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MONITORING SYSTEM

Background of the Invention

The present invention relates to a method and apparatus for monitoring biological parameters, and in

particular to a method and apparatus for performing impedance measurements.

Description of the Prior Art

The reference in this specification to any prior publication (or information derived from it), or to any
matter which is known, is not, and should not be taken as an acknowledgment or admission or any
form of suggestion that the prior publication (or information derived from it) or known matter forms

part of the common general knowledge in the field of endeavour to which this specification relates.

One existing technique for determining biological parameters relating to a subject, such as cardiac
function, involves the use of bioelectrical impedance. This involves measuring the electrical
impedance of a subject’s body using a series of electrodes placed on the skin surface. Changes in
electrical impedance at the body’s surface are used to determine parameters, such as changes in fluid

levels, associated with the cardiac cycle or oedema.

Accordingly, complex signal processing is required to ensure measurements can be interpreted.
Typically devices for achieving this utilise custom hardware configurations that are application

specific. As a result, the devices can typically only be used in a limited range of circumstances.

Lymphoedema is a condition characterised by excess protein and oedema in the tissues as a result of
reduced lymphatic transport capacity and/or reduced tissue proteolytic capacity in the presence of a
normal lymphatic load. Acquired, or secondary lymphoedema, is caused by damaged or blocked
lymphatic vessels. "The commonest inciting events are surgery and/or radiotherapy. However, onset
of lymphoedema is unpredictable and may develop within days of its cause or at any time during a

period of many years after that cause.

WO000/79255 describes a method of detection of oedema by measuring bioelectrical impedance at two
different anatomical regions in the same subject at a single low frequency alternating current. The two
measurements are analysed to obtain an indication of the presence of tissue oedema by comparing

with data obtained from a normal population.

Other known methods of analysis of bioelectrical impedance measurements involve determining a
phase and amplitude value for the measured signals. The measurement of amplitude is straightforward

but the measurement of phase is more complicated and therefore the required equipment is costly.
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In view of the different types of impedance measurement that can be performed, operators of
impedance monitoring units have to be knowledgeable regarding their operation. In particular, it is
necessary for the operator to know the location at which electrodes must be fitted, as well as the
manner in which the electrodes must be coupled to the monitoring unit. It may also be necessary to

change the connections midway through the monitoring process and this is often a difficult process.

In some situations, machines are only adapted to provide only one form of impedance analysis and as
a result, provide a standard output that must then be interpreted by the operator. However, in the
event that different operating modes can be selected, it is necessary for the operator of the machine to
be aware of any intricacies associated with the selected measurement mode, as well as being able to

interpret the different outputs that may be available.

Summary of the Present Invention

In a first broad form the present invention provides a method of performing impedance measurements
on a subject, the method including, in a processing system:
a) determining at least one impedance measurement to be performed;
b) determining at least one electrode arrangement associated with the determined impedance
measurement;
¢) displaying a representation indicative of the electrode arrangement; and,
d) causing the impedance measurement to be performed once the electrodes have been arranged

in accordance with the displayed representation.

Typically the method includes, in the processing system:
a) receiving input commands indicating that the electrodes are arranged in accordance with the
displayed arrangement; and,
b) causing the impedance measurement to be performed in accordance with the received input

command.

Typically the representation is indicative of:
a)  the position of a set of electrodes; and,

b) lead connections between the processing system and a number of the set of electrodes.

Typically the representation includes, for each lead connection, a respective colour indication, the

colour indication being indicative of a colour for a respective lead.

Typically the method includes, in the processing system:

a) determining a sequence of measurements; and,
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b) generating a sequence of representations, each representation defining a respective electrode

arrangement for performing a respective measurement.
Typically each measurement is performed for a corresponding body segment.

Typically the method includes:
a) determining an impedance measurement type; and,
b) determining, using the determined impedance measurement type, an impedance measurement
profile, the profile being indicative of the at least one impedance measurement to be

performed.

Typically the method includes, in the processing system:
a) displaying an indication of available impedance measurement types; and,
b) determining a respective one of the available impedance measurement types in accordance

with input commands from an operator.

Typically the impedance measurement type is for determining at least one of:
a) one or more parameters relating to cardiac function;
b) the presence, absence or degree of oedema;
¢) one or more parameters relating to body composition; and,
d) the subject's total body water; and,
e) the subject's Fat Free Mass (FFM).

Typically the method includes, in the processing system:
a) receiving data representing at least one measured impedance value; and,

b) generating a representation of the at least one measured impedance value.

Typically the method includes, in the processing system:
a) selecting a representation type based on a selected impedance measurement type; and,

b) generating the representation in accordance with the selected representation type.

Typically the representation is in the form of at least one of:
a) a Wessel plot;
b) an argand diagram;
¢) a list of impedance values;
d) areactance against frequency plot; and,

e) resistance against frequency plot.
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Typically the method includes, in the processing system:
a) receiving data representing at least one measured impedance value;
b) processing the at least one measured impedance value to determine at least one impedance
parameter; and,

5 c) generating a representation of the at least one impedance parameter.

Typically the method includes, in the processing system:
a) determining a processing operation based on a selected impedance measurement type; and,
b) processing the at least one measured impedance value in accordance with the determined

processing operation.

10 Typically the method includes in the processing system:
a) determining at least one subject parameter relating to the subject; and,
b) at least one of:
i) determining the impedance measurement to be performed in accordance with the
determined at least one subject parameter; and,
15 . ii) processing at least one measured impedance value in accordance with the determined at

least one subject parameter.

Typically the subject parameter is at least one of:
a) an indication of a presence, absence or degree of a condition;
b) an indication of an intervention;
20 ¢) an indication of a body segment at risk of a condition;
d) age;
e) height;
f) weight; and,
g sex.

25  Typically the method includes, in the processing system, determining the at least one subject

parameter from a remote database.

Typically the method includes, in the processing system:
a) determining a unique identifier indicative of an identity of the subject; and,

b) determining the at least one subject parameter using the unique identifier.

30  Typically the processing system is coupled to a reader for sensing coded data from a surface, and

wherein the method includes, in the processing system:
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a) receiving indicating data from the reader, the indicating data being indicative of the unique
identifier and being determined by sensing coded data provided on a subject identification
device; and,

b) using the indicating data to determine the unique identifier.
Typically the subject identification device is a bracelet having coded data disposed thereon.

Typically the method includes, in the processing system:
a) determining the availability of at least one reference; and,
b) at least one of:
i) determining the impedance measurement to be performed in accordance with the
determined availability; and,
ii) processing at least one measured impedance value in accordance with the determined

availability.

Typically the positioning of the electrodes is performed in accordance with the theory of equal

potentials.

Typically the positioning of the electrodes includes:
a) a first current supply electrode positioned on a limb being measured;
b) asecond current supply electrode on a second limb on a the same lateral side of the subject as
the limb being measured;
¢) a first voltage electrode positioned on a limb being measured; and,
d) a second voltage electrode positioned on a third limb contra-lateral to the limb being

measured.

Typically the processing system is coupled to a monitoring unit, and wherein the method includes, in
the processing system:

a) generating instructions; and,

b) transferring the instructions to the monitoring unit, the monitoring unit being responsive to

the instructions to cause the impedance measurements to be performed.

Typically the monitoring unit includes at least two channels, each channel being adapted to measure
the impedance across a respective body segment, and wherein the method includes, in the processing

system, causing at least one impedance measurement to be performed using each channel.

Typically the monitoring unit includes a processor, and wherein the processor is for:

a) receiving the instructions; and,
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causing one or more impedance measurements to be performed using the instructions.

Typically the method includes, causing the impedance measurement to be performed by:

a)
b)

causing one or more excitation signals to be applied to the subject; and,

determining one or more voltage signals measured across the subject.

Typically the one or more excitation signals are at least one of:

a)
b)

a number of current signals, each current signal having a respective frequency; and,

a current signal formed from a number of superposed frequencies.

In a second broad form the present invention provides apparatus for performing impedance

measurements on a subject, the apparatus including a processing system for:

a)
b)

¢)
d)

determining at least one impedance measurement to be performed;

determining at least one electrode arrangement associated with the determined impedance
measurement;

displaying a representation indicative of the electrode arrangement; and,

causing the impedance measurement to be performed once the electrodes have been arranged

in accordance with the displayed representation.

In a third broad form the present invention provides a method of performing impedance

measurements on a subject, the method including, in a processing system:

a)
b)

c)

d

determining at least one impedance measurement to be performed;

receiving data representing at least one measured impedance value;

processing the at least one measured impedance value to determine at least one impedance
parameter; and,

generating a representation of the at least one impedance parameter, wherein at least one of
the processing and the generating are performed in accordance with the at least one

impedance measurement.

Typically the method includes, in the processing system:

a)
b)

selecting a representation type based on a selected impedance measurement type; and,
generating a representation of the at least one measured impedance value in accordance with

the selected representation type.

Typically the representation is in the form of at least one of:

a)
b)

a Wessel plot;

an argand diagram;
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d)

e)

a list of impedance values;
a reactance against frequency plot; and,

resistance against frequency plot.

Typically the method includes, in the processing system:

a)
b)

determining a processing operation based on a selected impedance measurement type; and,
processing the at least one measured impedance value in accordance with the determined

processing operation.

Typically the method includes in the processing system:

a)
b)

determining at least one subject parameter relating to the subject; and,

at least one of:

i) determining the impedance measurement to be performed in accordance with the
determined at least one subject parameter; and,

ii) processing the at least one measured impedance value in accordance with the determined

at least one subject parameter.

Typically the subject parameter is at least one of:

a)
b)
c)
d)
e)
f)
g)

an indication of a presence, absence or degree of a condition;
an indication of an intervention;

an indication of a body segment at risk of a condition;

age;

height;

weight; and,

SEX.

Typically the method includes, in the processing system:

a)
b)

determining the availability of at least one reference; and,

at least one of:

i) determining the impedance measurement to be performed in accordance with the
determined availability; and, ‘

ii) processing the at least one measured impedance value in accordance with the determined

availability.

In a fourth broad form the present invention provides apparatus for performing impedance

measurements on a subject, the apparatus including a processing system for:

a)

determining at least one impedance measurement to be performed;
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b) receiving data representing at least one measured impedance value;

¢) processing the at least one measured impedance value to determine at least one impedance
parameter; and,

d) generating a representation of the at least one impedance parameter, wherein at least one of
the processing and generating representation are performed in accordance with the at least

one impedance measurement.

In another broad form the present invention provides a method of performing impedance
measurements on a subject, the method including, in a processing system:

a) determining at least one impedance measurement type;

b) determining a profile indicative of a sequence of impedance measurements;

¢) displaying a representation indicative of required electrode arrangements; and,

d) causing the impedance measurements to be performed.

Typically the processing system is coupled to a monitoring unit, and wherein the method includes, in
the processing system:

a) generating instructions; and,

b) transferring the instructions to the monitoring unit, the monitoring unit being responsive to

the instructions to cause the impedance measurements to be performed.

Typically the method includes using a monitoring unit including a processor, and wherein the
processor is for:
a) receiving the instructions; and,

b) causing one or more impedance measurements to be performed using the instructions.

Typically the method includes, causing the impedance measurement to be performed by:
a) causing one or more excitation signals to be applied to the subject; and,

b) determining one or more voltage signals measured across the subject.

Typically the one or more excitation signals are at least one of:
@) anumber of current signals, each current signal having a respective frequency; and,

b) a current signal formed from a number of superposed frequencies.

Typically the method includes using a monitoring unit including at least two channels, each channel
being adapted to measure the impedance across a respective body segment, and wherein the method
includes, in the processing system, causing at least one impedance measurement to be performed

using each channel.
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Typically each channel being adapted to measure the impedance across a respective body segment,

and wherein the method includes, in the processing system, causing at least one impedance

measurement to be performed using each channel.

Typically the method includes, in the processing system:

a)
b)

displaying an indication of available impedance measurement types; and,
determining a respective one of the available impedance measurement types in accordance

with input commands from an operator.

Typically the impedance measurement type is for determining at least one of:

a)
b)
c)
d)
e)

one or more parameters relating to cardiac function;

the presence, absence or degree of oedema;

one or more parameters relating to body composition; and,
the subject's total body water; and,

the subject's Fat Free Mass (FFM).

Typically the method includes in the processing system:

a)
b)

determining at least one subject parameter relating to the subject; and,

at least one of:

i) determining the impedance measurement to be performed in accordance with the
determined at least one subject parameter; and,

ii) processing at least one measured impedance value in accordance with the determined at

least one subject parameter.

Typically the subject parameter is at least one of:

a)
b)
c)
d)
e)
1Y)
g)

an indication of a presence, absence or degree of a condition;
an indication of an intervention;

an indication of a body segment at risk of a condition;

age;

height;

weight; and,

S€X.

Typically the method includes, in the processing system, determining the at least one subject

parameter from a remote database.

Typically the method includes, in the processing system:
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a) determining a unique identifier indicative of an identity of the subject; and,

b) determining the at least one subject parameter using the unique identifier.

Typically the processing system is coupled to a reader for sensing coded data from a surface, and
wherein the method includes, in the processing system:
5 a) receiving indicating data from the reader, the indicating data being indicative of the unique
identifier and being determined by sensing coded data provided on a subject identification
device; and,

b) using the indicating data to determine the unique identifier.
Typically the subject identification device is a bracelet having coded data disposed thereon.

10 In a fifth broad form the present invention provides apparatus for performing impedance
measurements on a subject, the apparatus including a processing system for:
a) determining at least one impedance measurement type;
b) determining a profile indicative of a sequence of impedance measurements;
c) displaying a representation indicative of required electrode arrangements; and,

15 d) causing the impedance measurements to be performed.

In a sixth broad form the present invention provides a method for configuring a processing system for
use in impedance analysis of a subject, the method including, in a processing system:
a) receiving configuration data, the configuration data being indicative of at least one feature;
b) determining, using the configuration data, instructions representing the at least one feature;
20 and,
¢) causing, at least in part using the instructions, at least one of:
i) impedance measurements to be performed; and,

ii) analysis of impedance measurements.

Typically the configuration data includes the instructions.
25 a) determining an indication of the at least one feature using the configuration data; and,

b) determining the instructions using the indjcation of the at least one feature.
Typically the method includes, in the processing system, decrypting the received configuration data.

Typically the method includes, in the processing system:
a) determining a device identifier associated with the processing system;
30 b) determining, using the device identifier, a key; and,

¢) decrypting the received configuration data using the key.
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Typically the processing system includes first and second processing systems, and wherein the
method includes:
a) in the first processing system, selecting the instructions using the configuration data; and,

b) in the second processing system, generating the control signals using selected instructions.

Typically the method includes, in the processing first system, at least one of:
a) transferring the instructions to the second processing system; and,

b) causing the second processing system to access the instructions from a store.

Typically the method includes, in the processing system, receiving the configuration data from at least

one of a computer system and a communications network.

Typically the method includes, in the processing system:
a) determining if a feature selected by a user is available;
b) if the feature is not available, determining if the user wishes to enable the feature; and,

¢) ifthe user wishes to enable the feature, causing configuration data to be received.

Typically the method includes, in the processing system:
a) causing the user to provide a payment to a device provider; and,

b) receiving the configuration data in response to payment.

In a seventh broad form the present invention provides apparatus for configuring a processing system
for use in impedance analysis of a subject, the apparatus including a processing system for:
a) receiving configuration data, the configuration data being indicative of at least one feature;
b) determining, using the configuration data, instructions representing the at least one feature;
and,
c¢) causing, at least in part using the instructions, at least one of:
i) impedance measurements to be performed; and,

ii) analysis of impedance measurements.

Typically the processing system forms at least part of at least one of:
a) an end station; and,

b) ameasuring device.

In an eighth broad form the present invention provides a method for configuring a processing system
for use in impedance analysis of a subject, the method including, in a computer system:
a) determining configuration data required for the processing system, the configuration data

being indicative of at least one feature; and,
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b) causing the configuration data to be received by the processing system being responsive to
the configuration data to cause, at least one of:
i) impedance measurements to be performed; and,

ii) analysis of impedance measurements.

Typically the method includes, in the computer system:
a) determining a device identifier, the device identifier being associated with the processing
system to be configured; and,
b) using the device identifier to at least one of:
i) transfer the configuration data to the processing system; and,

ii) encrypt the configuration data.

Typically the method includes, in the computer system, determining the configuration data is required
in response to at least one of:
a) payment made by a user of the processing system; and,

b) approval of the feature.

Typically the method includes, in the computer system:
a) determining regulatory approval of the at least one feature in at least one region;
b) determining at least one processing system in the at least one region; and,

¢) configuring the at least one processing system.

In a ninth broad form the present invention provides apparatus for configuring a processing system for
use impedance analysis of a subject, the method including, in a computer system:
a) determining configuration data required for a processing system, the configuration data being
indicative of at least one feature; and,
b) causing the configuration data to be received by the processing system being responsive to
the configuration data to cause, at least one of:
i) impedance measurements to be performed; and,

ii) analysis of impedance measurements.

It will be appreciated that the broad forms of the invention may be used individual or in combination,
and may be used for diagnosis of the presence, absence or degree of a range of conditions and
illnesses, including, but not limited to oedema, pulmonary oedema, lymphoedema, body composition,

cardiac function, and the like.
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Brief Description of the Drawings

An example of the present invention will now be described with reference to the accompanying
drawings, in which: -

Figure 1 is a schematic of an example of impedance determination apparatus;

Figure 2 is a flowchart of an example of a process for performing impedance determination;

Figure 3 is a schematic of a second example impedance determination apparatus;

Figures 4A and 4B are a flowchart of a second example of a process for performing impedance
determination;

Figure 5 is a flowchart of an example of a process for performing impedance determination;

Figures 6A and 6B are a flow chart of a second example of a process for performing impedance
determination;

Figures 7A to 7C are a flow chart of an example of a process for oedema analysis;

Figures 8A and 8B are examples of a GUI used in providing subject details;

Figure 9A is an example of a GUI used in providing electrodes on a subject;

Figures 9B and 9C are examples of typically electrode placements;

Figures 9D to 91 are examples of a GUI used in performing the impedance measurements;

Figures 10A to 10D are examples of a GUI used in viewing measured impedance parameters;

Figures 11A and 11B are examples of a GUI used in selecting references;

Figures 11C to 11H are examples of a GUI used in presenting the results of an impedance analysis;
Figure 12 is an example of a GUI used in performing total body impedance measurements;

Figure 13 is a schematic diagram of an example of a system architecture for updating a measuring
device;

Figure 14 is a schematic of a GUI used in configuring the apparatus of Figure 3;

Figure 15 is a flow chart of an overview of an example of the process of updating a measuring device;
Figure 16 is a flow chart of a first example of the process of updating a measuring device; and,

Figure 17 is a flow chart of a second example of the process of updating a measuring device.

Detailed Description of the Preferred Embodiments

An example of apparatus suitable for performing an analysis of a subject's impedance will now be

described with reference to Figure 1.

As shown the apparatus includes a measuring device 1 including a processing system 2 coupled to a
signal generator 11 and a sensor 12. In use the signal generator 11 and the sensor 12 are coupled to

respective electrodes 13, 14, 15, 16, provided on a subject S, via leads L, as shown. An optional
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external interface 23 can be used to couple the measuring device 1 to one or more peripheral devices

4, such as an external database or computer system, barcode scanner, or the like.

In use, the processing system 2 is adapted to generate control signals, which causes the signal
generator 11 to generate one or more alternating signals, such as voltage or current signals, which can
be applied to a subject S, via the electrodes 13, 14. The sensor 12 then determines the voltage across
or current through the subject S, using the electrodes 15, 16 and transfers appropriate signals to the

processing system 2.

Accordingly, it will be appreciated that the processing system 2 may be any form of processing
system which is suitable for generating appropriate control signals and interpreting an indication of
the measured signals to thereby determine the subject’s bioelectrical impedance, and optionally
determine other information such as the cardiac parameters, presence absence or degree of oedema, or
the like.

The processing system 2 may therefore be a suitably programmed computer system, such as a laptop,
desktop, PDA, smart phone or the like. Alternatively the processing system 2 may be formed from
specialised hardware. Similarly, the I/O device may be of any suitable form such as a touch screen, a

keypad and display, or the like.

It will be appreciated that the processing system 2, the signal generator 11 and the sensor 12 may be
integrated into a common housing and therefore form an integrated device. Alternatively, the
processing system 2 may be connected to the signal generator 11 and the sensor 12 via wired or
wireless connections. This allows the processing system 2 to be provided remotely to the signal
generator 11 and the sensor 12. Thus, the signal generator 11 and the sensor 12 may be provided in a
unit near, or worn by the subject S, whilst the processing system 2 is situated remotely to the subject
S.

In one example, the outer pair of electrodes 13, 14 are placed on the thoracic and neck region of the
subject S. However, this depends on the nature of the analysis being performed. Thus, for example,
whilst this electrode arrangement is suitable for cardiac function analysis, in lymphoedema, the

electrodes would typically be positioned on the limbs, as required.

Once the electrodes are positioned, an alternating signal is applied to the subject S. This may be
performed either by applying an alternating signal at a plurality of frequencies simultaneously, or by
applying a number of alternating signals at different frequencies sequentially. The frequency range of

the applied signals may also depend on the analysis being performed.



10

15

20

25

30

WO 2007/002993 PCT/AU2006/000924

-15-

In one example, the applied signal is a frequency rich current from a current source clamped, or
otherwise limited, so it does not exceed the maximum allowable subject auxiliary current. However,
alternatively, voltage signals may be applied, with a current induced in the subject being measured.
The signal can either be constant current, impulse function or a constant voltage signal where the

current is measured so it does not exceed the maximum allowable subject auxiliary current.

A potential difference and/or current are measured between an inner pair of electrodes 15, 16. The
acquired signal and the measured signal will be a superposition of potentials generated by the human

body, such as the ECG, and potentials generated by the applied current.

Optionally the distance between the inner pair of electrodes may be measured and recorded.
Similarly, other parameters relating to the subject may be recorded, such as the height, weight, age,
sex, health status, any interventions and the date and time on which they occurred. Other information,

such as current medication, may also be recorded.

To assist accurate measurement of the impedance, buffer circuits may be placed in connectors that are
used to connect the voltage sensing electrodes 15 to the leads L. This ensures accurate sensing of the
voltage response of the subject S, and in particular helps eliminate contributions to the measured

voltage due to the response of the leads L, and reduce signal loss.

This in turn greatly reduces artefacts caused by movement of the leads L, which is particularly
important during dialysis as sessions usually last for several hours and the subject will move around

and change positions during this time.

A further option is for the voltage to be measured differentially, meaning that the sensor used to
measure the potential at each electrode 15, 16 only needs to measure half of the potential as compared

to a single ended system.

The current measurement system may also have buffers placed in the connectors between the
electrodes 13, 14 and the leads L. In one example, current can also be driven or sourced through the
subject S symmetrically, which again greatly reduced the parasitic capacitances by halving the
common-mode current. Another particular advantage of using a symmetrical system is that the
micro-electronics built into the connectors for each electrode 13, 14 also removes parasitic

capacitances that arise when the subject S, and hence the leads L move.

The acquired signal is demodulated to obtain the impedance of the system at the applied frequencies.
One suitable method for demodulation of superposed frequencies is to use a Fast Fourier Transform

(FFT) algorithm to transform the time domain data to the frequency domain. This is typically used
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when the applied current signal is a superposition of applied frequencies. Another technique not

requiring windowing of the measured signal is a sliding window FFT.

In the event that the applied current signals are formed from a sweep of different frequencies, then it
is more typical to use a processing technique such as multiplying the measured signal with a reference
sine wave and cosine wave derived from the signal generator, or with measured sine and cosine
waves, and integrating over a whole number of cycles. This process rejects any harmonic responses

and significantly reduces random noise.

Other suitable digital and analog demodulation techniques will be known to persons skilled in the
field.

Impedance or admittance measurements are determined from the signals at each frequency by
comparing the recorded voltage and current signal. The demodulation algorithm will produce an

amplitude and phase signal at each frequency.

An example of the operation of the apparatus for performing bioimpedance analysis will now be

described with reference to Figure 2.

At step 100, the processing system 2 operates to generate control signals which are provided to the
signal generator 11 at step 110, thereby causing the signal generator to apply an alternating current
signal to the subject S, at step 120. Typically the signal is applied at each of a number of frequencies

f; to allow multiple frequency analysis to be performed.

At step 130 the sensor 12 senses voltage signals across the subject S. At step 140 the measuring
device, operates to digitise and sample the voltage and current signals across the subject S, allowing

these to be used to determine instantaneous bioimpedance values for the subject S at step 150.
A specific example of the apparatus will now be described in more detail with respect to Figure 3.

In this example, the processing system 2 includes a first processing system 10 having a processor 20,
a memory 21, an input/output (/O) device 22, and an external interface 23, coupled together via a bus
24. The processing system 2 also includes a second processing system 17, in the form of a processing
module. A controller 19, such as a micrologic controller, may also be provided to control activation

of the first and second processing systems 10, 17.

In use, the first processing system 10 controls the operation of the second processing system 17 to

allow different impedance measurement procedures to be implemented, whilst the second processing
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system 17 performs specific processing tasks, to thereby reduce processing requirements on the first

processing system 10.

Thus, the generation of the control signals, as well as the processing to determine instantaneous
impedance values is performed by the second processing system 17, which may therefore be formed
from custom hardware, or the like. In one particular example, the second processing system 17 is
formed from a Field Programmable Gate Array (FPGA), although any suitable processing module,

such as a magnetologic module, may be used.

The operation of the first and second processing systems 10, 17, and the controller 19 is typically
controlled using one or more sets of appropriate instructions. These could be in any suitable form,

and may therefore include, software, firmware, embedded systems, or the like.

The controller 19 typically operates to detect activation of the measuring device through the use of an
on/off switch (not shown). Once the controller detects device activation, the controller 19 executes
predefined instructions, which in turn causes activation of the first and second processing systems 10,

17, including controlling the supply of power to the processing systems as required.

The first processing system 10 can then operate to control the instructions, such as the firmware,
implemented by the second processing system 17, which in turn alters the operation of the second
processing system 17. Additionally, the first processing system 10 can operate to analyse impedance
determined by the second processing system 17, to allow biological parameters to be determined.
Accordingly, the first processing system 10 may be formed from custom hardware or the like,
executing appropriate applications software to allow the processes described in more detail below to

be implemented.

It will be appreciated that this division of processing between the first processing system 10, and the
second processing system 17, is not essential, but there are a number of benefits that will become

apparent from the remaining description.

In this example, the second processing system 17 includes a PCI bridge 31 coupled to programmable
module 36 and a bus 35, as shown. The bus 35 is in turn coupled to processing modules 32, 33, 34,
which interface with ADCs (Analogue to Digital Converters) 37, 38, and a DAC (Digital to Analogue

Converter) 39, respectively.

The programmable module 36 is formed from programmable hardware, the operation of which is
controlled using the instructions, which are typically downloaded from the first processing system 10.

The firmware that specifies the configuration of hardware 36 may reside in flash memory (not
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shown), in the memory 21, or may be downloaded from an external source via the external interface
23.

Alternatively, the instructions may be stored within inbuilt memory on the second processing system
17. In this example, the first processing system 10 typically selects firmware for implementation,
before causing this to be implemented by the second processing system 17. This may be achieved to
allow selective activation of functions encoded within the firmware, and can be performed for
example using configuration data, such as a configuration file, or instructions representing

applications software or firmware, or the like, as will be described in more detail below.

In either case, this allows the first processing system 10 to be used to control operation of the second
processing system 17 to allow predetermined current sequences to be applied to the subject S. Thus,
for example, different firmware would be utilised if the current signal is to be used to analyse the
impedance at a number of frequencies simultaneously, for example, by using a current signal formed
from a number of superposed frequencies, as compared to the use of current signals applied at

different frequencies sequentially.
An example of operation of the apparatus will now be described with reference to Figures 6A to 6C.

At step 200 an operator selects an impedance measurement type using the first processing system 10.
This may be achieved in a number of ways and will typically involve having the first processing
system 10 store a number of different profiles, each of which corresponds to a respective impedance

measurement protocol.

Thus, for example, when performing cardiac function determination, it will be typical to use a
different applied current sequence and a different impedance analysis, as compared to performing
lymphoedema measurements, body composition, pulmonary oedema, or the like. The profile will
typically be stored in the memory 21, or alternatively may be downloaded from flash memory (not

shown), or via the external interface 23.

Once an appropriate measurement type has been selected by the operator, this will cause the first
processing system 10 to load desired code module firmware into the programmable module 36 of the
second processing system 17 at step 210, or cause embedded firmware to be activated. The type of
code module used will depend on the preferred implementation, and in one example this is formed

from a wishbone code module, although this is not essential.

At step 220, the second processing system 17 is used to generate a sequence of digital control signals,

which are transferred to the DAC 39 at step 230. This is typically achieved using the processing
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module 34, by having the module generate a predetermined sequence of signals based on the selected
impedance measurement profile. This can therefore be achieved by having the second processing

system 17 program the processing module 34 to cause the module to generate the required signals.

The DAC 39 converts the digital control signals into analogue control signals I, I which are then

applied to the current source 11 at step 240.

As described above, the current source circuit operates to amplify and filter the electrical control

signals I', I" at step 250, applying the resulting current signals to the electrodes 13, 14 at step 260.

During this process, the current circuit through the subject can optionally be shorted at step 270, using

a switch SW, to thereby discharge any residual field in the subject S, prior to readings being made.

At step 280, the measurement procedure commences, with the voltage across the subject being sensed
from the electrodes 15, 16. In this regard, the voltage across the electrodes is filtered and amplified
using the buffer circuit shown in Figure 5 at step 290, with the resultant analogue voltage signals V
being supplied to the ADC 37 and digitised at step 300. Simultaneously, at step 310 the current
applied to the subject S is detected with the analogue current signals I being digitised using the ADC
38 at step 320.

The digitised voltage and current signals V, I are received by the processing modules 32, 33 at step

330, with these being used to performed preliminary processing of the signals at step 340.

The processing performed will again depend on the impedance measurement profile, and the
consequent configuration of the processing modules 32, 33. This can include for example, processing

the voltage signals V to extract ECG signals. The signals will also typically be filtered to ensure that

“only signals at the applied frequencies f;, are used in impedance determination. This helps reduce the

effects of noise, as well as reducing the amount of processing required.

At step 350 the second processing system 17 uses the processing signals to determine voltage and
current signals at each applied frequency fi, with these being used at step 360 to determine

instantaneous impedance values at each applied frequency fi.

The ADCs 37, 38 and the processing modules 32, 33 are typically adapted to perform sampling and
processing of the voltage and current signals V, I in parallel so that the voltage induced at the
corresponding applied current are analysed simultaneously. This reduces processing requirements by
avoiding the need to determine which voltage signals were measured at which applied frequency.

This is achieved by having the processing modules 32, 33 sample the digitised signals received from
3
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the ADCs 37, 38, using a common clock signal generated by the processing module 36, which thereby

ensures synchronisation of the signal sampling.

Once the instantaneous impedance values have been derived, these can undergo further processing in
either the first processing system 10, or the second processing system 17, at step 370. The processing
of the instantaneous impedance signals will be performed in a number of different manners depending
on the type of analysis to be used and this in turn will depend on the selection made by the operator at
step 200.

Accordingly, it will be appreciated by persons skilled in the art that a range of different current
sequences can be applied to the subject by making an appropriate measurement type selection. Once
this has been performed, the FPGA operates to generate a sequence of appropriate control signals LT
, which are applied to the subject S using the signal generator 11. The voltage induced across the
subject is then sensed using the sensor 12, allowing the impedance values to be determined and

analysed by the second processing system 17.

Using the second processing system 17 allows the majority of processing to be performed using

custom configured hardware. This has a number of benefits.

Firstly, the use of a second processing system 17 allows the custom hardware configuration to be
adapted through the use of appropriate firmware. This in turn allows a single measuring device to be

used to perform a range of different types of analysis.

Secondly, this vastly reduces the processing requirements on the first processing system 10. This in
turn allows the first processing system 10 to be implemented using relatively straightforward
hardware, whilst still allowing the measuring device to perform sufficient analysis to provide
interpretation of the impedance. This can include for example generating a "Wessel" plot, using the
impedance values to determine parameters relating to cardiac function, as well as determining the

presence or absence of lymphoedema.

Thirdly, this allows the measuring device 1 to be updated. Thus for example, if an improved analysis
algorithms is created, or an improved current sequence determined for a specific impedance
measurement type, the measuring device can be updated by downloading new firmware via flash

memory (not shown) or the external interface 23.

It will be appreciated that in the above examples, the processing is performed partially by the second

processing system 17, and partially by the first processing system 10. However, it is also possible for
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processing to be performed by a single element, such as an FPGA, or a more generalised processing

system.

As the FPGA is a custom processing system, it tends to be more efficient in operation than a more
generic processing system. As a result, if an FPGA alone is used, it is generally possible to use a
reduced overall amount of processing, allowing for a reduction in power consumption and size.
However, the degree of flexibility, and in particular, the range of processing and analysis of the

impedance which can be performed is limited.

Conversely, if only a generic processing system is used, the flexibility is enhanced at the expensive of

a decrease in efficiency, and a consequent increase in size and power consumption.

Accordingly, the above described example strikes a balance, providing custom processing in the form
of an FPGA to perform partial processing. This can allow for example, the impedance values to be
determined. Subsequent analysis, which generally requires a greater degree of flexibility can then be

implemented with the generic processing system.

A further disadvantage of utilising an FPGA alone is that it complicates the process of updating the

processing, for example, if improved processing algorithms are implemented.

An example of the process for performing impedance measurements utilising the apparatus to Figure

3 will now be described with reference to Figure 5.

At step 500 an operator of the apparatus provides details of a type of impedance measurement to be
performed. At step 510 the operator positions electrodes on the subject before connecting leads to the

electrodes based on connection instructions provided by the apparatus at step 520.

This process will therefore typically involve having the operator place a number of electrodes on the
subject and then connecting leads to selected ones of the electrodes based on the particular

measurement being performed.

At step 530 the measuring device 1 will operate to perform impedance measurements by generating

an appropriate current sequence and applying this to the subject via the electrodes 13, 14.

At step 540 the measuring device 1 determines if further impedance measurements are required and if
so the process returns to step 520 to allow the operator to connect leads to different ones of the
electrodes as required. This process is repeated until sufficient impedance measurements have been

collected to perform the required analysis.
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At this stage, the process moves on to step 550 with the measuring device 1 operating to process the

impedance measurements and provide an indication of required information to the operator.

It will therefore be appreciated that this may be achieved in a number of ways and that typically, this
involves having the operator select a predetermined impedance measurement procedure and then
follow instructions provided by the measuring device 1 to allow the impedance measurements to be

correctly collected.

This process will now be described in more detail with respect to Figures 6A and 6B, which describe

the process of collecting impedance data.

In the example set out in Figure 6A at step 600 the operator activates the measuring device 1 causing
the first processing system 10 to determine a list of the available measurement types. The available
measurement types will be determined either from the memory 21, or alternatively downloaded via
the external interface 23 and are based on predetermined profiles which provide suitable instructions

to allow the measuring device 1 to perform the required impedance measurements.

Thus, it will be appreciated by a person skilled in the art that the profiles will depend for example on
factors such as the type of impedance measurements to be performed, or the like. Thus, for example

the profile will be different for cardiac parameter determination as compared to oedema detection.

In any event, the first processing system 10 will display a list of available measurement types to the

operator utilising a suitable GUI.

At step 605 the operator selects an appropriate one of the measurement types. This causes the first
processing system 10 to access the corresponding profile and determine if any additional information
is required, such as body parameters including age, weight, sex, an indication of body segments, such

as limbs to be analysed, or the like.

Additionally the first processing system 10 can be adapted to assist the operator in selecting the
correct measurement type. For example, the particular measurement that should be made may depend
on a number of factors, such as the body parameters, as well as whether any interventions have
occurred. In this instance, the operator can provide details of the body parameters, interventions, or
the like. The first processing system 10 can then uses these to access details of available

measurement types and determine the preferred measurement type for the given situation.

The selection of the preferred measurement type can be performed in a number of ways. For

example, the first processing system 10 may access an LUT (look-up table) that specifies the
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measurement profile that should be used in different circumstances. The relationships in the LUT can
be defined by medically qualified personnel, thereby removing the requirement on the operator to
make a medical decision. Alternatively rules may be provided in the profiles, so that the first
processing system 10 is only able to access profiles that are suitable for the current body parameter

and intervention status.

Rules can alternatively be derived using heuristic algorithms based on selections made by medically
qualified operators during measurement procedures. It will be appreciated that in this instance, as the
device is used, the first processing system 10 will collate information regarding the body parameters
and intervention status of the subject and the measurement profile selected, and use this to derive
rules used in future profile selection. Such heuristic algorithms are known in the art and will not be

described in any further detail.

In any event these techniques allow different measurement profiles to be selected based on factors
such as the age, height, weight, race, sex or the like, of the subject, as well as the current intervention

status.

A further feature that can be implemented is to allow the first processing system 10 to access one or
more remote databases, which may form one of the peripheral devices 4, to determined information
regarding the subject. This can include information such as the body parameters, and details of any

interventions or the like.

In this instance, when the operator is required to provide subject information, either before or
following profile selection, the operator can select a search database option allowing the subject
information to be retrieved. This is typically performed on the basis of a subject identifier, such as a
unique number assigned to the individual upon admission to a medical institution, or may
alternatively be performed on the basis of name or the like. Such a database is generally in the form of

an HL7 compliant remote database, although any suitable database may be used.

In one example, the subject can be provided with a wristband or the like which includes coded data
indicative of the subject identifier. In this case, the measuring device 1 can be coupled to a peripheral
device 4 for determining the subject identifier. Thus, for example, the data may be in the form of a
barcode, with the peripheral device 4 being a barcode scanner. It will be appreciated however that
any suitable mechanism could be used for encoding the subject identifier such as RFID (Radio

Frequency ID) tags could be used, in which case the peripheral device will be a corresponding reader.
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In this example, the barcode reader detects the barcode provided on the subject's wrist band, and
determines a subject identifier from the detected barcode. The barcode reader provides data
indicative of the sensed subject identifier to the first processing system 10, thereby allowing the first

processing system 10 to access the subject record from the database as described above.

In any event, the first processing system 10 displays an indication of the required information, or an
appropriate database search screen at step 610, allowing the operator to provide or retrieve subject

information at step 615.

Once the required information is provided, the first processing system 10 operates to determine a
measurement procedure at step 620. The measurement procedure will be determined from the profile

and is typically in the form of a sequence of measurements that need to be made.

The profile will also include an indication of electrode placements for each of the measurements,
together with details of the required current sequence that must be applied to each electrode

configuration in order for the necessary measurements to be collected.

At step 625, the first processing system 10 displays an indication of the required electrode positions
allowing the operator to position the electrodes on the subject at step 630. At step 635 the first
processing system 10 determines and displays an indication of a lead connection. The lead
connection represents the next body segment to be measured and this is achieved utilising a suitable

representation described in more detail below.

Typically, for example, this may be achieved using four leads corresponding to two current leads, and
two voltage leads, with each lead having a respective colour. The display highlights particular
electrode positions in an appropriate colour thereby allowing the operator to connect each lead to the

corresponding electrode at step 640.

Once this has been performed the first processing system 10 determines a current sequence which is
to be applied to the subject and causes this to be generated utilising the processing module, which in

this example is an second processing system 17.

In this example, the operation of the second processing system 17 can be controlled using instructions
provided by the first processing system 10. The instructions could be in any one of a number of
forms, and may correspond to firmware, embedded systems, software, or the like. In the event that
firmware is used, this may be either provided by the first processing system 10, or retrieved from an
internal or external memory by the second processing system 17 as required, based on instructions

from the first processing system 10.
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In any event, the instructions specify the configuration of the second processing system 17 thereby
allowing the impedance measurements to be correctly made and subsequently analysed. It will
therefore be appreciated that the instructions will depend on the selected impedance measurement
profile selected above. It will be appreciated that if firmware is used, this may reside in flash memory
(not shown), in the memory 21, or may be downloaded from an external source via the external

interface 23,

At step 645 the second processing system 17 measures the current through and/or voltage across the
electrodes for each of the applied current frequencies f; before confirming that the measurement is

completed at step 650.

Once the particular measurement sequence for a given electrode position has been completed the
measuring device 1 operates to determine if further measurements are required at step 655. In the
event that further measurements are required the process returns to step 635 to allow the

measurements to be performed.

If no further measurements are required, then processing of the impedance measurements is
performed based on the selected measurement type. The analysis may be performed either in the first
processing system 10, or the second processing system 17, or in a combination of the second
processing system 17 or the first processing system 10, depending on the preferred implementation.
In either case, the software implemented by the first processing system 10, or the firmware used by
the second processing system 17 will typically be selected based on selected impedance measurement

type and will therefore be indicated in the impedance measurement profile.

As a result, from the operator's perspective, the operator need only select a respective profile to
perform an impedance measurement and obtain a result. In particular, the first processing system 10
uses the selected profile to determine the sequence of measurements that need to be performed,
operates to instruct the operator in locating the electrodes and then connecting these in the necessary

sequence.

The first processing system 10 can also determine from the profile, the software and/or firmware
which is needed to perform the analysis, allowing this to be downloaded into the first processing
system 10 and/or the second processing system 17 as required. Consequently, the measuring device 1
can automatically determine the required processing to be performed on the impedance
measurements, allowing a result to be presented directly to the operator, thereby obviating the need

for the operator to provide any input during the process.
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An example of the process as used for determining the presence, absence or degree of oedema in a
subject's limbs will now be described. In this regard, oedema is a build-up of fluid in a particular
limb. Accordingly, in this example, by measuring the impedance of the limb it is possible to

determine information regarding fluid levels and hence determine the presence or absence of oedema.

The manner in which this is achieved is heavily dependent on which limbs are effected and whether

reference values are available.

For example, oedema typically occurs after an injury has occurred or surgery has been performed.

Accordingly, if it is possible to perform a measurement of the limb prior to surgery, analysis of the

" impedance after surgery can be used to detect the onset of oedema. However, if no such measurement

has been made, it is necessary to use an alternative reference to determine whether the current fluid

levels are indicative of the presence of oedema.

In the case of unilateral oedema this can be achieved by comparing the impedance measurements
from one limb to those obtained from the other corresponding contra-lateral limb. Thus, if it
suspected that a subject might have oedema in their left arm, the impedance measurements obtained

for the left arm are compared to those from the right arm.

In the event that neither longitudinal data, nor a corresponding reference limb, is available, it is then
necessary to perform measurements in which different limbs are compared, and this requires the use

of indices to counteract for the effect of different inherent fluid levels in different limbs.

An example of the process for allowing oedema measurements to be made will now be described with
reference to the flowchart shown in Figures 7A to 7C and with reference to the graphical user

interface (GUI) screen shots shown in Figures 8,9, 10 and 11.

Initially, at step 700 an operator of the monitoring device 1 views available measurement profiles
displayed by the measuring device 1. At step 705 the operator selects a peripheral oedema
measurement, with the first processing system 10 operating to select an appropriate oedema
measurement profile, typically from the memory 21, at step 710. At this stage, the first processing
system 10 may download appropriate firmware into the second processing system 17, allowing the

correct current sequences to be generated, and the measured potentials to be analysed.

At step 715 the measuring device 1 displays a GUI 1000 as shown in Figure 8A. The GUI includes a
number of fields, shown generally at 1001, which allow data regarding the individual to be provided.
The data includes name information such as name, address, sex, height, weight or the like.

Additionally, an indication of the limbs at risk from oedema can be input as shown at 1002.



10

15 -

20

25

30

WO 2007/002993 PCT/AU2006/000924

-27-

This is used to create a subject record, which is typically stored in a subject database accessed via the
external interface 23, or the like. The subject record includes the subject data, and details of any
performed impedance measurements for the respective subject, thereby allowing the subject record to
form a subject history for use in longitudinal analysis. Thus, it will be appreciated that in the event
that a record already exists for the current subject, then the operator can perform a search to retrieve

the record from the database.

The database is typically a HL7 compliant remote database, and it will therefore be appreciated that
the database may be the same database from which the subject details are retrieved, as described

above with respect to step 705.

Once this information is provided, the processing system will update the GUI 1000 at step 720, as
shown in Figure 8B to display any previously measured impedance values, which may be used as
reference data, as will be described in more detail below. Searching, editing and creation of records

using the input controls shown generally at 1004. .

At step 725 the first processing system 10 generates a GUI 1010, an example of which is shown in
Figure 9A, and which is used in allowing the operator to provide electrode connections. In this
example, the GUI 1010 includes an indication of subject details at 1011. A representation 1012 of the
subject is provided, which shows general electrode connection points 10124, indicating where on the

subject electrodes should be provided.

The general arrangement is to provide electrodes on the hand at the base of the knuckles and between
the bony protuberances of the wrist, as shown in Figure 9B, and on the feet at the base of the toes and

at the front of the ankle, as shown in Figure 9C.

The GUI 1010 also displays details for each limb at 10174, 1017B, 1017C, 1017D, including an
indication of whether the limb is an at risk limb. This is also shown on the representation 1012 at
1017E.

An instruction field is shown generally at 1018 is provided to display instructions to the operator, with
an indication of the selected measurement procedure being shown at 1019, and general measuring
device status information being provided at 1020. A comments field 1021 can also be used to record

comments regarding the measurements made.

At this stage the operator typically updates the weight of the subject in the subject details 1011, which
may undergo significant variations over time due to changes in fluid levels within the subject's body.

The operator may also respecify the at risk limbs, which is useful when a subject develops further
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lymphoedema. For example, a subject may start off with unilateral lymphoedema of the left leg and
over time may develop a lymphoedema in the right leg. This leg can be recorded at that point as being

affected by the use of the “at risk” check boxes.

Once the weight and comments are entered the measurement procedure can be initiated by clicking
the “ok button” 1022. At this stage, both the weight and comments for each measurement are
recorded as part of the corresponding subject record in the subject database. This allows the

practitioner to track weight and clinical comments over the period of measurement.

Once the ok button is clicked the electrode-lead placement GUI 1010 is updated as shown in Figure
9D to direct the operator to connect the leads from the measuring device 1 the electrodes. In this
example, the representation 1012 indicates which of the electrodes should be connected to the
monitoring apparatus, as shown at 1013, 1014, 1015, 1016, to thereby form the current electrodes 13,
14, and the voltage electrodes 15, 16. This is achieved using colour coding, by using leads having
colours corresponding to those shown on the representation, thereby ensure that each electrode is

correctly connected to the measuring device 1.

Thus, in this example, the representation 1012 shows the electrode configuration required to measure

the impedance in the right arm.

It will be appreciated that this configuration uses the theory of equal potentials, allowing the electrode
positions to provide reproducible results for impedance measurements. For example when current is
injected between electrodes 1013 and 1016 in Figure 9D, electrode 1014 could be placed anywhere
along the left arm, since the whole arm is at an equal potential. This is advantageous as it greatly
reduces the variations in measurements caused by poor placement of the electrodes by the operator. It

also greatly reduces the number of electrodes required to perform segmental body measurements, as

~ well as allowing the limited connections shown to be used to measure each of limbs separately.

Once the leads are correctly connected the operator uses a measure button 1023 to cause the
measuring device 1 to perform the impedance measurement, with general measuring device status

information being provided at 1020.

Thus, it will be appreciated that the first processing system 10 determines from the profile, the next
measurement to be performed, and generates the GUI including appropriate information in the

representation 1012 and the instruction field 1018.
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At step 730, the operator connects electrodes in accordance with the electrode connections shown on
the representation 1012, and once this has been completed selects the measurement button 1023,

causing the measurement to be performed.

At this point the monitoring device 1 generates the required current signal(s), and applies these to the
subject, before measuring the current and voltage across the subject at step 735, to allow

instantaneous impedance values to be determined at a number of different frequencies f;.

At step 740 it is determined if further measurements are required. If so, the measuring device 1
operates to update the GUI 1010, at step 745, based on the next measurement to be performed, as

shown for example, in Figure 9E.

In this example, the representation 1012 is updated to show the next required electrode connections
1013, 1014, 1015, 1016, which in this case correspond to performing measurements on the right leg.
Additionally, the first processing system 10 will also display preliminary results from the completed
measurement. Thus, in this example, as the right arm has already been measured, an impedance

parameter indication is shown at 1017A, in Figure 9E.

Steps 730 to 745 are then repeated as required, which in this case involves performing at least four

sets of measurements, one for each limb, as shown in Figures 9F and 9G.

Once no further measurements are required the process moves on to step 750 with the monitoring
device updating the GUI 1010 to indicate that the measurement process is completed 1018, and that
the measurements can be saved using the button 1024, as shown in Figure 9H. At this point, the first
processing system 10 can update the GUI 1000 to reflect the saved measurements as shown in Figure
91, at step 755.

At this point the operator can review the measured impedances as well as analysing the impedances to

determine the onset of oedema.

In this example, at step 760 the operator selects raw impedance data display. At step 765, the first
processing system 10 displays the raw impedance parameters utilising a GUI 1030. In this example,
the GUI includes subject details at 1031, and a measurement selection inputs 1032. This allows the
operator to select measurements of interest, which in this example includes measurements from the

left arm.

Once the measurements are selected, the first processing system 10 displays an overview of

parameters determined from the impedance measurements at 1033.
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The parameters derived will depend on the analysis being performed and will typically include
parameters such as the impedance at zero, characteristic and infinite frequencies (Ro, Zc, R). These
can be derived based on the impedance response of the subject, which at a first level can be modelled
using the equation (1), known as the Cole model, in which:

Ro— R

Z = Roo-l-m (1)

where: R.= impedance at infinite applied frequency,
R¢= impedance at zero applied frequency,
o = angular frequency,
1 is the time constant of a capacitive circuit modelling the subject

response.

However, the above represents an idealised situation which does not take into account the fact that the
cell membrane is an imperfect capacitor. Taking this into account leads to a modified model in

which:

Z = Rot— R @)
1+ (o)™

where o has a value between 0 and 1 and can be thought of as an indicator of the deviation of a real

system from the ideal model.

The value of the impedance parameters Ry and R, may be determined in any one of a number of
manners such as by:
¢ solving simultaneous equations based on the impedance values determined at different
frequencies;
e using iterative mathematical techniques;
e extrapolation from a "Wessel plot";

e performing a function fitting technique, such as the use of a polynomial function.

At this stage the first processing system 10 can also be adapted to test adherence of the measurements
to the Cole model. In particular, the Cole model assumes that the impedance measurements lie on a
semi-circular impedance locus. Accordingly, the first processing system 10 can determine if the
measured values fit a semi-circular locus to thereby determine if the Cole model is satisfied.

Alternatively, the measured impedance parameter values can be compared to theoretical values
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derived using the equation (2), to thereby allow the degree of concordance to the Cole model to be

determined.

In the event that the Cole model is not satisfied, an indication of this can be provided to the operator

allowing an appropriate analysis technique to be utilised.

Once the parameters have been determined, and displayed, a number of tabs 1034 can be used to ~
allow different representations of the measured impedance values to be provided in a window 1035.
This includes, for example, producing a "Wessel" type plot, also commonly referred to as a Cole-Cole
plot, as shown in Figure 10A. Alternatively the impedance values can be listed as shown in Figure
10B, or plotted as reactance verses frequency or resistance verses frequency as shown in Figures 10C

and 10D respectively.

Frequency controls 1036 are provided to allow impedance measurements above or below threshold
limits to be omitted from the displayed results, as shown by threshold markers 1037A, 1037B.
Additionally a rejection limit can be applied to discard data points that fall outside a threshold

variation from an idealised semi-circular locus provided on the "Wessel" plot.

At step 770, the operator selects any references to be used. The reference will typically be in the form
of earlier data collected for the respective subject, thereby allowing a longitudinal analysis to be

performed.

However, the system may also or alternatively use a normal population database table, which includes
reference values obtained from different subjects. This database table is essentially a single subject
database table into which all measurements of normal population subjects (people without

lymphoedema) are added.

An example of such normal population data displayed using the GUI 1000 is shown in Figure 11A.
This table then acts as a pool of data from which normalised values for raw impedance data and ratios
of impedance data can be generated, allowing comparison with measured values for the subject to be

performed.

This generation of this normalised data is in the form of mean (averaged) values that are selected to
be relevant to the test subject. The selection is performed based on the subject information and may
be performed on the basis of any one of a number of factors, such as age, sex, height, weight, race,

interventions, or the like.



10

15

20

25

30

WO 2007/002993 PCT/AU2006/000924

-32-

Therefore if the test subject has unilateral lymphoedema of the dominant arm and is female then the
normalised data drawn from the normal population database will be calculated from the dominant arm

measurements from female subjects that are present in the in the normal population database.

Accordingly, at step 775, the operator is presented with a GUI 1040 similar to that shown in Figure
11A, which allows the operator to select appropriate records from the normal population table, as

shown by the highlighted entry at 1041.

In the case of using a subject specific reference, this is generally achieved by ensuring measurements
taken prior to surgery or events that put them at risk of developing lymphoedema. A common
example is baseline measurements taken before surgical intervention for breast cancer that can be use
to track subjects fluid shifts post surgery by comparison of study measurements to these baseline

generated mean values.

Subject specific baselines can be generated automatically from measurements in the subject’s

database table. This can be achieved using the GUI 1000 shown in Figure 11B, in which the subject's

- record is displayed. Located on the GUI 1000 are two selection windows 1042, 1043 that are used to

define the measurements used from the subject’s database table to generate mean data values for

comparison to study measurements.

It will be appreciated that the process can also be used to add data to the normal population table.
This is achieved by performing the measurement process outlined above, and in the event that the
subject does not suffer from oedema, for example if surgery has not yet been performed, importing
the data into the normal population table. This can be performed in addition to adding the
measurements to the subject record, so that measurements collected from a healthy individual can be

used for subsequent longitudinal analysis and/or as a normal population reference.

At step 775 the measuring device 1 determines if a reference is available, and if so, the first
processing system 10 compares the currently determined parameters to one or more reference values

at step 795, and utilises this to generate reports which are displayed at step 800.

If no reference is available, it is determined whether or not the oedema is bilateral at step 780. In this
instance, if the oedema is not bilateral, then the first processing system 10 can analyse the impedance
of contra-lateral limbs at step 785 and provide an appropriate output at step 800. This may be
achieved for example by determining an index based on a ratio of the extra- to intra- cellular fluid
levels in each leg, and then comparing the values determined to assess whether there is difference

between the limbs, and hence whether there is a likelihood of oedema being present.
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The extracellular fluid resistance R, is determined from:
Re = RO
and intracellular fluid resistance R; is determined from:

_ RDO Re
Re— R

Ri

Thus, the index I, which is indicative of the ratio of extra- to intra-cellular fluid is given by the

equation:

R
R, R,—R-

e

.

©)

In the event that there is.a likelihood of the oedema being bilateral, then the first processing system 10
typically determines the index for each limb. A ratio of the determined index for different pairs of
limbs are then compared at step 790, thereby allowing the operator to determine if there is a

likelihood of bilateral oedema.

Examples of the different types of available reports will now be described with reference to Figures
11Cto 11H.

As shown in Figure 11B, the report is presented using a GUI 1050 that includes subject details shown
generally at 1051. The GUI includes controls 1052 that allow the operator to select whether reference
data is to be used and the nature of the reference data. Thus, it will be appreciated that if a user varies
the reference data selection, the process will return to step 540 to reassess the nature of the output
dependent on the type of reference selected. At 1053A a drop down list is provided to indicate the
nature of the parameter that is to be displayed, and at 1053B checkboxes are provided indicating the
limbs for which the parameter is to be displayed. In addition to this, a limb of interest and a reference

limb can be selected using the check boxes 1054, 1055 as shown.

The parameters available for charting include:

e Weight;

e Lymphogram;

e Ratio of indices;

e Ratio of body segment Rq values;

e The index for each individual body segment R, for a body segment;
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¢ R, forabody segment;

e The intracellular fluid resistance R;;

e The characteristic frequency of the subject £,
e Standard error of estimates;

e Td time delay for each measurement.

Each of the parameters will now be described in more detail.

The Lymphogram

The lymphogram or impedance vector plot is a graphical representation of when a subject’s
measurements move relative to a reference ellipse. The reference ellipse can be generated from a
95% confidence interval based on the subject specific baseline data or the normal population data.
When data points of a study body segment move outside the ellipse the subject’s condition is
worsening and lymphoedema is present in that body segment. The ellipse can be generated for and
displayed for each body segment chosen using the reference limb checkbox. The data points displayed
are those generated from the study body segment data for the subject. The study body segments and
reference body segments are chosen using the body segment selector check boxes located underneath

the chart.

Figure 11C shows an example of a lymphogram in which the index for left and right legs is compared.
In this example, the index remains within the ellipse shown generally at 1056 highlighting that
lymphoedema is not present. However, when the right arm and left arm are compared as shown in
Figure 11D, the values for the ratio comparisons fall outside the reference ellipse 1056 indicating that

the right arm is suffering from oedema.

In these examples, the lymphogram includes a comparison between limbs, and accordingly, the

checkboxes 1053B are not used.
Ratio of body segment Indices
This will display the index I for a selected reference limb divided by the index I of the limb of

interest.

Figure 11E is an example of the ratio of limb ratios in which a ratio of the index for the right arm and
right legs is plotted against time. In this instance, it can be seen that a significant variation is present

at 1057 indicating the likelihood of oedema.
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In this examples, as two limbs are again compared, the checkboxes 1053B are not used, and are
ignored.

Ratio of body segments Ry values

This function will display the ratio of the R, of the reference body segment divided by that of a study
body segment for each measurement in the subject’s database table.

Index I for each body segment

The index I can also be displayed for each body segment for all measurements in the subject’s
database table as a chart over time, as shown in Figure 11F. The body segments represented on the
chart are selected using the control 1053. In this instance, as reference and study limbs are not
defined, the 1054, 1055 are omitted for clarity.

Resistance at zero kHz (Ry) for a single body segment

The value of Ry can also displayed for each body segment for all measurements in the subjects
database table as a chart over time.

Resistance at infinite frequency (R.) for a single body segment

The value of R, can also displayed for each body segment for all measurements in the subjects
database table as a chart over time.

Resistance for the intracellular fluid (R;) for a single body segment

The value of R; can also displayed for each body segment for all measurements in the subjects
database table as a chart over time.

Characteristic frequency for single body segment

The characteristic frequency can also displayed for each body segment for all measurements in the
subjects database table as a chart over time.

SEE (standard estimate of errors) values for a single body segment

The value of the standard estimate of errors (SEE) can also displayed for each body segment for all
measurements in the subjects database table as a chart over time.

Td (time delay) values for a single body segment

The value of the time delay (Td) associated with each measurement can also displayed for each body

segment for all measurements in the subjects database table as a chart over time.



10

15

20

25

WO 2007/002993 PCT/AU2006/000924

-36 -

Reference Indications

In each of the above outlined reports, reference values can also be displayed based either on the

normalised population reference or subject specific reference.

An example of the use of a subject's specific reference value is shown in Figure 11F. In this instance
the reference value is based on Ry as shown at 1058. Accordingly, it can be seen that variation of the
value Ry compared to the reference is indicative of oedema. The generation of a report by comparison

to normal population data will be performed in a similar manner.

In addition to simply displaying the absolute reference value determined, it is also possible to display
standard deviations as shown at 1059 to thereby provide an indication of the degree of variation from

the base line.

Event Markers

A further feature of the process is the ability to associate event markers with specific measurements in
the measurement database table. Event marke;rs can provide commented time points that correspond
to measurements and points in time. These can be customised by the user to indicate important events
that need to be documented on the longitudinal analysis charts. Such events may include, onset date
of lymphoedema, the start of massage intervention etc. These markers will be displayed automatically
on the longitudinal charts that are a function over time. Event markers can also be shown on charts as

shown for example in Figure 11H.

Alternative Analysis

In the above examples, the first processing system 10 therefore selects the types of analysis or
representation that is most appropriate for determining the presence or absence of oedema based on
the currently available data. This therefore removes the requirement for the operator to make an
assessment of which form of report would provide the most accurate indication of the onset of

oedema.

In the above example, the impedance measurements are collected for each of the limbs, with the
assessment of the preferred type of analysis being performed after the measurements have been
performed. However, as an alternative to this, the first processing system 10 can be adapted to
determine the preferred type of analysis first and then only perform the measurements required in

order for the type of analysis to be performed.
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Thus a limited limb analysis can be performed, in which the operator specifies the limbs for which
measurements are to be made prior to the measurement process. In this instance, data will only be

collected for the limbs of interest.

In addition to performing the lymphoedema measurements described above, it is possible that profiles

can be configured to allow a range of different measurements to be performed.

Thus, for example, by positioning the electrodes as shown in Figure 12, this allows impedance
measurements across the subject's entire body to be determined. This in turn allows information such

as the subject's total body water (TBW) to be derived. In particular, TBW is given by:
TBW = ecf+ icf ( 4

where: TBW = total body water
ecf= volume of extracellular fluid

icf= volume of intracellular fluid

In this regard, the volumes of extracellular and intracellular fluid can be derived from the values Ry,

R.., as these depend on the values of the extracellular and intracellular resistance, as discussed above.

The TBW can be used in:
e body composition analysis
e derivation of Fat Free Mass (FFM), which can in turn be used as an index of left
ventricular mass;
e monitoring the build up of fluid in the body of cardiac patients, which can be used as an

indicator of right ventricular failure.

Furthermore, by subtracting measured impedance values obtained for each limb from the
corresponding impedance values obtained for the entire body, this can be used to derive effective
thoracic cavity impedance values. These values can in turn be used as indicators for pulmonary

oedema, and hence left ventricular failure, as well as determining cardiac output.

Thus, it will be appreciated that measurement profiles can be determined to allow measurement of:
e Cardiac parameters;
e Pulmonary oedema;
¢ Lymphoedema;
¢ Body composition; and,

e Total body water.
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Remote Computer System

The above examples have been described on the basis of the selection of the preferred impedance
measurements and analysis being performed by a first processing system 10 provid‘ed as part of the
measuring device 1. However, this is not essential and that any or all of the functionality described
could be performed by a processing system that is remotely located to the measuring device 1, as will

now be described with respect to Figure 13.

In this example, a base station 1300 is coupled to a number of measuring devices 1, and a number of
end stations 1303 via a communications network 1302, such as the Internet, and/or via
communications networks 1304, such as local area networks (LANS), or wide area networks (WANS).
The end stations 1303 may also be coupled to measuring devices 1, as shown. The end station 1303
may be any form of end station but is typically a desktop, laptop, tablet, PDA, Smart Phone or the
like.

The base station 1300 includes a processing system 1310, coupled to a database 1311. This allows
the base station 1300 to be used to update the measuring devices 1, as will be described in more detail

below.

In this example, the measuring devices 1 can be connected via the external interface 23, directly to the
end stations 1303, or via one of the networks 1302, 3104. This may be achieved via a wired, or
wireless connection, depending on the nature of the external interface 23, the end stations 1303, and
the networks 1302, 1304.

In this example, the end station 1303 can be used to control the measuring device 1 to perform the
measurement procedure. The measuring device 1 therefore operates to generate required excitation
signals, apply these to the subject, and measure the resulting voltages generated across the subject.
Once impedance measurements have been collected, these are transferred via the external interface 23
to the end station 1303, which operates to analyse the measured impedance values and generate the

appropriate GUIs shown in Figures 8 to 11.

In this instance, the operator of the system is generally required to place the measuring device 1 in a
predetermined operating mode allowing the end station 1303 to generate any required control signals

to activate the measurement process.

The measuring device 1 will therefore typically operate to perform single measurements at a given
time. In this instance, the end station 1303 will display the next electrode configuration to be used to

the operator. The operator will connect the electrodes, 13, 14, 15, 16 to the subject, in the displayed
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arrangement, and then indicate to the end station 1303 when this has been completed. The end station
1303 will then transfer a control signal to the measuring device 1 causing the next measurement to be

performed.

As the measuring device 1 may be capable of operating in modes that perform sequences of
measurements, the end station 1303 can implement a measurement-halt check. During this process if
the end station 1303 detects measurements within a predetermined time interval, such as 5 seconds,
the end station 1303 generates an alert indicating that the measuring device 1 is not provided in single

measurement mode, and that this should be adjusted.

It will be appreciated that in this example, the end station 1303 can effectively perform the tasks
performed by the first processing system 10 in the examples throughout the specification.
Accordingly, the device could be provided without the first processing system 10, with the
functionality usually performed by the first processing system 10 being performed by an end station
1303. In this arrangement, the end station 1303 therefore effectively forms part or all of the first
processing system 10. This allows the measuring device 1 to be provided including only the second
processing system 17 coupled directly to the external interface 23 to allow the measuring device 1 to
be controlled by the end station 1303. This would typically be achieved via the use of suitable

applications software installed on the end station 1303.

In this example, communication between the end station 1303 and the measuring device 1 is typically

controlled using the GUI 1060 shown in Figure 14.

The GUI includes fields 1061 for defining IP connection details, which allows the end station 3 to
connect to the measuring device 1, via the external interface 23, via a TCP/IP or other network.
Fields 1062 are used for defining paths via which the references can be obtained, with the fields 1063

defining details of the database from which the references should be obtained.

Fields 1064 and 1065 are used to define parameters relating to the impedance analysis to be
performed, including default frequency, rejection and time delay limits, as well as reference ranges or

the like. Finally fields 1066 are used to define properties of the resulting analysis report.

It will therefore be appreciated from this that GUI can also be used to provide connections to remote
databases, such as HL7 compliant subject databases. Furthermore, the architecture can be’
implemented in any one of a number of manners depending on the circumstances in which the

measuring device 1 is to be used.
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Thus, for example, as a further alternative, the selection and/or analysis of the impedance
measurements can be performed by a central base station coupled to a number of measuring devices
via a suitable communications system, such as a computer network or the like. In this instance, once
the base station has selected an impedance measurement type to be performed, the base station
transfers an indication of this to the respective monitoring thereby causing the measuring device 1 to
display the necessary electrode connections. Once the impedance measurements have been

performed, the determined measurements are returned to the base station for analysis.

Device Updates

An example of a process for updating the measuring device will now be described with reference to

Figure 15.

Tn one example, at step 1500 the process involves determining a measuring device 1 is to be
configured with an upgrade, or the like, before configuration data is created at step 1510. At step
1520 the configuration data is typically uploaded to the device or the end station 1303 before the
device is activated at 1530, or applications software on the end station 1303 is executed. At 1540
when the device commences operation the processing system 2 uses the configuration data to
selectively activate features, either for example by controlling the upload of instructions, or by
selectively activating instructions embedded within the processing system 2 or the controller 19.
Features within applications software installed on the end station 1303 can be activated in a similar

manner.

The remaining examples will focus on the updating of the device itself, and it will be appreciated that

similar techniques could be implemented for updating software applications in the end station 1303.

Updating can be achieved in one of two ways. For example, the configuration data could consist of
instructions, such as a software or firmware, which when implemented by the processing system 2
causes the feature to be implemented. Thus, for example, this process may be utilised to update the
operation of the firmware provided in the second processing system 17, the processing system 10 or
the controller 19 to allow additional functionality, improved measuring algorithms, or the like, to be

implemented.

Alternatively, the configuration data could be in the form of a list of features, with this being used by
the processing system 2 to access instructions already stored on the measuring device 1. Utilisation of
configuration data in this manner, allows the measuring device to be loaded with a number of as yet

additional features, but non-operational features, when the device is sold. In this example, by
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updating the configuration data provided on the measuring device 1, this allows these further features

to be implemented without requiring return of the measuring device 1 for modification.

This is particularly useful in the medical industry as it allows additional features to be implemented
when the feature receives approval for use. Thus, for example, techniques may be available for
measuring or detecting lymphoedema in a predetermined way, such as through the use of a particular
analysis of measured voltage signals or the like. In this instance when a device is sold, approval may
not yet have been obtained from an administering body such as the Therapeutic Goods
Administration, or the like. Accordingly, the feature is disabled by appropriate use of a configuration
data. When the measurement technique subsequently gains approval, the configuration data can be
modified by uploading a new updated configuration data to the measuring device, allowing the feature

to be implemented.

It will be appreciated that these techniques may be used to implement any one of a number of
different features, such as different measuring techniques, analysis algorithms, reports on results of

measured impedance parameters, or the like.

This can be achieved using the system of Figure 13. In use, the base station 1300 includes a
processing system 1310, coupled to a database 1311. The base station 1300 operates to determine
when updates are required, select the devices to which updates are applied, generate the configuration
data and provide this for update to the devices 1. It will be appreciated that the processing system

1310 Ihay therefore be a server or the like.

This allows the configuration data to be uploaded from the server either to a user's end station 1303,
such as a desk top computer, lap top, Internet terminal or the like, or alternatively allows transfer from
the server via the communications network 1302, 1304, such as the Internet. It will be appreciated
that any suitable communications system can be used such as wireless links, wi-fi connections, or the
like.

In any event, an example of the process of updating the measuring device 1 will now be described in
more detail with reference to Figure 16. In this example, at step 1600 the base station 1300
determines that there is a change in the regulatory status of features implemented within a certain
region. As mentioned above this could occur for example following approval by the TGA of new

features.

The base station 1300 uses the change in regulatory status to determine new features available at step

1610, before determining an identifier associated with each measuring device 1 to be updated at step
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1620. As changes in regulatory approval are region specific, this is typically achieved by having the
base station 1300 access database 1311 including details of the regions in which each measuring
device sold are used. The database 1311 includes the identifier for each measuring device 1, thereby

allowing the identifier of each measuring device to be updated to be determined.

At step 1630, the base station 1300 determines the existing configuration data, typically from the
database 1311, for a next one of the measuring devices 1, before modifying the configuration data to
implement the new features at step 1640. The configuration data is then encrypted utilising a key
associated with the identifier. The key may be formed from a unique prime number associated with
the serial number, or partially derived from the serial number, and is typically stored in the database

1311, or generated each time it is required using a predetermined algorithm.

At step 1660 the encrypted configuration data is transferred to the measuring device 1 as described

above.

At step 1670 when the device restarts and the first processing system 10 is activated, the first

processing system 10 determines the encryption key, and uses this to decrypt the configuration data.

This may be achieved in any one of a number of ways, such as by generating the key using the serial
number or other identifier, and a predetermined algorithm. Alternatively, this may be achieved by
accessing a key stored in the memory 21. It will be appreciated that any form of encryption may be
used, although typically strong encryption is used, in which a secret key is used to both encrypt and
decrypt the configuration data, to thereby prevent fraudulent alteration of the configuration by users,

as will be explained in more detail below.

At step 1680, the first processing system 10 activates software features within the second processing

system 16 using the decrypted configuration data.

It will therefore be appreciated that this provides a mechanism for automatically updating the features
available on the measuring device. This may be achieved either by having the second processing
system 16 receive new firmware from the processing system 10, or by activating firmware already

installed on the second processing system 16, as described above.

As an alternative to performing this automatically when additional features are approved for use, the
process can be used to allow features to be activated on payment of a fee. In this example, a user may
purchase a measuring device 1 with limited implemented functionality. By payment of a fee,

additional features can then be activated as and when required by the user.
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In this example, as shown in Figure 17, when the user selects an inactive feature at step 1700, the first
processing system 10 will generate an indication that the feature is unavailable at step 1710. This
allows the user to select an activate feature option at step 1720, which typically prompts the user to
provide payment details at step 1730. The payment details are provided to the device manufacturer in
some manner and may involve having the user phone the device manufacturer, or alternatively enter

the details via a suitable payment system provided via the Internet or the like.

At step 1740, once the payment is verified, the process can move to step 1620 to allow an automatic
update to be provided in the form of a suitable configuration data. However, if payment details are

not verified the process ends at 1750.

It will be appreciated by a person skilled in the art that encrypting the configuration data utilising a
unique identifier means that the configuration data received by a measuring device 1 is specific to that
measuring device. Accordingly, the first processing system 10 can only interpret the content of a
configuration data if it is both encrypted and decrypted utilising the correct key. Accordingly, this
prevents users exchanging configuration data, or attempting to re-encrypt a decrypted file for transfer

to a different device.

It will be appreciated that in addition to, or as an alternative to simply specifying features in the
configuration data, it may be necessary to upload additional firmware to the second processing system
16. This can be used for example, to implement features that could not be implemented using the

firmware shipped with the measuring device 1.

In this example, it would be typical for the configuration data to include any required firmware to be
uploaded, allowing this to be loaded into the second processing system 16, using the first processing

system 10. This firmware can then either be automatically implemented, or implemented in

" accordance with the list of available features provided in the configuration data.

It will be appreciated that this provides a mechanism for updating and/or selectively activating or
deactivating features, such as measuring protocols, impedance analysis algorithms, reports
interpreting measured results, or the like. This can be performed to ensure the measuring device

conforms to existing TGA or FDA approvals, or the like.

Throughout the above examples, the end station 1303 can be used to download configuration data, or
alternatively transfer instructions to any one of the processing systems 2, 10, 17, 19 used by the

measuring device 1, to allow updating of the device operation.
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Persons skilled in the art will appreciate that numerous variations and modifications will become
apparent. All such variations and modifications which become apparent to persons skilled in the art,
should be considered to fall within the spirit and scope that the invention broadly appearing before

described.

Thus, for example, it will be appreciated that features from different examples above may be used
interchangeably where appropriate. Furthermore, whilst the above examples have focussed on a
subject such as a human, it will be appreciated that the measuring device and techniques described
above can be used with any animal, including but not limited to, primates, livestock, performance

animals, such race horses, or the like.

The above described processes can be used for diagnosing the presence, absence or degree of a range

of conditions and illnesses, including, but not limited to oedema, lymphoedema, body composition, or
the like.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1)

2)

3)

4)

5)

6)

7)

8)

A method of performing impedance measurements on a subject, the method including, in a

processing system:

a) determining at least one impedance measurement to be performed;

b) determining at least one electrode arrangement associated with the determined impedance
measurement;

c) displaying a representation indicative of the electrode arrangement; and,

d) causing the impedance measurement to be performed once the electrodes have been arranged
in accordance with the displayed representation.

A method according to claim 1, wherein the method includes, in the processing system:

a) receiving input commands indicating that the electrodes are arranged in accordance with the
displayed arrangement; and,

b) causing the impedance measurement to be performed in accordance with the received input
command.

A method according to claim 1 or claim 2, wherein the representation is indicative of:

a) the position of a set of electrodes; and,

b) lead connections between the processing system and a number of the set of electrodes.

A method according to claim 3, wherein the representation includes, for each lead connection, a

respective colour indication, the colour indication being indicative of a colour for a respective

lead.

A method according to any one of the claims 1 to 4, wherein the method includes, in the

processing system:

a) determining a sequence of measurements; and,

b) generating a sequence of representations, each representation defining a respective electrode
arrangement for performing a respective measurement.

A method according to claim 5, wherein each measurement is performed for a corresponding

body segment.

A method according to any one of the claims 1 to 6, wherein the method includes:

a) determining an impedance measurement type; and,

b) determining, using the determined impedance measurement type, an impedance measurement
profile, the profile being indicative of the at least one impedance measurement to be
performed.

A method according to claim 7, wherein the method includes, in the processing system:

a) displaying an indication of available impedance measurement types; and,
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b) determining a respective one of the available impedance measurement types in accordance
with input commands from an operator.
9) A method according to claim 7 or claim 8, wherein the impedance measurement type is for
determining at least one of:
a) one or more parameters relating to cardiac function;
b) the presence, absence or degree of oedema;
¢) one or more parameters relating to body composition; and,
d) the subject's total body water; and,
e) the subject's Fat Free Mass (FFM).
10) A method according to any one of the claims 1 to 9, wherein the method includes, in the
processing system:
a) receiving data representing at least one measured impedance value; and,
b) generating a representation of the at least one measured impedance value.
11) A method according to claim 10, wherein the method includes, in the processing system:
a) selecting a representation type based on a selected impedance measurement type; and,
b) generating the representation in accordance with the selected representation type.
12) A method according to claim 10 or claim 11, wherein the representation is in the form of at least
one of:
a) a Wessel plot;
a) an argand diagram;
b) a list of impedance values;
¢) areactance against frequency plot; and,
d) resistance against frequency plot.
13) A method according to any one of the claims 10 to 12, wherein the method includes, in the
processing system:
a) receiving data representing at least one measured impedance value;
b) processing the at least one measured impedance value to determine at least one impedance
parameter; and,
¢) generating a representation of the at least one impedance parameter.
14) A method according to claim 13, wherein the method includes, in the processing system:
a) determining a processing operation based on a selected impedance measurement type; and,
b) processing the at least one measured impedance value in accordance with the determined
processing operation.
15) A method according to any one of the claims 1 to 14, wherein the method includes in the

processing system:
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a) determining at least one subject parameter relating to the subject; and,
b) at least one of:
i) determining the impedance measurement to be performed in accordance with the
determined at least one subject parameter; and, -
ii) processing at least one measured impedance value in accordance with the determined at
least one subject parameter.
16) A method according to claim 15, wherein the subject parameter is at least one of:

a) an indication of a presence, absence or degree of a condition;

b) an indication of an intervention;

c¢) an indication of a body segment at risk of a condition;

d) age;

e) height;

f) weight; and,

g) sex.

17) A method according to claim 15 or claim 16, wherein the method includes, in the processing
system, determining the at least one subject parameter from a remote database.
18) A method according to claim 17, wherein the method includes, in the processing system:

a) determining a unique identifier indicative of an identity of the subject; and,

b) determining the at least one subject parameter using the unique identifier.

19) A method according to claim 17, wherein the processing system is coupled to a reader for sensing
coded data from a surface, and wherein the method includes, in the processing system:

a) receiving indicating data from the reader, the indicating data being indicative of the unique
identifier and being determined by sensing coded data provided on a subject identification
device; and,

b) using the indicating data to determine the unique identifier.

20) A method according to claim 19, wherein the subject identification device is a bracelet having
coded data disposed thereon.

21) A method according to any one of the claims 1 to 20, wherein the method includes, in the
processing system:

a) determining the availability of at least one reference; and,

b) at least one of;

i) determining the impedance measurement to be performed in accordance with the
determined availability; and,
ii) processing at least one measured impedance value in accordance with the determined

availability.
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22) A method according to claim 3, wherein the positioning of the electrodes is performed in
accordance with the theory of equal potentials.

23) A method according to claim 22, wherein the positioning of the electrodes includes:

a) a first current supply electrode positioned on a limb being measured,

b) a second current supply electrode on a second limb on a the same lateral side of the subject as
the limb being measured;

¢) a first voltage electrode positioned on a limb being measured; and,

d) a second voltage electrode positioned on a third limb contra-lateral to the limb being
measured.

24) A method according to any one of the claims 1 to 23, wherein the processing system is coupled to
a monitoring unit, and wherein the method includes, in the processing system: \

a) generating instructions; and,
b) transferring the instructions to the monitoring unit, the monitoring unit being responsive to
the instructions to cause the impedance measurements to be performed.

25) A method according to claim 24, wherein the monitoring unit includes at least two channels, each
channel being adapted to measure the impedance across a respective body segment, and wherein
the method includes, in the processing system, causing at least one impedance measurement to be
performed using each channel.

26) A method according to claim 24 or claim 25, wherein the monitoring unit includes a processor,
and wherein the processor is for:

a) receiving the instructions; and,
b) causing one or more impedance measurements to be performed using the instructions.

27) A method according to any one of the claims 1 to 26, wherein the method includes, causing the
impedance measurement to be performed by:

a) causing one or more excitation signals to be applied to the subject; and,
b) determining one or more voltage signals measured across the subject.

28) A method according to claim 27, wherein the one or more excitation signals are at least one of:

a) anumber of current signals, each current signal having a respective frequency; and,
b) a current signal formed from a number of superposed frequencies.

29) Apparatus for performing impedance measurements on a subject, the apparatus including a

processing system for:

a) determining at least one impedance measurement to be performed,

b) determining at least one electrode arrangement associated with the determined impedance
measurement,

c) displaying a representation indicative of the electrode arrangement; and,
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d) causing the impedance measurement to be performed once the electrodes have been arranged
in accordance with the displayed representation.

30) Apparatus according to claim 29, wherein the apparatus is for performing the method of any one

of the claims 1 to 28.

31) A method of performing impedance measurements on a subject, the method including, in a
processing system:

a) determining at least one impedance measurement to be performed;

b) receiving data representing at least one measured impedance value;

¢) processing the at least one measured impedance value to determine at least one impedance
parameter; and,

d) generating a representation of the at least one impedance parameter, wherein at least one of
the processing and the generating are performed in accordance with the at least one
impedance measurement.

32) A method according to claim 31, wherein the method includes, in the processing system:

a) selecting a representation type based on a selected impedance measurement type; and,

b) generating a representation of the at least one measured impedance value in accordance with
the selected representation type.

33) A method according to claim 32, wherein the representation is in the form of at least one of:

a) a Wessel plot;

b) an argand diagram;

b) alist of impedance values;

¢) areactance against frequency plot; and,

d) resistance against frequency plot.

34) A method according to any one of the claims 31 to 33, wherein the method includes, in the
processing system:

a) determining a processing operation based on a selected impedance measurement type; and,

b) processing the at least one measured impedance value in accordance with the determined
processing operation.

35) A method according to any one of the claims 31 to 34, wherein the method includes in the
processing system:

a) determining at least one subject parameter relating to the subject; and,

b) at least one of:

i) determining the impedance measurement to be performed in accordance with the

determined at least one subject parameter; and,



10

15

20

25

30

35

WO 2007/002993 PCT/AU2006/000924

- 50 -

ii) processing the at least one measured impedance value in accordance with the determined
at least one subject parameter.
36) A method according to claim 35, wherein the subject parameter is at least one of:

a) an indication of a presence, absence or degree of a condition;

b) an indication of an intervention;

¢) an indication of a body segment at risk of a condition;

d) age;

e) height;

f) weight; and,

g) sex.

37) A method according to any one of the claims 31 to 36, wherein the method includes, in the
processing system:

a) determining the availability of at least one reference; and,

b) at least one of:

i) determining the impedance measurement to be performed in accordance with the
determined availability; and,
ii) processing the at least one measured impedance value in accordance with the determined
availability.
38) A method according to any one of the claims 31 to 37, wherein the method is used with the

method of any one of the claims 1 to 28.

39) Apparatus for performing impedance measurements on a subject, the apparatus including a
processing system for:

a) determining at least one impedance measurement to be performed;

b) receiving data representing at least one measured impedance value;

¢) processing the at least one measured impedance value to determine at least one impedance
parameter; and,

d) generating a representation of the at least one impedance parameter, wherein at least one of
the processing and generating representation are performed in accordance with the at least
one impedance measurement. ‘

40) Apparatus according to claim 39, wherein the apparatus is used in performing the method of

claim 31. .

41) A method of performing impedance measurements on a subject, the method including, in a
processing system:

a) determining at least one impedance measurement type,

b) determining a profile indicative of a sequence of impedance measurements;
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¢) displaying a representation indicative of required electrode arrangements; and,
d) causing the impedance measurements to be performed.

42) A method according to claim 41, wherein the processing system is coupled to a monitoring unit,

and wherein the method includes, in the processing system:

a) generating instructions; and,

b) transferring the instructions to the monitoring unit, the monitoring unit being responsive to
the instructions to cause the impedance measurements to be performed.

43) A method according to claim 42, wherein the method includes using a monitoring unit including a
processor, and wherein the processor is for:

a) receiving the instructions; and,
b) causing one or more impedance measurements to be performed using the instructions.

44) A method according to claim 43, wherein the method includes, causing the impedance
measurement to be performed by:

a) causing one or more excitation signals to be applied to the subject; and,
b) determining one or more voltage signals measured across the subject.

45) A method according to claim 44, wherein the one or more excitation signals are at least one of:

a) anumber of current signals, each current signal having a respective frequency; and,
b) a current signal formed from a number of superposed frequencies.

46) A method according to any one of the claims 41 to 45, wherein the method includes using a
monitoring unit including at least two channels, each channel being adapted to measure the
impedance across a respective body segment, and wherein the method includes, in the processing
system, causing at least one impedance measurement to be performed using each channel.

47) A method according to claim 46, wherein each channel being adapted to measure the impedance
across a respective body segment, and wherein the method includes, in the processing system,
causing at least one impedance measurement to be performed using each channel.

48) A method according to any one of the claims 41 to 47, wherein the method includes, in the
processing system:

a) displaying an indication of available impedance measurement types; and,
b) determining a respective one of the available impedance measurement types in accordance
with input commands from an operator.

49) A method according to any one of the claims 41 to 48, wherein the impedance measurement type
is for determining at least one of:

a) one or more parameters relating to cardiac function;
b) the presence, absence or degree of oedema;

c) one or more parameters relating to body composition; and,



10

15

20

25

30

WO 2007/002993 PCT/AU2006/000924

-52-

d) the subject's total body water; and,

e) the subject's Fat Free Mass (FFM).

50) A method according to any one of the claims 41 to 49, wherein the method includes in the
processing system:

a) determining at least one subject parameter relating to the subject; and,

b) at least one of:

i) determining the impedance measurement to be performed in accordance with the
determined at least one subject parameter; and,
ii) processing at least one measured impedance value in accordance with the determined at
least one subject parameter.
51) A method according to claim 50, wherein the subject parameter is at least one of:

a) an indication of a presence, absence or degree of a condition;

b) an indication of an intervention;

¢) an indication of a body segment at risk of a condition;

d) age;

e) height;

f) weight; and,

g) sex.

52) A method according to claim 50 or claim 51, wherein the method includes, in the processing
system, determining the at least one subject parameter from a remote database.

53) A method according to any one of the claims 41 to 52, wherein the method includes, in the
processing system:

a) determining a unique identifier indicative of an identity of the subject; and,

b) determining the at least one subject parameter using the unique identifier.

54) A method according to claim 53, wherein the processing system is coupled to a reader for sensing
coded data from a surface, and wherein the method includes, in the processing system:

a) receiving indicating data from the reader, the indicating data being indicative of the unique
identifier and being determined by sensing coded data provided on a subject identification
device; and,

b) using the indicating data to determine the unique identifier.

55) A method according to claim 54, wherein the subject identification device is a bracelet having
coded data disposed thereon.
56) A method according to any one of the claims 41 to 55, wherein the method is a method according

to claim 1.
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57) Apparatus for performing impedance measurements on a subject, the apparatus including a
processing system for:
a) determining at least one impedance measurement type;
b) determining a profile indicative of a sequence of impedance measurements;
c) displaying a representation indicative of required electrode arrangements; and,
d) causing the impedance measurements to be performed.
58) A method according to claim 57, wherein the apparatus is for performing the method of claim 41.
59) A method for configuring a processing system for use in impedance analysis of a subject, the
method including, in a processing system:
a) receiving configuration data, the configuration data being indicative of at least one feature;
b) determining, using the configuration data, instructions representing the at least one feature;
and,
c) causing, at least in part using the instructions, at least one of:
i) impedance measurements to be performed; and,
ii) analysis of impedance measurements.
60) A method according to claim 59, wherein the configuration data includes the instructions.
61) A method according to claim 59 or claim 60, wherein the method includes, in the processing
system:
a) determining an indication of the at least one feature using the configuration data; and,
b) determining the instructions using the indication of the at least one feature.
62) A method according to any one of the claims 59 to 61, wherein the method includes, in the
processing system, decrypting the received configuration data.
63) A method according to claim 62, wherein the method includes, in the processing system:
a) determining a device identifier associated with the processing system;
b) determining, using the device identifier, a key; and,
¢) decrypting the received configuration data using the key.
64) A method according to any one of the claims 59 to 63, wherein the processing system includes
first and second processing systems, and wherein the method includes:
a) in the first processing system, selecting the instructions using the configuration data; and,
b) in the second processing system, generating the control signals using selected instructions.
65) A method according to claim 64, wherein the method includes, in the processing first system, at
least one of:
a) transferring the instructions to the second processing system; and,

b) causing the second processing system to access the instructions from a store.



10

15

20

25

30

WO 2007/002993 PCT/AU2006/000924

-54 -

66) A method according to claim 65, wherein the method includes, in the processing system,
receiving the configuration data from at least one of a computer system and a communications
network.

67) A method according to any one of the claims 59 to 66, wherein the method includes, in the
processing system:

a) determining if a feature selected by a user is available;
b) if the feature is not available, determining if the user wishes to enable the feature; and,
c) if the user wishes to enable the feature, causing configuration data to be received.

68) A method according to claim 67, wherein the method includes, in the processing system:

a) causing the user to provide a payment to a device provider; and,
b) receiving the configuration data in response to payment.

69) Apparatus for configuring a processing system for use in impedance analysis of a subject, the

apparatus including a processing system for:

a) receiving configuration data, the configuration data being indicative of at least one feature;

b) determining, using the configuration data, instructions representing the at least one feature;
and,

c) causing, at least in part using the instructions, at least one of: ,
i) impedance measurements to be performed; and,
ii) analysis of impedance measurements.

70) Apparatus according to claim 69, wherein the processing system forms at least part of at least one
of:

a) an end station; and,
b) ameasuring device.

71) Apparatus according to claim 69 or claim 70, wherein the apparatus is for performing the method
of any one of the claims 59 to 68.

72) A method for configuring a processing system for use in impedance analysis of a subject, the
method including, in a computer system:

a) determining configuration data required for the processing system, the configuration data
being indicative of at least one feature; and,

b) causing the configuration data to be received by the processing system, the processing system
being responsive to the configuration data to cause, at least one of:
i) impedance measurements to be performed; and,
ii) analysis of impedance measurements.

73) A method according to claim 72, wherein the method includes, in the computer system:
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a) determining a device identifier, the device identifier being associated with the processing
system to be configured; and,
b) using the device identifier to at least one of:
i) transfer the configuration data to the processing system; and,
ii) encrypt the configuration data.
74) A method according to claim 72 or claim 73, wherein the method includes, in the computer
system, determining the configuration data is required in response to at least one of:
a) payment made by a user of the processing system; and,
b) approval of the feature.
75) A method according to claim 74, wherein the method includes, in the computer system:
a) determining regulatory approval of the at least one feature in at least one region;
b) determining at least one processing system in the at least one region; and,
¢) configuring the at least one processing system.
76) A method according to any one of the claims 72 to 75, wherein the method is used in the method
of any one of the claims 59 to 68.
77) Apparatus for configuring a processing system for use impedance analysis of a subject, the
method including, in a computer system: .
a) determining configuration data required for a processing system, the configuration data being
indicative of at least one feature; ; and,
b) causing the configuration data to be received by the processing system, the processing system
being responsive to the configuration data to cause, at least one of:
i) impedance measurements to be performed; and,
ii) analysis of impedance measurements.
78) Apparatus according to claim 77, wherein the apparatus is for performing the method of any one
of the claims 72 to 76.
79) A for use in diagnosing conditions in a subject, the method including, in a processing system:
a) determining at least one impedance measurement to be performed;
b) determining at least one electrode arrangement associated with the determined impedance
measurement;
¢) displaying a representation indicative of the electrode arrangement; and,
d) causing the impedance measurement to be performed once the electrodes have been arranged
in accordance with the displayed representation.
80) A for use in diagnosing conditions in a subject, the method including, in a processing system:
a) determining at least one impedance measurement to be performed;

b) receiving data representing at least one measured impedance value;
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processing the at least one measured impedance value to determine at least one impedance
parameter; and,

generating a representation of the at least one impedance parameter, wherein at least one of
the processing and the generating are performed in accordance with the at least one

impedance measurement.

81) A for use in diagnosing conditions in a subject, the method including, in a processing system:

a)
b)
c)
d)

determining at least one impedance measurement type;
determining a profile indicative of a sequence of impedance measurements;
displaying a representation indicative of required electrode arrangements; and,

causing the impedance measurements to be performed.

82) A for use in diagnosing conditions in a subject, the method including, in a processing system:

a)
b)

c)

receiving configuration data, the configuration data being indicative of at least one feature;
determining, using the configuration data, instructions representing the at least one feature;
and,

causing, at least in part using the instructions, at least one of:

1) impedance measurements to be performed; and,

ii) analysis of impedance measurements.

83) A for use in diagnosing conditions in a subject, the method including, in a computer system:

a)

b)

determining configuration data required for the processing system, the configuration data
being indicative of at least one feature; and,

causing the configuration data to be received by the processing system, the processing system
being responsive to the configuration data to cause, at least one of:

i) impedance measurements to be performed; and,

ii) analysis of impedance measurements.



WO 2007/002993

11

PCT/AU2006/000924

1/27

23 4 |

|

2
12
13 ot
O ~—)L
15

s

14

Fig. 1

16



WO 2007/002993

2127

Generate control
signals

Y

Transfer control
signals to signal
generator 11

Y

Apply current
signal o subject S

/

Measure voltage
signals across
subject S

A
Digitise and
sample voltage
and current

signals

Y

Process digital
voltage and current
signals to determine

impedance

100

110

120

130

140

150

PCT/AU2006/000924



WO 2007/002993 PCT/AU2006/000924

3/27
10
N 23
20 21
24
2 ~_
22 I N T
17|
B 31
3
5\ 36 -
32 33 34
37 38 39

” y Fig. 3




WO 2007/002993

4/27

Select impedance
measurement type
using processing
system 10

h J

Load desired
software into
FPGA 17

A 4

Generate sequence
of digital control
signals using FPGA
17

/
Convert control
signals using
digital to analogue
converter 36

Y
Apply analogue
control signals I*,
I" to current source
1

A

Amplify and filter
control signals I*, I”
to generate current

signals

\ J

Apply current signals
to subject using the
electrodes 13, 14

\ J

Short electrode
connections using
switch SW to
discharge subject

Y
280

Fig. 4A

200

210

220

230

240

250

260

270

PCT/AU2006/000924



WO 2007/002993

280

290

300

5127
Measure voltage .
Detect applied
nced e e
15. 16 connection 45, 46
A Y
Digitise the current
Filter and amplify the signals | using the
voltage signals V analogue to digital
converter 38
A4
Digitise the voltage
signals V using the
analogue to digital
converter 37
Y

Receive digitised
current and
voltage signals in
the FPGA 17

A

Perform preliminary
processing of the received
current and voltage signals

using the FPGA 17

Y

Use the processed signals
to determine voltage and
current signals at each
applied frequency f;

/

Use the FPGA 17 to
determine instantaneous
impedance values at each
applied frequency f;

Y
Perform processing of
the instantaneous
impedance to determine
subject parameters

Fig.4B

330

340

350

360

370

PCT/AU2006/000924

310

320



WO 2007/002993

6/27

Provide details of
type measurement
to be performed

A

Position
electrodes on
subject

h J

Connect leads to
electrodes based

on connection
instructions

A J

Perform
measurement

Process impedance
measurements

500

510

520

530

540

550

PCT/AU2006/000924



WO 2007/002993

7127

The processing
system determines a
list of available
measurement types

y

The operator selects a
measurement type

Y

The processing system

determines and displays

an indication of required
information

y

The operator supplies
required information

A 4
The processing
system determines a
measurement
procedure

A
The processing
system displays

required electrode

positions

A
The operator
positions the

electrodes on the

subject

635

Fig. 6A

600

605

610

615

620

625

630

PCT/AU2006/000924



WO 2007/002993

8/27

The processing system
determines and

"| displays an indication

of a lead connection

\ J

The operator
connects the leads
to the electrodes

Y

The device applies a
current and measures
the resulting voltage
across the electrodes

\ 4

The processing
system confirms the
measurement is
completed

Perform processing of

measurements based on

the measurement type
selected

Fig. 6B

635

640

645

650

655

660

PCT/AU2006/000924



WO 2007/002993 PCT/AU2006/000924

927

The monitoring device

displays available 700
measurement profile

Y
The operator selects a

peripheral cedema
measurement is to be 705

performed

A
The monitoring unit
determines an
oedema measurement 710
profile

h J

Display GUI 1000
allowing patient data 71 5
to be provided

y
Display GUI 1000
showing any reference
data associated with 720
the subject

/

Display electrode
connections using GUI 725
1010

730

Fig. 7A



WO 2007/002993

745

10/27

Operator connects
electrodes and selects

measurement button
1016

/

The monitoring device

Display th t .
e|ec|tsr§dag coﬁnn:c);ion generates the required
GUI 1010 current and measures
the impedance
A

The monitoring device
updates the GUI 1010 {o
allow the measurements

to be saved

Y

The monitoring updates
displays the saved
measurements using the
GUI 1000

/

Operator selects an
raw impedance data
display

765

Fig. 7B

730

735

740

750

755

760

PCT/AU2006/000924



WO 2007/002993

11/27

Monitoring device displays
raw impedance
parameters using a GUI
1030

765

No

Y

The operator selects
reference data

s a reference

770

775

PCT/AU2006/000924

available?

Is oedema

/

bilateral?

Analyse impedance of
contr-lateral limbs

785

Analyse impedance of
different limbs

A J

The processing system
determines and displays

report indicative of
current oedema status

Yes

780

790

-l

\ J

The processing system
compares the
determined parameters
to the references

795

800

Fig. 7C



WO 2007/002993 PCT/AU2006/000924

12127

gystom Ll wchent Sk Lt Bl

Cutrant User '
SUBJECT DETAILS iy f e A me _--1 004 e
| Fastrames o — T Fmbnu;.]aegelau " ) 'Dusolb.mlnmnén } 1001

Addiess fwok T o o Sex[Maeiv] Helghit 1955

Commente {test.whie movmg to create daka o ) A.tmklmh: TiRAm (TiLam Rl lv Liegy "'—""""""1 002

; Bnmhoalur— | : " Bazelna end - |

H 110112000 w\ Su}

1/01/2000 1
]

HESULTS
:lnataandhma‘ e lAw
)|

Iwnm, TR smeato. TALTHIL ammrato [8AKIR loatati.. [k ikIL ieg i, 1At iRK|PA Bizeto, IFA Bl [LA Fizera LA Rt IR Greto ‘lnifg

i

o
i

aseling s

§27/08l20|15 ;

239052 230585
235045 136016] 243343
560604 550735

f:[27i6r2005 5:3323 M
|27/0872005 8.44:32 M  3ag 855 073N

Fig. 8B



WO 2007/002993

PCT/AU2006/000924

13127
1010 1021
~ 2 -

1011—<

Subject: jos smith

- Height ] i

\Weight [855 |

Dominant limbs

cm Sex ] M

'

Al

Arm !L ﬂ*l

o
k-]
Q

Age 13‘10 - 1 years

- AMNA7

~1022

1017A~

Right Arm.

RVA I »)

SFRY status:
Connected to 192.168.11.110

L

kg Comment ’1sk measure&ent for joe following surgery ) i

[ Left Am

Connecting to 192.168.11.110

| oAk
g ki"'R‘UfFl' ‘{Connected to SFB7
- Ralio RO . 1 IFias cleared

—1020

ect's weight and add an optional comment.




WO 2007/002993

14/27

1010 1012

1017A\§‘ Ralio RO/ |

P
1017C
1019 {—

Subject: joe smith Dominant limbs

nt for joe following surgery h‘ }: [ 4

P ‘ Weight confirmed

‘f fLﬁlt i.eg o
Vi Atisk

1017B— o
Vi SFB? status:
I Connscted to 192,168.11.110
- RightAm || | LeftAm :
Ty Atk -] 1Atk | [Conmectingto 19216611490 1+
o . I {Connected to SFB7 |
Ratio RO/AT | {Fjles cleared o
‘ B
Il
I

1018 —F-

PCT/AU2006/000924

— 1020

1017A—]

Connecting to 192.168.11.110
Connected to SFB7

Right Arm measurement done

Fig. 9E

—1020

1023



WO 2007/002993 PCT/AU2006/000924

15127

1010
Subject: jos smith

 Height IW\E!_?D ; cm Sex l!&'l»gle» _:_]‘ Ag {"4ﬂ | years Am L }W! Leg iFi l

Dominant imbs

Weight 188.5 kg Comment i1slmeasur#ent for joe following surgery i
AP S P AN AT . N
S 10178

S >—1011

SFBY status:
Connected to 192.168.11.101

‘ "h|§|}f&r}"ﬁ LeftAm ,
' Abtisk % Atisk Connecting to 192.168.11.101 ¢ » |
1017A —I i At s r A 1 {Connected to SFB7 i \
BQ"F‘ HQ! Ri 1 Files cleared 1

'Weight confirmed
<41 {Right Arm measwrement done
1'{Right Leg measurement done i

Ratio RO/RL. }+

—1020

'{,ﬁamaw&.‘ |
0800 |

1011
. Tonnectedto 182168.11.101
R TR RER T
1017A : onmectedto SFB7
i AR fles cleared
v eight confirmed
ight Arm measurement done
Right Leg measurement done
Left Arm measurement done
—1020
P
1017C
1019 1023
1018— RIGHT ARM - Connectthe Iéads as shown then start the measurement on the SFB?

Fig. 9G



1017A—<

WO 2007/002993

1010
~

16/27

1012

PCT/AU2006/000924

Subject: joe smith

Height [l630 | om Sex [Mae [ Age /345 )

years

Dominant limbs

Arm lH »~]‘ teg [R (=]

joe following surgery

Right Alm
TrAtisk

1 RatoRomi |
0.496

 Weight 185.5 El kg Comment. {ist measuremén\

10178

s‘FB;z ,m.',,‘;»»m N
Connected to 192.168,11.110

0495

Le& l_eg

19 Atiisk

| PalioRO/R |,

R

I Atiigk | [Files cleared 7]

FIHI' AO/R Weight confirmed ~
atio AL/RL - | 1Right Arm measurement done

Right Leg measurement done
Left Arm measurement done
Left Leg measurement done

Whole body measurement done

I>— 1011

—1020

Systom Measuraments " Analysls “Brint Mol -

i1t | Ak ik L arm yaltio

i
0.3

N..
N

051

N

706/20051210:45 PM

051
051

I

560.692|

371,391 550.667

Fig. 9l




WO 2007/002993

1030

o~

PCT/AU2006/000924

17127

1033~

1036—<_

Subject: Zug Zig

 RoR1
0510

RO/Rint
. 1510

R 560.7
Rinf N4
Ri 1100.0

: R centie 466.1
- Xeentie 1.5

‘Radus 847
‘SEE 0149

oo bHb

'Ze 453 4
om 317 aF

C # datapoints 256
i #points uved 203

 #ignoisd | 53
PRTTTR I RO : S
" Masimum fequency

e 303 KHr

Epoft_Dsdbase Opkions Repot ‘,
Messuement 6 of 6 30/06/200511:46:00AM | Fist | Pev. | Net [ Last | £ RAm & LAm ¢ RLeg 1 Llag

Sex M Height 1890 cm ‘Woight B85 kg

G (Lo P Vewcna] d——— 1034

‘Reaclance, Xc, chms

a0
80

[IF [

Cole-Coln plot

H
i

Age 335 pems

;500_ ‘1 Kz

‘Ritentre. 46611
Heenlie 15
Ratius 94,7
SEE D49

303

Ignored

\lgnored

lgnored

Ignoted
ignared

Ignared

Ignared

Ignared

Ignored

lgnated

o, Mlgnored
|gnored

Ignored

1032
1031

1031



WO 2007

1033+

1036—<.

1033~

1036—<

1002993

18/27

1030
~

PCT/AU2006/000924

Q<port Qatabase thlun. Eeport

Measursmant 8 of 8 30!061200511.48 UUhM 4 Flsl i va imuxl@ La:k I o8 HA:m i LArm

]nLag o LLeg [Aank]

Subxcct 2ug Zlg

Sc« M nghl 159.0 em 'Wenghl 955 kg

“RORI
0.509

RI/Rinf
1509

BEQ.7
3.4
1005

RO
) Rinf
Ri

s
¥
|

W JEDRCIPUR SN SN ST O T

P cenbis 4651
Xcenlie 1.5
Radus 946
SEE 0147

de 203
Ze 4153

b PRS-

P Av—

Sewwsdaoeshacssh

Age 336 yean

-Rcentie 4667 O
Keentie 15 - 7 4
Radus 945 4
| SEE - 0147




WO 2007/002993

19/27
1040

PCT/AU2006/000924

| gystem  Msanremants Makers Apdlysis Frint Help
Cuctent Ussr Testueer

sunsectoeras T8 ) v | o |

 Frstnames| " Fanlyname | | Dabe of bieth J 4/38, .
Addrsas {Nmmalpupufelinnsampla p Sox{ ‘:
Commente | | Abkkbobs T R.Am o TLAm CiRleg  Mlles
Basehaa stat e L Bageline end - o Dom A Domleg . . ;
}l R l[uovzouu = =] i N v
R e TR ! :
RAESULYS ;
| ]Date andtime Age Weight Haight Sesi Dom. am|Dom. leg!R am ratio |HA Rzate L amrolio {LARzeto (LARf (A Isgratic IHLH:am ﬂ\-{x_l
28/07/2005 1:08:19PM 450 £4.7 178iM 1L IR | 056| 553538 056| 553.361| 359198 056| 559573 i
1 041 |4 550 0] FIR__ ln“ 1 p55l 655443] _0%8| 553461] 35957 08s|  Bsase2l | f
~ i) L} 56  559.6 K

Fig. 11A

System - Measurements, Marke
‘Cuitent User Test’u'e‘er’

ismith

.\ Famiyname,

1042

an [rensr =]
[Wde |

| - [Date and lime - : ‘|R:am ratio AA Rzeo {RARIN LA Rzero

{10/0572005 10:27:45 AM 337 2.4 0.56]Y 560,864 350646 014/N 560,181

10/05/2005 10:32:00 AM 37 %64 056y 560.371| 359551 0.56{N 560,33

- | 10/05/2005 10:32.52 M 37 %64 0.55] 5603 5IN 560,357

[1/o5/200522519PM | 337 262 56|y | 560.943 N~ | 560849

1111/05/2005 2:26:43 PM 337 263 0.8y 560,508 N E60.607

1:{25/0572005 2.44:46 PM 338 340 0.56] 559,676 N 559,633

: 338 340 B5BY 559.597| 358234 N 559,497

338 340 06| 559.343) 358284 N 560,702

i 339 230 0.50|N 604.161] 404045 Y 604,176

{.|25/07/2005 2:08:01 PM 33 230 0.50[N £04.033] 403338 Y 604,104

| |25/07/2005 2:55:19 PM 339 230 0.50[N 604086 403849 ¥ 604.121

{25/07/2008308:32P | 338]  230]  O50|N. | 604TS| 403812 Y 6

7/07/2005 8,25:33 AM 338 280 _ oBs|N 659.495| 358.251] 06|y | 859,

7/07/2005 3:38:50 AM 280 ossN 559702| 958119 ¥ 559583

: 28.0 “058|N 559.781|  359.068 ¥ 559.714

“280] 084 N 59.459|




PCT/AU2006/000924

WO 2007/002993

20/27

1050

Ghartsettings  System settings  Print

|>—1051

Age 340 yoas

kg

Sex M Height 1830 cm Weight 204

foB smith

' Subject:

05 055 06

0.45

k
2
L3
s
£
—
=
€
g
[ %
173
Fei
R
-
o
o
4LV
ik
a0

{

- Rleg  LLe

1052

1053B

Fig. 11C

1050

tings ~ Systermsetings Print

Chart setl

T - N Tl ;
I RS SO SIS UUPD SRS UG SN .
; radnairiin Y v o
; : : :
: i P
T : e
i ' ! N - N B 3 i & N H
: e DO S TS A SO, A
T o et PEEEEE N
<~ : & s N
. Y :
> w
: - a
o
!
o
wn
L8
o
v
(=]
v
- =
(=3
-
=3
S
€
82
R
£
[ &
Se
o
-
w
A
(=]
-
o
Bl
]
o
=
wn
=]
o
P =
¢
: s}
L Lo
‘ e
VW Ml
: : ?
L : ) )
e e g e e e e g o
VW W AW NN =00 W= B
o¥ao®%p Yo oD Qg =
o (=] o o o D. K ﬁ.—
“(1ayoy) o) w WY

1052

Fig. 11D

1053B



WO 2007/002993 PCT/AU2006/000924

21127
1050

Chart settings  Systemsettings Brirt o~

Subject: jos smih Sex M Height 1890 cm Woight 284 kg Age 340 yem>——‘%'1 051

k) ! :
1 — ‘
/} ! !
/ 1 ¥
] |
/
i t
;
£l : | /1057
: 1
| H !
é‘ ! 1 i |7
= | ' !
2 i {
< 1 1 i
g I ! s
o
gL ! !
g = ‘
[ =2 ' i
w | ! H
e | ! !
E } 1
s | i !
e | : i
B | 1
= { !
1 H H
| ) 1
1 i i
) ) ;
! ! !
ol T T S B
5/05!“2005 250512005 25/07/2005

12:57:34 PM 2:44:45PM

!
i
e b
e
: e
: Eol
' oy
! - o
) v
! a1
! [
' v
0454+ -4 -RM:. T T Y cheohe
¢
0A4: b R
1
005 fiee s e el e P e e e e s
‘ ;
LS ERE - P S S - -~
5/05/2005 2510512005

12:67:34 PM

2:44:46 PM

1053A—
N . Al -
1053B Fig. 11F 1052




WO 2007/002993 PCT/AU2006/000924

1050
;hartsettings» Syste‘mseuhgswgrht .
Sublect: joesmih

Sox M Haight 1830 om Waight 284 kg Age 340 yem>.____‘_ 1051

582
5680+
578

5764
5§74

2500712005
1:02:17 PM

5/05/2005
12:57:34 PM

1053A—1— »

1050

Chartsettings  Gystem settings Pk

1051

- Sublect: ossnih

; i ;
H
704 ¢ T - e
i i ;
! ' )
650 :.. M e ; e - - [P, P R~ _— H..,,,; i -
i ! ! 0421
soo] [festeescine] oL ; M_J“?“"’w!"i"‘l,. l
h ¥ Y
@ W .
55504 j . N vy Ce i ws me e n  —— e v - 1 - -
=] i + N
e |} i |
8500 ; -- e A S REEEEEE
5 : : :
. H
8as0] :- - E o - PR
g H 1 1
& : : i
BT IR T S I e e o
& , ; |
as0] | ! ;
00 i : |
250 4 - : .- :
: ! ;
zun-g Bl N . . :

51052005 25050008 2500772005
12:57.34 PM 244:46 PM 10247 PM

Resistance at zeto [chms)




WO 2007/002993

1010,
I ,1012”

PCT/AU2006/000924

Subject: jos smith

Dominant limbs

 Height [1830 |

years Arm !!‘1 ___! Leg iFi __j

A4 7R

>—1011

1017A L]

1017C] L.
1019}—

| ‘Weight 188.5 4; kg Comment 11sl measulevnt for joe following surgery

: ', F_ligh? ﬁl!r!

s

[ Abisk
Ratio RO/
0.495

Coleplat.. |

" Right Leg

[P Atiisk

Ratio AD/RI
0496 ||
Cole pxi‘bt“ 11

'

IJIi7D

SFB7 status:

| Le;li Arm

iy

! Cole plat... -

11 A risk

0.495

1

Connected to 192.168.11.110

Files t}:‘!eared
ooeoo | {Weight confirmed
. Ratio RU/RL | {Right Atm measurement done
| {Left Arm measurement done
|- {Left Leg measurement done

Lglft Leg

Right Leg measurement done

—1020

1018—

—




WO 2007/002993 PCT/AU2006/000924

24/27
—-Z -
ﬂ' o™
1"! & Z -
3 [ -
™
i
M '
(3
[ E
T e
o)
g
/ -




WO 2007/002993

25127

Determine device
update required

/

Create new
configuration data

A

Upload
configuration data
to device

Activate device

Y

Operate in
accordance with
configuration data

Fig. 15

1500

1510

1520

1530

1540

PCT/AU2006/000924



WO 2007/002993

26/27

Determine change
in regulatory
status for a region

y

Determine new
features available
based on change

\ 4

Determine
identifier of device

\ J

Determine existing
configuration data
for the device

A

Modify the
configuration data
based on the new

features

A

Encrypt the
configuration data
based on the
identifier

y

Transfer the
encrypted
configuration data
to the device

A

Device restarts and
decrypts configuration

data using the
identifier

A

Processing system

activates software

features within FPGA

Fig. 16

1600

1610

1620

1630

1640

1650

1660

1670

1680

PCT/AU2006/000924



WO 2007/002993

1750

27127

Uses selects
feature

A

Processing system
generates indication
that feature
unavailable

Update not
available

A

User selects
activate feature
option

Y

User provides
payment details

Payment
verified?

Fig. 17

1700

1710

1720

1730

1740

PCT/AU2006/000924



INTERNATIONAL SEARCH REPORT International application No.

PCT/AU2006/000924
A, CLASSIFICATION OF SUBJECT MATTER
Int. CL.
A61B 5/053 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
DWPI: IPC A61B & keywords: (impedance, body, person, patient, electrode, arrangement, position, site, location,
resistance) and similar terms

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.

JP 10-225521 A (HEIWA ELECTRONIC IND) 25 August 1998 :
X Whole document, especially Figures 10 and 12 1-30, 79

WO 2002/094096 Al (IDEMITSU TECHNOFINE CO., LTD) 28 November 2002
X Whole document ' 1-30, 79

US 2005/0033281 A1 (BOWMAN ET AL) 10 February 2005
A Whole document ‘ " 1-30,79

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents:

"A"  document defining the general state of the art which is "T"  later document published after the international filing date or priority date and not in

not considered to be of particular relevance ‘ conflict with the application but cited to understand the principle or theory
underlying the invention

"E"  earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel

international filing date or cannot be considered to inyolve an inventive step when the document is taken
: alone ’ .

"L"  document which may throw doubts on priority claim(s) "Y"  document of particular relevance; the claimed invention cannot be considered to
or which is cited to establish the publication date of involve an inventive step when the document is combined with one or more other
another citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art

"O"  document referring to an oral disclosure, use, exhibition wen .
or other means & document member of the same patent family

"p* document published prior to the international filing date
but later than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
27 September 2006 : - 50CT 2006
Name and mailing address of the ISA/AU Authorized officer

AUSTRALIAN PATENT OFFICE

Eomai addres po@paisilingovan KAREN VIOLANTE

Facsimile No. (02) 62853929 - . Telephone No : (02) 6283 7933

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/AU2006/000924
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of docurr;ent, with indication, where appropriate, of the relevant passages Relevant to
claim No.
WO 2005/010640 A2 (TSOGLIN) 3 February 2005
A ‘Whole document 1-30, 79
. WO 2004/049936 A2 (Z-TECH (CANADA) INC.) 17 June 2004
A Whole document 1-30, 79

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT International application No.
PCT/AU2006/000924

‘Box No. II  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons: ' ’

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2, C}aims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

See additional sheet.

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See additional sheet.

1, l:l As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims. ’

2. I:] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees, ) '

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
, restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1to 30 and 79

Remark on Protest D The additional search fees were accompanied by the applicant's protest and, where applicable,
the payment of a protest fee.

D The additional search fees were accorﬁpanied by the applicant’s protest but the applicable
protest fee was not paid within the time limit specified in the invitation. .

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT International application No.
PCT/AU2006/000924

Supplemental Box
(To be used when the space in any of Boxes I to VIII is not sufficient)

Continuation of Box No: I

Claims 59 to 78 and 82-83 are considered to be so unclear that a meaningful search is not possible. Claim 59 for
example defines a method for configuring a processing system. It has not been defined in the claim what the “feature”
relates to, whether it is a feature of the processing system, a feature of the condition of the subject or a feature relating
to impedance measurements. It is therefore also unclear whether the impedance measurements made are for measuring
a particular feature of the subject, are measuring impedance in a particular way, or whether the “instructions” relate to
how the measuring device operates internally. The above reasoning also applies to independent claims 72, 77, 79 and
82-83.The appended claims do not act to overcome this deficiency.

Form PCT/ISA/210 (extra sheet (2))(April 2005)




INTERNATIONAL SEARCH REPORT k International application No.
PCT/AU2006/000924

Supplemental Box
(To be used when the space in any of Boxes I to VIII is not sufficient)

Continuation of Box No: III

This International Application does not comply with the requirements of unity of invention because it does not relate
to one invention or to a group of inventions so linked as to form a single general inventive concept.

In assessing whether there is more than one invention claimed, I have given consideration to those features which can
be considered to potentially distinguish the claimed combination of features from the prior art. Where different claims
have different distinguishing features they define different inventions.

This International Searching Authority has found that there are different inventions as follows:

1. Claims 1 to 30 and 79 define performing impedance measurements on a subject using an electrode
arrangement. It is considered that the electrode arrangement comprises a first distinguishing feature

2. Claims 31 to 40 and 80 define performing impedance measurements on a subject using a representation of the
at least one impedance parameter.'It is considered that the generation of the representation of the at least one
impedance parameter comprises a second distinguishing feature.

3. Claims 41 to 58 and 81 define performing impedance measurements on a subject using a representation
indicative of required electrode arrangement. It is considered that the displaying a representation indicative of
required electrode arrangement comprises a third distinguishing feature.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical relationship
among the claimed inventions involving one or more of the same or corresponding special technical features. PCT
Rule 13.2, second sentence, defines a special technical feature as a feature which makes a contribution over the prior
art.

Each of the abovementioned groups of claims has a different distinguishing feature and they do not share any feature
which could satisfy the requirement for being a special technical feature. Because there is no common special technical
feature it follows that there is no technical relationship between the identified inventions. Therefore the claims do not
satisfy the requirement of unity of invention a priori.

As the search and examination for the additional inventions will each require more than negligible additional search
and examination effort over that for the first invention and each other, two additional search fees are warranted.

Form PCT/ISA/210 (extra sheet)(April 2005)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/AU2006/000924

This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars
which are merely given for the purpose of information.

Patent Document Cited in Patent Family Member
Search Report ‘
JP 10-225521 NONE
WO - 2002/094096 NONE
us 2005033281 AU - 2003237816 CA 2486820 CN 1671331
| EP 1509150 UsS 6780182 UsS 2003220636
WO  2003/099149 )
WO  2004/049936 AU 2003286054 CA 2451635 EP 1567052
uUs 2004167422
WO  2005/010640 EP 1648297

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

END OF ANNEX

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - wo-search-report
	Page 87 - wo-search-report
	Page 88 - wo-search-report
	Page 89 - wo-search-report
	Page 90 - wo-search-report
	Page 91 - wo-search-report

