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(57) ABSTRACT

The invention relates to an electrocardiograph sensor mat
(100), the mat (100) comprising a multitude of electrodes
(104) for acquiring cardiac signals and a plug (200), wherein
the electrodes (104) are connected to the plug (200) by elec-
tric wires (102), wherein the wires (102) are segmented by
switches (202), wherein the switches (202) are switchable
between a closed state and an open state, wherein in the closed
state the electrodes (104) are electrically connected to the
plug (200) and wherein in the open state the electrodes (104)
are electrically isolated from the plug (200).
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ELECTRO-CARDIOGRAPH SENSOR MAT

FIELD OF THE INVENTION
[0001] The invention relates to an electrode cardiograph
sensor mat.
BACKGROUND OF THE INVENTION
[0002] Heartdisease is the number one cause of deathin the

world. Abnormal electric activity of the heart due to for
example cardiac arrhythmia, including atrial fibrillation (AF)
and ventricular tachycardia (VT) and congestive heart failure
(CHF) are the fastest growing areas for both clinical and
industrial development.

[0003] Electro-cardiographic mapping (ECM) is a non-in-
vasive technique that provides detailed cardiac electrical
activity information for the entire heart for each heartbeat by
combining body surface electrical data acquired from a large
number of surface electrodes with detailed three-dimensional
anatomical data obtained from for example computer tomog-
raphy (CT). It thus has the potential to deliver detailed elec-
trophysiological information, which otherwise can only be
measured with cardiac catheters in invasive electrophysi-
ologic procedures. Additionally, ECM provides truly time-
resolved transient electrophysiological data and multi-cham-
ber information, while catheter data can only be acquired
locally as a function of the cardiac cycle. Improved mapping
and localization technologies as ECM will be critical to ongo-
ing efforts to better diagnose and treat the above mentioned
disease states.

[0004] FIG. 1 illustrates an image of a state of the art
prototype ECM vest. The ECM vest is a multi-electrode vest
(designated by reference numeral 100) with two multi-con-
nector plugs for simple and fast connection of all individual
electrodes 104. The individual electrodes 104 are connected
to the multi-connector plugs via electric wires 102.

[0005] While FIG. 1a depicts a photographic image of the
ECM vest, FIG. 15 depicts an X-ray image of the vest show-
ing enlarged the arrangement of the electric wires 102 in more
detail. As can be clearly seen, the close-up view in FIG. 15
shows that a multitude of electric wires are bundled in order to
interconnect the electrodes 104 with the above mentioned
multi-connector plug. Typically, each electrode is assigned a
dedicated wire.

[0006] Multi-electrode vests for ECM like the one depicted
in FIG. 1 will become important, both, as non-invasive diag-
nostic tools and during electrophysiological interventions
where they can be used concurrently with catheters to obtain
intracardiac signals. This avoids and shortens lengthy point-
to-point mapping procedures or the necessity of large multi-
electrode mapping devices.

[0007] Further, the U.S. Pat. No. 5,782,238 discloses an
EKG devices comprising a pad with multiple electrodes. The
electrodes are grouped into sets of electrodes, each corre-
spond to a particular body size.

[0008] However, ECM requires the knowledge of the exact
location of the surface electrodes in relation to the patient
anatomy, including the cardiac anatomy. Herein, a ‘patient’
may be either a human being or an animal. For diagnostic use,
the exact location of the electrodes in relation to the patient
anatomy is currently obtained by computer tomography
(CD).
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SUMMARY OF THE INVENTION

[0009] It is an object of the invention to provide for an
improved electro-cardiograph sensor mat. This problem is
solved by the independent claims. Preferred embodiments are
described in the dependent claims.

[0010] Inaccordance with the invention, an electro-cardio-
graph sensor mat is provided, wherein the mat comprises a
multitude of electrodes for acquiring cardiac signals and a
plug, wherein the electrodes are connected to the plug by
electric wires, wherein the wires are segmented by switches,
wherein the switches are switchable between a closed state
and an open state, wherein in the closed state the electrodes
are electrically connected to the plug and wherein in the open
state the electrodes are electrically isolated from the plug.
[0011] Embodiments of the invention may have the advan-
tage that the exact location of the electrodes of the sensor mat
in relation to the patient anatomy can be obtained by magnetic
resonance imaging (MRI). MRI has the advantage that it is
very sensitive to soft tissue contrast and thus permits to deter-
mine in a highly exact manner the patient anatomy. Further,
the advantage of MRI is that radiation occurring in CT is
avoided. Further, during interventions performed for example
in a combined X-ray and magnetic resonance (MR) interven-
tional suite (XMR) or even MRI only setup, magnetic reso-
nance imaging may be additionally used to visualize ablated
structures and then ablation and mapping may be continued,
again using the vest. Ablation can be performed for example
using patient-specific cardiac radio-frequency ablation.
[0012] Embodiments of the present invention may be
advantageous since for example the electro-cardiograph sen-
sor mat may be changed between an MR non-compatible and
an MR compatible state in an easy and fast manner. The kind
of ECG vests, for example as the one depicted in FIG. 1,
cannot be used safely in MR, since the long conducting leads
102 are directly adjacent to the skin (with high dielectric
constant). The leads 102 may be subject to resonances around
the resonant frequency of the MR scanner. This leads to
potential heating at the ends of the wires, which means in
particular at the electrodes. However, since the electrodes
need to be directly adjacent to the skin, there is a high risk of
skin burning due to the heating.

[0013] Further, RF coupling of the tightly packed leads as
seen in FIG. 15 may lead to multiple resonances, which are
hard to predict or model. Additionally, the presence of the
leads 102 leads to B, artifacts in the MR images.

[0014] Embodiments ofthe present invention may solve all
these problems by providing a switchable segmentation of the
wires, such that local currents induced by a magnetic reso-
nance imaging process are minimized in the leads. This also
minimizes heating of the ends of the leads and the occurrence
of artifacts in MR images due to the presence of the leads in
the mat.

[0015] It has to be noted here, that embodiments of the
present invention may also have the advantage that the usage
of RF traps or similar devices inside the vest is avoided.
Typical RF traps are bulky, may heat up themselves and it is
rather difficult to predict how RF traps couple with a heavily
wired environment.

[0016] Generally, image-forming MR methods, which uti-
lize the interaction between magnetic field and nuclear spins
in order to form two-dimensional or three-dimensional
images are widely used nowadays, notably in the field of
medical diagnostics, because for the imaging of soft tissue
they are superior to other imaging methods in many respects,
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they do notrequire ionizing radiation, and they are usually not
invasive. MRI is used for example as imaging technique to
visualize myocardial injury. Cardiac and respiratory trig-
gered MR imaging can be used to image morphology, time
resolved cine movies may reveal cardiac function, dynamic
contrast enhanced imaging can be utilized to measure perfu-
sion and MR tagging sequences can be used to study the
contraction of the myocardium in detail.

[0017] According to the MR method in general, the body of
a patient or in general an object to be examined is arranged in
a strong, uniform magnetic field B, whose direction at the
same time defines an axis, normally the z-axis, of the coordi-
nate system on which the measurement is based.

[0018] The magnetic field produces different energy levels
for the individual nuclear spins in dependence on the applied
magnetic field strength which spins can be excited (spin reso-
nance) by application of an alternating electromagnetic field
(RF field) of defined frequency, the so called Larmor fre-
quency or MR frequency. From a macroscopic point of view
the distribution of the individual nuclear spins produces an
overall magnetization which can be deflected out of the state
of equilibrium by application of an electromagnetic pulse of
appropriate frequency (RF pulse) while the magnetic field
extends perpendicularly to the z-axis, so that the magnetiza-
tion performs a precessional motion about the z-axis.

[0019] Any variation of the magnetization can be detected
by means of receiving RF antennas, which are arranged and
oriented within an examination volume of the MR device in
such a manner that the variation of the magnetization is mea-
sured in the direction perpendicularly to the z-axis.

[0020] In order to realize spatial resolution in the body,
switching magnetic field gradients extending along the three
main axes are superposed on the uniform magnetic field,
leading to a linear spatial dependency of the spin resonance
frequency. The signal picked up in the receiving antennas
then contains components of different frequencies which can
be associated with different locations in the body.

[0021] The signal data obtained via the receiving antennas
corresponds to the spatial frequency domain and is called
k-space data. The k-space data usually includes multiple lines
acquired with different phase encoding. Each line is digitized
by collecting a number of samples. A set of samples of
k-space data is converted to an MR image, e.g. by means of
Fourier transformation.

[0022] Inaccordance with an embodiment of the invention,
the switches are mechanical switches. For example, the
switches are operable by pressurized gas, wherein the mat
comprises an interface for receiving a connector supplying
the gas and for providing a gas connection with the switches.
This may have the advantage that an MR safe possibility of
operating the switches can be provided. No further electrical
connections for operating of the switches are required, which
may further disturb the MR image acquisition process.

[0023] Inaccordance with an embodiment of the invention,
the switches are adapted for being switched from the open
state to the closed state upon reception of the gas in a pres-
surized state. This may have the advantage that MR safety in
the passive, i.¢. in the non-pressurized state, can be ensured.
[0024] In accordance with a further embodiment of the
invention, the switches are adapted for automatically switch-
ing from the closed state to the open state upon arelease of the
pressurized gas. Again, this also may have the advantage that
MR safety of the mat is ensured. Further, this may permit to
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reuse the electro-cardiograph sensor mat a multitude of times
due to the reversibility of the switching process.

[0025] In accordance with a further embodiment of the
invention, the mechanical switches comprises removable
conducting elements, wherein the elements are fixed to a
removable layer, wherein the switches are adapted for being
switched from the closed state to the open state upon move-
ment of the layer. In this alternative embodiment MR safety
can be ensured by simply removing the layer comprising the
removable conducting elements. Preferably, such a layer
should be marked in a clearly visual manner such that an
operator of the MR apparatus is easily able to check if the mat
is in its MR safety state or not. Preferably, the vest and the
layer should be marked for example by colors in such a
manner that the MR safe state and the MR non-safe state are
easily distinguishable.

[0026] Inaccordance with an embodiment of the invention,
the movement comprises a removal of the layer from the mat.
However, it is also possible that the movement of the layer is
just a movement in form of a shifting of the layer in a pre-
defined direction of the sensor mat. In this case, the shifting of
the layer in the predefined direction may switch the switches
between the open and the closed state.

[0027] In accordance with a further embodiment of the
invention, the layer is fixable to the mat by fastening means.
This has the advantage that during the electro-cardiographic
measurements a movement of the patient will not lead to an
unintended operation of the switches by an unintended move-
ment of the removable layer. The fastening means thus pre-
cisely define the position of the removable layer with respect
to the sensor mat.

[0028] Inaccordance withan embodiment of the invention,
the fastening means for example comprise patent fasteners.
[0029] In accordance with a further embodiment of the
invention, the segmentation by the switches results in seg-
ments, wherein the length of the segments is equal or less than
an optimal length, wherein the optimal length is given by a
length at which a magpetic resonance scan of an object car-
rying the mat results in a magnetic resonance image with
artifacts due to the presence of the wires being below a pre-
defined threshold and/or in a local heating of the electrodes
and the segments due to magnetic resonance scan-induced
Eddy-currents being below a predefined threshold. Notably,
the length(s) of segments of the electric wires is (are) less than
Y4 of the Larmor wavelength (corresponding to the Larmor
frequency) associated with the magnetic field strength of the
magnetic resonance examination system and with the guro-
magnetic ratio of the type of nucleus at issue (usually protons
(*H)). This segmentation in than less than Y. segments sup-
presses RF resonances in the electric wires. Further, the width
of the wires is made small so that Eddy currents (e.g. due to
switching of the magnetic gradient of the magnetic resonance
examination system) are not supported. Alternatively, the
wires may be slitted longitudinally to suppress Eddy currents.
[0030] In accordance with a further embodiment of the
invention, the mat is comprised in a garment, the garment
being wearable by an object for performing the acquisition of
the cardiac signals. For example, the garment is a vest. This
permits to easily mount the electrodes to the object to be
imaged.

[0031] In accordance with a further embodiment of the
invention, the electric wires are not necessarily segmented but
have a resistivity of at least 2 kOhm/m, preferably 5 kOhmm.
This has the advantage that potentially present RF resonances
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are further damped and thus MR image artifacts are further
minimized. Nevertheless, this still allows the transmission of
the ECG signal. Additionally segmenting the highly resistive
wires may be used to further increase safety and/or reduce
image artifacts.

[0032] Inanother aspect, the invention relates to an electro-
cardiograph sensor mat, the mat comprising a multitude of
electrodes for acquiring cardiac signals and a plug, wherein
the electrodes are connected to the plug by electric wires,
wherein the electric wires have a resistivity of at least 2 k
Ohm/m, preferably 5 kOhm/m.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The enclosed drawings with FIGS. 2, 3 and 4 dis-
close preferred embodiments of the invention. It should be
understood, however, that the drawings are designed for the
purpose ofillustration only and not as a definition of the limits
of the invention. In the drawings:

[0034] FIG. 1 illustrates an image of a state of the art
prototype ECM vest,

[0035] FIG. 2 illustrates a schematic of an electro-cardio-
graph sensor mat coupled to an MR imaging system,

[0036] FIG. 3 illustrates a schematic of a switch,

[0037] FIG. 4 illustrates a further schematic of a switch.
DETAILED DESCRIPTION

[0038] In the following, similar elements are depicted by

the same reference numerals.

[0039] FIG. 2 shows a schematic of an electro-cardiograph
sensor mat 100. The mat comprises a multitude of electrodes
104 for acquiring cardiac signals of a patient. Preferably, the
sensor mat is attached to the patient, for example worn by the
patient. In this case, preferably the sensor mat is a vest worn
by the patient.

[0040] The individual electrodes 104 are connected to a
plug 200 of the vest 100. The connection is depicted by
electric wires 102. The electric wires 102 are segmented by
switches 202, wherein the switches are switchable between a
closed state and an open state, wherein in the closed state the
electrodes are electrically connected to the plug and wherein
in the open state the electrodes are electrically isolated from
the plug.

[0041] Further shown in FIG. 2 is an RF antenna 204 of a
magnetic resonance imaging system. Typically, such a system
comprises super-conducting or resistive main magnetic coils
such that a substantially uniform, temporarily constant main
magnetic field B, is created along a z-axis through an exami-
nation volume. Both, the vest 100 and the RF antenna 204 are
located within the examination volume.

[0042] Typically, the magnetic resonance system applies a
series of RF pulses in switched magnetic field gradients to
invert or excite nuclear magnetic spins, induce magnetic reso-
nance, refocus magnetic resonance, manipulate magnetic
resonance, spatially or otherwise encode the magnetic reso-
nance, saturate spins and the like to perform MR imaging.
[0043] More specifically, a gradient pulse amplifier applies
current pulses to selected ones of whole body gradient coils
along x, y and z-axis of the examination volume. An RF
transmitter 208 transmits RF pulses or pulse packets via a
send/receive switch to the RF antenna 204 to transmit RF
pulses into the examination volume. A typical MR imaging
sequence is composed of a packet of RF pulse sequences of
short duration which taken together with each other and any
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applied magnetic field gradients achieve a selected manipu-
lation of nuclear magnetic resonance. The RF pulses are used
to saturate, excite, invert, refocus, or manipulate the magne-
tization of a portion of or the whole subject positioned in the
examination volume. The resulting MR signals may also be
picked up by the RF antenna 204.

[0044] As mentioned above, this magnetic resonance imag-
ing process using the RF pulses is not only limited to the body
positioned in the examination volume but also includes the
vest 100. ECM requires the exact location of the electrodes of
the electro-cardiograph sensor mat in relation to patient
anatomy, such that it is important to also determine the exact
position of the electrodes 104. Preferably, the electrodes may
comprise a material which provides a strong MR signal. This
permits to easily locate the exact location of the electrodes.
For example, the electrodes may carry gel pads doped with an
MR contrast agent to enhance signals which simplifies the
determination of the electrode positions from the MR images.
[0045] For generation of MR images of limited regions of
the patient and the vest 100, for example for parallel imaging,
a set of local array RF coils are placed contiguous to the
region selected for imaging. The array coils can be used to
receive MR signals induced by RF transmissions effected via
the RF antenna. However, it is also possible to use the array
coils to transmit RF signals to the examination volume.
[0046] The resultant MR signals are picked up by the RF
antenna 204 and/or by the array of RF coils and are then
demodulated by a receiver preferably including a pre-ampli-
fier. The receiver is connected to the RF coils via a send/
receive switch.

[0047] A host computer controls the gradient pulse ampli-
fier and the transmitter to generate any of a plurality of imag-
ing sequences, such as echo-planar imaging (EPI), echo-
volume imaging, gradient and spin-echo imaging, far spin-
echo imaging, imaging using ultra-short echo time
acquisition pulse sequences and the like.

[0048] For the selected sequence, the receiver receives a
similar plurality of MR data lines in rapid succession follow-
ing each RF excitation pulse. A data acquisition system per-
forms analogue-to-digital conversion of the received signals
and converts each MR data line to a digital format suitable for
further processing. In modern MR systems the data acquisi-
tion system is a separate computer which is specialized in
acquisition of raw image data.

[0049] Ultimately, the digital raw image data is recon-
structed into an image representation by a reconstruction
processor which applies a Fourier transform or other appro-
priate reconstruction algorithm. The MR image may repre-
sent a planar slice through the patient, an array of parallel
planar slices, three-dimensional volume, arbitrarily shaped
signal volumes, planes, pencils etc. or any other type of more
or less complex spatial signal arrangements. The image is
then stored in an image memory where it may be accessed for
converting slices or other portions of the image representation
into appropriate formats for visualization, for example via a
video monitor which provides a man-readable display of the
resultant MR image.

[0050] Thesystem 206 depicted in FIG. 2 may for example
be a dedicated computer system which performs the above-
mentioned function of the host computer.

[0051] The plug 200 is connected to an ECM unit 205 by
appropriate transmission means, either cables, optical trans-
mission means or RF transmission means. Thus, the ECM
unit 205 is able to receive the cardiac signals from the elec-
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trodes 104. The ECM unit 205 is designed to amplify, filter,
process, store, and display the electro-cardiographic signals
acquired with the ECM vest 100 for electro-cardiographic
mapping purposes. This ECM unit 205 may also be equipped
to operate the switches 202 of the ECM vest 100. The ECM
unit 205 is further connected to the computer system 206 by
an interface 210 of the computer system 206. Thus, the com-
puter system 206 and the ECM unit 205 are able to commu-
nicate. Communication may be performed for the purpose of
timing and coordinating of MR measurements and electro-
cardiographic mapping.

[0052] FIG. 3 illustrates a switch 202 interposed between
the electric wires 102 of two electrodes 104. The switch 202
is operable by pressurized gas. For this purpose, the switch
202 comprises a connector 302 through which gas can be
provided into a chamber 306 of the switch. The supply of
pressurized gas is indicated by the reference numeral 304. An
interrupt contact 308 is movable in direction 310 between an
open and a closed state of the switch 202. The interrupt
contact is spring-operated using a spring 300. Upon reception
of gas in a pressurized state through the connector 302, the
chamber 306 is filled with gas. This results in an exertion of a
pressure force onto the interrupt contact 308, which moves
the contact from an open state depicted in FIG. 3 to a closed
state. In the closed state, an electrical interconnection is
given.

[0053] It has to be noted here that even though in FIG. 3
only a single wire 102 is shown which can interconnect the
two electrodes, this does not necessarily mean that the elec-
trodes need to be interconnected with each other. FIG. 3 is
shown for illustrative purposes only and preferably, each
electrode is connected individually to the plug mentioned
above, Thus, an interconnection of the electrodes themselves
is not necessary. Thus, in reality the interrupt contact com-
prises a multitude of individual contacts which are able to
interconnect a multitude of electric wires 102.

[0054] Preferably, the air pressure operated switches 202
are distributed in the vest 100 along the wires. These switches
are preferably addressed by thin plastic tubes contained in the
vest. All plastic tubes concur at a central connection socket or
connector where a pressure actuator can be attached. In the
simplest case such a pressure actuator may be a syringe.
Pumping air into this connector may close all switches for
ECM operation. Release of the pressure opens the switches
for MR scanning This variant ensures MR safety in the pas-
sive, 1.e. non-pressurized state. The embodiment further per-
mits to switch the vest inside the MR coil even for a lying
patient. This avoids relocation of the electrodes between ECG
recording and MR scanning

[0055] For example, the pumping of air into the connector
and the release of the air from the vest can be automated
employing the ECM unit 205. Therefore, the computer sys-
tem 206 also comprises the interface 210 to control the ECM
unit 205. The system may be adapted in such a manner that in
a first step any available pressure from the vest is released and
an automated ECG measurement is performed. After finish-
ing the ECG measurement, in a second step air pressure is
provided to the connector of the vest to switch the switches to
the MR safe, i.e. open state. Then, automatically an MRI
measurement is performed. The results from ECG and MRI
are then analyzed. In another embodiment, the interface 210
is used to enable the ECM unit 205 to inhibit any MR scan-
ning or to allow only MR scanning with very low RF trans-
mission power.
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[0056] TIthas to be noted, that any suitable medium may be
used to operate the switches. This includes air, nitrogen or
helium, but also any non-conductive or highly resistive liquid
which does not disturb the MR image to be acquired.

[0057] FIG. 4 depicts an alternative embodiment of a
switch 202, wherein FIG. 4a shows the closed state of the
switch and FIG. 45 shows the open state of the switch. The
switch 202 comprises conducting elements 408, wherein the
elements 408 are fixed to a removable layer 406. The switch-
ing from the closed to the open state is performed by moving
or even removing the layer 406 thus interrupting the contacts
between the wires 102. In the open state, a gap 404 is present
between the wires 102. The switching between the closed and
the open state is performed by a movement of the strip, i.e. the
layer 406 in direction 400.

[0058] Thus, in this embodiment several removable strips
are used to segment the long wires. Each strip is placed across
non-conductive gaps arranged in the long wires. Each strip
contains multiple conductive bridges that close the respective
gaps. If the strip is removed, the open gaps in the long wires
of the vest remain, effectively segmenting these wires into
short sections. Patent fasteners 402 may be used to reproduce
apositioning and fixation of the layer and thus the conducting
elements to the vest.

[0059] In addition or alternatively, it is also possible to
provide highly resistive wires 102 with a resistivity of at least
2 kOhmm. Preferably, the wires 102 have a resistivity of 5
kOhmm. This permits to dampen an RF resonances and avoid
MR image artifacts but still allows transmission of the ECG
signals.

LIST OF REFERENCE NUMERALS

[0060] 100 vest

[0061] 102 electric wires
[0062] 104 electrode

[0063] 200 plug

[0064] 202 switch

[0065] 204 RF coil

[0066] 205 ECM unit

[0067] 206 computer system
[0068] 208 RF transmitter
[0069] 210 interface

[0070] 300 spring

[0071] 302 connector

[0072] 304 supplied gas
[0073] 306 pressure chamber
[0074] 308 interrupter connector
[0075] 310 direction

[0076] 400 direction

[0077] 402 patent fasteners
[0078] 404 gap

[0079] 406 layer

[0080] conducting element

1. An electrocardiograph sensor mat, the mat comprising a
multitude of electrodes for acquiring cardiac signals and a
plug, wherein the electrodes are connected to the plug by
electric wires, wherein the wires are segmented by mechani-
cal switches, wherein the mechanical switches are switchable
betweena closed state and an open state, wherein in the closed
state the electrodes are electrically connected to the plug and
wherein in the open state the electrodes are electrically iso-
lated from the plug and wherein the mechanical switches
comprise removable conducting elements, wherein the ele-
ments are fixed to a removable layer. wherein the mechanical
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switches are adapted for being switched from the closed state
to the open state upon a movement of the layer.

2. (canceled)

3. The mat of claim 1, wherein the switches are operable by
pressurized gas, wherein the mat comprises an interface for
receiving a connector supplying the gas and for providing a
gas connection with the switches.

4. The mat of claim 3, wherein the switches are adapted for
being switched from the open state to the closed state upon
reception of the gas in a pressurized state.

5. The mat of claim 4, wherein the switches are adapted for
automatically switching from the closed state to the open
state upon a release of the pressurized gas.

6. (canceled)

7. The mat of claim 1, wherein the movement comprises a
removal of the layer from the mat.

8. The matofclaim 1, wherein the layer is fixable to the mat
by fastening means.
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9. The mat of claim 8, wherein the fastening means com-
prise patent fasteners.

10. The mat of claim 1, wherein the segmentation by the
switches results in segments, wherein the length of the seg-
ments is equal or less than an optimal length, wherein the
optimal length is given by a length at which a magnetic
resonance scan of an object carrying the mat results

in a magnetic resonance image with artifacts due to the

presence of the wires being below a predefined threshold
and/or

in a local heating of the electrodes and the segments due to

magnetic resonance scan induced Eddy-currents being
below a predefined threshold.

11. The mat of claim 1, wherein the mat is comprised in a
garment, the garment being wearable by an object for per-
forming the acquisition of the cardiac signals.

12. (canceled)

13. (canceled)
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