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1
IMPLANTABLE MEDICAL DEVICE FOR
RESYNCHRONIZATION BY
BIVENTRICULAR PACING USING REVERSE
REMODELING

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/442754, filed Apr. 9, 2012, which is hereby
incorporated by reference herein in its entirety.

FIELD

The present invention is directed to “active implantable
medical devices” as defined by the 20 Jun. 1990 Directive
90/385/EEC of the Council of the Furopean Communities,
and more particularly to devices that continuously monitor
apatient’s heart rhythm and deliver to the heart, if necessary,
electrical pulses for joint and permanent stimulation of the
left and the right ventricles, so as to resynchronize them, said
technique being known as cardiac resynchronization therapy
(“CRT”) or bi-ventricular pacing (“BVP”).

BACKGROUND

A CRT pacemaker is a known device, for example, as
disclosed in EP1108446A1 and its counterpart U.S. Pat. No.
6,556,866 (both assigned to Sorin CRM S.A.S, previously
known as ELA Medical). A CRT pacemaker is an active
implantable medical device that provides CRT and applies
an interventricular delay (“VVD”) between the respective
instants of stimulation of the left and right ventricles. The
VVD is adjusted to resynchronize the contractions of both
ventricles to optimize the patient’s hemodynamic status.

In this regard, a simultaneous stimulation of both ven-
tricles is not always optimal as it does not necessarily lead
to a synchronous contraction of both ventricles. This is
because, first, the right and left conduction delays in the
myocardium are not the same and may depend on multiple
factors. Second, the location of the left ventricular lead
makes a difference, depending on whether it is an epicardial
lead or implanted into the coronary sinus. It is therefore
desirable to establish a VVD between the two stimuli, and to
adjust this delay to resynchronize the contraction of the
ventricles and thus ensure a fine optimization of hemody-
namics. The VVD can be zero, positive (the left ventricle is
stimulated after the right ventricle) or negative (the right
ventricle is stimulated after the left ventricle).

It should be understood that the stimulation of a ventricle
(right and/or left) can be achieved using a single stimulation
site, or simultaneously a plurality of sites.

The physical locations of the intracardiac electrodes in
relation to myocardial tissue to be stimulated are called
“pacing sites”. These pacing sites are chosen during implan-
tation, by appropriate positioning of the electrodes after
verification of the effectiveness of the selected pacing sites.
In some cases, a multisite device will have several electrodes
placed in the same cavity, and a change in the pacing site in
the cavity is possible simply by an internal switching of the
device.

CRT pacemakers typically include a classic “dual cham-
ber” pacing mode in which the device monitors ventricular
activity after a spontaneous (detection of a P wave of atrial
depolarization) or stimulated (application of an A atrial
pacing pulse) atrial event. At the same time, the device starts
to count a period called “atrioventricular delay” (AVD) such
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that if no spontaneous ventricular activity (R wave) is
detected at the end of this period, then the device triggers a
stimulation of the ventricle (application of a V pulse).

Subsequently herein, the term “pacing configuration”
means and designates the combination of characteristics
relating to 1) “pacing sites” (physical position and/or site
selection among several possible sites) and ii) setting the
VVD and AVD delays.

EP1736203A1 and its counterpart U.S. Pat. No. 7,664,
547 (both assigned to Sorin CRM S.A.S, previously known
as ELA Medical) discloses a technique for simply, rapidly,
automatically assessing the incidence of the various param-
eters of the CRT therapy, including the AVD and VVD
delays, as well as the selection of the pacing sites, so as to
optimize the hemodynamic status of the patient.

The device described in this document uses for this
purpose the parameters related to endocardial acceleration
(EA) to determine the optimal pacing configuration, either at
the time of implantation or subsequently. The endocardial
acceleration is for example measured by an accelerometer
integrated into an endocardial lead, as described for example
in EP 0515319 Al and its counterpart U.S. Pat. No. 5,304,
208 (both assigned to Sorin Biomedica Cardio SpA).

Indeed, several clinical studies have demonstrated that the
endocardial acceleration is a parameter that accurately and
in real time reflects the phenomena contributing to the
mechanical operation of the myocardium, and thus provides
comprehensive information on the cardiac mechanics, both
in the case of normal operation and in the case of a deficient
one.

To automatically optimize the pacing configuration in a
test mode periodically triggered by the implant,
EP1736203A1 and its counterpart U.S. Pat. No. 7,664,547
propose to change the current pacing configuration and to
determine for each tested pacing configuration a perfor-
mance index derived from one or more parameters related to
the peak endocardial acceleration (PEA), reflecting the
effectiveness of the chosen pacing configuration. The pacing
configuration eventually chosen is the one that maximizes
the performance index.

A comparable technique, using a combination of several
specific indexes is disclosed in EP2070562A1 and its coun-
terpart US Patent Publication No. 2009/0157134 (both
assigned to Sorin CRM S.A.S, previously known as ELA
Medical).

All the techniques described in these documents are
intended to determine an optimal pacing configuration, that
is to say a configuration that at some point in the therapy,
improves the patient’s hemodynamic parameters, especially
to increase the myocardium contractility and improve the
filling of the cavities and consequently the cardiac output.

The present invention, unlike these prior known tech-
niques, does not seek to determine an optimal pacing con-
figuration. The invention instead relates to a phenomenon
called “cardiac remodeling”, which can be defined as the
changes of the heart in response to a disease, and is usually
associated with a declining patient condition.

Cardiac remodeling is manifested in the long run by an
increase in the size of the left ventricle, with a worsening of
the ejection fraction and of the intraventricular pressure
regime due to the decrease in contractility and/or too high a
blood pressure downstream, and in particular a reduction in
cardiac output with serious consequences on the body by
progression of heart failure.

By stimulating the ventricles in a controlled manner in at
least two points, the CRT therapy optimizes the contraction/
relaxation cycle, with a direct benefit by facilitating the work
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of the heart, but without any regression of the previous
changes that occurred because of remodeling. In addition,
some patients see no significant response to the CRT stimu-
lation, so that CRT therapy does not benefit them.

To reverse the effects of cardiac remodeling, it has been
suggested to employ drug therapy, including treatment with
beta blockers, as well as non-drug methods including some
surgical techniques for reconstruction of the left ventricle, or
the use of certain passive mechanical restraint medical
devices or cardiac mechanical assistance devices.

OBJECT AND SUMMARY

It is therefore an of the present invention to find an
operating mode of a CRT pacemaker that efficiently over-
comes the deleterious consequences of cardiac remodeling.

Essentially, the present invention is directed to a tempo-
rary alteration of the pacing configuration in a direction that
is contrary to an optimization of the hemodynamic param-
eters of the patient. This is done to cause an immediate
change in the hemodynamic response of the myocardium to
the controlled stimulation, and to force the heart to “react”
and seek to adapt to this non-optimal pacing mode, resulting
in an improvement in contractility and, in the long run, in the
morphology of the heart. In other words, the specific BVP
stimulation produces a reverse remodeling by slow altera-
tion (several months) of the physiological response of the
heart under the stress of such a non-optimized stimulation.

In a first aspect of the invention, the transient response of
the patient’s heart to the pacing configuration change is
obtained and analyzed to assess the more or less great
reactivity of the myocardium at any given sudden (deliber-
ate) pacing configuration change in order to find among
several possible pacing configurations the one which—if
permanently applied—would potentially be the most harm-
ful.

In one embodiment, the present invention uses a hemo-
dynamic sensor such as endocardial acceleration (EA) sen-
sor. Such a sensor is in itself known, but the information it
delivers is not used to optimize the cardiac cycles to come—
as in the techniques proposed by the prior art devices
mentioned above—but instead to select from applied various
pacing configurations the one (or ones) that optimizes the
reverse remodeling of the heart muscle.

In a second aspect of the invention, the analysis thus
carried out defines temporary—occasionally deleterious—
pacing configuration sequences that are applied to the myo-
cardium in order to force it to perform a large adaptation
over the long term, to improve its response in terms of
pressure, ejected volume, filling and ejection timings.

These specific controlled pacing sequences, which pref-
erably last only a few seconds or minutes, have no delete-
rious effect over the long term, but force the heart to respond
in the direction of reverse remodeling, with beneficial con-
sequences that can be found, often within a few days, weeks
or months.

In one embodiment, such controlled pacing sequences can
be implemented by switching to a changed pacing configu-
ration as “training” (e.g. daily), composed of several suc-
cessive sequences of this type, with a final return to the
original pacing configuration. The sequences of application
of a changed pacing configuration are eventually interrupted
by periods of recovery, typically with stimulation in the
original pacing configuration, before application of another
specific training sequence.

Another aspect of the present invention is directed to an
implantable medical device for cardiac resynchronization by
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bi-ventricular pacing, comprising: means for detecting atrial
and ventricular events; means for stimulating right and left
ventricular pacing sites; means for calculating an atrioven-
tricular delay (AVD); and means for calculating an inter-
ventricular delay (VVD). As used herein, the combination of
the pacing sites, the AVD and the VVD together define a
pacing configuration. The implantable medical device also
includes: means for collecting an endocardial acceleration
signal, means for measuring the peak-to-peak amplitude of
the first peak of endocardial acceleration (PEA) for each
cardiac cycle; and switching means for temporarily chang-
ing, in a controlled method, the current pacing configuration,
from an original pacing configuration to a changed pacing
configuration.

In one embodiment, the device further comprises means
for assessing, in the changed pacing configuration, a data set
including: the maximum amplitude of the PEA reached
during a first time period after the change of pacing con-
figuration; the average PEA value, calculated over a prede-
termined number of cardiac cycles beginning after a second
time period following the configuration change; the vari-
ability of PEA around said average PEA value; and the
length of a third time period after the configuration change.
The second time period is selected to allow a stabilization of
the patient after the change in pacing configurations, and the
third time period is determined as the time it takes the patient
to stabilize after the change in pacing configuration.

In one embodiment, the device comprises sequencing
means for applying pacing sequences in different pacing
configurations, with alternations, during predetermined time
periods, between the original pacing configuration and a
changed pacing configuration selected from a plurality of
possible different changed pacing configurations, the
changed pacing configuration being different at each alter-
nation. Preferably, the sequencing means, after each appli-
cation of a changed pacing configuration and return to the
original pacing configuration corresponding to one alterna-
tion, maintains the original pacing configuration for a pre-
determined recovery duration, having a duration that allows
the patient to recover.

In one embodiment, the device comprises means for
forming a two-input data table giving the said assessed data
set for each successively applied pair of pacing configura-
tions {original pacing configuration changed pacing con-
figuration}.

In one embodiment, the device comprises means for
designating a representative configuration of the maximum
reaction of the myocardium to the configuration change,
more preferably a reaction that minimizes the PEA average
value compared to the maximum PEA amplitude.

In one embodiment, the duration of the third time period
of stabilization after the configuration change is evaluated
by determining a short-term PEA average value and a
long-term PEA average value and finding the time required
for the short-term PEA average value to be within a prede-
termined permitted deviation from a long-term PEA average
value.

In one embodiment, the PEA variability around the PEA
average value is evaluated by calculation of a PEA standard
deviation over a predetermined number of consecutive car-
diac cycles.

DRAWINGS

Further features, characteristics and advantages of the
present invention will become apparent to a person of
ordinary skill in the art from the following detailed descrip-
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tion of preferred embodiments of the present invention,
made with reference to the drawings annexed, in which like
reference characters refer to like elements, and in which:

FIG. 1 illustrates the different signals characterizing the
activity of the heart during a cardiac cycle, including a
surface electrocardiogram (“ECG™) record and the corre-
sponding variations in the endocardial acceleration (“EA”)
signal,

FIG. 2 is a timing diagram showing the variations of the
endocardial acceleration EA signal during three consecutive
cardiac cycles; and

FIG. 3 is a timing diagram illustrating the variations in the
peak amplitude of the peak endocardial acceleration (PEA)
during successive cardiac cycles, before and after a sudden
change in the pacing configuration.

DETAILED DESCRIPTION

An implantable medical device according to a preferred
embodiment of the present invention will now be described,
with reference to the attached drawings FIGS. 1-3.

The present invention may particularly be applied to
implantable medical devices such as those of the Paradym
CRT device family, produced and marketed by Sorin CRM,
Clamart France, formerly known as ELA Medical, Mon-
trouge, France.

These devices include programmable microprocessor cit-
cuitry with digital memory, registers, and control software
and analog and digital signal processing circuit components
to receive, format, and process electrical signals collected
(detected) by implanted electrodes and deliver electrical
pulses to these electrodes for stimulation of the myocar-
dium. It is possible to transmit by telemetry software instruc-
tions that will be stored in a memory of the implantable
device and thereafter executed to implement the functions of
the invention that will be described herein. The adaptation of
the known CRT devices to implement the functions and
features of the present invention is believed to be within the
abilities of a person of ordinary skill in the art, and therefore
will not be described in detail.

One embodiment of the present invention is based on the
analysis of endocardial acceleration (herein “EA”), which is
a parameter that accurately and in real time reflects the
phenomena contributing to the mechanical operation of the
myocardium and may be measured by an accelerometer
coupled to the heart muscle, as described for example in
EP0515319 A1 (counterpart U.S. Pat. No. 5,304,208) (Sorin
Biomedica Cardio SpA). This document teaches a useful
method to collect an EA signal through an endocardial lead
equipped with a stimulation distal electrode implanted in the
atrium or in the ventricle and integrating a microaccelerom-
eter for measuring the EA, and is incorporated herein by
reference in its entirety.

It should be understood however that, although in the
present description it is mainly referred to the analysis of an
EA signal delivered by a sensor placed on an endocardial
lead, the invention is also applicable to an analysis con-
ducted using an EA signal delivered by other types of
implanted sensors, such as cardiac wall motion sensor,
epicardial sensor or an accelerometer placed in the case of
an implant. The invention is also applicable to the analysis
of a noninvasively collected external EA signal, e.g. from a
sensor attached to the patient’s chest at the sternum.

FIG. 1 illustrates the different signals characterizing the
activity of the heart during a cardiac cycle, with: at the top,
the profile of intracardiac pressures (P, P, and P ), in the
middle, a record of surface electrocardiogram (ECG), and at
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the bottom, the variations of the endocardiac acceleration
(EA) signal. The characteristic P, shows the variations in the
aortic pressure, P, shows the variations in the left ven-
tricular pressure, and P, shows the variations in the left
atrium. Points A to E correspond to the different following
phases: A is contraction of the left atrium, B is closure of the
mitral valve, C is opening of the aortic valve, D is closure
of the aortic valve, E is opening of the mitral valve. The
ECG signal has successively the P wave corresponding to
the depolarization of the atria, the QRS wave complex
corresponding to the depolarization of the ventricles and the
T wave of ventricular repolarization. The EA signal col-
lected during a given cardiac cycle forms two main com-
ponents, corresponding to the two major heart sounds (SI
and S2 sounds of phonocardiogram) that can be recognized
in each cardiac cycle:

the EA1 component, starting after the QRS complex is

caused by a combination of the closure of the atrio-
ventricular valves, the opening of the semilunar valves
and the contraction of the left ventricle. The amplitude
variations of the EA1 component are closely related to
the changes in pressure in the ventricle (the maximum
peak to peak amplitude being specifically correlated
with the positive maximum of dP/dt pressure variation
in the left ventricle) and thus can provide a parameter
representative of the myocardium contractility, which
is itself linked to the level of activity of the sympathetic
system; and

the EA2 component occurs during the phase of isovolu-

metric ventricular relaxation. It accompanies the end of
ventricular systole and is mainly produced by the
closure of the aortic and pulmonary valves.

FIG. 2 illustrates the variations in the EA signal on three
successive cycles C1, C2, C3.

Markers representative of the beginning of the cardiac
cycle can be used to separate successive cardiac cycles in the
EA signal that is continuously collected, and thus isolate,
bounded in time, EA sub-signals corresponding to a period
of one cardiac cycle. In the case of an EA signal based on
an endocardial sensor, these temporal markers of the begin-
ning of the cycle may be provided by the device itself,
which, according to the pacing mode of operation of the
device, stores the moment of V pacing (as illustrated on the
ECG plot at the bottom of FIG. 2), or the moments of the R
wave detection, as the case may be.

The device then measures the peak to peak amplitude of
the peak of endocardial acceleration EA (herein “PEA™) on
the cycle i, denoted PEA(I).

FIG. 3 illustrates the evolution of this measure PEA(1)
over time, cycle after cycle. Specifically, the variations of
PEA(I) are shown during the course of a pacing configura-
tion change, from an original pacing configuration, denoted
a to a specific changed pacing configuration, denoted b, the
configuration change occurring at cycle k.

As previously defined, the “pacing configuration” is
understood as the combination of characteristics relating to
1) the “pacing sites” (physical position and/or site selection
among several possible sites) and ii) the setting of the VVD
and AVD delays.

The abrupt change in the pacing configuration at cycle k
leads to a physiological response of the myocardium, for
example, as shown in FIG. 3, an increase of the PEA
amplitude then a gradual stabilization of this amplitude to a
slightly higher average value (in the example shown) than in
the previous pacing configuration.
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The device evaluates the following data, resulting from
the sudden transition from pacing configuration a to pacing
configuration b:

P(b, a): the maximum value of PEA reached over a time
period (or window) W after the pacing configuration
change. This maximum value is considered in the
window W between cycles k (configuration change)
and n, (n-k) defining the width of the window W,
typically (n-k)=10 cycles;

A(b, a): the average value of the PEA, calculated for a
predetermined number of cardiac cycles beginning
after a stabilization period following the configuration
change. This average is evaluated over a predetermined
number of cycles m after the amplitude of the PEA is
stabilized, typically m=10 cycles;

T(b, a): the duration of stabilization after the pacing
configuration change. The criterion for such stabiliza-
tion can be defined as the time between the moment
(time k) of the pacing configuration change from pac-
ing configuration a to pacing configuration b until the
moment a short-term average (e.g., on four consecutive
cycles) of the PEA is equal to, or within, a predetet-
mined percentage of, a long-term average (e.g., on 30
consecutive PEA cycles: If this criterion is met during
cycle p, the stabilization time T(b, a) is thus defined as
the duration (p-k), typically expressed in number of
cycles; and

V (b, a): the PEA variability around the mean value of A
(b, a) after stabilization.

This information is for example obtained by a calculation
of standard deviation performed on m consecutive cycles
performed between cycles (k+1) and (k+1+m), it being
assumed that after the cycle (k+1) the PEA amplitude in all
cases is considered stabilized around its mean value A(b, a).
The result is a quadruplet of data (a data set) {P (b, a), A (b,
a), T (b, a), V (b, a)}, representative of the transition from
pacing configuration a to pacing configuration b.

These steps are automatically or manually repeated for
one or more other pacing configurations, and a correspond-
ing table is drawn up, actually or logically in memory, giving
for each transition from one original pacing configuration (in
column) to a changed pacing configuration (in line), the
corresponding quadruplets {P, A, T, V}:

Configuration

#1 Configuration #2  Configuration #3
Configuration  — {P,A, T, V} {LEAT V(3,1
#1 2,1)
Configuration  {P,A, T,V} — {LA TV} (3,2)
# (1,2)
Configuration  {P, A, T, V} {P,A, T, V} —
#3 (1,3) 2,3)

From this table it is possible to analyze the data and
choose the most eflicient pacing configurations, that is to
say, those provoking the most significant response of the
heart following the change from the original to the specific
changed pacing configuration.

This selection can then be used to define a “training
program” of applying on a regular basis, e.g. once a day, a
series of changes in the pacing configuration for a specific
duration and in a specific order.

In a preferred embodiment, specific changed configura-
tions can be applied (configurations b) for 30 seconds to 1
minute, interspersed with periods of recovery (return to base
configuration a) from 1 to 3 minutes.
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The choice of the number of changed pacing configura-
tions to be used, the number of changes (alternations) of
original to a change pacing configuration and the duration of
each specific changed pacing configuration is customizable,
notably according to the results reported in the table con-
strued as described above, which compares the effectiveness
of the various possible pacing configuration changes.

For example, the expected parameter changes during the
mode change can be:

P (b, a): excursion of £100% compared to the average

value of PEA (i) in the configuration a;

T (b, a): about 10 seconds;

A (b, a): about 50% of the average value of PEA (i) in the

configuration a, and

V (b, a): about 10% of A (b, a).

Thus, a training program can result in reverse remodeling
of the heart, which is beneficial in the long-term. Each
training program consists of sequences, each defined by an
original pacing configuration a, a temporary specific
changed pacing configuration b, a duration of application of
this temporary pacing configuration b and a recovery time
(return to the original pacing configuration a).

It is possible to program several repetitions of the same
sequence, or to schedule a series of different sequences, with
a different changed pacing configuration b for each new
sequence, or some combination of the foregoing.

Determining the most eflicient pacing configurations in
terms of reverse remodeling is made according to predeter-
mined criteria, the selected specific changed pacing configu-
ration (configuration b) being for example the one that
presents the lowest average amplitude A (b, a) for the highest
maximum amplitude P (b, a).

This choice can be done manually by the practitioner by
viewing the table mentioned above, or automatically from a
predetermined analysis rule applied by the device.

An example of an embodiment of such a program for
pacing configuration change sequences will now be
described. First, the device triggers the first programmed
sequence; if the current pacing configuration is different
from the original pacing configuration a, a recovery time is
applied in the a mode. At the end of this possible recovery
period, the device changes the pacing configuration, from a
to b, for a programmed duration. The EA signal is recorded
over this period, in order to determine the data set {P, A, T,
V} characterizing the pacing configuration transition.

At the end of the programmed duration, the devices
returns to the original pacing configuration a, for a pre-
scribed recovery period. At the end of this recovery period,
the device triggers the following sequence (or the same or
perhaps a different configuration b, as the case may be), or
returns to its standard operating mode (original pacing
configuration) until the next training phase (e.g. until the
next day).

The EA signal is recorded on all the pacing sequences and
when the training is completed (end of all sequences), the
corresponding data is stored in the device memory and/or
transmitted to an external programmer. To provide the
practitioner with information on the impact of the training
program throughout the day, more data is stored and pre-
sented either by daily transmission, or stored in the device
memory to be downloaded at the next consultation, through
the programmer of the practitioner.

This data is typically the values {P, A, T, V} obtained for
each sequence, supplemented by the PEA amplitude reached
at the end of the sequence, that is to say, after application of
the recovery period. These values may be supplemented by
other data stored in a pacing and specific activity configu-
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ration, such as: daily measurement at night, activity sensor
indicating a patient’s rest, and heart rate between the base
frequency and 110% of the base frequency. This data enables
the practitioner to monitor the impact of training on the heart
and evaluate the effectiveness of each training sequence
programmed on the sought reverse remodeling.

One skilled in the art will understand the present inven-
tion is not limited by, and may be practiced by other than, the
foregoing embodiments described, which are presented for
purposes of illustration and not of limitation.

The invention claimed is:

1. An active implantable medical device for cardiac

resynchronization, the device comprising:

implantable electrodes configured to detect atrial and
ventricular events and to apply electrical pulses to a
plurality of stimulation sites of the right and left
ventricles;

a sensing device configured to measure a peak to peak
amplitude of the first peak of endocardial acceleration
for each cardiac cycle; and

a processing circuit configured to:
apply the electrical pulses to a first combination of

stimulation sites in an original pacing configuration;

change the pacing configuration from the original pac-
ing configuration to a changed pacing configuration
that utilizes a second combination of stimulation
sites different than the first combination of stimula-
tion sites;

apply the electrical pulses to the second combination of
stimulation sites in the changed pacing configuration
to counteract changes of a heart resulting from
disease;

measure at least one of the following in the changed
pacing configuration:

a maximum value of peak to peak amplitude
achieved during a first time period after the pacing
configuration change;

an average value of the peak to peak amplitude,
calculated for a predetermined number of cardiac
cycles starting after a second time period after the
pacing configuration change;

a variability of the peak to peak amplitude around the
average value of the peak to peak amplitude; and

a duration of a third time period after the pacing
configuration change corresponding to a stabiliza-
tion; and
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change the pacing configuration from the changed
pacing configuration to the original pacing configu-
ration.

2. The device of claim 1, wherein the processing circuit is
further configured to apply stimulation sequences according
to different pacing configurations, with alternation, during
predetermined time periods between the original pacing
configuration and the changed pacing configuration selected
from a plurality of possible different changed configurations.

3. The device of claim 2, wherein the processing circuit is
further configured to maintain the original pacing configu-
ration for a predetermined recovery period after returning to
the original pacing configuration from each application of a
changed pacing configuration.

4. The device of claim 2, wherein the processing circuit is
further configured to select a different changed pacing
configuration on each alternation.

5. The device of claim 1, wherein the processing circuit is
further configured to form a table using an assessed data set
obtained from each successively applied pacing configura-
tion.

6. The device of claim 1, wherein the processing circuit is
further configured to designate a pacing configuration rep-
resentative of the maximum reaction of myocardium to the
change of pacing configuration.

7. The device of claim 6, wherein the processing circuit is
further configured to designate a pacing configuration mini-
mizing the average value of peak to peak amplitude com-
pared to the maximum amplitude of the peak to peak
amplitude.

8. The device of claim 1, wherein the processing circuit is
further configured to evaluate the duration of the third time
period after the pacing configuration change, wherein the
evaluation includes determining the duration required for a
short-term peak to peak amplitude average to be within a
predetermined allowed gap of a long-term peak to peak
amplitude average.

9. The device of claim 1, wherein the processing circuit is
further configured to assess the peak to peak amplitude
variability in relation to the peak to peak amplitude average
value based on calculating a peak to peak amplitude stan-
dard deviation on a predetermined number of consecutive
cycles.

10. The device of claim 1, wherein the sensing device
comprises an endocardial acceleration sensor.
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