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INDICATOR

Background of the Invention

The present invention relates to a method and apparatus for use in analysing impedance
measurements performed on a subject, and in particular to a method and apparatus for
displaying an indicator that is indicative of a subject parameter, such as fluid levels within the

subject.

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
fluid levels, 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, or

other conditions which affect body habitus.

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 Iymphatic 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
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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.

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 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

It is an object of the present invention to substantially overcome, or at least ameliorate, one or

more disadvantages of existing arrangements.

In a first broad form the present invention provides a method for use in analysing impedance
measurements performed on a subject, the method including, in a processing system:
a) determining at least one impedance value, representing the impedance of at least a
segment of the subject;
b) determining an indicator indicative of a subject parameter using the at least one
impedance value and a reference; and,

¢) displaying a representation of the indicator.
Typically the indicator is scaled relative to at least one reference value.

Typically the subject parameter is at least one of:
a) fluid levels within the subject; and,

b) extracellular fluid levels in a subject limb.
Typically the indicator is for use in assessing the presence, absence or degree of a condition.

Typically the indicator is at least one of:
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a) an oedema indicator for use in assessing a presence, absence or degree of oedema in
the subject.

b) ahydration indicator for use in assessing a hydration levels in a subject.

+ Typically the method includes, in the processing system:
5 a) generating an impedance ratio representing the impedance of the unaffected Iimb
against the impedance of the affected limb; and,

b) determining the oedema indicator using the impedance ratio.

Typically the method includes, in the processing system:
a) determining first measured impedance values representing the impedance of the
10 unaffected limb;
b) determining second measured impedance values representing the impedance of the
affected limb;

' c) determining impedance ratio using the first and second measured impedance values.

Typically the method includes, in the processing system, determining the impedance ratio

15 using the equation:

_ Zul

IR=—
Zal

where: Zul is the measured impedance of the unaffected limb

Zal is the measured impedance of the affected limb

Typically the method includes, in the processing system:
20 a) determining one or more impedance parameter values from measured impedance
values; and,

b) determining the impedance ratio using the impedance parameter values.

Typically the impedance parameter values include at least one of:
a) an impedance at infinite applied frequency (Ro);
25 b) an impedance at zero applied frequency (Ry); and,

¢) animpedance at a characteristic frequency (Z,).
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Typically the method includes, in the processing system, determining the impedance

parameter values at least in part using the equation:

RO"ROO

Z = Rw+——'—1——
14 (jor)"™™

where: R,= impedance at infinite applied frequency;
5 R¢=impedance at zero applied frequency;
o = angular frequency;
7 is the time constant of a capacitive circuit modelling the
subject response; and,

o has a value between 0 and L.

10 Typically the method includes, in the processing system, determining the impedance ratio

using the equation:

where: IR is the impedance ratio
Ryul is the impedance of the unaffected limb at zero frequency

15 Ryal is the impedance of the affected limb at zero frequency

Typically the method includes, in the processing system, determining the oedema indicator

by scaling an impedance ratio relative to a reference.

Typically the method includes, in the processing system:
a) determining a mean impedance ratio value for a normal population;
20 b) determining a three standard deviation value for the normal population; and,

c¢) scaling the impedance ratio using the mean and three standard deviation values.

Typically the method includes, in the processing system, determining the oedema indicator

using the equation:
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L—Dex = LB 1)
30—u
where: L-Dex is the oedema indicator

IR is the impedance ratio
4 is the population mean
30 is three standard deviations for the population

sfis the scaling factor
Typically the scaling factor has an integer value.
Typically the scaling factor is a multiple of ten.

Typically the indicator is a hydration indicator for use in determining a hydration level of a

subject.

Typically the method includes, in the processing system:
a) determining measured resistance and reactance for the subject;
b) normalising the measured resistance and reactance for the subject using a subject
height; and,

¢) determining the hydration indicator using the normalised resistance and reactance.

Typically the method includes, in the processing system, determining the normalised
resistance and reactance using:

Ry =[R/P) - (R/W)mean ]/ (R/B)sta dev

Xey = [ (Xc/h) - (Xc/h)mean ] / (Xc/B)sta dev

Typically the method includes, in the processing system, determining the hydration indicator
using a normalised vector distance of the normalised resistance and reactance values from

mean and standard deviation resistance and reactance values for a reference population.

Typically the method includes, in the processing system, scaling the normalised vector

distance using a scaling factor.

Typically the method includes scaling the normalised vector using the equation:
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sfx|R,, X ,|sin
oy — e = f % |R, (@)
4o
where: sf is the scaling factor

¢ is an angle between the patients normalised measurement vector and

the mean hydration line

Typically the scaling factor has an integer value.

‘Typically the reference is at least one of®

a) derived from a normal population; and,

b) determined from predetermined values.

Typically the method includes, in the processing system:
a) determining one or more subject details; and,

b) selecting the reference at least partially in accordance with the subject details.

Typically the subject details include at least one of:
a) limb dominance;
b) ethnicity;
c) age;
d) sex;
e) weight; and,
f) height.

Typically the method includes, in the processing system, displaying the representation as a
linear scale, the linear scale including:

a) alinear indicator;

b) ascale; and,

c) apointer, the pointer being positioned on the scale in accordance with the indicator.

Typically the method includes, in the processing system, displaying the representation as a
linear scale, the linear scale including:
a) a linear indicator;

b) ascale;
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c) at least one bar representing the indicator value; and,
d) at least one bar representing at least one of a previous indicator value and a baseline

indicator value.

Typically the method includes, in the processing system, displaying the representation
including an indication of a change in indicator value from at least one of a previous indicator

value and a baseline indicator value.

Typically the method includes, in the processing system, displaying the representation as a
chart including:

a) an axis defining measurements performed;

b) an axis defining indicator values; and,

c) one or more points representing one or more determined indicator values.

Typically the method includes, in the processing system:
a) determining at least one threshold using the reference; and,
b) displaying the threshold on the representation, the position of the threshold being

indicative of the presence of a condition.

Typically the method includes, in the processing system:
a) determining two thresholds using the reference; and,
b) displaying the thresholds on the representation, the thresholds being indicative of a

normal range.

Typically the method includes, in the processing system, displaying, on the representation, at
least one of:

a) anormal range;

b) an intervention range;

c) a hydra’gion range; and,

d) an oedema range.

Typically the method includes, in the processing system, displaying, on the representation, at

least one colour coded region representing a respective range.
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Typically the method includes, in the processing system, displaying a representation
including at least one of:
a) textual information representing at least one of:
1) ameasurement date;
ii) an indicator value; and,
iti) whether or not the indicator value is in a normal range; and,

b) an icon indicative of whether or not the indicator value is in a normal range.

Typically the method includes, in the processing system, displaying a representation

including a Gaussian curve representing a normal population distribution.

Typically the method includes, in the processing system, generating a report, the report
including:
a) a section including information relating to at least one of:
1) the subject;
ii) an operator; and,
iii) a CPT code; and,

b) a section including at least one representation.

Typically method includes in the process system, causing one or more impedance

measurements to be performed.

Typically the method includes, in the processing system:
a) causing at least one excitation signals to be applied to the subject;
b) determining an at least one signal measured across the subject; and,
c) determining at least one impedance value using an indication of the excitation signal

and the signal measured across the subject.

In a second broad form the present invention provides apparatus for use in analysing
impedance measurements performed on a subject, the apparatus including a processing
system for:

a) determining at least one impedance value, representing the impedance of at least a

segment of the subject;
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b) determining an indicator indicative of a subject parameter using the at least one
impedance value and a reference; and,

c) displaying a representation of the indicator.

Typically the apparatus includes:
a) a signal generator for applying one or more electrical signals to the subject using a
first set of electrodes;
b) a sensor for measuring electrical signals across a second set of electrodes applied to
the subject; and,
c) acontroller for:
1) controlling the signal generator; and,

ii) determining the indication of the measured electrical signals.
Typically the controller includes the processing system.
Typically the processing system includes the controller.

In a third broad form the present invention provides a method for use diagnosing the
presencé, absence or degree of oedema in a subject by using impedance measurements
performed on the subject, the method including, in a processing system:
a) determining at least one impedance value, representing the impedance of at least one
limb of the subject;
b) determining an oedema indicator using the at least one impedance value and a
reference; and,
c) displaying a representation of the oedema indicator, to thereby allow the presence,

absence or degree of oedema in the subject to be assessed.

In a fourth broad form the present invention provides a method for use in determining the
hydration status of a subject, the method including, in a processing system:
a) determining at least one impedance value, representing the impedance of at least one
limb of the subject;

b) determining an indicator using the at least one impedance value and a reference; and,
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c) displaying a representation of the indicator to thereby allow the hydration status of the

subject to be assessed.

It will be appreciated that the broad forms of the invention may be used individually 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, lymphoedema, body"

con—lposition and the like.

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 determining an indicator;

Figures 3A to 3C are schematic diagrams of first examples of representations of oedema
indicators;

Figure 4 is a flowchart of an example of a process for determining an oedema indicator for
uni-lateral limb oedema;

Figures 5A and 5B are diagrams of examples of electrode positions for use in measuring limb
impedances;

Figures 5C and 5D are schematic diagrams of examples of electrode positions for use in
measuring limb impedances;

Figures 6A to 6D are schematic diagrams of second examples of representations of oedema
indicators, showing additional information;

Figures 7A and 7B are schematic diagrams of third examples of representations of oedema
indicators, showing variations in the oedema indicator from a baseline;

Figures 8A to 8C are schematic diagrams of further examples of representations showing
historical variations in oedema indicators;

Figure 9 is a schematic representation of an example of a report incorporating representation
of oedema indicators;

Figure 10A is a flow chart of an example of a process for determining hydration and other

body composition indicators;
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Figure 10B is a schematic diagram of an example of a compartment model for body
composition;

Figure 10C is a schematic diagram of an example of electrode positions for use in measuring
whole body impedance;

Figure 10D is an example of a Piccoli plot for use in determining a hydration index;

Figure 11A is a schematic representation of an example of a report incorporating hydration
indicators;

Figures 11B and 11C are schematic representations of examples of hydration indicators;
Figure 12A is a schematic representation of an example of a report incorporating fat mass
indicators; '

Figure 12B is a schematic representations of an example of a fat mass indicator;

Figure 13 is a schematic fepresentation of an example of a body composition report; and,

Figure 14 is a schematic representation of an example of a active tissue mass report.

Detailed Description of the Preferred Embodiments

An example of apparatus suitable for performing an analysis of a subject's bioelectric

impedance will now be described with reference to Figure 1.

As shown the apparatus includes a measuring device 100 including a processing system 102
coupled to a signal generator 111 and a sensor 112. In use the signal generator 111 and the
sensor 112 are coupled to first electrodes 113, 114, and second electrodes 115, 116, provided
on a subject S, via respective first leads 123, 124, and second leads 125, 126. The copnection
may be via a switching device 118, such as a multiplexer, allowing the leads 123, 124, 125,
126 to be selectively interconnected to signal generator 111 and the sensor 112, although this
is not essential, and connections may be made directly between the signal generator 111 and

the first electrodes 113, 114, and the sensor 112 and the second electrodes 115, 116.

An optional external interface 103 can be used to couple the measuring device 100, via
wired, wireless or network connections, to one or more peripheral devices 104, such as an
external database or computer system, barcode scanner, or the like. The processing system
102 will also typically include an I/O device 105, which may be of any suitable form such as

a touch screen, a keypad and display, or the like.
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In use, the processing system 102 is adapted to generate control signals, which causes the
signal generator 111 to generate one or more alternating signals, such as voltage or current
signals, which can be applied to a subject S, via the first electrodes 113, 114. The sensor 112
then determines the voltage across or current through the subject S, using the second -

electrodes 115, 116 and transfers appropriate signals to the processing system 102.

Accordingly, it will be appreciated that the processing system 102 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 presence,

absence or degree of oedema, or the like.

The processing system 102 may therefore be a suitably programmed computer system, such
as a laptop, desktop, PDA, smart phone or the like. Alternatively the processing system 102
may be formed from specialised hardware, such as an FPGA (field programmable gate
array), or a combination of a programmed computer system and specialised hardware, or the
like.

It will be appreciated that the processing system 102, the signal generator 111 and the sensor
112 may be integrated into a common housing and therefore form an integrated device.
Alternatively, the processing system 102 may be connected to the signal generator 111 and
the sensor 112 via wired or wireless connections. This allows the processing system 102 to
be provided remotely to the signal generator 111 and the sensor 112. Thus, the signal
generator 111 and the sensor 112 may be provided in a unit near, or worn by the subject S,

whilst the processing system 102 is situated remotely to the subject S.

In use, the first electrodes 113, 114 are positioned on the subject to allow one or more signals
to be injected into the subject S. The location of the first electrodes will depend on the
segment of the subject S under study, and can include for example, positioning electrodes on
the wrist and ankles of a subject, to allow the impedance of limbs, or the whole body, to be

determined.
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Once the electrodes are positioned, one or more alternating signals are applied to the subject
S, via the first leads 123, 124 and the first electrodes 113, 114. The nature of the alternating
signal will vary depending on the nature of the measuring device and the subsequent analysis

being performed.

For example, the system can use Bioimpedance Analysis (BIA) in which a single low
frequency current is injected into the subject S, with the measured impedance being used
directly in the assessment of oedema. In contrast Bioimpedance Spectroscopy (BIS) devices

utilise frequencies ranging from very low frequencies (4 kHz) to higher frequencies (1000

kHz), and can use 256 or more different frequencies within this range, to allow multiple

impedance measurements to be made within this range.

Thus, the measuring device 100 may either apply an alternating signal at a single frequency,
at a plurality of frequencies simultaneously, or by apply a number of alternating signals at
different frequencies sequentially, depending on the preferred implementation. The
frequency or frequency range of the applied signals may also depend on the analysis being

performed.

In one example, the applied signal is a frequency rich current from a current source clamped,
or otherwise limited, so it does not exceed a 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 the second electrodes 115, 116.
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 second 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.
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To assist accurate measurement of the impedance, buffer circuits may be placed in
connectors that are used to connect the second electrodes 115, 116 to the second leads 125,
126. 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 second leads

125, 126, and reduce signal loss.

This in turn greatly reduces artefacts caused by movement of the second leads 125, 126,
which is particularly important in some applications such as monitoring fluid levels during
dialysis, in which sessions usually last for several hours and the subject will move around and

change positions during this time.

A further optiofl is for the voltage to be measured differentially, meaning that the sensor used
to measure the potential at each second electrode 115, 116 only needs to measure half of the

potential as compared to a single ended system.

The measurement system may also have buffers placed in the connectors between the first
electrodes 113, 114 and the first leads 123, 124. In one example, current can also be driven
or sourced through the subject S differentially, which again greatly reduced the parasitic
capacitances by halving the common-mode current. Another particular advantage of using a
differential system is that the micro-electronics built into the connectors for each first
electrode 113, 114 also removes parasitic capacitances that arise when the subject S, and

hence the leads first 123, 124, 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 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
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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.

In the case of BIS, 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 to generate an oedema indicator will now be

described with reference to Figure 2.

In this example, at step 200 the processing system 102 causes a current signal to be applied to
the subject S, with the induced voltage across the subject S being measured at step 210, with
signals representing the measured voltage and the applied current being returned to the

processing system 102 for analysis.

When the process is being used to determine an oedema indicator, this is typically performed
for at least a segment of the subject S that is suspected of being susceptible to oedema, and
may also be repeated for a separate healthy segment of the subject. Thus, for example, in the
case of limb oedema, this is typically performed on the affected or "at risk" limb (hereinafter
generally referred to as the "affected" limb), and the contra-lateral limb. However, if the
process i$ being used to determine other indicators, such as hydration indicators, then whole
body impedance measurements may be performed, in which case the segment corresponds to

the entire subject.

It will be appreciated that the application of the current and voltage signals may be controlled
by a separate processing system to that used in performing the analysis to derive an indicator,

and that the use of a single processing system is for the purpose of example only.

At step 220, measured voltage and current signals are used by the processing system 102 to
determine one or more measured impedance values, depending on whether the current is

applied at multiple or only a single frequency. In one example, this includes first impedance
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values representing the impedance of the unaffected limb and second impedance values
representing the impedance of the affected limb. However, alternatively, this may be

impedance values representing the impedance of the entire body.

Once the one or more impedance values are determined, these are used by the processing
system 102, together with a reference, to derive an indicator. This may be achieved in any

one of a number of ways depending on the preferred implementation.

In one example, the indicator provides information relating to a subject parameter, such as an
indication of fluid levels within the subject. This can be based on measured impedance
values, or impedance parameters derived therefrom, such as the impedance at zero,
characteristic and infinite frequencies. The indicator is typically in the form of a numerical
value that is scaled relative to the reference, to thereby provide an indication of the relative
value of the subject parameter, which can in turn be indicative of the presence, absence or

degree of a condition, such as oedema, hydration levels, or the like.

This is typically achieved so that the indicator can be represented on a linear indicator, with
the position of a pointer relative to an associated scale being indicative of the relative value
of the subject parameter. In one example, the linear indicator can include thresholds at
predetermined values representing ranges indicative of the presence or absence of a

condition.

Thus, when the indicator is an oedema indicator, the numerical value and hence position of
the pointer can be an indication of relative extracellular fluid levels in a limb, which can in
turn be used to indicate the likely presence, absence or degree of oedema. In this regard, the
skilled person will understand that any such indicator is not absolute, and that in practice this
indicator is a mechanism for presenting information to a medical or healthcare professional,

allowing them to interpret the measured data, and perform any diagnosis.

The oedema indicator can be based solely on the impedance measured for the "affected"
limb. However, more typically the oedema indicator is based on an impedance ratio
representing the impedance of the unaffected limb against the impedance of the affected

limb. It will be appreciated that this is particularly advantageous as this provides a
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dimensionless numerical value that is easily scaled, and also takes into account inherent

variations in absolute fluid levels within the subject.

It will be appreciated that in a healthy person, the impedance of both limbs will be similar
and the impedance ratio will approximate 1.00. However, a population study of healthy
subjects has found that slight differences in impedance have been recorded due to limb
dominance in limbs. Hence the mean “normal” ratio used for comparison with a patient’s
ratio may be different depending on whether a patient’s affected limb is the dominant one or

not.

In any event, when the extracellular fluid in a limb increases, the impedance of that limb
decreases. Consequently, the impedance ratio increases as the volume of extracellular fluid in
the affected limb increases. Therefore as the impedance ratio increases the patient’s condition

is worsening.

In one example, the assessment of lymphoedema in a patient uses a comparison of the
impedance ratio to a normal range of impedance ratios established in a healthy population.
Patients whose impedance ratio is greater than three standard deviations away from the mean

ratio are defined as having lymphoedema.

For ease of use and understanding by lymphoedema therapist and clinicians the impedance
ratio is scaled, such that a pre-selected threshold value can be used to indicate a fluid level
that is suggestive of the presence or absence of oedema. To achieve this, a reference
population is used to scale the impedance ratio values such that three standard deviations

from the mean (or another suitable value) is represented by a predetermined threshold value.

In one example the threshold value is set at a value of "10" and accordingly if the scaled
index ratio has a value of greater than "10" then this is indicative of the presence of oedema
in the affected limb. In the event that the scaled impedance ratio is between "-10" and "10"
this indicates that this is within normal population ranges and therefore indicates that oedema

is not typically present.

In the event that the scaled impedance ratio value is less than "-10", then this generally

indicates that a problem with the measurement has occurred which requires further
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investigation. This may include for example, that the electrodes have been connected to the

subject incorrectly, or that the affected limb has been incorrectly identified.

It will be appreciated however, that any scaling may be used, so that the value of "10" as
being an oedema threshold is for the purpose of illustration only, and that in practice the
value could be selected to be any suitable number. However, as will be appreciated by
persons skilled in the art, the selection of a memorable integer value for the threshold makes

the process of identifying the presence of oedema far easier.

If the indicator is used for other conditions, such as hydration levels, the position of the
pointer can be used to indicate another subject parameter, such as overall fluid levels within
the whole of a subject. In one example, the value is scaled relative to a reference obtained
from relevant sample populations so that four standard deviations from a population mean
has a value of "100". This allows the a user to rapidly evaluate any determined indicator
value and more easily make a rapid assessment as to the hydration level of the subject
relative to a standard normal population, which is in turn suggestive of dehydration or over

hydration.

Once the indicator is determined, a representation of the indicator can be displayed to an

operator at step 240.

Example of such representations for oedema indicators will now be described with reference

to Figures 3A and 3B.

In these examples, the representation is in the form of a linear indicator 300, having an
associated scale 301 and a pointer 302. The position of the pointer 302 relative to the scale
301 is indicative of the subject parameter, which in this example is based on an impedance
ratio representing a ratio of fluid levels determined for healthy and affected limbs of the

subject.

In the example of Figure 3A, a reference population is available, and accordingly this is used
to determine mean impedance and standard deviations for equivalent impedance ratio
measurements made for a relevant sample population. The indicator representation also

includes a mean indicator 310 representing the mean impedance ratio for the normal
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population, which is set to a value of "0" on the scale 301. The upper and lower thresholds
are set to be three standard deviations from the mean 310, and are set to be positioned at "-

10" and "+10" on the scale 301 respectively.

In use the lower and upper thresholds 311, 312 define a normal range 320, an investigation
range 321, and an oedema range 322. The ranges can be indicated through the use of
background colours on the linear indicator, so that for example, the normal range 320 is
shaded green, whilst the investigation range 321 is unshaded, and the oedema range 322 is
shaded red. This allows an operator to rapidly evaluate the positioning of the pointer 302
within the ranges, allowing for fast-and accurate diagnosis of oedema based on the indicated

fluid level information.

Thus, in the example of Figure 3A, the pointer 302 is positioned at the value of 16.6, placing
the pointer 302 in the oedema range 322, indicating to the user that the fluid levels in the

subject S are probably indicative of oedema in the affected limb.

In this example, the linear indicator extends up to a value of "20" as this is able to
accommodate the determined value of 16.6. However, it will be appreciated that the linear
indicator can be extended to any value required to accommodate the determined indicator
value. To ensure that the linear scale remains clear, particularly if an extreme indicator value
is to be displayed, the linear indicator 300 may include discontinuities, allowing the scale to
be extended to higher values. An example of this is shown in Figure 3C, in which a
discontinuity 305 is used to separate the linear indicator 300 into two portions 300A, 300B.
In this example, the linear indicator portion 300A extends from "-10" to "+20", whilst the
second linear indicator portion 300B extends from "+70" to "+90", thereby allowing an
indicator value of "80" is to be displayed by appropriate positioning of the pointer 302 in the
indicator portion 305B.

Whilst a linear indicator 300 is preferred as this easily demonstrates to the operator the

potential degree of severity of any oedema, this is not essential, and alternatively the scale

- may be modified, particularly if an outlier indicator value is determined. Thus, for example,

the linear indicator could include logarithmic scaling, or the like, over all or part of its length,

to allow the determined indicator value to be displayed.
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In the event that the indicator value is between "-10" and "+10", this indicates that the subject
S is within the normal range 320 and that therefore they do not have oedema. Finally, in the
event that the indicator value is below "-10", then the subject S is within the investigation
range 321, indicating that the measurements need to be investigated further. In particular, it
is extremely unlikely that the affected limb could have an impedance value significantly
smaller than that of the unaffected limb, and accordingly, this indicates that in all likelihood
there has been an error in the measurement, such as incorrect designation of the affect limb,

or incorrect connection of electrodes.

In the example of Figure 3B, no reference population is available, and accordingly, the
representation does not includes a mean 310 or lower or upper thresholds 311, 312. In this
instance, the indicator value is still scaled, but rather than basing this on a mean and standard
deviation of a reference population, this is achieved using default standard values for the

mean and the standard deviation.

As a result an oedema indicator value of above "10" is still indicative of oedema, but may be
a less reliable indicator than if the reference is available. To take this into account, the
thresholds 311, 312, and hence the specific ranges 320, 321, 322, are excluded from the
representation, highlighting to the operator that the scaled subject parameter value is

indicative but not definitive of the subject's oedema status.

An example of the process for determining an indicator for unilateral limb oedema will now

be described in more detail with reference to Figure 4.

In this example, at step 400 subject details are determined and provided to the processing
system 102. The subject details will typically include information such as limb dominance,
details of any medical interventions, as well as information regarding the subject as the
subject's age, weight, height, sex, ethnicity or the like. The subject details can be used in
selecting a suitable reference normal population, as well as for generating reports, as will be

described in more detail below.
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It will be appreciated that the subject details may be supplied to the processing system 102
via appropriate input means, such as the /O device 105. Thus, each time a subject

measurement is performed this information can be input into the measuring device 100.

However, more typically the information is input a single time and stored in an appropriate
database, or the like, which may be connected as a peripheral device 104 via the external
interface 103. The database can include subject data representing the subject details, together
with information regarding previous oedema indicators, baseline measurements or impedance

measurements recorded for the subject.

In this instance, when the operator is required to provide subject details, the operator can use
the processing system 102 to select a search database option allowing the subject details 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 other device, which includes
coded data indicative of the subject identifier. In this case, the measuring device 100 can be
coupled to a peripheral device 104, such as a barcode or RFID (Radio Frequency
Identification) reader allowing the subject identifier to be detected and provided to the
processing system 102, which in turn allows the subject details to be retrieved from the
database. The processing system 102 can then display an indication of the subject details
retrieved from the database, allowing the operator to review these and confirm their accuracy

before proceeding further.

At step 410 the affected limb, or "at risk" limb, is determined. This may be achieved in any
one of a number of ways depending on the preferred implementation. Thus, for example, the
affected limb can be indicated through the use of appropriate input means, such as the /O
device 105. Alternatively this information can be derived directly from the subject details,
which may include an indication of the affected limb, or details of any medical interventions

performed, which are in turn indicative of the affected limb.
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At step 420 an operator positions the electrodes on the subject S, and connects the leads 123,
124, 125, 126, to allow the impedance measurements to be performed. 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 5A, and on the feet at the base of the toes
and at the front of the ankle, as shown in Figure 5B. The configurations shown in Figures 5C
and 5D allow the right arm 631 and the right leg 633 to be measured respectively, and it will
be appreciated that equivalent arrangements can be used to measure the impedance of the left

leg and left 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 113 and 114 in Figure 5C, the electrode 116

could be placed anywhere along the left arm 632, 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.

However, it will be appreciated that any suitable electrode and lead arrangement may be

used.

At step 430 the impedance of the affected and contralateral limbs are measured. This is
achieved by applying one or more current signals to the subject and then measuring the
corresponding voltages induced across the subject S. It will be appreciated that in practice
the signal generator 111, and the sensor 112, return signals to the processing system 102
indicative of the applied current and the measured voltage, allowing impedances to be

determined.

Following this a limb impedance ratio IR is determined, and the manner in which this is

achieved will depend on the nature of the impedance measurements performed.

In the case of BIS analysis, the impedance ratio can be based on impedance parameter values,

such as values of the impedance at zero, characteristic or infinite frequencies (Ry, Z, Ry).
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Accordingly, at step 440, these values can be derived based on the impedance response of the

subject, which at a first level can be modelled using equation (1), commonly referred to as

the Cole model:
7 = Rt _Ro—Ra (1)
1+ (jor) ,
5 where: R.= impedance at infinite applied frequency,

Ry= impedance at zero applied frequency,
w = angular frequency,
7 is the time constant of a capacitive circuit modelling the

subject response.

10  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:

— Re
Z = Rot —i‘f-—T— @)
1+ (jor)'™
where: o has a value between 0 and 1 and can be thought of as an indicator of the

15 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:
e solving simultaneous equations based on the impedance values determined at
different frequencies; |
20 e using iterative mathematical techniques;
e extrapolation from a "Wessel plot";

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

In any event, in this example, the impedance ratio can be determined at step 450 using the

equation:
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IR = 3)

where: IR is the impedance ratio
Roul is the impedance of the unaffected limb at zero frequency

Ryal is the impedance of the affected limb at zero frequency

In this example, the impedance parameter value Ry is used as this is generally indicative of
extra-cellular fluid levels in the respective limb, which are in turn indicative of the presence,

absence or degree of oedema. However, other impedance parameters can be used.

Alternatively, in the case of a BIA analysis, the impedance ratio is generally given by the
actual impedances measured at a single low frequency, such as 50 kHz or below, as this is a
good approximation of Ry, and hence is generally indicative of extra-cellular fluid levels.
However, alternatively, the impedance ratio can be based on reactance, resistance or phase

measurements, or a combination thereof:

_ Zul

IR =—
Zal

4
where: Zul is the measured impedance of the unaffected limb .

Zal is the measured impedance of the affected limb

At step 460 a reference is selected. The reference is typically derived from equivalent
measurements made on a normal population (subject's not suffering from oedema) that is
relevant to the subject under study. Thus, the normal population is typically selected taking
into account factors such as medical interventions performed, ethnicity, sex, height, weight,

limb dominance, the affected limb, or the like.

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 impedance ratio measurements from female subjects that are present in the

normal population database.
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Accordingly, at this stage the processing system 102 typically accesses reference populations
stored in the database, or the like. This may be performed automatically by the processing

system 102 using the subject details. Thus for example, the database may include a look-up

‘. table that specifies the normal population that should be used given a particular set of subject

details. Alternatively selection may be achieved in accordance with predetermined rules that
can be derived using heuristic algorithms based on selections made by medically qualified -
operators during previous procedures. Alternatively, this may be achieved under control of

the operator, depending on the preferred implementation.

It will be appreciated by persons skilled in the art that operators may have their own
reference stored locally. However, in the event that suitable references are not available, the
processing system 102 can be used to retrieve a reference from a central repository, for
example via an appropriate server arrangement. In one example, this may be performed on a

pay per use basis.

Alternatively, in the event that a suitable reference is not available predetermined standard

reference values may be used.

In one example, the reference values are based on the mean impedance ratio, and an
impedance ratio value three standard deviations from the mean impedance ratio for the
normal population, and example values are set out below. However it will be appreciated
that different values can be used as appropriate and that these values are for illustration only:
4 =1.00
30=1.102

Whilst the use of predetermined reference values allows an oedema indicator to be derived it
will be appreciated that this is not necessarily indicative of the presence, absence or degree of
oedema and therefore the indicator may be displayed independent of any thresholds, as will

be described in more detail below.

At step 470 a limb oedema indicator is generated utilising the reference. As described above,
this is typically achieved by scaling the impedance ratio using the reference population, and

in particular using the mean and the standard deviation of the reference.
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As described above, this is performed so that the value of three standard deviations
corresponds to a memorable value. To achieve this, in one example, the transformation of

the impedance ratio to an oedema indicator value is governed by the following formula:

L—Dex=———————sfx(IR_#)

o7 ()

where: L-Dex is the oedema indicator
IR is the impedance ratio
¢ is the mean impedance ratio for a reference population
30 is impedance ratio value that is three standard deviations
from the mean population impedance ratio value

sfis the scaling factor

The scaling factor is selected so that the thresholds correspond to a memorable value, and in
particular, the Scaling factor is typically an integer value, and more typically a multiple of
ten. Thus, in one example, the scaling factor is set to a value of "10", so that the threshold
occurs at "10". As a result, an oedema indicator value of greater than "10" is indicative of

oedema, whilst a value of below "10" is used to indicate an absence of oedema.

In this example, for a subject S whose at-risk arm is the dominant arm and has an impedance
ratio of 1.207, the subject's impedance ratio is scaled using a suitable normal population. For
the purpose of this example, the normal population has a mean impedance ratio value of

1.037 and a three standard deviation value of 1.139. This leads to an oedema indicator of:

L-Dex = (1.207-1.037)x10/ (1.139-1.037) = 16.6

In any event once the oedema indicator value has been calculated at step 470 a representation
of the oedema indicator value can displayed to the user at step 480, with the oedema indicator
value being optionally recorded in a database, for example as part of the subject details. The
oedema indicator can be stored together with any relevant information, such as the time and
date on which the measurement was performed, details of the operator of the measuring

device 100, or the like. This allows for the measured oedema indicator to be subsequently
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retrieved and used in tracking the development and/or progression of the oedema, allowing

the effectiveness or need for treatment to be evaluated.

Display of the representation may be achieved in a number of ways, such as by presenting the
représentation on a suitable display, for example, using the I/O device 105, or alternatively
by providing the representation in a hard copy form using an appropriate printer, although

any suitable technique may be used.

Whilst any suitable form of representation may be used, in one example, the representation is
presented in such a way to provide guidance to any one or more of the following questions:

1. Does the patient have lymphoedema?

2. How bad is the lymphoedema relative to a normal person?

3. Has the patient’s condition got better or worse since the last measurement?

4. What is the overall change in the patient’s condition from their starting point?

In one example, this is achieved by displaying the oedema indicator as a linear scale, similar

to those described above with respect to Figures 3A and 3B.

Further examples of the linear scales are shown in Figures 6A to 6C, which respectively
show a measurement within the normal range 320, a measurement within the oedema range

322 and a measurement within the investigation range 321.

In these examples, the representations include additional information in the form of textual
information 600 and an icon 601. In this example, the textual information is indicative of the
date of the measurement, the oedema indicator (Z-Dex) value and whether or not the oedema
indicator value is in the normal range 320. Additionally the icon 601 is indicative of whether
or not the oedema indicator value is in the normal range. In this example, the icon 601 is in
the form of a tick in the event that the oedema indicator value is within the normal range, and
in the form of an alert icon, shown in Figures 6B and 6C if the oedema indicator is out of

normal range 320, in either the investigation or oedema ranges 321, 322.

A further example is shown in Figure 6D in which the distribution of the normal population
is displayed on the linear indicator 300 as a Gaussian distribution 610. In this example,

additional textual information 611 includes information such as the values of the population
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mean and standard deviation, and the relative positioning of the subject's measured oedema

indicator value relative to the population distribution.

Accordingly, it will be appreciated that the above described representations allow operators
to easily access one or more of the following:

e values of the normal (mean) oedema indicator and oedema indicator normal range;

¢ the date of the measurement;

o the subject's oedema indicator value;

e an indication of when a subject’s impedance ratio is in the normal range 320, the

investigation range 321, or the oedema range 322; and,
¢ an indication of whether clinical assessment of the subject is required for example

when a subject’s oedema indicator is in the investigation range.

It will be appreciated that the representations may also include additional features. Thus, for
example, the linear indicator 300 can contain "overflow" buffers at either end of the scale that
contain a compressed scale that can deal with oedema indicator numbers of high values.
Additionally, or alternatively, the linear indicator can be automatically scaled to fit the
relevant information on the display. Displayed reports can also contain patient identification,

date of measurement, titles, or the like.

In further examples, the representations can be modified to indicate how the subject's oedema

indicator is varying relative to a baseline, as shown for example in Figures 7A and 7B.

In order to achieve this, the processing system 102 accesses a baseline and optionally other

previous oedema indicator values measured for the subject S from the database.

Typically, the baseline oedema indicator is created from an oedema indicator measurement
that has significance in the treatment history of the patient. A common baseline in use might
be an oedema indicator measurement made on a patient suffering from lymphoedema before
they start a course of management therapy. This measurement allows the practitioner to
gauge accurately how much the patient has improved from the start of their treatment to the
present measurement. Baseline measurements may also be made pre-surgery and pre-

lymphoedema in which case the baseline oedema indicator establishes the “normal” healthy
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oedema indicator for the individual patient and can be used thereafter as a benchmark from
which to monitor progress of the patient. Baselines can also be set using a single
measurement or be created from the average of a number of measurements specified by the

user.

In any event, in this example, the pointer 302 on the linear indicator 300 is replaced by
indicator bars 700, 701, 702 representing baseline, previous and current values for the
oedema indicator respectively. Each one of the indicator bars 700, 701, 702 may have an
associated date displayed as shown at 711, 712, indicating the date at which the

corresponding measurement was made (only two shown in this example for clarity).

In addition to this, the representation can include change indicators 721, 722, indicating the
change in the oedema indicator between the baseline and previous measurements, and
between the previous and current measurements, as shown. In this example, the change
indicators 721, 722 represent the difference between the present and previous oedema
indicator values as factional numbers to 1 decimal point with an indication of increase or

decrease in value. However, any suitable representation may be used.

In the event that a normal population is used in the scaling of the oedema indicator, then the
linear indicator 300 again includes thresholds 311, 312, defining the normal range 320, as
shown in Figure 7A. However, if a normal population is not available, then as in previous
examples, predetermined reference values are used, and the thresholds 311, 312, and hence

the normal range 320, are not displayed, as shown in Figure 7B.

It will be appreciated that this allows the oedema indicator to be displayed in a manner that

conveys how this ratio has changed from an established baseline ratio for that patient.

Further alternative representations of the change in oedema indicator values over time are

shown in Figures 8A and 8C.

In Figures 8A and 8B, the oedema indicator is represented as a progression chart
documenting the longitudinal progress of the oedema indicator over time. In this example,
the progression chart includes an x-axis 800 displaying the time and date on which

measurements were made, and a y-axis 801 including oedema indicator values.
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The value of the oedema indicator at a baseline reading can also be indicated at 802, together
with a mean for the reference normal population 803. The actual measured oedema indicator

values are then displayed on the graph as shown generally at 810.

In the event that a reference normal population is available, then the threshold values
representing three standard deviations from the mean can be displayed as shown at 311, 312,
with the normal range, intervention range and oedema range being indicated through the use
of coloured background regions on the chart, shown generally at 320, 321, 322. In the event
that no reference normal population is available, the thresholds 311, 312, and regions 320,

321, 322 are omitted as shown in Figure §B.

In general the processing system 102 can allow a selection mechanism to be used to select a
range of measurements from the subject's details stored in the database, for display. This
selection mechanism typically uses default values for displaying all measurements in the
subject’s database, such as the five most recent measurements and the ten most recent

measurements.

In one example, the processing system 102 can provide the user with an input means, such as
a slider shown at 820 in Figure 8B, that allows the common history mechanism to be
populated or de-populated as a user “slides” a pointer 821 from an earliest to more recent
measurements. This allows an operator to scan quickly (or measurement by measurement)
through the dated and time stamped measurements within a subject’s database, in turn
allowing quick review of the progression of the oedema. This also allows an operator to
select only the last five measurements out of a total of 20 to be displayed which can help
bypass the “cramped” look of a history chart with too many data points if the whole history
of the patient were to be displayed.

In addition to displaying the oedema indicator values, any other measured numerical
parameters can also be presented on a similar chart showing the change in measured values
over time. This can include impedance measurements, as well as values of impedance

parameters, such as the impedance at zero, characteristic or infinite frequencies.
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A further alternative is shown in Figure 8C. In this example, the oedema indicator is

displayed as part of an impedance vector plot.

In this example, the chart includes an x-axis 830 representing the impedance of the
unaffected arm and a y-axis 831 representing the impedance of the affected arm, with the

oedema indicator values being represented by the points 832.

Again, in the event that a normal population is available as a reference, the thresholds 311,
312 can be displayed to define the normal range 320, the investigation range 321 and the

oedema range 322.

As shown in Figure 9 a further variation is to provide the representation of the oedema

indicator as part of a report containing one or more of the above described representations.

In general the report would be configured to fit on one A4 or USA letter page, thereby

allowing the report to act as a standard unilateral oedema report.

In this example, the printable report incorporates a number of sections shown generally at
900, 901, 902, 903, 904. In use, the report is generated by the processing system 102 using a
standard template that is populated using data regarding the subject which has been retrieved

from the database.

In this example, the report includes a header section 900 outlining details of the operator
performing the oedema detection measurements, the subject, the entity employing the
operator, and any CPT coding and other information required by the USA reimbursement

policy.

A current analysis section is provided at 901 to display the current oedema indicator using a

representation similar to that described above with respect to Figures 6A to 6C.

A change analysis section is provided at 902 to display changes in the oedema indicator using

a representation similar to that described above with respect to Figures 7A and 7B.

A history analysis section is provided at 903 to the history of the oedema indicator using a

representation similar to that described above with respect to Figures 8A and 8B.
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Finally a footer section 904 is provided to allow any additional notes and an operator

signature to be provided.

Accordingly, it will be appreciated that the report can be used to provide the subject with an
analysis of both the current status and the progression of oedema, as well as to allow the

reimbursement of expenditure on both measurement and treatment of the condition.

It will be appreciated that the techniques described above may be used to allow a range of
different indicators relating to different subject parameters, and hence allowing diagnosis of

different conditions, to be determined and displayed.
Examples of alternative indicators will now be described with reference to Figures 10 to 14.

In this regard, Figure 10A is a flow chart of a process for determining a number of other
indicators including a hydration (hy-dex) indicator, a fat mass (FM) indicator, and other body

composition indicators.

In this regard, the hy-dex indicator is an indication of the hydration levels of a subject, scaled
relative to the normal hydration levels of a sample reference population, thereby allowing

memorable values to be indicative of whether the subject is dehydrated, or over hydrated.

The FM indicator is used to indicate the fat versus fat-free mass for the subject, whilst the
body composition indicators are used to provide indications of various body composition
parameters. This can include for example, providing indications of intra- and extra-cellular

fluid levels, and total body water.

The relationship between the body composition indicators is shown in Figure 10B, which is
an illustration of a composition model for a body. In this example, the model has a number
of compartments including the bone, the fat, the muscle, organs, fluid surrounding these

tissues and fluid contained inside these tissues.

As shown, the fat-free mass (FFM) is indicative of the mass of all components other than the
FM component. The Body Cell Mass (BCM) (sometimes referred to as Active Tissue Mass
(ATM)) is the total mass of all the cellular elements in the body which constitute all the
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metabolically active tissue of the body, and this includes muscle and organ tissue, and
intracellular fluid. The Extracellular Mass (ECM) contains all the metabolically inactive
parts of the body, such as bone and blood plasma, and therefore includes the extracellular
fluid (ECF). The ECM parameter has been used to describe changes in weight that may not

be attributed to a gain in fat mass or fat-free mass.

In the normally nourished individual, muscle tissue accounts for approximately 60% of the
BCM, organ tissue accounts for 20% of BCM, with the remaining 20% made up of red cells
and tissue cells. The BCM also contains the large majority (98-99%) of the body's potassium.
The BCM provides a way to document the nutritional status of an individual and track the
calorific requirements of a person by using an equation that calculates the basal metabolic

rate of individual using the BCM.

Finally the BMI is an index defining weight ranges and was developed by the National
Institutes of Health (NIH). The body mass index (BMI) relates body weight to height and is
obtained by dividing a person’s weight in kilograms (kg) by their height in meters (m)
squared. The NIH now defines normal weight, overweight, and obesity according to the BMI
rather than the traditional height/weight charts. Since the BMI describes the body weight
relative to height, it correlates strongly (in adults) with the total body fat content.
Overweight is a BMI of 25 or more for women men, according to the NIH. Obesity is a BMI
of 30 and above, according to the NIH. A BMI of 30 is about 30 pounds overweight. Some

very muscular people may have a high BMI without undue health risks.

In this example, at step 1000 various subject details are determined. The subject details
determined may vary depending on the indicator to be determined and the preferred
implementation but would generally include information such as the subject’s total body
weight, sex, age, height, and an ethnicity, and may be achieved using techniques similar to

that described above with respect to Figure 4.

At step 1005 the impedance electrodes are positioned on the subject S. In this instance the
measurements are typically performed as whole body measurements and this therefore

involves positioning drive electrodes 113, 114 on the wrist and ankle of the subject's arm and
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leg 631, 633, with sense electrodes 114, 115 being positioned inwardly of the drive
electrodes 113, 114 on the same wrist and ankle, as shown in Figure 10C.

At step 1010 impedance measurements are performed, and this may include performing
single low frequency (typically 50 kHz or below) BIA measurement, or multiple frequency

BIS measurements, substantially as described above.

At step 1015 impedance parameters are derived for the subject's entire body. The impedance
parémeters determined will vary depending on the indicator being generated. Thus, for
example, this could include the measured impedance value, particularly in the case of BIA
measurements. However, in the case if BIS, this may also include deriving parameters such
as values of the impedance at zero, characteristic or infinite frequencies (Ry, Z, Rx), using

the techniques described above.

In the event that a hy-dex indicator is to be determined, at step 1020 impedance values are
measured as complex numbers, allowing values of resistance R and reactance Xc to be

normalised based on the subject's height / by calculating R/A and Xc/A.

As step 1025 a reference is determined based on measured impedance values for a reference
population that is relevant for the subject. The reference may be determined in any manner,

as described above for example, with respect to Figure 4.

In one example, the reference is based on mean and standard deviation values derived for
normalised resistance and reactance measurements (R/)means (X/Mmean, (R/M)siddev and

(Xc/h)sta gev, Tor a normal population group selected based on the patients sex, age and BMI.

For each of these groups a normalised resistance (R/%) vs reactance (Xc/h) plot, known as an
RXc score graph 95% tolerance ellipse, can be determined based on the techniques described
in Piccoli et al 2002 "Impedance vector distribution by sex, race, body mass index and age in
the United States: standard reference intervals as bivariate Z scores." Nutrition 18: 153-167.
This plot allows values (R mean, (Xe/Mmeans (R/Wstd dev and (X¢/M)sid.devs to be determined for
the respective group, although it will be appreciated that these values may be derived using

any suitable technique.
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At step 1030, the hy-dex indicator value is determined by calculating the normalised vector

distance from the population mean using the following equations:

Rv = [(R/h) - (R/h)mean]/ (-R/h)std.dev (6)
Xcv = [ CXC/ h) - (IYC/ h)mean] / 0(0/ h)sld.dev

and then scaled relative to a scaling factor, using the equation:

o x|R,, X,,|sin(p)

4o

hy — dex = @)
Where ¢ is the angle between the patients normalised measurement vector and the mean

hydration line, as shown in Figure 10D.

Represented graphically, if R, and X, are plotted on a Picolli plot as a point P, as shown in
Figure 10D, the point P forms the RX; score graph. The line R=-X, corresponds to a normal
mean hydration, with points above and to the right being less hydrated and points below and
to the left are more hydrated. The major axis radius (length 3.14, from Piccoli et al) of the
95% tolerance ellipse represents a hydration state two standard deviations from the mean.
Thus one standard deviation is half the major radius. Hydration standard deviations are

shown dotted in the diagram.

Accordingly, to calculate the Hy-Dex indicator value, the perpendicular distance PQ to the
mean hydration line is calculated and given a positive sign if it is below and to the left or a

negative sign if it is above and to the right. This is then scaled using equation (8):
Hy-Dex = sf * length(PQ) / (major diameter of 95% tolerance ellipse) )
where: sfis a scaling factor

It will be appreciated that the scaling factor can therefore be selected so that extremes
correspond to a memorable value, and in particular, the scaling factor is typically an integer
value, and more typically a multiple of ten. Thus, in one example, the scaling factor is set to
a value of "100", so an indicator value of 100 represents 4 standard deviations from the mean

hydration level for a relevant normal population.
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Thus, the hy-dex indicator can be thought of as depicting a patient’s movement away from
the average mean hydration level, with each single standard deviation from the mean,

corresponding to 25 hy-dex units, as shown in Table 1.

Table 1
Standard Hy-dex score
deviations
plus 4 + 100
plus 3 +75
plus 2 +50
plus 1 +25
Mean 0 0
minus | -25
minus 2 -50
minus 3 -75
minus 4 -100

It will be appreciated that in the unlikely event that a subject has a hydration value that
exceeds more than 4 standard deviations away from the mean, this can simply be indicated by

an indicator value 100, which in any event represents an extreme hydration/dehydration state.

In any event, this allows an indicator indicative of the relative hydration level of a subject to
be displayed. In this regard, the value displayed is a relative fluids level, derived from

normalised resistance and reactance values.

An example of a hy-dex report incorporating hy-dex indicators will now be described with

reference to Figures 11A to 11C.

In this example, the report includes a header section 1100; outlining information such as the
operator performing the measurement process, details of the subject, reimbursement code
information, measurement ID zone information or the like. This is similar to the header
section 900 of the Lymphodema report of Figure 9, and will not therefore be described in any
further detail.

The report also includes a first and second hy-dex indicator sections 1101, 1103, and a hy-

dex change analysis summary section 1102.
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In this example, the first hy-dex indicator section 1101 includes a linear hy-dex indicator
1130 having an associated scale 1131 and a pointer 1132. In one example, a Gaussian
distribution curve 1134 is provided for fhe sample population, which highlights the mean
hydration value for the relevant sample population, and the values of the standard deviations
therefrom. In this example, an area under the distribution curve is shaded 1135 to highlight
the difference between the patients hydration indicator value indicated by the pointer 1132
and the sample population mean hydration. In this example, a visual indication of the

numerical hy-dex indicator value is also displayed at 1136.

It will be appreciated from this, that presenting the indicator value in this fashion allows a
medical practitioner to rapidly assess a subject's fluid levels and hydration status, thereby
allowing the practitioner to determine if the subject is hydrated or dehydrated. Thus, for
eXample, a hy-dex indicator value of "0" indicates that the subject has normal hydration
levels, whilst a positive or negative value represents an overhydrated or dehydrated state.
The magnitude of the indicator value also represents the degree of hydration, with a value of
"+100+ or "-100" indicating an extreme state. This allows a medical practitioner to rapidly

assess what if any treatment is required.

Similarly the second hy-dex indicator section 1103 includes a linear hy-dex indicator 1110,
having an associated scale 1111 and a pointer 1112. In addition to this, a defined range
including an upper and lower limit 1121, 1122 is indicated, with the upper and lower limit
thresholds being indicated separately at 1123. In this example, the upper and lower limit are
set by a medical practitioner, and may be used for rapidly assessing when treatment or
intervention is required, or could be set as a guide to the subject as to desirable hydration

levels, and need not be based on reference population values.

In this example, the report also includes a hy-dex progression chart section shown generally
at 1104, which provides a progression chart similar to those described above with respect to

Figure 8.

In this example, the progression chart includes graph 1140 indicating the subject's previous
hydration values, together with indications of the upper and lower limits 1141, 1142. The

previous values would typically be retrieved from previous measured values for the subject
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from a remote database, patient record, or the like, in a manner similar to that described

above.

Whilst the hy-dex indicators described form part of a hy-dex report, this is not essential, and
it will be appreciated that the hy-dex indicators could be presented to a user in any suitable

manner.
Examples of further variations of the hy-dex indicators shown in 11B and 11C.

In this regard Figure 11B shows the second indicator in a situation in which the subject's
hydration is outside the user defined range indicated by the thresholds 1121, 1122. In this
instance an indication 1124 is provided indicating the degree to which the subject's hy-dex
value is out of the user defined range, and this can also be indicated by shading of the hy-dex
indicator 1110 at 1125.

In Figure 11C an example of the first indicator 1101 is shown in which an additional
indication 1136 is provided indicating the percentage of the population that are closer to the

mean hydration levels of the sample population than the subject S.

It will be appreciated that the hy-dex indicators described above are similar to the oedema
indicators described with respect to Figures 3A to 3C and Figures 6A to 6D, and Figures 8A
and 8B. Furthermore, variations similar to those described above with respect to oedema

indicators could also be implemented, and these will not be described in any further detail for

clarity purposes.

Accordingly, whilst the hy-dex indicators described form part of a hy-dex report, this is not
essential, and it will be appreciated that the hy-dex indicators could be presented to a user in

any suitable manner.

In addition to allowing a hy-dex indicator to be determined, the process of Figure 10A can

additionally/alternatively allow FM indicators to be determined and displayed.

In this example, at step 1040 the impedance parameters derived at step 1015 can be used

together with a fat free mass equation to determine the users fat free mass and hence fat mass.
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This can be achieved utilising the equations set out below. The equation used depends on the
subject gender, age, and obesity levels, as follows:

General Female:

2
FFM = MMR—W— +(0.116% wt)+(0.096 * Xc) - 4.03

General Male:

% 1t 2
FFM:(O.734 ht N

0.116* wt)+(0.096*Xc)—4.03] ~0.878

Obese Female:

FFM = (0.00091186* ht” )— (0.01466 * R )+ (0.2999 * wt)— (0.07012 * age) + 9.37938
Obese Male:

FFM = (0.000885*ht? )— (0.02999 * R )+ (0.42688 * wt) — (0.07002 * age) + 14.52435

Child:
* 2
prM = 28U g6
R
where: ht = subject height

wt = subject weight
The Fat Mass is then given by:
FM = wt — FFM

Alternatively, FM can be calculated from BIS measurements. In this case, FM is calculated
from the extracellular and intracellular water (ECW and ICW) and the following equations

may be used.

R

e

2
2\3
ECW:K( wtht)

Note: K includes body density constant, body proportion coefficient and resistivity

coefficient for ECW.
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The following equation is then solved where Vicw and Vecw are the volumes of ECW and

ICW respectively.

5
, (1_{_ I/*JCW Jz. =(‘Re +Ri J(l"' kaICWJ
VECW Rl‘ VECW

Where

Ri _ et kp — p]CW
R,—R Pecw

This result is a ratio of the volumes of ICW/ECW. ICW can then be calculated.

Icw =ZI@/—~’k ECW

ECW

From this the total body water (TBW) is calculated and from this the FFM and FM

respectively.
TBW = ECW + ICW
FFM =TBW /0.732
FM =wt — FFM

At step 1045 a reference is again selected and this is typically achieved using nominal

reference population data, such as the data in the table 2 below.

Table 2
Male Female
Age(years) | Healthy % FM Healthy % FM
7 13-20% 15-25%
8 13-21% 15-26%
9 13-22% 16-27%
110 13-23% 16-28%
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11 13-23% 16-29%
12 13-23% 16-29%
13 12-22% 16-29%
14 12-21% 16-30%
15 11-21% 16-30%
16 10-20% 16-30%
17 10-20% 16-30%
18 - 10-20% 17-31%
19 9-20% 19-32%
20-39 8-20% 21-33%
40-59 11-22% 23-34%
60-79 13-25% 24-36%

Alternatively, user defined ranges can be defined if preferred. It should be noted that the
ranges are independent of the algorithms used in performing the calculation, and just cover

what is considered a healthy %Fat Mass for an individual of a given sex and age.

At step 1050 a fat mass indicator is generated using the reference with this being displayed at
step 1055.

An example of a fat mass report containing a fat mass indicator will now be described with
reference to Figures 12A and 12B. In this example the fat mass report includes a header

section 1200 similar to the header 1100 described above with respect to the hy-dex report.

The fat mass report includes a summary section 1201, which indicates a summary of the
relevant fat mass values including total body weight, fat mass, fat free mass, and body mass

index.

First and second indicator sections 1203, 1204 are provided. The first indicator section 1203
includes a linear FM indicator 1210 having an associated scale 1211 and a pointer 1212. In
this instance threshold values are shown at 1213 and 1214 respectively, representing the
healthy references outlined above. The second indicator section 1204 includes a linear FM
indicator 1220 having an associated scale 1221 and a pointer 1222. Threshold values 1223
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and 1224 are indicated, which in this instance represent user defined goal limit, allowing a

healthcare professional to set targets for subjects.

A progression chart section 1205 includes a line graph 1240 of previous FM results measured
for the subject. The graph includes thresholds markings 1241, 1242 corresponding to
thresholds either based on the reference population data, or user defined values. It will be
appreciated that the history plot can be used to help demonstrate to a subject the effectiveness

of any interventions or other treatment regimes such as dieting of the like.

An example of a variation is shown in Figure 12B, in which, if the subject is outside a

heaithy range, this is indicated by a shaded area shown generally at 1215.

In the event that other body composition indicators are required this can be achieved using
steps 1060 to 1080. In this instance at step 1060 the subjects total body water is calculated.
This may be achieved in any suitable manner, and may depend on the measurement process
performed. However, in one example this is achieved utilising the fat free mass and the

following equation:
TBW = FFM *0.721

Following this at step 1065 the reactance R and resistance X are used to determine extra

cellular and intra cellular water levels for the subject.

In the event that BIA measurements are performed, this is achieved using the following

equations:
Females:
2 2
pow=—tt M 0095064
X*0.012 R*0.053
Males:
ht? ht?
ECW = + wt*0.152 -3.44
X*0.016 R*0.019 *

The intra-cellular fluid levels are then given by:
ICW =TBW -ECW
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From this, the extracellular mass and active tissue mass can be calculated:
Females:

ECM = ECW + (ht *0.531-26.83)*0.12

ATM = FFM - ECW — (ht *0.531—26.83)*0.12
Males:

ECM = ECW + (ht * 0.564 — 29.43)*0.12

ATM = FFM - ECW — (ht *0.564 —29.43)*0.12

References are then selected at step 1070 with these then being in generating indicators at

step 1075, allowing these to be displayed at step 1080.

Figure 13 is a body composition report. The body composition report includes a header

section 1300 similar to the header sections described above. In addition to this, indicator
sections 1301, 1302, 1303, 1304, 1305 are provided for displaying indicators of the values of
fat mass, fat free mass, total body water, extra cellular fluid and intra cellular fluid
respectively. Again each of these indicators includes a linear indicator, associated scale with
a relevant pointer, which in this example is in the form of a bar graph. A history section

1306 is also optionally provided, allowing indicator values to be displayed in tabular form.

An ATM/ECM report is shown in Figure 14. In this example, the report includes a header
section 1400, a summary section 1401, an indicator section 1402 and a history section 1403.
The summary section 1401 displays current ATM and ECM values, which are also displayed
on a linear indicator 1410 in the indicator section 1402. The history section 1403 includes
representations of previously determined ATM and ECM indications. Again the elements are

similar to those described above and will not be described in any detail.

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
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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 determining the health status of an individual,
including the body composition of the individual, or diagnosing the presence, absence or
degree of a range of conditions and illnesses, including, but not limited to oedema,
lymphoedema, or the like. It will be appreciated from this that whilst the above examples use
the term oedema indicator, this is for the purpose of example only and is not intended to be

limiting. Accordingly, the oedema indicator can be referred to more generally as an indicator

" when used in analysing impedance measurements with respect to more general health status

information such as body composition, or the like.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1)

2)

3)

4)

3)

6)

7

A method for use in analysing impedance measurements performed on a subject, the

method including, in a processing system:

a) determining at least one impedance value, representing the impedance of at least a
segment of the subject;

b) determining an indicator indicative of a subject parameter using the at least one
impedance value and a reference; and,

c) displaying a representation of the indicator.

A method according to claim 1, wherein the indicator is scaled relative to at least one

reference value.

A method according to claim 1 or claim 2, wherein the subject parameter is at least one

of:

a) fluid levels within the subject; and,

b) extracellular fluid levels in a subject limb.

A method according to any one of the claims 1 to 3, wherein the indicator is for use in

assessing the presence, absence or degree of a condition.

A method according to any one of the claims 1 to 4, wherein the indicator is at least one

of:

a) an oedema indicator for use in assessing a presence, absence or degree of oedema in
the subject.

b) ahydration indicator for use in assessing a hydration levels in a subject.

A method according to any one of the claims 1 to 5, wherein the method includes, in the

processing system:

a) generating an impedance ratio representing the impedance of the unaffected limb
against the impedance of the affected limb; and,

b) determining the oedema indicator using the impedance ratio.

A method according to claim 6, wherein the method includes, in the processing system:

a) determining first measured impedance values representing the impedance of the
unaffected limb;
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b) determining second measured impedance values representing the impedance of the
affected limb;

¢) determining impedance ratio using the first and second measured impedance values.

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

determining the impedance ratio using the equation:

_zul

IR =
Zal

where: Zul is the measured impedance of the unaffected limb
Zal is the measured impedance of the affected limb
A method according to any one of the claims 6 to 8, wherein the method includes, in the
processing system:
a) determining one or more impedance parameter values from measured impedance
values; and,

b) determining the impedance ratio using the impedance parameter values.

10) A method according to claim 9, wherein the impedance parameter values include at least

one of:
a) animpedance at infinite applied frequency (Rx);
b)- an impedance at zero applied frequency (Ry); and,

¢) animpedance at a characteristic frequency (Z;).

11) A method according to claim 10, wherein the method includes, in the processing system,

determining the impedance parameter values at least in part using the equation:

Z = Roo + "—————RO — .Ru:
1+ (o)™
where: Ro= impedance at infinite applied frequency;

Ry= impedance at zero applied frequency;

o = angular frequency;

v is the time constant of a capacitive circuit modelling the
subject response; and,

o, has a value between 0 and 1.
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12) A method according to claim 11, wherein the method includes, in the processing system,

determining the impedance ratio using the equation:

where: IR is the impedance ratio
5 Roul is the impedance of the unaffected limb at zero frequency
Ryal is the impedance of the affected limb at zero frequency

13) A method according to any one of the claims 1 to 12, wherein the method includes, in the
processing system, determining the oedema indicator by scaling an impedance ratio
relative to a reference.

10 14) A method according to claim 13, wherein the method includes, in the processing system:

a) determining a mean impedance ratio value for a normal population;
b) determining a three standard deviation value for the normal population; and,
c) scaling the impedance ratio using the mean and three standard deviation values.

15) A method according to claim 14, wherein the method includes, in the processing system,

15 determining the oedema indicator using the equation:

L-Dex=——-——sfx(IR~‘u)
30-u

where: L-Dex is the oedema indicator
IR is the impedance ratio
4 is the population mean
20 30 is three standard deviations for the population
sfis the scaling factor
16) A method according to claim 15, wherein the scaling factor has an integer value.
17) A method according to claim 16, wherein the scaling factor is a multiple of ten.
18) A method according to any one of the claims 1 to 17, wherein the indicator is a hydration
25 indicator for use in determining a hydration level of a subject.
19) A method according to claim 18, wherein the method includes, in the processing system:

a) determining measured resistance and reactance for the subject;
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b) normalising the measured resistance and reactance for the subject using a subject
height; and,
c) determining the hydration indicator using the normalised resistance and reactance.
20) A method according to claim 19, wherein the method includes, in the processing system,
determining the normalised resistance and reactance using:
Ry = [ (R/W) - (R/W)mean ]/ (R/NW)stddev
Xey = [ (Xc/h) - (Xc/M)mean ] / (XC/P)std dev
21) A method according to claim 19 or claim 20, wherein the method includes, in the
processing system, determining the hydration indicator using a normalised vector
distance of the normalised resistance and reactance values from mean and standard
deviation resistance and reactance values for a reference population.
22) A method according to claim 21, wherein the method includes, in the processing system,
scaling the normalised vector distance using a scaling factor. 4
23) A method according to claim 22, wherein the method includes scaling the normalised

vector using the equation:

sf x|R,, X, |sin
- dex = X [Ror Kolsi00)
4o
where: sf'is the scaling factor

¢ is an angle between the patients normalised measurement vector and
the mean hydration line '
24) A method according to claim 23, wherein the scaling factor has an integer value.
25) A method according to any one of the claims 1 to 24, wherein the reference is at least one
of:
a) derived from a normal population; and,
b) determined from predetermined values.
26) A method according to claim 25, wherein the method includes, in the processing system:
a) determining one or more subject details; and,
b) selecting the reference at least partially in accordance with the subject details.
27) A method according to claim 26, wherein the subject details include at least one of:

a) limb dominance;



10

15

20

25

30

WO 2008/138062 PCT/AU2008/000673

- 49 -

b) ethnicity;

c) age;

d) sex;

e) weight; and,
f) height.

28) A method according to any one of the claims 1 to 27, wherein the method includes, in the
processing system, displaying the representation as a linear scale, the linear scale
including:

a) a linear indicator;
b) ascale; and,
c) a pointer, the pointer being positioned on the scale in accordance with the indicator.

29) A method according to any one of the claims 1 to 28, wherein the method includes, in the
processing system, displaying the representation as a linear scale, the linear scale
including:

a) a linear indicator;

b) ascale;

c) at least one bar representing the indicator value; and,

d) at least one bar representing at least one of a previous indicator value and a baseline
indicator value.

30) A method according to claim 29, wherein the method includes, in the processing system,
displaying the representation including an indication of a change in indicator value from
at least one of a previous indicator value and a baseline indicator value.

31) A method according to any one of the claims 1 to 30, wherein the method includes, in the
processing system, displaying the representation as a chart including:

a) an axis defining measurements performed;
b) an axis defining indicator values; and,
c) one or more points representing one or more determined indicator values.

32) A method according to any one of the claims 1 to 31, wherein the method includes, in the
processing system:

a) determining at least one threshold using the reference; and,
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b) displaying the threshold on the representation, the position of the threshold being
indicative of the presence of a condition.

33) A method according to any one of the claims 1 to 32, wherein the method includes, in the
processing system:

a) determining two thresholds using the reference; and,
b) displaying the thresholds on the representaﬁon, the thresholds being indicative of a
normal range.

34) A method according to any one of the claims 1 to 33, wherein the method includes, in the
processing system, displaying, on the representation, at least one of:

a) anormal range;

b) an intervention range;
c) a hydration range; and,
d) an oedema range.

35) A method according to claim 34, wherein the method includes, in the processing system,
displaying, on the representation, at least one colour coded region representing a
respective range.

36) A method according to any one of the claims 1 to 35, wherein the method includes, in the
processing system, displaying a representation including at least one of:

a) textual information representing at least one of:
1) ameasurement date;
i1) an indicator value; and,
iii) whether or not the indicator value is in a normal range; and,
b) anicon indicative of whether or not the indicator value is in a normal range.

37) A method according to any one of the claims 1 to 36, wherein the method includes, in the
processing system, displaying a representation including a Gaussian curve representing a
normal population distribution.

38) A method according to any one of the claims 1 to 37, wherein the method includes, in the
processing system, generating a report, the report including:

a) asection including information relating to at least one of:
i) the subject;

ii) an operator; and,
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iii) a CPT code; and,
b) a section including at least one representation.
39) A method according to any one of the claims 1 to 38, wherein method includes in the
process sysfem, causing one or more impedance measurements to be performed.
40) A method according to any one of the claims 1 to 39, wherein the method includes, in the
processing system: "
a) causing at least one excitation signals to be applied to the subject;
b) determining an at least one signal measured across the subject; and,
¢) determining at least one impedance value using an indication of the excitation signal
and the signal measured across the subject.
41) Apparatus for use in analysing impedance measurements performed on a subject, the
apparatus including a processing system for:
a) determining at least one impedance value, representing the impedance of at least a
segment of the subject;
b) determining an indicator indicative of a subject parameter using the at least one
impedance value and a reference; and,
¢) displaying a representation of the indicator.
42) Apparatus according to claim 41, wherein the apparatus includes:
a) asignal generator for applying one or more electrical signals to the subject using a
first set of electrodes;
b) a sensor for measuring electrical signals across a second set of electrodes applied to
the subject; and,
c) acontroller for:
1) controlling the signal generator; and,
ii) determining the indication of the measured electrical signals.
43) Apparatus according to claim 42, wherein the controller includes the processing system.
44) Apparatus according to claim 42, wherein the processing system includes the controller.
45) Apparatus according to any one of the claims 41 to 44, wherein the apparatus is for

performing the method of any one of the claims 1 to 39.
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46) A method for use diagnosing the presence, absence or degree of oedema in a subject by
using impedance measurements performed on the subject, the method including, in a
processing system:

a) determining at least one impedance value, representing the impedance of at least one
5 limb of the subject;
b) determining an oedema indicator using the at least one impedance value and a
reference; and,
c) displaying a representation of the oedema indicator, to thereby allow the presence,
absence or degree of oedema in the subject to be assessed.
10 47) A method for use in determining the hydration status of a subject, the method including,
in a processing system:
a) determining at least one impedance value, representing the impedance of at least one
limb of the subject; |
b) determining an indicator using the at least one impedance value and a reference; and,
15 c¢) displaying a representation of the indicator to thereby allow the hydration status of the

subject to be assessed.
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