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(54) Title: A HEART MONITORING DEVICE AND A SYSTEM TO DETECT VIBRATIONS CONCERNING THE STATUS

OF THE HEART

(57) Abstract: The invention concerns an implantable
heart monitoring device (10) comprising a control cir-
cuit (14) arranged to generate a vibration signal suit-
able to actuate a vibrator (70, 72). The control circuit
(14) is also adapted to communicate with at least a first
implantable vibration sensor (74) and to receive a de-
tection signal from said vibration sensor (74), which
detection signal represents the detected vibration. The
control circuit (14) is arranged to carry out a procedure
that involves the generation of at least one said vibra-
tion signal and the detection of at least one said detec-
tion signal. Based an the received detection signal in
relation to the generated vibration signal, the control
circuit (14) is arranged to be able to derive information
concerning the mechanical properties of the heart, such
as the stiffness and/or the thickness of at least a part of
the heart. The invention also concerns a system includ-
ing such a device (10) and a use of the system.
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A heart monitoring'devicerand a system to detect
vibrations concerning the status of the heart

BACKGROUND OF THE INVENTION

1. Field of the invention

The present invention relates to an implantable heart monitoring
device which is able to detect vibrations in order to obtain informa-
tion concerning the heart.

The invention also relates to a system including such a device and
to the use of the system. The device may be used to monitor the
status of a heart of a human or animal being as well as to stimulate
said heart.

2. Description of the prior art

Several different implantable devices for monitoring and stimulating
a heart are known.

US-A-6 044 299 describes an implantable medical device that has a
housing containing an accelerometer which detects vibrations of the
housing. The accelerometer generates a signal in response to the
detected vibrations, which is supplied to a signal processing unit.
The signal processing unit generates, for each of a number of pre-
determined frequency ranges, a parameter value indicative of a de-
fined attribute of the signal. The signal processing unit forms a ratio
between any two of these parameter values, and emits at least one
status value dependent on this ratio. The status value is uniquely
indicative of a predetermined type or level of cardiac activity, and
the status values can be used as a control signal for controlling
therapy, such as cardiac stimulation, administered by the implant-
able medical device.
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US 2005/0027323 A1 describes a device for monitoring cardiac
blood pressure and chamber dimension. The dimension sensor or
sensors comprise at least a first sonomicrometer piezoelectric crys-
tal mounted to a first lead body implanted into or in relation to one
heart chamber that operates as an ultrasound transmitter when a
drive signal is applied to it and at least one second sonomicrometer
crystal mounted to a second lead body implanted into or in relation
to a second heart chamber that operates as an ultrasound receiver.
The time delay between the generation of the transmitted ultra-
sound signal and the reception of the ultrasound wave varies as a
function of distance between the ultrasound transmitter and receiver
which in turn varies with contraction and expansion of a heart
chamber between the first and second sonomicrometer crystals.

US-A-4 771 792 describes a non-invasive system and method for
inducing vibrations in a selected element of the human body and
detecting the nature of responses for determining mechanical char-
acteristics of the element. In particular an internal pressure of the
selected body element is determined.

SUMMARY OF THE INVENTION

An object of the invention is to provide an implantable heart moni-
toring device which makes it possible to obtain information concern-
ing the status of the heart. A further object is to provide such a de-
vice which with relatively simple means makes it possible to obtain
such status information. Further objects and advantages of the in-
vention will become clear from the below description and claims.

The mentioned objects of the invention are achieved by an implant-
able heart monitoring device comprising a housing and a control
circuit located within said housing. The control circuit is arranged to
generate a vibration signal suitable to actuate a vibrator which con-
stitutes a built-in vibrator which forms part of the implantable heart
monitoring device or which constitutes an implantable vibrator
which does not form part of the device itself but which communi-
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cates with the device, wherein said vibration signal is able to cause
said vibrator to vibrate. The control circuit is also adapted to com-
municate with at least a first implantable vibration sensor suitable to
be arranged in or at the heart of a living being, wherein the control
circuit is arranged to receive a detection signal from said vibration
sensor, which detection signal represents the detected vibration.
The control circuit is also arranged to carry out a procedure that in-
volves the generation of at least one said vibration signal and the
detection of at least one said detection signal, receivable from said
first vibration sensor, indicating a vibration sensed in response to a
vibration delivered by the vibrator in response to said vibration sig-
nal, wherein the control circuit is arranged to be able to derive,
based on the received detection signal in relation to the generated
vibration signal, information concerning the mechanical properties
of the heart, such as the stiffness and/or the thickness of at least a
part of the heart.

By using a vibrator and a vibration sensor as defined above it is
thus possible to obtain information concerning the mechanical
properties of the part of the heart that is positioned between the vi-
brator and the vibration sensor. The present invention can thus be
used to monitor the status of the heart. In particular, it is possible to
monitor the heart muscle and/or heart tissue condition with the help
of the present invention. A change in the heart muscle or tissue
status may be caused by different factors, such as by an infarct or
ischemia. It is important to be able to detect such change in the
status of the heart. This is possible with the present invention since
the invention provides information concerning the mechanical prop-
erties of the heart.

According to an embodiment of the device according to the inven-
tion, the control circuit is arranged such that said procedure in-
volves deriving a mechanical transfer function, which represents the
mechanical properties between the vibrator and the vibration sen-
sor. The mechanical transfer function can be seen as a function that
represents how the mechanical properties between the vibrator and
the vibration sensor influences the signal between the vibrator and
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the vibration sensor. The mechanical transfer function thus provides
information concerning the mechanical properties of the heart, or
the part of the heart that is located between the vibrator and the vi-
bration sensor.

According to a further embodiment of the device according to the
invention, the device comprises at least one memory connected to
the control circuit, wherein the control circuit is arranged to be able
to operate in time cycles corresponding to heart cycles, and
wherein the control circuit is arranged to carry out said procedure at
a plurality of occasions, with several time cycles between each oc-
casion, and to store a result from said procedure in said memory,
such that information is derived of how said mechanical properties
of the heart have changed between these occasions. An important
aspect of the invention is to monitor how the mechanical properties
of the heart changes over time. It is for example important for a
physician to be able to monitor the progression of a heart disease in
order to be able to apply a suitable therapy to the patient. The time
between each occasion, when the heart status is checked with the
help of the device, can preferably be several hours or even several
days. It can however be noted that at each occasion, it is possible
to carry out the mentioned procedure several times, in order to have
a good statistical basis for the heart condition. The information con-
cerning the mechanical properties of the heart that is obtained at a
certain occasion can thus constitute, for example, an average result
of several procedures carried out soon after each other.

According to a further embodiment of the device according to the
invention, the control circuit is arranged such that said procedure is
carried out at the same portion of said time cycle at the different
occasions. In order to be able to compare the status of the heart at
different occasions, it is advantageous if the procedure is carried
out during the same portion of a heart cycle, for example during a
certain portion of the diastolic phase.

According to a further embodiment of the device according to the
invention, the control circuit is arranged such that said procedure
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includes the delivery of signals generating vibrations of at least two
different frequencies and receiving corresponding detection signals.
A change in the heart condition (for example if a heart wall has be-
come more stiff) will influence signals of different frequencies to dif-
ferent degrees. Therefore, by comparing the signals detected at two
different frequencies, accurate information concerning the mechani-
cal properties of the heart can be obtained. It is of course also pos-
sible to use more than two different frequencies. The frequencies
can for example be somewhere between 10 Hz and 1 000 Hz, pref-
erably between 50 Hz and 250 Hz.

According to a further embodiment of the device according to the
invention, the control circuit is arranged such that said procedure
includes the determination of the amplitude of the detection signal
or signals. The amplitude of the detection signal indicates how
much the signal has been attenuated between the vibrator and the
vibration sensor and thus provides information concerning the me-
chanical properties of the heart. In particular, if the procedure in-
volves signals of different frequencies, the control circuit can com-
pare the amplitudes in the detected signals of the different frequen-
cies.

According to a further embodiment of the device according to the
invention, the control circuit is arranged such that said procedure
includes the determination of the phase angle between the vibration
signal and the corresponding detection signal. This phase angle in-
cludes information of how much the detection signal is delayed
compared to the vibration signal. Thus also this phase angle pro-
vides information concerning the mechanical properties between
the vibrator and the vibration sensor.

According to a further embodiment of the device according to the
invention, the control circuit is arranged such that said procedure
includes the determination of the energy of the vibration detected
through the detection signal or signals. By determining the energy
of the sensed vibration, information is obtained of how much energy
has been absorbed between the vibrator and the vibration sensor.
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Thereby information concerning the mechanical properties of the
heart is obtained. '

According to a further embodiment of the device according to the
invention, the control circuit is arranged such that said procedure
includes the generation of said vibration signal in the form of a short
burst, and the determination of the time it takes from the generation
of the vibration signal to the detection of the corresponding detec-
tion signal. By detecting the time it takes for the signal to reach the
vibration sensor, information can be obtained of the distance be-
tween the vibrator and the vibration sensor. This time can also in-
clude information concerning for example the thickness of a heart
wall located between the vibrator and the vibration sensor.

According to a further embodiment of the device according to the
invention, the control circuit is arranged such that said procedure
includes the detection of the morphology of the detection signal or
signals. The morphology, or, in other words, “the shape”, of the de-
tected signal provides information concerning the mechanical prop-
erties between the vibrator and the vibration sensor. It is for exam-
ple possible that the vibration signal has the shape of a square
pulse and that the morphology of the corresponding detection signal
is analysed.

According to a further embodiment of the device according to the
invention, said vibrator constitutes a built-in vibrator which forms
part of the implantable heart monitoring device. The invention can
be implemented in a simple manner if the vibrator is built-in in the
implantable device. It is however also possible that the vibrator is
for example positioned on a lead that is connected to the device.

According to a further embodiment of the device according to the
invention, the device comprises a second vibration sensor, located
within said housing and connected to the control circuit such that
the control circuit receives a detection signal from said second vi-
bration sensor, which detection signal represents the vibration of
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said hosing. By arranging a vibration sensor in the housing, it is
possible to sense the vibration of the housing.

According to a further embodiment of the device according to the
invention, the control circuit is arranged such that said procedure
includes comparing the detection signals from said first and second
vibration sensors. According to this embodiment, it is thus possible
to compare the vibration of the housing with the vibration detected
by the first vibration sensor. It is thereby possible to obtain informa-
tion of how the mechanical properties between the housing and the
first vibration sensor influence the signal.

According to a further embodiment of the device according to the
invention, the device includes means arranged to indicate when a
patient in whom the device is implanted is likely to be at rest,
wherein the control circuit is arranged such that said procedure is
carried out when said means indicates that the patient is likely to be
at rest. A more accurate indication of the heart status can be ob-
tained if the procedure is carried out when the patient is resting.
The procedure may for example be carried out when the patient is
asleep.

According to a further embodiment of the device according to the
invention, the control circuit is arranged to, under certain condi-
tions, be able to generate an alarm signal in order to alert a patient
carrying the implanted device, wherein the device is arranged such
that said alarm signal causes said vibrator to vibrate with such an
intensity and duration, that a patient in whom the device is im-
planted will be alerted. It is known that an implantable heart stimu-
lating device can include a vibrator that may alert the patient. Ac-
cording to this advantageous embodiment of the present invention,
the vibrator in question, which may either be built-in or external to
the device, can be used both to generate an alarm signal and to
generate the vibration signal that is used in the procedure for de-
termining the status of the heart.
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According to a further embodiment of the device according to the
invention, the device also includes means for delivering pacing
pulses to one or more electrode surfaces adapted to stand in com-
munication with the device and suitable to be positioned in or at the
heart of a living being, such that pacing pulses can be delivered to
said heart. According to this embodiment, the device also consti-
tutes a heart stimulating device and can thus be used to stimulate
the heart. The device may of course also include means for sensing
the electrical activity of the heart, which is common in this technical
field.

Another aspect of the invention relates to an implantable heart
monitoring system. According to the invention, this system com-
prises:

a heart monitoring device according to any one of the preced-
ing embodiments, and

at least said first implantable vibration sensor, wherein said
control circuit is arranged to communicate with said first implantable
vibration sensor.

According to an embodiment of the system according to the inven-
tion, the system also comprises said implantable vibrator, which
does not form part of the device, wherein said control circuit is ar-
ranged to communicate with said implantable vibrator.

With the heart monitoring system according to the invention, advan-
tages corresponding to those mentioned above in connection with
the device are obtained.

Another aspect of the invention relates to a use of the system ac-
cording to the invention. According to this use, the system is im-
planted in a living being and said first implantable vibration sensor
is positioned in or at the heart of said living being.

According to one manner of using the system, also said implantable
vibrator, which does not form part of the device, is positioned in or
at the heart of said living being.
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The system can be used to determine the condition of the heart
muscle and/or heart tissue of a patient in which the device is im-

planted.

The system can be used to determine the condition of the heart in a
patient suffering from congestive heart failure.

With the manners of using the system according to the invention,
the status of the heart of an actual patient is thus obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig 1

Fig2 A
and 2 B

Fig 3 A
and 3 B

Fig 4 A
and 4 B

Fig 5

shows schematically an embodiment of a device and a
system according to the invention.

show schematically a vibration signal and a detection
signal, respectively.

show schematically another example of a vibration sig-
nal and a detection signal, respectively.

show schemafically a third example of a vibration signal
and a detection signal, respectively.

is a schematic flow chart of a manner of using the sys-
tem according to the invention; the figure also illustrates
the operation of the device.

DESCRIPTION OF PREFERRED EMBODIMENTS
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Fig 1 shows schematically an implantable heart monitoring device
10 according to the invention. According to the embodiment illus-
trated in Fig 1, the device 10 is not only arranged to monitor a heart
but also to be able to stimulate a heart, i. e. to deliver pacing
pulses. The device 10 comprises a housing 12. Inside the housing
12 a control circuit 14 is arranged. The device 10 may constitute a
pacemaker which is also able to detect electrical signals from a
heart. Since such a device is well known to a person skilled in the
art, the details of this device will not be described more closely
here. The device comprises a connector portion 16. Different leads
30, 40, 50, 60 may be connected to the control circuit 14 via the
connector portion 16.

The control circuit 14 can be seen to include all the different means
necessary for delivering pacing pulses and for sensing the electrical
activity of a heart. The control circuit 14 can thus include all the dif-
ferent means which are normal in heart pacemakers. The control
circuit 14 is thus arranged to be able to operate in time cycles cor-
responding to heart cycles. The device also comprises a memory 15
connected to the control circuit 14. Furthermore, the device in-
cludes an activity sensor 18, connected to the control circuit 14,
which indicates the activity of a patient in whom the device is im-
planted. The means 18 can thus indicate when the patient in ques-
tion is resting.

Furthermore, according to the embodiment shown in Fig 1, the de-
vice 10 comprises a vibrator 70 located within the housing 12. The
vibrator 70 is connected to the control circuit 14. The control circuit
14 can generate a vibration signal which causes the vibrator 70
(and thereby the device 10) to vibrate. The vibrator can for example
include a piezoelectric crystal which vibrates in response to the vi-
bration signal. Under certain conditions, the control circuit 14 can
also generate an alarm signal which causes the vibrator 70 to vi-
brate with a sufficient intensity and duration, such that a patient in
whom the device 10 is implanted will be alerted. The vibrator 70 can
thus also be used to generate a warning signal to the patient.
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In the shown embodiment, the device 10 also includes a vibration
sensor 76 located within the housing 12 and connected to the con-
trol circuit 14. The vibration sensor 76 senses the vibration of the
device 10. The control circuit 14 thus receives a detection signal
from the vibration sensor 76, which detection signal represents the
vibration of the housing 12.

In the shown embodiment, four leads 30, 40, 50, 60 are connected
to the device 10. The first lead 30 includes electrode surfaces 31,
32. The electrode surface 31 can be called a tip electrode. The
electrode surface 32 can be called a ring electrode. The electrode
surfaces 31 and 32 together thus constitute a bipolar electrode.
Corresponding electrode surfaces 41, 42, 51, 52, 61, 62 are ar-
ranged on the leads 40, 50, 60, respectively.

As is well known to a person skilled in the art, unipolar electrodes
can be used instead of bipolar electrodes. Furthermore, the num-
bers of leads 30, 40, 50, 60 can depend on the purpose of the de-
vice 10.

Fig 1 also schematically illustrates a heart with a right atrium RA, a
right ventricle RV, a left atrium LA and a left ventricle LV. The bipo-
lar electrode 31, 32 is positioned in the right ventricle RV. The bi-
polar electrode 61, 62 is positioned in the right atrium RA. The bi-
polar electrode 51, 52 is positioned in the coronary sinus, and can
thus sense and stimulate the left atrium LA. The bipolar electrode
41, 42 has been introduced via the coronary sinus into a cardiac
vein. The bipolar electrode 41, 42 can be used to sense and stimu-
late the left atrium LV.

The lead 30 also includes a vibrator 72 positioned in the right ven-
tricle RV. The vibrator 72 thus constitutes an implantable vibrator
72 which does not form part of the device 10 itself but which com-
municates with the device 10 via the lead 30. The vibrator 72 can
for example include a piezoelectric crystal that vibrates in response
to a vibration signal from the control circuit 14.
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The lead 40 also includes a vibration sensor 74. According to the
shown embodiment, this vibration sensor is located in a cardiac
vein close to the left ventricle LV. The control circuit 14 can thus
receive a detection signal from the vibration sensor 74, which de-
tection signal represents the detected vibration. The vibration sen-
sor 74 can include a piezoelectric crystal that senses vibrations.
The vibration sensor 74 can be sensitive to acceleration, sound,
displacement, velocity or pressure.

It can be noted that the device 10 together with the leads 30, 40,
50, 60, the electrodes 31, 32, 41, 42, 51, 52, 61, 62 and the vibrator
72 and the vibration sensor 74 constitute an embodiment of a sys-
tem according to the invention. It can also be noted that the number
of vibration sensors 74, 76 and vibrators 70, 72 can vary. Further-
more, the vibration sensor 74 could be positioned in other positions
in or at the heart than in the position shown in Fig 1. Moreover, also
the vibrator 72 could be positioned in other positions in or at the
heart. Furthermore, according to one embodiment it is sufficient to
use the built-in vibrator 70 and thus not necessary to have any vi-
brator 72 in the heart.

According to the present invention, the control circuit 14 is arranged
to carry out a procedure for deriving information concerning the me-
chanical properties of the heart, such as the stiffness and/or the
thickness of at least a part of the heart. This procedure involves the
generation of a vibration signal with the help of the control circuit
14. The vibration signal causes a vibrator 70 or 72 to vibrate. The
vibration sensor 74 senses the vibration and the control circuit 14
receives a detection signal from the vibration sensor 74. Since
heart tissue is located between the vibrator 70 or 72 and the vibra-
tion sensor 74, the vibration sensed by the vibration sensor 74 de-
pends on the properties of the portion of the heart that is located
between the vibrator 70 or 72 and the vibration sensor 74. The fol-
lowing relationship can be considered.

(sensed vibration) = f (generated vibration)
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The sensed vibration is thus a function f of the generated vibration.
The function f can be seen as a mechanical transfer function. The
mechanical transfer function f thus depends on the mechanical
characteristics between the vibrator 70 or 72 and the vibration sen-
sor 74.

Fig 2 A shows schematically an example of a vibration signal gen-
erated by the control circuit 14. The X-axis represents the time t
and the Y-axis represents a voltage U. Fig 2 B illustrates schemati-
cally the corresponding detection signal received by the control cir-
cuit 14 from the vibration sensor 74. In the figures, A represents the
amplitude of the respective signal and PS represents the phase
shift in the detection signal, i.e. the phase angle between the vibra-
tion signal and the corresponding detection signal. The phase shift
PS thus represents the time delay between the vibration signal and
the detection signal. This time delay PS depends on the distance
between the vibrator 70 or 72 and the vibration sensor 74 as well as
on the material between the vibrator 70 or 72 and the vibration sen-
sor 74. The difference in amplitude A between the detection signal
and the vibration signal provides information about the attenuation
of the signal between the vibrator 70 or 72 and the vibration sensor
74. The control circuit 14 preferably includes suitable filter means
such that vibrations that are not caused by the generated vibration
signal are filtered out when the detection signal is analysed. Since
the vibration signal or signals are generated by certain frequencies,
it is quite easy to filter out signals that are not to be taken into ac-
count when analysing the signal from the vibration sensor 74 (and
76).

Fig 3 A and 3 B discloses similar signals to those of Fig 2 A and 2
B. However, the vibration signal represented in Fig 3 A has a higher
frequency than the signal in Fig 2 A. Consequently, the detection
signal of Fig 3 B also has the same, higher frequency as the signal
in Fig 3 A. The attenuation, i. e. the amplitude A of the detection
signal relative to the vibration signal can depend on the frequency.
Furthermore, the relationship between the amplitudes A detected at
different frequencies depends on the physical matter between the
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vibrator 70 or 72 and the vibration sensor 74. Consequently, by
generating vibration signals of different frequencies and by detect-
ing the corresponding detection signals, information about the me-
chanical properties of the heart can be obtained.

Fig 4 A illustrates schematically another kind of vibration signal. In
this case the signal has the form of a square pulse. Fig 4 B repre-
sents the corresponding detection signal. As in connection with the
previous figures, the amplitude A and the phase shift PS provides
information concerning the properties between the vibrator 70 or 72
and the vibration sensor 74. Also the morphology (the shape) of the
detection signal can provide information concerning the mechanical
properties of the heart.

The duration of the generated vibration signal can be long or short.
It is for example possible to generate a vibration signal in the form
of a short burst, which has a duration of for example less than 50
ms, or preferably less than 20 ms. The control circuit 14 can then
be arranged to detect the time it takes from the generation of this
vibration signal until the detection of the corresponding detection
signal.

It is also possible to analyse the energy of the detection signal. The
energy can be represented with (or is at least proportional to) the
following integral:

t]’Uz (t)dt

where U is the voltage, t is the time, {; is the time at the beginning
of the signal and t; is the time at the end of the signal. The total en-
ergy in the detection signal thus depends on the mechanical proper-
ties of the part of the heart located between the vibrator 70 or 72
and the vibration sensor 74.

It should be noted that although it may be difficult to obtain any ex-
act information concerning the mechanical properties of the heart
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from a single measurement, it is an important aspect of the inven-
tion that the change of the status of the heart over a longer time
can be detected quite accurately with the help of the present inven-
tion. Therefore, the mentioned procedure is preferably carried out at
a plurality of occasions, for example once a day, once a week or
once a month. At each occasion the result of the procedure is
stored in the memory 15. It is thereby possible to derive information
of how the mechanical properties of the heart have changed be-
tween the occasions.

Preferably, the procedure is carried out when the patient in whom
the system is implanted is resting. This can be indicated with the
help of the activity sensor 18 mentioned above.

If the built-in vibrator 70 is used as the vibrator, it is possible to
sense the vibration of the device 10 with help of the built-in vibra-
tion sensor 76. It is thereby possible to compare the vibration
sensed by the vibration sensor 76 with the vibration sensed by the
vibration sensor 74. The comparison can be done in similar man-
ners to those described above in connection with Fig 2-4. In this
case, the vibration sensed by the vibration sensor 76 can be seen
to be represented in the figures 2 A, 3 A and 4 A.

Preferably, the mentioned procedure for determining the mechani-
cal properties of the heart is carried out during a small portion of
the heart cycle, for example during a time period of less than 100
ms, or preferably less than 50 ms. It is advantageous to perform the
procedure during a short time such that the heart does not have
time to change its shape too much during the procedure (the shape
of the heart of course changes during each heart beat). Further-
more, it is preferred that the procedure is carried out at the same
portion of different heart cycles, for example during the diastolic
phase. This makes it easier to compare the measurements done at
different occasions.

Fig 5 illustrates schematically a manner of using the system accord-
ing to the invention and at the same time schematically the manner
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in which the device operates. The system according to the invention
is thus used such that the leads 30, 40, 50, 60 with the electrodes
31, 32, 41, 42, 51, 52, 61, 62 and the vibrator 72 and the vibration
sensor 74 are introduced into the heart of a patient. Furthermore,
the leads 30, 40, 50, 60 are connected to the device 10 and the de-
vice is implanted in the patient. The system according to the inven-
tion is with advantage used in a patient suffering from congestive
heart failure. The system can be used to determine the condition of
the heart muscle and/or heart tissue of at least a portion of the
heart of the patient. In particular, the system is used to monitor how
this condition changes over time.

The device operates by generating a vibration signal during a cer-
tain portion of a heart cycle. The corresponding detection signal is
detected and analysed. This analysis may include for example the
amplitude, the phase, the energy and/or the morphology of the de-
tection signal.

According to one embodiment of the invention, also the signal from
a built-in vibration sensor 76 is detected and the detection signal
from the vibration sensor 74 is compared with the vibration signal
from the built-in vibration sensor 76.

Thereafter the frequency can be changed such that a new vibration
signal of another frequency is generated. The corresponding detec-
tion signal is analysed. The frequency could be changed once, so
that vibrations of two different frequencies are generated. However,
it is also possible to change the frequency more than once during
the procedure, such that vibration signals of more than two different
frequencies are generated.

The relevant information from this procedure is stored in the mem-
ory 15. At a later occasion (for example a day later) the same pro-
cedure is carried out again and also the new result is stored in the
memory. The new result can be compared with the old result stored
in the memory in order to provide information concerning the
change of the heart status. If the status of the heart has changed to
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the worse, it is possible to generate an alarm signal in order to alert
the patient. Another possibility is to change some pacing parameter
in order to improve the function of the heart.

The invention is not limited to the described embodiments but may
be varied and modified within the scope of the following claims.
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Claims

1.  An implantable heart monitoring device (10) comprising a
housing (12) and a control circuit (14) located within said housing,

the control circuit being arranged to generate a vibration sig-
nal suitable to actuate a vibrator (70, 72) which constitutes a built-in
vibrator (70) which forms part of the implantable heart monitoring
device (10) or which constitutes an implantable vibrator (72) which
does not form part of the device itself but which communicates with
the device, wherein said vibration signal is able to cause said vibra-
tor (70, 72) to vibrate,

the control circuit (14) also being adapted to communicate
with at least a first implantable vibration sensor (74) suitable to be
arranged in or at the heart of a living being, wherein the control cir-
cuit (14) is arranged to receive a detection signal from said vibra-
tion sensor (74), which detection signal represents the detected vi-
bration,

wherein the control circuit (14) is arranged to carry out a pro-
cedure that involves the generation of at least one said vibration
signal and the detection of at least one said detection signal, re-
ceivable from said first vibration sensor (74), indicating a vibration
sensed in response to a vibration delivered by the vibrator (70, 72)
in response to said vibration signal, and wherein the control circuit
(14) is arranged to be able to derive, based on the received detec-
tion signal in relation to the generated vibration signal, information
concerning the mechanical properties of the heart, such as the stiff-
ness and/or the thickness of at least a part of the heart.

2.  An implantable heart monitoring device (10) according to
claim 1, wherein the control circuit (14) is arranged such that said
procedure involves deriving a mechanical transfer function, which
represents the mechanical properties between the vibrator (70, 72)
and the vibration sensor (74).

3. An implantable heart monitoring device (10) according to
claim 1 or 2, wherein the device (10) comprises at least one mem-
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ory (15) connected to the control circuit (14), wherein the control
circuit (14) is arranged to be able to operate in time cycles corre-
sponding to heart cycles, and wherein the control circuit (14) is ar-
ranged to carry out said procedure at a plurality of occasions, with
several time cycles between each occasion, and to store a result
from said procedure in said memory (15), such that information is
derived of how said mechanical properties of the heart have
changed between these occasions.

4. An implantable heart monitoring device (10) according to
claim 3, wherein the control circuit (14) is arranged such that said
procedure is carried out at the same portion of said time cycle at
the different occasions.

5.  An implantable heart monitoring device (10) according to any
one of the preceding claims, wherein the control circuit (14) is ar-
ranged such that said procedure includes the delivery of signals
generating vibrations of at least two different frequencies and re-
ceiving corresponding detection signals.

6. An implantable heart monitoring device (10) according to any
one of the preceding claims, wherein the control circuit (14) is ar-
ranged such that said procedure includes the determination of the
amplitude of the detection signal or signals.

7. An implantable heart monitoring device (10) according to any
one of the preceding claims, wherein the control circuit (14) is ar-
ranged such that said procedure includes the determination of the
phase angle between the vibration signal and the corresponding de-
tection signal.

8.  An implantable heart monitoring device (10) according to any
one of the preceding claims, wherein the control circuit (14) is ar-
ranged such that said procedure includes the determination of the
energy of the vibration detected through the detection signal or sig-
nals.
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9. An implantable heart monitoring device (10) according to any
one of the preceding claims, wherein the control circuit (14) is ar-
ranged such that said procedure includes the generation of said vi-
bration signal in the form of a short burst, and the determination of
the time it takes from the generation of the vibration signal to the
detection of the corresponding detection signal.

10. An implantable heart monitoring device (10) according to any
one of the preceding claims, wherein the control circuit (14) is ar-
ranged such that said procedure includes the detection of the mor-
phology of the detection signal or signals.

11. An implantable heart monitoring device (10) according to any
one of the preceding claims, wherein said vibrator (70, 72) consti-
tutes a built-in vibrator (70) which forms part of the implantable
heart monitoring device (10).

12. An implantable heart monitoring device (10) according to
claim 11, wherein said device (10) comprises a second vibration
sensor (76), located within said housing (12) and connected to the
control circuit (14) such that the control circuit (14) receives a de-
tection signal from said second vibration sensor (76), which detec-
tion signal represents the vibration of said hosing (12).

13. An implantable heart monitoring device (10) according to
claim 12, wherein the control circuit (14) is arranged such that said
procedure includes comparing the detection signals from said first
(74) and second (76) vibration sensors.

14. An implantable heart monitoring device (10) according to any
one of the preceding claims, wherein the device (10) includes
means (18) arranged to indicate when a patient in whom the device
is implanted is likely to be at rest, wherein the control circuit (14) is
arranged such that said procedure is carried out when said means
(18) indicates that the patient is likely to be at rest.
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15. An implantable heart monitoring device (10) according to any
one of the preceding claims, wherein, the control circuit (14) is ar-
ranged to, under certain conditions, be able to generate an alarm
signal in order to alert a patient carrying the implanted device (10),
wherein the device (10) is arranged such that said alarm signal
causes said vibrator (70, 72) to vibrate with such an intensity and
duration, that a patient in whom the device (10) is implanted will be
alerted.

16. An implantable heart monitoring device (10) according to any
one of the preceding claims, wherein said control circuit (14) also
includes means for delivering pacing pulses to one or more elec-
trode surfaces (31, 32, 41, 42, 51, 52, 61, 62) adapted to stand in
communication with the device (10) and suitable to be positioned in
or at the heart of a living being, such that pacing pulses can be de-
livered to said heart.

17. An implantable heart monitoring system comprising:

a heart monitoring device (10) according to any one of the
preceding claims, and

at least said first implantable vibration sensor (74), wherein
said control circuit (14) is arranged to communicate with said first
implantable vibration sensor (74).

18. An implantable heart monitoring system according to claim
17, also comprising said implantable vibrator (72), which does not
form part of the device (10), wherein said control circuit (14) is ar-
ranged to communicate with said implantable vibrator (72).

19. Use of a heart monitoring system according to claim 17 or 18,
wherein said system is implanted in a living being and wherein said
first implantable vibration sensor (74) is positioned in or at the heart
of said living being.

20. Use according to claim 19 in combination with claim 18,
wherein also said implantable vibrator (72), which does not form
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part of the device (10), is positioned in or at the heart of said living
being. ‘

21. Use according to claim 19 or 20, wherein the system is used
to determine the condition of the heart muscle and/or heart tissue of
the heart in a patient in which the device (10) is implanted.

22. Use according to any one of the claims 19-21, wherein the
system is used to determine the condition of the heart in a patient
suffering from congestive heart failure.
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