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(57) Abstract: The invention concerns an implantable heart monitoring device (10) with which the status of the heart, in particu-
lar concerning a diastolic dysfunction, may be monitored. The device (10) comprises at least one memory (15) and a control cir-
cuit (14) configured to be able to carry out the following steps: a) detect the heart rate, b) derive said information correlated to the
stroke volume at said detected heart rate, and c¢) store the detected heart rate and the derived information correlated to the stroke
volume in said memory (15), wherein said control circuit (14) is configured to automatically carry out steps a) to c) at a plurality
of different occasions at different, naturally varying, heart rates, such that said memory (15) comprises information that indicates
the stroke volume as a function of the heart rate. The invention also concerns a corresponding method.
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An implantable heart monitoring device and method

BACKGROUND OF THE INVENTION

1. Field of the invention

The present invention relates to an implantable heart monitoring device, with which it
is possible to monitor the heart condition. The invention also concerns a corresponding
method.

2. Description of the prior art

Several different devices for monitoring the performance of a heart are known. Often
these devices are also able to deliver stimulation pulses to the heart. The devices are
often able to sense the electrical activity in the heart. It is also known to determine an
impedance value measured between different electrodes positioned in or at the heart. It
is also known to sense other physiological parameters, such as pressure, oxygen level

etc.

US 2001/0012953 A1 describes bi-ventricular pacing. An impedance may be measured
between electrodes on the right and the left sides of the heart. The variation of the im-
pedance with time is detected. The detected impedance variation may be used in order

to synchronise the contraction of the ventricles.

US 2001/0021864 Al describes different manners of using the proximal and distal
electrodes of different leads in order to inject a current and to measure an impedance.

The measured impedance value may be used in order to maximise the cardiac flow.

US 2007/0049835 Al relates to an implantable cardioverter-defibrillator or pacemaker
whose standard circuitry is used to trend a physiological cardiac parameter using intra-

cardiac impedance measurements.

US 2007/0100249 A1 describes an implantable medical apparatus for detecting dia-
stolic heart failure, DHF. The apparatus includes circuitry for determining, as the DHF

parameter, the time duration of a predetermined phase of diastole.
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US 2007/0055170 A1 describes a device for detecting the state of a heart on the basis
of intracardial impedance measurement. The device has an impedance measuring unit
as well as an analysis unit, which is connected to the impedance measuring unit and is
implemented to derive a cardiac function parameter from a time curve of the imped-

ance ascertained using the impedance measuring unit. The analysis unit derives a car-

diac function parameter characterizing the behaviour of a heart during the diastole.

US 6,314,323 describes a heart stimulator in which the cardiac output is determined by

measuring the systolic pressure.

The article “Hemodynamic Effects of Tachycardia in Patients with Relaxation Abnor-
mality: Abnormal Stroke Volume Response as Overlooked Mechanism of Dyspnea
Associated with Tachycardia in Diastolic Heart Failure” by Dae-Won Sohn et al.,
Journal of the American Society of Echocardiography, February 2007, pp. 171-176,

describes a comparative study of two groups of individuals: healthy individuals and

individuals with stable relaxation abnormality. The article describes how left ventricu-
lar pressure and stroke volume varies for the two groups when the heart is paced with

80 beats per minute and 120 beats per minute.

SUMMARY OF THE INVENTION

One object of the present invention is to provide an implantable heart monitoring de-
vice with which it is possible to detect or monitor the status of the heart of a patient
who suffers from a heart failure, in particular a diastolic dysfunction. A further object
is to provide such a device, which with quite simple means makes it possible to detect
or monitor the status of the heart condition of a patient who suffers from such heart

deficiency.

The above objects are achieved by an implantable heart monitoring device comprising
at least one memory and a control circuit configured to communicate with a plurality
of implanted electrode and/or sensor members adapted to be positioned in a heart or in
relation to a heart of a living being such that the control circuit, by means of said
members, is able to detect the heart rate of said living being and to derive information
correlated to the stroke volume of said heart, wherein the control circuit is configured

to be able to carry out the following steps:
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a) detect the heart rate,

b) derive said information correlated to the stroke volume at said detected heart rate,
and

c) store the detected heart rate and the derived information correlated to the stroke vol-
ume in said memory,

wherein said control circuit is configured to automatically carry out steps a) to ¢) at a
plurality of different occasions at different, naturally varying, heart rates, such that said
memory comprises information that indicates the stroke volume as a function of the
heart rate.

The information concerning the stroke volume as a function of the heart rate consti-
tutes important information about the status of the heart. In particular, when a patient
suffers from a diastolic dysfunction, the stoke volume tends to decrease more with
increasing heart rate than for a patent without such dysfunction. The more the stroke
volume decreases with increasing heart rate, the worse is the dysfunction in question.
Since according to the present invention, information concerning the stroke volume as
a function of the heart rate is obtained, the device according to the invention provides
important information concerning the status of the heart. Furthermore, the device car-
ries out the mentioned steps automatically, which means that for example no physician
needs to be present for carrying out the steps. The device does not have to have a com-
plicated construction in order to provide the information. For example, an implantable
heart stimulation device can with simple measures be constructed to constitute a device

according to the invention.

It should be noted that with naturally varying heart rate is in this document meant that
the heart rate is the heart rate of a heart that at the occasion in question is not paced at
all by a heart stimulating device, or, if the heart is paced, then the pacing pulses are

delivered in accordance with the intrinsic rate of the heart.

It should also be noted that as a measure of the heart rate, for example the duration of
the heart beat can be used (since the duration of a heart beat is the inverse of the heart
rate). The duration can be detected, for example as the RR-interval, i.e. the time be-
tween two R-waves. The heart rate may thus be determined for an individual heart

beat.
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According to an embodiment of the invention, the control circuit is configured to carry
out said steps for at least three different heart rates such that the information that indi-
cates the stroke volume as a function of the heart rate can be determined with a suffi-

ciently high accuracy.

Since the control circuit is configured to carry out said steps for at least three different
heart rates, the stored information concerning stroke volume as a function of the heart
rate can be determined with a high accuracy. Preferably, the control circuit is config-
ured to carry out said steps for more than three different heart rates, for example for at
least 5 different heart rates. Thereby it can be determined with even higher accuracy
how the stroke volume varies as a function of the heart rate. Consequently, very accu-

rate information about the status of the heart can be obtained.

According to an embodiment, the control circuit is configured to carry out said steps
for different heart rates, which differ from each other such that the highest heart rate is
at least 10%, preferably at least 25%, higher than the lowest heart rate. Thereby, the
stoke volume as a function of the heart rate can be determined for a relatively large
variation of the heart rate, which means that a very good information concerning the
status of the heart is obtained.

According to a further embodiment, the control circuit is configured to create a warn-
ing message if the obtained information that indicates the stroke volume as a function

of the heart rate fulfils a predetermined criterion.

The predetermined criterion may for example be that the information that indicates the
stroke volume as a function of the heart rate indicates that the stroke volume decreases
when the heart rate increases. Another criterion may be that the information that indi-
cates the stroke volume as a function of the heart rate indicates that the stroke volume

decreases more than a predetermined amount when the heart rate increases.

With such a warning message, for example the patient in question or a physician can
be alerted. The warning message may be any kind of warning message. The warning
message may for example be stored in the memory. Such a warning message may for
example be transferred in a wireless manner to an external device, located outside of
the living being. Such a warning message may be communicated to the living being in

which the device is implanted or to a physician.
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According to a further embodiment, the control circuit is configured to, for a certain
heart rate, derive the information correlated to the stroke volume during a plurality of
heart beats, such that a more accurate information correlated to the stroke volume at
the heart rate in question is obtained than if the information is derived only during one
heart beat.

It should be noted that when it is said that the control circuit is configured to, for a cer-
tain heart rate, derive the information correlated to the stroke volume during a plurality
of heart beats, this does not mean that the heart rate must be exactly the same for said
plurality of heart beats. For example, the information correlated to the stroke volume
for a certain heart rate may be derived for 10 different heart beats with heart rates vary-
ing between 72 and 75. From this procedure it is possible to determine for example an
average measure of the stroke volume, and an average heart rate within the interval 72
to 75. Thereby a measure of the stroke volume at the heart rate in question is obtained.
Hereby a more accurate information correlated to the stroke volume at the heart rate in

question is obtained than if the information is derived only during one heart beat.

According to a further embodiment, the control circuit is configured such that said

plurality of different occasions takes place within a first time period.

The time period may for example be less than 24 hours, preferable less than 1 hour, for

example less than 20 minutes.

According to a further embodiment, the control circuit is configured such that said

- plurality of different occasions will also take place within at least one second time pe-

riod, at a later time than said first time period, such that the memory comprises infor-
mation that indicates the stroke volume as a function of the heart rate both within said
first time period and within said second time period, wherein said memory contains
information as to whether the indicated stroke volume as a function of the heart rate

has changed between said first and second time periods.

The first and second time periods should thus not overlap with one another. The sec-
ond time period may for example take place at least 1 day, or at least one week, after

the first time period. By determining the stroke volume as a function of the heart rate
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during different time periods, it is possible to monitor how the heart condition has

changed between these time periods.

According to a further embodiment, the control circuit is configured to create a warn-
ing message if the indicated stroke volume as a function of the heart rate has changed
more than a predetermined amount between said first and second time periods. For
example, a warning message may be created if the function determined in the second
time period indicates that the diastolic dysfunction has become worse, for example
indicated by the fact that the stroke volume decreases more with increasing heart rate

than during the first time period.

The warning message may be any kind of warning message, for example as explained

above.

According to a further embodiment, the device comprises a detector for detecting the
physical activity of said living being, and wherein the control circuit is configured to
be able to determine the occasions when said steps are to be carried out in dependence
on physical activity sensed by said detector for detecting the physical activity.

Since, the control circuit is configured to select said plurality of occasions in depend-
ence on the physical activity sensed by said detector, it is possible to obtain the infor-
mation that indicates the stroke volume as a function of the heart rate within a rela-
tively short time. With the help of the sensed physical activity, it is thus possible to
determine whether the physical activity of the living being changes, such that the heart
rate is likely to change. It is thereby possible to obtain the information correlated to the
stroke volume for different heart rates in a relatively short time. For example, each of

the mentioned first and second time periods may be shorter than 20 minutes.

Alternatively, it is of course also possible for the device to directly monitor the heart
rate of the living being and to select the different occasions when suitable, different
heart rates are detected, such that the said information that indicates the stroke volume

as a function of the heart rate is obtained.

According to a further embodiment, the control circuit is configured to be able to de-
rive said information correlated to the stroke volume of said heart by carrying out an

impedance measurement that indicates how the amount of blood in the left ventricle of
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the heart varies with time, which measurement thus creates a signal that varies with
time, and thereby constitutes a curve that indicates how the amount of blood in the left

ventricle of the heart varies with time.

Such an impedance measurement is an advantageous, and relatively simple, manner of

determining the information that is correlated to the stroke volume.

According to a further embodiment, the control circuit is configured to enable that said
information correlated to the stroke volume is derived from said curve, from a filtered
such curve, from a template based on different such curves from different heart beats

or from a template based on different filtered such curves from different heart beats.

The detected impedance curve may thus be filtered, for example in order to filter out
artefacts and in order to make the curve smoother. A template can be created based on
a measurement during a plurality of heart beats. The template is thus a representative
curve based on measurements for a plurality of heart beats. The template may thus be a

kind of average, or typical curve based on measurements for different heart beats.

According to a further embodiment, said information correlated to the stroke volume is
derived by considering one or both of the following:
a) an area defined by said curve, filtered curve or template,

b) a peak-to-peak value of said curve, filtered curve or template.
In for example these manners, a good indication of the stroke volume can be obtained.

According to a further embodiment, the control circuit is configured to be able to de-
termine whether the contraction of the ventricle at the occasion in question belongs to
a special category, and if this is the case, then the control circuit is either configured
not to store the derived information in said memory, or to store the derived information
separately in said memory such that the memory contains information that the derived
information relates to said special category such that the stored information in the
memory is distinguished from the information obtained when the contraction does not

belong to said special category.

According to a further embodiment, the control circuit is configured to be able to de-

termine whether the contraction of the ventricle at the occasion in question belongs to
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any of a plurality of different special categories, and depending on to which special
category the contraction belongs, the control circuit is either configured not to store the
derived information in said memory, or to store the derived information separately in
said memory, depending on the category, such the stored information in the memory

for the different special categories can be distinguished from one another.

For example, the control circuit can be configured to be able to detect one or more of
the following special categories (in addition to normal sinus rhythm):

a) whether the contraction of the ventricle at the occasion in question is a premature
ventricular contraction,

b) whether the contraction of the ventricle at the occasion in question relates to atrial
fibrillation,

¢) whether the contraction of the ventricle at the occasion in question is a supraven-
tricular extra-systole,

d) whether the contraction of the ventricle at the occasion in question is caused by left
ventricular pacing,

e) whether the contraction of the ventricle at the occasion in question is caused by right
ventricular pacing,

f) whether the contraction of the ventricle at the occasion in question is caused by

biventricular pacing.

For different such special categories, the heart may behave differently, such that the
mentioned information that indicates the stroke volume as a function of the heart rate
may depend on the type (or category) of heart beat. For example, for heart beats that
are premature ventricular contractions (PVCs), the mentioned information that indi-
cates the stroke volume as a function of the heart rate may change more when the heart
condition becomes worse than for heart beats that are not PVCs. Consequently, it is an
advantage of the invention that the information that indicates the stroke volume as a
function of the heart rate is stored separately for, for example, PVCs. The stored in-
formation based on PVC beats may thus be more sensitive to a change in the heart
condition and will therefore be suitable to use in order to monitor a change in the heart

condition.

Another aspect of the invention relates to a method of monitoring a heart of a living
being with the help of an implantable heart monitoring device. The method comprises

the following steps:
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a) detect the heart rate,

b) derive information correlated to the stroke volume of said heart at said detected
heart rate, and

¢) store the detected heart rate and the derived information correlated to the stroke vol-
ume,

wherein the method also comprises the following steps:

carry out steps a) to c¢) at a plurality of different occasions at different, naturally vary-
ing, heart rates, such that information that indicates the stroke volume as a function of
the heart rate is obtained.

Such a method provides advantages corresponding to those described above in connec-

tion with the device according to the invention.

Advantageous manners of carrying out the method according to the invention are clear
from the dependent method claims and from the description below.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig 1 shows schematically an implantable heart monitoring device with leads and elec-

trodes positioned in or in relation to a heart.

Fig 2 shows schematically a control circuit and a memory which are comprised in the

heart monitoring device.
Fig 3 show a schematic example of measured impedance as a function of time.

Fig. 4 shows schematically examples of how the stroke volume may vary as a function

of the heart rate for different heart conditions.

Fig 5 is a schematic flow chart illustrating a method according to the invention.

DESCRIPTION OF PREFERRED EMBODIMENTS
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Fig 1 shows schematically an embodiment of an implantable heart monitoring device
10 according to the invention. The device 10 comprises a casing 12. The device 10
also comprises a control circuit 14, which controls the operation of the device 10. The
device 10 also comprises a memory 15 connected to the control circuit 14. Further-
more, the device 10 comprises an activity sensor 16 for sensing how physically active
the living being that carries the device 10 is. The sensor 16 is connected to the control

circuit 14.

The device 10 comprises a connector portion 13, via which the device 10 can be con-
nected to different leads 20, 30, 40. According to this embodiment, there are three
leads 20, 30, 40. However, the number of leads can also be more or less then three.
The leads 20, 30, 40 are provided with electrode surfaces 21, 22, 31, 32, 41, 42, 43.
The electrode surfaces 21, 31, 41 are so-called tip electrodes, while the other electrode
surfaces 22, 32, 42, 43 are so-called ring electrodes.

The device 10 is a heart monitoring device. However, the device 10 may also have
means for pacing a heart. Furthermore, the device may be designed to also function as
a defibrillator. It should be noted that the device may have many more components and

functions which are normal for such devices.

According to the present embodiment, the implantable heart monitoring device 10 is
set up to be able to sense the electrical activity of the heart and to pace different heart
chambers. In the shown embodiment, the lead 20 has been introduced into the right
atrium RA such that the electrode surfaces 21, 22 are positioned in this atrium. The
lead 30 has been introduced into the heart such that the electrode surfaces 31, 32 are
positioned in the right ventricle RV. The electrode surfaces 21, 22 can thus be used to
sense and pace the right atrium RA and the electrode surfaces 31, 32 can be used to
sense and pace the right ventricle RV. LA represents the left atrium of the heart. Ac-

cording to this example, no electrodes are positioned to pace the left atrium LA.

The lead 40 has been introduced via the right atrium RA and the coronary sinus such
that the electrode surfaces 41, 42, 43 are positioned in a vein next to the left ventricle
LV. The different electrode surfaces 41, 42, 43 can thus be used to pace and sense the
left ventricle LV in a manner known to a person skilled in the art. In this example, the
lead 40 has three different electrode surfaces 41, 42, 43 which make it possible to

choose which electrode surfaces are to be used for sensing and pacing.
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It is also well-known to a person skilled in the art that different electrode surfaces can
be used for injecting a current and for sensing a voltage in order to measure an imped-
ance across at least a portion of the heart. Also the casing 12 can be used for this pur-

pose.

Fig 2 shows schematically in particular the control circuit 14 in some more detail. The
control circuit 14 comprises a control portion 18 that controls the operation of the con-
trol circuit 14. The control portion 18 is connected to the above mentioned memory 15.
Furthermore, as is known to a person skilled in the art, the control circuit 14 may com-
prise a sensing circuit 25 and a pacing circuit 27, which circuits are adapted to be con-
nected to the lead 20 in order to pace and sense the right atrium RA. Moreover, a sens-
ing circuit 35 and a pacing circuit 37 are adapted to be connected to the lead 30 in or-
der to sense and pace the right ventricle RV. Furthermore, a sensing circuit 45 and a
pacing circuit 47 are adapted to be connected to the lead 40 in order to sense and pace
the left ventricle LV. The different sensing and pacing circuits are of course also con-
nected to the control portion 18. The control circuit 14 may be designed such that it is
possible to select which of the electrode surfaces 21, 22, 31, 32, 41, 42, 43 that are to
be used. Of course, also the leads 20, 30 may be provided with more or less than two

electrode surfaces.

The control circuit 14 is configured to operate in time cycles corresponding to heart

cycles. This is normal for an implantable heart monitoring or pacing device.

The control circuit 14 is also configured to communicate with a plurality of electrode
surfaces 12, 21, 22, 31, 32, 41, 42, 43 and to measure an impedance with the help of at
least two such electrode surfaces. The impedance indicates the impedance across a
portion of the heart that includes at least a part of the left ventricle LV. How to meas-
ure such an impedance is known to a person skilled in the art, for example from some
of the above-mentioned documents. For example, the control circuit 14 can be config-
ured to inject a current between the electrode surfaces 31 and 41 and to measure a
voltage between the electrode surfaces 32, 42. However, other combinations of elec-
trode surfaces can be used for the impedance measurement. However, the control cir-
cuit 14 is preferably set up such that the variation of the measured impedance is related

to the variation in the amount of blood in the left ventricle LV.
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Fig. 3 shows schematically an example of how the measured impedance Z may vary
with time t. This schematic curve in Fig. 3 is rather smooth. Such a curve can be ob-
tained by filtering the measured impedance. The impedance is in this case measured
across the left ventricle LV. The impedance has a low value at the point 51 when the
left ventricle LV is filled with blood. The impedance increases thereafter until a maxi-
mum value 53 is obtained when the left ventricle LV contains a minimum amount of
blood. Thereafter, the impedance decreases until a new minimum value 55 is obtained
when the left ventricle LV is again filled with blood. The time t; between the minimum
values 51 and 55 represents the duration of a heart beat. The heart rate is the inverse of
this time t;. The heart rate may for example be determined by means of the intracardial

electrogram detected by the implanted device.

From the curve shown in Fig. 3 information correlated to the stroke volume SV can be
obtained. As a measure of the stroke volume, for example, the peak to peak value be-
tween the minimum 51 and the maximum 53 can be used. Another alternative is to use
an area defined by the curve as a measure of the SV. The area can for example be de-
fined as the area between the curve and a predetermined base line, which for example
can be the Z value indicated as O in Fig. 3. In this manner a value of the stroke volume

SV for the heart rate in question can be determined.

In order to improve the measurement of the SV, it is possible to determine a curve like
the one shown in Fig. 3 for different heart beats but with essentially the same heart
rate. From such different curves, a template may be formed that represents an average

of the measured curves for the different heart beats at the heart rate in question.

The control circuit 14 is configured to detect the heart rate and to derive the mentioned
information correlated to the stroke volume at the detected heart rate. The control cir-
cuit 14 will store the detected heart rate and the corresponding value correlated to the

SV in the memory 15.

Furthermore, the control circuit 14 is configured to carry out these steps at a plurality
of different heart rates, for example for at least five different heart rates. The highest
heart rate may thereby be at least 25% higher than the lowest heart rate. The different
heart rates should be naturally varying heart rates as defined above. By storing the in-

formation related to the SV for the different heart rates in the memory 15, the memory
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15 will comprise information that indicates the stroke volume as a function of the heart

rate.

Such information is schematically illustrated in Fig. 4. This Figure shows the deter-
mined stroke volume SV as a function of the heart rate HR for two different situations
represented by the functions 57 and 59. Each dot represents the determined stroke vol-
ume for a certain heart rate. The function 57 may for example have been determined
for a certain patient within a first time period (for example within an hour a certain
day). The function 59 may have been obtained for the same patient during a second
time period, for example a month later. Each function 57, 59 thus represents the status
of the heart at the time that the function in question was determined. For the function
57, the stroke volume does not decrease much when the heart rate increases. However,
for the function 59, the stroke volume decreases more when the heart rate increases.
This is an indication of the fact that the diastolic function of the heart is worse for the
function 59 than for the function 57. The heart condition of the patient in question has

thus become worse.

Instead of storing all the measurement values in the memory 15, it is possible to only
store information that indicates the heart condition at the time period in question. For
example the slope of the function 57 and 59, respectively, can be the stored value that

represents the heart condition.

The control circuit 14 may be configured to create a warning message, for example if
for a certain function the stroke volume SV decreases more than a predetermined
amount with increasing heart rate HR (if the negative slope of the function is higher

than a predefined value).

The control circuit 14 may be configured to determine the functions (like 57 and 59)
during different time periods as exemplified above. The control circuit 14 may thereby
be configured to create a warning message if the indicated stroke volume as a function
of the heart rate has changed more than a predetermined amount between the different
time periods. The warning message may for example be created if the heart condition
has become worse. For example, since the heart condition represented by the function
59 is worse than the heart condition represented by the function 57, this means that a

warning message may be created in this case.
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In order to determine the occasions when the control circuit 14 is to carry out the
measurements in order to determine the stroke volume as a function of the heart rate,
the detector 16 for detecting the physical activity of the patient in question may be
used. For example, the control circuit 14 may detect that the patient is physically active
such that the heart rate is likely to change. Thereby the measurement steps can be car-
ried out for the different heart rates such that a function as described above can be de-

termined within a relatively short time period.

Preferably, the control circuit 14 is configured to determine the kind of heart beat that
is involved when the stroke volume at the heart rate in question is determined. The
control circuit 14 can thereby be configured to categorize the contraction of the ventri-
cle in different categories depending on the kind of contraction. The contraction may
for example be categorized as a normal sinus rhythm, as a premature ventricular con-
traction, as a contraction occurring during atrial fibrillation, as a supraventricular extra-
systole or as a contraction caused by pacing (left ventricular pacing, right ventricular
pacing or biventricular pacing). The control circuit 14 can thereby be configured to
store the derived information regarding the stroke volume at the heart rate in question
separately in the memory 15 for the different categories of heart contractions. Thereby
a function like the ones represented in Fig. 4 can be determined separately for the dif-

ferent categories of heart beats.

Fig. 5 shows a schematic flow chart illustrating a method according to the invention.
At the same time Fig. 5 illustrates how the device 10 according to the invention can be

set up to operate.

First it is determined when to carry out the measurement with the help of the device
10. For example, it can be programmed into the device 10 that the measurements in

question are to be carried out once a week.

Next, an electrode configuration for carrying out the impedance measurement is de-
termined. This can be programmed into the device in advance, or the device 10 can
automatically select an appropriate electrode configuration for the measurement. For
example, as indicated above, the measurement can be carried out by injecting a current
between the electrode surfaces 31 and 41 and by measuring a voltage between the elec-
trode surfaces 32 and 42.
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Next, with the help of the detector 16, the physical activity of the patient is detected in
order to determine if it is appropriate to carry out a measurement. Alternatively, the
exact moments for carrying out the measurements may be determined in other man-
ners. For example, the heart rate may be detected and if the heart rate is suitable to

carry out the measurement, a measurement may be carried out.

Thereafter the impedance is thus measured during a heart beat at a certain heart rate.
Preferably, the impedance curve is determined for a plurality (for example at least five)
of heart beats at a certain heart rate. A template may thus be created. This template
constitutes a representative curve for the measured impedance during a heart beat at
the heart rate in question. The determined impedance curve, or the corresponding value

representing stroke volume, is stored together with the heart rate.

As mentioned above, the stored information can be stored separately for different cate-
gories, depending on the kind of heart contraction. The different heart contractions that
are used to create a template for the category in question should thus be of the same
kind.

The same procedure is carried out for different heart rates until sufficient information
is obtained in order to determine the stroke volume as a function of the heart rate. The
stroke volume as a function of the heart rate, or a corresponding value thereof, is
stored. The stored information is preferably stored separately for the different catego-

ries of heart contractions.

A warning message may be created if the information concerning the stroke volume as
a function of the heart rate (for a certain category) fulfils a predetermined criterion.
The criterion may for example be that the stroke volume decreases more than a prede-

termined amount when the heart rate increases.

The procedure described above is repeated at a later occasion, for example a week
later. Thereby new information is obtained that indicates the stroke volume as a func-
tion of the heart rate. A warning message may then for example be created if the heart

condition has become worse.

The warning message may for example be stored in the memory 15 in order to be

communicated to a device external of the patient. The warning message may for ex-



WO 2010/024739 PCT/SE2008/000490
16

ample be communicated to a physician. Of course, not only the warning message but

also other stored information may be communicated to an external device.

The invention is not limited to the described embodiments but may be varied and

5  modified within the scope of the following claims.
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Claims

1. An implantable heart monitoring device (10) comprising at least one
memory (15) and a control circuit (14) configured to communicate with a plurality of
implanted electrode and/or sensor members (21, 22, 31, 32, 41, 42, 43) adapted to be
positioned in a heart or in relation to a heart of a living being such that the control cir-
cuit (14), by means of said members (21, 22, 31, 32, 41, 42, 43), is able to detect the
heart rate of said living being and to derive information correlated to the stroke volume
of said heart, wherein the control circuit (14) is configured to be able to carry out the
following steps:

a) detect the heart rate,

b) derive said information correlated to the stroke volume at said detected heart rate,
and

¢) store the detected heart rate and the derived information correlated to the stroke vol-
ume in said memory (15),

wherein said control circuit (14) is configured to automatically carry out steps a) to ¢)
at a plurality of different occasions at different, naturally varying, heart rates, such that
said memory (15) comprises information that indicates the stroke volume as a function
of the heart rate.

2. An implantable heart monitoring device (10) according to claim 1,
wherein the control circuit (14) is configured to carry out said steps for at least three
different heart rates such that the information that indicates the stroke volume as a

function of the heart rate can be determined with a sufficiently high accuracy.

3. An implantable heart monitoring device (10) according to claim 1 or 2,
wherein the control circuit (14) is configured to carry out said steps for different heart
rates, which differ from each other such that the highest heart rate is at least 10%, pref-
erably at least 25%, higher than the lowest heart rate.

4. An implantable heart monitoring device (10) according to any one of the
preceding claims, wherein the control circuit (14) is configured to create a warning
message if the obtained information that indicates the stroke volume as a function of

the heart rate fulfils a predetermined criterion.
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5. An implantable heart monitoring device (10) according to any one of the
preceding claims, wherein the control circuit (14) is configured to, for a certain heart
rate, derive the information correlated to the stroke volume during a plurality of heart
beats, such that a more accurate information correlated to the stroke volume at the
heart rate in question is obtained than if the information is derived only during one
heart beat.

6. An implantable heart monitoring device (10) according to any one of the
preceding claims, wherein the control circuit (14) is configured such that said plurality

of different occasions takes place within a first time period.

7. An implantable heart monitoring device (10) according to claim 6,
wherein the control circuit (14) is configured such that said plurality of different occa-
sions will also take place within at least one second time period, at a later time than
said first time period, such that the memory (15) comprises information that indicates
the stroke volume as a function of the heart rate both within said first time period and
within said second time period, wherein said memory (15) contains information as to
whether the indicated stroke volume as a function of the heart rate has changed be-

tween said first and second time periods.

8. An implantable heart monitoring device (10) according to claim 7,
wherein the control circuit (14) is configured to create a warning message if the indi-
cated stroke volume as a function of the heart rate has changed more than a predeter-

mined amount between said first and second time periods.

9. An implantable heart monitoring device (10) according to any one of the
preceding claims, wherein the device comprises a detector (16) for detecting the physi-
cal activity of said living being, and wherein the control circuit (14) is configured to be
able to determine the occasions when said steps are to be carried out in dependence on

physical activity sensed by said detector (16) for detecting the physical activity.

10. An implantable heart monitoring device (10) according to any one of the
preceding claims, wherein the control circuit (14) is configured to be able to derive
said information correlated to the stroke volume of said heart by carrying out an im-
pedance measurement that indicates how the amount of blood in the left ventricle (LV)

of the heart varies with time, which measurement thus creates a signal that varies with
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time, and thereby constitutes a curve that indicates how the amount of blood in the left

ventricle (LV) of the heart varies with time.

11. An implantable heart monitoring device (10) according claim 10,
wherein the control circuit (14) is configured to enable that said information correlated
to the stroke volume is derived from said curve, from a filtered such curve, from a tem-
plate based on different such curves from different heart beats or from a template

based on different filtered such curves from different heart beats.

12. An implantable heart monitoring device (10) according claim 11,
wherein said information correlated to the stroke volume is derived by considering one
or both of the following:

a) an area defined by said curve, filtered curve or template,

b) a peak-to-peak value of said curve, filtered curve or template.

13. An implantable heart monitoring device (10) according to any one of the
preceding claims, wherein the control circuit (14) is configured to be able to determine
whether the contraction of the ventricle at the occasion in question belongs to a special
category, and if this is the case, then the control circuit (14) is either configured not to
store the derived information in said memory (15), or to store the derived information
separately in said memory (15) such that the memory (15) contains information that
the derived information relates to said special category such that the stored information
in the memory (15) is distinguished from the information obtained when the contrac-

tion does not belong to said special category.

14. An implantable heart monitoring device (10) according to claim 13,
wherein the control circuit (14) is configured to be able to determine whether the con-
traction of the ventricle at the occasion in question belongs to any of a plurality of dif-
ferent special categories, and depending on to which special category the contraction
belongs, the control circuit (14) is either configured not to store the derived informa-
tion in said memory (15), or to store the derived information separately in said mem-
ory (15), depending on the category, such the stored information in the memory (15)

for the different special categories can be distinguished from one another.

15. A method of monitoring a heart of a living being with the help of an im-

plantable heart monitoring device, the method comprising the following steps:
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a) detect the heart rate,

b) derive information correlated to the stroke volume of said heart at said detected
heart rate, and }

c) store the detected heart rate and the derived information correlated to the stroke vol-
ume,

wherein the method also comprises the following steps:

carry out steps a) to ¢) at a plurality of different occasions at different, naturally vary-
ing, heart rates, such that information that indicates the stroke volume as a function of
the heart rate ié obtained.

16. A method according to claim 15, wherein said plurality of different occa-

sions takes place within a first time period.

17. A method according to claim 16, wherein said plurality of different occa-
sions also takes place within at least one second time period, at a later time than said
first time period, such that information is obtained that indicates the stroke volume as a
function of the heart rate both within said first time period and within said second time
period, wherein information is obtained as to whether the indicated stroke volume as a
function of the heart rate has changed between said first and second time periods.

18. A method according to any one of claims 15-17, wherein said informa-
tion correlated to the stroke volume of said heart is derived by carrying out an imped-
ance measurement that indicates how the amount of blood in the left ventricle of the
heart varies with time, which measurement creates a signal that varies with time, and
thereby constitutes a curve that indicates how the amount of blood in the left ventricle

of the heart varies with time.

19. A method according to any one of claims 15-18, wherein it is determined
whether the contraction of the ventricle at the occasion in question belongs to a special
category, and if this is the case, then either the derived information is not stored, or the
derived information is stored separately such that the derived information relating to

said special category is distinguished from the information obtained when the contrac-

tion does not belong to said special category.
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