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ABSTRACT

An ECG electrode and method of making and using such. The electrode
can have a domed electrode element attached to a housing containing an interface disk
to which the concave side of the domed electrode connects. Within the housing a signal
lead wire has one end attached to the non-skin-contacting side of the dome and another

end connected to a signal transition circuit and a buffer amplifier circuit. The domed
electrode element can be made by forming a metal disk into a dome and providing an

oxide layer over the convex surface of the dome. The convex surface of the domed
electrode can ensure reliable ECG signal acquisitions with lower radial forces generally
than other electrode types, when positioned adjacent the skin of the patient and when

coupled to cardiac activity monitoring equipment and a defibrillator for cardiac sensing

capabilities.




CA 02308320 2000-05-12

TITLE

CARDIAC MONITORING ELECTRODE APPARATUS AND METHOD
BACKGROUND
This invention relates generally to electrodes, for example
electrocardiograph (ECG) electrodes, and more particularly, to an electrode having a
domed contact surface and a method of making and using such domed electrode.
ECG electrodes are well known in the art and are typically placed in
direct contact with a patient’s skin in the vicinity of the patient’s heart. These
electrodes can be used to sense the patient’s heart functions.

Conventionally, capacitive electrode elements are flat disks which have

been stamped or punched from flat sheets of metal. An example of a once commonly
used capacitive ECG electrode is described in United States Patent No. 3,882,846 to
Fletcher, et al. Fletcher describes an ECG electrode assembly having an insulated
electrode element, which is square-shaped, and an impedance transformer contained in
a small plastic housing. Fletcher discloses that the electrode element consists of a thin
layer of dielectric material deposited by radio frequency sputtering onto a conductive
substrate. Also, the impedance transformer includes an operational amplifier with an
FET 1nput stage that is configured to provide a low cut-off frequency. Conductive
epoxy 1s used for the wire connection to the substrate and the electrode is attached to
the skin with double-sided adhesive tape. The oxide coating can be, among other types

listed, tantalum pentoxide and the substrate materials used include silicon.



CA 02308320 2000-05-12

).

In conventional stamping processes, the edges of the electrode element
typically have no oxide coating. Unless the bare edges are covered prior to use, an

lonic condition can occur with the resultant motion artifacts inherent to a conductive
electrode element. Stamping can also create significant burs along the edges of the
electrode element which could irritate the skin if not removed. F letcher accounts for
both problems by using an insulating resin to cover the edges of the electrode element.
The insulating material covers the burs and may prevent any contact between the skin
and the bare substrate of the electrode element.

However, a disadvantage of such flat electrode elements is that they can
lose contact intermittently with the skin. Particularly under conditions of patient
movement, such as lying down or rolling over while sleeping, the flat electrode element
may tilt with respect to the surface of the skin. Consequently, much or all of the active
electrode surface may lose contact with the skin. Moreover, the use of an insulating
resin, adhesive disk or other means to seal the edges of the electrode element, to
prevent the aforementioned ionic condition from occurring, only compounds the
Intermittent contact problem. The insulating material used to cover the edges also can
greatly reduce the active surface area of the electrode, thus increasing the likelihood of
loss of contact with the skin if the electrode is tilted.

United States Patent No. 5,333,616 to Mills discloses a flat, dry, skin-
contacting electrode made from stainless steel which is plated with 3 micron zones of

titanium nitride, titanium carbide or titanium carbonitride. However, this electrode is
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conductive rather than capacitive and the plating is primarily for wear resistance and

appearance.

Accordingly, there is a need for an electrode having a domed electrode
element wherein the edge is fully coated or shielded so as to prevent the occurrence of
an 1onic condition and also which has no burs or such burs are sealed from contact with
the skin. Such electrode should, at the same time, provide improved and continuous
contact with the skin even if the electrode is substantially tilted with respect to the skin.

SUMMARY

The invention relates to cardiac function sensing electrodes, such as, for
example, an ECG electrode having a domed electrode element. The domed electrode
element can be attached to a housing which can contain an interface disk to which the
domed electrode connects. An annular groove can be formed in the interface disk in
which the outer edge of the domed electrode element can be received. A signal lead
wire can have one end attached to the non-skin-contacting side of the dome. Another

end of the signal lead wire can be connected to a signal transition printed circuit board

and a buffer amplifier circuit, which can also be contained within the housing. The
transition board provides a termination point for resistors electrically attached to the
lead wire in order to provide protection to the buffer amplifier from the high voltage
defibrillation pulse. The buffer amplifier stage presents a very high input impedance to
the ECG signals produced by the body, and provides a very low output impedance to

the system monitor computer and analog module.
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Epoxy resin can be used to affix the domed electrode element to the

interface disk and the interface disk to the housing. The epoxy resin can also serve to

immobilize the signal lead wire by filling the space between the domed electrode

element and the signal transition printed circuit board.

To make a domed electrode element according to the invention, a
conductive substrate is formed into a dome-shaped element. Next, an oxide layer is
formed on the domed surface of the substrate. The oxide layer 1s preferably formed
over the entire domed surface, including the edges and a small portion of the back, non-
skin-contacting, side of the dome.

The convex surface of the domed electrode can be positioned against the
skin of a patient and the electrode can be coupled to a cardiac activity monitoring
device for sensing arrhythmic cardiac conditions. The electrodes can also be coupled to

a defibrillator to provide cardiac sensing capabilities.

Separate energy delivery electrodes can also be positioned adjacent the
patient’s skin for delivery of therapeutic energy from a defibrillator if desired.
Other details, objects and advantages of the invention will become

apparent from the following detailed description and the accompanying drawing figures

of certain presently preferred embodiments thereof.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

A more complete understanding of the invention can be obtained by

considering the following detailed description in conjunction with the accompanying

drawings, in which:
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Figure 1 shows a prior art flat electrode tilted with respect to the skin.
Figure 2 shows a domed electrode tilted with respect to the skin.
Figure 3 is a sectional view of the domed electrode shown in Figure 1.
Figure 4 shows a domed electrode element.

Figure 5 shows a domed electrode-to-housing interface.

Figure 6 is an exploded view of a domed electrode housing with a buffer

amplitier board and cover.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
- A prior art type capacitive ECG electrode 5 is illustrated in Figure 1,
tilted at an angle to demonstrate how the electrode might be tilted while attached to a
patient’s skin. Typically, ECG electrodes are generally flat disks 7 which are stamped
or punched from flat sheets. This manner of production can result in electrodes with
significant burrs at the cut edge.

Also, because the disks are stamped, the electrode element edges
typically have no oxide coating. Unless the edges are covered prior to use, with an
adhesive disk or by other means, an ionic condition can occur with the resultant motion
artifacts inherent to a conductive electrode
element.

A domed ECG electrode assembly 10 according to the invention is
shown in Figure 2 having a domed electrode element 11 with an oxide layer which is
preterably formed over the entire electrode surface, including the outer edge 12 which

results in virtually no ionic characteristics. The outer edge 12 of the domed electrode
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element 11 can be further sealed against the housing 18 when the two are connected
together. Although the domed electrode element 11 is depicted in the drawing ﬁgurés
as having a generally circular base as would be the case where the domed element 11 is
formed from a disk, it is to be understood that the base of the domed electrode element
11 can also have other shapes, such as, for example, a square shaped base. In the case

of a square base, the dome would be formed from a square sheet of substrate material

and could have a pyramid-like
shape.

Reterring now to Figure 3, the oxidized domed electrode element 11 can
be attached to an electrode interface disk 13. Although the interface 13 is shown

having a disk shape, it can have other shapes depending on the shape of the base of the

domed electrode element 11 and the housing 18. The signal lead wire 16 can be pre-
shaped and welded to the concave inner surface of the domed electrode element 11.
The interface disk 13, in turn, can be attached to an electrode housing 18. An opening
17 1n the interface disk 13 can be provided through which the signal lead wire 16 can

pass and be terminated at a signal transition printed circuit board 20.

The signal transition board provides a termination for the signal lead
wire. This wire must be terminated firmly and inhibited from vibration. Due to the
high impedance in this part of the circuit, movement of the signal lead wire relative to

the remainder of the circuit causes changes in the distributed capacitances in the circuit,

thereby introducing unwanted noise onto the desired signal. Another lead wire 19

connects between the signal transition printed circuit board and the ECG buffer printed
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circuit board 24. The transition board provides a termination point for resistors
electrically attached to the signal lead wire in order to provide protection to the buffer

amplifier from the high voltage defibrillation pulse. The buffer amplifier stage presents
a very high input impedance, approaching 100 megohms, to the ECG signals produced
by the body, and provides a very low output impedance to the system monitor
computer and analog module located in the defibrillator.

Epoxy resin 22 adhesively attaches the domed electrode element 11 to
the interface disk 13. The epoxy 22 also adhesively attaches the interface disk to the
electrode housing 18. The buffer amplifier circuit 24 can be attached to the electrode
housing 18 with conventional threaded hardware. The domed electrode 12 is inherently
a high impedance device, and the buffer amplifier circuit 24 can be utilized primarily as
an impedance lowering means. A rear housing cover 26 can be provided over the
buffer amplifier circuit 24 and encloses the components contained in the housing 18.

Preferably, the interface disk 13 can have a lip 14 provided around an
outer perimeter thereof which forms an annular groove 15. When connected to the
interface disk 13, the outer edge 12 of the domed electrode element 11 is received in the

annular groove 15. Consequently, any burs which may be present on the outer edge 12
of the domed electrode 11, or any bare spots in the oxide coating, will be enclosed in
the annular groove 15 and shielded from contact with the patient’s skin.

The domed electrode-to-substrate interconnection is preterably of an all
welded construction. Any movement of the signal lead wire 16 relative to the domed

electrode 12, prior to the impedance reduction provided by the buffer amplifier 24,
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produces changes in the distributed capacitance of the buffer amplifier 24 input circuit.
This results in significant electrical noise on the desired signal. The design of the
electrode housing 18, the attachment of the domed electrode element 11 to the interface
disk 13 and the inherent rigidity of the welded connection can virtually eliminate
movement of the signal lead wire 16. Additionally, the epoxy resin 22 disposed in the
housing 18 further immobilizes the signal lead wire 16 against movement.

Referring to Figure 6, the buffer amplifier printed circuit board 24 can

be fastened to the electrode housing 18 in a conventional manner, such as, for example,
by threaded hardware. The cover 26 can be similarly fastened to the housing 18. The
cover 26 or housing 18 can also have an access opening through which a cable 28 can
be connected to the buffer amplifier circuit. The cable 28 can be connected to a device,
such as the computer for a cardiac activity monitoring device, for analyzing and
displaying information from the domed electrode assembly. A second cable, not
shown, can be connected to a defibrillator for delivering a therapeutic pulse to the
patient’s body, through separate energy delivery electrodes, not shown, which can be of
conventional construction.

The domed electrode assembly 10 can preferably be configured to be

held in or by a harness for holding the domed electrode against the skin of a patient.
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20 can then be reconnected to the buffer amplifier circuit 24 and rear cover 26.
Consequently, the more expensive cabling 28, buffer amplifier circuit 24 and other

components of the electrode belt or harness can be retained.

To make the domed electrode 12, a conductive substrate is formed into a
dome-like structure having a generally convex skin contacting outer surface and a
generally concave inner surface. The dome is preferably formed from a disk-shaped

substrate, however, the dome could also be produced from a substrate having other
shapes, such as a square or other multi-sided shape. Preferably, the substrate is
tantalum metal. An oxide layer can then be formed on the convex surface. Preferably,
the oxide layer is a tantalum pentoxide insulating or dielectric layer. An anodizing
process can be used to form the oxide layer. The oxide layer preferably covers the
entire outer convex surface, the outer edge 12 and a portion of the inner concave surface
to ensure that the outer edge 12 is completely sealed. Consequently, the possibility of
an 1onic condition occurring is virtually eliminated. Moreover, no additional insulating
material is necessary to cover or coat the outer edge 12. The epoxy 22, described
previously to attach the domed element 11, is used only as a structural adhesive and to

better immobilize the already robust welded signal lead wire 16 interface.

The human body forms one plate of a capacitor and the domed electrode
metal substrate forms the other plate. The method by which prototypical electrodes of
this type have been made is an anodizing process using various acids and electrical
current flow. Such processes are well known in the prior art. For example, one such

process 1s broadly described in a Technical Report entitled “PROCESS FOR
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FORMING TANTALUM PENTOXIDE FILMS FOR CAPACITOR
APPLICATIONS.” This Technical Report was prepared in February 1996, at the
Applicants’ request, by the consulting firm of WERNER KERN ASSOCIATES, and is
hereby incorporated herein by reference.

ECG electrodes are typically held in place against the skin by radial
forces provided by an elasticized chest garment or vest. Higher radial forces are
typically required for flat electrodes than for the domed electrodes for the same level of
signal integrity. Since the electrodes are required to be used by the patient virtually full
time, for periods as long as six months, the higher forces can contribute to significant
discomfort and may lead to patient non-compliance. The radial forces applied to an
electrode housing by a chest garment or vest, and thence to the electrode element,
extrudes the skin slightly which ensures adequate electrode-to-skin contact. An
electrode having a domed shape aids in this interface contact. The domed shape allows
the electrode to better conform to the skin surface under conditions of patient
movement during daily activities, or due to changes in chest circumference caused by
tissue compression resulting from lying down or rolling over during sleep. The
geometry and dimensions of the domed electrode 12 are designed such that the
electrode housing 18 may be rotated off the perpendicular to the body by + 20 degrees
in any direction and still maintain adequate skin contact for a good signal to noise ratio.
Prior art flat electrodes typically cannot be rotated off the skin virtually to any degree

and still be expected to maintain adequate skin contact for an acceptable signal to noise
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ratio unless electrode pressures are excessively high. Any rotation at all will normally

cause electrode falloff and the resultant substandard ECG.

Although certain embodiments of the invention have been described in
detail, 1t will be appreciated by those skilled in the art that various modifications to
those details could be developed in light of the overall teaching of the disclosure.
Accordingly, the particular embodiments disclosed herein are intended to be illustrative
only and not limiting to the scope of the invention which should be awarded the full

breadth of the following claims and any and all embodiments thereof.
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CLAIMS:

1. A electrode element for sensing and treating cardiac conditions, the electrode

element comprising:

a. a conductive substrate formed into the shape of a dome, the dome having

a convex surface, a concave surface and an outer edge; and

b. an oxide layer disposed over at least a portion of the convex surface.

2. The electrode element of claim 1 further comprising the oxide layer being

disposed over the entire convex surface of the dome.

3. The electrode element of claim 2 further comprising the oxide layer being

additionally disposed over the outer edge of the dome.

4, The electrode element of claim 3 further comprising the oxide layer being

additionally disposed over at least a portion of the concave surface of the dome.

3. The electrode element of claim 1 further comprising a signal lead wire attached

to the concave surface of the dome.

6. The electrode element of claim 5 further comprising the signal lead wire being

welded to the concave side of the dome.
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7. The electrode element of claim 1 wherein the conductive substrate comprises a
metal disk.
8. The electrode element of claim 7 wherein the metal disk comprises a tantalum
metal disk.
9. The electrode element of claim 1 wherein the oxide layer comprises a tantalum
pentoxide insulating layer.
10.  The electrode element of claim 1 wherein the oxide layer comprises a tantalum
pentoxide dielectric layer.
1. The electrode element of claim 1 further comprising the oxide layer being

formed using an anodizing process.

I2. An electrode assembly for sensing and treating cardiac conditions, the electrode
assembly comprising:

a. a conductive substrate formed into the shape of a dome, the dome having
a convex surface, a concave surface and an outer edge;

b. an oxide layer disposed over at least a portion of the convex surface;

C. a signal lead wire attached to the concave surface:

d. a signal transition circuit attached to the signal lead wire:
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€. a buffer amplifier circuit attached to the signal lead wire/signal transition
circuit;
f. a housing containing the signal lead wire, the signal transition circuit
and the buffer amplifier circuit; and
g. wherein the domed electrode element is connected to a first side of the

housing with the concave surface adjacent the housing and the convex surface

projecting away from the housing.

13. The electrode assembly of claim 12 further comprising the oxide layer being

additionally disposed over the entire convex surface of the dome.

14. The electrode assembly of claim 13 further comprising the oxide layer being

additionally disposed over the outer edge of the dome.

I5. The electrode assembly of claim 14 further comprising the oxide layer being

additionally disposed over at least a portion of the concave surface of the dome.

16.  The electrode assembly of claim 12 further comprising a signal lead wire

attached to the concave surface of the dome.

17. The electrode assembly of claim 16 further comprising the lead wire being

welded to the concave side of the dome.
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The electrode assembly of claim 12 wherein the conductive substrate COmprises

a metal disk.

19.

The electrode assembly of claim 18 wherein the metal disk comprises a

tantalum metal disk.

20.

The electrode assembly of claim 12 wherein the oxide layer comprises a

tantalum pentoxide insulating layer.

21.

The electrode assembly of claim 12 wherein the oxide layer comprises a

tantalum pentoxide dielectric layer.

22.

The electrode assembly of claim 12 further comprising the oxide layer being

formed using an anodizing process.

23.

The electrode assembly of claim 12 further comprising an interface disk

interposed between the domed electrode and the housing.

24.

The electrode assembly of claim 23 further comprising the interface disk having

an annular groove and the outer edge of the domed electrode element being disposed in

the annular groove.
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25.  The electrode assembly of claim 12 further comprising a cover connected to a
second side of the housing.
26.  The electrode assembly of claim 12 further comprising a resin Interconnecting

at least one of the domed electrode element, the interface disk and the signal transition

circuit with at least one of each other and the housing.

217. The domed electrode assembly of claim 26 wherein the resin also immobilizes

the signal lead wire within the housing.

29. A method of making an electrode element for sensing and treating cardiac

conditions, the method comprising:

a. forming a conductive substrate into a dome having a convex surface and

a concave surface; and

b. disposing an oxide layer on at least a portion of the convex surface.

30.  The method of claim 29 further comprising disposing the oxide layer over the

entire convex surface of the dome.
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31. The method of claim 30 further comprising additionally disposing the oxide

layer over the outer edge of the dome.

32.  The method of claim 31 further comprising additionally disposing the oxide

layer over at least a portion of the concave surface of the dome.

33.  The method of claim 29 further comprising attaching a signal lead wire to the

concave surface of the dome.

34.  The method of claim 33 further comprising welding the signal lead wire to the

concave side of the dome.

35.  The method of claim 29 wherein the conductive substrate comprises a metal
disk.

36.  The method of claim 35 wherein the metal disk comprises a tantalum metal
disk.

37.  The method of claim 29 wherein the oxide layer comprises a tantalum pentoxide

Insulating layer.
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38.  The method of claim 29 wherein the oxide layer comprises a tantalum pentoxide

dielectric layer.

39.  The method of claim 29 further comprising forming the oxide layer using an

anodizing process.

40. A method for sensing and treating cardiac conditions in a patient using at least

one of cardiac activity monitoring device and a defibrillator, the method comprising:

a. providing at least one electrode assembly having a domed electrode
element;
b. positioning said domed electrode element against the skin of a patient

such that a convex surface of said domed electrode element is adjacent the skin; and
C. said electrode assembly coupled to at least one of said monitoring device

and said defibrillator to at least one of sense cardiac function and deliver a defibrillation

freatment.
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