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IMPLANTABLE MEDICAL DEVICE FOR STIMULATING THE HIS BUNDLE OF
A HUMAN OR ANIMAL HEART EMPLOYING AN ADAPTED IMPEDANCE
MEASUREMENT

The present invention relates to an implantable medical device for stimulating a human or
animal heart according to the preamble of claim 1, to a method for controlling the operation
of such an implantable medical device according to the preamble of claim 13, and to a

computer program product according to the preamble of claim 14.

Implantable medical devices for stimulating a human or animal heart, such as pacemakers,
have been known for a long time. They can perform different functions. Different stimulation
programs can be carried out by an appropriate pacemaker to restore the treated heart to a

normal state. Pacemakers are also known to stimulate the His bundle.

The His bundle is a bundle of specific heart muscle cells that is part of the cardiac conduction
system. The His bundle is located distally of the atrioventricular node towards the apex of

the heart.

There exist specific devices adapted for His bundle pacing, wherein a detecting (sensing)
and stimulation electrode is not implanted into the ventricle of the human or animal heart to
be treated, but rather at or near to the His bundle of the heart. Such use of a His bundle
electrode enables a particularly physiologic stimulation of the human or animal heart.
However, the usual way to measure the impedance between an electrode implanted into an
apical region of the right ventricle and a housing of the implantable medical device is no
longer available in such a case. Nonetheless, the impedance is an important measure of the
contractility of the treated heart so that it is also desired to measure the impedance with

devices specifically adapted for His bundle pacing. In such devices, the impedance needs to
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be measured with the His bundle electrode. However, this cannot be done with the
parameters used for conventional implantable medical devices measuring electric cardiac

signals in the right ventricle of a stimulated heart.

It is an object of the present invention to provide an implantable medical device for
stimulating the His bundle of a human or animal heart that enables reliable impedance

measurements of the heart.

This object is achieved with an implantable medical device for stimulating a human or
animal heart having the features of claim 1. Such an implantable medical device comprises
a housing, a processor, a memory unit, a stimulation unit and a detection unit. The
stimulation unit is configured to stimulate the His bundle of a human or animal heart. The
detection unit is configured to detect an electrical signal at the His bundle of the same heart.

In this context, the detection unit comprises an electrode having at least a first electrode pole.

According to an aspect of the presently claimed invention, the memory unit comprises a
computer-readable program that causes the processor to perform the steps explained in the

following when executed on the processor.

First, the His bundle of a human or animal heart is stimulated with a stimulation pulse

delivered by the stimulation unit.

Upon delivering of the stimulation pulse, a first period of time starts. When the first period
of time is terminated (i.e., directly at the end of the first period of time), an electric signal at
the His bundle of the same heart is measured with the detection unit. In this context, the first

period of time lies in time range of from 35 ms to 500 ms.

Upon delivering of the stimulation pulse, also a second period of time starts. When this
second period of time is terminated (i.e., directly at the end of the second period of time), an
impedance of the same heart is measured with the detection unit. The second period of time
is equal to or longer than the first period of time. Additionally, it lies in a time range of from

50 ms to 500 ms.
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Thus, the impedance measurement starts at the earliest directly at the end of the first period
of time (if the second period of time is as long as the first period of time). Then, the first
period of time defines the delay between the stimulation pulse and the start of the impedance
measurement. This embodiment is in particular appropriate if the first period of time lies in
a time range of from 50ms to 500 ms, in particular from 100 ms to 400 ms, in particular from
200 ms to 300 ms, in particular from 250 ms to 300 ms, in particular from 260 ms to 285 ms,

in particular from 270 ms to 280 ms.

If the second period of time is longer than the first period of time, the time delay between
the stimulation pulse at the start of the impedance measurement is defined by the second
period of time. Then, it is possible to already obtain detailed information on the electrical
signal at the His bundle after the first period of time is terminated but the second period of
time is still running so that the impedance measurement has not yet been started. Thus, it is
possible to record an intracardiac electrogram (IEGM) prior to starting the impedance
measurement in order to obtain detailed information on the cardiac rthythm before and at the

start of the impedance measurement.

The ingenious arrangement of the delay intervals (i.e., the first period of time and the second
period of time) makes it possible to take into account a time between a stimulation of the His
bundle and the transition of the electrical stimulus through the His-Purkinje system to the
right ventricle of the stimulated heart in order to finally result in a depolarization and thus

contraction of the heart.

While typical impedance measurements performed with a right ventricular electrode start
immediately after stimulating the right ventricle or after a very short blanking period, such
an approach would not be feasible with the His bundle electrode due to the physiologic delay
of contraction of the heart in response to a stimulus at the His bundle. The presently claimed
invention provides, in an aspect, an easily applicable solution so as to be able to also measure

a cardiac impedance with a His bundle electrode.
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The first period of time can also be denoted as blanking period. During this blanking period,
the sensing unit will not detect an electrical signal at the His bundle. Thus, it will not be
possible to record an IEGM during this period of time. Furthermore, it will not be possible
during the first period time to measure an impedance based on electric signals delivered to

the His bundle of the stimulated heart.

In an embodiment, the first period of time is chosen such that it extends over an R wave, i.e.,
over a cardiac response to the stimulation pulse delivered to the His bundle of the heart. It is
important to measure the impedance only at the end of such an R wave in order to not detect
changes of impedance during the R wave, but rather at a final section of the R wave or after
the R wave has been terminated. Only then, the impedance signal will deliver reliable

information on the contractility of the stimulated heart.

If the second period of time equals the first period of time, the blanking window extends
over the R wave without concrete knowledge if the R wave is really terminated at the start
of the impedance measurement. While this approach is particularly simple and requires less
computational effort (and thus less energy consumption), it is sometimes desirable to obtain
more detailed knowledge on the specific cardiac cycle prior to and at the beginning of the

impedance measurement.

To address this need, the second period of time can be longer than the first period of time.
Then, electric signals can be obtained at the His bundle of the stimulated heart to produce an
IEGM prior to the impedance measurement. Consequently, concrete information on the
cardiac cycle due to recording of an IEGM is obtained. The impedance measurement only
starts during a final section or after termination of the R wave. Since in this variant IEGM
information on the cardiac cycle is available in addition to the impedance signals, a direct
mapping of the impedance signals to the IEGM signals can be made. Then, it is particularly
simple to see if the impedance measurement really relates to a time frame starting during a
final section or after the termination of the R wave directly after the stimulation pulse, as
intended. Thus, this variant provides a user with more information on the cardiac cycle,
though it requires somewhat more energy to record an IEGM over an extended period of

time.
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In an embodiment, the first period of time is shorter than the second period of time and lies
in a time range of from 35 ms to 110 ms, in particular from 45 ms to 100 ms, in particular

from 55 ms to 90 ms, in particular from 60 ms to 80 ms, in particular from 65 ms to 75 ms.

In an embodiment, the second period of time lies in a time range of from 50ms to 500 ms, in
particular from 100 ms to 400 ms, in particular from 200 ms to 300 ms, in particular from

250 ms to 300 ms, in particular from 260 ms to 285 ms, in particular from 270 ms to 280 ms.

In an embodiment, the implantable medical device is an implantable pulse generator (IPG),
an implantable cardioverter-defibrillator (ICD), or a device for cardiac resynchronization

therapy (CRT).

In an embodiment, the computer-readable program causes the processor to determine and
set a sensing threshold prior to the start of measuring an electric signal at the His bundle. In
this context, the sensing threshold is lower than a signal of an R wave so that an R wave is
reliably detected even if the sensing threshold is determined and set. At the same time, the
sensing threshold is higher than a signal of the P wave of the cardiac contraction and higher
than the His bundle signal. Thus, the P wave and His bundle signal will not be detected after
having set the sensing threshold. This significantly reduces the electric signals detected by
the sensing unit so that the energy consumption for the sensing is significantly reduced. Still
then, the relevant information on the R wave of a cardiac contraction following the
stimulation of the His bundle can be reliably detected so as to have concrete knowledge

whether the impedance measurement starts only after or during a final section of the R wave.

In an embodiment, the computer-readable program causes the processor to perform the step
of measuring the impedance without having detected an R wave of a cardiac contraction
between the step of stimulating the His bundle and the step of measuring an impedance,
wherein this cardiac contraction has been evoked by the stimulation pulse. Thus, this
embodiment relates to a non-knowledge of the correct occurrence of an R wave upon
stimulating the His bundle. As explained above, this embodiment can be particularly easy

carried out by setting the second period of time to be as long as the first period of time. This
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embodiment does not provide detailed information on the cardiac cycle at the beginning of

the impedance measurement but requires less energy than other embodiments.

In an embodiment, the computer-readable program causes the processor to detect an R wave
of the cardiac contraction prior to the step of measuring the impedance. In this context, the
cardiac contraction is once again being evoked by the stimulation pulse. Thus, this
embodiment relates to an operational mode of the implantable medical device that provides
more detailed information on the cardiac cycle of the stimulated heart but requires more
energy to sense the electrical signals at the His bundle than in case of the precedingly
explained variant that employs a longer blanking period (i.e., a longer first period of time

and an equally long second period of time).

In an embodiment, the computer-readable program causes the processor to terminate the
second period of time after having detected an R wave upon decreasing signal intensities of
the R wave. Thus, this embodiment employs an automatic adaptation of the length of the
second period of time in dependence on the R wave evoked by the previous stimulation

pulse.

In an embodiment, the second period of time comprises a first sub-period, second sub-period,
and a third sub-period. In this context, the first sub-period corresponds to the first period of
time. Furthermore, the second sub-period extends from an end of the first sub-period until a
detection of a right ventricular event. Thus, the second sub-period is a variable period, the
length of which is determined by the time needed to detect an R wave after the end of the
first period of time. The third sub-period starts at the end of the second sub-period without
gap between the second sub-period and the third sub-period. In an embodiment the first sub-
period lies in a time range of from 35 ms to 110 ms, in particular from 45 ms to 100 ms, in
particular from 55 ms to 90 ms, in particular from 60 ms to 80 ms, in particular from 65 ms
to 75 ms. The third sub-period is invariant. The second sub-period lies in a time range of
from 10 ms to 50 ms. The third sub-period lies in a time range of from 10 ms to 100 ms, in
particular from 20 ms to 80 ms, in particular from 30 ms to 70 ms, in particular from 40 ms

to 60 ms, in particular from 45 ms to 55 ms.
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In an embodiment, the computer-readable program causes the processor to conduct a
plurality of impedance measurements during a third period of time. In this context, the third
period of time starts directly at the end of the second period of time. The third period of time
lies in a time range of from 50 ms to 400 ms, in particular from 100 ms to 350 ms, in
particular from 200 ms to 320 ms, in particular from 220 ms to 300 ms, in particular from

240 ms to 260 ms.

In an embodiment, the third period of time, i.c., the impedance measuring time, is longer
than the impedance measuring time of conventional pacemakers performing an impedance
measurement with a right ventricular electrode. Then, the impedance can be safely
determined even if a change in impedance extends over a longer period of time than in case
of a right ventricular stimulation of the heart and/or a right ventricular impedance
measurement. In this embodiment, the third period of time lies in a time range of from 250

ms to 400 ms, in particular from 270 ms to 350 ms.

In an embodiment, the computer-readable program causes the processor to automatically
adapt an initial value of an amplitude of current pulses used for measuring the impedance.
In this context, the amplitude values can be chosen from an amplitude range of from 5 pA
to 1000 pA, in particular from 10 pA to 900 pA, in particular from 20 pA to 800 pA, in
particular from 40 p A to 600 pA, in particular from 50 pA to 600 pA. By such an adaptation
of the amplitude of current pulses, variations of the concrete implantation site of the His
bundle electrode can be compensated. If the His bundle has been exactly hit upon
implantation of the His bundle electrode, lower amplitudes of the current pulses used for
measuring the impedance will be sufficient to obtain reliable measuring values. If, however,
the His bundle electrode does not exactly match the His bundle, higher amplitudes of such

current pulses might be necessary to obtain reliable measuring values.

In an embodiment, the computer-readable program causes the processor to automatically
adapt an initial value of the width of current pulses used for measuring the impedance. In
this context, the width of the current pulses can be chosen from a width range of from 5 ps

to 200 ps, in particular from 10 ps to 150 ps, in particular from 20 ps to 120 ps, in particular
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from30 ps to 90 ps. Current pulses having different widths are appropriate to a different

extent to reliably measure the impedance.

In an embodiment, the computer-readable program causes the processor to automatically
adapt an initial value of a measuring gain for measuring the impedance. In this context, the
measuring gain values can be chosen from a gain range of from 1 to 600, in particular from
2 to 500, in particular from 3 to 400, in particular from 4 to 300, in particular from 5 to 150.
By choosing an appropriate gain, comparatively low measuring values can be amplified to

allow a reliable evaluation of the recorded signals.

In an embodiment, the computer-readable program causes the processor to measure the
impedance in a unipolar manner between the first electrode pole of the electrode of the
detection unit and the housing of the implantable medical device. Such a unipolar measuring
of impedance is also typically applied when using a right ventricular electrode 4 an according
impedance measurement. However, it should be noted that the measuring path is different in
case of the His bundle electrode than in case of a right ventricular electrode since the housing
of the implantable medical device is typically implanted at the same body site, wherein the

His bundle electrode is located at a different cardiac site than a right ventricular electrode.

In another embodiment, the impedance is measured in a bipolar manner. In doing so, the
computer-readable program causes the processor in this embodiment to measure the
impedance between the first electrode pole and a second electrode pole of the electrode of
the detection unit. Typically the first electrode pole is located at a distal tip of the His bundle
electrode. In such a case, the second electrode pole is typically located proximally of the first
electrode pole. The second electrode pole can be designed as a ring electrode pole.
Measuring the cardiac impedance in a bipolar manner can be more appropriate in certain

instances depending on the concrete site of implantation of the His bundle electrode.

In an embodiment, the computer-readable program causes the processor to use the measured
impedance as input value for adjusting at least one physical parameter of a stimulation pulse
to be delivered by the stimulation unit to the His bundle of the heart after having measured

the impedance. Thus, the measured impedance can be used in an algorithm for adapting
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stimulation pulses to be subsequently applied to the heart, wherein the kind of stimulation
like the stimulation strength or the stimulation rate can be adjusted in dependence on the
determined contractility of the heart to be stimulated. In combination with the employed His

bundle stimulation, a highly physiologic cardiac stimulation is thus possible.

In an aspect, the present invention relates to a method for controlling the operation of an
implantable medical device according to the preceding explanations. This method comprises

the steps explained in the following.

First, an electrical signal at the His bundle of the human or animal heart is measured with a
detection unit of the implantable medical device. This measurement takes place upon
termination of the first period of time, wherein the first period of time has started upon
delivering of a stimulation pulse to the His bundle the same heart by a stimulation unit of
the implantable medical device. In this context, the first period of time lies in time range of

from 35 ms to 500 ms.

Upon delivering of the stimulation pulse, also a second period of time starts. When this
second period of time is terminated (i.e., directly at the end of the second period of time), an
impedance of the same heart is measured with the detection unit. The second period of time
is equal to or longer than the first period of time. Additionally, it lies in a time range of from

50 ms to 500 ms.

In an aspect, the present invention relates to a computer program product comprising
computer-readable code that causes the processor to perform the steps explained in the

following when executed on the processor.

First, the His bundle of a human or animal heart is stimulated with a stimulation pulse
delivered by a stimulation unit of an implantable medical device for stimulating a human or

animal heart.

Upon delivering of the stimulation pulse, a first period of time starts. When the first period

of time is terminated (i.e., directly at the end of the first period of time), an electric signal at
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the His bundle of the same heart is measured with a detection unit of the implantable medical

device. In this context, the first period of time lies in time range of from 35 ms to 500 ms.

Upon delivering of the stimulation pulse, also a second period of time starts. When this
second period of time is terminated (i.e., directly at the end of the second period of time), an
impedance of the same heart is measured with the detection unit. The second period of time

is equal to or longer than the first period of time. Additionally, it lies in a time range of from

50 ms to 500 ms.

In an aspect, the present invention relates to medical method for treating a human or animal
patient in need of such treatment. This treatment is done with the help of an implantable
medical device for stimulating a human or animal heart, in particular with the help of an
implantable medical device according to the preceding explanations. As explained above,
such an implantable medical device comprises a housing, a processor, a memory unit, a
stimulation unit and a detection unit. The stimulation unit is configured to stimulate the His
bundle of human or animal heart. The detection unit is configured to detect an electrical
signal at the His bundle of the same heart. The method comprises the steps explained in the

following.

First, the His bundle of a human or animal heart is stimulated with a first stimulation pulse

delivered by the stimulation unit.

Upon delivering of the first stimulation pulse, a first period of time starts. When the first
period of time is terminated (i.e., directly at the end of the first period of time), an electric
signal at the His bundle of the same heart is measured with the detection unit. In this context,

the first period of time lies in time range of from 35 ms to 500 ms.

Upon delivering of the first stimulation pulse, also a second period of time starts. When this
second period of time is terminated (i.e., directly at the end of the second period of time), an
impedance of the same heart is measured with the detection unit. The second period of time
is equal to or longer than the first period of time. Additionally, it lies in a time range of from

50 ms to 500 ms.
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the impedance is then used as input value for adjusting at least one physical parameter of a
second stimulation pulse. Also the second stimulation pulse is to be delivered by the

stimulation unit to the His bundle of the heart.

Finally, the second stimulation pulse is delivered to the His bundle of the heart by the

stimulation unit so as to stimulate the His bundle of the heart once again.

All embodiments of the implantable medical device can be combined in any desired way
and can be transferred either individually or in any arbitrary combination to the described
methods and the described computer program product. Likewise, all embodiments of the
described methods can be combined in any desired way and can be transferred either
individually or in any arbitrary combination to the respective other method, to the
implantable medical device and to the computer program product. Finally, all embodiments
described with respect to the computer program product can be combined in any desired way
and can be transferred either individually or in any arbitrary combination to the described

implantable medical device or to the described methods.

Further details of aspects of the present invention will be described in the following making

reference to exemplary embodiments and accompanying Figures. In the Figures:

Figure 1  shows a prior art setup for stimulating a human heart and measuring an

impedance with a right ventricular electrode;

Figure 2 shows a first embodiment of a setup for stimulating a human heart and measuring

an impedance with a His bundle electrode; and

Figure 3  shows a second embodiment of a setup for stimulating a human heart and

measuring an impedance with a His bundle electrode.

Figure 1 shows a prior art setup for stimulating a human heart and measuring the impedance

thereof. For this purpose, a pacemaker 1 is used. This pacemaker 1 comprises a housing 2
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and is connected with a right atrial electrode 3 and a right ventricular electrode 4. The right
atrial electrode 3 is used to detect a right atrial event 5. If this right atrial event 5 does not
lead to a contraction of a human heart 6, a stimulation pulse 7 is delivered by the right
ventricular electrode 4 to the right ventricle of the heart 6. This will lead to a capture response

8 in an intracardiac electrogram (IEGM) 9.

The right ventricular electrode 4 is also used to measure an impedance Z between an
electrode pole 10 located at the distal tip of the right ventricular electrode 4 and the housing
2 of the pacemaker. This impedance Z will be detected after a blanking period 11. Thus,
there is a delay 12 between the stimulation 7 by the right ventricular electrode 4 and the start
of the impedance measurement. This delay 12 can also be denoted as Atmprv.z. The
impedance measurement is carried out by a plurality of current pulses 13 that is applied

during a standard impedance measuring time 14.

Figure 2 shows a first embodiment of a setup for stimulating a human heart with a His bundle
electrode. In all Figures, similar elements will be denoted with the same numeral reference.
The embodiment depicted in Figure 2 employs an implantable pacemaker 1 serving as
implantable medical device. This pacemaker 1 has a housing 2. Furthermore, a right atrial
electrode 3 and His bundle electrode 15 are connected to the pacemaker 1. The His bundle
electrode 15 comprises a His bundle electrode pole 16 at its distal end. This His bundle
electrode pole 16 serves as first electrode pole. Upon detection of a right atrial signal 5 with
the right atrial electrode 3, but no subsequent cardiac contraction, a stimulation pulse 17 will
be delivered to the His bundle 18 with the His bundle electrode pole 16. This stimulation
pulse 17 can be detected in an intracardiac electrogram (IEGM) 19 detected with the His
bundle electrode 15.

A lower sensing threshold 20 and an upper sensing threshold 21 are previously determined
such that neither a P wave 22 nor any His bundle activity will be sensed upon recording the
IEGM 19. However, electrical signals evoked by an R wave 23 will be lower than the lower
sensing threshold 20 or higher than the upper sensing threshold 21 so that they can be reliably
detected (i.e., they have an intensity exceeding the lower sensing threshold 20 and/or the

upper sensing threshold 21). However, the detection of the first R wave 23 following the
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stimulation pulse 17 will be suppressed by a first blanking window 24. This first blanking
window 24 is equivalent to a first period of time 25 and extends from the stimulation pulse

17 until the end of the R wave 23 immediately following the stimulation pulse 17.

The first period of time 25 can also be denoted as Atmpmusz. When comparing Figure 2 with
Figure 1, it is apparent that the first period of time 25 is significantly longer than the delay
12 achieved by the blanking period 11 applied according to prior art techniques employing

a right ventricular electrode.

The His bundle electrode 15 is also used for measuring an impedance Z between the His
bundle electrode pole 16 and the housing 2 of the pacemaker 1. Measuring this impedance
Z will only be started after the first period of time 25 has been terminated. The impedance Z
is measured by a plurality of current pulses 13 applied by the His bundle electrode pole 16.
An impedance measuring time 26 can be chosen to be significantly longer than the standard
impedance measurement time 14 known from prior art. This longer impedance measuring
time 26 — serving as third period of time — accounts for less pronounced impedance variations
detected with the His bundle electrode 15 than with the right ventricular electrode 4 (cf.

Figure 1).

Figure 3 shows a second embodiment of a setup for stimulating a human heart and measuring
an impedance with a His bundle electrode that equals in many aspects the embodiment
shown in Figure 2. Therefore, reference is made to the explanations of Figure 2. In the
following, only the differences between the embodiment of Figure 2 and the embodiment of

Figure 3 will be explained.

The blanking window 24 and thus the first period of time 25 are in the embodiment of Figure
3 significantly shorter than in the embodiment of Figure 2. Consequently, after a first delay
28, an R wave 23 of a right ventricular event 27 can be detected once the depolarization of
the ventricle of the stimulated human heart 6 is so intense that the voltage detected with the
His bundle electrode 15 falls below the lower sensing threshold 20. Since the time of

detection of the right ventricular event 27 is not fixed, the first delay 28 is variable and
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depends on the physiologic frame conditions and on the lower sensing threshold 20 and/or

upper sensing threshold 21.

After having detected such a start of the right ventricular event 27, a second delay 29 is
applied prior to starting measuring of the impedance Z. This second delay 29 extends over
the R wave 23 of the right ventricular event 27 that is detected in the IEGM 19. Thus, the
start of the impedance measurement will take place after the second delay 29, which can also

be denoted as Atmsmrs-z, has terminated.

Expressed in other words, the measurement of the impedance Z will start upon termination
of a second time period 30 that starts upon delivering of the stimulation pulse 17 and that
comprises the first period of time 25 is first sub-period, the first delay 28 is second sub-
period and the second delay 29 as third sub-period. Consequently, the second period of time
30 is longer than the first period of time 25 can be calculated as Atmpmuisz + first delay 28 +

Atmsuis-z.

The measurement of the impedance Z itself will take place in the same manner as explained
with respect to Figure 2. In this context, the impedance measuring time 26 will be
approximately the same as in case of the embodiment of Figure 2 and thus significantly

longer than the standard impedance measurement time 14 known from prior art.

Summarizing, the blanking window 24 in the embodiment of Figure 2 is chosen such that it
safely covers the expected R wave 23 after the stimulation pulse 17, whereas the blanking
window 24 in the embodiment of Figure 3 is chosen such that it safely does not cover the R
wave 23 evoked in response to the stimulation pulse 17. Consequently, it is not possible with
the embodiment of Figure 2 to positively detect the expected R wave 23. This reduces the
effort to be made in sensing the IEGM 19. In contrast, in the embodiment of Figure 3, the R
wave 23 is safely detected so that positive knowledge on the occurrence of this R wave 23
is given. This enhances the knowledge of the cardiac cycle by a more complete IEGM 19

than in case of the embodiment of Figure 2 but requires more resources.
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To avoid a start of the impedance measurement already during the R wave 23, an additional
delay in form of the second delay 29 is applied in the embodiment of Figure 3 so that the
impedance measurement will only start after the second period of time 30 covering the first

period of time 25, the first delay 28 and the second delay 29 has elapsed.



