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(54) Title of the Invention: Testing of defibrillator electrodes

Abstract Title: System for and method of testing defibrillator electrodes

(57) An electrode test system of a defibrillator comprising:
electrodes 3 in a face to face test arrangement forming a
capacitor; an impedance measurement signal generator
that sends an AC signal to the electrodes 3; an
impedance measurement signal processor that
processes an electrode test signal received from the
electrodes 3 that is used to obtain a processed electrode
test signal; a defibrillator processor connected to both the
impedance measurement signal generator and the
impedance measurement signal processor and which
receives and analyses the processed electrode test
signal to obtain an electrode test impedance signal and
further analyses the electrode test impedance signal to
determine a pass or fail condition of the electrodes 3.
Preferably electrodes 3 are planar and comprise a first
and a second face, where the first face of each electrode
3 may be provided by a dielectric liner 46 placed in the
face to face test arrangement to form the capacitor,
where dielectric 46 may be provided by one or more air
gaps 48. The defibrillator processor may further analyses
the electrode test impedance signal to determine an
approximate age of the electrodes 3. Described as
testing the ability of defibrillator electrodes to conduct an
electrical signal.
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Testing of Defibrillator Electrodes

This invention relates to testing of electrodes for defibrillators, and particularly to the
testing of connection of the electrodes to the defibrillator and the electrical integrity of

the electrodes, i.e. the ability of the electrodes to conduct an electrical signal.

Defibrillators are used to provide a 'shock’, i.e. electrical signals, to a patient's heart
during a cardiac arrest. Studies have shown that the efficacy of a shock decreases
significantly as time from the cardiac arrest increases. It is therefore important to use a
defibrillator to apply electrical signals to the patient's heart as quickly as possible. This
being the case, defibrillators are now frequently found in various public locations, not just

in hospitals.

The defibrillator electrodes are generally housed in a pouch to protect them. Each
electrode has a connecting wire which is connected to a plug in the defibrillator. In many
locations, a defibrillator may not be used for substantial periods of time. It is crucial that
the connectivity of the defibrillator electrodes, connecting wires and defibrillator plug,
and the electrical integrity of the defibrillator electrodes, is maintained over these
periods, or, if compromised, that this information is made available to a potential user of
the defibrillator. This is particularly the case when a defibrillator may be used by a
member of the public with little or no experience of defibrillator technology or operation.
It is therefore desirable to provide defibrillators with a means by which the electrodes

connectivity and integrity may be tested.

According to a first aspect of the invention there is provided an electrode test system of
a defibrillator comprising

electrodes in a face-to-face test arrangement forming a capacitor,

an impedance measurement signal generator connected to the electrodes and

configured to send an ac signal to the electrodes,
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an impedance measurement signal processor connected to the electrodes which
is placeable in an electrode test state and configured to receive an electrode test ac signal
from the electrodes and process the electrode test ac signal to obtain a processed
electrode test ac signal,

a defibrillator processor connected to the impedance measurement signal
generator and the impedance measurement signal processor configured to place the
impedance measurement signal processor in the electrode test state and to receive the
processed electrode test ac signal, analyse the processed electrode test ac signal to
obtain an electrode test impedance signal and analyse the electrode test impedance

signal to determine a pass condition or a fail condition of the electrodes.

The defibrillator processor may be configured to send at least one control signal to the
impedance measurement signal generator to cause the impedance measurement signal

generator to send the ac signal to the electrodes.

The defibrillator processor may be configured to send at least one control signal to the
impedance measurement signal processor to place the impedance measurement signal
processor in the electrode test state. The defibrillator processor may be configured to
send at least one control signal to the impedance measurement signal processor to adjust
one or more characteristics thereof to place the impedance measurement signal

processor in the electrode test state.

The impedance measurement signal processor may comprise an amplifier module and
the defibrillator processor may be configured to send at least one control signal to the
impedance measurement signal processor to adjust one or more characteristics of the
amplifier module to place the impedance measurement signal processor in the electrode
test state. The defibrillator processor may be configured to send at least one control
signal to the impedance measurement signal processor to adjust a gain characteristic of
the amplifier module to place the impedance measurement signal processor in the

electrode test state.
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The impedance measurement signal processor may comprise a signal conditioning
module and the defibrillator processor may be configured to send at least one control
signal to the impedance measurement signal processor to adjust one or more
characteristics of the signal conditioning module to place the impedance measurement
signal processor in the electrode test state. The defibrillator processor may be configured
to send at least one control signal to the impedance measurement signal processor to
adjust one or more conditioning function characteristics of the signal conditioning
module to place the impedance measurement signal processor in the electrode test state.
The signal conditioning module may comprise conditioning function characteristics for
carrying out conditioning functions comprising any of filtering, analogue to digital

conversion, signal processing.

The impedance measurement signal processor may comprise a memory unit and the
defibrillator processor may be configured to send at least one control signal to the
impedance measurement signal processor to adjust one or more control characteristics
stored in the memory unit to place the impedance measurement signal processor in the
electrode test state. The defibrillator processor may be configured to send at least one
control signal to the impedance measurement signal processor to adjust one or more
control characteristics stored in the memory unit which adjusts one or more
characteristics of the amplifier module to place the impedance measurement signal
processor in the electrode test state. The defibrillator processor may be configured to
send at least one control signal to the impedance measurement signal processor to adjust
one or more control characteristics stored in the memory unit which adjusts one or more
characteristics of the signal conditioning module to place the impedance measurement

signal processor in the electrode test state.

The amplifier module of the impedance measurement signal processor may be
implemented in hardware. The signal conditioning module of the impedance
measurement signal processor may be implemented in hardware. The amplifier module

of the impedance measurement signal processor may be implemented in software. The
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signal conditioning module of the impedance measurement signal processor may be
implemented in software. The amplifier module and the signal conditioning module may

be implemented in separate software modules or the same software module.

Each electrode may be substantially planar and comprise at least one face. The at least
one face of each electrode may be placed in the face-to-face test arrangement to form
the capacitor. Each electrode may be substantially planar and comprise a first face and a
second face. The first face of each electrode may be placed in the face-to-face test
arrangement to form the capacitor. The first face of each electrode may be provided by
a dielectric liner of the electrode. The dielectric liners of the electrodes may be
substantially adjacent in the electrodes face-to-face test arrangement to form the
capacitor. A further dielectric may be provided by one or more air gaps between the

substantially adjacent dielectrics in the electrodes face-to-face test arrangement.

Alternatively, the second face of each electrode may be placed in the face-to-face test
arrangement to form the capacitor. The second face of each electrode may be provided
by a substrate of the electrode. Alternatively, the first face of a first electrode and the
second face of a second electrode may be placed in the face-to-face test arrangement to

form the capacitor.

A first electrode may comprise a conductor and a dielectric liner and a second electrode
may comprise a conductor. The second electrode conductor may be substantially
adjacent to the first electrode dielectric liner in the electrodes face-to-face test
arrangement to form the capacitor. The electrodes may each comprise a conductor. A
dielectric may be placed between the conductors in the electrodes face-to-face test

arrangement to form the capacitor.

Each electrode may comprise a substrate having a first face and a second face, a
conductor having a first face attached to the second face of the substrate and a second

face, a gel element having a first face attached to the second face of the conductor and a
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second face, and a dielectric liner having a first face attached to the second face of the

gel element and a second face.

The substrate may comprise a plastic material, particularly a substantially transparent

plastic material. The substrate may comprise a foam material.

The conductor may be printed onto the second face of the substrate. The conductor may

comprise silver ink. The conductor may comprise tin.

The dielectric liner may be a release liner which is removed on use of the electrode. The
dielectric liner of each electrode may be joined together and folded to be substantially

adjacent in the electrodes face-to-face test arrangement.

The electrodes may be located in a face-to-face test arrangement within a pouch.

The impedance measurement signal generator may be configured to generate the ac
signal at a pre-determined voltage. The ac signal may comprise any of a sine wave, a
square wave. The ac signal may have a frequency in the range of approximately 30kHz to

approximately 64kHz, preferably approximately 32kHz.

The defibrillator processor may be configured to determine a pass condition if the
electrode test impedance signal is within a pre-determined pass range and a fail condition
if the electrode test impedance signal is above the pre-determined pass range. The pass
range may be pre-determined by assessing an expected range of values of the electrode
test impedance signal when connectivity and electrical integrity of the electrodes is
acceptable. The pre-determined pass range may be approximately 1kQ to approximately
5kQ. The pre-determined pass range may be determined by testing of defibrillator
electrodes in various states of connectivity and electrical integrity. The pre-determined

pass range may be different for different types of defibrillator electrodes. When the
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electrodes are in a fail condition, a signal indicating an open circuit may be received by

the defibrillator processor.

The defibrillator may comprise a protection circuit connected between the electrodes
and the impedance measurement signal generator and the impedance measurement

signal processor to protect them against receiving a defibrillator shock signal.

An electrode test may be carried out as part of an automatic defibrillator self-test process.
An electrode test may be carried out at regular intervals. The regular intervals may
comprise any of once a day, once a week, once a month. An electrode test may be carried
out on power-up of the defibrillator. An electrode test may be carried out before
application of a shock to a patient. An electrode test may be carried out on initiation by

a user of the defibrillator, for example by activating a switch on the defibrillator.

After an electrode test, when the defibrillator processor determines a pass condition for
the electrodes, the defibrillator processor may be configured to further analyse the

electrode test impedance signal to determine an approximate age of the electrodes.

The defibrillator processor may compare the electrode test impedance signal with pre-
determined ranges for the electrode test impedance signal to determine an approximate
age of the electrodes. The pre-determined ranges may indicate, for example, electrodes
of less than approximately 1 year of age, electrodes between approximately 1 year and
approximately 2 years of age, electrodes between approximately 2 years and
approximately 3 years of age, electrodes between approximately 3 years and
approximately 4 years of age, electrodes of over approximately 4 years of age.
Determination of an approximate age of the electrodes is possible because, as the

electrodes get older, their gel dries out and capacitance of the electrodes changes.

The defibrillator may issue a message indicating an electrode pass condition or an

electrode fail condition. This may comprise any of an audible message, a visible message.
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According to a second aspect of the invention there is provided a method of testing
electrodes of a defibrillator comprising

placing electrodes in a face-to-face test arrangement to form a capacitor,

using an impedance measurement signal generator to send an ac signal to the
electrodes,

using an impedance measurement signal processor placeable in an electrode test
state to receive an electrode test ac signal from the electrodes and to process the
electrode test ac signal to obtain a processed electrode test ac signal,

using a defibrillator processor to place the impedance measurement signal
processor in the electrode test state and to receive the electrode test ac signal, to analyse
the processed electrode test ac signal to obtain an electrode test impedance signal and
to analyse the electrode test impedance signal to determine a pass condition or a fail

condition of the electrodes.

An embodiment of the invention will now be described, by way of example only, with
reference to the accompanying drawings, in which:

Figure 1 is a schematic representation of an electrode test system of a defibrillator
according to the first aspect of the invention, and

Figure 2 is a schematic representation of electrodes of the defibrillator of Figure 1.

Referring to Figure 1, this shows a defibrillator 1 comprising electrodes 3, a defibrillation
signal generator 5, an impedance measurement signal generator 7, a protection circuit 9,

an impedance measurement signal processor 11 and a defibrillator processor 13.

The impedance measurement signal generator 7 is configured to generate an ac signal at
a pre-determined voltage. The ac signal comprises a sine wave or a square wave and has
a frequency in the range of approximately 30kHz to approximately 64kHz, preferably
approximately 32kHz. The ac signal is sent to the electrodes 3 and is used to test the
electrodes 3. Signals having the same characteristics can be sent to the electrodes 3 in

the measurement of an impedance of a patient connected to the electrodes 3.
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The protection circuit 9 is a defibrillator signal protection circuit. This is configured to
protect the impedance measurement signal generator 7 and the impedance
measurement signal processor 11 against receiving a defibrillator shock signal, which

would otherwise damage them.

The impedance measurement signal processor 11 comprises an amplifier module, a signal
conditioning module and a memory unit (not shown). The amplifier module comprises a
gain characteristic which is adjustable to place the impedance measurement signal
processor 11 in an electrode test state. The signal conditioning module comprises
conditioning function characteristics, such as filtering ranges, ADC sample rate, resolution
etc., which are adjustable to place the impedance measurement signal processor in the
electrode test state. The signal conditioning module carries out conditioning functions
comprising, at least, filtering, analogue to digital conversion and signal processing. The
memory unit stores control characteristics which are adjustable for the adjustment of the

characteristics of the amplifier module and the signal conditioning module.

In this embodiment of the invention, the amplifier module and the signal conditioning
modules of the impedance measurement signal processor 11 are implemented in

hardware.

The defibrillator processor 13 comprises a microprocessor. The defibrillator processor 13
is configured to send at least one control signal to the impedance measurement signal
generator 7 to cause the generator 7 to send the ac signal to the electrodes 3. The
defibrillator processor 13 is further configured to send control signals to the memory unit
of the impedance measurement signal processor 11 to control adjustment of the

characteristics of the modules of the impedance measurement signal processor 11.

In this embodiment, the defibrillator 1 further comprises a battery (not shown) which
provides power for the components of the defibrillator. The various components of the

defibrillator 1 are connected together as shown in the drawing, for sending and receiving
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signals between the components. It will be appreciated that other connections which are

not shown may be provided between the components of the defibrillator 1.

Referring to Figure 2, each of the electrodes 3 of the defibrillator 1 of Figure 1 is
substantially planar and comprises a substrate 40, a conductor 42, a gel element 44 and
a dielectric liner 46. The substrate 40 has a first face and a second face, the conductor 42
has a first face attached to the second face of the substrate 40 and a second face, the gel
element 44 has a first face attached to the second face of the conductor 42 and a second
face, and the dielectric liner 46 has a first face attached to the second face of the gel

element 44 and a second face, as shown.

The substrate 40 comprises a substantially transparent plastic material. The conductor
42 comprises silver ink printed onto the second face of the substrate 40. The dielectric
liner 46 of the electrodes is joined together and folded, as shown. The dielectric liner 46

is a release liner which is removed on use of the electrodes 3.

The electrodes 3 are located within a pouch (not shown). Each electrode 3 comprises a
connector stud 50 and a connecting wire 52, for connection of the electrode to a plug of

the defibrillator 1.

In this embodiment, the electrodes 3 each comprise a conductor 42 and a dielectric in
the form of a folded dielectric liner 46. Each electrode comprises a first face provided by
the dielectric liner 46 of the electrodes and a second face provided by a substrate 40 of
the electrodes. The first face of each electrode, comprising the second face of the
dielectric liner 46, is placed in the face-to-face test arrangement to form the capacitor.
The electrodes 3 are in a face-to-face test arrangement, with parts of the dielectric liner
46 substantially adjacent to form the capacitor. A further dielectric is provided in the
form of an air gap 48 between the substantially adjacent dielectric liner 46 in the
electrodes face-to-face test arrangement. It will be appreciated that the air gap may be

replaced by air pockets or may not be present. It will be appreciated that the second face
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of each electrode, provided by the substrate of the electrode, may be placed in the face-
to-face test arrangement to form the capacitor. It will further be appreciated that the
first face of a first electrode and the second face of a second electrode may be placed in

the face-to-face test arrangement to form the capacitor.

In order to use the defibrillator 1 to apply defibrillation signals to a patient's heart, the
electrodes 3 must have adequate connectivity and electrical integrity, i.e. the ability to
conduct an electrical signal. This is determined by testing the electrodes 3 by applying an
ac signal to the electrodes 3, receiving an electrode test ac signal from the electrodes 3,
analysing the electrode test ac signal to obtain the electrode test impedance signal and
processing the electrode test impedance signal to determine a pass condition or a fail
condition of the electrodes. Testing of the electrodes 3 is carried out using the impedance
measurement signal generator 7 and the impedance measurement signal analyser 11, i.e.

equipment already present in the defibrillator 1.

When an electrode test is carried out, in this embodiment, the electrodes 3 are in their

pouch, in a face-to-face test arrangement forming a capacitor.

The defibrillator processor 13 sends at least one control signal to the memory unit of the
impedance measurement signal processor 11. This adjusts, or sets, one or more control
characteristics stored in the memory unit to place the impedance measurement signal
processor 11 in the electrode test state. Adjustment of the one or more control
characteristics stored in the memory unit causes adjustment of the gain characteristic of
the amplifier module and adjustment of the conditioning function characteristics of the
signal conditioning module to place the impedance measurement signal processor 11 in

the electrode test state.

The defibrillator processor 13 sends at least one control signal to the impedance
measurement signal generator 7 to cause it to generate an ac signal at a pre-determined

voltage comprising a sine wave or a square wave and having a frequency in the range of
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approximately 30kHz to approximately 64kHz, preferably approximately 32kHz. The ac
signal is sent to the electrodes 3, and, as these form a capacitor, the ac signal passes
through the electrodes 3. The electrodes 3 act to effect a change in the ac signal and the
resultant changed ac signal, referred to as the electrode test ac signal, is passed to the

protection circuit 9 and on to the impedance measurement signal processor 11.

The amplifier module of the impedance measurement signal processor 11 receives the
electrode test ac signal from the electrodes 3 via the protection circuit 9, amplifies the
signal and passes it to the signal conditioning module of the impedance measurement
signal processor 11. The signal conditioning module carries out a number of conditioning
functions, such as filtering and analogue to digital conversion, on the amplified electrode

test ac signal. The electrode test ac signal is passed to the defibrillator processor 13.

The defibrillator processor 13 receives the electrode test ac signal from the impedance
measurement signal processor 11 and analyses the electrode test ac signal to obtain an
electrode test impedance signal. The defibrillator processor 13 then analyses the
electrode test impedance signal to determine a pass or fail condition of the electrodes 3.
Various methods may be used to determine a pass or fail condition of the electrodes 3.
The defibrillator processor 13 may determine a pass condition if the electrode test
impedance signal is within a pre-determined pass range and a fail condition if the
electrode test impedance signal is above the pre-determined pass range. The pass range
may be pre-determined by assessing an expected range of values of the electrode test
impedance signal when the connectivity and electrical integrity of the electrodes is
acceptable. The pre-determined pass range may be approximately 1kQ to approximately
5kQ. When the electrodes 3 are in a fail condition, a signal indicating an open circuit may

be received by the defibrillator processor 13.

An electrode pass condition determines that the connectivity of the electrodes 3 via the
connector studs 50 and the connecting wires 52 to a plug of the defibrillator 1 is intact

and that the electrical integrity of each electrode 3 is within specification. An electrode
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fail condition may indicate inadequate connectivity of one or more of the electrodes 3.
This may be due to, for example, improper connection between or a fault on any of the
electrodes, electrode connecting wires and a plug of the defibrillator. A fail test result for
the electrodes may indicate inadequate electrical integrity of one or more of the
electrodes. This may be due to, for example, breakdown of gel of one or more of the
electrodes, which is referred to as discontinuity of an electrode, or damage to one or

more of the electrodes e.g. due to incorrect storage.

After an electrode test, when a pass condition for the electrodes 3 is determined, the
defibrillator processor 13 may further process the electrode test impedance signal to

determine an approximate age of the electrodes 3.

The defibrillator 1 may issue a message indicating an electrode pass condition or an
electrode fail condition, such as an audible message and/or a visible message e.g.
activation of a light, such as a light emitting diode (LED) indicator, provided on the

defibrillator 1.
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CLAIMS

1. An electrode test system of a defibrillator comprising

electrodes in a face-to-face test arrangement forming a capacitor,

an impedance measurement signal generator connected to the electrodes and
configured to send an ac signal to the electrodes,

an impedance measurement signal processor connected to the electrodes which
is placeable in an electrode test state and configured to receive an electrode test ac signal
from the electrodes and process the electrode test ac signal to obtain a processed
electrode test ac signal,

a defibrillator processor connected to the impedance measurement signal
generator and the impedance measurement signal processor configured to place the
impedance measurement signal processor in the electrode test state and to receive the
processed electrode test ac signal, analyse the processed electrode test ac signal to
obtain an electrode test impedance signal and analyse the electrode test impedance

signal to determine a pass condition or a fail condition of the electrodes.

2. An electrode test system of a defibrillator according to claim 1 in which the
defibrillator processor is configured to send at least one control signal to the impedance
measurement signal generator to cause the impedance measurement signal generator to

send the ac signal to the electrodes.

3. An electrode test system of a defibrillator according to claim 1 or claim 2 in which
the defibrillator processor is configured to send at least one control signal to the
impedance measurement signal processor to place the impedance measurement signal

processor in the electrode test state.

4. An electrode test system of a defibrillator according to claim 3 in which the

defibrillator processor is configured to send at least one control signal to the impedance
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measurement signal processor to adjust one or more characteristics thereof to place the

impedance measurement signal processor in the electrode test state.

5. An electrode test system of a defibrillator according to claim 4 in which the
impedance measurement signal processor comprises an amplifier module and the
defibrillator processor is configured to send at least one control signal to the impedance
measurement signal processor to adjust one or more characteristics of the amplifier

module to place the impedance measurement signal processor in the electrode test state.

6. An electrode test system of a defibrillator according to claim 5 in which the
defibrillator processor is configured to send at least one control signal to the impedance
measurement signal processor to adjust a gain characteristic of the amplifier module to

place the impedance measurement signal processor in the electrode test state.

7. An electrode test system of a defibrillator according to any of claims 4 to 6 in
which the impedance measurement signal processor comprises a signal conditioning
module and the defibrillator processor is configured to send at least one control signal to
the impedance measurement signal processor to adjust one or more characteristics of
the signal conditioning module to place the impedance measurement signal processor in

the electrode test state.

8. An electrode test system of a defibrillator according to claim 7 in which the
defibrillator processor is configured to send at least one control signal to the impedance
measurement signal processor to adjust one or more conditioning function
characteristics of the signal conditioning module to place the impedance measurement

signal processor in the electrode test state.

9. An electrode test system of a defibrillator according to claim 9 in which the signal

conditioning module comprises conditioning function characteristics for carrying out
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conditioning functions comprising any of filtering, analogue to digital conversion, signal

processing.

10. An electrode test system of a defibrillator according to any of claims 4 to 9 in
which the impedance measurement signal processor comprises a memory unit and the
defibrillator processor is configured to send at least one control signal to the impedance
measurement signal processor to adjust one or more control characteristics stored in the
memory unit to place the impedance measurement signal processor in the electrode test

state.

11. An electrode test system of a defibrillator according to claim 10 as dependent
from claim 5 or claim 6 in which the defibrillator processor is configured to send at least
one control signal to the impedance measurement signal processor to adjust one or more
control characteristics stored in the memory unit which adjusts one or more
characteristics of the amplifier module to place the impedance measurement signal

processor in the electrode test state.

12. An electrode test system of a defibrillator according to claim 10 as dependent
from any of claims 7 to 9 in which the defibrillator processor is configured to send at least
one control signal to the impedance measurement signal processor to adjust one or more
control characteristics stored in the memory unit which adjusts one or more
characteristics of the signal conditioning module to place the impedance measurement

signal processor in the electrode test state.

13. An electrode test system of a defibrillator according to any preceding claim in
which each electrode is substantially planar and comprises at least one face, placed in the

face-to-face test arrangement to form the capacitor.

14. An electrode test system of a defibrillator according to any preceding claim in

which each electrode is substantially planar and comprises a first face and a second face



10

15

20

25

16

and the first face of each electrode is provided by a dielectric liner of the electrode and is

placed in the face-to-face test arrangement to form the capacitor.

15. An electrode test system of a defibrillator according to claim 14 in which a further
dielectric is provided by one or more air gaps between the dielectric liners in the

electrodes face-to-face test arrangement.

16. An electrode test system of a defibrillator according to any of claims 1 to 13 in
which each electrode is substantially planar and comprises a first face and a second face
and the second face of each electrode is provided by a substrate of the electrode and is

placed in the face-to-face test arrangement to form the capacitor.

17. An electrode test system of a defibrillator according to any of claims 1 to 13 in
which each electrode is substantially planar and comprises a first face and a second face
and the first face of a first electrode is provided by a dielectric liner of the electrode and
a second face of a second electrode is provided by a substrate of the electrode and the
first face of the first electrode and the second face of second electrode are placed in the

face-to-face test arrangement to form the capacitor.

18. An electrode test system of a defibrillator according to any preceding claim in

which the electrodes are located in a face-to-face test arrangement within a pouch.

19. An electrode test system of a defibrillator according to any preceding claim in
which the defibrillator processor determines a pass condition if the electrode test
impedance signal is within a pre-determined pass range and a fail condition if the

electrode test impedance signal is above the pre-determined pass range.

20. An electrode test system of a defibrillator according to claim 19 in which the pass

range is pre-determined by assessing an expected range of values of the electrode test
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impedance signal when connectivity and electrical integrity of the electrodes is

acceptable.

21. An electrode test system of a defibrillator according to claim 19 or claim 20 in
which the pre-determined pass range is determined by testing of defibrillator electrodes

in various states of connectivity and electrical integrity.

22. An electrode test system of a defibrillator according to any preceding claim in
which when the electrodes are in a fail condition, a signal indicating an open circuit is

received by the defibrillator processor.

23. An electrode test system of a defibrillator according to any preceding claim in
which an electrode test is carried out on the defibrillator as part of an automatic

defibrillator self-test process.

24. An electrode test system of a defibrillator according to any preceding claim in
which after an electrode test, when the defibrillator processor determines a pass
condition for the electrodes, the defibrillator processor further analyses the electrode

test impedance signal to determine an approximate age of the electrodes.

25. A method of testing electrodes of a defibrillator comprising

placing electrodes in a face-to-face test arrangement to form a capacitor,

using an impedance measurement signal generator to send an ac signal to the
electrodes,

using an impedance measurement signal processor placeable in an electrode test
state to receive an electrode test ac signal from the electrodes and to process the
electrode test ac signal to obtain a processed electrode test ac signal,

using a defibrillator processor to place the impedance measurement signal
processor in the electrode test state and to receive the electrode test ac signal, to analyse

the processed electrode test ac signal to obtain an electrode test impedance signal and
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to analyse the electrode test impedance signal to determine a pass condition or a fail

condition of the electrodes.
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