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(57) ABSTRACT

A device 1is described for analyzing electrocardiogram data.
The device comprises processing means for comparing at
least one parameter. indicative of a morphological feature
comprising a multi-dimensional ST segment feature, derived
from a temporal sequence of electrocardiogram data to a
previously determined distribution of the at least one param-
eter. Based on the comparison, a signal representative of a risk
of a myocardial infarction occurring in the body of the user is
provided. A corresponding method and device are also
described. The electrocardiogram data comprises a bipolar
measurement between a chest electrode point and the right

(51) Imt.CL upper extremity, a bipolar measurement between the left
A61B 5/00 (2006.01) crista iliaca and the right upper extremity and a bipolar mea-
A61B 5/0452 (2006.01) surement between the left and the right upper extremity.
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ELECTROCARDIOGRAM ANALYSIS

FIELD OF THE INVENTION

[0001] The invention relates to the field of cardiovascular
health risk management and disease detection. More specifi-
cally it relates to methods and devices for analyzing electro-
cardiogram data in order to determine a signal indicative of
myocardial infarction, e.g. an alert state indicative of the
detected occurrence of a possible ST-segment elevation myo-
cardial infarction (STEMI) event using self-testing applica-
tions.

BACKGROUND OF THE INVENTION

[0002] The presence of a cardiovascular complication in a
patient entails an important health risk, which forms one of
the leading causes of morbidity and mortality in Europe and
North America. A reliable diagnosis of such a cardiovascular
complication has a significant impact on successful treat-
ment, which is particularly important for patients showing
symptoms of acute coronary syndrome (ACS), since such
symptoms of ACS imply a heightened risk of experiencing
irreversible cardiac injury. An acute coronary syndrome is
caused by a blockage in a coronary artery which substantially
cuts off the blood supply to connected areas of the myocar-
dium, resulting in acute myocardial ischemia.

[0003] Patients with chest pain or signs of instable angina
or ACS may frequently present to their doctor or to the emer-
gency room for clinical evaluation, whichincludes evaluation
of their medical history specifically directed to evidence of
existing cardiovascular disease or risk factors therefor, analy-
sis of the type of symptoms as described, as well as clinical
signs associated with acute coronary syndrome such as evi-
dence of pulmonary edema, hypotension, tachycardia or
bradycardia. Furthermore, an electrocardiogram (ECG) and
laboratory tests may be performed. From the evidence
obtained, a diagnosis may be established which includes con-
firmation of the suspected ACS and a differential diagnosis
for, for example, unstable angina pectoris (UAP), ST-segment
elevation myocardial infarction (STEMI) or non-ST-segment
elevation myocardial infarction (NSTEMI). Particularly, the
FECG may provide important information for confirmation of
ACS and differential diagnosis. The interpretation of ECG
signals is known in the art. Particularly, if the ECG shows
elevated ST segments, a ST segment elevated myocardial
infarction (STEMI) is diagnosed.

[0004] Myocardial infarction (MI), also termed heart
attack, is known as cell necrosis in the myocardium resulting
from ischemia. Myocardial infarction can be caused by the
sudden occlusion or significant narrowing of a coronary
artery. The sudden narrowing or occlusion of a coronary
artery is frequently caused by the formation of a thrombus
after plaque disruption. In case of insufficient collaterals,
blood flow is obstructed and the affected myocardium
becomes ischemic.

[0005] It is well established that the duration of coronary
artery occlusion is significant to the nature and extent of
myocardial damage. In a first stage after artery occlusion,
ischemic damage occurs. This damage may be fully revers-
ible if sufficient blood flow of the occluded artery is reestab-
lished within a short period in time. However, If reperfusion
is only achieved within 2 to 4 hours after ischemia, irrevers-
ible cardiac injury will develop and postischemic dysfunction
may furthermore develop in other parts of the myocardium.
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Thus early intervention is needed to save myocardium by
protecting the affected myocardium from necrosis and to
prevent late sequelae of necrosis such as heart failure and to
reduce long-term and short-term mortality.

[0006] Delayed medical attendance may therefore be an
important risk to the health of patients with ST elevation
myocardial infarction (STEMI). A substantial patient delay,
e.g. defined as the time from symptom onset until first medi-
cal contact, can form a leading cause of death in patients with
STEMI. In developed countries, median delay time from
symptom onset to hospital arrival may range from 1.5 hours to
more than 6 hours. Observational studies from data registries
indicate that 1 hour reduction in delay may be associated with
more than ten extra lives saved per 1000 patients treated. The
potential benefits of reducing patient delay may even be
underestimated as patients with STEMI dying from ventricu-
lar fibrillation in the pre-hospital phase are often not included
in registry studies.

[0007] Furthermore, the effect of education and public
information campaigns on the decision of patients to seek
early medical attendance appears rather limited. Therefore,
methods for self-diagnosis and early detection of acute coro-
nary artery occlusion (CAO), e.g. a method which allows the
subject to perform an initial risk assessment for CAO and/or
for establishing a probability of occurrence ofa STEMI event,
may form an important tool for motivating patients to seek
medical assistance in elevated risk situations, and may thus
improve the efficiency of medical emergency services, e.g. by
reducing the inflow of false positive cases and improving the
inflow of patients having an early recognized risk of suffering
a STEML

[0008] Electrocardiograph (ECG) devices for recording
bioelectric data from a body are known in the art. For
example, in U.S. Pat. No. 6,055,448, a device is disclosed
which comprises an array of electrode leads for detecting an
electrical signal associated with components of aheartbeat. In
a known configuration, such a device can be embodied in an
electrode vest comprising, for example, 80 electrode leads.
However, for devices and method for self-diagnosis and early
detection of acute coronary artery occlusion (CAO), e.g. for
performing an initial risk assessment, simple means for
recording, e.g. requiring only few electrode leads and simple
yet robust means for ECG analysis are preferred.

[0009] InU.S. Patent Application No. US 2005/0085736, a
portable ECG detector device is disclosed for detecting a
myocardial infarction. The device includes a processor which
records a baseline ECG from a plurality of electrodes. If data
representing current bodily activity deviate from the baseline
ECG by a predetermined deviation value, the user is notified
to seek medical attention. The baseline ECG reference data
thereby typically is recorded for a user lying down in a supine
position having his legs raised. While this prior art device
allows detection of elevation or depression of the ST-segment
above or below a predetermined level in relation to the base-
line ST-segment recording, there is still room for improved
sensitivity and specificity for raising an attention signal, for
example, to avoid that normal physiological variations are
mistaken for a ST-segment deviation indicative of a health
risk.

SUMMARY OF THE INVENTION

[0010] Itisan object of embodiments of the present inven-
tion to provide means and methods for fast and efficient
preliminary analysis of the ST-segment in an electrocardio-

gram.
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[0011] The above objective is accomplished by a method
and device according to the present invention.

[0012] The present invention relates to a device for analyz-
ing electrocardiogram data, the device comprising an input
means for obtaining a temporal sequence of electrocardio-
gram data registered by a plurality of electrodes correspond-
ing to a plurality of predetermined locations on the body of a
user, a processing unit connected to said input means to
receive and process the temporal sequence of electrocardio-
gram data, the processing unit being programmed for deter-
mining at least one parameter indicative of a morphological
feature from said temporal sequence of electrocardiogram
data and for performing a comparison of said at least one
parameter to a previously determined distribution of said at
least one parameter, and an output means connected to said
processing unit for generating a signal taking into account
said coniparison, the signal being representative of arisk ofa
myocardial infarction occurring in said body. The morpho-
logical feature comprises a multi-dimensional ST segment
feature, e.g. an ST-vector. The electrocardiogram data com-
prises a) a first bipolar measurement obtained between a chest
electrode point on the body located between 3 ¢m and 6 cm
above the fourth left parasternal intercostal space and a loca-
tion on the right upper extremity, b) a second bipolar mea-
surement obtained between the left crista iliaca and the loca-
tion on the right upper extremity, and ¢) a third bipolar
measurement obtained between a location on the left upper
extremity and the location on the right upper extremity.
[0013] Itis anadvantage of embodiments according to the
present invention that a notification signal can be raised with
good specificity and sensitivity for indicating a risk of myo-
cardial infarction, indicative for a probable occurrence of an
acute coronary artery occlusion event.

[0014] Inadevice according to embodiments of the present
invention, the processing unit may be adapted for performing
said comparison by comparing the at least one parameter to
the previously determined distribution of the at least one
parameter, in which this distribution corresponds to a distri-
bution of the at least one parameter over a population of
reference samples. This population may substantially consist
of samples of the at least one parameter obtained from a
plurality of different individuals having the same gender as
the user.

[0015] Inadevice according to embodiments of the present
invention, the processing unit may be adapted for performing
the comparison by comparing the at least one parameter to a
previously recorded individual spatial reference of the at least
one parameter obtained from the user under a plurality of
different physiological conditions.

[0016] Itis anadvantage of embodiments according to the
present invention that an analysis may be performed which is
personalized to the physiological characteristics of the sub-
ject being monitored. It is an advantage of embodiments
according to the present invention that a self-assessment can
be performed by a user, e.g. without requiring intervention of
medically qualified personnel, for early detection of acute
coronary artery occlusion (CAQO), e.g. for an initial risk
assessment for CAO.

[0017] Thedifferent physiological conditions may be more
than three different physiological conditions, e.g. more than
six different physiological conditions, e.g. more than ten dif-
ferent physiological conditions.

[0018] Thedevice may furthermore be adapted for prompt-
ing the user for inputting during a calibration and/or re-cali-
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bration procedure a temporal sequence of electrocardiogram
data registered by a plurality of electrodes corresponding to
the plurality of predetermined locations on the body of the
user obtained under a plurality of different physiological
conditions. Tt is an advantage of embodiments of the present
invention that a user friendly device is obtained that allows a
self-assessment that can be performed with low sensitivity to
false positives due to physiological variations.

[0019] The processing unit may furthermore be adapted for
deriving an updated distribution of said at least one parameter
based on said temporal sequences inputted during a re-cali-
bration procedure. It is an advantage of embodiments accord-
ing to the present invention that a self-assessment can be
performed with low sensitivity to false positives due to physi-
ological variations, e.g. due to physical exertion. It is an
advantage of embodiments according to the present invention
that a self-assessment can be performed with low sensitivity
to slow shifts in physiological parameters over time.

[0020] The device furthermore may be adapted for storing
the updated distribution in a memory means and using the
updated distribution in the comparison in future measure-
ments.

[0021] Inadevice according to embodiments of the present
invention, the processing unit may be adapted for performing
the comparison of the at least one parameter to the previously
determined distribution by subtracting, from the at least one
parameter, an average of the at least one parameter obtained
from the user under a plurality of different physiological
conditions, corresponding to the previously recorded indi-
vidual spatial reference, such as to obtain a shift vector. The
processing unit may be further adapted for applying a coor-
dinate transformation to this shift vector.

[0022] Inadevice according to embodiments of the present
invention, the processing unit may be adapted for applying
the coordinate transformation to the shift vector, in which the
coordinate transformation is determined by a principal com-
ponent analysis of a further distribution of the at least one
parameter over a population of reference samples obtained
from a plurality of different individuals.

[0023] Inadevice according to embodiments of the present
invention, the processing unit may be adapted for applying
the coordinate transformation to the shift vector, in which the
coordinate transformation is determined by a principal com-
ponent analysis of the at least one parameter obtained from
the user under a plurality of different physiological conditions
corresponding to the previously recorded individual spatial
reference.

[0024] Theinput means may comprise the plurality of elec-
trodes. It is an advantage of embodiments of the present
invention that a device can be provided that allows both
measurements, processing and indicating results.

[0025] The plurality of electrodes may consist of two elec-
trodes. It is an advantage of embodiments of the present
invention that a device can be provided that easily allows
measurements by a user.

[0026] The device may be adapted in volume and mass to
be transportable in a clothing pocket or handbag. Tt is an
advantage of embodiments of the present invention thata user
friendly device is provided.

[0027] The device may be integrated into a mobile phone or
a tablet computer. It is an advantage of embodiments of the
present invention that the device can be combined with
widely spread consumer devices, such as a mobile phone, e.g.
a smartphone, or a tablet computer.
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[0028] The device may be adapted for, for generating the
signal, taking into account a further distribution of said at
least one parameter, in which said further distribution is
obtained from a population of reference individuals. It is an
advantage of embodiments of the present invention that the
techniques can be easily combined with other existing tech-
niques for further improving detectivity.

[0029] The device may be adapted for prompting a user
with a self-evaluation questionnaire and for taking into
account, for generating the signal, answers to a self-evalua-
tion questionnaire. It is an advantage of embodiments of the
present invention that the techniques can be easily combined
with other existing techniques for further improving specific-
ity.

[0030] The present invention also relates to a method for
analyzing electrocardiogram data, the method comprising
obtaining a temporal sequence of electrocardiogram data reg-
istered by at least two electrodes corresponding to a plurality
of predetermined locations on the body of a user, in which the
electrocardiogram data comprises a) a first bipolar measure-
ment between a chest electrode point on the body located
between 3 cm and 6 c¢m above the fourth left parasternal
intercostal space and a location on the right upper extremity,
b) asecond bipolar measurement between the left cristailiaca
and the location on the right upper extremity, and ¢) a third
bipolar measurement between a location on the left upper
extremity and the location on the right upper extremity. The
method further comprises determining at least one parameter
indicative of a morphological feature from said temporal
sequence of electrocardiogram data, and performing a com-
parison of said at least one parameter to a previously deter-
mined distribution of the at least one parameter. The method
also comprises generating a signal, representative of a risk of
a myocardial infarction occurring in the body of the user,
taking into account the comparison. The morphological fea-
ture comprises a multi-dimensional ST segment feature, e.g.
an ST-vector.

[0031] In a method according to embodiments of the
present invention, performing the comparison may comprise
subtracting from the at least one parameter an average of the
at least one parameter over the previously determined distri-
bution such as to obtain a shift vector, and may further com-
prise applying a coordinate transformation to this shift vector.
[0032] For applying said coordinate transformation to said
shift vector, said coordinate transformation may be deter-
mined by a principal component analysis of a further distri-
bution of the at least one parameter over a population of
reference samples obtained from a plurality of different indi-
viduals.

[0033] For applying said coordinate transformation to said
shift vector, said coordinate transformation may be deter-
mined by a principal component analysis of said at least one
parameter obtained from said user under a plurality of differ-
ent physiological conditions corresponding to said previously
recorded individual spatial reference.

[0034] Obtaining a temporal sequence of electrocardio-
gram data may comprise obtaining at least three time series of
bipolar measurements, each of the time series being recorded
consecutively.

[0035] In a method according to embodiments of the
present invention, the previously determined distribution of
the at least one parameter may correspond to a distribution of
the at least one parameter over a population of reference
samples, in which this population consists substantially of
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samples ofthe at least one parameter obtained from a plurality
of different individuals having the same gender as the user.
[0036] A method according to embodiments of the present
invention, may further comprise a step of obtaining a previ-
ously recorded individual spatial reference of the at least one
parameter obtained from the user under at least two different
physiological conditions, and in which the previously deter-
mined distribution of the at least one parameter comprises the
previously recorded individual spatial reference ofthe at least
one parameter.

[0037] The at least two different physiological conditions
may be representative for mostorall physiological conditions
wherein measurements may be taken in the future. The
method may comprise, prior to said obtaining, updating the
distribution of said at least one parameter obtained from said
user under a plurality of different physiological conditions.
[0038] Updating may comprise obtaining a temporal
sequence of electrocardiogram data registered by a plurality
of electrodes corresponding to the plurality of predetermined
locations on the body of the user under a plurality of different
physiological conditions, as prompted.

[0039] Obtaining the temporal sequence of electrocardio-
gram data may comprise obtaining electrocardiogram data
using a measurement wherein the chest electrode point is
located between 3 cm and 6 cm above the fourth left paraster-
nal intercostal space on the body.

[0040] Generating said signal may comprise generating
said signal representative of a risk of an acute coronary artery
occlusion by acute regional transmural ischemia detection.
[0041] Determining the at least one parameter may com-
prise determining at least one value indicative of a morpho-
logical feature from the temporal sequence of electrocardio-
gram data.

[0042] Determining the at least one parameter may com-
prise determining at least one value indicative of a morpho-
logical feature defined for a local time interval less than the
duration of a representative heartbeat.

[0043] Determining the at least one parameter may com-
prise determining at least one value indicative of a property of
at least one ST segment in said temporal sequence of electro-
cardiogram data.

[0044] Determining at least one parameter may comprise
determining at least one value indicative of J-point elevation.
[0045] Determining at least one parameter may comprise,
for each subsequence corresponding to a single heartbeat in
said temporal sequence, detecting a first fiducial marker inthe
ST segment and detecting a second fiducial marker in the PR
segment, and calculating the difference in amplitude between
the first fiducial marker and the second fiducial marker aggre-
gated over a plurality of said subsequences.

[0046] The method furthermore may comprise preprocess-
ing said temporal sequence of electrocardiogram data for
reducing noise and uninformative contributions to said elec-
trocardiogram data.

[0047] Generating the signal representative of the risk of a
myocardial infarction occurring in said body furthermore
may take a further distribution of said at least one parameter
into account, in which said further distribution is obtained
from a population of reference individuals.

[0048] Generating the signal representative of the risk of a
myocardial infarction may comprise taking answers provided
by said user in response to a self-evaluation questionnaire into
account.
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[0049] The present invention also relates to an application
program product for, when executing on a computing device,
executing a method as described above.

[0050] The present invention also relates to a computer-
readable data carrier storing an application program product
as described above.

[0051] The present invention also relates to the transmis-
sion of an application program product as described above
over a communication network.

[0052] The present invention furthermore relates to the use
of a device as described above or of an application program
product as described above for self-assessment of a cardio-
vascular health risk.

[0053] The plurality of different physiological conditions
as used in the method and/or device according to embodi-
ments of the present invention may be chosen to be represen-
tative for the situations in which a myocardial infarction
could take place, i.e. for instance physiological conditions
that a user frequently performs.

[0054] Particular and preferred aspects of the invention are
set out in the accompanying independent and dependent
claims. Features from the dependent claims may be combined
with features of the independent claims and with features of
other dependent claims as appropriate and not merely as
explicitly set out in the claims.

[0055] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] FIG. 1 shows an exemplary method according to
embodiments of the present invention.

[0057] FIG. 2 shows an exemplary method for determining
the at least one parameter in a method according to embodi-
ments of the present invention.

[0058] FIG. 3 shows a device according to embodiments of
the present invention.

[0059] FIG. 4 shows an exemplary electrode lead position-
ing system for use with a method according to embodiments
of the present invention.

[0060] FIG. 5 shows a procedure for self-application of a
simple single bipolar measurement device for acquiring elec-
trocardiogram data for the electrode lead positioning system
shown in FIG. 4, in accordance with embodiments of the
present invention.

[0061] FIG. 6 shows a block diagram for an exemplary
preprocessing of electrocardiogram data in a method accord-
ing to embodiments of the present invention.

[0062] FIG. 7 shows an exemplary data plot corresponding
to abaseline measurement in a healthy user over 12 s using the
3-lead system described above in relation to FIG. 4, in accor-
dance with embodiments of the present invention.

[0063] FIG. 8 shows a second exemplary data plot corre-
sponding to a measurement under coronary artery obstruction
conditions over 12 s using the 3-lead system described above
in relation to FIG. 4, in accordance with embodiments of the
present invention.

[0064] FIG. 9 shows exemplary data for illustrating the
comparison of the at least one parameter to the distribution in
accordance with embodiments of the present invention.
[0065] FIG. 10 shows an exemplary basis transformation
applied to the exemplary data in FIG. 9 in order to separate
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conditions for generating a signal from uneventful condi-
tions, in accordance with embodiments of the present inven-
tion.

[0066] FIG. 11 shows the inter-individual variation of the
ST reference point in the healthy and the PTCA group for an
example illustrating embodiments of the present invention.

[0067] FIG. 12 shows projections of the ST shift vectors on
the Y-Z plane after the basis transformation illustrated in FIG.
10, superimposed on the short axes view of echocardio-
graphy, for an example illustrating embodiments of the
present invention.

[0068] FIG. 13 shows a scatter plot of the magnitude of ST
shift vectors in healthy and occlusion subjects in learning and
validation datasets, in an example according to embodiments
of the present invention.

[0069] FIG. 14 shows boxplots of the magnitudes of the
ST-shift vectors in learning dataset and validation set of
healthy subjects and patients in an example according to
embodiments of the present invention.

[0070] FIG. 15 illustrates a positioning of an electrode 10
cm below the suprasternal notch and 6 cm horizontally left,
corresponding to the third intercostal space parasternal left, in
accordance with embodiments of the present invention.

[0071] FIG. 16 shows an acquisition timing scheme in an
example illustrating embodiments of the present invention.

[0072] FIG. 17 shows detected ST amplitudes in three leads
and the use of an individualized reference point in accordance
with embodiments of the present invention.

[0073] FIG. 18 schematically illustrates features of a
method according to a first example of embodiments of the
present invention.

[0074] FIG. 19 schematically illustrates features of a
method according to a second example of embodiments of the
present invention.

[0075] FIG. 20 schematically illustrates features of a
method according to a third example of embodiments of the
present invention.

[0076] FIG. 21 shows receiver operating characteristic
curves corresponding to a method employing a set of electro-
cardiogram leads in accordance with embodiments of the
present invention and a method using interpolated values
approximating the lead signals in accordance with embodi-
ments of the present invention using a standard 12-lead ECG
configuration as known in the art.

[0077] FIG. 22 shows receiver operating characteristic
curves corresponding to a method employing a set of electro-
cardiogram leads in accordance with embodiments of the
present invention and a method using interpolated values,
obtained over a female test population.

[0078] FIG. 23 shows receiver operating characteristic
curves corresponding to a method employing a set of electro-
cardiogram leads in accordance with embodiments of the
present invention and a method using interpolated values,
obtained over a male test population.

[0079] The drawings are only schematic and are non-lim-
iting. In the drawings, the size of some of the elements may be
exaggerated and not drawn on scale for illustrative purposes.

[0080] Any reference signs in the claims shall not be con-
strued as limiting the scope.

[0081] In the different drawings, the same reference signs
refer to the same or analogous elements.
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DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0082] The present invention will be described with respect
to particular embodiments and with reference to certain draw-
ings but the invention is not limited thereto but only by the
claims. The drawings described are only schematic and are
non-limiting. In the drawings, the size of some of the ele-
ments may be exaggerated and not drawn on scale for illus-
trative purposes. The dimensions and the relative dimensions
do not correspond to actual reductions to practice of the
invention.

[0083] Furthermore, the terms first, second and the like in
the description and in the claims, are used for distinguishing
between similar elements and not necessarily for describing a
sequence, either temporally, spatially, in ranking or in any
other manner. It is to be understood that the terms so used are
interchangeable under appropriate circumstances and that the
embodiments of the invention described herein are capable of
operation in other sequences than described or illustrated
herein.

[0084] Moreover, the terms top, under and the like in the
description and the claims are used for descriptive purposes
and not necessarily for describing relative positions. Itis to be
understood that the terms so used are interchangeable under
appropriate circumstances and that the embodiments of the
invention described herein are capable of operation in other
orientations than described or illustrated herein.

[0085] Itisto benoticed that the term “comprising”, used in
the claims, should not be interpreted as being restricted to the
means listed thereafter; it does not exclude other elements or
steps. It is thus to be interpreted as specifying the presence of
the stated features, integers, steps or components as referred
to, but does not preclude the presence or addition of one or
more other features, integers, steps or components, or groups
thereof. Thus, the scope of the expression “a device compris-
ing means A and B” should not be limited to devices consist-
ing only of components A and B. It means that with respect to
the present invention, the only relevant components of the
device are A and B.

[0086] Reference throughout this specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure or characteristic described in connection
with the embodiment is included in at least one embodiment
of the present invention. Thus, appearances of the phrases “in
one embodiment” or “in an embodiment” in various places
throughout this specification are not necessarily all referring
to the same embodiment, but may. Furthermore, the particular
features, structures or characteristics may be combined in any
suitable manner, as would be apparent to one of ordinary skill
in the art from this disclosure, in one or more embodiments.

[0087] Similarly it should be appreciated that in the
description of exemplary embodiments of the invention, vari-
ous features of the invention are sometimes grouped together
in a single embodiment, figure, or description thereof for the
purpose of streamlining the disclosure and aiding in the
understanding of one or more of the various inventive aspects.
This method of disclosure, however, is not to be interpreted as
reflecting an intention that the claimed invention requires
more features than are expressly recited in each claim. Rather,
as the following claims reflect, inventive aspects lie in less
than all features of a single foregoing disclosed embodiment.
Thus, the claims following the detailed description are hereby
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expressly incorporated into this detailed description, with
each claim standing on its own as a separate embodiment of
this invention.

[0088] Furthermore, while some embodiments described
herein include some but not other features included in other
embodiments, combinations of features of different embodi-
ments are meant to be within the scope of the invention, and
form different embodiments, as would be understood by
those in the art. For example, in the following claims, any of
the claimed embodiments can be used in any combination.
[0089] In the description provided herein, numerous spe-
cific details are set forth. However, it is understood that
embodiments of the invention may be practiced without these
specific details. In other instances, well-known methods,
structures and techniques have not been shown in detail in
order not to obscure an understanding of this description.
[0090] In a first aspect, the present invention relates to a
method for analyzing electrocardiogram data. This method
comprises obtaining a temporal sequence of electrocardio-
gram data registered by at least two electrodes corresponding
to aplurality of predetermined locations onthe body of a user.
The method further comprises determining at least one
parameter indicative of a morphological feature from the
temporal sequence of electrocardiogram data, and perform-
ing a comparison of the at least one parameter to a previously
determined distribution of the at least one parameter, e.g. a
predetermined distribution of the at least one parameter. The
morphological feature comprises a multi-dimensional ST
segment feature, for example a vector ST segment feature,
such as an ST-injury vector. The method also comprises gen-
erating a signal taking into account this comparison, for
example a signal representative of a risk of a myocardial
infarction occurring in the body of the user. Obtaining the
temporal sequence of electrocardiogram data comprises
obtaining a temporal sequence of electrocardiogram data, in
which the electrocardiogram data comprises a first bipolar
measurement between a chest electrode point on the body
located between 3 cm and 6 cm above the fourth left paraster-
nal intercostal space and a location on the right upper extrem-
ity, e.g. the right shoulder, a second bipolar measurement
between the left crista iliaca and the location on the right
upper extremity, e.g. the right shoulder, and a third bipolar
measurement between a location on the left upper extremity,
e.g. the left shoulder, and the location on the right upper
extremity, e.g. the right shoulder.

[0091] In a method according to embodiments of the
present invention, performing the comparison may comprise
subtracting from the at least one parameter an average of this
at least one parameter over the previously determined distri-
bution to obtain a shift vector, and applying a coordinate
transformation to this shift vector.

[0092] In a method according to embodiments of the
present invention, the previously determined distribution of
the at least one parameter may correspond to a distribution of
the at least one parameter over a population of reference
samples, in which this population substantially consists of
samples of the at least one parameter obtained from a plurality
of different individuals having the same gender as said user.
[0093] A method according to embodiments of the present
invention may also comprise a step of obtaining a previously
recorded individual spatial reference of the at least one
parameter obtained from the user under at least two different
physiological conditions. In such embodiments, the previ-
ously determined distribution of the at least one parameter
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may comprise the previously recorded individual spatial ref-
erence of said at least one parameter.

[0094] By way ofillustration standard and optional features
will further be described with reference to the drawings,
embodiments of the present invention not being limited
thereto.

[0095] Referring to FIG. 1, an exemplary method 1 for
analyzing electrocardiogram data according to embodiments
of the present invention is shown. The method 1 may accord-
ing to embodiments of the invention, be entirely or in part a
computer-implemented method, for example the method 1 or
steps of the method 1 may be implemented in software for
execution on a handheld computing device, such as, for
example, a mobile phone. In particular embodiments, the
method may be implemented as application program product,
also referred to as applet.

[0096] This method 1 comprises in a first step obtaining 3 a
temporal sequence of electrocardiogram data registered by a
plurality of electrodes corresponding to a plurality of prede-
termined locations on the body of a user. It thereby is to be
noticed that when using a handheld device, the plurality of
electrodes may be two electrodes, the two electrodes being
sufficient for recording the required data. When applying
wired electrodes, typically one uses at least 4 electrodes for
obtaining 3 bipolar measurements.

[0097] Obtaining 3 this temporal sequence of electrocar-
diogram data comprises obtaining 3 a temporal sequence of
electrocardiogram data, in which the electrocardiogram data
comprises a first bipolar measurement between a chest elec-
trode point VE on the body located between 3 cm and 6 cm
above the fourth left parasternal intercostal space and a loca-
tion on the right upper extremity, e.g. the right shoulder VR,
a second bipolar measurement between the left crista iliaca
VF and the location on the right upper extremity, e.g. the right
shoulder VR, and a third bipolar measurement between a
location on the left upper extremity, e.g. the left shoulder VL,
and the location on the right upper extremity, e.g. the right
shoulder VR. Such a configuration may result in little varia-
tion during physiological conditions with high sensitivity for
pathological conditions and is user friendly, as the measure-
ments may be in a significant number of cases be performed
without the need for removing clothes. A corresponding lead
configurationis shown in FIG. 4. Itis to be noted that although
the electrocardiogram data may comprise additional data cor-
responding to further electrode lead configurations, e.g.
obtained by electrodes located at other points on the body, the
electrocardiogram data may consist of the first, second and
third bipolar measurement in advantageous embodiments of
the present invention. A bipolar measurement is a measure-
ment of a potential difference between two predetermined
locations, at least one of the predetermined locations being a
location on the body of a user. The reference for the measure-
ment may be outside the human body. With different bipolar
measurements is meant bipolar measurements wherein the
location of at least one of the electrodes on the human body
differs for different bipolar measurements. The temporal
sequence of electrocardiogram data may comprise at least
one time series for each of the bipolar measurements. The
temporal sequence of this electrocardiogram data thus may
consist of at least one time series of the first bipolar measure-
ment, at least one time series of the second bipolar measure-
ment and at least one time series of the third bipolar measure-
ment. These time series may comprise first, second and third
bipolar measurements corresponding to substantially the
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same points in time, e.g. may be obtained simultaneously, but
may also be obtained consecutively, e.g. by positioning a pair
of electrodes on the corresponding reference points on the
body for each bipolar measurement in a sequence or with a
handheld device comprising at least two electrodes and posi-
tioning the handheld device consecutively on different loca-
tions of the human body.

[0098] In the configuration described above, left shoulder
and right shoulder may refer to standard ECG electrode posi-
tioning locations on the body of the user, e.g. the top of the left
shoulder and the top of the right shoulder respectively, as for
example the Lund configuration as described and validated
(Tragardh-Johansson E et. al., Journal of Electrocardiology,
44(2011) 109-114). However, one or more of these points
may also refer to another location on respectively the left and
right upper extremity, e.g. the left and right wrist or hand.
Furthermore, the chest electrode point may preferably be
located between 2.5 and 6.5 cm above the fourth left paraster-
nal intercostal space, e.g. even more preferred, at substan-
tially 4.5 cm above the fourth left parasternal intercostal
space. The chest electrode point may be 4.5 cm above the
conventional V2 point.

[0099] Itis an advantage of this bipolar lead configuration
that only three leads are necessary to obtain good results, that
the electrode positioning is easy and reproducible, that the
obtained electrocardiogram data is sensitive to ST changes
during occlusion in each of the three coronary territories, and
that the obtained electrocardiogram data is less sensitive to
ST variations in physiological conditions.

[0100] Itisafurther advantage ofthe described 3-lead ECG
configuration that data may be easily obtained by the user, for
example, by collecting data time series consecutively for the
three bipolar measurements. Referring to FIG. 5, an example
is shown how such data collection may be possible through a
small, handheld device, e.g. a mobile phone with an inte-
grated ECG electrode. First, in step 101, ECG data is sampled
corresponding to the first bipolar measurement, measuring an
electrical potential difference over the points VE and VR,
then, in step 102, ECG data is sampled corresponding to the
second bipolar measurement, measuring an electrical poten-
tial difference over the points VR and VF, and finally, in step
103, ECG data is sampled corresponding to the third bipolar
measurement, measuring an electrical potential difference
over the points VL and VR. It may be noted that, the reference
electrode which participates in all three steps, e.g. the VR
point, may correspond to a reference potential on the hand in
which the device used for these measurements is held, e.g.
such that the steps 101, 102 and 103 may be easily executed
by bringing a surface electrode on the device into contact with
the corresponding other voltage point on the body.

[0101] The method 1 according to embodiments of the
present invention may also comprise a preprocessing 2 of the
temporal sequence of electrocardiogram data, e.g. for reduc-
ing noise and uninformative contributions to the electrocar-
diogram data. An exemplary block diagram of such a prepro-
cessing 2 is shown in FIG. 6. Such preprocessing 2 may
comprise correcting 51 of baseline wandering by using a
high-pass filter HPF and removing muscle interference by
applying a low-pass filter LPF. The preprocessing 2 may
further comprise smoothing S2, e.g. by using a moving aver-
age filter, and determining S3 the slope between consecutive
data points (dv/dt) for then rectifying the signal.

[0102] Thepreprocessing 2 may comprise smoothing S4 by
using a moving average filter, amplifying S5 the signal, e.g.
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by applying a square function, and multiplication S6é of the
amplified signal with the smoothed signal from S4.

[0103] The preprocessing 2 may further comprise again
smoothing S7 by using a moving average filter, determining
S8 the slope between consecutive data points (dv/dt) and
rectifying the signal, two-steps smoothing S9,510 of the sig-
nal by using a moving average filter, determining S11 the
slope between consecutive data points, two-steps S12,513
smoothing of the signal by using a moving average filter and
finally S14 rectifying the signal.

[0104] However, the preprocessing 2 described herein-
above in relation to FIG. 6 is only exemplary, and any com-
bination of known preprocessing techniques for ECG data
may be suitable, as will be clear to the person skilled in the art.
[0105] The method 1 comprises in a following step the
determining 5 of at least one parameter indicative of a mor-
phological feature from the temporal sequence of electrocar-
diogram data.

[0106] Determining 5 the at least one parameter may com-
prise determining at least one value indicative of a morpho-
logical feature of the temporal sequence of electrocardiogram
data. This morphological feature comprises a multi-dimen-
sional ST segment feature, such as an ST-injury vector.
[0107] Determining 5 the at least one parameter may com-
prise determining at least one value indicative of a morpho-
logical feature defined for a local time interval less than the
duration of a representative heartbeat.

[0108] Determining 5 the at least one parameter may com-
prise determining at least one value indicative of a local
feature of the temporal sequence of electrocardiogram data,
e.g. determining at least one value which includes a measure
of a morphological feature defined for a local time interval
less than the duration of a representative heartbeat. For
example, such local morphological feature may comprise a
measure of J-point elevation.

[0109] Determining 5 the at least one parameter may com-
prise determining at least one value indicative of a property of
at least one ST segment in the temporal sequence of electro-
cardiogram data.

[0110] For example, the at least one parameter may com-
prise a multi-dimensional ST segment feature, e.g. a three-
dimensional vector of ST segment features.

[0111] As shown in FIG. 2, determining 5 at least one
parameter may comprise, in particular embodiments of the
present invention, for each subsequence corresponding to a
single heartbeat in the temporal sequence, detecting 51 a first
fiducial marker in the ST segment and detecting 52 a second
fiducial marker in the PR segment, and calculating 53 the
difference in amplitude between the first fiducial marker and
the second fiducial marker aggregated over a plurality of these
subsequences. The at least one parameter may for example
comprise multiple scalar values corresponding to such calcu-
lated 53 differences in amplitude obtained for different elec-
trocardiogram electrodes, e.g. the at least one parameter may
comprise a vector comprising three components, each com-
ponent being a difference in amplitude, e.g. calculated 53 as
explained hereabove, corresponding to a different electrode
lead component in the temporal sequence of electrocardio-
gram data.

[0112] For example, determining 5 the at least one param-
eter according to this exemplary embodiments is illustrated
by the exemplary data plot in FIG. 7, which shows a baseline
measurement, e.g. in a healthy individual in rest, over 12 s
using the 3-lead system described above in relation to FIG. 4.
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For each of the three ECG measurement components, the first
and second fiducial markers are determined, indicated by
cross marks. The median value of the differences in amplitude
between these markers, over all heart beats within the 12 s
window, renders a vector component of the three-dimen-
sional vector (135 uV, 22 uV, —14 pV) which forms, in this
example, the at least one parameter. For comparison, when
applied to a second exemplary data set shown in FIG. 8,
corresponding to the same lead system collected over 12 s but
under coronary artery obstruction conditions, determining 5
the at least one parameter in the same way would result in the
vector (564 uV, 19 pv, 44 pv).

[0113] Inafurtherstep,the method 1 comprises performing
7 a comparison of the at least one parameter to a previously
determined distribution of the at least one parameter.

[0114] In a method according to embodiments of the
present invention, the previously determined distribution of
the at least one parameter may correspond to a distribution of
the at least one parameter over a population of reference
samples. This population may comprise samples of the at
least one parameter obtained from a plurality of different
individuals. This population may comprise samples obtained
under different physiological conditions. The population may
substantially consist of samples of the at least one parameter
obtained from a plurality of different individuals having the
same gender as the user. For example, the population may not
contain any samples obtained from individuals of a different
gender as the user, or if the population contains such samples,
the impact on the properties of the distribution may be neg-
ligible, e.g. the population may consist for at least 80%,
preferably for at least 90%, and over more preferred for at
least 95%, such as for at least 99% of samples of the at least
one parameter obtained from a plurality of different individu-
als having the same gender as the user. The population may
consist of samples of the at least one parameter obtained from
a plurality of different individuals having the same gender as
the user. Thus, the previously determined distribution may be
a gender-specific distribution. The population may consist of
samples of the at least one parameter obtained from a plurality
of different individuals having the same gender and belong-
ing to the same age group as the user. The population may be
further tailored to match characteristics of the user, for
example, the population may consist of samples of the at least
one parameter obtained from a plurality of different individu-
als that all have one or more characteristics in common with
the user, e.g. characteristics determined by age, gender,
tobacco use, alcohol use, food intake patterns, body mass
indicators and/or hereditary indicators.

[0115] The at least one parameter may for example com-
prise a three-dimensional feature vector derived from ST
data. The previously determined distribution of such at least
one parameter may for example be encoded by a concatenated
list of such vectors over the sample population, e.g. to forma
reference library of vectors. However, the reference vectors,
e.g.oftherepresentative ST data, may also be mathematically
projected onto predetermined basis vectors for defining sig-
nal subspaces of ST data exhibiting normal physiological
conditions within the sample population and of ST data
exhibiting behavior that can occasion a warning signal to be
generated 9. Particularly, a basis transformation may be
executed to linearly separate a first subspace corresponding to
normal physiological conditions from a second subspace cor-
responding to alert conditions. Thus performing 7 a compari-
son of the at least one parameter to a previously determined
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distribution of the at least one parameter may comprise apply-
ing a basis transformation to the at least one parameter, in
which this basis transformation is determined by taking the
previously determined distribution into account, e.g. a distri-
bution of the at least one parameter over a population of
subjects having the same gender as the user. This transforma-
tion may comprise an origin shift, e.g. by subtracting an
average of the at least one parameter obtained for the popu-
lation from the at least one parameter obtained for the user,
and/or a rotation and/or a scaling and/or a skewing operation,
e.g. an affine coordinate transformation. The projection coef-
ficients, e.g. the at least one parameter being transformed by
said transformation, may be further evaluated, for example by
a classifier, to determine whether these projection vectors are
indicative of a health warning condition, e.g. an acute
regional transmural ischemia (ARTT)

[0116] A method according to embodiments of the present
invention may comprise a step of obtaining a previously
recorded individual spatial reference of the at least one
parameter obtained from the user under at least two different
physiological conditions. In such embodiments, the previ-
ously determined distribution of the at least one parameter
may comprise the previously recorded individual spatial ref-
erence of the at least one parameter. Thus, the predetermined
distribution of the at least one parameter may be obtained
from the user under a plurality of physiological conditions,
i.e. previously recorded under a plurality of physiological
conditions. For example, a handheld device for at least par-
tially implementing the method 1 may store a personalized
library of data during standardized physiological conditions.
In particularly advantageous embodiments of the present
invention, the distribution of the at least one parameter
obtained from the user under a plurality of physiological
conditions may be obtained by the user, e.g. without requiring
intervention of technically or medically qualified personnel,
and without requiring additional equipment, e.g. only using a
device for implementing the method 1. Furthermore, the dis-
tribution of the at least one parameter may be stored on such
device and updated occasionally, e.g. replaced by a new such
distribution or extended by new data gathered on this distri-
bution, such that the model for this at least one parameter
encoded by the distribution can follow slow changes in time
which represent slow physiological changes unrelated to the
coronary artery occlusion indication function provided by the
method 1.

[0117] This personalized library may thus be loaded by
self-measurements performed by the user with a handheld
device during standardized physical conditions, for example
under diverse conditions of metabolic exertion, e.g. in rest,
during or subsequent to a slow walk, and/or after jogging, or
e.g. insupine position while resting, while standing up in rest,
and again after performing a set of genuflexions. Conse-
quently, the library may contain a range of data that are
representative of the user’s physiological variations under
normal conditions, e.g. when no indications exist for raising
a health warning for coronary artery occlusion.

[0118] According to some embodiments of the present
invention, the method thus may comprise, prior to obtaining
the results, updating the distribution of the at least one param-
eter obtained from the user under a plurality of different
physiological conditions. Such updating may comprise
obtaining a temporal sequence of electrocardiogram data reg-
istered by a plurality of electrodes corresponding to a plural-
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ity of predetermined locations on the body of a user under a
plurality of different conditions, as prompted.

[0119] The comparison of the at least one parameter to the
distribution thus may allow the acquired ECG data, for
example obtained during a symptomatic event, e.g. when the
user performs the method 1 in response to experiencing chest
pain symptoms, to be compared to the users’ physiological
library encoding the distribution of the at least one parameter
within the same subject, i.e. the user, under a range of differ-
ent, yet normal, physiological conditions.

[0120] The at least one parameter may for example com-
prise a three-dimensional feature vector derived from ST
data. The distribution of such at least one parameter over
standardized physiological conditions may for example be
encoded by a concatenated list of such vectors over the dif-
ferent physiological conditions, e.g. to form a reference
library of vectors. However, the reference vectors, e.g. of the
representative ST data, may also be mathematically projected
onto predetermined basis vectors for defining signal sub-
spaces of ST data exhibiting normal physiological conditions
personalized to the user and of ST data exhibiting behavior
that can occasion a warning signal to be generated 9. Particu-
larly, a basis transformation may be executed to linearly sepa-
rate a first subspace corresponding to normal physiological
conditions from a second subspace corresponding to alert
conditions.

[0121] The comparison 7 of the at least one parameter to a
distribution of the at least one parameter obtained from the
user under a plurality of physiological conditions may thus
comprise applying a basis transformation, determined in part
or entirely by the distribution of the at least one parameter
obtained from the user under a plurality of physiological
conditions, to the at least one parameter in order to obtain
projection coefficients, forming e.g. three-dimensional fea-
tures, which may be further evaluated, e.g. by a classifier, to
determine whether these projection vectors are indicative ofa
health warning condition, e.g. an ARTIL

[0122] According to an embodiment of the present inven-
tion, the ARTT detection process furthermore may compare
both personal data, such as age, gender, etc. and the three-
dimensional features obtained during a symptomatic event
with those from the users library of physiological variations.
The personal data and three-dimensional features may be
either separately evaluated with the results combined, or
evaluated in combination to produce a single result, yielding
a final decision of whether an acute coronary occlusion is
present in the patient.

[0123] For example, the comparison 7 of the at least one
parameter to the distribution of the at least one parameter
obtained from the user under a plurality of physiological
conditions is illustrated in FI1G. 9 by exemplary data. Here, the
at least one parameter comprises three scalar components of
a vector as illustrated in FIG. 7 and FIG. 8 and described
hereinabove. The at least one parameter may be obtained
from the user under a plurality of physiological conditions,
e.g. represented by the plurality of plot points 201, 203. The
data thus obtained may be used for charactering the distribu-
tion thereof, e.g. a mean value 202, 204 for the at least one
parameter under the plurality of physiological conditions
may be stored for characterizing the distribution in a user-
specific, e.g. a personalized, manner. While in simple
embodiments the distribution may be characterized by
merely storing the list of values for the at least one parameter
under the plurality of physiological conditions, or by merely
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storing the component-wise average thereof, in other embodi-
ments, the distribution may be characterized by, for example,
amean and standard deviation per component, a median and
first and third quartile value per component, a component-
wise average and covariance matrix, or may even include
higher order moments such as skewness or kurtosis.

[0124] The at least one parameter determined 5 in a previ-
ous step of the method 1 may thus be compared to this refer-
ence distribution, e.g. by subtracting the stored mean value
202, 204 such that a shift vector 205, 206 is obtained. In other
embodiments, a mean and standard deviation or mean and
covariance matrix charactering the distribution may be used
to determine a normal standardized value, e.g. a z-score.
However, surprisingly, even the easily computable shift vec-
tor 205, 206 can be sufficient to compensate for physiological
variation of the at least one parameter in a subject.

[0125] The comparison 7 may further comprise a suitable
basis transformation in order to linearly separate normal
physiological responses from conditions which should gen-
erate 9 a warning signal. FIG. 10 shows such an exemplary
basis transformation applied to the exemplary data in FIG. 9.
Here the shift vectors 205 obtained from a user under normal
physiological conditions is shown to lie within a well-defined
region of the vector space. On the other hand, the shift vectors
206 obtained under warning conditions, e.g. under coronary
artery occlusion conditions, are clearly well-separated from
this well-defined region of vector space.

[0126] In ayet further step, the method 1 comprises gener-
ating 9 a signal taking into account the comparison, in which
this signal is representative of a risk ofa myocardial infarction
occurring in the body. In embodiments according to the
present invention, the signal may be representative of a risk of
an acute coronary artery occlusion, e.g. the signal may be
generated by acute regional transmural ischemia detection
taking into account the comparison of the at least one param-
eter to the predetermined distribution.

[0127] Inamethod 1 according to embodiments, generat-
ing 9 the signal representative of the risk of a myocardial
infarction occurring in the body may take a further distribu-
tion of the at least one parameter into account, in which this
further distribution characterizes the distribution of the at
least one parameter in a population of reference individuals,
e.g. in which the further distribution is obtained from a popu-
lation of reference individuals.

[0128] Furthermore, generating 9 the signal representative
of the risk of a myocardial infarction may comprise taking
answers provided by the user in response to a self-evaluation
questionnaire into account, e.g. an automated questionnaire.
Additionally, other clinical information, such as the user’s
age, sex and/or medical history may also be taken into
account for generating 9 the signal.

[0129] In embodiments of the present invention, the steps
of performing 7 the comparison and generating 9 the signal
may form distinct operations, e.g. as implemented in a com-
puter program product, or may be integrated in a single opera-
tion, for example by the implementation of a binary classifier
or a Bayesian or logistic decision function.

[0130] Inembodimentsofthe present invention, generating
9 the signal may be performed taking into account a sensitiv-
ity/specificity operating point. Such sensitivity/specificity
operating point may be selectable, e.g. by adjusting a thresh-
old in a classifier that determines the probability of a myo-
cardial infarction, e.g. the probability of detection of an ARTI
condition. According to embodiments of the invention, the
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sensitivity/specificity operating point may also be adjusted
taking into account additional data, for example, the answers
to a self-evaluation questionnaire and/or to other clinical
information such as referred to hereinabove. For example,
when experiencing typical chest pain, a highly sensitive mode
may be selected to detect all possible events indicating acute
coronary occlusion. If clinical data from the auto question-
naire indicate a low priority probability for coronary artery
disease, a highly specific mode may be selected to detect an
ARTL If a potential ARTI is detected in such high specific
mode, the user may even record a temporal sequence of ECG
data over a longer period or on additional body surface loca-
tions in a repeated application of the method to confirm a
generated signal.

[0131] When a method 1 according to embodiments is
implemented in a programmable device, e.g. a handheld
device according to the second aspect of the invention, the
generated signal may be useful in screening cardiac risky
conditions.

[0132] Itistobenoted that even though amethod according
to embodiments of the present invention generates a signal
representative of the risk ofa myocardial infarction, this isnot
to be confused with performing a medical diagnosis. In fact,
the purpose of such signal may merely reside in providing an
additional motivation or constraint, e.g. providing higher
selectivity and specificity, to the medically untrained patient
before secking professional medical attention. Therefore,
such method is rather intended to be, for example, a burglary
alarm based on simple acoustic measurements, e.g. which
may be used to motivate the investigation of a suspicious
event, as opposed to the act of direct intruder detection by a
security guard or law enforcer.

[0133] Inasecondaspect, the present invention relates to a
device for analyzing electrocardiogram data. The device
comprises an input means for obtaining a temporal sequence
of electrocardiogram data registered by a plurality of elec-
trodes corresponding to a plurality of predetermined loca-
tions on the body of a user. The device further comprises a
processing unit connected to this input means to receive and
process the temporal sequence of electrocardiogram data.
The processing unit is programmed for determining at least
one parameter indicative of a morphological feature from the
temporal sequence of electrocardiogram data and for per-
forming a comparison of the at least one parameter to a
previously determined distribution of the at least one param-
eter. The morphological feature comprises a multi-dimen-
sional ST segment feature, e.g. an ST-vector. The device also
comprises an output means connected to the processing umt
for generating a signal taking into account the comparison.
This signal is representative of a risk of a myocardial infarc-
tion occurring in said body. The electrocardiogram data fur-
thermore comprises a) a first bipolar measurement obtained
between a chest electrode point on the body located between
3 c¢cm and 6 cm above the fourth left parasternal intercostal
space and a location on the right upper extremity, b) a second
bipolar measurement obtained between the left crista iliaca
and the location on the right upper extremity, and c) a third
bipolar measurement obtained between a location on the left
upper extremity and the location on the right upper extremity.
For example, the processing unit, or the processing unit and
the input means, are specifically configured to generate said
signal when electrocardiogram data comprising the first, sec-
ond and third bipolar measurement is presented for process-
ing via the input means.
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[0134] Referring to FIG. 3, a device 11 for analyzing elec-
trocardiogram data is shown according to embodiments of the
present invention. The device 11 may be adapted in volume
and mass to be transportable in a clothing pocket or handbag,
e.g. may weigh less than 1 kg, e.g. preferably less than 500 g,
e.g. the device may have a mass in the range of 25 gt0 300 g.
For example, the device may be integrated into a mobile
phone.

[0135] The device 11 comprises an input means 13 for
obtaining a temporal sequence of electrocardiogram data reg-
istered by a plurality of electrodes corresponding to a plural-
ity of predetermined locations on the body of a user. The input
means 13 in a device according to embodiments of the inven-
tion may also comprise this plurality of electrodes 14. In
particular embodiments of the invention, the plurality of elec-
trodes may consist of at least two electrodes, at least three or
at least four electrodes. Using at least two electrodes may for
instance be used in a handheld device, in which the plurality
of different bipolar measurement are registered consecutively
by positioning at least one of the two electrodes on different
locations on the human body of the user. The plurality of
electrodes may alternatively consist of at least three or at least
four electrodes. The plurality of electrodes may be integrated
in the handheld device or may be add-ons to the device.
[0136] The device 11 also comprises a processing unit or
processor 15 connected to the input means 13 to receive and
process the temporal sequence of electrocardiogram data.
This processing unit is programmed for determining at least
one parameter indicative of a morphological feature from the
temporal sequence of electrocardiogram data and for per-
forming a comparison of the at least one parameter to the
previously determined distribution of the at least one param-
eter.

[0137] Inadevice according to embodiments of the present
invention, the processing unit may be adapted for performing
the comparison by comparing the at least one parameter to the
previously determined distribution of the at least one param-
eter, in which this previously determined distribution corre-
sponds to a distribution of the at least one parameter over a
population of reference samples. This population may sub-
stantially consist of, e.g. may consist of, samples of the at
least one parameter obtained from a plurality of different
individuals having the same gender as the user.

[0138] Inadevice according to embodiments of the present
invention, the processing unit may be adapted for performing
the comparison by comparing the at least one parameter to a
previously recorded individual spatial reference of the at least
one parameter obtained from the user under a plurality of
different physiological conditions.

[0139] The device can in one embodiment be adapted for
prompting the user for inputting, receiving or recording, dur-
ing a calibration and/or re-calibration procedure a temporal
sequences of electrocardiogram data registered by a plurality
of electrodes corresponding to a plurality of predetermined
locations on the body of a user obtained under a plurality of
different physiological conditions. The processing unit may
be adapted for deriving an updated distribution of said at least
one parameter based on said temporal sequences inputted
during a re-calibration procedure. The device furthermore
may be adapted for storing the updated distribution in a
memory means and using the updated distribution in the
comparison in future measurements.

[0140] The processing unit may be adapted for performing
the comparison of the at least one parameter to the previously

Feb. 18,2016

determined distribution by subtracting an average of the at
least one parameter obtained from the user under a plurality of
different physiological conditions, e.g. corresponding to the
previously recorded individual spatial reference, to obtain a
shift vector.

[0141] The processing unit may further be adapted for
applying a coordinate transformation to the shift vector. The
processing unit may be adapted for applying the coordinate
transformation to the shift vector, wherein this coordinate
transformation is determined by a principal component
analysis of a further distribution of the at least one parameter
over a population of reference samples obtained from a plu-
rality of different individuals. However, the processing unit
may also be adapted for, additionally or alternatively, apply-
ing the coordinate transformation to the shift vector, wherein
the coordinate transformation is determined by a principal
component analysis of the at least one parameter obtained
from the user under a plurality of different physiological
conditions corresponding to the previously recorded indi-
vidual spatial reference.

[0142] The device 11 also comprises an output means 17
connected to the processing unit 15 for generating a signal
taking into account this comparison, in which the signal is
representative of a risk of a myocardial infarction occurring in
the body of the user.

[0143] The device 11 may for example be a mobile phone,
e.g. a smartphone, or handheld computing device. Such
device may for example comprise at least two electrodes, e.g.
two electrodes at opposite surfaces of the device, such that a
user may perform sequential measurements by holding the
device while contacting one electrode with his right hand and
contacting another electrode consecutively to a plurality of
anatomical locations, e.g. positions corresponding to the lead
positions such as described hereinabove.

[0144] A method according to embodiments of the first
aspect of present invention may be implemented in a device
11 according to embodiments of the second aspect of the
invention, such as the device 11 shown in FIG. 3. The device
11 comprises a processing unit 15 that may, in a particular
embodiment, include at least one programmable processor
coupled to a memory subsystem that includes at least one
form of memory, e.g., RAM, ROM, and so forth. It is to be
noted that the processor or processors may be a general pur-
pose, or a special purpose processor, and may be for inclusion
in a device, e.g., a chip that has other components that per-
form other functions. Thus, one or more aspects of the present
invention can be implemented in digital electronic circuitry,
or in computer hardware, firmware, software, or in combina-
tions of them. The processing system may include a storage
subsystem that has at least one storage medium slot, e.g. a
memory card reader. In some implementations, a display
system, a keyboard, and/or a pointing device may be included
as part of a user interface subsystem to provide for a user to
manually input information. Ports for inputting and output-
ting data also may be included. More elements such as net-
work connections, interfaces to various devices, and so forth,
may be included, but are not illustrated in FIG. 3. The various
elements of the device 11 may be coupled in various ways,
including via a bus subsystem, e.g. a system of at least one
bus. The memory of the memory subsystem may at some time
hold part or all of a set of instructions that when executed on
the processing system implement the steps of the method
embodiments described herein. Thus, while a processing unit
with means for input and for output may be known in the art,
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a system that includes the instructions to implement aspects
of the methods according to embodiments of the first aspect of
the invention is not prior art.

[0145] Ina further aspect, the present invention relates to a
computer program product for, when executing on a comput-
ing device, executing a method 1 according to the first aspect
of the invention. The present invention also relates to a com-
puter-readable data carrier storing a computer program prod-
uct according to this further aspect, and to the transmission of
such computer program product over a communication net-
work.

[0146] The present invention thus also includes a computer
program product, e.g. an application program product also
referred to as applet, which provides the functionality of any
of the methods according to the present invention when
executed on a computing device. Such computer program
product can be tangibly embodied in a carrier medium carry-
ing machine-readable code for execution by a programmable
processor. The present invention thus relates to a carrier
medium carrying a computer program product that, when
executed on computing means, provides instructions for
executing any of the methods as described above. The term
“carrier medium” refers to any medium that participates in
providing instructions to a processor for execution. Such a
medium may take many forms, including but not limited to,
non-volatile media, and transmission media. Non volatile
media includes, for example, optical or magnetic disks, such
as a storage device which is part of mass storage. Common
forms of computer readable media include, a CD-ROM, a
DVD, a flexible disk or floppy disk, a memory key, a tape, a
memory chip or cartridge or any other medium from which a
computer can read. Various forms of computer readable
media may be involved in carrying one or more sequences of
one or more instructions to a processor for execution. The
computer program product can also be transmitted via a car-
rier wave in a network, such as a LAN, a WAN or the Internet.
Transmission media can take the form of acoustic or light
waves, such as those generated during radio wave and infra-
red data communications. Transmission media include
coaxial cables, copper wire and fibre optics, including the
wires that comprise a bus within a computer.

[0147] The present invention also relates to the use of a
device according to embodiments of the second aspect of the
present invention or of a computer program product such as
an applet as described above, for self-assessment of a cardio-
vascular health risk, e.g. for preliminary assessment of a
cardiological risk by a user when, for example, this user
experiences chest pain symptoms.

[0148] Anexample for illustrating principles of the present
invention will be given further hereinbelow. These examples
are intended for illustrating various aspects of the present
invention, without being intended to limit the invention in any
way to the particular examples set forth.

[0149] The present example illustrates a lead positioning
method and associated algorithm in accordance with embodi-
ments of the present invention, which may be implemented in
a hand held device, such as a mobile phone. An advanta-
geously high sensitivity for ST elevation caused by acute
coronary artery occlusion (ACAO) may be achieved by com-
paring a spatial ST level representation, e.g. a multidimen-
sional vector entity representative of ST level, to previously
stored individualized spatial references. To avoid false posi-
tives in healthy subjects, the stored references include mea-
surements during different physiological conditions. The lead
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positioning is easily applicable and the algorithms for detec-
tion and decision may operate instantaneously in standalone
devices, e.g. may provide fast, near real-time results given the
limited processing power of a handheld computing device
stuich as a mobile phone.

[0150] In a first example, a study consisting of a group of
patients with one minute coronary artery occlusion (CAQO)
during angioplasty, and a group of healthy subjects was per-
formed. The study was approved by the applicant’s institu-
tional ethics committee and written informed consent was
obtained from all patients and healthy subjects. Clinical char-
acteristics of the study subjects are summarized in following
table of clinical characteristics of the study subjects.

[0151] Between September 2010 and October 2012, 56
patients—admitted to the catheterization laboratory at the
University Hospital Ghent—for elective percutaneous trans-
luminal coronary angioplasty (PTCA, n=69) were recruited
in the first group. Exclusion criteria were ongoing chest-pain,
ST elevation myocardial infarction <48 hours, or planned
angioplasty for a potentially non-viable myocardial segment.
[0152] Thirty healthy subjects (mean age 40+/-11.4, range
26-56 years) with no history of coronary artery disease were
recruited in the second group. Exclusion criteria were inabil-
ity to perform genuflexions in standing position, chest defor-
mations preventing standard ECG measurements, and contact
allergy for ECG electrodes.

Patients with CAO Healthy subjects

N=351 N=30
Gender (male) 30 (59%) 15 (50%)
Age 69124 4011
LBBB 0 0
RBBB 0
Incomplete RBBB 4 2
Atrial fibril 2 0
LAHB 6 0
Ventricular pacing 1 0
Angioplasty 60 —
LM 1 —
Lad 27 —
Rea 22 —
Cx 10 —

[0153] The database was divided equally into a retrospec-

tive learning dataset and a prospective validation dataset.
[0154] Standard ECG measurements, for comparison and
validation, were recorded using the CardioTek EP system
(Maastricht, the Netherlands) with 12 leads standard ECG
registration (I, II, I1I, aVR, aVF, aVL and the 6 unipolar
precordial leads V1-V6) and four exploratory unipolar leads
(E1, E2, E3 and E4). Positioning of the standard limb elec-
trodes was according to the Lund configuration known in the
art. Two exploratory electrodes were positioned respectively
4.5 cm above and below the fourth left parasternal intercostal
space.

[0155] Duration of each recording was 12 seconds. Sam-
pling rate of the signal was 1000 Hz filtered between 0.05 and
300 Hz. A 50 Hz notch filter was used to suppress mains
interferences. Recordings were performed according to the
time scheme shown in FIG. 16. Reference measurements R
are made under a plurality of conditions, preceding the mea-
surement of interest M.

[0156] A minimal bipolar lead configuration, also shown in
FIG. 4, was selected to fulfil the following criteria: 1) easy and
reproducible electrode positioning, 2) sensitive for ST



US 2016/0045167 A1l

changes during occlusion in each of the three coronary terri-
tories, and 3) less sensitive to ST variations in physiological
conditions. This resulted in a 3-lead configuration system,
further referred to as the RELF configuration, consisting of
the bipolar measurements between the exploratory electrode
VE and the right shoulder (lead L1), the left crista iliaca and
the right shoulder (lead 1.2, equivalent to conventional lead IT)
and, 3) the left shoulder and right shoulder (lead L3, equiva-
lent to conventional lead I). In all leads, the right shoulder was
the negative pole. Lead 1 traces the voltage difference
between the right shoulder VR and the exploratory electrode
VE, lead 2 between right shoulder and the left shoulder VL
and lead 3 between the right shoulder and the left crista iliaca
VF. The electrode VE may be positioned positioned 10 cm
below the suprasternal notch and 6 cm horizontally left, cor-
responding to the third intercostal space parasternal left, as
illustrated in FIG. 15.

[0157] According to embodiments of the present invention,
it may be advantageous to use the lead as described above, as
it allows obtaining results that can advantageously be used for
analysing the occurrence of ST elevation myocardial infarc-
tions. In a particular aspect, the present invention also relates
to a method of using the lead as described above for evaluat-
ing occurrence of ST elevation myocardial infarctions.
[0158] Anexemplary method according to embodiments of
the present invention was implemented in Matlab v7.1 (The
MathWorks, Natick, Mass., United States) to detect the level
of the ST segment in each of the 3 simultaneously recorded
leads (FIG. 4) named respectively ST1, ST2 and ST3. The
algorithm consists of 4 main phases. In the first phase, a series
of 14 steps was used to process the ECG signal, as shown in
FIG. 6. In the second phase, 2 fiducial points (one in the PR
segment and one in the ST segment) were determined for each
beat within the 12 seconds recording. In the third phase, a set
of rules was used to eliminate invalid QRS complexes (extra-
systoles and artifacts). In the present example, the set of rules
that is used are techniques and algorithms for removing bad
QRS complexes from the signal. In the present example, the
first and the last QRS complex is removed, since these com-
plexes might not be fully recorded, complexes with very high
amplitude compared to the other complexes are removed and
high frequency and large amplitude noise waves are removed.
In the fourth phase, the median difference in amplitude
between the 2 fiducial points was calculated for each valid
beat. Finally, the median difference of all beats in the 12
seconds was calculated and denoted as the median ST seg-
ment level. These 3 values a,, b, and ¢, form the vector com-
ponents of an ST-vector in an orthogonal coordinate system
(A, B, C). Therefore, the RELF method (RELF lead configu-
ration and ST level algorithm) synthesizes the ST level of a
recording into a 3 dimensional point (ai bi ci)

[0159] The ST segment amplitudes in the 3 leads thus
define the 3D coordinates for spatial ST segment positioning.
It was hypothesized that 1) an individualized spatial reference
point (ISRP) of the ST segment can be constructed in each
person, 2) the spatial variation of new measurements relative
to the ISRP is less during physiological conditions than dur-
ing acute CAO, and 3) the magnitude and direction of the shift
vector can detect CAO and indicate the occluded artery.
[0160] FIG. 17 shows the detected ST amplitudes 501 in the
three leads represented as coordinates in an orthogonal sys-
tem (A, B, C). Thirteen reference measurements are spatially
plotted in ABC, and an individualized ST reference point 502
was constructed from the average of all reference measure-
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ments. New measurements 503 are shown in the orthogonal
system and ST shift vectors 504 relative to the ISRP are also
shown. Results are shown separately for healthy subjects 510
and patients with CAO 511. The shift vectors are also shown
centered 505 at the origin of the ABC coordinate system.
Furthermore, an empirical transformation matrix 520 of the
orthogonal system ABC into an orthogonal XYZ coordinate
system until optimal discrimination of healthy subjects from
patients with CAQO in shown in FIG. 17. In this transformed
vector space the magnitude of the ST shift vector of occlu-
sions are maximally differentiated from the physiological
shifts and therefore, can discriminate healthy subjects from
patients with CAQO. The transformed space will be further
referred to as the RELF vector space and described by the
orthogonal XYZ coordinates.

[0161] Referring to FIG. 9, in the present example, the
ISRP of the ST segment in the CAO group was constructed
from 2 measurements 203 recorded in supine and rest posi-
tion on the catheterization table prior to the procedure, with a
time interval of 2 to 10 minutes. It is to be noticed that
theoretically a single measurement also could be sufficient.
The average spatial position of these 2 measurements was
defined as the ISRP 204 for the patient. For the healthy sub-
jects, the ISRP of the ST segment was constructed from 13
consecutive measurements recorded during supine position,
standing position, and immediately after at least 10 standing
genuflexions (5, 3, and 5 measurements respectively). The
average spatial position of these 13 measurements 201 was
defined as the ISRP 202 for the healthy subject.

[0162] An ST shift vector 205 may be defined as the vector
between the IRSP and any spatial ST point of interest, as also
shown in FIG. 9. In the CAO group, the ST shift vector 206
was constructed after a measurement at 60 s of balloon infla-
tion, or earlier in case of severe symptoms or presence of a
large ST deviation during balloon inflation. The CAO group
comprises occlusion events in the left anterior descending
coronary artery LAD, circumflex coronary artery CX, and
right coronary artery RCA.

[0163] In healthy subjects, 13 ST shift vectors 205 were
constructed for 13 new measurements. Time interval between
the IRSP measurement and the new measurement varied
among subjects from one week to three months. The new
measurements included consecutively five measurements in
resting supine position, three measurements in standing posi-
tion, and five measurements after several genuflexions.
[0164] The ST shift vectors of the healthy subjects and
CAO group were projected onto a classifying system, e.g. an
anatomical coordinate system although not limited thereto,
shown in FIG. 10. The classifying coordinate system was
empirically determined by rotating the leadl, lead2, and
lead3 axis and changing the axis sensitivities to optimally
discriminate the ST shift vectors of healthy subjects from the
CAO group. The magnitude of the ST shift vectors in this
classifying coordinate system was used as a discriminatory
variable. The highest magnitude of the healthy subjects in the
learning dataset was selected as the cut-off to discriminate the
two groups.

[0165] To visualize the ST shift vectors in an anatomical
reference system the vectors were transformed to fit in the
Frank torso model. Furthermore, to separate in space the
normal ST shift vectors of healthy individuals from those
induced by coronary occlusion, a transformation matrix was
derived with the learning data set and tested the matrix pro-
spectively with the validation data set. In the training data set
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the ST shift vectors (n=195) of the healthy subjects and of the
CAO group (n=30) were centered in the origin of orthogonal
ABC coordinate system. The ABC space was empirically
skewed and scaled to a space to achieve good discrimination
of the ST-shift vectors of healthy subjects from those of the
CAO group. To do so, the ABC coordinate system is trans-
formed by skewing the angles between A, B and C (non-
orthogonal skewing transformation) and by scaling of respec-
tively A, B and C (scaling transformation). The optimal
transformed data space is referred to as the RELF space and is
described with an orthonormal XYZ system by the transfor-
mation matrix shown in FIG. 17. The magnitude of the ST
shift vectors in the RELF space (XYZ) was used to discrimi-
nate ST shift vectors of healthy individual from those of the
CAO group. The direction of the ST-shift vectors in the YZ
plane was used to identify the culprit artery (left anterior
descending artery (LAD) versus circumflex artery (CX) ver-
sus right coronary artery (RCA).

[0166] Foreach recording there was a simultaneous record-
ing with the standard 12 leads ECG. The ECGs were assessed
by two experts individually for the presence of ST elevation
criteria according to the third international definition of myo-
cardial infarction criteria. In case of mismatch, the assess-
ment of a third expert was taken. In summary, ST elevation
criteria were positive ifin at least two consecutive leads from
astandard 12 lead ECG the ST segment was elevated 1 mm or
more. If V2 or V3 was taken into account the minimum
elevation was 1.5 mm for women and 2 mm for men. If V2 or
V3 was taken into account the minimum elevation was 1.5
mm for women and 2 mm for men. The ST level was mea-
sured at the J-point with respect to the PR-interval. Consecu-
tive leads were defined as at least two out of the following
sets: (IL, I11, and aVF); (I, aVL, and V6); (V1-V5). The ECGs
from both groups were randomized and experts were blinded
to the subject group.
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criminate ST shift vectors of healthy subjects from the CAO
group. The Y-Z plane of the classifying coordinate system and
the distribution of the ST shift vectors are shown in FIG. 12.
The ST shift vectors from healthy subjects are centered in the
plane, whereas the ST shift vectors of the CAO group are
distributed in the periphery of the plane. Moreover, the ST
shift vectors of the CAO group are clustered according to the
territory of the occluded vessel. All occlusions in the left
anterior descending artery (LAD) were distributed clockwise
from the Y axis between 0 and 180 degrees. In the right
coronary artery, 20 out of 22 occlusions were distributed
clockwise between 180 and 270 degrees. In the left circum-
flex, 9 out of 10 occlusions were distributed clockwise
between 270 and 360 degrees.

[0170] In contrast to the Y and Z axis, the X axis of the
classifying coordinate system was less sensitive to ST shift
vector; consequently, the Y-Z plane was designated as the
coronary plane. The coronary plane corresponded to the stan-
dard short axis view in echocardiography. FIG. 12 shows the
superimposition of the short axis view on the coronary plane
with ST vector shift of the healthy subjects and CAO group.

[0171] The magpitude of the ST shift vectors in the spatial
classifying coordinate system was used to discriminate the
normal ST shift vectors (healthy individuals) from those
induced by coronary occlusion, e.g. to detect occlusions.
Overall, there was significant difference between the magni-
tude in healthy subjects and the CAO group
(mean+SD=268+130 pV vs. 1439+856 pnV; p<0.0001). The
following table shows the detailed statistics of ST shift vector
magnitude in every dataset and group. The ROC-curve for the
validation data sets has an area under the curve 0f 0.963 (95%
confidence interval, 0.921 to 1.000).

p within p between

Dataset Group Mean SD Min. Max. Median set sets
Leamning  Healthy 23892 11785 1598  600.68  240.66 <0.0001
Occlusion  1487.67 901.02 742.36 4832.05 1213.81 <0.0001
Validation Healthy 296.88 13454  48.94 679.24 280.25

Occlusion  1390.54 82020 229.70 3344.26 1236.72 <0.0001  0.664
Overall Healthy 267.75 12955 1598  679.24 263.52

Occlusion  1439.11 855.63 229.70 4832.05 1213.81 <0.0001

[0167] Inthe CAO group, nine patients were excluded due
to absence ofany ECG changes during 1 minute of occlusion.
In total, 60 ECG recordings from 51 patients with 60 CAOs
and 390 ECG recordings from 30 healthy persons were
included and analyzed.

[0168] FIG. 11 shows the inter-individual variation of the
ST reference point in the healthy and the PTCA group. In the
healthy group the ST reference ranged from -80 to 260 uV,
-150 to 150 uV, and =110 to 130 pV in leads 1, 2 and 3
respectively. In the PTCA group, the average reference
ranged from -120 to 240 uV, =250 to 150 uV, and -180 to 4
1V in leads 1, 2 and 3 respectively. No significant difference
was present in the ST reference between the healthy group
and the PTCA group in any of the leads (mean=SD in lead
1=99.9285 vs. 65.2£79.0 pnV; lead 2=6.4x80.2 vs.
-10.2£72.8 uV; lead 3=-0.5+£51 .8 vs. -48.2+48.1 uV, p=N.S.
for all).

[0169] The orthogonal system of leadl, lead2 and lead3
was transformed to a classifying coordinate system to dis-

[0172] FIG. 13 shows a scatter plot of the ST shift vector
magnitudes for every subject in the learning (left panel) and
validation (right panel) datasets. In the learning dataset, the
cut-off to discriminate healthy subjects from the CAO group
was set at 601 gV (maximum magnitude in healthy subjects).
In the prospective validation dataset, 191 out of 195 (97.9%)
healthy subjects and 24 out of 30 (80%) CAQO were correctly
detected with this cut-off. All of the 6 CAO that were mis-
classified by the method were also negative according to the
STEMI criteria.

[0173] FIG. 14 shows a box plot of the magnitude of the ST
shift vector in the learning and validation datasets. Body
position and small exercise did not influence the magnitude in
healthy subjects. The magnitude in the CAO group was sig-
nificantly higher than in healthy subjects. This holds true even
for a subgroup of CAO patients where the balloon inflation
did not result in positive STEMI criteria on the standard 12
leads ECG.
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[0174] The performance of the ST shift vector method was
compared to the performance of the STEMI criteria on the
conventional 12 leads ECG, as shown in the table herebelow.
In the prospective validation dataset, the ST shift vector
method was highly accurate (96%) and precise (positive pre-
dictive value=86%) compared to the STEMI criteria (72%
and 26% respectively) to discriminate healthy subjects from
patients after 60 s of occlusion. The RELF method, including
the lead configuration, the algorithms and the empirical coor-
dinate system for the ST shift vector, was compared to the
STEMI criteria on the conventional 12 leads ECG. To
dichotomize the decision variable (magnitude of ST shift
vector in the XYZ coordinate system), as cut-off value the
97.5 percentile of the healthy subjects in the learning data set
(486.7 microV) was used. In the prospective validation
dataset, the RELF method showed a higher sensitivity com-
pared to the conventional 121ead ECG (27/30, 90% vs. 31/60,
51%, p<0.0001) whereas the specificity in healthy subjects
was comparable (174/193, 90% vs. 331/390, 85%, p=0.48).
The RELF method additionally specified the site of occlusion
correctly in 55/58 (95%) (left anterior descending artery
28/28. right coronary artery 18/20 and circumflex artery
9/10).

ST shift vector STEMI criteria

Occlusion Healthy Total  Occlusion Healthy Total

Learmning

Positive 30 0 30 14 10 24
Negative 0 195 195 16 185 201
Total 30 195 225 30 195 225
Accuracy 100% 88%
Precision 100% 58%
Sensitivity 100% 47%
Specificity 100% 95%
Validation

Positive 24 4 28 17 49 66
Negative 6 189 195 13 146 159
Total 30 193 223 30 195 225
Accuracy 96% 72%
Precision 86% 26%
Sensitivity 93% 52%
Specificity 91% 85%
[0175] In this example, a method for self-assessment and

early detection of acute coronary artery occlusion according
to embodiments ofthe present invention is validated. A 3-lead
configuration with dedicated algorithm and coordinate sys-
tem may discriminate physiological ST variations in healthy
persons from ST changes induced by a one minute coronary
artery occlusion. Surprisingly, the introduced method, while
requiring only 3 lead ECG data, can be more accurate and
precise than the STEMI criteria on the standard 12 lead ECG
to detect early acute coronary occlusion. Moreover, the
method may prospectively localize the coronary territory of
the culprit vessel indicating that the methodology is also
anatomically plausible.

[0176] Compared to STEMI criteria on the standard 12 lead
ECG, this method may be more accurate and precise because
it evaluates the spatial ST shift from an individualized spatial
reference point (ISRP) rather than the isoelectric baseline of
the ECG. In healthy subjects and in patients with coronary
artery disease, the ST level in a non-ischemic state may not
always be at the ECG isoelectric level and may therefore be
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subjected to incorrect interpretation. The present method is
based on the shift of ST level relative to the individuals’
reference level and therefore, not influenced by the inter-
individual variations of ST levels.

[0177] A method for a 3-lead system that can discriminate
physiological ST level variations in healthy persons from ST
changes induced by a one minute coronary artery occlusion
results in a surprisingly advantageous system. Even known
system from the state of the art with a small number of leads,
e.g. the Frank lead system consisting of 7 leads, typically are
not self-applicable.

[0178] Ahigh accuracy and precision may be achieved by a
method as described in this example, which is assisted by
three different factors. First, the lead configuration uses a new
lead (VE minus VR) which shows small variations of ST
levels in healthy persons. Second, a coordinate system dedi-
cated to detect acute coronary artery occlusions equally sen-
sitive for the three coronary territories is used, giving more
weight to ST shifts vector in the short axis of left ventricle (Y
and 7 axis, coronary plane) compared to ST shifts vector in
the long axis of the left ventricle (X-axis). Third, a method to
determine the individualized spatial reference point (ISRP) is
used. It is an advantage of embodiments of the present inven-
tion that not only a single reference measurement in supine
position is used to set the individuals’ spatial reference, but
that variations due to body position and heart rates are taken
into account to set the reference.

[0179] To summarize, the first example presented herein-
above relates to a method for analyzing electrocardiogram
data in accordance with embodiments of the present invention
that comprises obtaining a temporal sequence of electrocar-
diogram data registered by a plurality of electrodes corre-
sponding to a plurality of predetermined locations on the
body of a user. This exemplary method may particularly
quantify inter- and intra-individual ST dipole variations in a
human subject using an ECG system, e.g. a three-lead ECG
system. In this example, a temporal sequence of electrocar-
diogram data is obtained using a three-lead system, e.g. by
carrying out three bipolar electrical measurements at three
corresponding predetermined regions on the surface of the
body. Each such bipolar electrical measurement may com-
prise an electric potential difference measurement between a
point on the surface of the body in the corresponding prede-
termined region at one hand and a point on the surface of the
body in a reference region. For example, the reference region
may correspond to the right arm, or a predetermined part
thereof, such as the right hand or a finger on the right hand,
e.g. the right index finger or the right thumb. For example, the
electrocardiogram data may comprise a first bipolar measure-
ment between a chest electrode point VE on the body, located
between 3 cm and 6 cm above the fourth left parasternal
intercostal space, and the right shoulder VR, a second bipolar
measurement between the left crista iliaca VF and the right
shoulder VR, and a third bipolar measurement between the
left shoulder VL and right shoulder VR.

[0180] The method of this example further comprises
determining at least one parameter indicative of a morpho-
logical feature from the temporal sequence of electrocardio-
gram data. This at least one parameter may comprise, or
consist of, three ST levels determined from the three bipolar
electrical measurements respectively, e.g. three ST levels
forming a three-dimensional coordinate representation of the
ST dipole, e.g. such that the morphological feature comprises
amulti-dimensional ST segment feature. The method accord-
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ing to this example further comprises performing a compari-
son of the at least one parameter to a previously determined
distribution of the at least one parameter obtained from the
user under a plurality of predetermined physiological condi-
tions. The at least one parameter may be compared to the
previously determined distribution by calculating a differ-
ence vector of the three ST levels with respect to a reference
vector. This reference vector, e.g. a reference ST dipole vec-
tor, may be obtained by calculating an average of a plurality of
dipole measurements under at least three different, predeter-
mined physiological conditions, for example an average of 13
ST dipole vector measurements obtained for three different
physiological conditions. Each of these dipole measurements
may be obtained using the same process as for determining
the temporal sequence of electrocardiogram data, e.g. using
the three-lead system comprising three bipolar electrical
measurements at the corresponding three predetermined
regions on the surface of the body. The at least one parameter
may thus be compared to the personalized reference distribu-
tion, e.g. by subtracting the stored mean value such that a shift
vector, e.g. the difference vector, is obtained.

[0181] The exemplary method also comprises generating a
signal taking into account this comparison, for example a
signal representative of a risk of a myocardial infarction
occurring in the body of the user. This exemplary method has
been successfully applied for detecting an acute coronary
occlusion. It has been observed that the intra-individual varia-
tion of the difference vector, e.g. the difference of the three ST
levels with respect to the reference vector, when caused by an
acute occlusion is larger than the intra-individual variations
occurring over time under normal conditions, e.g. in the
absence of an acute occlusion condition, for example over a
time period of two or more months, as well as larger than the
intra-individual variations occurring due to varying physi-
ological conditions. This exemplary method may be more
sensitive and specific for acute coronary occlusion detection
than, for example, a stationary 12-lead electro-cardiogram as
known in the art. In this example, generating the signal rep-
resentative of the risk of a myocardial infarction occurring in
the body takes a further distribution of the at least one param-
eter into account, in which this further distribution character-
izes the distribution of the shift vector in a population of
reference individuals, e.g. in which the further distribution is
obtained from a population of reference individuals, such as
group having the same gender and/or being in a same age
group as the user. This further distribution may be taken into
account by applying a population-specific variance or cova-
riance, e.g. in order to normalize the at least one parameter to
a population reference variance or covariance or to adjust a
detection threshold, e.g. aradius to be exceeded by the at least
one parameter, for generating the signal indicating an acute
occlusion condition.

[0182] Particular aspects of the method according to this
example is schematically shown in FIG. 18. For simplicity,
only axes X and Y, respectively X' and Y' are shown in FIG.
18, even though the ST shift vectors have three components
X, Y, Z in accordance with this example. The set ST shift
vectors 601 obtained for different healthy individuals was
used to determine an ortho-normalized coordinate basis using
principal component analysis. This transformation 602
projects the at least one parameter (X, Y, Z), in which X
represents the ST level over the bipolar lead RE minus the
individual reference ST level over the bipolar lead RE, Y
represents the ST level over the bipolar lead R minus the
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individual reference ST level over the bipolar lead RL, and Z
represents the ST level over the bipolar lead RF minus the
individual reference ST level over the bipolar lead RF, onto an
ortho-normalized coordinate system X', Y', Z'. This example
shows that this transformation 602 is able to successfully
separate an abnormal ST dipole shift vector 603 of a subject
A, e.g. corresponding to an acute coronary occlusion condi-
tion, from the set of samples obtained from healthy individu-
als.

[0183] The further examples provided hereinbelow illus-
trate exemplary methods of carrying out the invention in
accordance with embodiments of the present invention. These
examples are intended for illustrating various aspects of the
present invention, without being intended to limit the inven-
tion in any way to the particular examples set forth.

[0184] A second example also relates to a method for ana-
lyzing electrocardiogram data that comprises obtaining the
temporal sequence of electrocardiogram data, analogous to
the description of the first example hereinabove. The method
of this example also comprises determining at least one
parameter indicative of a morphological feature, e.g. com-
prising or consisting of the three ST levels determined from
the three bipolar electrical measurements respectively. The
method according to this example also comprises performing
a comparison of the at least one parameter to a previously
determined distribution of the at least one parameter obtained
from the user under a plurality of predetermined physiologi-
cal conditions, e.g. by a difference vector of the three ST
levels with respect to a reference vector obtained as an aver-
age of a plurality of dipole measurements under at least three
different, predetermined physiological conditions. This
exemplary method also comprises generating a signal repre-
sentative of a risk of a myocardial infarction occurring in the
body of the user. However, unlike in the first example here-
inabove, where generating the signal representative of the risk
of a myocardial infarction occurring in the body takes a
further distribution into account that characterizes the shift
vector in a population of reference individuals, in this
example, sufficient previous measurements under normal
conditions, e.g. in the absence of an acute occlusion condi-
tion, are gathered such that a subject-specific variance or
covariance representative of a normal condition can be
applied, e.g. in order to normalize the at least one parameter
to a population reference variance or covariance or to adjusta
detection threshold, e.g. a radius to be exceeded by the at least
one parameter, for generating the signal indicative for an
acute occlusion condition. However, in a particularly advan-
tageous embodiments, additional data may be gathered peri-
odically for improving the statistical quality of the previously
determined distribution of the at least one parameter obtained
from the user under a plurality of predetermined physiologi-
cal conditions. A population-specific further distribution as
described in the first example hereinabove may be taken into
account until the gathered data from the user is significantly
different from the reference distribution, e.g. using a statisti-
cal test as known in the art, for example a Z-test, a Student
t-test, an F-test or a Kolmogorov-Smirnov test. Thus, a
method according to the first example hereinabove may be
applied until the gathered data show a significant divergence
of the distribution of the at least one parameter for the specific
user under normal, e.g. non-acute, conditions from the distri-
bution of the at least one parameter for a reference population
of individuals under normal, e.g. non-acute, conditions.
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[0185] Thisexemplary method was tested on the same data-
base as described hereinabove. 25 measurements were used
for each human subject to obtain a person-specific distribu-
tion. Features of this method are illustrated by F1G. 19. For
simplicity, only axes X and Y, respectively X" and Y" are
shown in FIG. 19, even though the ST shift vectors have three
components X,Y, Z in accordance with this example. The set
of ST shift vectors 604 obtained for an individual A under
normal, e.g. healthy, circumstances was used to determine an
ortho-normalized coordinate basis using principal compo-
nent analysis. A differently shaped distribution of the intra-
subject samples under normal condition can be seen, when
compared with the inter-subject samples shown in FIG. 18.
Forsubject A, and similarly for each other individual to which
the method is applied, a principal component analysis was
applied, e.g. independently from that obtained for the other
subjects, to the at least one parameter (X, Y, Z), in which X
represents the ST level over the bipolar lead RE minus the
individual reference ST level over the bipolar lead RE, Y
represents the ST level over the bipolar lead RL minus the
individual reference ST level over the bipolar lead RL, and Z
represents the ST level over the bipolar lead RF minus the
individual reference ST level over the bipolar lead RF. Thus,
a transformation 605 is determined that projects the at least
one parameter (X, Y, 7Z) onto an ortho-normalized coordinate
system X", Y", Z". This example shows that this transforma-
tion 605 is able to successfully separate an abnormal ST
dipole shift vector 603 of the subject A, e.g. corresponding to
an acute coronary occlusion condition, from the set of ST
shift vectors 604 obtained for an individual A under normal,
e.g. healthy, circumstances. When the individualized ortho-
normalizing transformation is applied to 60 shift vectors cor-
responding to acute coronary occlusion conditions, an
increased sensitivity (with a cutoff at the 97.5 percentile of the
healthy population) for detecting an occlusion was observed
of 98%, compared to 95% when a population-based ortho-
normalization was performed (also with a cutoff at the 97.5
percentile of the healthy population), in accordance with the
first example provided hereinabove. Likewise, specificity
increased from 94% to 98%.

[0186] Thus, because the reference distribution is tuned to
the individual response under normal conditions, e.g. only a
set of ST dipole variations of the individual at hand is taken
into account, the sensitivity and specificity of the detection
method may be increased. However, this method in accor-
dance with this second example may require that sufficient
reference measurements of the individual at hand are avail-
able to define a distribution that is significantly different of a
reference distribution obtained over a set of healthy individu-
als, e.g. in accordance with the first example presented here-
inabove. In an implementation of a method in accordance
with embodiments of the present invention, a test may be
performed each time new data for a subject is acquired, e.g.
such as to switch from a population-based method such as
described in the first example hereinabove to a subject-spe-
cific method such as described in the present example.

[0187] A third example also relates to a method for analyz-
ing electrocardiogram data that comprises obtaining the tem-
poral sequence of electrocardiogram data, analogous to the
description of the first example and second example herein-
above. The method of this example also comprises determin-
ing at least one parameter indicative of a morphological fea-
ture, e.g. comprising or consisting of the three ST levels
determined from the three bipolar electrical measurements
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respectively. The method according to this example also com-
prises performing a comparison of the at least one parameter
to a previously determined distribution of the at least one
parameter. However, unlike the previous examples, this pre-
viously determined distribution of the at least one parameter
is not obtained from the user under a plurality of predeter-
mined physiological conditions, but from a reference popu-
lation, similar to the further distribution described in relation
to the first example hereinabove. This exemplary method also
comprises generating a signal representative of a risk of a
myocardial infarction occurring in the body of the user. How-
ever, unlike the first and second example hereinabove, gen-
erating the signal representative of the risk of a myocardial
infarction occurring in the body does not characterize a shift
vector, in which a person-specific origin shift is performed,
but a distribution of the unshifted ST levels is taken into
account that characterizes the ST vector in a population of
reference individuals. Particularly, a population of reference
individuals having the same gender as the user at hand may be
used.

[0188] The method according tot this third example was
also tested on the database described hereinabove. 780 mea-
surements of 30 healthy individuals were used to collect
gender-specific population distributions. The method accord-
ing to this example is schematically illustrated in FIG. 20. For
each gender-specific population, e.g. the male population 607
and the female population 608, a principal component analy-
sis was applied to the atleast one parameter (X, Y, Z), in which
X represents the ST level over the bipolar lead RE, Y repre-
sents the ST level over the bipolar lead RL, and Z represents
the ST level over the bipolar lead RF. Thus, an ortho-normal-
ized projection 606 to the coordinate system X', Y', Z' was
obtained for male subjects, and a different ortho-normalized
projection 609 to the coordinate system X", Y", Z" was
obtained for female subjects. In these coordinate systems,
ST-vectors corresponding to coronary occlusion events in
respectively male and female subjects were projected. The
sensitivity to detect an occlusion dropped from 95% for the
method of the first example hereinabove to 90%, while the
specificity dropped from 94% to 80%. However, both sensi-
tivity and specificity are still higher than what would be
obtained for a standard 12 lead electrocardiogram configura-
tion as known in the art. Furthermore, the method in accor-
dance with this third example is particularly simple, both in
terms of the simple 3-lead configuration which can be self-
administered by the user, as in terms of the required process-
ing and reference data collection. A method according to this
third example may be advantageously used in single measure-
ment situations, e.g. in an emergency department, in an ambu-
lance or by a general physician, where a quick and easy
indication of the risk of coronary occlusion may be used to
forward a patient to a specialized service as soon as possible.

[0189] In the table presented hereinbelow, a comparison is
made between the methods of the three examples discussed
hereinabove and a prior art method based on a standard
12-lead electrocardiogram (ECG). The first, second and third
example are respectively designated the acronyms RELF-2,
RELF-3 and RELF-1. AUC indicates the area under the
Receiver Operating Characteristic (ROC) curve. The 95%
confidence interval (CI) on the AUC is also reported. The
number of samples in the test set corresponding to normal
conditions (e.g. healthy) are indicated by n_, while n, indi-
cates the number of samples in the test set corresponding to
the acute coronary occlusion condition.



ECG  RELF-1 RELF-2 RELF-3
N, 0 0 13 25
Sensitivity ~ 85% 90% 95% 98.1%
Specificity  52% 80% 94% 97.9%
n 388 7 388 772
n, 60 60 60 1798
AUC 0.94 0.98 0.998
95% CI 091-0.98  097-099  0.997-0.999

[0190] It is to be noted that, in a lead configuration in

accordance with embodiments of the present invention, the
RL and RF leads may correspond to lead I and lead 1T of a
standard 12-lead ECG as known in the art. Howevet, the RE
lead is substantially different from the lead positions com-
monly used in electrocardiography. This lead may correspond
approximately in position to V2-0.66*aVR, for standard
leads V2 and aVR. Following example demonstrates that a
lead in the RE configuration offers a surprisingly advanta-
geous improvement over the same method applied to data
collected in a standard 12-lead ECG configuration, in which
aproxy value for RE is computed as RE'=V2-0.66*aVR. The
method according to the third example discussed hereinabove
was applied to RL, RF and RE onone hand and to RL, RF and
RE' on the other hand. The lead data for RL, RF, RE, aVR and
VE were registered simultaneously. The ROC curves for both
sets of leads are shown in FIG. 21, in which RELF-1 refers to
the method according to the third example discussed herein-
above, and RELF-1"refers to the equivalent method applied to
the lead data RL, RF and the proxy value RE' computed from
leads aVR and V2. The AUC for RELF-1' was 0.9044 (95%
CI: 0.8499 t0 0.9589) with a standard error of 0.02782, and
the AUC for the RELF-1 method was 0.9461 (95% CI: 0.9108
t0 0.9815) with standard error 0.01803. However, when com-
paring both curves for the subpopulations of males and
females separately, a more severe difference in noted for the
female subpopulation than for the male subpopulation. For
females, as shown in F1G. 22, the RELF-1' achieves an AUC
of 0.8512 (95% CI: 0.7493 to 0.9531) with standard error
0.05199, while RELF-1 achieves an AUC 0f 0.9587 (95% CI:
0.9263 to 0.9910) with standard error 0.01651. For males on
the other hand, as shown in FIG. 23, both RELF-1' and
RELF-1 achieve an AUC of 0.94.

1. A device for analyzing electrocardiogram data, the
device comprising:
an input means for obtaining a temporal sequence of elec-
trocardiogram data registered by at least 2 electrodes
corresponding to a plurality of predetermined locations
on the body of a user,

a processing unit connected to said input means to receive
and process the temporal sequence of electrocardiogram
data, the processing unit being programmed for deter-
mining at least one parameter indicative of a morpho-
logical feature of said temporal sequence of electrocar-
diogram data, the morphological feature comprising a
multi-dimensional ST segment feature, and for perform-
ing a comparison of said at least one parameter to a
previously determined distribution of the at least one
parameter; and

an output means connected to said processing unit for
generating a signal taking into account said comparison,
the signal being representative of a risk of a myocardial
infarction occurring in said body,

17
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wherein the electrocardiogram data comprises:

a) a first bipolar measurement obtained between a chest
electrode point on the body located between 3 cm and 6
cm above the fourth left parasternal intercostal space and
a location on the right upper extremity,

b) a second bipolar measurement obtained between the left
cristailiaca and the location on the right upper extremity,
and

¢) athird bipolar measurement obtained between a location
on the left upper extremity and the location on the right
upper extremity.

2. The device according to claim 1, wherein said process-
ing unit is adapted for performing said comparison by com-
paring said at least one parameter to said previously deter-
mined distribution of the at least one parameter, said
distribution corresponding to a distribution of the at least one
parameter over a population of reference samples, said popu-
lation substantially consisting of samples of the at least one
parameter obtained from a plurality of different individuals
having the same gender as said user.

3. The device according to claim 1, wherein said process-
ing unit is adapted for performing said comparison by com-
paring said at least one parameter to a previously recorded
individual spatial reference of said at least one parameter
obtained from said user under a plurality of different physi-
ological conditions.

4. The device according to claim 3, wherein said device is
furthermore adapted for prompting the user for inputting
during a calibration and/or re-calibration procedure a tempo-
ral sequence of electrocardiogram data registered by a plural-
ity of electrodes corresponding to the plurality of predeter-
mined locations on the body of the user obtained under a
plurality of different physiological conditions.

5. The device according to claim 3, wherein the processing
unit is adapted for performing said comparison of said at least
one parameter to said previously determined distribution by
subtracting an average of said at least one parameter obtained
from said user under a plurality of different physiological
conditions, corresponding to said previously recorded indi-
vidual spatial reference, to obtain a shift vector and for apply-
ing a coordinate transformation to said shift vector.

6. The device according to claim 5, wherein the processing
unit is furthermore adapted for applying said coordinate
transformation to said shift vector, wherein said coordinate
transformation is determined by a principal component
analysis of a further distribution of the at least one parameter
over a population of reference samples obtained from a plu-
rality of different individuals.

7. The device according to claim 5, wherein the processing
unit is furthermore adapted for applying said coordinate
transformation to said shift vector, wherein said coordinate
transformation is determined by a principal component
analysis of said at least one parameter obtained from said user
under a plurality of different physiological conditions corre-
sponding to said previously recorded individual spatial refer-
ence.

8. The device according to claim 1, wherein the device is a
smartphone.

9. The device according to claim 1, wherein the at least one
parameter is indicative of a multi-dimensional vector of ST
segment features.

10. A method for analyzing electrocardiogram data, the
method comprising:
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obtaining a temporal sequence of electrocardiogram data
registered by at least two electrodes corresponding to a
plurality of predetermined locations on the body of a
user, wherein the electrocardiogram data comprises:

a) a first bipolar measurement between a chest electrode
point on the body located between 3 cm and 6 cm above
the fourth left parasternal intercostal space and a loca-
tion on the right upper extremity,

b) a second bipolar measurement between the left crista
iliaca and the location on the right upper extremity, and

¢) a third bipolar measurement between a location on the
left upper extremity and the location on the right upper
extremity;

determining at least one parameter indicative of a morpho-
logical feature of said temporal sequence of electrocar-
diogram data, the morphological feature comprising a
multi-dimensional ST segment feature;

performing a comparison of said at least one parameter to
a previously determined distribution of the at least one
parameter; and

generating a signal, representative of a risk of a myocardial
infarction occurring in the body of the user, taking into
account said comparison.

11. The method according to claim 10, wherein performing
said comparison comprises subtracting from the at least one
parameter an average of said at least one parameter over said
previously determined distribution to obtain a shift vector,
and applying a coordinate transformation to said shift vector.

12. A method according to claim 10, wherein obtaining a
temporal sequence of electrocardiogram data comprises
obtaining at least three time series of bipolar measurements,
each of the time series being recorded consecutively.

13. A method according to claim 10, wherein said previ-
ously determined distribution of the at least one parameter
corresponds to a distribution of the at least one parameter over
a population of reference samples, said population substan-
tially consisting of samples of the at least one parameter
obtained from a plurality of different individuals having the
same gender as said user.

14. A method according to claim 11, wherein said com-
parison of said at least one parameter to said previously
determined distribution is performed by subtracting an aver-
age of said at least one parameter obtained from said user
under a plurality of different physiological conditions, corre-
sponding to said previously recorded individual spatial refer-
ence, to obtain a shift vector and for applying a coordinate
transformation to said shift vector.

15. A method according to claim 14, wherein for applying
said coordinate transformation to said shift vector, said coor-
dinate transformation is determined by a principal component
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analysis of a further distribution of the at least one parameter
over a population of reference samples obtained from a plu-
rality of different individuals.

16. A method according to claim 14, wherein for applying
said coordinate transformation to said shift vector, said coor-
dinate transformation is determined by a principal component
analysis of said at least one parameter obtained from said user
under a plurality of different physiological conditions corre-
sponding to said previously recorded individual spatial refer-
ence.

17. A method according to claim 10, further comprising a
step of obtaining a previously recorded individual spatial
reference of said at least one parameter obtained from said
user under at least two different physiological conditions, and
wherein the previously determined distribution of the at least
one parameter comprises said previously recorded individual
spatial reference of said at least one parameter.

18. The method according to claim 17, wherein the method
comprises, prior to said obtaining of said temporal sequence
of electrocardiogram data, updating the individual spatial
reference of said at least one parameter obtained from said
user under a plurality of different physiological conditions.

19. The method according to claim 18, wherein said updat-
ing comprises obtaining a temporal sequence of electrocar-
diogram data registered by a plurality of electrodes corre-
sponding to a plurality of predetermined locations on the
body of a user under a plurality of different physiological
conditions, as prompted.

20. The method according to claim 10, wherein said deter-
mining the at least one parameter may comprise determining
at least one value indicative of a morphological feature
defined for a local time interval less than the duration of a
representative heartbeat.

21. The method according to claim 10, wherein said deter-
mining the at least one parameter comprises determining at
least one value indicative of a property of at least one ST
segment in said temporal sequence of electrocardiogram data.

22. The method according to claim 21, wherein said deter-
mining at least one parameter comprises determining at least
one value indicative of J-point elevation.

23. The method according to claim 21, wherein said deter-
mining at least one parameter comprises, for each subse-
quence corresponding to a single heartbeat in said temporal
sequence, detecting a first fiducial marker in the ST segment
and detecting a second fiducial marker in the PR segment, and
calculating the difference in amplitude between the first fidu-
cial marker and the second fiducial marker aggregated over a
plurality of said subsequences.
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