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Active Low Impedance Electrode

The present invention generally relates to electrodes utilized by an electrical
activity monitor for recording electrical activity of a biological organ (e.g., an
electrocardiogram (“ECG”) monitor for recording electrical activity of a patient’s
heart and an electroencephalogram (“EEG”) monitor for recording electrical activity of
a patient’s brain). The present invention specifically relates to electrodes actively
providing a low contact impedance for the ECG/EEG patient.

As known in the art, ECG/EEG systems measure the voltages on a skin surface
of a patient. These measured voltages are typically less than ImV. Of note is a skin
electrode interface impedance may vary dramatically from patient to patient. For
example, these impedances may vary between 10K ohms and 10M ohms for a typical
connection to the patient with standard electrodes. Such high impedances however are
problematic with the use of standard electrodes.

More particularly, any electrostatic coupling into a wire that connects the
electrode to an amplifier input of a ECG/EEG monitor will result in current flow across
the patient impedance, and any artifact signal generated by such an electrostatic
coupling is directly proportional to the impedance of the electrode skin interface. To
impede the generation of artifact signals, ECG/EEG monitors currently use shielded
wires in order to minimize any electrostatic coupling.

In addition to the direct coupling into an individual wire, electrostatic coupling
may occur in a common mode coupling to the patient. Specifically, as implemented in
the art, ECG/EEG monitors use one electrode as a reference electrode to provide for
current flow between the patient and the ECG/EEG monitors. Typically, an active
feedback loop is used to force most of the common mode current to flow through the
reference electrode and minimize a common mode signal present on the measurement
electrodes. The amplitude of the common mode signal is equal to current of the
common mode coupling times the reference electrode impedance divided by the loop
gain of the active feedback loop. The remaining signal then is cancelled by the
matching of the input amplifiers in the input circuitry of the ECG/EEG monitors.

In the case of emergency response where the patient is transported in an

ambulance while being closely monitored for ECG, the sources of electrostatic



10

15

20

25

30

WO 2015/104657 PCT/IB2015/050112

coupling are substantial. For example, many possible sources of statically charged
bodies are in the ambulance, and movement of charged bodies when driving down a
road is very probable. Consequently, a patient with high contact impedance electrodes
will typically have significant artifact present in the ECG when the ambulance is in
motion, and the ambulance will have to pull over and stop in order to perform a 12-lead
static-free ECG measurement to transmit to the hospital.

Likewise, sources of electrostatic coupling may be substantial for a patient
being closely monitored for EEG.

To address the disadvantages of the prior art, the present invention provides an
electrode for actively reducing the skin electrode contact impedance to thereby
minimize the effects of any electrostatic coupled signals on the ECG/EEG waveform.
This substantially improves the quality of the ECG/EEG measurement, especially in
presence of substantial electrostatic sources (e.g., a case of patient transport). With low
electrode source impedance, a shielding of ECG/EEG cabling is not necessary, and an
elimination of the shielding for the ECG/EEG cables consequently allows for low cost
disposable ECG/EEG cables.

One form of the present invention is an active low impedance electrode
employing an electrical activity sensor connected to a voltage sense contact, a current
flow contact and an active electrode coupler. In operation, responsive to the voltage
sense contact and the current flow contact being attached to the anatomical region of
the patient, the electrical activity sensor controls a directional flow of a sensor current
between the electrical activity sensor and the anatomical region to establish an
equivalence between a patient voltage at voltage sense contact and a sensor voltage at
active electrode coupler, and/or a patient contact impedance between the voltage sense
contact and the current flow contact is greater than an active electrode impedance at the
active electrode coupler.

The foregoing form and other forms of the present invention as well as various
features and advantages of the present invention will become further apparent from the
following detailed description of various embodiments of the present invention read in
conjunction with the accompanying drawings. The detailed description and drawings
are merely illustrative of the present invention rather than limiting, the scope of the

present invention being defined by the appended claims and equivalents thereof.
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FIG. 1 illustrates exemplary embodiments of an electrical monitoring system in
accordance with the present invention.

FIG. 2 illustrates an exemplary embodiment of an active low impedance
electrode in accordance with the present invention.

FIG. 3 illustrates an exemplary embodiment of an electrical activity sensor of
the present invention as shown in FIG. 2.

FIG. 4 illustrates an exemplary schematic embodiment of the electrical activity
sensor shown in FIG. 2.

FIGS. 5A-5C respectively illustrate side, top and bottom views, of an exemplary
assembly of an active low impedance electrode shown in FIG. 4.

To facilitate understanding of the present invention, exemplary embodiments of
the present invention will be provided herein directed to an electrical activity
monitoring of a biological organ of a patient via an active low impedance electrode
connecting an anatomical region of the patient to the electrical activity monitor.

For example, FIG. 1 illustrates a known ECG monitor 30 recording electrical
activity 31 of a heart 11 of a patient 10 via an active low impedance electrode 20a of
the present invention connecting a thoracic region of patient 10 to ECG monitor 30.
Also by example, FIG. 1 illustrates known EEG monitor 40 recording electrical activity
41 of a brain 12 of a patient 10 via an active low impedance electrode 20b of the
present invention connecting a cranial region of patient 10 to EEG monitor 40.

While only one electrode 20a is shown for ECG monitor 30 and only one
electrode 20b is shown for EEG monitor for clarity of FIG. 1, one or more active low
impedance electrodes 20 of the present invention are employed in practice for a
recording of electrical activity within an anatomical region as would be appreciated by
one skilled in the art, and one or more conventional electrodes may be additionally
employed in practice for the recording of electrical activity within the anatomical
region as would be appreciated by one skilled in the art.

Referring to FIG. 2, an active low impedance electrode 20 of the present
invention employs an electrical activity sensor 21, a voltage sense contact 22, a current
flow contact 23 and an active electrode coupler 24. In practice, voltage sense contact
22 and current flow contact 23 are attached as known in the art to an anatomical region

13 of patient 10 (e.g., the cranial region or the thoracic region of FIG. 1), and active
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electrode coupler 24 is connected as known in the art to an electrical activity monitor
50 (e.g., ECG monitor 30 or EEG monitor 40 of FIG. 1).

Voltage sense contact 22 applies a patient voltage Vp on a skin surface of
anatomical region 13 to a voltage node Ny of electrical activity sensor 21 having a high
input impedance that effectively impedes any current flow from anatomical region 13
into voltage sense contact 22. As known in the art, fluctuation(s) of patient voltage Vp
are indicative of electrical activity of a biological organ within anatomical region 13
(e.g., heart 11 or brain 12 of FIG. 1).

Current flow contact 23 controls a directional flow of a sensor current Ig
between electrical anatomical region 13 and a current node N of electrical activity
sensor 21 having a low source impedance that effectively directs any current flow from
anatomical region 13 through current flow contact 22. The aforementioned attachment
of voltage sense contract 22 and current flow contact 23 to anatomical region 13 flow
sensor current Is equaling a voltage drop between voltage sense contact 22 and current
flow contact 23 divided by a patient contact impedance Zpc. This facilitates a sensing
of patient voltage Vp by electrical activity sensor 21, particularly in a presence of a
substantial flow of sensor current Iginto anatomical region 13.

Active electrode coupler 24 applies a sensor voltage Vg at a power node Np of
electrical activity sensor 21 to electrical activity monitor 50. Sensor voltage Vg is
representative of patient voltage Vp whereby electrical activity monitor 50 may measure
and record the electrical activity of the biological organ within anatomical region 13.
Of importance is an impedance Zag of active electrode coupler 24 is significantly less
(>>) than patient contact impedance Zpc.

In operation, electrical activity sensor 21 generates sensor voltage Vg and
controls a directional flow of sensor current I to establish an equivalence (=) of patient
voltage Vp to sensor voltage Vs whereby any fluctuation of sensor voltage Vs mirrors
any fluctuation of voltage patient voltage Vp.

A block diagram of an exemplary embodiment of electrical activity sensor 21 is
shown in block diagram shown in FIG. 3 and a schematic diagram of an exemplary
embodiment of electrical activity sensor 21 is shown in FIG. 4.

Referring to FIGS. 3 and 4, the exemplary embodiment of electrical activity

sensor 21 employs an internal power supply 25 and a differential amplifier 26 as shown
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in FIG. 3. Internal power supply 25 in the form of a split power supply as shown in
FIG. 4 includes a series connection of two (2) small battery cells Vg; and Vg, for
powering differential amplifier 26 in the form of a low power operational amplifier
(“op-amp”) U1 via a connection to power/negative power supplies V+/V- of op-amp
U1 as shown in FIG. 4. A center point of the series connection of battery cells Vg; and
Vg2, a non-inverting input (+) of op-amp U1 and active electrode coupler 24 are
connected to power node Np. voltage sense contact (“VSC”) 22 and an inverting input
(-) of op-amp U1 and are connected to voltage node Ny. Inverting input (-) of
operational amplifier U1 has a high input impedance that effectively impedes any flow
of current Ip from anatomical region 13 (FIG. 2) through voltage sense contact 22 to
op-amp Ul.

Current flow contact (“CFC”) 23 and an output of op-amp U1 are connected to
current node N¢ whereby a feedback path of op-amp U1 from output to inverting input
(-) includes voltage sense contact 22 and current low contact 23. Specifically, in
response to anatomical region 13 being connected to voltage sense contact 22 and
current low contact 23, a feedback of op-amp U1 will drive patient voltage Vp to sensor
voltage Vg at non-inverting input (+) of operational amplifier Ul generated by the
center point of the series connection of battery cells Vg, and Vg, . Therefore, sensor
voltage Vg at active electrode coupler 24 becomes approximately equivalent to patient
voltage Vp at voltage sense contact 22. The larger a loop gain of op-amp U1, then the
closer sensor voltage Vg at active electrode coupler 24 will match patient voltage Vp at
voltage sense contact 22.

Sensor current I as shown in FIG. 3 may have a positive current flow Ipg as
shown in FIG. 4 from battery cell Vp; to positive power supply (V+) of operational
amplifier U1 through an output drive circuitry of operational amplifier U1 to
anatomical region 13 via current flow contact 23. Conversely, sensor current Is as
shown in FIG. 3 may have a negative current flow Ixs as shown in FIG. 4 from
anatomical region 13 via current flow contact 23 through output drive circuitry of op-
amp U1 to battery cell Vg, via negative power supply (V-) of op-amp Ul. A voltage
drop between voltage sense contact 22 and current flow contact 23 is a function of
sensor current Is times a contact impedance of current flow contact 23. The equivalent

contact impedance of the electrode is the voltage difference between V 45 and Vp
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divided by sensor current I; flowing through active electrode coupler 24. The
difference between Vg and Vp is equal to Vg divided by the open loop gain of op-amp
Ul. Therefore, an equivalent contact impedance of this active electrode 20 is the
contact impedance of current flow contact 23 divided by the open loop gain of op-amp
Ul

In practice, active low impedance electrode 20 as shown in FIG. 4 demonstrated
a reduction in the electrode impedance. For example, at 5 Hz, which is the center of a
ECG bandwidth, the active electrode impedance was only 430 ohms. The impedance
of the contact with the patient at this frequency is 10M ohms. Also by example, at 60
Hz, active low impedance electrode 20 reduced the electrode impedance from 8M ohms
down to 4.1K ohms. This performance was achieved with a low power op-amp Ul
operating with only 1uA of power supply current from internal power supply 25.

FIGS. 5A-5C illustrate an exemplary assembly of active low impedance
electrode 20 as shown in FIG. 4. Specifically, a flexible printed circuit board 27
mechanically supports and electrical connects battery cells Vg; and Vg, op-amp Ul,
voltage sense contact 22, current flow contact 23 and active electrode coupler 24 within
a foam adhesive 28.

In practice, battery cells Vg and Vg, preferably become activated upon active
low impedance electrode 20 being removed from the packaging. A zinc air battery
cells would be a good solution for this application. Alternatively, other mechanisms
may be implemented to actively connect battery cells Vi and Vg to op-amp U1 when
voltage sense contact 22, current flow contact 23 are applied to a patient. For example,
a force of snapping the electrode wire on to active low impedance electrode 20 could
activate battery cells Vg; and Vp,.

Also in practice, op-amp U1 is commercially available with a power supply
current less than 10uA, which would allow active low impedance electrode 20 to
operate for a full length of time that it is applied to the patient even with very small
battery cells Vg; and Vpy. Op-amp Ul reduces the electrode impedance by the amount
of gain. For example active low impedance electrode 20 with a 150 KHz gain
bandwidth will have a gain of 1000 at 150Hz which is the high end of the ECG

spectrum. A patient skin electrode impedance of 1 Mohm will look like an impedance
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of only 1 Kohm at the ECG/EEG connection to ECG/EE monitoring device with an
amplifier gain of 1000.

Referring to FIGS. 1-5, those having ordinary skill in the art will appreciate
numerous benefits of the present invention including, but not limited to, a backward
compatibility with standard electrode systems whereby an improvement of low contact
impedance with a patient may be achieved without requiring any change in the known
device or cabling hardware.

While various embodiments of the present invention have been illustrated and
described, it will be understood by those skilled in the art that the embodiments of the
present invention as described herein are illustrative, and various changes and
modifications may be made and equivalents may be substituted for elements thereof
without departing from the true scope of the present invention. In addition, many
modifications may be made to adapt the teachings of the present invention without
departing from its central scope. Therefore, it is intended that the present invention not be
limited to the particular embodiments disclosed as the best mode contemplated for carrying
out the present invention, but that the present invention includes all embodiments falling

within the scope of the appended claims.
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CLAIMS:

1. An active low impedance electrode (20), comprising:

an electrical activity sensor (21) including a voltage node, a current node and a
power node;

a voltage sense contact (22) operably connected to the voltage node to apply a
patient voltage to the electrical activity sensor (21), the patient voltage being indicative
of an electrical activity of an anatomical region (13) of a patient;

a current flow contact (23) operably connected to the current node to facilitate a
directional flow of sensor current between the electrical activity sensor (21) and the
anatomical region (13);

an active electrode coupler (24) operably connected to the power node; and

wherein, responsive to the voltage sense contact (22) and the current flow
contact (23) being attached to the anatomical region (13) of the patient, the electrical
activity sensor (21) is operable to control the directional flow of the sensor current
between the electrical activity sensor (21) and the anatomical region (13) to
establishing an equivalence between the patient voltage at voltage sense contact (22)

and a sensor voltage at active electrode coupler (24).

2. The active low impedance electrode (20) of claim 1, wherein the electrical
activity sensor (21) includes:
a differential amplifier (26) connected to the voltage node, the current node and

the power node.

3. The active low impedance electrode (20) of claim 2, wherein the differential
amplifier (26) includes:

an operational amplifier (U1) having a non-inverting input connected to the
power node, an inverting input connected to the voltage node and an output connected

to the current node.

4. The active low impedance electrode (20) of claim 1, wherein the electrical

activity sensor (21) includes:
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an internal power supply (25) connected to the power node.

5. The active low impedance electrode (20) of claim 4, wherein the internal power
supply (25) includes:

a split power supply (Vg1, Vg2) connected to the power node.

6. The active low impedance electrode (20) of claim 4, wherein the electrical
activity sensor (21) includes:

a differential amplifier (26) connected to the internal power supply (25).

7. The active low impedance electrode (20) of claim 6,

wherein the internal power supply (25) includes a split power supply (Vgr, Vg2);
and

wherein the different amplifier (26) includes an operational amplifier (UI)

having power supplies connected to the split power supply (Vgi, Vg2).

8. An active low impedance electrode (20), comprising:

an electrical activity sensor (21) including a voltage node, a current node and a
power node;

a voltage sense contact (22) operably connected to the voltage node to apply a
patient voltage to the electrical activity sensor (21), the patient voltage being indicative
of an electrical activity of an anatomical region (13) of a patient;

a current flow contact (23) operably connected to the current node to facilitate a
directional flow of sensor current between the electrical activity sensor (21) and the
anatomical region (13);

an active electrode coupler (24) operably connected to the power node; and

wherein, responsive to the voltage sense contact (22) and the current flow
contact (23) being attached to the anatomical region (13) of the patient, a patient
contact impedance between the voltage sense contact (22) and the current flow contact

(23) 1s greater than an active electrode impedance at the active electrode coupler (24).
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9. The active low impedance electrode (20) of claim 8, wherein the electrical
activity sensor (21) includes:
a differential amplifier (26) connected to the voltage node, the current node and

the power node.

10. The active low impedance electrode (20) of claim 9, wherein the differential
amplifier (26) includes:

an operational amplifier (U1) having a non-inverting input connected to the
power node, an inverting input connected to the voltage node and an output connected

to the current node.

11. The active low impedance electrode (20) of claim 8, wherein the electrical
activity sensor (21) includes:

an internal power supply (25) connected to the power node.

12. The active low impedance electrode (20) of claim 11, wherein the internal
power supply (25) includes:

a split power supply (Vg1, Vp2) connected to the power node.

13. The active low impedance electrode (20) of claim 11, wherein the electrical
activity sensor (21) includes:

a differential amplifier (26) connected to the internal power supply (25).

14. The active low impedance electrode (20) of claim 13,

wherein the internal power supply (25) includes a split power supply (Vgr, Vg2);
and

wherein the different amplifier (26) includes an operational amplifier (UI)

having power supplies connected to the split power supply (Va1 Vgo).

15. An active low impedance electrode (20), comprising:
an electrical activity sensor (21) including a voltage node, a current node and a

power node;
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a voltage sense contact (22) operably connected to the voltage node to apply a
patient voltage to the electrical activity sensor (21), the patient voltage being indicative
of an electrical activity of an anatomical region (13) of a patient;

a current flow contact (23) operably connected to the current node to facilitate a
directional flow of sensor current between the electrical activity sensor (21) and the
anatomical region (13);

an active electrode coupler (24) operably connected to the power node;

wherein, responsive to the voltage sense contact (22) and the current flow
contact (23) being attached to the anatomical region (13) of the patient, the electrical
activity sensor (21) is operable to control the directional flow of the sensor current
between the electrical activity sensor (21) and the anatomical region (13) to
establishing an equivalence between the patient voltage at voltage sense contact (22)
and a sensor voltage at active electrode coupler (24); and

wherein, further responsive to the voltage sense contact (22) and the current
flow contact (23) being attached to the anatomical region (13) of the patient, a patient
contact impedance between the voltage sense contact (22) and the current flow contact

(23) 1s greater than an active electrode impedance at the active electrode coupler (24).
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