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Description

[0001] The invention relates to a magnetocardiograph-
ic method and a magnetocardiographic system being ar-
ranged for carrying out the magnetocardiographic meth-
od. The invention further relates to a computer imple-
mented method for identifying and quantifying myocar-
dial disorder, and a data carrier comprising a computer
program for carrying out the method.
[0002] Magnetocardiography (MCG) is a non-invasive
method of recording magnetic fields generated by the
electric activity of the heart, and is, i.a., used for clinical
diagnosis of heart diseases, for example ischemic heart
disease (IHD; see e.g. [1]-[8]). In WO 02/017769 A2, for
example, a magnetic dipole model is used to localize
ischemic cardiac tissue. The direction and extent of a
displacement of the dipole during the ST segment of the
sinus rhythm, superimposed on the hearts general out-
line, indicates the localization and extent of ischemia.
[0003] Brockmeier et al. [9] describe substantial
changes in magnetocardiograms during the repolariza-
tion period of healthy subjects under stress conditions.
Induced stress lead to changes in the field from dipolar
to monopolar shape. These changes, however, were
considered of nonpathologic origin.
[0004] Ebmeyer et al. [10] deal with the predictive value
of magnetocardiograms for the location of regional
ischemia or infarction. They generated current density
vector (CVD) maps within the ST-T interval, and classi-
fied the CVD maps based on the dipolar or non-dipolar
structure of the map.
[0005] DE 100 42 138 A1 relates to methods for auto-
matic processing of biomagnetic field data, in particula
macnetocardiographic data. The methods include, i.a.,
an estimation of the reciprocal arrangement of the max-
imum positive and negative extrema in each magnetic
field distribution map, an estimation of the presence of
additional extrema in each magnetic field distribution
map and the duration of their existence during the repo-
larization process, and a calculation of the ratio of the
maximum negative to the maximum positive extrema in
each map.
[0006] However, prior art magnetocardiographic meth-
ods, especially in view of their application for diagnosing
myocardial disorder, e.g, IHD, are still unsatisfactory.
[0007] It is therefore an object of the invention to pro-
vide an improved magnetocardiographic method, in par-
ticular in view of diagnosing ischemic heart disease.
[0008] In a first aspect the invention provides a mag-
netocardiographic method, the method comprising the
following steps:

a) Measuring a component of the heart magnetic
field at a plurality of positions above the heart of a
subject using a plurality of magnetic field sensors
during at least part of the cardiac cycle comprising
the ST-T segment of the sinus rhythm of the heart,
and

b) Determining, using the magnetic field data meas-
ured by the plurality of magnetic field sensors, the
monopolarity of the magnetic field at at least one
given point in time or over at least one given time
period during the ST-T segment of the sinus rhythm
of the heart, the monopolarity of the magnetic field
representing a measure for the deviation of the mag-
netic field from a dipolar shape, wherein the deter-
mination of the monopolarity of the magnetic field is
computer implemented, and wherein the monopo-
larity of the magnetic field is calculated by the follow-
ing formula (1) 

wherein M is the monopolarity, i the sensor index
and bi the magnetic field gradient measured by the
i-th magnetic field sensor.

[0009] The method according to the first aspect of the
invention provides a diagnostic parameter for aiding in
diagnosing a heart muscle tissue disorder, in particular
for diagnosing the presence or absence of ischemic heart
disease. It has been found that the monopolarity of the
magnetic field, i.e. the degree of deviation of the magnetic
field from a dipolar shape, in particular during the ST-T
segment of the sinus rhythm of the heart provides a
measure for indicating the presence and the severity of
cardiac muscle tissue disorder. For this purpose, the mo-
nopolarity of the magnetic field of a subject’s heart during
the ST-T segment can be compared with the average
monopolarity of persons with healthy heart muscle tissue.
[0010] The magnetic field generated by the current flow
in heart muscle tissue, in particular during the ST-T seg-
ment, usually has essentially the shape of a dipole. The
dipolar shape can, e.g., be visualized by magnetic isofield
contour (isocontour) mapping, for example, using the z-
component of the magnetic field. The magnetic field thus
exhibits a minus peak, where the data measured by mag-
netic field sensors have their maximal negative value,
and a positive peak, where data measured by magnetic
field sensors at the same time reach their maximal pos-
itive value. Negative values correspond to magnetic field
lines entering the body, positive values correspond to
magnetic field lines leaving the body.
[0011] The monopolarity of the measured magnetic
field can be determined at any time or over any time pe-
riod during the whole cardiac cycle. It is, however, par-
ticular preferred to determine the monopolarity during at
least part of the ST-T segment. i.e. at any one or several
points in time during the ST-T segment and/or over any
one or more intervals during the ST-T segment. In case
of a plurality of intervals the intervals may be of equal or
different length (duration), directly consecutive or not, or
overlapping.
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[0012] The term "monopolarity" in relation to a mag-
netic field generated by the heart relates to the degree
to which a magnetic field deviates from an essentially
dipolar shape, i.e. the degree of a shift from an essentially
dipolar shape to a more monopolar shape. In particular,
the monopolarity represents a measure for a distribution
of positive and negative magnetic field sensor signals
deviating from a dipolar pattern. A perfect dipolar shape
of a magnetic field would result in an axially symmetric
isocontour map plotted from measured data of a plurality
of sensors, e.g. axial gradiometers, positioned directly
above the magnetic field source and oriented in the z-
axis using standard heart coordinates. A shift to a more
monopolar shape, i.e. a magnetic field having a higher
monopolarity, would result in an axially asymmetric iso-
contour map, where, for example, the majority of the sen-
sors of a plurality of magnetic field sensors positioned
directly above the magnetic field source would measure
negative or positive values, and/or where the sum of (ab-
solute) negative values is greater than the sum of the
positive values, or vice versa. An example of a magnetic
field having an essentially "monopolar" shape would, for
example, be a magnetic field where all of a plurality of
magnetic field sensors positioned directly above the
magnetic field source measure only positive or only neg-
ative values. It is to be noted here that the term "essen-
tially monopolar magnetic field" or "monopolar magnetic
field" does not denote a magnetic monopole, but a mag-
netic field where one pole (negative or positive) is dis-
tributed over a larger area of heart tissue, such that no
distinct peak (e.g. minus or plus peak) can be determined.
The monopolarity can, for example, easily be determined
by taking magnetic field data measured by magnetic field
sensors at a specific point in time or over a specific time
interval, and comparing, for example, the number of sen-
sors with negative and positive data and/or comparing
the magnitudes of the negative or positive data. An in-
herent offset of the sensors is, of course, taken into ac-
count. A perfectly dipolar magnetic field has no (or e.g.
zero) monopolarity, whereas a magnetic field for which,
for example, a larger number of sensors out of a plurality
of sensors measuring the magnetic field measures a pos-
itive instead of a negative value, or vice versa, has a
specific monopolarity (e.g. greater than zero). In partic-
ular, the terms "magnetic field having an essentially mo-
nopolar shape" or "essentially monopolar magnetic field"
relates to a magnetic field where all of a plurality of mag-
netic field sensors measure either positive or negative
values at a given point in time or over a given time interval.
The preferably automatic quantification of the monopo-
larity of a magnetic field may be implemented in different
ways.
[0013] The term "ST-T segment of the sinus rhythm of
the heart" relates to a time interval of the cardiac cycle
(heart beat, sinus rhythm), starting after the end of the
S-wave and lasting until the end of the T-wave. The ST-
T segment is also called the "ST interval". The ST seg-
ment represents the interval between the end of ventricu-

lar depolarization and the beginning of repolarization, the
T-wave represents the repolarization of the ventricles.
Although originally created for electrocardiography the
terms for describing specific sections of an electrocardi-
ogram (e.g. P wave, QRS complex, ST segment and T-
wave) have been adopted for describing magnetocardi-
ograms, which resemble electrocardiograms in many as-
pects, although the actual shape may vary depending on
the position of the magnetic field sensor.
[0014] The term "myocardial disorder" relates to the
condition of a non-healthy, i.e. a malfunctioning and/or
damaged heart muscle. In particular, the term relates to
a malfunctioning and/or damaged heart muscle, e.g. as
a result of IHD.
[0015] The term "magnetic field sensor" as used herein
means a sensor being able to measure magnetic fields,
e.g. a gradiometer. The term comprises a magnetic field
sensor (1-axis magnetic field sensor) being designed to
only measure one component of the magnetic field, e.g.
the z-component, or a magnetic field sensor (2- or 3-axis
magnetic field sensor) being able to measure two or all
three orthogonal components (x-, y- and z-component)
of the magnetic field. SQUIDs ("superconducting quan-
tum interference devices"), e.g. having axial gradiome-
ters as pickup coil, are preferred as sensors.
[0016] As used herein, unless not stated otherwise or
circumstances do not indicate otherwise, a reference to
an x-axis in relation to the heart or the body of a human
being corresponds to a reference to a right-to-left axis, a
reference to an y-axis corresponds to a reference to a
head-to-foot axis, and a reference to the z-axis corre-
sponds to a reference to a anteroposterior axis. The term
"z-component" of a magnetic field thus, for example, re-
fers to the magnetic field component in the direction of
the anteroposterior axis. The coordinates comprising a
x-, y- and z-axis as explained above may also be referred
to as "standard heart coordinates".
[0017] The term "sinus rhythm" relates to the rhythmic
sequence of contractions of the heart during the cardiac
cycle (heart beat) involving depolarization and repolari-
zation of the atria and ventricles. In the sinus rhythm,
depolarisation of the cardiac muscle begins at the si-
noatrial node (also called sinus node or SA node) situated
in the upper part of the wall of the right atrium, is con-
ducted through the atrioventricular node (AV node) be-
tween the atria and ventricles to the bundle of His, the
bundle branches and the Purkinje fibres. Repolarisation
of the ventricles ends the cycle. Depolarisation and re-
polarisation of the atria and ventricles are reflected by
three typical waves or wave complexes on a typical elec-
trocardiogram (ECG), P-wave, QRS complex and T-
wave. In the ECG, the P-wave is usually considered to
represent atrial depolarization, the QRS complex the de-
polarization of the right and left ventricles, and the T-
wave the repolarization of the ventricles.
[0018] The term "subject" as used herein refers pref-
erably to a vertebrate, further preferred to a mammal,
and most preferred to a human.
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[0019] The term "measuring a component of the mag-
netic field at a plurality of positions above the heart"
means measuring a component, e.g. the z-component,
of the magnetic field at several positions which are, pref-
erably evenly, spaced apart from each other, e.g. by us-
ing an array of magnetic field sensors, for example 32,
64 or 128 magnetic field sensors. The term "above the
heart" is not to be construed as being constricted to a
position in relation to the earth’s gravitation field.
[0020] It is to be noted that a possible inherent sensor
offset is, of course, taken into account when determining
the monopolarity, i.e. a baseline will be set before com-
puting the monopolarity.
[0021] The measurement of the magnetic field compo-
nent may be performed under resting conditions, e.g. un-
der conditions where the subject rests on a bed or such-
like, or under stress conditions, i.e. under conditions of
physical stress, e.g. during exercises performed with an
ergometer or suchlike.
[0022] In the method of the invention the monopolarity
of the magnetic field is calculated by the following formula
(1) 

wherein M is the monopolarity, i the sensor index and bi
the magnetic field gradient measured by the i-th magnetic
field sensor. As an example, in case of e.g. 64 magnetic
field sensors (i = 1-64) measuring e.g. the z component
of the magnetic field, the data measured by each of the
64 sensors is summed up, and the absolute value of this
sum is then divided by the sum of the absolute values of
each of the sensors.
[0023] The above formula provides a monopolarity
score lying between 0 (zero, no monopolarity) and 1 (one,
complete monopolarity). A perfect dipolar magnetic field
would thus have a zero score, whereas any magnetic
field deviating from a dipolar shape and having a more
monopolar shape would have a score greater than zero.
In reality, however, most magnetic fields generated by
heart tissue deviate from a perfect dipolar shape and a
zero score would be observed only in rare cases. Further,
a positive score, i.e. a score greater zero, does not nec-
essarily point to a malfunction of the heart tissue. In gen-
eral, however, a comparatively high score is indicative
of a possible malfunctioning of the heart muscle. Also in
general, a higher score points to a more severe condition
or form of a disorder. The inventors have, for example,
found that a score of 0.8 or higher, in particular under
stress conditions, e.g. during an ergometer stress-test,
may be indicative of cardiac ischemia. An elevated score
during rest may e.g. also point to other disorders, such
as acute coronary syndrome or inflamed cardiac tissue.
The skilled person may easily perform experiments in
order to relate an elevated score, be it at rest and/or under

stress conditions, with a myocardial disorder.
[0024] In a further preferred embodiment of the mag-
netocardiographic method of the invention, the monop-
olarity of the magnetic field is calculated over more than
one predefined time period, for example over two, three,
four or more time periods (intervals) during the ST-T seg-
ment of the sinus rhythm of the heart. The time periods
may be consecutive intervals having the same or different
lengths, preferably identical lengths, or time periods be-
ing separated by intervals. The intervals may cover the
whole ST-T segment or only a portion thereof. The ST-
T segment, or a portion thereof, may, for example, be
split into four consecutive intervals of equal length, and
an individual score be calculated for each interval. Ac-
cording to a preferred embodiment the ST-T segment,
or a portion thereof, is thus separated into e.g. four con-
secutive subsegments, preferably of equal length, i.e.
duration, and to calculate the monopolarity for each sub-
segment individually. In another preferred embodiment
the ST-T segment is split into two subsegments, the first
covering the portion of the ST-T segment from the end
of the S wave to the maximum of the T wave (Tmax), or
at least a portion thereof, and the second covering the
ST-T segment from Tmax to Tend.
[0025] Although it is possible to take any component,
i.e. the x-, y- or z-component, of the magnetic field for
the determination of its monopolarity, it is preferred to
use the z-component for this purpose. The z-component
is the component usually measured by magnetocardiog-
raphy. Using the z-component does not mean that only
one-axis magnet field sensors, e.g. gradiometers meas-
uring only z-component, can be implemented. Rather,
also 3-axis magnet field sensors measuring the three or-
thogonal components of the magnetic field can be used,
and only the data measured for the z-component are
used for the calculation of the monopolarity of the mag-
netic field.
[0026] In the method of the invention the determination
of the monopolarity of the magnetic field is computer im-
plemented. The method is completely automated, and
the score is computed from the data measured by means
of a computer program running e.g. on a personal com-
puter or another programmable apparatus. All steps nec-
essary for determining the monopolarity of the magnetic
field at a point in time of the ST-T interval or over at least
one, preferably two or more time intervals being part of
the ST-T interval are processed automatically. This in-
cludes, for example, the identification of the ST-T interval.
[0027] In an especially preferred embodiment of the
invention the magnetocardiographic method thus com-
prises the following steps:

a) Measuring a component of the heart magnetic
field at a plurality of positions above the heart of a
subject using a plurality of magnetic field sensors
during at least part of the cardiac cycle comprising
the ST-T segment of the sinus rhythm of the heart,
and
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b1) Identifying the ST-T segment of the sinus rhythm
of the heart using a computer running a computer
program being configured to identify the ST-T seg-
ment based on the data measured by the plurality of
magnetic field sensors, and
b2) Determining the monopolarity of the magnetic
field at at least one given point in time or over at least
one given time period during the ST-T segment of
the sinus rhythm of the heart using a computer run-
ning a computer program being configured to deter-
mine the monopolarity of the magnetic field, and us-
ing the magnetic field data measured by the plurality
of magnetic field sensors, the monopolarity of the
magnetic field representing a measure for the devi-
ation of the magnetic field from a dipolar shape.

[0028] In a second aspect the invention also relates to
a magnetocardiographic system, comprising a plurality
of magnetic field sensors being able to measure a com-
ponent of the magnetic field generated by the heart, and
a calculation unit being configured to determine, from the
magnetic field data measured by the plurality of magnetic
field sensors, the monopolarity of the magnetic field at
at least one given point in time or over at least one given
time period during at least part of the cardiac cycle com-
prising the ST-T segment of the sinus rhythm of the heart,
the monopolarity of the magnetic field representing a
measure for the deviation of the magnetic field from a
dipolar shape.
[0029] The calculation unit may, for example, be an
integrated circuit, a Personal Computer or other program-
mable apparatus, or part thereof, being able to perform
a calculation. In a preferred embodiment of the second
aspect of the invention, the magnetocardiographic sys-
tem comprises a Personal Computer running a program
being configured to determine the monopolarity of the
magnetic field. The magnetocardiographic system of the
invention may thus be composed of a magnetocardio-
graph being designed and configured to measure, with
a plurality of magnetic field sensors, e.g. SQUID sensors
coupled to axial gradiometers being configured to meas-
ure the z-component of a magnetic field, the magnetic
field of the heart of a subject, and a Personal Computer
connected to the magnetocardiograph and configured to
acquire and process the magnetic field data and to de-
termine, from the magnetic field data, the monopolarity
of the magnetic field, e.g. by using a suitable computer
program calculating e.g. a score representing a measure
for the monopolarity of the magnetic field. The determi-
nation of the monopolarity of the magnetic field may also
comprise the identification of the ST-T segment.
[0030] The calculation unit is configured to calculate
the monopolarity of the magnetic field according to the
following formula (1) 

 wherein M is the monopolarity, i the sensor index and bi
the magnetic field gradient measured by the i-th magnetic
field sensor.
[0031] In a preferred embodiment of the magnetocar-
diographic system according to the invention the calcu-
lation unit is configured to calculate the monopolarity of
the magnetic field over more than one given time period,
further preferably over two, three, four or more time pe-
riods. Preferably, the calculation unit is configured to cal-
culate the monopolarity of the magnetic field over more
than one predefined time period, for example over two,
three, four or more time periods during the ST-T segment
of the sinus rhythm of the heart. The time periods may
be consecutive intervals having the same or different
lengths, preferably identical lengths, or time periods be-
ing separated by intervals. As an example, the calculation
unit may be configured to split the ST-T segment into
four consecutive intervals of equal length, and to calcu-
late an individual score for each interval, or to split the
ST-T segment into two consecutive intervals, the first
comprising the ST segment and the portion of the T wave
until Tmax, the second comprising the T wave from Tmax
to Tend.
[0032] Preferably, the plurality of magnetic field sen-
sors of the magnetocardiographic system of the invention
is able to measure the z-component of the magnetic field.
The magnetic field sensors may, for example, be axial
first- or second-order gradiometers coupled to a SQUID
and oriented in a manner to be able to measure the z-
component of the magnetic field, i.e. the component per-
pendicular to the x-y plane (frontal plane) according to
standard heart coordinates. Such sensors are known to
the skilled person.
[0033] In the following the invention is further described
for illustration purposes only by way of the attached fig-
ures.

Figure 1 Schematic drawing of a magnetocardio-
gram.

Figure 2 Schematic isocontour drawings of an ex-
emplary dipolar (A) and monopolar (B) magnetic
field. Solid lines represent positive magnetic field val-
ues, dashed lines negative values.

Figure 3 Magnetic isofield contour maps of the ST-
T segment of a healthy (A) subject and (B) a subject
having cardiac ischemia.

Figure 4 Magnetic isofield contour map of the ST-T
segment of a healthy subject (C), corresponding av-
erage monopolarity scores for four subsegments of
the ST-T segment during rest and under stress (D),
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monopolarity score during time (B), and magnetic
field data of each magnetic field sensor during the
ST-T segment (A).

Figure 5 Magnetic isofield contour map of the ST-T
segment of a subject afflicted with ischemia (C), cor-
responding average monopolarity scores for four
subsegments of the ST-T segment during rest and
under stress (D), monopolarity score during time (B),
magnetic field data of each magnetic field sensor
during the ST-T segment (A).

[0034] Figure 1 shows schematically an idealized mag-
netocardiogram of the cardiac cycle of a normal healthy
subject. It is to be noted that only the data of one sensor
at a specific position is depicted. Magnetocardiograms
differ depending on the position of the sensor in relation
to the magnetic field. Fig. 1 depicts P-wave, Q-R-S-com-
plex and T-wave, which are well known to the skilled per-
son. The ST segment and ST-T segment are also
marked.
[0035] Figure 2 shows exemplary line drawings of a
magnetic field having an essentially dipolar shape (A)
and of a magnetic field having an essentially monopolar
shape (B). The lines 1 are isolines (step size from one
line to the next line is constant). Solid lines 1 represent
positive values, dashed lines 1 negative values. The
magnetic field depicted in Fig. 2A has an essentially di-
polar shape with a distinct negative peak 2 and a distinct
positive peak 3. In contrast, the magnetic field depicted
in Fig. 2B has an essentially monopolar shape with only
a distinct negative peak 2, but no distinct or with only a
large diffused positive "peak" 3.
[0036] Figure 3 shows magnetic isofield contour maps
(isofield maps, isocontour maps) of the ST-T segment of
a healthy (A) subject and (B) of a subject having ischemia,
measured with a magnetocardiographic system accord-
ing to the invention. The isocontour maps were computed
from the magnetic field data measured by a plurality of
magnetic field sensors 4 for the z-component of the heart
magnetic field. In this example, 64 magnetic field sensors
4, axial gradiometers coupled to a SQUID and arranged
in an essentially circular array, were used. Figure 3A
shows a normal isocontour map during the ST-T segment
of a healthy person. The map shows the essentially di-
polar shape of the magnetic field, with a positive peak 3
and a negative peak 2. Figure 3B shows an isocontour
map during the ST-T segment of a person afflicted with
an ischemic heart disease (IHD). It can readily be seen
from the figure that there is essentially only one pole,
namely a negative pole 2 in this case. Consequently, the
magnetic field has an essentially monopolar shape.
[0037] Figure 4 shows magnetic field data and monop-
olarity scores for a healthy person, whereas Figure 5
shows corresponding data for a subject suffering from
IHD. In Figs. 4C and 5C isocontour maps similar to those
in Fig. 3 are depicted. Again, the isocontour map of the
healthy person (Fig. 4) shows an essentially dipolar

shape, whereas the isocontour map of the person suf-
fering from cardiac ischemia (Fig. 5) shows an essentially
monopolar shape.
[0038] Figures 4 and 5 also show monopolarity scores
(M) calculated according to the following formula (1): 

[0039] Average monopolarity scores were independ-
ently calculated for four directly consecutive subseg-
ments of the ST-T segment (Fig. 4D, 5D). The subseg-
ments were of equal length (i.e. duration). Further, the
monopolarity scores were calculated under rest (subject
resting on a bed) and under stress (subject lying on a
bed, but performing exercises with an ergometer placed
at the end of the bed). Further, the monopolarity was also
averaged over the total ST-T segment. Again, a "rest
score" and a "stress score" were determined.
[0040] As can be seen from figure 4D the average mo-
nopolarity of the healthy person is 0.17 at rest, and 0.31
under stress. In contrast, the monopolarity scores of the
subject having IHD (figure 5D) are much higher, both at
rest and under stress conditions. At rest, the monopolar-
ity score of the subject having IHD is 0.92 on average.
Under stress, the monopolarity score is 0.81 on average.
In figures 4B and 5B graphs showing the development
of the monopolarity score over time are depicted. In fig-
ures 4A and 5A magnetic field data of each of the 64
sensors are depicted, showing that the magnetic field of
the healthy person gives negative and positive signals
corresponding to an essentially dipolar shape, whereas
the magnetic field data of the person having IHD are
mainly in the positive range. It is to be noted that, in figures
4A, B and 5A, B only values measured during the end
phase of the ST segment and the T wave until Tmax are
depicted, and that the data measured during this interval
under stress conditions are directly appended to the val-
ues measured at rest. Therefore, the left part of the plots
show the sensor data measured during the end of the
ST segment and part of the T wave until Tmax at rest,
whereas the right part of the plots show the sensor data
measured during the end of the ST segment and part of
the T wave until Tmax under stress.
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Claims

1. Magnetocardiographic method, the method com-
prising the following steps:

a) Measuring a component of the heart magnetic
field at a plurality of positions above the heart of
a subject using a plurality of magnetic field sen-
sors during at least part of the cardiac cycle com-
prising the ST-T segment of the sinus rhythm of
the heart, and
b) Determining, using the magnetic field data
measured by the plurality of magnetic field sen-
sors, the monopolarity of the magnetic field at
least one given point in time or over at least one
given time period during the ST-T segment of
the sinus rhythm of the heart,

wherein the determination of the monopolarity of the
magnetic field is computer implemented,
characterized in that the monopolarity of the mag-
netic field represents a measure for the deviation of
the magnetic field from a dipolar shape, and in that
the monopolarity of the magnetic field is calculated
by the following formula (1) 

wherein M is the monopolarity, i the sensor index
and bi the magnetic field gradient measured by the
i-th magnetic field sensor.

2. Magnetocardiographic method according to claim 1,
wherein the monopolarity of the magnetic field is cal-
culated over more than one given time period, further
preferably over two, three, four or more time periods
during the ST-T segment of the sinus rhythm of the
heart.

3. Magnetocardiographic method according to one of
the preceding claims, wherein the component of the
magnetic field is the z-component.

4. Magnetocardiographic method according to one of
the preceding claims, wherein the determination of
the monopolarity of the magnetic field further com-
prises the following step: b1) Identifying the ST-T
segment of the sinus rhythm of the heart based on
the data measured by the plurality of magnetic field
sensors.

5. Magnetocardiographic system, comprising a plural-
ity of magnetic field sensors being able to measure
a component of the magnetic field generated by the
heart, and a calculation unit being configured to de-
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termine, from the magnetic field data measured by
the plurality of magnetic field sensors, the monopo-
larity of the magnetic field at at least one given point
in time or over at least one given time period during
at least part of the cardiac cycle comprising the ST-
T segment of the sinus rhythm of the heart,
characterized in that the monopolarity of the mag-
netic field represents a measure for the deviation of
the magnetic field from a dipolar shape, and in that
the calculation unit is configured to calculate the mo-
nopolarity of the magnetic field by the following for-
mula (1) 

wherein M is the monopolarity, i the sensor index
and bi the magnetic field gradient measured by the
i-th magnetic field sensor.

6. Magnetocardiographic system according to claim 5,
wherein the calculation unit is configured to calculate
the monopolarity of the magnetic field over more than
one given time period, further preferably over two,
three, four or more time periods.

7. Magnetocardiographic system according to one of
claims 5 or 6, wherein the plurality of magnetic field
sensors is able to measure the z-component of the
magnetic field.

8. Magnetocardiographic system according to one of
claims 5 to 7, comprising a computer being or com-
prising the calculation unit.

Patentansprüche

1. Magnetkardiographisches Verfahren, wobei das
Verfahren die folgenden Schritte umfasst:

a) Messen einer Komponente des Herzmagnet-
feldes an mehreren Positionen oberhalb des
Herzens einer Person unter Verwendung meh-
rerer Magnetfeldsensoren während mindestens
eines Teils des Herzzyklus, der den ST-T-Ab-
schnitt des Sinusrhythmus des Herzens um-
fasst, und
b) Bestimmen der Monopolarität des Magnetfel-
des zu mindestens einem bestimmten Zeitpunkt
oder über mindestens eine bestimmte Zeitspan-
ne während des ST-T-Abschnitts des Sinus-
rhythmus des Herzens unter Verwendung der
von den mehreren Magnetfeldsensoren gemes-
senen Magnetfelddaten des Herzens, wobei die
Bestimmung der Monopolarität des Magnetfel-

des computergestützt erfolgt,

dadurch gekennzeichnet, dass die Monopolarität
des Magnetfeldes ein Maß für die Abweichung des
Magnetfeldes von einer dipolaren Form repräsen-
tiert,
und dass die Monopolarität des Magnetfeldes durch
die folgende Formel (1) berechnet wird 

wobei M die Monopolarität, i der Sensorindex und bi
der durch den i-ten Magnetfeldsensor gemessene
Magnetfeldgradient ist.

2. Magnetkardiographisches Verfahren nach An-
spruch 1, wobei die Monopolarität des Magnetfeldes
über mehr als eine bestimmte Zeitspanne, weiter be-
vorzugt über zwei, drei, vier oder mehr Zeitspannen
während des ST-T-Abschnitts des Sinusrhythmus
des Herzens berechnet wird.

3. Magnetkardiographisches Verfahren nach einem
der vorhergehenden Ansprüche, wobei die Kompo-
nente des Magnetfeldes die z-Komponente ist.

4. Magnetkardiographisches Verfahren nach einem
der vorhergehenden Ansprüche, wobei die Bestim-
mung der Monopolarität des Magnetfeldes ferner
den folgenden Schritt umfasst: b1) Identifizieren des
ST-T-Abschnitts des Sinusrhythmus des Herzens
basierend auf den von den mehreren Magnet-
feldsensoren gemessenen Daten.

5. Magnetkardiographisches System, umfassend
mehrere Magnetfeldsensoren, die in der Lage sind,
eine Komponente des vom Herzen erzeugten Mag-
netfeldes zu messen, und eine Recheneinheit, die
dahingehend konfiguriert ist, aus den von den meh-
reren Magnetfeldsensoren gemessenen Magnet-
felddaten die Monopolarität des Magnetfeldes zu
mindestens einem bestimmten Zeitpunkt oder über
mindestens eine bestimmte Zeitspanne während
mindestens eines Teils des Herzzyklus, der den ST-
T-Abschnitt des Sinusrhythmus des Herzens um-
fasst, zu bestimmen, dadurch gekennzeichnet,
dass die Monopolarität des Magnetfeldes ein Maß
für die Abweichung des Magnetfeldes von einer di-
polaren Form repräsentiert, und dass die Rechen-
einheit dahingehend konfiguriert ist, die Monopola-
rität des Magnetfeldes durch die folgende Formel (1)
zu berechnen 
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wobei M die Monopolarität, i der Sensorindex und bi
der durch den i-ten Magnetfeldsensor gemessene
Magnetfeldgradient ist.

6. Magnetkardiographisches System nach Anspruch
5, wobei die Recheneinheit dahingehend konfigu-
riert ist, die Monopolarität des Magnetfeldes über
mehr als eine bestimmte Zeitspanne, weiter bevor-
zugt über zwei, drei, vier oder mehr Zeitspannen zu
berechnen.

7. Magnetkardiographisches System nach einem der
Ansprüche 5 oder 6, wobei die mehreren Magnet-
feldsensoren in der Lage sind, die z-Komponente
des Magnetfeldes zu messen.

8. Magnetkardiographisches System nach einem der
Ansprüche 5 bis 7, umfassend einen Computer, der
die Recheneinheit ist oder umfasst.

Revendications

1. Procédé magnétocartographique, le procédé com-
prenant les étapes suivantes :

a) la mesure d’une composante du champ ma-
gnétique du coeur à une pluralité de positions
situées au-dessus du coeur d’un sujet en utili-
sant une pluralité de capteurs de champ magné-
tique pendant au moins une partie du cycle car-
diaque comprenant le segment ST-T du rythme
sinusoïdal coeur, et
b) la détermination, en utilisant les données de
champ magnétique mesurées au moyen de la
pluralité de capteurs de champ magnétique, la
monopolarité du champ magnétique à au moins
un point donné dans le temps ou pendant au
moins une durée donnée pendant le segment
ST-T du rythme sinusoïdal du coeur, dans lequel
la détermination de la monopolarité du champ
magnétique est mise en oeuvre par un ordina-
teur,

caractérisé en ce que la monopolarité du champ
magnétique représente une mesure de la déviation
du champ magnétique à partir d’une forme dipolaire,
et en ce que la monopolarité du champ magnétique
est calculée au moyen de la formule suivante (1) 

dans laquelle M représente la monopolarité, i l’indice
de détection et bi le gradient de champ magnétique
mesuré par le l’i-ème capteur de champ magnétique.

2. Procédé magnétocartographique selon la revendi-
cation 1, dans lequel la monopolarité du champ ma-
gnétique est calculée pendant plus d’une période
donnée, de manière plus préférée pendant deux,
trois, quatre ou plus durées pendant le segment ST-
T du rythme sinusoïdal du coeur.

3. Procédé magnétocartographique selon l’une quel-
conque des revendications précédentes, dans le-
quel la composante du champ magnétique est la
composante z.

4. Procédé magnétocartographique selon l’une quel-
conque des revendications précédentes, dans le-
quel la détermination de la monopolarité du champ
magnétique comprend en outre l’étape suivante :
b1) l’identification du segment ST-T du rythme sinu-
soïdal du coeur en fonction des données mesurées
au moyen de la pluralité de capteurs de champ ma-
gnétique.

5. Système magnétocartographique, comprenant une
pluralité de capteurs de champ magnétique étant ca-
pables de mesurer une composante du champ ma-
gnétique généré par le coeur, et une unité de calcul
étant conçue pour déterminer, à partir des données
de champ magnétique mesurées au moyen de la
pluralité de capteurs de champ magnétique, la mo-
nopolarité du champ magnétique à au moins un point
donné dans le temps ou pendant au moins une durée
donnée pendant au moins une partie du cycle car-
diaque comprenant le segment ST-T du rythme si-
nusoïdal du coeur, caractérisé en ce que la mono-
polarité du champ magnétique représente une me-
sure de la déviation du champ magnétique à partir
d’une forme dipolaire, et en ce que l’unité de calcul
est conçue pour calculer la monopolarité du champ
magnétique au moyen de la formule suivante (1) 

dans laquelle M représente la monopolarité, i l’indice
de détection et bi le gradient de champ magnétique
mesuré par le l’i-ème capteur de champ magnétique.

6. Système magnétocartographique selon la revendi-
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cation 5, dans lequel l’unité de calcul est conçue pour
calculer la monopolarité du champ magnétique pen-
dant plus d’une période donnée, de manière plus
préférée pendant deux, trois, quatre ou plus durées.

7. Système magnétocartographique selon l’une quel-
conque des revendications 5 ou 6, dans lequel la
pluralité de capteurs de champ magnétique est ca-
pable de mesurer la composante z du champ ma-
gnétique.

8. Système magnétocartographique selon l’une quel-
conque des revendications 5 à 7, comprenant un
être informatique ou comprenant l’unité de calcul.
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