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1
ACTIVE MEDICAL DEVICE FOR
MONITORING THE STATUS OF A PATIENT
SUFFERING FROM A RISK OF HEART
FAILURE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 13/941,123, filed Jul. 12, 2013, which claims the
benefit of and priority to French Patent Application No.
1256792, filed Jul. 13, 2012, both of which are hereby
incorporated by reference herein in their entireties.

BACKGROUND

The present invention generally relates to “active implant-
able medical devices” as defined by the 14 Jun. 1993
Directive 93/41/EEC of the Council of the European Com-
munities. This definition includes cardiac pacemakers, car-
diac resynchronization therapy devices and/or implantable
cardioverter defibrillators for treatment of rhythm disorders.
The definition also includes active devices (e.g., implanted
or not) and active devices for purely diagnostic systems. The
definition includes external systems for home monitoring of
patients (e.g., implementing a remote access device which is
activated at regular intervals, such as daily, to download the
data collected by an implant and to send the data for analysis
to a remote station).

The invention also or alternatively relates to the monitor-
ing of patients with heart failure, or at risk of heart failure.
Heart failure is a complex disease with various causes and
effects, notably including mitral valve regurgitation, dilated
cardiomyopathy and ischemia. These are evolutionary and
harmful phenomena; it is important to assess and monitor
over time (e.g., to issue early warnings in case of worsening
trend).

The change can result from a phenomenon called “cardiac
remodelling,” which can be defined as all heart changes in
response to a disease and is usually associated with a
worsening prognosis. This cardiac remodeling occurs over
time by increasing the size of the left ventricle, with a
worsening ejection fraction due to the decrease in contrac-
tility, and ultimately a decrease in cardiac output with
serious consequences on the body by progression of heart
failure.

With the help of alerts to worsening of the patient’s
condition, one can modify the configuration of a pacemaker.
One example is to begin providing joint and permanent
stimulation of the left and right ventricles to resynchronize
the latter via a technique named CRT (Cardiac Resynchro-
nization Therapy) or BVP (BiVentricular Pacing). Indeed,
the beneficial effects provided by CRT therapy can lead,
ultimately, to reassess the applied therapy and to again
change the primitive configuration and setup of the resyn-
chronizer.

The reference technique for the evaluation of the condi-
tions listed above (valvular regurgitation, left ventricular
dilatation, etc.) is the evaluation by echocardiography. This
procedure traditionally must be carried out by a qualified
practitioner and is traditionally time consuming and expen-
sive, preventing the technique from being applied often.

Various techniques for automated monitoring and diag-
nosis have been proposed, including those presented in EP
1,867,360 A2 and its US counterpart US2007/0293736
(Sorin CRM S.A.S, previously known as ELA Medical),
which offers cross various information from minute venti-
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2

lation (“MV™), activity (“G” accelerometer), endocardial
acceleration (EA) or intracardiac bioimpedance sensors.
Analysis algorithms produce indicators of risk of cardiac
decompensation, and cross analysis methods issue an early
warning composite signal of preventive alert, on different
levels, depending on the indicators produced by the algo-
rithms.

U.S. 2007/043299 Al describes a device implementing
another technique, based on the cross-analysis of the peak-
to-peak amplitude of the first peak of endocardial accelera-
tion and of the heart rate, to assess the progress of heart
failure in a patient implanted with the device.

These algorithms are effective in assessing the patient
overall cardiac contractility and the more or less rapid
deterioration of this contractility, corresponding to different
levels of alert. However, they do not allow more specific
assessment of the development or progression of certain
specific pathologies such as those mentioned above (isch-
emia, regurgitation of the mitral valve, etc.). It would
therefore be desirable to provide a device and method for
monitoring and diagnosis which could be implemented in
accordance with the patient’s own condition (e.g., to deliver
better or more specific alerts).

SUMMARY

Embodiments of the device may include means for mea-
surement of the heart rate; means for collection of an
endocardial acceleration signal; means for deriving, from
the endocardial acceleration signal, a signal representative
of the myocardial contractility; means for defining at least
couples of values (e.g., a frequency/parameter pair) during
suiccessive cardiac cycles; classifier means for distribution of
said couples of values in predetermined frequency classes of
a discretized profile of values (e.g., frequency, parameter);
and means for analysis of said profile, for delivering an
index (a,b) representative of a clinical status of the patient.

The hemodynamic parameter may be representative of the
myocardial contractility and is a temporal parameter repre-
sentative of the time interval separating the first and the
second peak of endocardial acceleration. The choice of this
parameter is particularly advantageous for assessing the
degree of ischemia of the patient and the specific evolution
of this disease, regardless of the general evolution of his/her
heart failure. Clinical studies have shown a significant
change in the interval between the two peaks when a
subsequent ischemic event to the occlusion of a coronary
artery occurs.

Advantageously, embodiments of the device disclosed
herein further include a method for collection of an endo-
cardiac acceleration signal. The device’s method for deliv-
ering a hemodynamic parameter is configured to derive a
hemodynamic parameter representative of the myocardium
contractility from the endocardial acceleration signal.

The hemodynamic parameter representative of the myo-
cardial contractility can be, for example, a peak-to-peak
amplitude of the first peak of the endocardial acceleration
parameter. The hemodynamic parameter representative of
the myocardial contractility can also or alternatively be a
temporal parameter representative of the time interval
between the first and second peak of endocardial accelera-
tion.

In one implementation, the analysis of the profile includes
extraction of at least one representative data of the current
profile of the patient, and of comparison of this representa-
tive current data to a predetermined reference representative
data. The reference representative data can obtained from at
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least one prior profile of the patient, or be derived from
values obtained from a known population of healthy
patients. The analysis can include applying, before compari-
son with the reference representative data, a predetermined
weighting to each profile class. The analysis may include
modelling the current profile by linear regression or qua-
dratic regression, the parameters of this regression forming
said profile data.
In another implementation, the device further includes a
component for discrimination of the phases of activity of the
patient. The component may discriminate between three
phases of patient activity (e.g., effort, rest and recovery). The
acquisition methods define triplets of values (frequency,
parameter, activity) over successive cardiac cycles, or series
of successive cardiac cycles. The profile may be a discrete
three-dimensional profile of values (frequency, parameter,
activity). The classifier methods may place the triplets of
values in classes of predetermined frequency of the three-
dimensional profile.
An active medical device (e.g., an implantable stimulation
resynchronization and/or defibrillation device, or a device
for diagnostic purposes) may include:
means for measuring the heart rate (Fc);
means for collecting an endocardial acceleration signal
(EA);

means able to derive from the endocardial acceleration
signal an hemodynamic parameter representative of the
myocardium contractility;
means of acquisition, for defining at least couples of
values {frequency, parameter} during successive car-
diac cycles, or of successive series of cardiac cycles;

classifier means (10) of distribution of said couples of
values in classes of predetermined frequency of a
discretized profile of values {frequency, parameter}
(12); and

means (14) of analysis of said profile, able to deliver an
index (a, b) representative of a patient’s clinical status,

wherein said hemodynamic parameter representative of
the myocardial contractility is a temporal parameter
representative of the time interval (Ts) separating the
first and the second peak of endocardial acceleration.

The means of analysis of the profile may be adapted to
extract at least one data (a, b) representative of the current
profile of the patient, and of comparison of this current data
representative to a reference predetermined representative
data. The reference representative data may be obtained
from at least one previous patient profile. The reference
representative data may be values collected from a known
population of healthy patients. The analysis means may be
further adapted, prior to the comparison to the reference
representative data, to apply a predetermined weighting to
each profile class. The analysis means may be adapted to
model the current profile by a linear regression (RL) or a
quadratic regression (RQ), the parameters of this regression
forming said profile data (a,b).

The device may further include discriminator means for
discriminating between activity phases of the patient (E, R,
REC). The acquisition means may be adapted to define
triplets of values {frequency, parameter, activity} during
said successive cardiac cycles, or said series of successive
cardiac cycles. The profile may be a three-dimensional
profile of discretized values {frequency, parameter, activ-
ity}. The classifier means may be adapted to place said
triplets of values in said predetermined frequency classes of
said three-dimensional profile. The discriminated phases of
patient activity may include phases of effort (E), of rest (R)
and of recovery (REC).
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Implementations of the device may include means for
measuring the heart rate (HR). The device may further
include means for delivering a hemodynamic parameter
representative of the myocardial contractility, including the
peak-to-peak amplitude (PEA1) of the first peak of endo-
cardial acceleration, or the time interval between the first
and second peak of endocardial acceleration. The device
may further include means of acquisition, adapted to define
at least pairs of values {frequency, parameter} during suc-
cessive cardiac cycles, or successive series of cardiac cycles.
The device may also include classifier means, adapted to
distribute the pairs of values in predetermined frequency
classes of a discretized profile of values {frequency, param-
eter} (12). The device may further include means of analysis
of the profile, able to deliver an index (a, b) representative
of a patient’s clinical status.

An active medical device is configured to receive inputs
and to calculate a hemodynamic parameter representative of
myocardium contractility determined from an endocardial
acceleration signal. The microcontroller acquires heart rate
and hemodynamic parameter pairs of values during a plu-
rality of cardiac cycles. The microcontroller is configured to
distribute the pairs of values into discrete bins to develop a
profile for analysis. The microcontroller is configured to
conduct an analysis including calculating an index repre-
sentative of the patient’s clinical status. The hemodynamic
parameter representative of the myocardial contractility is a
time interval separating the first and the second peak of
endocardial acceleration.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows a series of records showing the amplitude of
the peak of endocardial acceleration according to the heart
rate, before and after angioplasty, experimentally obtained
for a patient suffering from mitral valve regurgitation.

FIG. 2 shows various timing diagrams of electrogram
(EGM) signals and endocardial acceleration (EA) signals
experimentally identified on a healthy animal with progres-
sive occlusion of a coronary artery.

FIG. 3 is a schematic representation of the device of the
invention, illustrating the sequence of the various stages of
processing of the collected data.

FIG. 4 is an example of a two-dimensional profile of the
amplitude of the peak of the EA signal as a function of the
heart rate, for a healthy patient and for a patient suffering
from mitral valve regurgitation.

FIG. 5 illustrates an example of a two-dimensional profile
providing the time interval separating the first peak of the
second peak of the EA signal as a function of heart rate, for
a healthy patient and for an ischemic patient.

FIG. 6 is a diagram illustrating the introduction of a
stress/rest/recovery criterion for further analysis, with the
transitions between the different states.

FIG. 7 is an example of three-dimensional profile provid-
ing the peak amplitude of the EA signal as a function of both
heart rate and the activity state of the patient.

DETAILED DESCRIPTION

As regards to its software aspects, the present invention
can be implemented by an appropriate programming of the
controlling software of a known device, for example, a
cardiac pacemaker or a defibrillator/cardioverter. The device
may be configured to collect a signal provided by endocar-
dial leads and/or one or more implanted sensors.
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The present invention may particularly be applied to
implantable devices such as those of the Reply and Paradym
device families produced and marketed by Sorin CRM,
Clamart France, formerly known as ELA Medical, Mon-
trouge, France. The present device may also be applied, for
example, to external devices for in-home monitoring of the
patient, such as the Smartview Remote Monitoring System,
from Sorin CRM.

These devices include programmable microprocessor cit-
cuitry to receive, format, and process electrical signals
collected (detected) by electrodes implanted and deliver
stimulation pulses to these electrodes. The various analysis
steps described herein may be partially or entirely performed
by telemetry software stored in a memory of the implantable
devices and executed to implement the functions of the
invention described herein. The method of the invention is
primarily implemented by software, using appropriate algo-
rithms executed by a microcontroller or a digital signal
processor.

The technique of the invention is based on the analysis of
endocardial acceleration (hereinafter “EA”), which is a
parameter that reflects phenomena contributing to myocar-
dial mechanical function. EA can be measured by an accel-
erometer coupled to the heart muscle, as described for
example in EP 0515319 A1 (Sorin Biomedica Cardio SpA).
This document teaches a method for collecting an EA signal
through an endocardial lead provided with a distal stimula-
tion electrode implanted in the atrium or the ventricle and
incorporating a microaccelerometer for measuring endocar-
dial acceleration.

Although the present description refers to the analysis of
an EA signal delivered by a sensor placed on an endocardial
lead, the invention is also applicable to an EA signal
obtained by other types of implantable sensors, such as a
sensor of movement of a wall of the myocardium, an
epicardial sensor or an accelerometer placed in the case of
an implant. The invention is also applicable to the analysis
of an external EA signal collected noninvasively (e.g., from
a sensor attached to the patient’s chest at the sternum).

The EA signal collected during a given cardiac cycle form
two main components, corresponding to the two major heart
sounds (sounds “S1” and “S2” of phonocardiogram); it is
possible to recognize the following components in each
cardiac cycle:

The EA1 component, beginning after the QRS complex,
is produced by a combination of the closure of the atrio-
ventricular valves, the opening of semilunar valves and the
contraction of the left ventricle. The amplitude variations of
this EA1 component are closely related to changes in the
ventricular pressure (the maximum peak to peak amplitude
being more precisely correlated to the positive maximum
dP/dt pressure variation in the left ventricle) and may
therefore be a parameter representative of the myocardial
contractility, itself linked to the level of activity of the
sympathetic system; and

The EA2 component occurs during the isovolumetric
ventricular relaxation. It accompanies the end of the ven-
tricular systole and is mainly produced by the closure of
aortic and pulmonary valves.

A number of other representative parameters may be
calculated from the collected EA signal, including:

The peak-to-peak of the EA1 component, hereinafter
“PEA1”, that is to say the amplitude of the first peak of
acceleration; and

The time interval separating the component EA1 of the
component EA2, hereinafter “Ts.” This indicator which
corresponds to the duration of the systole is generally
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counted between the moment marking the beginning of the
EA1 component and the moment marking the beginning of
the EA2 component.

EP 2092885 Al (assigned to Sorin CRM S.A.S. previ-
ously known as ELA Medical) describes in detail techniques
for analyzing an EA signal to, among other things, extract
both PEA1 and Ts information. This document also
describes a method by which these parameters may be
determined, as well as other characteristics of the EA1 and
EA2 components.

InFIG. 1, a series of records giving the value of PEA1 for
heart rate Fc experimentally obtained for a patient with
regurgitation of the mitral valve, before and after angio-
plasty, is shown. The A points correspond to records for a
patient with severe regurgitation of the mitral valve, and the
B crosses are those obtained for the same patient after an
angioplasty procedure which allowed to absorb any regur-
gitation of the mitral valve. As can easily be seen, the
gradient of the peak amplitude PEA1 versus heart rate Fc is
much higher after the intervention (e.g., after the specific
pathology has disappeared). This gradient and its modifica-
tion are used to assess the patient’s condition, as outlined
below.

FIG. 2 illustrates three timing diagrams of electrogram
(EGM) and endocardial acceleration (EA) signals experi-
mentally identified on a healthy animal, then with progres-
sive occlusion of a coronary artery. The reduction, following
the reduction in the flow of the coronary artery, of the time
interval Ts separating the two EA1 and EA2 components is
visible between the curve A (with reduced coronary flow)
and the curve B (normal coronary flow). This observation
may be used to assess the evolution of the patient in relation
to increasing ischemia.

FIG. 3 illustrates schematically the different steps of the
processing according to an embodiment of the invention.
The first step (block 10) is to collect signals with heart rate
Fe, endocardial acceleration EA, and optionally patient
activity G (by means of a sensor of a physical activity
sensor, typically an accelerometer integrated in the implant).
The data is processed to extract representative parameter
values such as PEA1 and/or Ts. The data may be stored in
a discrete profile 12 (e.g., having an appearance similar to
that of an histogram) distributed over several classes,
depending on the heart rate Fc.

The next step (block 14) includes performing an analysis
of the profile 12 so as to derive one or more indices a, b . .
. representative of the more or less altered state of the
patient. These indices are then compared (at block 16) to
reference values ref (e.g., so as to provide an alert, if
necessary, in case of observed index worsening relative to
the reference values). The basis of comparison ref can be
either a previous state of the patient (e.g., relative and
intrinsic comparison, compared with the same indices pre-
viously calculated for this patient) or reference values
obtained for a known population of healthy patients (e.g.,
absolute comparison, by comparison to statistically and
generally given criteria determined for a patient population).

FIGS. 4 and 5 more precisely show two examples of
profiles 12 made from data collected by the device. The
range of possible patient heart rate values is divided into
several sub-heart rate ranges or “bins,” which can either be
determined in the same method for all patients, or tailored to
specific values of patient base frequency and maximum
frequency in sinus rhythm. These bins may be of equal width
or not.

In the examples shown in FIGS. 4 and 5, a division of the
heart rate range into four bins is made, corresponding to
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values of heart rate below 60 bpm, between 60 and 70 bpm,
between 70 and 90 bpm, and greater than 90 bpm.

The current heart rate is continuously measured on the
basis of the RR intervals. The adopted value Fc can advan-
tageously be a weighted average heart rate of previous
cycles, and/or previously calculated Fc values.

The characteristic parameters of the EA signal, namely
PEA1 and/or Ts in the shown examples, are measured at
each cycle and accumulated in one of the bins of the profile
12, depending on the corresponding Fe value. This combi-
nation of PEA1 and/or Ts parameters can take the form of a
mean or median value, or be simply constituted by the sum
of the values obtained, the corresponding number of
involved cycles being known elsewhere.

The method of accumulation may be suspended for one or
more cycles in case of occurrence of certain events, such as
the detection of atrial extrasystole (ESA), of ventricular
extrasystole (ESV) or of atrial or ventricular arrhythmia.

FIG. 4 more precisely shows the profile of the PEA1
parameter based of the heart rate Fc, classified on four heart
rate bins. Two examples of profiles are shown, one A profile
corresponding to a patient with regurgitation of the mitral
valve, and the other B profile obtained for a healthy patient.

In FIG. 5, the evaluated parameter here is the duration Ts
between the two peaks of endocardial acceleration, corre-
sponding to the duration of systole. Two examples of
profiles are shown, one A corresponding to an ischemic
patient, and the other B obtained for a healthy patient. As
discussed above, ischemic patients have a systolic period
shorter than normal patients.

For a given patient the device may stores two profiles. The
stored profiles may include a short-term profile based, for
example, on records of the previous day or the previous two
days. The stored profiles may further include a long-term
profile based, for example, on the accumulation of the
parameters collected during one month (alternatively, the
long-term profile can be replaced by a reference profile
obtained from a population of healthy patients).

The evaluation of the patient’s condition is made by
comparing the short-term profile and the long-term profile.
This comparison can be performed by calculating and evalu-
ating weighted values for each heart rate bin, e.g. 10% for
bin 1 (<60 bpm), 20% for bin 2 (60-70 bpm), 30% for bin
3 (70 and 90 bpm) and 40% for bin 4 (>90 bpm). The
algorithm calculates the difference between the long-term
profile and the short-term profile for each bin and multiplies
it by the weight associated with this bin, and then sums the
values for all bins. An index representative of the difference
between the long-term profile and the short-term profile is
then obtained.

Another method to calculate such a representative index
is to model each long-term and short-term profile, for
example by linear regression RL of the form:

PEAl=b.Fc+c

or by a quadratic regression RQ of the form:

PEAl=a.Fc+b.Fcte

wherein b represents a linear gradient of the profile and, in
the case of a quadratic regression, a indicates the curvature
of the profile.

A high linear gradient b and a high quadratic coefficient
a are indicative of a satisfactory condition of the patient. By
comparing of the two short-term and long-term profiles, the
evolution of the patient’s condition can be evaluated:
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An increase in the indices a or b of the short-term relative
to the long term indicates an improvement in the patient’s
condition;

Comparable a and b indices between short-term and long
term indicate stability of the status of the patient, and

A reduction of the a or b indices of short-term versus the
long-term shows a deteriorating condition of the patient.

In the latter case, an alert may be transmitted via a remote
transmission to a doctor or exterior personnel. This alert can
be generated by comparing the a and/or b indices with a
given threshold, determined a priori from a known popula-
tion of patients, or by a trend analysis of the short-term/
long-term difference versus time. For example, an alert can
be generated if the measured difference between the short-
term profile and the long-term profile is negative for five
consecutive days. These data can also be stored to be
submitted to the doctor by electronic transmission or during
an interrogation of the implant during a visit or hospital
admission.

In the embodiments of FIGS. 6 and 7, the device considers
a profile depending not only on heart rate Fc, but also on the
activity status of the patient.

As shown in FIG. 6, for example, three sets of state
activity, depending on the indication given by a sensor such
as an accelerometer sensor (G sensor) integrated into the
implant, are defined:

“Rest” R: low value of the activity sensor;

“Effort” E: high value of the activity sensor, and

“Recovery” REC: e.g. for a given fixed period after a

period of “effort,” and/or until the patient’s heart rate
decreases down to a specified resting frequency.

FIG. 6 shows e.g. the evolution of the patient’s condition,
following the arrows: starting from a stable rest situation and
slow rhythm (binl/R state), the patient begins to move
(bin1/E state), which induces an increase in heart rate (up to
bind/E state). When the patient terminates his/her effort, he
goes into recovery and the heart rate gradually decreases
(bind/REC state, then bin3/REC state). At the end of the
required recovery time, the state becomes a resting state
(bin3/R state) and the heart rate gradually decreases, still in
the rest state until the base frequency corresponding to the
initial situation (binl/R state).

As shown in FIG. 7, a three-dimensional profile with 4x3
bins is defined, i.e. 4 frequency bins (as in FIG. 4) combined
with 3 activity bins (activity/rest/recovery, labelled as E, R,
Rec, respectively). The algorithm analyzes this three-dimen-
sional profile and its short-term/long-term evolution using
techniques similar to those described above for the two-
dimensional profile of FIG. 4, in order to assess the evolu-
tion of the patient’s pathology.

What is claimed is:
1. A computerized method for evaluating heart status of a
patient, comprising:

using a microcontroller coupled to heart rate and endo-
cardial acceleration sensors to calculate a hemody-
namic parameter;

storing a plurality of heart rate and hemodynamic param-
eter pairs in bins, the bins grouped by heart rate, for
both a long-term patient profile and a short-term patient
profile;

calculating a difference between the long-term profile and
the short-term profile for each bin and multiplying each
resultant difference by a weight for the bin,

using the resulting products to calculate an index repre-
sentative of the weighted difference between the long-
term profile and the short-term profile; and
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generating an output from a device using a determination

based on the index.

2. The computerized method of claim 1, wherein the
hemodynamic parameter is the duration between two peaks
of endocardial acceleration.

3. The computerized method of claim 1, wherein the
hemodynamic parameter is the endocardial acceleration
amplitude.

4. The computerized method of claim 1, wherein the
determination based on the index comprises comparing the
index to a threshold.

5. The computerized method of claim 4, wherein genet-
ating an output from the device comprises generating a
graphical representation of a bar graph, wherein each heart
rate bin forms a bar and each bar illustrates the long term
profile data and the short term profile data for the bin.

6. The computerized method of claim 4, wherein gener-
ating an output comprises transmitting an alert from the
device to a remote system.

7. The computerized method of claim 1, further compris-
ing modelling the short-term profile using a linear regression
model or a quadratic regression model.

8. The computerized method of claim 7, wherein param-
eters generated from the linear regression model or the
quadratic regression model are used to calculate the index.

9. The computerized method of claim 1, wherein the bins
grouped by heart rate are indicative of a discrimination
between different activity phases of the patient.

10. The computerized method of claim 9, wherein the
different activity phases of the patient include phases of
effort, rest and recovery.

11. The computerized method of claim 9, further com-
prising defining triplets of values during different cardiac
cycles, the triplets of values including a first value indicating
an activity, as second value indicating the heart rate, and a
third value indicating a time interval separating a first peak
and a second peak of endocardial acceleration.

12. The computerized method of claim 11, further com-
prising developing a three dimensional graphical profile of
the triplets, and placing the triplets in predetermined fre-
quency classes of the three dimensional graphical profile.
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13. The computerized method of claim 1, further com-
prising modifying a configuration of the device based on the
index representative of the weighted difference between the
long-term profile and the short-term profile.
14. A computerized method for evaluating heart status of
a patient, comprising:
tracking a plurality of heart rate, hemodynamic parameter,
and activity triplets for a patient using sensor readings;

grouping the tracked triplets into at least three heart rate
bins spanning at least three activity level bins;

comparing short term performance within each activity to
long term performance within each activity level,
wherein the comparison comprises evaluating the bin-
to-bin hemodynamic parameter changes within each
activity level; and

transmitting an alert from a device to a remote system

based on the index.

15. The computerized method of claim 14, wherein the
comparison further comprises:

multiplying a hemodynamic parameter assigned to a bin

by a weighting value.

16. The computerized method of claim 15, wherein the
comparison further comprises:

calculating a difference between a long term performance

and a short term performance for each heart rate bin and
activity level bin pair.

17. The computerized method of claim 16, wherein the
comparison further comprises:

calculating an index representative of the difference

between the long-term performance and the short-term
performance.

18. The computerized method of claim 14, wherein the
activity levels include levels of rest, effort and recovery.

19. The computerized method of claim 14, further com-
prising developing a three dimensional graphical profile of
discrete values according to the tracked triplets, and placing
the triplets in predetermined frequency classes of the three
dimensional graphical profile.
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