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ABSTRACT

The invention relates to an electrocardiograph electrode com-
prising one or more contact members (1; 1'; 1'"") provided
with a plurality of contact pads (3; 3'; 3") suitable to establish
an electrical contact with the body of a patient, wherein the
contactmembers (1;1';1") and/or contact pads (3;3';3") are
restrained to a supporting member (2) of the electrode by way
of a plurality of elastic members (4; 4'; 4"). The invention
also relates to an electrocardiograph chest belt (5) comprising
a plurality of said electrodes.
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ELECTRODE FOR
ELECTROCARDIOGRAPH AND CHEST
BELT THREFOR

[0001] The present invention relates to an electrocardio-
graph electrode and to a chest belt suitable to allow its contact
with the body of a patient.

[0002] It is known that the measurement of heart electric
activity is based on a physiological principle. The onset of
electric impulses in the myocardium in fact causes potential
differences that vary over space and time and may be regis-
tered by way of a plurality of electrodes placed in contact with
the body of a patient at predetermined locations. In order to
improve the contact characteristics, the conductive surface of
the electrodes is covered with special ion gels suitable to
decrease the skin-electrode contact impedance. Moreover,
the skin-electrode contact is further improved by means of
specific belts, such as the well-known chest belts, or by using
suction cups, patches and the like.

[0003] Examples of electrocardiograph electrodes and
related contact devices are disclosed, for example, in patent
publications US 2008/177168, U.S. Pat. No. 6,117,077, U.S.
Pat. No. 3,380,445, U.S. Pat. No. 6,456,872, US 2005/
154438 and EP 1946698.

[0004] Potential differences can be recorded by the elec-
trodes thanks to the conductivity of the tissue fluids of the
human body. The electrocardiogram chart is a very effective
means to monitor heart electric activity and diagnose possible
diseases of mechanical or bioelectric nature.

[0005] It is also known that, during the recording of an
electrocardiogram, the electric signals acquired by the elec-
trodes are affected by noise. Noise can be of an electromag-
netic nature, e.g. relating to the operating frequency of the
electric network of the place where an electrocardiograph is
installed and/or other electronic instruments arranged proxi-
mate thereto.

[0006] Noise can also be caused by contact problems e.g.
deriving from a poor amount of ion gel on individual elec-
trodes, a low tensioning of the belts, chest belts in particular,
used to press the electrodes against the patient’s body, the
presence of foreign bodies, e.g. metal micro-particles,
between electrodes and skin, and also from involuntary
movements, e.g. tremors, of the patient, which may tempo-
rarily cause the detachment of an electrode from the patient’s
body. These problems are even more serious when carrying
out ergometric tests, wherein an electrocardiogram is
recorded during the execution of a physical effort, i.e. under
continuous movement conditions.

[0007] Electromagnetic noise can be eliminated by way of
suitable filters well known to those skilled in the art, which are
mounted on the electrodes wires and/or directly on the data
acquisition instrumentation.

[0008] Noisederiving from contact problems between indi-
vidual electrodes and patient’s body can be addressed by
using special electrodes as those described in patent U.S. Pat.
No. 5,891,045. According to this patent, each electrode may
be configured as a multi-segment electrode wherein each
segment is provided with a pad made of a conductive material
and has a certain degree of flexibility. In this case an electro-
cardiogram is generated by processing and combining the
analog signals recorded from the individual pads formed on
the flexible segments, thus allowing to minimize noise prob-
lems. However, despite the deformable configuration of the
segments of the electrodes, contact problems may still occur,
in particular in the case of ergometric tests.
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[0009] Therefore, there is still the need to further improve
the contact characteristics, in particular in relation with ergo-
metric tests, which is an object of the present invention.
[0010] An idea of solution underlying the invention is to
provide the electrode with a plurality of contact pads arranged
on one or more contact members and suitable to establish an
electric contact with the patient’s skin, and to restrain the
contact members and the contact pads to a supporting mem-
ber by way of elastic members.

[0011] Asaresult, itis possible to exploit the advantages of
a multi-pad electrode configuration in terms of data acquisi-
tion, while ensuring a consistent contact between electrodes
and skin when the patient moves, as typically occurs during
ergometric tests.

[0012] The contact pads of the electrodes may advanta-
geously be covered by a layer of a ion gel suitable to decrease
the contact impedance with the patient’s skin. The overall
shape of the contact pads covered by the layer of ion gel is
preferably convex, thus allowing to achieve a more uniform
contact with the patient’s skin that under contact pressure is
inevitably deformed in a plurality of locations corresponding
to the skin-electrode pads contact points forming concave
depressions.

[0013] The electrode according to the invention may be
advantageously integrated into a chest belt, allowing to effec-
tively press it against the patient’s body.

[0014] The chest belt may advantageously include several
electrodes arranged according to a predefined pattern, such as
the standard twelve-lead pattern typically used for recording
an electrocardiogram. The use of a chest belt supporting a
plurality of electrodes according to the invention is also
advantageous because the chest belt offers a wide area for
accommodating and/or housing the electric wires connected
to the contact pads.

[0015] The chest belt may also advantageously comprise
one or more wireless transmitters connected to the electrodes
and suitable to transmit in real time the signals acquired from
each electrode to a remote control unit. It is thus possible to
completely eliminate the wires typically used in electrocar-
diographs for connecting the electrodes to the remote control
unit, thereby achieving significant benefits in terms of overall
size, ease of installation and time of execution of an electro-
cardiogram.

[0016] Further advantages and features of the electrode and
the chest belt according to the present invention will be clear
to those skilled in the art from the following detailed and
non-limiting description of embodiments thereof with refer-
ence to the attached drawings in which:

[0017] FIG. 1 is a top view of an electrocardiograph elec-
trode according to the present invention;

[0018] FIG. 2 is a bottom view of the electrode of FIG. 1;
[0019] FIG. 3 is a cross-sectional view taken along line
TI-1II of FIG. 1;

[0020] FIGS. 4 and 5 show alternative electrode embodi-
ments of the electrode of FIG. 1;

[0021] FIG. 6 shows a chest belt comprising a plurality of
electrodes according to the invention; and

[0022] FIG. 7 shows an alternative embodiment of the chest
belt of FIG. 6.
[0023] Referring to FIGS. 1 to 3, the electrocardiograph

electrode according to the invention includes a contact mem-
ber 1 restrained to a supporting member 2, for example ring-
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shaped, suitable to allow to press the contact member 1
against the body of a patient by means of a chest belt, a patch
and the like.

[0024] The contact member 1 comprises a plurality of con-
tact pads 3 suitable to establish an electric contact with the
patient’s body. The contact pads 3 may be made of materials
such as silver, gold or platinum, well-known to those skilled
in the art for their characteristics of electric conductivity. The
contact pads 3 are preferably completely covered by layer of
a ion gel (not shown) suitable to decrease the contact imped-
ance with the patient’s skin. The overall shape of the contact
pads 3 covered by the layer of ion gel is preferably convex,
which advantageously allows to establish optimal contact
conditions with the patient’s body and to minimize the con-
tact problems caused by the concave local depressions that
are formed in the skin as a result of the pressure exerted by the
contact member 1. The convex shape of the contact pads 3
with their ion gel layer in fact matches the concave shape of
the depressions formed on the skin by the contact pads 3
themselves.

[0025] In the embodiment shown in FIGS. 1 to 3, the con-
tact member 1 comprises a body provided with a plurality of
arms la which protrude radially outwards from a central
portion 1b. The contact pads 3 are respectively placed at the
end of each arm 1a and the contact member 1 is connected to
the supporting member 2 at the ends of the arms 1a. Alterna-
tively, the contact member 1 may be connected to the sup-
porting member 2 at the central portion 15.

[0026] As shown in the cross-section of FIG. 3, the contact
member 1 is concave-shaped and its cavity is so arranged to
face the patient’s body in an operating condition of the elec-
trode. Thus only the contact pads 3, that are placed at the ends
of the arms 1a, will contact the patient’s body. The arms 1a
may be curved or simply bent with respect to the central
portion 15.

[0027] The contact member 1 and consequently the contact
pads 3 are restrained to the supporting member 2 by way of a
plurality of elastic members 4. The elastic members 4 are
preferably in the form of cantilevers and may be integrally
manufactured with either the supporting member 2 or the
contact member 1, or they may be made as separate compo-
nents mounted between the supporting member 2 and contact
member 1.

[0028] The use of the elastic members 4 provides a high
degree of deformability to the electrode of the invention, thus
ensuring a consistent contact between the contact pads 3 and
the patient’s skin in all movement conditions, in particular
during ergometric tests.

[0029] Still referring to FIG. 3, the elastic members 4 are
preferably arranged at an angle with respect to the supporting
member 2, so as to protrude towards the patient’s body in an
operative condition. This allows to exert a pressure against the
patient’s body in an operating condition, thus improving the
contact between skin and pads 3.

[0030] The contact member 1 may advantageously be
removably mounted on the supporting member 2, e.g. press
fitted, snap fitted and the like. It is thus possible to repair
and/or service the electrode according to the invention by
simply replacing the contact member 1, when this can no
longer ensure the desired contact performances due to soiling,
permanent mechanical deformations and the like. This con-
figuration is particularly advantageous when the electrode is
used together with other electrodes in an electrocardiograph
chest belt. The possibility of removing the contact members
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of the electrodes, i.e. only the part of each electrode intended
to contact the skin of a patient, allows to leave their supporting
structures and the related electric wires in place while mount-
ing new contact members for a new patient. In other words,
the preparation of the chest belt for a new patient becomes
quicker, easier and cheaper.

[0031] FIGS. 4 and 5 show two alternative embodiments of
the contact member 1.

[0032] FIG. 4 shows in particular a contact member 1' com-
prising a ring-shaped body from which a plurality of elastic
members 4' in the form of cantilevers protrude radially
inwards. The contact pads 3' are arranged at the ends of the
elastic members 4'. The contact member 1' is restrained to the
supporting member 2 in a known way, e.g. by way of a snap
connection, thus forming a rigid body therewith. Similarly to
the above-described embodiment, the elastic members 4' may
be arranged at an angle with respect to the supporting member
2, 50 as to protrude towards the patient’s body in an operative
condition in order to increase the contact pressure.

[0033] This embodiment has the advantage of providing
the contact member 1' with a high degree of deformability
without using additional elastic members as in the embodi-
ment described above, thereby simplifying the structure of
the electrode while maintaining its contact characteristics
substantially unchanged.

[0034] The contact member 1" shown in FIG. 5 instead is
made up of a plurality of elastic members 4" in the form of
cantilevers that are restrained e.g. by snapping to the support-
ing member 2. At the free end of each elastic member 4"
contact pads 3" are respectively mounted. This embodiment
is characterized by a further simplification of the structure of
the electrode, which still maintains its high degree of deform-
ability, and allows to vary in a very simple way the number of
contact pads 3" and related elastic members 4" e.g. depending
on the position of the electrode on the patient’s body and/or
on the type of electrocardiogram to be recorded.

[0035] Similarly to the two embodiments described above,
also in this case may the elastic members 4" be arranged at an
angle with respect to the supporting member 2, so as to
protrude towards the patient’s body in an operative condition.
[0036] According to another aspect of the invention, the
elastic members 4, 4' and 4" can be made of shape memory
materials and be configured so as to be bent or curved towards
the patient’s body in an operative condition at temperatures
proximate or corresponding to the patient’s average body
temperature. This allows to further improve the contact pres-
sure.

[0037] Among the means used to press the electrodes
against the patient’s body, chest belts are generally preferred,
because they allow to exert a higher pressure on the electrodes
and also to simultaneously arrange a plurality of electrodes on
the patient’s body.

[0038] The present invention also relates to an electrocar-
diograph chest belt comprising a plurality of the electrodes
described above. As it is known in fact the combination
between an electrocardiograph chest belt and a plurality of
electrodes allows to facilitate and to speed up the preparation
of a patient for the registration of an electrocardiogram.
[0039] Referring now to FIGS. 6 and 7, which show an
electrocardiograph chest belt 5 according to the invention, the
electrodes are arranged so that the contact members protrude
from an internal side of the chest belt 5, i.e. the side intended
to contact the patient’s skin. The wires (not shown) connected
to the contact pads of the electrodes may be conveniently
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grouped, restrained to and housed in an external side of the
chest belt 5, i.e. the side of the chest belt 5 opposite to the
internal one. Alternatively, the wires may be grouped,
restrained to and housed in the thickness of the chest belt 5,
thus allowing to completely hide and protect them, as well as
to prevent a user from coming into contact with these electric
components.

[0040] The chest belt 5 may also advantageously comprise
one or more wireless transmitters 7 connected to the contact
pads 3 through the electric wires and capable of transmitting
the acquired signals to a remote control unit. This makes it
possible to completely eliminate the wires typically used in
electrocardiographs for connecting the electrodes and/or the
chest belts to the remote control unit, with remarkable advan-
tages in terms of overall size, ease of installation and time of
execution of an electrocardiogram.

[0041] FIG. 6 shows, in particular, a chest belt 5 provided
with closing means 6, such as straps or Velcro, and compris-
ing a plurality of electrodes arranged according to a pre-
defined pattern, such a standard twelve-lead pattern. In this
embodiment the chest belt 5 comprises a single wireless
transmitter 7 arranged near one of the closing means 6.
[0042] The chest belt 5 may also advantageously comprise
several components to be assembled with each other and so
configured to support the various members of the electrodes
and their electric components separately.

[0043] Inthe embodiment shown in FIG. 7, the chest belt 5
comprises two components that can be joined to each other
e.g. by Velcro, adhesive members or similar connecting
means. The supporting members 2 of the electrodes, the elec-
tric wires (not shown) and the transmitter or transmitters 7 are
accommodated in an external component 5a of the chest belt
5, i.e. a component intended to face away from the patient’s
body, while the contact members 1, for example of the type
shown in FIGS. 1 to 3, are housed in an internal component 5o
of the chest belt 5, i.e. a component intended to contact the
patient’s body.

[0044] This configuration makes it very easy, quick and
cheap to replace the contact members of the electrodes once
registered an electrocardiogram, as well as when they are
worn or damaged, because only the internal component 54
will be removed and replaced by a new one without modify-
ing the arrangement of the supporting members 2, the electric
wires and the transmitter 7, which are associated with the
external component 5a.

[0045] Asshownin FIG. 7, the chest belt 5 may also advan-
tageously comprise an additional component 5¢ intended to
be mounted on the internal component 56 e.g. by Velcro,
adhesive members or similar connecting means and to contact
the patient’s skin in place of the internal component 54. The
additional component 5¢ comprises a plurality of portions
made of a highly conductive material, e.g. silver, gold or a
conductive ink, so arranged to match the locations of the
electrodes mounted in the internal and external components
5b, 5a. The use of the additional component allows to estab-
lish a good electric contact between the electrodes and the
patient’s skin without establishing a direct contact between
the patient’s skin and the contact pads. Moreover, it is pos-
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sible to reuse the same chest belt and electrodes for more than
one patient by simply replacing or sterilizing the additional
component 5c.

1. An electrocardiograph electrode comprising a contact
member and a plurality of contact pads arranged on said
contact member and suitable to respectively establish an elec-
trical contact with the body of a patient, wherein said contact
member is restrained to a supporting member of the electro-
cardiograph electrode by way of a plurality of elastic arm
members, wherein the contact member is made up of a body
comprising a plurality of arms protruding radially outwards
from a central portion, the contact pads being respectively
arranged at the ends of each of said arms and the contact
member being connected to the supporting member at the
ends of said arms or at said central portion.

2. An electrode according to claim 1, wherein the contact
member is removably mounted on the supporting member.

3. An electrode according to claim 1, wherein said elastic
arm members are made of shape memory materials and are
configured so as to be bent or curved towards the patient’s
body in an operative condition at temperatures proximate or
corresponding to the patient’s average body temperature.

4. An electrode according to claim 1, wherein the contact
pads are covered by layer of a ion gel.

5. An electrode according to claim 4, wherein the overall
shape of the contact pads covered by the layer of ion gel is
convex.

6. An electrode according to claim 1, wherein the contact
member is concave-shaped and its cavity is arranged so as to
face away from the supporting member of the electrocardio-
graph electrode.

7. Anelectrocardiograph chest belt comprising one or more
electrocardiograph electrodes according to claim 1 and a
plurality of electrical wires connected to the contact pads of
each one of said electrodes, and wherein said electrical wires
are restrained to said chest belt.

8. A chest beltaccording to claim 7, further comprising one
or more wireless transmitters, said transmitters being respec-
tively connected to each one of the contacts pads arranged on
the contact member of each electrocardiograph electrode and
suitable to send the data acquired by each electrode to a
remote control unit.

9. A chest belt according to claim 7, wherein the electrical
wires connected to the contact pads are housed in the thick-
ness of the chest belt.

10. A chest belt according to claim 7, further comprising
two components connectable to one another, the supporting
members of the electrodes, the connecting wires and the
transmitter or transmitters being arranged on an external
component of the chest belt and the contact members being
arranged on an internal component of the chest belt.

11. A chest belt according to claim 10, further comprising
an additional component intended to be mounted on the inter-
nal component and to contact the patient’s skin, said addi-
tional component comprising a plurality of portions made of
a highly conductive material and so arranged to match the
locations of the electrodes mounted in the internal and exter-
nal components.
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