This data may be then compared to a predefinable
success and/or efficiency criterion within the scope of the control method. If the predefinable
success and/or efficiency criterion was achieved, no further method step is required. If, in
contrast, the predefinable success and/or efficiency criterion was not achieved, the stimula-
tion strategy may be optimized. This optimization is used to achieve better success and/or
greater efficiency during a subsequent stimulation using an optimized stimulation strategy.
The optimization includes a change in the stimulation strategy with respect to at least one
parameter. These parameters can be, for example, a form of the treatment, a number of the
treatments, a combination of different treatments, a frequency of the treatments, and/or a
point in time of the treatment. The aforementioned parameters can be used individually or

in any arbitrary combinations with one another.

An exemplary embodiment relates to a computer program product including computer-read-
able code, which prompts a processor to carry out the steps described hereafter when the

code is being executed on the processor.

First, it may be detected by way of a first detection unit whether a cardiac rhythm disturbance

is present in a cardiac region of a heart of a human patient or an animal patient.

Thereafter, a suitable stimulation strategy may be selected based on a selection criterion. The
selection criterion may include a measurement variable or a variable calculated from a meas-
urement variable. The measurement variable may be a physiological measurement variable
of the patient, a pathophysiological measurement variable of the patient and/or a non-phys-

iological measurement variable indicating a state of the patient.

The program may now prompt the processor to stimulate the cardiac region in which the

cardiac rthythm disturbance was detected. This stimulation may be carried out by way of a
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stimulation unit, wherein the manner of the stimulation is defined by the selected stimulation

strategy.

Afterwards, a success and/or an efficiency of the conducted stimulation may be detected.

This detected success and/or this detected efficiency may be then compared to a predefinable

success and/or efficiency criterion.

If the success and/or efficiency criterion - if necessary, within the scope of a likewise prede-
finable tolerance - was achieved, no further method step is required. If, in contrast, the pre-
definable success and/or efficiency criterion was not achieved, the stimulation strategy may
be optimized. This is used to achieve better success and/or greater efficiency during a sub-
sequent stimulation using an optimized stimulation strategy. The optimization includes a
change in the stimulation strategy with respect to at least one parameter. The parameter can
be a form of the treatment, a number of the treatments, a combination of different treatments,
a frequency of the treatments, and/or a point in time of the treatment. Arbitrary combinations

and subsets of the aforementioned parameters can be taken into consideration.

An exemplary embodiment relates to a method for treating a human patient or an animal
patient in need of such treatment. This method is carried out by way of an implantable system
for stimulating the heart of the patient, wherein the system may comprise a processor, a
memory unit, a stimulation unit, and a first detection unit for detecting a cardiac thythm
disturbance in a cardiac region. The treatment method comprises the steps described hereat-

ter.

First, it may be detected by way of the first detection unit whether a cardiac rhythm disturb-

ance is present in a cardiac region of a heart of a human patient or an animal patient.

When such a cardiac rthythm disturbance was detected, a suitable stimulation strategy may
be selected based on a selection criterion. The selection criterion may include a measurement
variable or a variable calculated from the measurement variable. The measurement variable

may be a physiological measurement variable of the patient, a pathophysiological
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measurement variable of the patient and/or a non-physiological measurement variable indi-
cating a state of the patient. It may be possible to provide more than one measurement vari-
able, wherein arbitrary combinations of the aforementioned measurement variables or of

measurement variables from these measurement variable groups can be used.

Afterwards, the cardiac region in which the cardiac rhythm disturbance was detected may

be stimulated by way of the stimulation unit using the selected stimulation strategy.

Thereafter, a success and/or an efficiency of the conducted stimulation may be detected. This
can take place by way of the first detection unit or a further detection unit of the implantable

system.

The detected success and/or the detected efficiency may be then compared to a predefinable

success and/or efficiency criterion.

If the predefinable success and/or efficiency criterion was achieved, no further method step
is required. If, in contrast, the predefinable success and/or efficiency criterion was not
achieved, the stimulation strategy may be optimized, so that better success and/or greater
efficiency can be achieved during a subsequent stimulation using an optimized stimulation
strategy. The optimization includes a change in the stimulation strategy with respect to at
least one parameter. This parameter is selected from the group consisting of a form of the
treatment, a number of the treatment, a combination of different treatments, a frequency of
the treatments, and a point in time of the treatment. This group can, in particular, consist of
the aforementioned parameters. Arbitrary combinations and subsets of the aforementioned

parameters are likewise conceivable.

All variants and alternative embodiments described in connection with the various implant-
able systems can be arbitrarily combined with one another and applied to the respective other
systems. Similarly, they can also be applied in arbitrary combination to the described meth-
ods and the described computer program products. 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 products and the systems. Similarly, the described
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variants of the computer program products can be arbitrarily combined with one another and

applied to the respective other computer program products and to the described methods and

the described systems.

Further details of aspects of the invention are described in greater detail hereafter by way of

example only and in connection with exemplary embodiments and drawings. In the draw-

ings:

FIG. 1

FIG. 2

FIG. 3

FIG. 4

FIG. 5

FIG. 6

FIG.7

FIG. 8

shows a block diagram of an exemplary embodiment of an implantable system

for stimulating the human heart or animal heart;

shows a schematic flow chart of an exemplary embodiment of an atrial antitach-

ycardia therapy;

shows a schematic illustration of the arrangement of multiple electrodes in a hu-

man heart;

shows a schematic illustration of the chronological progression of an exemplary

embodiment of a cardiac treatment;

shows a flow diagram of an exemplary embodiment of a cardiac treatment;

shows a simplified block diagram of an exemplary embodiment of a system for

treating the human or animal heart;

shows a block diagram of an exemplary embodiment of a treatment system for

the diagnostic and/or therapeutic treatment of a patient;
shows a flow diagram of a schematic flow of an exemplary method carried out

by an exemplary embodiment of an implantable system for the diagnostic and/or

therapeutic treatment of a patient;
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FIG. 9 shows a block diagram of an exemplary embodiment of an implantable system

for stimulating the human heart or animal heart;

FIG. 10  shows a schematic flow chart of an exemplary embodiment of an atrial antitach-

ycardia therapy;

FIG. 11  shows a block diagram of an exemplary embodiment of an implantable system

for stimulating the human heart or animal heart;

FIG. 12 shows a schematic flow chart of an exemplary embodiment of the detection of a

cardiac rhythm disturbance; and

FIG. 13 shows a schematic flow chart of an exemplary embodiment of a treatment of a
cardiac rhythm disturbance by way of stimulation, including upstream detection

of the cardiac rhythm disturbance.

FIG. 1 shows a block diagram of an exemplary embodiment of a cardiac pacemaker 100,
which is used as an implantable system for stimulating the human or animal heart. The car-
diac pacemaker 100 comprises a power source 110, a first detection unit 120, an atrial stim-
ulation unit 130, a second detection unit 140, and a ventricular stimulation unit 150. The first
detection unit 120, the atrial stimulation unit 130, the second detection unit 140 and the
ventricular stimulation unit 150 are operatively connected to a control unit 160. A processor
170 and a memory 180 are assigned to the control unit 160. The memory 180 includes pro-
gram information prompting the processor 170 to carry out certain steps when the program

is being executed on the processor 170.

These steps provide that it is detected by way of the first detection unit 120 whether atrial
tachycardia to be treated is present in a human heart or an animal heart. When such atrial
tachycardia requiring treatment is identified, the processor 170 prompts the ventricular stim-
ulation unit 130 by way of the control unit 160 to carry out a ventricular conditioning stim-
ulation of one ventricle or both ventricles. The effect of this ventricular conditioning stimu-

lation is optionally detected by the second detection unit 140 and communicated to the
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processor 170 via the control unit 160. As the ventricular conditioning stimulation is being
carried out by the ventricular stimulation unit 130 and/or thereafter, the processor 170, to-
gether with the control unit 160, ensures that the atrial stimulation unit 150 applies antitach-

ycardia pacing to the (right) atrium of the heart to be treated.

The energy required for the operation of the individual components of the cardiac pacemaker

100 is provided by the power source 110.

FIG. 2 shows the schematic flow chart of an exemplary embodiment of an atrial therapy,

which can be carried out, for example, by way of the cardiac pacemaker 100 of FIG. 1.

In a first step, continuous rhythm monitoring 210 of the atrial rhythm of the patient wearing
the cardiac pacemaker is carried out. If atrial tachycardia requiring treatment is established
in a decision-making step 220 within the scope of this atrial rhythm monitoring 210, a ven-
tricular pretreatment 230 is carried out. In FIG. 2 and in all figures that follow, the letter "n"
denotes a negative decision or a negative result of a previously conducted check, whereas

the letter "y" denotes a positive decision or a positive result of a previously conducted check.

The ventricular pretreatment 230 can be designed in the form of ventricular pacing, for ex-
ample, which is triggered by every other atrial excitation and is delivered with a short AV
delay of 10 ms, for example. A ventricular contraction is then already initiated in a phase
where ventricular filling is still reduced. This ventricular contraction is thus carried out under
reduced preload, so that a negative inotropic effect is achieved, briefly resulting in a reduced
systemic blood pressure. The reduction in blood pressure thus generated increases the suc-

cess of a concurrently or subsequently applied atrial ATP therapy.

The ventricular conditioning stimulation (ventricular pretreatment) is initially set until an
established pretreatment time has been reached. It is thus checked in a checking step 240
whether the established pretreatment time has already been reached. If this is the case, atrial
ATP 250 is subsequently delivered. After delivery of the atrial ATP 250, a post-ATP treat-

ment 260 may optionally be carried out. As an alternative, the cardiac pacemaker can return
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or be reset to the continuous rthythm monitoring 210 again immediately after delivery of the

atrial ATP 250.

FIG. 3 shows a thorax 300 of a human patient, in whom a cardiac pacemaker was implanted
as a system for treating the heart, to illustrate the functional principle of an electrode position
determination. The heart 310 is schematically illustrated in a central region of the thorax
300. The heart 310 includes different cardiac regions 320, 321 and 322. This can be the left
or right ventricle or an atrium of the heart 310, for example. A first electrode 330 is disposed
in the first cardiac region 320. A second electrode 331 is disposed in the second cardiac
region 321. Finally, a third electrode 332 disposed in the third cardiac region 322. The first
electrode 330, the second electrode 331 and the third electrode 332 each include a conducting
section 340, 341 and 342, which is disposed at the respective end and can also be referred to

as an electrode pole.

Moreover, a fourth electrode 333, which likewise comprises a conducting section 343 at the

end, is disposed outside the heart 310 in the region of the thorax 300.

A first distance 350 between the first electrode pole 340 of the first electrode 330 and the
second electrode pole 341 of the second electrode 331 can now be determined. Similarly, a
second distance 351 between the second electrode pole 341 of the second electrode 331 and
the third electrode pole 342 of the third electrode 332 can be determined. Moreover, a third
distance 352 between the first electrode pole 340 of the first electrode 330 and the third
electrode pole 342 of the third electrode 332 can be determined. Likewise, it is possible to
determine a distance between each of the electrode poles 340, 341, 342 and the reference
electrode pole 343 of the reference electrode 342. Such a fourth distance 353 is only shown
by way of example in FIG. 3 for the distance between the second electrode pole 341 of the

second electrode 331 and the reference electrode pole 343 of the reference electrode 333.
The first electrode 330, the second electrode 331 and/or the third electrode 332 are only used

for a cardiac treatment when the distances 350, 351, 352 and/or 353 are within predefinable

ranges. If, in contrast, one of the ascertained distances 350, 351, 352 and/or 353 is too small
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or too large, a cardiac treatment is initially not carried out since the position of at least one

electrode is inadequate.

FIG. 4 schematically shows the chronological progression of a cardiac treatment, in which
first the position of a treatment electrode is checked. The events taking place are shown on
a time axis 400. A therapy trigger 410 plans a specific cardiac therapy 420, which can also
be referred to as cardiac treatment. This cardiac therapy 420 is planned by the therapy trigger
410 because previously a cardiac event which was classified as requiring treatment was es-
tablished by way of a detection unit. Prior to the delivery of the cardiac therapy 420, how-
ever, it is checked during a time period 430 whether the positions of the electrodes required
for the cardiac therapy 420 (see FIG. 3 in this regard) are adequate for the cardiac therapy
420. Only if this is the case is the cardiac therapy 420 actually carried out. Otherwise, the

cardiac therapy 420 is at least initially suppressed from being conducted.

FIG. 5 shows a flow diagram of a schematic flow of a method for treating a human heart or
an animal heart, in which correct electrode positioning is checked before a cardiac therapy
is carried out. In a first step, continuous rthythm monitoring 500 of the heart rhythm of the
patient is carried out. If a cardiac event requiring treatment is established in the process, a
position determination 520 of at least one treatment electrode of a cardiac pacemaker is ini-
tiated after a first decision-making step 510. Within the scope of this position determination
520, it is ascertained whether the position of the treatment electrode agrees with a predefin-

able reference position.

If it is established in a second decision-making step 530 that the position agrees with the
reference position, a cardiac treatment 540 can be carried out, using the treatment electrode.
If, in contrast, it is ascertained in the second decision-making step 530 that the established
position of the treatment electrode does not agree with the expected position, the cardiac
pacemaker is transferred into a wait mode 550. The cardiac pacemaker can be transferred
from this wait mode 550 back into continuous rhythm monitoring 500. As an alternative, it

is also possible to trigger a cardiac treatment manually, for example.
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FIG. 6 shows a simplified block diagram of an implantable cardiac pacemaker 600, which
carries out a position determination of at least one treatment electrode. The cardiac pace-
maker 600 serves as an implantable system for treating a human heart or an animal heart. It
comprises a control unit 610, which is equipped with a processor 611 and a memory unit
612. A detection unit 620 checks whether a cardiac event to be treated has occurred in the
human or animal heart of the patient in whom the cardiac pacemaker 600 was implanted.

The detection unit 620 transmits the result of this check to the control unit 610.

When a cardiac event to be treated has occurred, the processor 611 prompts a position check
unit 630, by way of the control unit 610, to check the position of a treatment electrode 640.
For this purpose, the position check unit 630 compares the established position of the elec-
trode 640 to a reference position. Additional data, which provides insights into the position
of the treatment electrode 640, using an additional position sensor or acceleration sensor 650

can be used in the process.

The data provided by the position determination unit 630, and optionally by the additional
sensors 650, is evaluated in an analysis unit 660. If it is found in the process that the position
of the treatment electrode 640 corresponds to a position adequate for the impending cardiac
therapy, the processor 611, by way of the control unit 610, activates a therapy unit 670,
which delivers a therapy adequate for treating the cardiac event to the corresponding cardiac

region by way of the treatment electrode 640.

The data regarding the position of the treatment electrode 640 collected by the position de-
termination unit 630 can be stored, together with a piece of time information, in a trend
memory 680 so as to be able to evaluate or identify a trend of the change in position of the

treatment electrode 640.
When the analysis unit 660 establishes an inadequate position of the treatment electrode 640,

the therapy unit 670 is not activated for the delivery of a cardiac treatment. Rather, initially

no cardiac treatment is carried out.
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The treatment electrode 640 can moreover simultaneously act as a detection electrode and
thus already be used together with the detection unit 620 in the detection of a cardiac event

to be treated.

Not all units shown in the block diagram of FIG. 6 necessarily have to form separate units
within the cardiac pacemaker 600. Rather, the processor 611 can assume numerous tasks if

it receives appropriate program information from the memory 612.

FIG. 7 shows an exemplary embodiment of a treatment system 700 comprising an implant
705, which serves as an implantable system for the diagnostic and/or therapeutic treatment
of a human patient or an animal patient. The implant 705 comprises a first control unit 710
including a first processor 711 and a first memory unit 712. Furthermore, a detection unit
720 is provided, which checks a particular physiological parameter of a patient in whom the
implant 700 is implanted. For example, a heart rhythm of the patient can be monitored by
the detection unit 720. In addition, the implant 700 comprises a treatment unit 730, which
can be used to carry out a diagnostic and/or therapeutic treatment of the patient. This treat-
ment unit 730 includes a plurality of different treatment functionalities, which each define a
particular treatment. A treatment functionality may also specify a sequence of certain diag-

nostic and/or therapeutic treatments.

The implant 705 furthermore comprises a first remote data transmission unit 740 by way of
which data can be transmitted and/or received by the control unit 710 or the processor 711.

The remote data transmission unit 740 preferably operates wirelessly.

In addition, the treatment system 700 comprises a remote access unit 750, which is disposed
remotely from the implant 705. The remote access unit 750 can be set up in a hospital or a
doctor's office, for example. By way of the remote access unit 750, it is possible to establish
communications contact with the implant 705. For this purpose, the remote access unit 750
comprises a second processor 760, a second memory unit 770, a user interface 780 and a

second remote data transmission unit 790.
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The second processor 760 is able to retrieve program information from the second memory
unit 770 so as to subsequently carry out a corresponding program. By way of the user inter-
face 780, it is possible to carry out inputs for the further processing of data by the second
processor 760. For example, a physician can manually prompt a reactivation of a previously
deactivated treatment functionality by way of the user interface 780. The second processor
760 can then transmit reactivation data to the first data transmission unit 740 of the implant
705 via the second remote data transmission unit 790. When the first processor 711 of the
implant 705 receives such reactivation data, it can forward this data to the treatment unit 730

and reactivate a previously deactivated treatment functionality of the treatment unit 730.

The implant 705 and the remote access unit 750 can be disposed several meters, several
kilometers, but also hundreds or thousands of kilometers apart from one another. By select-
ing appropriate data transmission protocols, reliable communication between the first data
transmission unit 740 disposed in the implant 705 and the second remote data transmission

unit 790 disposed in the remote access unit 750 can nonetheless be ensured.

FIG. 8 shows a flow chart to schematically illustrate an exemplary flow of a method that can
be carried out by an exemplary embodiment of an implantable system for the diagnostic
and/or therapeutic treatment of a human patient or an animal patient, such as by the implant

705 of FIG. 7.

This flow chart refers to the specific application in the field of atrial antitachycardia pacing.
This means that it is assumed, within the scope of the exemplary embodiment illustrated in
FIG. 8, that the implant is a cardiac pacemaker, that is, a system for stimulating the human

heart or animal heart.

In a first step 800, it is checked whether the delivery of an atrial antitachycardia therapy is
activated. Such a delivery of an atrial antitachycardia therapy represents a treatment func-
tionality that the treatment or stimulation unit of the corresponding implant can carry out. If
it is established during this check that the delivery of an atrial antitachycardia therapy is

cleared, such an atrial antitachycardia therapy 810 can be delivered.
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After expiration of a presettable time, which is 48 hours in the exemplary embodiment de-
scribed here, the further delivery of atrial antitachycardia pacing is suppressed. The reason
is that, if atrial antitachycardia pacing is required over such an extended time period, the
patient's risk of thrombosis increases as a result of the atrial tachycardia still not being suc-
cessfully treated. The patient now has to visit his or her primary care physician for a medical
examination 820. The patient receives an anticoagulation drug therapy within the scope of
this examination. The administration of anticoagulation pharmaceuticals lowers the patient's
risk of thrombosis again. This information that the patient received such an anticoagulation
therapy is forwarded to an implantation physician, that is, a physician specialized in im-
plants, such as cardiac pacemakers. This implantation physician can then reactivate the op-
tion of delivering of an atrial antitachycardia pacing therapy within the scope of a clearance
830 by way of remote access. For this purpose, the physician transmits clearance data to the
cardiac pacemaker of the patient, which results in a reactivation of the deactivated treatment

functionality.

It is then possible to deliver atrial antitachycardia pacing therapies again, should this still be
necessary based on the state of the patient's heart. In the event that the atrial heart rhythm of
the patient has since normalized again, the option of delivering atrial antitachycardia pacing
therapies nonetheless remains activated. If atrial tachycardia reoccurs, a corresponding atrial

antitachycardia treatment can then be carried out.

FIG. 9 shows a block diagram of an exemplary embodiment of a cardiac pacemaker 900,
which is used as an implantable system for stimulating the human or animal heart. The car-
diac pacemaker 900 comprises a power source 910 which supplies the individual compo-
nents of the cardiac pacemaker 900 with electric energy. Moreover, the cardiac pacemaker
900 comprises a detection unit 920, an atrial stimulation unit 930 and a control unit 940,
which is operatively connected to both the detection unit 920 and the atrial stimulation unit
930. A processor 950 and a memory unit 960, which are operatively connected to one an-
other, are assigned to the control unit 940. The memory unit 960 includes program infor-
mation prompting the processor 950 to carry out certain steps when the program is being

executed on the processor 950.
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In the specific case of the exemplary embodiment of FIG. 9, the processor 950 retrieves
program information from the memory unit 960, which prompts the processor first to query
information from the detection unit 920 as to whether atrial tachycardia was detected in a
human heart or an animal heart. When this is the case, the processor prompts the atrial stim-
ulation unit 930 to apply atrial antitachycardia pacing to the affected atrium. Thereafter, the
processor 950 prompts the atrial stimulation unit 930 to carry out an atrial post-treatment
stimulation so as to increase the effect of the applied atrial antitachycardia pacing therapy.
For this purpose, the processor 950 can initially retrieve additional information from the
detection unit 920 as to whether the previously detected atrial tachycardia was terminated
by the atrial antitachycardia pacing that was already applied. The processor can suspend the
atrial post-treatment stimulation from being carried out by way of the atrial stimulation unit
930 until positive information was ascertained on the part of the detection device 920 with

respect to a termination of the previously detected atrial tachycardia.

FIG. 10 shows a schematic flow chart of an exemplary embodiment of an atrial therapy,

which can be carried out, for example, by way of the cardiac pacemaker 900 of FIG. 9.

In a first step, continuous rhythm monitoring 1010 of the atrial rhythm of a patient wearing
the cardiac pacemaker is carried out. If it is established in a decision-making step 1020,
within the scope of this atrial rhythm monitoring 1010, that atrial tachycardia requiring treat-
ment is present, atrial antitachycardia pacing 1030 is subsequently applied or delivered,
which can also be referred to as atrial ATP. Afterwards, an atrial post-treatment 1040 is
carried out, which can also be referred to as ATP post-treatment. This post-treatment is car-
ried out using a lower stimulation rate than for the atrial antitachycardia pacing 1030, but

the rate is still greater than the normal (intrinsic) atrial heart rate.

After completion of the atrial post-treatment stimulation 1040, the cardiac pacemaker is re-
turned into a mode of continuous rhythm monitoring 1010. The decision as to when the atrial
post-treatment stimulation 1040 is ended can be made, for example, as a function of an

elapsed time or as a function of a certain number of cardiac cycles of the patient.
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FIG. 11 shows a block diagram of a cardiac pacemaker 1100, which serves as an implantable
system for stimulating the human or animal heart. The cardiac pacemaker 1100 comprises a
power source 1110, an atrial detection unit 1120, an atrial stimulation unit 1130, a ventricular
detection unit 1140, a ventricular stimulation unit 1150 and a control unit 1160. A processor
1170 and a data memory 1180 are assigned to the control unit 1160. The processor 1170 is
able to retrieve data from the data memory 1180, for example so that a program can be
executed on the processor 1170. The atrial detection unit 1120, the atrial stimulation unit
1130, the ventricular detection unit 1140 and the ventricular stimulation unit 1150 are oper-
atively connected to the control unit 1160, so that the processor is able to receive signals

from the individual units or send signals to the individual units.

A success or an efficiency of a stimulation previously carried out by way of the atrial stim-
ulation unit 1130 or the ventricular stimulation unit 1150 can be stored in the data memory
1180. Typically, the stimulation strategy underlying the corresponding stimulation and the
cardiac rhythm disturbance previously detected by the atrial detection unit 1120 and/or the
ventricular detection unit 1140 are also stored. In addition, it is possible to assign a priority
criterion to the individual data sets comprising the detected cardiac rhythm disturbance, the
applied stimulation strategy and the achieved success or achieved efficiency, and to store
this together with the data sets. In this way, it is possible to assign a higher priority to data

sets that relate to a particularly successful or particularly efficient stimulation.

FIG. 12 shows a schematic flow chart for a method which can be used to distinguish different
cardiac rhythm disturbances from one another. This method can be carried out by a cardiac

pacemaker, such as the cardiac pacemaker 1100 of FIG. 11.

In a first step 1210, continuous rhythm monitoring of the atrial heart rhythm of the patient
in whom the corresponding cardiac pacemaker was implanted is carried out. When atrial
tachyarrhythmia or atrial tachycardia is established within the scope of this continuous
rhythm monitoring 1210 in a decision-making step 1220, additionally monitoring 1230 of

the ventricular rhythm of the patient is carried out.
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In a subsequent decision-making step 1240, a more detailed analysis of the detected atrial
rhythm and of the detected ventricular thythm with respect to the resulting heart rhythm and
the atrioventricular conduction (AV conduction) takes place. The resulting heart rhythm is
divided into three rhythm categories 1250, 1260 and 1270. The first rhythm category 1250
encompasses a presence of VT or also of VT with retrograde conduction. The second rhythm
category 1260 encompasses atrial tachycardia/tachyarrhythmia (AT) and atrial fibrillation
(AFib). The third rhythm category 1270 encompasses anterograde conduction of atrial tach-
ycardia/tachyarrhythmia and supraventricular tachycardia (SVT).

Only when a resulting heart rhythm of the second category 1260 was detected, that is, a heart
rhythm that encompasses atrial tachycardia/tachyarrhythmia or atrial fibrillation, is a stimu-
lation strategy subsequently selected which includes atrial antitachycardia pacing. The de-
tails of the delivery of this atrial antitachycardia pacing therapy are shown in greater detail

in FIG. 13.

The upper portion of FIG. 13 initially shows the method steps which are already known from
FIG. 12. The reference numerals used already in FIG. 12 are used again in the process. Ref-
erence is made to the above description of FIG. 12 with respect to a more detailed descrip-

tion.

When a heart rhythm of the second category 1260 is identified in the categorization of the
resulting heart rhythm, that is, a heart rhythm that encompasses atrial tachycardia or atrial

fibrillation, a workflow for atrial antitachycardia pacing is activated 1310.

Initially, at least one measurement variable, namely a physiological measurement variable
of the patient and/or a pathophysiological measurement variable of the patient, and/or a non-
physiological measurement variable indicating a condition of the patient, is ascertained
1320. This may be a measurement variable that specifies the body position of the patient, for
example. This measurement variable or a variable calculated from this measurement variable
would then be used to form a selection criterion. This selection criterion, in the broadest

sense, takes the state of health of the patient into consideration.
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Thereafter, it is checked in a checking step 1330 whether the condition or the state of health
of the patient meets the fundamental requirements for a stimulation. It is thus checked
whether suitable stimulation strategies exist for the formed selection criterion. If this is not
the case, (initially) no pacing is applied. Additional measurement variables can then be de-
tected so as to characterize the condition of the patient in even more detail and form a new

selection criterion.

When the measurement variable or the measurement variables that were used for the selec-
tion criterion show that the patient meets the necessary requirements for the impending atrial
antitachycardia pacing therapy, the overstimulation therapies available in the internal data
memory of the cardiac pacemaker are retrieved in a subsequent selection step 1340. In a
further selection step 1350, the stimulation strategies that best meet the conditions or meas-
urement variables of the patient ascertained in the ascertainment step 1320 are then selected
from the available overstimulation therapies or stimulation strategies. So as to ascertain
which stimulation strategies best correspond to the previously ascertained measurement var-
iable, in particular the form, the design and the composition of the available stimulation
strategies are taken into consideration. Moreover, the success rate during prior applications
of the stimulation strategies can be taken into consideration. The selected stimulation strat-
egy or strategies is or are then delivered to the patient in a stimulation delivery step 1360,
wherein the sequence of the delivered stimulations results from the prior prioritization

thereof.

In a further checking step 1370, it is subsequently checked whether the conducted stimula-
tion(s) has/have resulted in a termination of the atrial tachycardia. If this is not the case, a
change is made in an optimization step 1380 to the previously conducted stimulation strategy
or to the selected stimulation strategies still to be conducted. This adaptation is made based
on a parameter, such as the treatment form, the treatment number, the combination of differ-
ent treatments, the treatment frequency and the treatment point in time. It is also noted in the
internal data memory of the cardiac pacemaker that the non-adapted stimulation strategy was
not successful. The priority value thereof is lowered in this connection. This means that the
priority of this stimulation strategy is decreased. In contrast, the priority value of the adapted

(that is, optimized) stimulation strategy can initially remain unchanged. When it was
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ascertained that a successful termination of the previously detected atrial tachycardia is pos-
sible by the optimized stimulation strategy, the priority criterion of the corresponding stim-
ulation strategy can be increased. This stimulation strategy is then preferably applied during

a later treatment.

Finally, when it was established in the decision-making step 1370 that a termination of the
atrial tachycardia has taken place, this success is stored, together with the details of the ap-
plied stimulation strategy (in particular the stimulation form, stimulation design and stimu-
lation composition) and the underlying selection criterion or the measurement variables de-
fining the selection criterion, in the internal data memory of the cardiac pacemaker. In addi-
tion, the information that this stimulation strategy was successful is stored there. Moreover,
this stimulation strategy is assigned a higher priority value. This takes place in the memory
step 1390. Thereafter, the cardiac pacemaker is returned into a mode of continuous rhythm

monitoring 1210.

As a result of a suitable categorization of a detected cardiac rhythm disturbance, a selection
of suitable stimulation strategies based on measurement variables related to the condition of
the patient, and a prioritization and an optimization of the different stimulation strategies,
ultimately an extremely efficient treatment of cardiac rhythm disturbances can be carried
out. This treatment has a considerably lower energy requirement than the treatments known
from the prior art. The reason is that stimulation strategies that are not very promising for
the respective detected cardiac rhythm disturbance are not applied to begin with, as a result
of an optimization and prioritization of different stimulation strategies. This reduces the en-
ergy expenditure of the corresponding cardiac pacemaker and thereby extends the service

life thereof.
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CLAIMS

An implantable system for stimulating a human heart or an animal heart, comprising a
processor (950), a memory unit (960), an atrial stimulation unit (930), and a detection

unit (920) for detecting atrial tachycardia,

characterized in that

the memory unit (960) includes a computer-readable program, which prompts the pro-
cessor (950) to carry out the following steps when the program is being executed on

the processor (950):

a) detecting (210) by way of the detection unit (920) whether atrial tachycardia to

be treated is present in a human heart or an animal heart;

b)  when atrial tachycardia to be treated is present, applying atrial antitachycardia

pacing (1030) by way of the atrial stimulation unit (920); and

c) after the atrial antitachycardia pacing (1030) has been applied, carrying out an
atrial post-treatment stimulation (1040), the post-treatment stimulation (1040)

being designed to be within a range of 1 minute up to 7 days.

The implantable system according to claim 1, characterized in that the system is
configured for the program to prompt the processor (950), after the atrial antitachycar-
dia pacing (1030) has been applied, to initially check by way of the detection unit (920)
whether the atrial tachycardia has been terminated, and to carry out the atrial post-
treatment stimulation (1040) only when a termination of the atrial tachycardia has been

established.

The implantable system according to claim 1 or 2, characterized in that the system

is configured for the program to prompt the processor (950) to deliver the atrial post-
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treatment stimulation (1040) using a stimulation rate of less than or equal to 200 bpm,

180 bpm, 150 bpm, 140 bpm, 130 bpm, 120 bpm, 110 bpm, or 100 bpm.

The implantable system according to any one of the preceding claims, characterized
in that the system is configured for the program to prompt the processor (950) to carry
out the atrial post-treatment stimulation (1040) in the form of right atrial overdrive

pacing.

The implantable system according to any one of claims 1 to 3, characterized in that
the system is configured for the program to prompt the processor (950) to carry out the

atrial post-treatment stimulation (1040) in the form of left atrial overdrive pacing.

The implantable system according to any one of claims 1 to 3, characterized in that
the system is configured for the program to prompt the processor (950) to carry out the

atrial post-treatment stimulation (1040) in the form of biatrial overdrive pacing.

The implantable system according to any one of the preceding claims, characterized
in that the system is configured for the program to prompt the processor (950) to carry

out the atrial post-treatment stimulation (1040) during a first duration.

The implantable system according to any one of the preceding claims, characterized
in that the system is configured for the program to prompt the processor (950) to carry
out the atrial post-treatment stimulation (1040) during a defined number of cardiac

cycles.

The implantable system according to any one of the preceding claims, characterized
in that the system is configured for the program to prompt the processor (950) to carry
out the atrial post-treatment stimulation (1040) so that the pressure in the left and/or
right atrium is lowered at least briefly, the risk of mitral valve regurgitation is reduced
at least briefly or entirely avoided, the preload of the heart is reduced at least briefly,
the blood pressure of a patient whose heart is being stimulated by the system is lowered

at least briefly, and/or a myocardial oxygen balance is improved at least briefly, by
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setting an AV delay ascertained as being optimal and/or biventricular pacing and/or an

increased ventricular pacing rate for the patient.

The implantable system according to any one of the preceding claims, characterized
in that the atrial stimulation unit (930) is designed to apply the atrial antitachycardia
pacing (1030) and/or the atrial post-treatment stimulation (1040) in the form of elec-

trical stimulation or in the form of optical stimulation.

A method for controlling the operation of an implantable system (900) for stimulating
a human heart or an animal heart, and in particular of an implantable system according

to any one of the preceding claims, comprising the following steps:

a) detecting (1010) by way of a detection unit (920) whether atrial tachycardia to

be treated is present in a human heart or an animal heart;

b)  when atrial tachycardia to be treated is present, generating at least one impulse

for atrial antitachycardia pacing (1030) in an atrial stimulation unit (920); and

c) after the impulse for atrial antitachycardia pacing (1030) has been generated,
generating at least one impulse for an atrial post-treatment stimulation (1040) in
the atrial stimulation unit (920), the post-treatment stimulation (1040) being de-

signed to be within a range of 1 minute up to 7 days.
A computer program product including computer-readable code, which prompts a pro-
cessor (950) to carry out the following steps when the code is being executed on the

processor (950):

a) detecting (1010) by way of a detection unit (920) whether atrial tachycardia to

be treated is present in a human heart or an animal heart;

b)  when atrial tachycardia to be treated is present, applying atrial antitachycardia

pacing (1030) by way of an atrial stimulation unit (920); and
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after the atrial antitachycardia pacing (1030) has been applied, carrying out an

atrial post-treatment stimulation (1040).

A method for treating a human patient or an animal patient requiring such treatment

by way of an implantable system (900) for stimulating the heart of the patient, the

system (900) comprising a processor (950), a memory unit (960), an atrial stimulation

unit (930), and a detection unit (920) for detecting atrial tachycardia, the method com-

prising the following steps:

a)

b)

detecting (1010) by way of a detection unit (920) whether atrial tachycardia to

be treated is present in the heart of the patient;

when atrial tachycardia to be treated is present, applying atrial antitachycardia

pacing (1030) by way of the atrial stimulation unit (920); and
after the atrial antitachycardia pacing (1030) has been applied, carrying out an

atrial post-treatment stimulation (1040), the post-treatment stimulation (1040)

being designed to be within a range of 1 minute up to 7 days.
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