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Description

Technical field

[0001] The present invention generally relates to implantable medical devices, such as pacemakers, and, in particular,
to techniques for detecting and monitoring mechanical dyssynchronicity of the heart.

Background of the invention

[0002] Current implantable cardiac resynchronization therapy (CRT) devices are designed to improve congestive heart
failure symptoms in cardiomyopathy patients with electromechanical dyssynchrony. In particular, CRT devices are rec-
ommended for patients with prolonged QRS suggesting dyssynhronous heart activity. However, up to 30 % of the patients
carrying CRT devices do in fact not respond to the treatment, so called non-responders. This might depend on the fact
that the there is discrepancy in the mechanical dyssynchrony and the electrical dyssychrony, i.e. there is not a 100%
correlation between the mechanical dyssynchrony and the electrical dyssycnhrony. Today, in principle, all algorithms
for pacing RV and LV in order to reduce or eliminate the dyssynchrony is based on electrical signals, with the exception
for echo-cardiography or MR based technologies, which are unsuitable for implantable medical devices. Hence, the
information acquired and used for reduction or elimination of the mechanical dyssynchrony is based solely on electrical
dyssynchrony.
[0003] A large number of studies have shown that intra-cardiac impedance reflects the mechanical activity of the heart
and thus provides a good basis for determining a mechanical dyssychrony of a heart. However, intra-cardiac impedance
is a very challenging parameter in that it, for example, varies significantly from patient to patient. The frequency content
may for example vary greatly from patient to patient in spite of an identical filtering and signal processing, and the
morphologies of the impedance signals may vary significantly. In addition, intra-cardiac impedance is very sensitive to
the specific conditions during which the measurements were made such as the posture of the patient, the lead type and
the lead position as well as to varying physiological parameters such as heart rate and respiratory rate. In Fig. 1 it is
illustrated how measure intra-cardiac impedance may vary from patient to patient. It should be noted that the impedance
is measured using the same measurement vector in each patient and for the same patient posture. All the waveforms
shown in Fig. 1 are amplitude and time normalized and made up of ∼30 second time averages and data from 19 patients
is shown. The waveform indicated by the black, thick line is the ensemble average of all the other waveforms. Accordingly,
despite the fact that intra-cardiac impedance is, a very promising parameter for characterizing the mechanical activity
of a heart there are a number of problems associated with measuring the impedance that have to be solved. The prior
art discloses a number of approaches without presenting an adequate solution. For example, in US 2007/0191901 a
cardiac resynchronization therapy (CRT) device using intra-cardiac impedance for determining systolic and diastolic
cardiac performance is shown. US 2007/0191901 focus on gathering impedance data during, for example, myocardial
thickening. In order to obtain a measure of the impedance data gathered during the myocardial thickening, the impedance
is integrated from the onset of systole to time of peak contractility. Under conditions of normal or increased contractility
this integrated value will have a greater value. Another measure of the cardiac performance discussed in US
2007/0191901 is a relation between the integral of the impedance over systole and the integral of the impedance over
diastole. A larger area under the initial portion (during the systolic ejection phase) of the impedance curve will denote
better systolic performance and a smaller area under the latter portion of the impedance curve will indicate more optimal
lusitropic properties without regional post-systolic myocardial thickening. Thus, an optimized systolic and diastolic function
will lead to an increased measure (i.e. the numerator will increase and the denominator will decrease) between the two
integrals. The impedance information can be derived by acquiring the impedance between electrode pairs that transverse
small myocardial segments. For example, measurements made between bipolar laterally positioned LV leads and the
can of the device will reflect data more representative of lateral LV performance and electrodes placed in the interven-
tricular septum or RVOT will generate data that reflects interventricular septal ventricular performance.
[0004] EP 1 905 480 A1 discloses a biventricular heart stimulator adapted to optimize an interventricular delay interval
by minimizing a mechanical asynchrony between right and fleft ventricle as determined by measuring right ventricular
and left ventricular intracardiac impedance.
[0005] US 2006/0271119 A1 and US 2007/0066905 A1 discloses an implantable cardiac rhythm management device
for measuring cardiac impedances and producing a resynchronization index parameter indicative of a cardiac asynchrony
using the measured cardiac impedances. One or more pacing parameters of a cardiac resynchronziation therapy are
adjusted based on the resynchronization index parameter.
[0006] Thus, significant efforts have been made within the art to develop devices and methods for detecting and
monitoring mechanical dyssychronicity of a heart. However, even though, as discussed above, intracardiac impedance
constitutes a good basis for determining a mechanical dyssychrony of a heart, one of the difficulties with providing a
reliable measure of the dyssynchronicity of the heart is to overcome the problems with obtaining stable and reliable
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impedance data. Furthermore, in order to provide a reliable measure of the dyssynchronicity of the heart, the impedance
data must also be processed in a proper and adequate way. Consequently, there is still a need within art for an improved
device and method that are capable of delivering a stable and reliable measure of a mechanical dysynchrony of a heart
of a patient.

Summary of the invention

[0007] The present invention provides according to an object a medical device that delivers a stable and reliable
measure of a mechanical dysynchronicity of a heart of a patient.
[0008] Another object of the present invention is to provide medical device that delivers a robust measure of a me-
chanical dysynchronicity of a heart of a patient that accurately quantifies a degree of dyssynchronicty.
[0009] These and other objects of the present invention are achieved by means of a medical device having the features
defined in the independent claims. Embodiments of the invention are characterized by the dependent claims.
[0010] According to a first aspect of the present invention, there is provided a medical device for determining a dys-
synchronicity measure indicating a degree of mechanical dyssynchronicity of a heart of a patient. The medical device
can be connected to at least two medical leads each including electrodes adapted to be positioned within or at the heart.
Further, the device comprises an impedance measuring circuit adapted to measure a first intracardiac impedance set
over at least one cardiac cycle using a first electrode vector/array including at least two electrodes placed such that the
first intracardiac impedance set substantially reflects a mechanical activity of the left side of the heart, and to measure
a second intracardiac impedance set over at least one cardiac cycle using a second electrode vector/array including at
least two electrodes placed such that the second intracardiac impedance set substantially reflects a mechanical activity
of the right side of the heart. Moreover, the device includes a calculating circuit adapted to calculate a measure of a
dyssynchronicity based on a resulting parameter set from a comparison between at least a subset of the first and the
second impedance sets, respectively, the subsets containing information of the mechanical systole.
[0011] There is provided a method for determining a dyssynchronicity measure in a medical device, the dysynchronicity
measure indicating a degree of mechanical dyssynchronicity of a heart of a patient. The medical device is connectable
to at least two medical leads each including electrodes adapted to be positioned within the heart. The method comprises
the following steps: measuring a first intracardiac impedance set over at least one cardiac cycle using a first electrode
vector/array including at least two electrodes placed such that the first intracardiac impedance set substantially reflects
a mechanical activity of the left side of the heart, measuring a second intracardiac impedance set over at least one
cardiac cycle using a second electrode vector/array including at least two electrodes placed such that the second
intracardiac impedance set substantially reflects a mechanical activity of the right side of the heart; and calculating a
measure of a dyssynchronicity based on a resulting parameter set from a comparison between at least a subset of the
first and the second impedance sets, respectively, the subsets containing information of the mechanical systole, wherein
a reduced dyssynchronicity measure corresponds to an improved synchronicity between the right side and the left side
of the heart. The present invention is based on the use of stable and reliable impedance data reflecting the mechanical
activity of the left and right side of the heart, respectively, and on a new and inventive way of treating or processing this
impedance data to create a measure of the mechanical dyssynchronicity that quantifies a degree of the mechanical
dyssynchronicity. In order to achieve a stable and reliable measure of a dyssynchronicity between the left and right side
of the heart it is of a high importance to obtain impedance data that mainly reflects the right side or the left side,
respectively. That is, impedance data that provides a clean image of the mechanical activity of either the right side of
the heart or the left side of the heart.
[0012] The present invention is based on the use of stable and reliable impedance data reflecting the mechanical
activity of the left and right side of the heart, respectively, and on a new and inventive way of treating or processing this
impedance data to create a measure of the mechanical dyssynchronicity that quantifies a degree of the mechanical
dyssynchronicity. In order to achieve a stable and reliable measure of a dyssynchronicity between the left and right side
of the heart it is of a high importance to obtain impedance data that mainly reflects the right side or the left side,
respectively. That is, impedance data that provides a clean image of the mechanical activity of either the right side of
the heart or the left side of the heart. Furthermore, the impedance data must be stable over time and between patients,
or, at least, it must be possible to secure that the impedance data from a certain patient is reliable and repeatable.
Therefore, the present invention is based on the idea of using measurement vectors that have been found to be stable
and robust, in terms of repeatability between measurements of a patient during corresponding conditions and correlation
between patients in a patient population and that, at the same time, essentially captures the mechanical activity of either
the right or left side of the heart. The careful selection of suitable electrode vectors, which is one pillar upon which this
invention rests, is founded upon thorough studies of the behaviour of intra-cardiac impedance measured at different
patients and during different conditions.
[0013] Further, the present invention is based on the finding that a resulting parameter from a comparison between
sets of intra-cardiac impedance reflecting mechanical activity of the right side of the heart and sets of intra-cardiac
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impedances reflecting mechanical activity of the left side of the heart accurately captures a degree of the synchronicity
or dyssynchronicity of the mechanical activity between the right side and the left side of the heart. This resulting parameter
can thus be used as a measure of the dyssynchronicity. The inventor has found that a reduction of the resulting parameter
follows a reduction of the dyssynchronicity in magnitude and thus provides an effective measure of the degree of
dyssynchronicity that is capable of quantifying a degree of the dyssynchronicity in an accurate manner.
[0014] According to an embodiment of the present invention, the resulting parameter between the first and the second
sets of impedances is calculated as a difference value parameter set related to a morphology of the impedance sets,
the difference value parameter set forming a waveform over the at least a part of a cardiac cycle. The waveform is
integrated over a predetermined period of time of the part of a cardiac cycle to obtain an integral value, the predetermined
period of time corresponding to a predetermined part of the mechanical systole. The dyssynchrony measure is determined
to correspond to the integral value. The inventor has found that an integration of a set of difference values related to the
morphology of the measured impedances sets (i.e. impedances measured by means of selected electrode vectors as
described above) over a significant part of mechanical systole gives a parameter that accurately and reliably reflects
the dyssynchronicity and follows the development of the dyssynchronicity. The part of mechanical systole over which
the integration is performed is determined based on empirical data and it has been shown that a predetermined range
of the heart cycle, for example, from the R-wave to the T-wave contains a significant part of the valuable information.
Alternatively, a range between 20 and 50 % of the cardiac cycle measured from the first activation of a ventricle has
also been shown to comprise a significant part of the valuable information.
[0015] In an embodiment of the present invention, the measured or recorded first and second impedances sets,
respectively, are synchronized in relation to a common reference cardiac event. That is, the impedance sets (i.e. one
impedance set recorded by means of an measurement vector providing impedance data mainly reflecting the left side
of the heart and one impedance set recorded by means of an measurement vector providing impedance data mainly
reflecting the right side of the heart, respectively) are synchronized in relation to a specific cardiac event, for example,
the P-wave. Both impedance waveforms are synchronized in relation to that specific observed reference event, which
reference event will constitute the starting point or zero point for the waveforms.
[0016] In an embodiment of the present invention, an amplitude normalizing procedure may be performed on the first
and second impedance sets. In some embodiments of the present invention, the first measurement vector may be
quadropolar and the second vector may be bipolar, which may lead to a factor 100 difference in amplitude. By performing
an amplitude normalizing procedure, for example, the calculation of the dyssynchronicity measure will be more accurate
and also facilitated.
[0017] According to an embodiment of the present invention, each impedance sample of the first and second set or
each value of the difference value parameter set are assigned with a predetermined weight. For example, each sample
or value within the range 20 - 50 % of the cardiac cycle can be assigned with the weight 1 and the samples or values
being outside this range can be assigned with the weight 0. In another embodiment, only a few samples or even one
sample is assigned with weights, i.e. in practice a very narrow range. For example, the sample corresponding to the
opening of the aortic valve can be assigned with the weight 1 and the rest of the samples may be assigned with the
weight 0. In yet another embodiment, the different weights are assigned to different ranges of the cardiac cycle. For
example, samples between 25 - 45 % are assigned with the weight 1, samples from 15 - 25 % and 45 - 55 % are assigned
with the weight 0.5 and the samples being outside these ranges are assigned with the weight 0.
[0018] In one embodiment of the present invention, a VV-interval can be optimized based on the dyssynchronicity
measure. That is, based on the dyssynchronicity measure, the VV-interval can be adapted to achieve an optimal syn-
chronization between the left ventricle and the right ventricle, wherein the dyssychronicity measure is minimized. The
pulse generator is thus instructed to adapt the VV-interval to obtain minimum dysynchronicity measure. Further, the
calculated dyssynchronicity measure may be compared with preceding dyssynchronicity measures obtain a trend of the
dyssynchronicity measure and/or with a reference dyssynchronicity measure. It may be determined whether a present
VV-interval should be extended or shortened based on the comparison and the pulse generator may be instructed to
adapt a present VV-interval in accordance with the determined extension or shortening of the VV-interval.
[0019] In an embodiment of the present invention, the dyssynchronicity measure may be used to scan for so called
non-responders before a CRT device is implanted. The impedance data may be measured by means of catheters
provided with electrodes connected to the device or an extracorporeal device and the response to a certain CRT can
be monitored and, if the patient responds, the CRT can be fine-tuned and optimized.
[0020] As the skilled person realizes, steps of the methods as well as preferred embodiments thereof, are suitable to
realize as computer program or as a computer readable medium.
[0021] Further objects and advantages of the present invention will be discussed below by means of exemplifying
embodiments.
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Brief description of the drawings

[0022] Exemplifying embodiments of the invention will be described below with reference to the accompanying draw-
ings, in which:

Fig. 1 is diagram showing impedance recordings from 19 different patients at the same body posture;
Fig. 2 is a simplified, partly cutaway view, illustrating an implantable medical device according to the present invention
with a set of leads implanted into the heart of a patient;
Fig. 3 is a functional block diagram form of the implantable medical device shown in Fig. 1, illustrating basic circuit
elements that provide, for example, pacing stimulation in the heart and particularly illustrating components for cal-
culating a dyssynchronicity measure according to the present invention;
Fig. 4 is a flow chart describing the general principles of the method for determining a dyssynchronicity measure
Figs 5a and 5b show the resulting parameter from a comparison between impedances mainly reflecting the me-
chanical activity of the left side and the right side, respectively, of the heart. Fig. 5a illustrates the waveform of the
resulting parameter without CRT (cardiac resynchronization therapy) and Fig. 5b illustrates the same parameter at
CRT;
Fig. 6 shows the linear relationship between the dyssynchronicity measure and measured dyssynchronicity (at three
patients where the mechanical dyssynchrnocity is measured by means of echo-cardiography);
Fig. 7 shows diagrams of impedance waveform obtained from two different patients with a certain vector; and
Fig. 8 is a functional block diagram form of an embodiment of a medical device according to the present illustrating
basic circuit elements that may provide, for example, pacing stimulation in the heart and particularly illustrating
components for calculating a dyssynchronicity measure according to the present invention.

Description of exemplifying embodiments

[0023] The following is a description of exemplifying embodiments in accordance with the present invention. This
description is not to be taken in limiting sense, but is made merely for the purposes of describing the general principles
of the invention. Thus, even though particular types of implantable medical devices such as heart stimulators will be
described, e.g. biventricular pacemakers, the invention is also applicable to other types of cardiac stimulators such as
dual chamber stimulators, implantable cardioverter defibrillators (ICDs), etc.
[0024] With reference first to Fig. 2, there is shown an implantable medical device for determining a dyssynchronicity
measure indicating a degree of mechanical dyssynchronicity of a heart of a patient according to an embodiment of the
present invention. According to this embodiment, the invention is implemented in a stimulation device 10 having a case
12. The stimulation device 10 is in electrical communication with a patient’s heart 1 by way of a right ventricular lead 30
having a right ventricular (RV) tip electrode 32, a RV ring electrode 34, RV coil electrode 36, and a superior vena cava
(SVC) coil electrode 38. Typically, the RV lead is transvenously inserted into the heart 8 so as to place the RV coil
electrode 36 in the right ventricular apex and the SVC coil electrode 38 in the superior vena cava. Accordingly, the right
ventricular lead 30 is capable of receiving cardiac signals, and delivering stimulation in the form of pacing to the right
ventricle RV.
[0025] In order to sense left atrial and ventricular cardiac signals and to provide left chamber pacing therapy, the
stimulator 10 is coupled to a "coronary sinus" lead 25 designed for placement in the coronary sinus region via the coronary
sinus for positioning a distal electrode adjacent to the left atrium. As used herein, the wording "coronary sinus region"
refers to the vasculature of the left ventricle, including any portion of the coronary sinus, great cardiac vein, left marginal
vein, middle cardiac vein, and/or small cardiac vein or any other cardiac vein accessible via the coronary sinus. Accord-
ingly, the coronary sinus lead 25 is designed to receive atrial and ventricular pacing signals and to deliver left ventricular
pacing therapy using at least a left ventricular (LV) tip electrode 26, a LV ring electrode 27 left atrial pacing therapy using
at least a LA electrode 28 and a LA electrode 29. With this configuration biventricular therapy can be performed. Although
only two medical leads are shown in Fig. 2, it should also be understood that additional stimulation leads (with one or
more pacing, sensing, and/or shocking electrodes) may be used in order to efficiently and effectively provide pacing
stimulation to the left side of the heart or atrial cardioversion. For example, a right atrium (RA) lead implanted in the atrial
appendage having a RA tip electrode and a RA ring electrode may be arranged to provide electrical communication
between the right atrium (RA) and the stimulator 10.
[0026] With reference to the configuration shown in Fig. 2, a number of impedances vectors can be used for impedance
measurements to obtain impedance signals mainly reflecting the mechanical activity on the right side of the heart or the
left side of the heart, respectively. For example, a current can be injected between the RV ring electrode 34 and the LV
ring electrode 27 and the resulting impedance (voltage) can be measure between the RV tip electrode 32 and the LV
tip electrode 26. The impedance signals measured by means of this vector will mainly reflect the mechanical activity on
the left side of the heart. Other vectors that have been proven to deliver reliable and stable impedance measurement
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mainly reflecting the mechanical activity on the left side of the heart include:

Current injection: LV ring electrode 27 and LV tip electrode 26, and
Voltage measurement: LV ring electrode 27 and LV tip 26,

or

Current injection: LV ring electrode 27 and RA ring electrode (not shown), and
Voltage measurement: LV ring electrode 27 and RA ring electrode (not shown).

The latter vector will provide even more reliable and stable impedance signals if the LV lead is placed sufficiently low in
the left ventricle, that is, more close to the apex as compared to the valve plane. It should be noted that these examples
of measurement vectors are non-exhaustive.
[0027] In order to obtain stable and reliable impedance signals mainly reflecting the right side of the heart, the following
vectors can be used:

Current injection: RV ring electrode 34 and RV tip electrode 32, and
Voltage measurement: RV ring electrode 34 and RV tip electrode 32,

or

Current injection: RA ring electrode (not shown) and RV ring electrode 34, and
Voltage measurement: RA tip electrode (not shown) and RV tip electrode 32,

or

Current injection: RV ring electrode 34 and case 12, and
Voltage measurement: RV ring electrode 34 and case 12.

It should be noted that these examples of measurement vectors are non-exhaustive. Thus, although these configurations
have been shown to provide good measurement results, it is understood that other configurations can be used and that
the present invention is not limited to above-mentioned configurations provided that accurate and stable impedance
signals are obtained, which may vary from patient to patient. To illustrate the importance of selecting configurations that
provide accurate and stable impedance signals reference is being made to Fig. 7. In Fig. 7, two different examples of
impedance measurement on patients are illustrated, where the left diagram shows an acceptable waveform and the
right diagram shows a non-acceptable waveform, respectively. The measurements are conducted by means of a vector
where the current is injected between a LV ring electrode and a RA ring electrode and are performed at two different
points of time (M1 and M2). The left diagram illustrates the impedance signal reflecting mechanical activity on the left
side of the heart during a cardiac cycle whereas the right diagram illustrates the impedance signal reflecting mechanical
activity on the left side of the heart during a cardiac cycle. Accordingly, the selection of the measurement vectors to be
used for a specific patient has to be made with carefulness.
[0028] Turning now to Fig. 3, the heart stimulator 10 of Fig. 2 is shown in a block diagram form. For illustrative purposes,
reference is made to Fig. 2 for the elements of the leads that are intended for positioning in or at the heart. The heart
stimulator 10 comprises a housing 12 being hermetically sealed and biologically inert, see Fig. 2. Normally, the housing
is conductive and may, thus, serve as an electrode. One or more pacemaker leads, where two are shown in Fig. 2, the
left ventricle lead and the right ventricle lead 25 and 30, respectively, are electrically coupled to the implantable medical
device 10 in a conventional manner. The leads 25, and 30 extend into the heart (see Fig. 2).
[0029] As discussed above with reference to Fig. 2, the leads 25, and 30 comprises one or more electrodes, such a
coils, tip electrodes or ring electrodes, arranged to, inter alia, transmit pacing pulses for causing depolarization of cardiac
tissue adjacent to the electrode(-s) generated by a pace pulse generator 42 under influence of a control circuit 43
comprising a microprocessor and for measuring impedances reflecting the septal wall movements. The control circuit
43 controls, inter alia, pace pulse parameters such as output voltage and pulse duration. A memory circuit 44 is connected
to the control circuit 43, which memory circuit 44 may include a random access memory (RAM) and/or a non-volatile
memory such as a read-only memory (ROM). Detected signals from the patient’s heart are processed in an input circuit
45 and are forwarded to the microprocessor of the control circuit 43 for use in logic timing determination in known manner.
The stimulator also includes a communication unit 49, for example, a telemetry unit or RF transceiver adapted for bi-
directional communication with external devices.
[0030] Furthermore, an impedance measuring unit 41 is adapted to carry out impedance measurements of the intra-
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cardiac impedance of the patient, for example, by means of applying a current over the RV ring electrode 34 and the
LV ring electrode 27 to measure impedance signals substantially reflecting mechanical activity on the left side of the
heart. The resulting voltage is, according to these examples, measured between the RV tip electrode 32 and the LV tip
electrode 26. In order to carry out impedance measurements of the intra-cardiac impedance of the patient substantially
reflecting mechanical activity on the right side of the heart, a current may be applied over the RV ring electrode 34 and
the RV tip electrode 32. The resulting voltage may be measured between the same electrode pair.
[0031] The raw impedance data is then supplied to an impedance processing module 46, which may comprise, for
example, amplifiers and filters e.g. FIR or IIR filters. The impedance processing module 46 may further be adapted to
perform, for example, amplitude normalizing and synchronization of the measured impedance sets in relation to a
predetermined cardiac event. Moreover, the impedance sets may also be provided with predetermined weights in the
impedance processing module 46.
[0032] A calculation module 47 is adapted to calculate a measure of a dyssynchronicity based on a resulting parameter
set from a comparison between at least a subset of the first and the second impedance sets, respectively, which subsets
contain information of the mechanical systole. The resulting set may alternatively be provided with weights, if this step
was not performed in the impedance processing module 46.
[0033] In one embodiment, the calculation module 47 is adapted to calculate the resulting parameter between the first
and the second sets of impedances as a difference value parameter set related to a morphology of the impedance sets,
which difference value parameter set forming a waveform over the at least a part of a cardiac cycle, to integrate the
waveform over a predetermined period of time of the part of a cardiac cycle to obtain an integral value, the predetermined
period of time corresponding to a predetermined part of mechanical systole; and to determine the dyssynchrony measure
to correspond to the integral value. This will be described in more detail below with reference to Fig. 4.
[0034] Furthermore, a cardiac event detector 50 is connectable to the electrodes, for example, the RV tip electrode
32, the RV ring electrode 34, the LV tip electrode 26, and the LV ring electrode 27 via the leads 25 and 30, and is
connected to the impedance processing module 46 and the calculation module 47. The cardiac event detector 50 is
adapted to detect the occurrence of cardiac events in the cardiac cycle. In one embodiment, the cardiac event detector
50 is adapted to identify a first predetermined event of the cardiac cycle, for example, the R-wave of a cardiac cycle,
indicating a first activation of the left or the right ventricle. Further, a second cardiac event, for example, the T-wave of
the cardiac cycle may be identified. The cardiac event detector 50 may also detect reference event for use in synchro-
nization between the left side impedance sets (i.e. impedances reflecting mainly the left side of the heart) and right side
impedance sets (i.e. impedances reflecting mainly the right side of the heart).
[0035] The calculation module 47 may further be adapted to determine a period of the cardiac cycle in relation to the
identified events in the cardiac cycle over which the resulting parameter is calculated. In one embodiment, as will be
explained in detail below, a dyssynchronicity measure is calculated by integration of the resulting parameter over a part
of a cardiac cycle, which part corresponds to the most significant part of the mechanical systole and the period of time
between the detection of an R-wave and the detection of a T-wave has been shown to entail that the significant part of
the cardiac cycle can be captured. The integration is performed over a range between 20 - 50 % of the heart cycle
following the activation of the primary ventricle, a part that empirically has been shown to include the significant part of
mechanical systole.
[0036] The implantable medical device 10 may further comprise an optimization module 48 connected to the calculation
module 47 and the control circuit 43. In one embodiment of the present invention, a VV-interval is optimized based on
the dyssynchronicity measure, wherein the dyssychronicity measure is minimized. The pulse generator 42 is instructed
to adapt the VV-interval in accordance with the optimization. In another embodiment, the optimization module 48 is
adapted to compare a present dyssynchronicity measure with preceding dyssynchronicity measures to obtain a trend
of the dyssynchronicity measure and/or with a reference dyssynchronicity measure to identify and to determine whether
a present W-interval should be extended or shortened based on the comparison. The pulse generator 43 is instructed
to adapt a present VV-interval in accordance with the determined extension or shortening of the VV-interval. For example,
a reference measure may be obtained for a patient in connection with the implantation of the device during synchronized
ventricular activity.
[0037] With reference now to Fig. 4, an embodiment of the present invention will be described. First, at step S100,
sets of impedance data V1 is acquired in subsequent impedance measurement sessions. The impedances of the first
impedance data set V1 reflect mechanical activity at the left side of the heart and are measured by means of a first
electrode vector or array. In one embodiment (see Fig. 2 and 3), a current is injected by the current generating circuit
of the impedance measuring circuit 41 between a RV-ring electrode 34 and a LV-ring electrode 27 and the resulting
impedance is measured by a voltage measuring circuit of the impedance measuring circuit 41 between a RV-tip electrode
32 and a LV-tip electrode 26. The impedance data gathered by means of this electrode vector will thus mainly reflect
the mechanical activity of the left side of the heart. Further, a second impedance data set V2 reflecting mechanical activity
at the right side of the heart is measured by means of a second electrode vector or array. The current is injected between
the RV-tip electrode 32 and the RV ring electrode 34 and the resulting voltage is measured between the same electrode
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pair (see Fig. 2).
[0038] Thereafter, at step S110, the impedances of the first and second sets of data V1 and V2 are processed in the
impedance processing module 46. This may include a step where the measured impedances can be amplitude normalized
to even out amplitude differences caused by, inter alia, differences in electrode configurations. For example, using the
electrode configurations discussed above may result in an amplitude difference of a factor of about 100 since the first
vector quadropolar and the second vector is bipolar. Further, the processing step may also include a synchronization
step to synchronize the two sets of impedance data V1 and V2 in time in relation to a common reference point, i.e. a
reference cardiac event, for example, the P-wave.
[0039] The processed impedance data sets V1 and V2 might thereafter be assigned with predetermined weights in

step S120, yielding V1,weights and V2,weights. In one embodiment of the present invention, the individual impedance values

or samples are rectified, in the rectifying step S120, yielding the rectified impedance data sets V1rect, and V2recy,. However,

there are other conceivable embodiments as will be described below.
[0040] Thereafter, at step S130, a measure of a dyssynchronicity based on a resulting parameter set R from a com-
parison between at least a subset of the rectified impedance data sets V1rect. and V2rect. is calculated. In one embodiment

of the present invention, the rectified data sets are subtracted to create a difference signal according to: 

The resulting parameter R from the comparison between the rectified impedance data sets V1rect. and V2rect. is thus

related to a morphology of the impedance sets and the resulting parameter set may form a waveform over at least a
part of a cardiac cycle. This is illustrated in Fig. 5a.
[0041] Alternatively, the parameter set VDiff can be calculated from the impedance sets and then be assigned with the

predetermined weighs. In other words, a modified step S130 (R = VDiff = V - V) is performed before a modified step S120

is performed (VDiff, weights).

[0042] The resulting parameter set R or VDiff is integrated over a part of a cardiac cycle, which part corresponds to
the most significant part of the mechanical systole. Empirically, this significant part has been found to be in the range
between 20 - 50 % of the heart cycle following the activation of the primary ventricle. Thus, VDiff may be integrated in
accordance with the following: 

According to another embodiment of the present invention, the period of time between the detection of an R-wave and
the detection of a T-wave is selected for the integration, a selection of a period of time that also has been shown to entail
that the significant part of the cardiac cycle can be captured.
[0043] In the weighting step, the impedance samples (or the resulting parameter VDiff) between 20 - 50 % of the heart
cycle following the activation of the primary ventricle may be provided with the weight 1 and the remaining samples may
be provided with the weight 0. Then, the difference signal VDiff (or VDiff, weights) can be integrated over the significant
part of mechanical systole according to: 

The resulting value, RDI, is determined to correspond to the dyssynchronicity measure. Due to the fact that the only a
part of the samples (i.e. the samples between 20 and 50 % of the cardiac cycle) are provided with the weight 1 and the
remaining samples are provided with the weight 0, this will in practice integrate the VDiff (or VDiff, weights) between 20 and
50 % of the cardiac cycle.
[0044] In a further embodiment, the sample at the point of the heart cycle corresponding to the opening of the aortic
valve is provided with the weight 1 and the remaining samples are assigned with the weight 0. In this case, the RDI
value will be the value of that particular sample. There are other conceivable alternatives. For example, the samples
between 25 and 45 % of the cardiac cycle (e.g. from the first activation of a ventricle) can be assigned with the weight
1, the samples between 15 and 25 %, and 45 and 55 %, respectively, can be assigned with the weight 0.5 and the
remaining weight may be assigned with the weight 0.
[0045] The inventor has shown that the resulting integral value RDI calculated as described above provides a good
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measure of the dyssynchronicity of the heart of a patient. In Fig. 5a, the VDiff is shown for a patient suffering from LBBB
(Left Bundle Branch Block) without any cardiac resynchronisation therapy. To calculate the RDI value, the VDiff waveform
is integrated during the most significant part of systole indicated by the vertical lines 50 and 51. As a comparison, the
RDI value for the same patient during cardiac resynchronisation therapy is shown in Fig. 5b. The RDI value for the
situation in Fig. 5a, i.e. without CRT, is 12.2 and the RDI value in the situation in Fig. 5b, i.e. at CRT, is 7.7, in other
words, a reduction by 37 % of the RDI value. Measurements made by means of echo-cardiography shows a reduction
in "time from QRS to peak systolic movement of the posterior wall" from 350 ms to 270 ms, which corresponds to a
reduction by 23 %. A reduction of in the difference between pulmonary pre-ejection delay and aortic pre-ejection period
with roughly 60 ms was also observed.
[0046] Further, in table 1 below, changes of the RDI value are compared with reductions in dyssynchronicity (defined
as the difference between pulmonary pre-ejection delay and aortic pre-ejection period) for three different patients. Meas-
urements were performed on patients 1 - 3 without cardiac resynchronisation therapy (CRT) and with CRT.

As can be seen from table 1, the RDI value effectively captures the reduction of dyssynchronicity in the three different
patients and the magnitude of the reduction of the RDI value corresponds to the magnitude of reduction of the measure
dyssynchronicity. For example, for patient 2, the measured dyssynchronicity is reduced by 28 % and the corresponding
the RDI value is reduced by 23 %. It can be noted that the RDI measure sorts these patients after the "effect" of the
CRT. In Fig. 6, the linear relationship between the RDI parameter and the measured mechanical dyssynchronocity (echo
cardiography) is shown. As can be seen, there is a high correlation, r = 0.9, between the RDI parameter and the measured
dyssynchronicity.
[0047] Turning now to Fig. 8, another embodiment of the present invention will be discussed. In this embodiment, the
present invention is implemented in an extracorporeal device located, for example, in a care institution, which device
may be connected to the heart of a patient by means of catheters. Thereby, it is possible, for example, during a preparation
for an implantation procedure (e.g. of an implantation of an implantable medical device according to the present invention)
to scan for responders to cardiac resynchronization therapy.
[0048] In Fig. 8, an extracorporeal device 90 is connected to a patient 91 via catheter leads 92, and 93 each comprising
one or more electrodes, such a coils, tip electrodes or ring electrodes, arranged to, inter alia, transmit pacing pulses for
causing depolarization of cardiac tissue adjacent to the electrode(-s) generated by a pace pulse generator 94 under
influence of a control circuit 95 comprising a microprocessor and for measuring impedances reflecting the septal wall
movements. The control circuit 95 controls, inter alia, pace pulse parameters such as output voltage and pulse duration.
A memory circuit (not shown) may be connected to the control circuit 95, which memory circuit may include a random
access memory (RAM) and/or a non-volatile memory such as a read-only memory (ROM). The memory circuit may
however be an external unit outside the extracorporeal device 90. Detected signals from the patient’s heart are processed
in an input circuit 96 and are forwarded to the microprocessor of the control circuit 95 for use in logic timing determination
in known manner. An impedance measuring unit 97 is adapted to carry out impedance measurements of the intra-cardiac
impedance of the patient, for example, by means of applying a current over a RV ring electrode and a LV ring electrode
to measure impedance signals substantially reflecting mechanical activity on the left side of the heart. The resulting
voltage is, according to these examples, measured between a RV tip electrode and a LV tip electrode. In order to carry
out impedance measurements of the intra-cardiac impedance of the patient substantially reflecting mechanical activity
on the right side of the heart, a current may be applied over a RV ring electrode and a RV tip electrode. The resulting
voltage may be measured between the same electrode pair. The raw impedance data is then supplied to an impedance
processing module 98, which may comprise, for example, amplifiers and filters e.g. FIR or IIR filters. The impedance
processing module 98 may further be adapted to perform, for example, amplitude normalizing and time synchronization
of the measured impedances. Moreover, the impedance sets may also be subjected to a rectifying step in the impedance
processing module 98. A calculation module 99 is adapted to calculate a measure of a dyssynchronicity based on a
resulting parameter from a comparison between at least a subset of the first and the second impedance sets, respectively,
which subsets contain information of the mechanical systole. In one embodiment, the calculation module 47 is adapted
to calculate the resulting parameter between the first and the second sets of impedances as a difference value parameter
set related to a morphology of the impedance sets, which difference value parameter set forming a waveform over the

Table 1

Patient Dyssyn. no CRT Dyssyn. with CRT Change RDI no CRT RDI with CRT Change

1 60 ms 0 ms -60 ms 12.2 7.7 -4.5

2 29 ms 21 ms -8 ms 7.6 5.9 -1.7

3 111 ms 95 ms -16 ms 13.0 12.4 -0.6
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at least a part of a cardiac cycle, to integrate the waveform over a predetermined period of time of the part of a cardiac
cycle to obtain an integral value, the predetermined period of time corresponding to a predetermined part of mechanical
systole; and to determine the dyssynchrony measure to correspond to the integral value. Furthermore, a cardiac event
detector 102 is connectable to the electrodes, for example, a RV tip electrode, a RV ring electrode, a LV tip electrode,
and a LV ring electrode via the catheter leads 92 and 93, and is connected to the impedance processing module 98 and
the calculation module 99. The cardiac event detector 102 is adapted to detect the occurrence of cardiac events in the
cardiac cycle. In one embodiment, the cardiac event detector 102 is adapted to identify a first predetermined event of
the cardiac cycle, for example, the R-wave of a cardiac cycle, indicating a first activation of the left or the right ventricle.
Further, a second cardiac event, for example, the T-wave of the cardiac cycle may be identified. The calculation module
99 is adapted to determine a period of the cardiac cycle in relation to the identified events in the cardiac cycle over which
the resulting parameter is calculated. In one embodiment, as will be explained in detail below, a dyssynchronicity measure
is calculated by integration of the resulting parameter over a part of a cardiac cycle, which part corresponds to the most
significant part of the mechanical systole. Empirically, this significant part has been found to be in the range between
20 - 50 % of the heart cycle following the activation of the primary ventricle. In another embodiment, the period of time
between a detection of the R-wave and the detection of the T-wave is used for the calculation of the dyssycnhronicity
measure, a period that also has been shown to comprise the significant part of mechanical systole. This will be described
in more detail below with reference to Fig. 4. This embodiment of the present invention may be used to check whether
a specific patient responds to cardiac resynchronization therapy (CRT) before a CRT device actually is implanted. That
is, it can be evaluated whether a patient suffering from, for example, LBBB (Left Bundle Branch Block) causing a
dyssynchronous mechanical activity of the heart responds to CRT by introducing the catheters 92 and 93 into the heart
and applying therapy using the pulse generator 94 and control circuit 95 of the extracorporeal device 90. By obtaining
the dyssynchronicity measure for each cardiac cycle, or as an average of a number of cardiac cycles, it can be checked
whether the patient responds to the therapy. Further, if it is found that the patient responds to therapy, the CRT parameters
can be optimized or fine-tuned. For example, a VV-interval may be optimized. For this purpose, the extracorporeal device
90 may further comprise an optimization module 100 connected to the calculation module 99 and the control circuit 95.
In one embodiment of the present invention, a VV-interval is optimized based on the dyssynchronicity measure, wherein
the dyssychronicity measure is minimized. The pulse generator 94 is instructed to adapt the VV-interval in accordance
with the optimization. In another embodiment, the optimization module 100 is adapted to compare a present dyssyn-
chronicity measure with preceding dyssynchronicity measures to obtain a trend of the dyssynchronicity measure and/or
with a reference dyssynchronicity measure to identify and to determine whether a present W-interval should be extended
or shortened based on the comparison. The pulse generator 94 is instructed to adapt a present VV-interval in accordance
with the determined extension or shortening of the VV-interval. For example, a reference measure may be obtained for
a patient in connection with the implantation of the device during synchronized ventricular activity.
[0049] Although an exemplary embodiment of the present invention has been shown and described, it will be apparent
to those having ordinary skill in the art that a number of changes, modifications, or alterations to the inventions as
described herein may be made. Thus, it is to be understood that the above description of the invention and the accom-
panying drawings is to be regarded as a non-limiting.

Claims

1. A medical device (10; 90) for determining a dyssynchronicity measure indicating a degree of mechanical dyssyn-
chronicity of a heart (8) of a patient, said medical device (10; 90) being connectable to at least two medical leads
(25, 30; 92, 93) each including electrodes (26, 27, 28, 29, 32, 34, 36, 38) adapted to be positioned within or at said
heart (8), said medical device (10; 90) comprising:

an impedance measuring unit (41; 97) adapted to measure:

a first intracardiac impedance set over at least one cardiac cycle using a first electrode vector/array including
at least two electrodes (26, 27, 32, 34) placed such that said first intracardiac impedance set substantially
reflects a mechanical activity of said left side of said heart (8); and
a second intracardiac impedance set over at least one cardiac cycle using a second electrode vector/array
including at least two electrodes (32, 34) placed such that said second intracardiac impedance set sub-
stantially reflects a mechanical activity of said right side of said heart (8);

a calculating module (47, 99) adapted to:

calculate a difference value parameter set as a difference between said first and second intracardiac im-
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pedance sets and related to a morphology of said first and second intracardiac impedance sets, said
difference value parameter set forming a waveform over a part of said at least one cardiac cycle;
integrate said waveform over a predetermined period of time of said part of said at least one cardiac cycle
to obtain an integral value, said predetermined period of time corresponding to a predetermined part of
mechanical systole; and

calculate a dyssynchronicity_measure to correspond to said integral value; and
a cardiac event detector (50, 102) connectable to said electrodes (26, 27, 28, 29, 32, 34, 36, 38) and adapted
to detect occurrence of cardiac events in said at least one cardiac cycle,

characterized by:

an impedance processing module (46, 98) adapted to synchronize said first and second intracardiac impedance
sets in relation to a predetermined reference cardiac event detected by said cardiac event detector (50, 102),
wherein said calculating module (47, 99) is adapted to integrate said waveform over said predetermined period
of time corresponding to a range between 20 and 50 % of said at least one cardiac cycle following activation
of a primary ventricle as detected by said cardiac event detector (50, 102).

2. The medical device according to claim 1, wherein said impedance processing module (46, 98) is adapted to assign
a predetermined weight to each impedance value in said first and second intracardiac impedance sets or to each
value in the difference value parameter set.

3. The medical device according to claim 1 or 2, wherein said impedance processing module (46, 98) is adapted to
perform an amplitude normalizing procedure on said first and second intracardiac impedance sets.

4. The medical device according to any of the claims 1 to 3, wherein said calculating module (47, 99) is adapted to
rectify the individual impedance values of the first and second intracardiac impedance sets or in said difference
value parameter set.

5. The medical device according to any one of preceding claims, further comprising an optimization module (48, 100)
adapted to:

optimize a VV-interval based on said dyssynchronicity measure, wherein said dyssynchronicity measure is
minimized; and
instruct a pulse generator (42, 94) to adapt the VV-interval in accordance with said optimization.

6. The medical device according to claim 5, said optimization module (48, 100) further being adapted to:

compare said calculated dyssynchronicity measure with preceding dyssynchronicity measures to obtain a trend
of said dyssynchronicity measure and/or with a reference dyssynchronicity measure;
determine whether a present VV-interval should be extended or shortened based on said comparison; and
instruct said pulse generator (42, 94) to adapt said present VV-interval in accordance with the determined
extension or shortening of said VV- interval.

Patentansprüche

1. Medizinische Vorrichtung (10; 90) zur Bestimmung eines Dyssynchronizitätsmaßes, das einen Grad einer mecha-
nischen Dyssynchronizität eines Herzens (8) eines Patienten angibt, wobei die medizinische Vorrichtung (10; 90)
mit mindestens zwei medizinischen Leitungen verbindbar ist (25, 30; 92, 93), die jeweils Elektroden (26, 27, 28, 29,
32, 34, 36, 38) beinhalten, die angepasst sind, in oder an dem Herzen (8) positioniert zu werden, wobei die medi-
zinische Vorrichtung (10; 90) Folgendes umfasst:

eine Impedanzmesseinheit (41; 97), die zur Messung von Folgendem angepasst ist:

eines ersten intrakardialen Impedanzsatzes über mindestens einen Herzzyklus unter Verwendung eines
ersten Elektrodenvektors/einer ersten Elektrodenanordnung, der bzw. die mindestens zwei Elektroden (26,
27, 32, 34) beinhaltet, angeordnet derart, dass der erste intrakardiale Impedanzsatz im Wesentlichen eine
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mechanische Aktivität der linken Seite des Herzens (8) widerspiegelt; und
eines zweiten intrakardialen Impedanzsatzes über mindestens einen Herzzyklus unter Verwendung eines
zweiten Elektrodenvektors/einer zweiten Elektrodenanordnung, der bzw. die mindestens zwei Elektroden
(32, 34) beinhaltet, angeordnet derart, dass der zweite intrakardiale Impedanzsatz im Wesentlichen eine
mechanische Aktivität der rechten Seite des Herzens (8) widerspiegelt;

ein Berechnungsmodul (47, 99), das zu Folgendem angepasst ist:

Berechnen eines Differenzwertparametersatzes als Differenz zwischen dem ersten und dem zweiten in-
trakardialen Impedanzsatz und im Zusammenhang mit einer Morphologie des ersten und des zweiten
intrakardialen Impedanzsatzes, wobei der Differenzwertparametersatz eine Wellenform über einen Teil des
mindestens einen Herzzyklus bildet;
Integrieren der Wellenform über eine vorbestimmte Zeitspanne des Teils des mindestens einen Herzzyklus,
um einen Integralwert zu erhalten, wobei die vorbestimmte Zeitspanne einem vorbestimmten Teil der me-
chanischen Systole entspricht; und
Berechnen eines Dyssynchronizitätsmaßes, das dem Integralwert entspricht; und

ein Herzereignisdetektor (50, 102), der mit den Elektroden (26, 27, 28, 29, 32, 34, 36, 38) verbindbar ist und
angepasst ist, ein Auftreten von Herzereignissen in dem mindestens einen Herzzyklus zu detektieren,

gekennzeichnet durch:

ein Impedanzverarbeitungsmodul (46, 98), das angepasst ist, den ersten und den zweiten Impedanzsatz in
Bezug auf ein vorbestimmtes Referenzherzereignis, das von dem Herzereignisdetektor (50, 102) detektiert
wird, zu synchronisieren, wobei das Berechnungsmodul (47, 99) angepasst ist, die Wellenform über die vorbe-
stimmte Zeitspanne zu integrieren, die einem Bereich zwischen 20 und 50 % des mindestens einen Herzzyklus
nach Aktivierung eines primären Ventrikels entspricht, wie von dem Herzereignisdetektor (50, 102) detektiert.

2. Medizinische Vorrichtung nach Anspruch 1, wobei das Impedanzverarbeitungsmodul (46, 98) angepasst ist, eine
vorbestimmte Gewichtung jedem Impedanzwert in dem ersten und dem zweiten intrakardialen Impedanzsatz oder
jedem Wert im Differenzwertparametersatz zuzuweisen.

3. Medizinische Vorrichtung nach Anspruch 1 oder 2, wobei das Impedanzverarbeitungsmodul (46, 98) angepasst ist,
ein Amplitudennormalisierungsverfahren auf dem ersten und dem zweiten intrakardialen Impedanzsatz auszuführen.

4. Medizinische Vorrichtung nach einem der Ansprüche 1 bis 3, wobei das Berechnungsmodul (47, 99) angepasst ist,
um die einzelnen Impedanzwerte des ersten und des zweiten intrakardialen Impedanzsatzes oder in dem Diffe-
renzwertparametersatz zu korrigieren.

5. Medizinische Vorrichtung nach einem der vorhergehenden Ansprüche, ferner umfassend ein Optimierungsmodul
(48, 100), das für Folgendes angepasst ist:

Optimieren eines VV-Intervalls auf Grundlage des Dyssynchronizitätsmaßes, wobei das Dyssynchronizitätsmaß
minimiert wird; und
Anweisen eines Impulsgenerators (42, 94), das VV-Intervall in Übereinstimmung mit der Optimierung anzupas-
sen.

6. Medizinische Vorrichtung nach Anspruch 5, wobei das Optimierungsmodul (48, 100) weiter für Folgendes angepasst
ist:

Vergleichen des berechneten Dyssynchronizitätsmaßes mit vorhergehenden Dyssynchronizitätsmaßen, um
einen Trend des Dyssynchronizitätsmaßes und/oder mit einem Bezugsdyssynchronizitätsmaß zu erhalten;
Bestimmen, ob eine vorliegendes VV-Intervall auf Grundlage des Vergleichs verlängert oder verkürzt werden
soll; und
Anweisen des Impulsgenerators (42, 94), das vorliegende VV-Intervall gemäß der bestimmten Verlängerung
oder Verkürzung des VV-Intervalls anzupassen.
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Revendications

1. Dispositif médical (10 ; 90) permettant de déterminer une mesure de désynchronicité indiquant un degré de désyn-
chronicité mécanique du coeur (8) d’un patient, ledit dispositif médical (10 ; 90) pouvant être relié à au moins deux
dérivations médicales (25, 30 ; 92, 93), chacune comportant des électrodes (26, 27, 28, 29, 32, 34, 36, 38) adaptées
pour être positionnées à l’intérieur ou au niveau dudit coeur (8), ledit dispositif médical (10 ; 90) comprenant :

une unité de mesure d’impédance (41 ; 97) adaptée pour mesurer :

un premier ensemble d’impédances intracardiaques sur au moins un cycle cardiaque à l’aide d’un premier
vecteur/ensemble d’électrodes comprenant au moins deux électrodes (26, 27, 32, 34) placées de telle sorte
que ledit premier ensemble d’impédances intracardiaques reflète sensiblement une activité mécanique
dudit côté gauche dudit coeur (8) ; et
un second ensemble d’impédances intracardiaques sur au moins un cycle cardiaque à l’aide d’un second
vecteur/ensemble d’électrodes comprenant au moins deux électrodes (32, 34) placées de telle sorte que
ledit second ensemble d’impédances intracardiaques reflète sensiblement une activité mécanique dudit
côté droit dudit coeur (8) ;

un module de calcul (47, 99) adapté pour :

calculer un ensemble de paramètres de valeurs de différence comme une différence entre lesdits premier
et second ensembles d’impédances intracardiaques et associée à une morphologie desdits premier et
second ensembles d’impédances intracardiaques, ledit ensemble de paramètres de valeurs de différence
formant une forme d’onde au-dessus d’une partie dudit au moins un cycle cardiaque ;
intégrer ladite forme d’onde sur une période de temps prédéterminée de ladite partie dudit au moins un
cycle cardiaque afin d’obtenir une valeur entière, ladite période de temps prédéterminée correspondant à
une partie prédéterminée de systole mécanique ; et
calculer une mesure de désynchronicité pour correspondre à ladite valeur entière ; et

un détecteur d’événement cardiaque (50, 102) pouvant être relié auxdites électrodes (26, 27, 28, 29, 32, 34,
36, 38) et adapté pour détecter l’apparition d’événements cardiaques dans ledit au moins un cycle cardiaque,
caractérisé par :

un module de traitement d’impédance (46, 98) adapté pour synchroniser lesdits premier et second ensem-
bles d’impédances intracardiaques par rapport à un événement cardiaque de référence prédéterminé dé-
tecté par ledit détecteur d’événement cardiaque (50, 102), dans lequel ledit module de calcul (47, 99) est
adapté pour intégrer ladite forme d’onde sur ladite période de temps prédéterminée correspondant à une
plage comprise entre 20 et 50 % dudit au moins un cycle cardiaque suivant l’activation d’un ventricule
primaire telle qu’elle est détectée par ledit détecteur d’événement cardiaque (50, 102).

2. Dispositif médical selon la revendication 1, dans lequel ledit module de traitement d’impédance (46, 98) est adapté
pour affecter un poids prédéterminé à chaque valeur d’impédance dans lesdits premier et second ensembles d’im-
pédances intracardiaques ou à chaque valeur de l’ensemble de paramètres de valeurs de différence.

3. Dispositif médical selon la revendication 1 ou 2, dans lequel ledit module de traitement d’impédance (46, 98) est
adapté pour exécuter une procédure de normalisation d’amplitude sur lesdits premier et second ensembles d’im-
pédances intracardiaques.

4. Dispositif médical selon l’une quelconque des revendications 1 à 3, dans lequel ledit module de calcul (47, 99) est
adapté pour corriger les valeurs d’impédance individuelles des premier et second ensembles d’impédances intra-
cardiaques ou dans ledit ensemble de paramètres de valeurs de différence.

5. Dispositif médical selon l’une quelconque des revendications précédentes, comprenant en outre un module d’op-
timisation (48, 100) adapté pour :

optimiser un intervalle VV sur la base de ladite mesure de désynchronicité, dans lequel ladite mesure de
désynchronicité est réduite au minimum ; et
charger un générateur d’impulsions (42, 94) pour adapter l’intervalle VV conformément à ladite optimisation.
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6. Dispositif médical selon la revendication 5, ledit module d’optimisation (48, 100) étant en outre adapté pour :

comparer ladite mesure de désynchronicité calculée à des mesures de désynchronicité précédentes pour obtenir
une tendance de ladite mesure de désynchronicité et/ou à une mesure de désynchronicité de référence ;
déterminer si un intervalle VV présent doit être rallongé ou raccourci en fonction de ladite comparaison ; et
ordonner audit générateur d’impulsions (42, 94) d’adapter ledit intervalle VV présent, conformément à l’extension
ou au raccourcissement déterminé(e) dudit intervalle VV.



EP 2 429 394 B1

15



EP 2 429 394 B1

16



EP 2 429 394 B1

17



EP 2 429 394 B1

18



EP 2 429 394 B1

19



EP 2 429 394 B1

20



EP 2 429 394 B1

21



EP 2 429 394 B1

22



EP 2 429 394 B1

23

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 20070191901 A [0003]
• EP 1905480 A1 [0004]

• US 20060271119 A1 [0005]
• US 20070066905 A1 [0005]


	bibliography
	description
	claims
	drawings
	cited references

