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(57) ABSTRACT

According to some embodiments, a device operates by
comparative morphological analysis of depolarization sig-
nals collected in spontaneous rhythm on separate respective
channels, with two temporal components combined into a
single 2D parametric VGM vectogram characteristic. Simi-
larity quantification methods evaluate a variation over time
of a descriptor parameter of a current VGM compared to a
stored previous reference VGM. This variation is compared
with predetermined thresholds to diagnose an occurrence of
remodeling or reverse remodeling in a patient, and/or to
detect a lead failure or an occurrence of ischemia. The
descriptor parameter is a function of a velocity vector of the
VGM, a comparison relating to a correlation coefficient
between respective magnitudes of a current VGM velocity
vector and of a reference VGM velocity vector, and an
average angle between these respective velocity vectors.
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ACTIVE IMPLANTABLE MEDICAL DEVICE
FOR DETECTING A REMODELING OR
REVERSE REMODELING PHENOMENON
OF THE PATIENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of and priority
to French Patent Application No. 1553421, filed Apr. 17,
2015, which is incorporated herein by reference in its
entirety.

BACKGROUND

[0002] The invention relates to “active implantable medi-
cal devices” as defined by Directive 90/385/EEC of 20 Jun.
1990 of the Council of the European Communities, and
more precisely implants that continuously monitor cardiac
rhythm and deliver, if necessary, electrical stimulation,
resynchronization and/or defibrillation pulses to the heart, in
case of a rhythm disorder detected by the device.

[0003] Anti-bradycardia stimulation involves monitoring
electrical potentials of depolarization of the myocardium,
and controlled delivery of pulses to the atrium and/or to the
ventricle. In the case of a cardiac resynchronization therapy
(CRT), stimulation is applied jointly to both ventricles.
[0004] An embodiment is described more precisely in the
context of an implant that continuously monitors the cardiac
rhythm and delivers electrical pulses to the heart, if neces-
sary, to stimulate the left and right ventricles jointly and
permanently to resynchronize them. The technique is called
CRT or bi-ventricular pacing (BVP).

[0005] This particular case does not, however, limit the
disclosure, which by a number of its aspects, is also appli-
cable to “single chamber” devices wherein detection/stimu-
lation only occurs in the right ventricle, or “dual chamber”
devices wherein detection/stimulation occurs only in the
right ventricle and in the right atrium.

[0006] A CRT pacemaker is disclosed, for example, in EP
1108446 Al (Sorin CRM), which describes a device for
applying, between the respective moments of stimulation of
the left and right ventricles, a variable interventricular delay
(DVV or VVD), adjusted to resynchronize the contraction of
the ventricles with fine optimization of the patient’s hemo-
dynamic status. 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).
[0007] This CRT device further includes a classical dual
chamber operating mode pacemaker, wherein the device
monitors the ventricular activity after a spontaneous
(P-wave) or stimulated (pulse A) atrial event and triggers a
stimulation of the right ventricle (V pulse) if no ventricular
spontaneous activity (R wave) has been detected at the end
of a said atrioventricular delay (AVD).

[0008] The present disclosure relates more particularly to
long term monitoring of the patient’ cardiac status and how
this status changes, in particular to diagnose the occurrence
of the phenomenon referred to as “cardiac remodeling in the
patient.” Cardiac remodeling can be defined as all the
changes of the heart generated in response to a disease,
which is generally associated with a bad prognosis.

[0009] Indeed, clinical changes being possibly asymptom-
atic, it is common that the patient unconsciously adapts its
activity to his/her clinical status. At the first sign of heart

Oct. 20, 2016

failure crises appearing due to stress, the patient may reduce
his/her activity to avoid the occurrence of such crises. The
symptoms no longer appear because the patient changed
his/her behavior to avoid them, but the disease continues to
progress.

[0010] Remodeling occurs in the long run by increasing
the volume of the left ventricle, with deterioration in the
ejection fraction and of the intraventricular pressure regime
due to the decrease of contractility and/or the excessive
pressure downstream and, ultimately, by a decrease in
cardiac output resulting in serious consequences for the
body when heart failure progresses. It is only when the heart
failure hinders the patient even at rest when he/she will
consult a physician or, in extreme cases, be admitted to
emergency.

[0011] In summary, due to self-adjustment, the lack of
symptoms experienced by the patient introduces a signifi-
cant delay between the onset of clinical changes and diag-
nosis of these changes, which is often too late.

[0012] By stimulating both ventricles in a controlled
method, the CRT therapy optimizes the contraction/relax-
ation cycle with a direct benefit of facilitating the heart
activity, which can help stabilize the remodeling phenom-
enon and even counter it (“reverse remodeling”), with a
better prognosis for the patient.

[0013] According to exemplary embodiments, the present
disclosure provides diagnostic methods incorporated into a
pacemaker (CRT or other) that would provide regular moni-
toring (e.g., daily) of the patient’s condition, especially to
monitor the evolution of a cardiac remodeling (deleterious)
or of a reverse remodeling (beneficial). This monitoring
should be early enough to allow rapidly taking appropriate
actions (such as a change in a setting of therapy or switching
of this therapy to another therapy if it is not effective), thus
avoiding the unexpected occurrence of a crisis in the short
and medium term. In the case of a detected sudden wors-
ening, it may be possible to alert the doctor immediately, for
example by remote transmission of a message to a remote
monitoring site.

[0014] A reference technique for evaluating long-term
changes in the patient’s heart condition, and therefore for
determining the effectiveness of therapy and possibly adjust-
ing the stimulation parameters, is echocardiography with the
measurement of the ventricular volume and estimate of the
characteristic delays of the systole, in particular estimation
of the opening time of the aortic valve. This procedure,
however, must be implemented in hospitals and by qualified
personnel. The procedure is long and expensive and cannot
be applied as often as would be useful or necessary without
interfering with the patient’s daily life.

[0015] Automatic analysis techniques from the implant-
able device have also been proposed, for example, by US
2011/0152660 A1, wherein the worsening and improving of
the patient are evaluated from the evolution of the interven-
tricular conduction delay considered alone or in combination
with the evaluation of the patient’s activity and/or the
presence of pulmonary edema.

[0016] This method is however very sensitive to the
position of the leads, as well as how the heart remodels.
Therefore, in some cases the analysis may not provide the
desired information, in particular if no significant change in
the conduction delay is observed along the measurement
axis, while according to another axis a much larger variation
could have been observed.
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[0017] US 2007/0239037 A1 describes another technique,
based on the measurement (by ultrasound) of the interven-
tricular conduction delay prior to implantation of the device.
It aims at predicting the response of a patient to a CRT
therapy. The greater the initial interventricular conduction
delay is, the more likely it is that a significant remodeling is
present. This is, however, not a diagnostic tool to assess the
long term evolution of a patient’s condition, after implan-
tation of the device.

[0018] US 2007/0043394 A1l describes a technique for
diagnosis of heart failure by detecting a variation of the
intracardiac impedance at a constant heart rate. The evolu-
tion of this parameter in the long term can be used to
determine whether the heart remodels. The measurement of
the intracardiac impedance is not however a stable param-
eter in the long term (several weeks or months), which
renders the operation difficult for diagnostic purposes with a
sufficient degree of certainty.

[0019] US 2009/0270747 Al (U.S. Pat. No. 7,996,070 B2)
operates by analyzing the electrocardiogram (ECG) col-
lected by a subcutaneous implant. Changes in the morphol-
ogy of the signals are detected and evaluated, distinguishing
those related to the cardiac condition of the patient from
those related to changes in position of the latter. But these
teachings are not transferable to a cardiac implant collecting
endocardial electrogram signals (EGM), which have a quite
different morphology.

SUMMARY

[0020] An embodiment of the disclosure proposes a
device, such as an implantable pacemaker provided with
means of diagnosis of cardiac remodeling that can overcome
the aforementioned drawbacks, allowing, in particular:
[0021] To avoid long and costly echocardiogram exami-
nations, which provide only a late diagnosis, often several
months after implantation;

[0022] To assess the patient remodeling to adjust the
stimulation parameters early and robustly;

[0023] To set up early alerts of aggravated risk of decom-
pensation or ischemia to prevent hospitalizations and modify
in due time the therapies and treatments; and

[0024] In general, to ensure proper delivery and effective-
ness of the applied therapy.

[0025] Some embodiments, in addition to or alternatively
of a diagnosis of remodeling or reverse remodeling mani-
festing as slow changes, detect sudden occurrence of phe-
nomena such as ischemia or lead displacement likely to
seriously endanger the patient, in order to generate an
immediate corresponding alert.

[0026] More specifically, some embodiments provide a
device including:

[0027] Means for controlled stimulation of the heart;
[0028] Means for detection of ventricular and/or atrial
depolarization signals; and

[0029] Means of morphological analysis, adapted to com-
pare depolarization signals collected on the same channel at
separate moments.

[0030] In some embodiments, the morphological analysis
includes:

[0031] Inhibiting the means for controlled stimulation;
[0032] Collecting at least two endocardial electrogram

signals EGM concurrently on separate respective channels,
during a spontaneous rhythm cardiac cycle, and deriving at
least two respective distinct temporal components;

Oct. 20, 2016

[0033] Combining the at least two temporal components
in at least one 2D representative parametric characteristic of
the cardiac cycle, based on variations of one of the temporal
components as a function of the other;

[0034] Analyzing the 2D characteristic and deriving, from
the 2D characteristic or from an average of the 2D charac-
teristics collected over successive cardiac cycles, at least one
representative intrinsic descriptor parameter of the 2D char-
acteristic;

[0035] As a method of historical analysis, periodically
evaluating the variation over time of the at least one intrinsic
descriptor parameter of a current 2D characteristic with
respect to a previous reference 2D characteristic stored by
the device; and

[0036] Comparing to at least a predetermined threshold
variation measured by the historical analysis, and selectively
triggering an alert depending on the result of the compari-
son.

[0037]

[0038] The historical analysis includes daily assessing of
the variation over time of at least one intrinsic descriptor
parameter,

[0039] The at least one intrinsic descriptor parameter is a
function of the velocity vector of the 2D characteristic,
considered at a plurality of respective points (Pi) of that
characteristic;

[0040] The parameter may include the magnitude of the
velocity vector with the historical analysis including calcu-
lating a correlation coefficient between the magnitudes of
the respective velocity vectors of the current 2D character-
istic and of the 2D reference characteristic;

[0041] The parameter can also include the direction of the
velocity vector, with the historical analysis including calcu-
lating the average angle between the respective velocity
vectors of the current 2D characteristic and of the 2D
reference characteristic;

[0042] The comparison may include i) the average angle
between velocity vectors to a first threshold and ii) the
correlation coefficient between the magnitudes of the veloc-
ity vectors to a second threshold; the method further
includes triggering the alert when both 1) the average angle
between the velocity vectors is greater than the first thresh-
old or ii) the correlation coefficient between the magnitudes
of the velocity vectors is less than the second threshold;
[0043] The morphological analysis further includes, in the
absence of triggering of the alert based on the comparison,
updating the at least one intrinsic parameter descriptor of the
reference 2D characteristic;

[0044] The device further includes diagnostic means of
remodeling or of reverse remodeling, implementing the
morphological analysis, the alert triggered by the compari-
son being an alert of occurrence of remodeling or reverse
remodeling in the patient; and

[0045] The device further includes means of detecting the
lead break or of ischemia diagnosis implementing the mor-
phological analysis, the alert triggered by the comparison
being a lead break alert or an alert of occurrence of ischemia
in the patient.

[0046] In another embodiment, the EGM signals collected
concurrently on separate respective channels include:
[0047] An wunipolar EGM far-field signal collected
between i) a proximal or distal electrode or, where appro-

According to various embodiments:
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priate, an intermediate electrode or a defibrillation coil of a
ventricular lead and ii) the metal housing of the generator
device,

[0048] or between i) a first proximal electrode or distal
electrode or defibrillation coil and ii) a second proximal
electrode, or distal electrode or, where appropriate an inter-
mediate electrode or a defibrillation coil, respectively of two
separate ventricular leads located both in the same ventricle,
[0049] or between i) a first proximal electrode or distal
electrode or defibrillation coil and ii) a second proximal
electrode, or distal electrode or intermediate electrode,
respectively from a right ventricular lead and from a left
ventricular lead; and

[0050] A bipolar near-field EGM signal collected between
i) a distal electrode and ii) a proximal electrode of a
ventricular lead,

[0051] or between 1) a defibrillation coil and ii) a distal or
proximal electrode of said ventricular lead,

[0052] or between i) a distal electrode and ii) an interme-
diate electrode of a left ventricular lead

[0053] or between i) a proximal electrode and ii) an
intermediate electrode of said left ventricular lead,

[0054] or between two intermediate electrodes of said left
ventricular lead.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] Further features, characteristics and advantages of
the present disclosure will become apparent to a person of
ordinary skill in the art from the following detailed descrip-
tion of preferred embodiments of the present disclosure,
made with reference to the drawings annexed, in which like
reference characters refer to like elements and in which:
[0056] FIG. 1 is a general view showing a CRT device
with its generator and right and left cardiac leads implanted
in the heart.

[0057] FIG. 2 is an example of EGM signals obtained
respectively on bipolar ventricular and unipolar ventricular
channels of one of the leads of FIG. 1.

[0058] FIG. 3 shows the method to combine the bipolar
and unipolar signals collected in a single ventricular cavity
to construct a two-dimensional vectogram characteristic,
independent of time.

[0059] FIG. 4 is an example of sampled vectogram
obtained for a cardiac cycle sampled at 128 Hz, with
representation of the velocity vectors in successive various
points.

[0060] FIG. 5 is a block diagram illustrating an imple-
mentation of the disclosure.

[0061] FIG. 6 is a diagram showing a sequence of steps
executed during a preliminary preparation of the references.
[0062] FIG. 7 is a diagram showing a sequence of steps
performed during patient follow-up, to determine the evo-
Iution of his/her condition, including the occurrence of
remodeling or of reverse remodeling.

DETAILED DESCRIPTION

[0063] An embodiment of the device will now be
described.
[0064] Regarding its software aspects, the invention may

be implemented by appropriate programming of the con-
trolling software of a known stimulator, for example a
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cardiac pacemaker, including methods for acquisition of a
signal provided by endocardial leads and/or one or several
implantable sensors.

[0065] The disclosure may notably be applied to implant-
able devices, such as that of the Reply, Paradym, Intensia,
Paradym RF and Platinium families, manufactured and
commercialized by Sorin CRM, Clamart, France.

[0066] These devices include programmable microproces-
sor circuitry to receive, format and process electrical signals
collected by implantable electrodes, and deliver stimulation
pulses to these electrodes. It is possible to download in it by
telemetry software that is stored in memory and executed to
implement the functions of the embodiment of the disclosure
that are described below. The adaptation of these devices to
the implementation of the functions of the disclosure is
within the skill in the art and will not be described in detail.
[0067] In some embodiments, a method of the disclosure
is implemented primarily by software, by appropriate algo-
rithms automatically and repeatedly executed by a micro-
controller or a digital signal processor. For the sake of
clarity, the various processing applied are broken down
schematically by a number of distinct functional blocks, but
this representation, however, has only illustrative purpose,
these circuits including common elements and correspond-
ing in practice to a plurality of functions generally per-
formed by the same software.

[0068] FIG. 1 illustrates a typical configuration of CRT
stimulation where a pulse generator 10 is associated with a
first lead 12 located in the right ventricle 14. The head of the
lead includes two electrodes, namely a distal electrode (tip)
16 and a proximal electrode (ring) 18. A second lead 20 is
provided with atrial electrodes for distal detection 22 and
proximal detection 24 located at the right atrium 26 for the
detection of signals in this cavity and the possible applica-
tion of atrial stimulation.

[0069] To allow bi-ventricular pacing to restore the syn-
chronization between the two ventricles, the device is pro-
vided with a third lead 28, for example a lead disposed in the
coronary network, including one or more electrodes 30, 32
disposed in the vicinity of the left ventricle 34. In addition
to the illustrated distal and proximal electrodes 30, 32, the
left lead may also include one or more intermediate elec-
trodes located in a middle position between the electrodes 30
and 32. It is thus possible to ensure the stimulation, con-
comitantly or controlled with a slight delay (interventricular
delay DVV), on both the right and left ventricles to restore
the synchronization between the two cavities and improve
overall patient hemodynamics (in the case of a left multi-
electrode lead, a left multisite pacing can also be applied to
treat a disorder of intraventricular synchrony).

[0070] The right ventricular lead 12 may also be provided
with a winding (coil) 36 forming a ventricular defibrillation
electrode and for also collecting an endocardial signal (this
coil could possibly replace the proximal ring electrode 18).
[0071] With specific regard to the stimulation of the left
ventricle, it is possible to use a bipolar (between the two
electrodes 30 and 32 of the lead 28) or an unipolar (between
one of the electrodes 30 or 32 and the housing of the
generator 10 can) configuration of the generator 10. The two
corresponding “stimulation vectors” are referenced 38 and
40 in FIG. 1. These same vectors can also be used for
collecting a left ventricular depolarization signal. Note that
in the case of a multipolar lead there are a large number of
bipolar and unipolar vectors, possible defined from each of
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the electrodes (one can also simultaneously use multiple left
vectors, in the case mentioned above of a left multisite
pacing).

[0072] Embodiments of the disclosure will now be
explained in this context.

[0073] According to some embodiments, the long term
evolution of the morphology of cardiac signals collected in
the patient’s spontaneous rhythm may be monitored (in the
absence of any stimulation applied by the device), for
example by a daily assessment, for detecting:

[0074] Slow variations of the morphology, which would
reveal an appearance of such a remodeling (with dilatation
of the ventricles, deleterious to the patient) or a reverse
remodeling (with decrease in ventricular volume, beneficial
to the patient), and/or

[0075] Sudden variations, caused by sudden onset phe-
nomena such as ischemia or lead displacement, that might
seriously endanger the patient, to generate an alert without
delay.

[0076] More specifically, to overcome the disadvantages
of known techniques that have been referenced in the
background, according to some embodiments, the present
disclosure proposes to combine two endocardial electrogram
signals (EGM) collected in the patient’s intrinsic rhythm,
especially the signals from the same ventricular cavity, e.g.,
the right ventricle.

[0077] In order to determine if the spontaneous rhythm
condition is met, signal analysis is performed during a time
interval wherein no stimulation is issued (in the case of
stimulation on demand) or for a forced inhibition short
period of the stimulation by the device.

[0078] The EGMs collected for this purpose in the right
ventricle may include for example (see FIG. 1):

[0079] A right ventricular component Vbip, derived from
a bipolar near-field EGM signal collected between the distal
electrode 16 and the proximal electrode 18 of the right
ventricular lead 12, and

[0080] Another right ventricular component Vuni, derived
from a unipolar EGM far-field signal collected between the
defibrillation coil 36 of the right ventricular lead 12 and the
metal housing of the generator 10.

[0081] FIG. 2 illustrates an example of EGM plots, Vbip
and Vuni, respectively observed on the ventricular bipolar
channel and on the ventricular unipolar channel of the
configuration of FIG. 1.

[0082] Other configurations can be used, from far-field
signals (e.g. between one of the electrodes 16 or 18 and the
housing 10) and from near-field signals (between two elec-
trodes of the same ventricular lead).

[0083] This configuration (signals from the right cavity)
is, however, not limiting. In some cases, for example for a
patient with a left bundle branch block (LBBB) without right
conduction problem, the effect of remodeling will not be
apparent on the collected signals in the right cavities. In such
a case, one should analyze components derived, for
example, from a left ventricular bipolar signal and an
inter-ventricular signal, or from a left bipolar signal and a
left unipolar signal. The bipolar component would be col-
lected for example between the electrodes 30 and 32 of the
left ventricular lead 28 (referenced as 38), and the unipolar
component between the tip electrode 30 (or the ring elec-
trode 32) and the can housing of the generator 10 (referenced
as 40). Alternatively, the unipolar component may also be
collected between the tip electrode 30 (or the ring electrode
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32) of the left ventricular lead 28 and the coil winding 36 of
the right ventricular lead 12 (referenced as 42).

[0084] In the long term, if comparisons are made at the
time of implantation, three months after implantation and
one year after implantation, the signal shape changes over
time, but in some cases, or in some patients, the unipolar
signal Vuni does not really provide any information that
changes over time, while the bipolar signal Vbip contains
much more meaningful information. Conversely, in other
cases, the change is very late in the bipolar signal Vbip and
the unipolar channel Vuni (between the coil winding 36 and
the housing 10 can of the generator) gives the desired
information, in a much earlier and discriminant method.

[0085] To overcome this drawback, the disclosure pro-
poses to combine both bipolar and unipolar components, in
a unique feature containing, more broadly, all available
information in order to conduct a complete and robust
assessment of the patient’s condition through time.

[0086] This combination of both bipolar and unipolar
signals is designed as a “heart loop” or “vectogram” (VGM),
which is the representation in a two-dimensional space of
one of two EGM signals (on the ordinate) versus the other
(on the abscissa). Each cardiac cycle is then represented by
a vectogram {Vbip, Vuni} in the plan thus defined, a
vectogram whose geometry (shape of the curve) is indepen-
dent of the temporal dimension (which only intervenes as a
parameter describing how the curve is traversed).

[0087] Itis emphasized that VGM, which is obtained from
electrogram (EGM) signals from intracardiac leads should
not be confused with the “vectocardiogram” (VCG), which
is obtained from electrocardiogram (ECG) signals from
external electrodes placed on the patient’s chest.

[0088] The construction of a VGM and its analysis to
quantify cardiac data are described for example in Milpied
et al., “Implantable Cardioverter Arrhythmia Discrimination
in Defibrillators using Support Vector Machines Applied to
a new Representation of Electrograms,” IEEE Transactions
on Biomedical Engineering, June 2011, 58 (6): 1797-1803.

[0089] Analysis of a VGM for different purposes other
than those of the present disclosure has already been pro-
posed in particular from EP 2105843 (ELA Medical) for
discriminating between ventricular tachycardia and
supraventricular; from EP 2324885 Al (Sorin CRM) for
invalidating a capture test in case of fusion, that is to say of
simultaneous stimulation triggered to spontaneous depolar-
ization; from EP 2368493 A1 (Sorin CRM) for discrimina-
tion of noise artifacts for the validation or invalidation of
cardiac cycles to be analyzed; from EP 2742971 A1 (Sorin
CRM) to determine the presence or absence of an evoked
wave induced by the stimulation of a cavity; or from EP
2742973 Al (Sorin CRM) for the detection of the possible
presence of an anodal stimulation phenomenon.

[0090] But in all these cases, the purpose is to analyze a
single cardiac cycle, to reveal a characteristic of this cycle
(type of arrhythmia, presence or absence of a capture,
artifact, etc.). It is not, as in the present disclosure, to make
a historical analysis to determine the appearance of more or
less rapid variations in the long term, of a particular char-
acteristic of the VGM, including for the purpose of diagnosis
of a patient’s evolutionary status.

[0091] Specifically, as shown in FIG. 3, the collected
EGM signals Vuni(t) and Vbip(t) are sampled, and the
successive samples of the two components are stored and
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then combined to produce a parametric curve (the VGM
characteristic) of the type VGM=(Vbip(t), Vuni(t)) or
{x=Vbip(t), y=Vuni(t)}.

[0092] This curve is parameterized by time, plotted on the
basis of changes in one of the temporal components (Vuni)
as a function of the other (Vbip). It constitutes a vectogram
(VGM) representative of the cardiac cycle to be analyzed,
and is also referred to as the “parametric 2D characteristic.”
It graphically shows the shape of a loop, the time only
appearing in the manner in which the loop is traversed over
the cycle duration.

[0093] Note that the two-dimensional (2D) analysis dis-
cussed here should not be understood in a limiting manner.
The disclosure can indeed be applied equally to an analysis
in higher order multi-dimensional space (3D or more), by
extrapolating the teachings of the present description to a
situation where EGM signals from the same cavity are
simultaneously collected on three or more channels.
[0094] In practice, as shown in FIG. 4, the sampling
produces an open polygon VGM where each vertex corre-
sponds to a sampling point of the measurement of the signals
Vuni and Vbip of the EGM. In the example of FIG. 4, the
sampling is carried out at a frequency of 128 Hz, which
gives about 11 measurement points for a time interval of 80
ms, which are values that can be stored for analysis.
[0095] The shape of the velocity vector Vi in various
successive points Pi of the VGM for a sampling frequency
of 128 Hz is also shown in FIG. 4. At a given point, the
velocity is a vector data (the velocity being defined by its
orientation and its magnitude), and the velocity vector can
be computed at each point of the VGM from a discrete filter
that approximates the first derivatives Vbip(t)/dt and Vuni
(t)/dt which, for a sampled characteristic, can be calculated
from the previous point and the next point on the curve.
[0096] The collected VGM characteristic is stored as a
series of descriptor parameters based on the velocity vector
at each point of the curve and including i) the magnitude of
the velocity vector and ii) the orientation of the velocity
vector, i.e. the angle it makes with respect to the axis of the
abscissa of the VGM.

[0097] An embodiment of the disclosure proposes to oper-
ate a morphological comparison between the current VGM
(stored as the values of the angle and of the magnitude of the
velocity vectors at different sampling points) with a refer-
ence VGM (stored as counterpart descriptors).

[0098] The comparison between these two VGMs is to
quantify the similarities from:

[0099] The correlation coeflicient C between the magni-
tude of the respective velocity vectors of the current VGM
and the reference VGM and

[0100] The average value 6 of the angle formed between
them the respective velocity vectors of the current VGM and
of the reference VGM.

[0101] The curves may be considered similar if C (which
reflects the correlation between the norms of the velocity
vectors) is large enough and 8 (which reflects the deviation
of the orientation angles) is small enough.

[0102] A simple threshold can then be set for each descrip-
tor (THRESHOLD1 for the angle and THRESHOLD?2 for
the correlation coefficient) to conclude on the similarity of
the curves:

[0103] If 6 is below THRESHOLD1 and C above
THRESHOLD?2, it will be considered that the curves are
similar,
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[0104] If O exceeds THRESHOLD1 or C is less than
THRESHOLD?2, it will be assumed that the curves are
different.

[0105] Remodeling or reverse remodeling should not
abruptly change the morphology of the collected spontane-
ous rhythm of the EGMs. If there are different curves, an
anomaly may have occurred.

[0106] Another embodiment of the disclosure proposes to
detect possible changes in the morphology of the EGMs,
whether these changes are sudden, or whether they are
progressive.

[0107] In the case of a sudden and significant change of
morphology, it may be considered that the patient is in
danger, such change revealing a serious problem such as
lead displacement, ischemia, etc. It may then be desirable to
trigger an alert.

[0108] Incremental, but minor, changes of morphology
may occur after the first months following implantation, and
may be due, for example, to the maturation of the leads. No
special action may need to be taken in this case.

[0109] However, changes due to a remodeling or to a
reverse remodeling will also be gradual, but more important.
If these particular phenomena are to be highlighted, appro-
priate thresholds are simply to be chosen, e.g. determined
beforehand from a learning base.

[0110] FIG. 5 illustrates. in very general terms a method in
which the device of the disclosure is implemented.

[0111] The current VGM is built periodically, for example
once a day or once a week, under stable conditions (slow
sinus rhythm, preferably overnight), and then stored and
compared to a reference VGM created at initialization of the
therapy, and possibly updated in case of alert or of decom-
pensation, or manually by the practitioner during a follow-
up visit for example.

[0112] From the collected bipolar and unipolar EGMs, a
VGM is built (block 100). Initially, one (or more) reference
VGMC(s) is (are) constructed (block 102, detailed in FIG. 8)
and stored in memory (block 104). Similarly, periodically
(e.g., daily), a current VGM is constructed and compared to
the stored reference (block 106) to derive an indicator of the
long term evolution of the patient’s condition (remodeling,
reverse remodeling or non scalable state) and/or the sudden
onset of severe phenomena such as lead break or ischemia.

[0113] FIG. 6 illustrates the creation of a reference VGM
(block 102 of FIG. 5).

[0114] This reference is created from a plurality of repre-
sentative cardiac cycles (no artifact of extrasystole, no
fusion, etc.), for example x=2 to 5 cardiac cycles, for which
each of the VGMs are constructed and the descriptor param-
eter vector is calculated (block 108). These data are then
averaged (block 110) or, alternatively, one of the most
representative cardiac cycles is selected to be the reference
(block 112). From the averaged or selected VGM, the
reference is validated (block 114), by comparing it to each
cycle collected in step 108, so as to verify that the difference
between this reference and each of the other cycles remains
within acceptable limits, or ensuring that it remains within
those limits for a sufficient, predetermined, number of the
cycles.

[0115] FIG. 7 illustrates the sequence of the various opera-
tions of the test of the current VGM (block 106 of FIG. 5)
performed at regular intervals, for example daily.
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[0116] The first step (block 116) is the inhibition of any
stimulation by the device in order to allow a spontaneous
rhythm for a predetermined number x of cycles.

[0117] If no reference VGM is available at this stage, one
or more reference VGMs corresponding to the patient’s
condition should be created. In the illustrated example, two
reference VGMs REF1, REF2 are created:

[0118] Reference VGM REF1 is intended to highlight
abrupt changes in morphology resulting from a lead dis-
placement or from the onset of ischemia, while

[0119] Reference VGM REF2 will be aimed at highlight-
ing progressive morphological changes related to the pos-
sible emergence of remodeling or of reverse remodeling;
this VGM may be determined once and for all and may not
be changed automatically.

[0120] The reference VGMs REF1 and REF2 are con-
structed as explained above with reference to FIG. 6, ini-
tially with REF1=REF2 (block 118). In the case of sampling
at 128 Hz, the VGM is for example built over an interval of
about 80 ms centered on the depolarization peak of the right
ventricle, from 11 successive samples. The magnitudes and
directions of the VGM velocity vectors are determined and
stored (block 120).

[0121] Ifatthe end of step 116 references REF1 and REF2
are available in memory, then the device builds the current
VGM (block 122) and determines the magnitude and direc-
tion of the velocity vector at each point of this VGM (block
124), in the same method as in blocks 118 and 120 corre-
sponding to the reference VGMs.

[0122] The next step (block 126) is to calculate the
descriptors C (correlation coefficients between the magni-
tudes of the velocity vectors) and 0 (mean angle between the
velocity vectors) representative of the comparison between
the current VGM and the reference VGM REF 1.

[0123] If the condition 6>THRESHOLD1 or
C<THRESHOLD?2 is fulfilled (block 128), an abrupt change
in morphology has occurred and triggering an alert is
justified, such as remote transmission of a message to a
remote site to alert a physician of on a phenomenon such as
lead displacement or ischemia onset.

[0124] If the above condition is not satisfied, that is to say
if 6<THRESHOLD1 and C>THRESHOLD2 (block 130), it
is considered that there was no rapid change in morphology.
The reference VGM REF1 is then updated by replacing it by
the current VGM value (block 132), and the device then
seeks to highlight progressive morphological changes that
could reveal remodeling or reverse remodeling.

[0125] To this end, the descriptors C and 0 are calculated
(block 134) in the same method as in block 126, but this time
by comparing the current VGM to the reference VGM
REF2.

[0126] If the condition 6>THRESHOLD1 or
C<THRESHOLD?2 is met (block 136), it is considered that
there has been a significant change in the morphology, which
may suggest a remodeling. An alert may eventually be
issued, corresponding to the result.

[0127] For deciding whether an alert is necessary, other
parameters may be taken into account, such as the width of
the QRS complex of the current EGM (this width being
calculated as the time elapsed between the beginning and
end of the detected depolarization), or one or more derived
parameters of an endocardial acceleration signal (EA), or
also the interventricular conduction delay. Indeed, a signifi-
cant shortening of the width of the QRS complex is probably
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due to a reverse remodeling (which does not justify an alert)
as well as an increase in the amplitude of the peak of
endocardial acceleration or a decrease in the interventricular
conduction delay.

[0128] In any contrary case, that is to say if
8<THRESHOLD1 and C>THRESHOLD?2 (block 138), it is
considered that there were no changes, neither sudden nor
gradual, of the VGM morphology. Therefore, the patient’s
condition is stable, without worsening or improvement.

1. An active implantable medical device for stimulation,
defibrillation and/or cardiac resynchronization therapy, the
device comprising:

a processor configured to:

control stimulation of the heart;
detect at least one of a ventricular depolarization signal
or an atrial depolarization signal on a channel at a
plurality of distinct instants; and
perform a morphological analysis in which the at least
one of the ventricular depolarization signal or the
atrial depolarization signal at the distinct instants are
compared, wherein the processor is configured to
perform the morphological analysis by:
inhibiting the controlled stimulation;
collecting at least two EGM signals of endocardial
electrogram during a spontaneous rhythm cardiac
cycle, wherein the EGM signals are collected
concurrently on a plurality of separate respective
channels;
deriving at least two respective distinct temporal
components from the at least two EGM signals;
combining the at least two temporal components into
at least one parametric 2D characteristic represen-
tative of the cardiac cycle, from the variations of
one of the temporal components as a function of
the other temporal component;
analyzing the 2D characteristic by deriving, from the
2D characteristic or from an average of the 2D
characteristics collected over successive cardiac
cycles, at least one intrinsic descriptor parameter
representative of the 2D characteristic;
periodically performing a historical analysis by
evaluating a variation over time of the at least one
intrinsic descriptor parameter of a current 2D
characteristic with respect to a previous reference
2D characteristic stored by the device;
comparing the variation assessed by the historical
analysis to a predetermined threshold; and
selectively triggering an alert based on the result of
the comparison.

2. The device of claim 1, wherein the processor is
configured to perform the historical analysis by evaluating
the daily variation over time of the at least one intrinsic
descriptor parameter.

3. The device of claim 1, wherein the at least one intrinsic
descriptor parameter is a function of a velocity vector of the
2D characteristic, considered in a plurality of respective
points of the 2D characteristic.

4. The device of claim 3, wherein the function of the
velocity vector comprises a magnitude of the velocity vec-
tor.

5. The device of claim 4, wherein the processor is
configured to perform the historical analysis by calculating
a correlation coeflicient between the magnitudes of respec-
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tive velocity vectors of the current 2D characteristic and of
the reference 2D characteristic.

6. The device of claim 5, wherein the function of the
velocity vector comprises an orientation of a speed vector.

7. The device of claim 6, wherein the processor is
configured to perform the historical analysis by calculating
an average angle between respective velocity vectors of the
current 2D characteristic and of the reference 2D character-
istic.

8. The device of claim 7, wherein the comparison com-
prises:

comparing the average angle between velocity vectors to

a first threshold; the correlation coefficient between the
magnitudes of velocity vectors to a second threshold;
and

selectively triggering the alert occurs in response to at

least one of the average angle between velocity vectors
exceeding the first threshold or when the correlation
coeflicient between the magnitudes of velocity vectors
is lower than the second threshold.

9. The device of claim 1, wherein the processor is
configured to perform the morphological analysis further by
updating the at least one intrinsic descriptor parameter of the
reference 2D characteristic when the alert is not triggered by
the comparison.

10. The device of claim 1, wherein the processor is further
configured to perform diagnostics of remodeling or of
reverse remodeling using the morphological analysis, the
alert triggered by the comparison being an alert of an
occurrence of remodeling or of an occurrence of reverse
remodeling in patients.

11. The device of claim 1, wherein the processor is further
configured to perform at least one of detecting breakage of
a lead or diagnosing ischemia using the morphological
analysis, the alert triggered by the comparison being an alert
of at least one of a lead break or of an ischemia occurrence
in the patient.

12. The device of claim 1, wherein the at least two EGM
signals collected concurrently on separate respective chan-
nels include a unipolar EGM far-field signal and

a near-field EGM bipolar signal.

13. The device of claim 12, wherein the unipolar EGM
far-field signal is collected between a first location compris-
ing at least one of a proximal electrode, a distal electrode, an
intermediate electrode, or a defibrillation coil electrode of a
ventricular lead and a second location comprising a metal
housing generator of the device.

14. The device of claim 12, wherein the unipolar EGM
far-field signal is collected between a first location compris-
ing at least one of a first proximal electrode, a first distal
electrode, or a first defibrillation coil electrode of a first
ventricular lead and a second location comprising at least
one of a second proximal electrode, a second distal elec-
trode, an intermediate electrode or a second defibrillation
coil electrode of a second ventricular lead, wherein both the
first and the second ventricular leads are located in a single
ventricle.

15. The device of claim 12, wherein the unipolar EGM
far-field signal is collected between a first location compris-
ing at least one of a first proximal electrode, a first distal
electrode, or a first defibrillation coil electrode of a first
ventricular lead and a second location comprising at least
one of a second proximal electrode, a second distal elec-
trode, or an intermediate electrode of a second ventricular
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lead, wherein the first ventricular lead is located in the right
ventricle and the second ventricular lead is located in the left
ventricle.

16. The device of claim 12, wherein the near-field EGM
bipolar signal is collected between at least one of:

a distal electrode and a proximal electrode of a ventricular

lead;

a defibrillation coil and at least one of the proximal

electrode or the distal electrode of the ventricular lead;

a distal electrode and an intermediate electrode of a left

ventricular lead;

a proximal electrode and the intermediate electrode of the

left ventricular lead; or

a first intermediate electrode and a second intermediate

electrode of the left ventricular lead.

17. A method comprising:

controlling, by an implantable medical device, stimula-

tion of a heart;

detecting, by the implantable medical device, at least one

of a ventricular depolarization signal or an atrial depo-

larization signal on a channel at a plurality of times; and

performing, by the implantable medical device, a mor-

phological analysis in which the at least one of the

ventricular depolarization signal or the atrial depolar-

ization signal at two or more of the plurality of times

are compared, performing the morphological analysis

comprising:

inhibiting the controlled stimulation;

collecting at least two EGM signals of endocardial
electrogram during a spontaneous rhythm cardiac
cycle, wherein the EGM signals are collected con-
currently on a plurality of separate respective chan-
nels;

deriving at least two respective distinct temporal com-
ponents from the at least two EGM signals;

combining the at least two temporal components into at
least one parametric 2D characteristic representative
of the cardiac cycle, from the variations of one of the
temporal components as a function of the other
temporal component;

analyzing the 2D characteristic by deriving, from the
2D characteristic or from an average of the 2D
characteristics collected over successive cardiac
cycles, at least one intrinsic descriptor parameter
representative of the 2D characteristic;

performing a historical analysis by evaluating a varia-
tion over time of the at least one intrinsic descriptor
parameter of a current 2D characteristic with respect
to a previous reference 2D characteristic stored by
the device;

comparing the variation assessed by the historical
analysis to a predetermined threshold; and

selectively triggering an alert based on the result of the
comparison.

18. The method of claim 17, wherein performing the
historical analysis comprises evaluating a daily variation
over time of the at least one intrinsic descriptor parameter.

19. The method of claim 17, wherein the at least one
intrinsic descriptor parameter is a function of a velocity
vector of the 2D characteristic, considered in a plurality of
respective points of the 2D characteristic.
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20. The method of claim 19, wherein the function of the
velocity vector comprises at least one of a magnitude or an
orientation of the velocity vector.
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