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MPEDANCE MEASUREMENT PROCESS 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a method and appa 
ratus for performing impedance measurements, and in par 
ticular to performing multiple impedance measurements at a 
given site to determine the presence, absence or degree of 
biological anomalies such as tissue lesions, and to allow 
impedance mapping to be performed accounting for any erro 
neOuS measurementS. 

DESCRIPTION OF THE PRIOR ART 

0002 The reference in this specification to any prior pub 
lication (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. 
0003. 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 param 
eters. Such as changes in fluid levels, associated with the 
cardiac cycle or oedema, or other conditions which affect 
body habitus. 
0004. However, a number of factors, such as the connec 
tively of the electrodes to the subject, can effect the accuracy 
of impedance measuring processes. An example of this is 
encountered with tetrapolar electrode configurations, which 
are routinely used for tissue characterisation. The tetrapolar 
configuration involves injecting a constant drive current 
between an adjacent pair of electrodes (drive electrodes), and 
measurement of the resulting potential between another pair 
of adjacent electrodes (measurement electrodes). This mea 
Sured potential is dependent on the electrical characteristics 
of the volume of tissues being analysed. However, the tet 
rapolar configuration can produce erroneous results in the 
form of an increase in measured impedance when a low 
impedance lesion is located between a drive and measure 
ment electrode. 
0005. As a result, when readings are obtained, it can be 

difficult to determine if the readings are accurate and if not, to 
determine the cause of the inaccuracy. 

SUMMARY OF THE PRESENT INVENTION 

0006. The present invention seeks to substantially over 
come, or at least ameliorate, one or more disadvantages of 
existing arrangements. 
0007. In a first broad form the present invention seeks to 
provide a method for use in performing impedance measure 
ments on a subject, the method including, in a processing 
system: 

0008 a) determining at least one first impedance value, 
measured at a site using a first electrode configuration; 

0009 b) determining at least one second impedance 
value, measured at the site using a second electrode 
configuration; and, 

0010 c) determining the presence, absence or degree of 
an anomaly using the first and second impedance values. 
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0011 Typically the method includes using a tetrapolar 
electrode arrangement, the first and second electrode configu 
rations using a different configuration of drive and measure 
ment electrodes. 
0012 Typically the method includes, in the processing 
system, determining an impedance value for each of four 
electrode configurations. 
0013 Typically the method uses apparatus including a 
signal generator, a sensor, a Switching device and an electrode 
array having a number of electrodes, and wherein the method 
includes in the processing system, controlling the electrode 
configuration by: 

0014 a) selectively interconnecting the signal genera 
tor and electrodes using the Switching device; and, 

0.015 b) selectively interconnecting the sensor and 
electrodes using the Switching device. 

0016 Typically the method includes, in the processing 
system: 

0017 a) causing at least one drive signals to be applied 
to the subject; 

0018 b) measuring at least one induced signal across 
the Subject; and, 

0.019 c) determining at least one impedance value using 
an indication of the excitation signal and the induced 
signal. 

0020 Typically the method includes, in the processing 
system: 

0021 a) determining impedance values at a number of 
different sites; and, 

0022 b) determining an impedance map using the 
impedance values at each site. 

0023 Typically the method includes, in the processing 
system: 

0024 a) determining the presence of an anomaly at any 
one of the sites; and, 

0.025 b) determining the impedance map taking the 
anomaly into account. 

0026. Typically the method includes, in the processing 
system, for a site having an anomaly, at least one of: 

0027 a) excluding the site from the impedance map: 
0028 b) modifying the impedance value determined for 
the site. 

0029. Typically the method includes, in the processing 
system: 

0030) a) determining a difference between the first and 
second impedance values; and, 

0.031 b) determining the presence, absence or degree of 
an anomaly using the determined difference. 

0032 Typically the method includes, in the processing 
system: 

0033 a) determining a difference between the first and 
second impedance values; 

0034 b) comparing the difference to a reference; and, 
0035 c) determining an anomaly depending on the 
result of the comparison. 

0036 Typically the method includes, in the processing 
system: 

0037 a) comparing first and second impedance values: 
and, 

0.038 b) determining the presence, absence or degree of 
a biological anomaly using the results of the compari 
SO. 

0039 Typically the reference in a previously measured 
difference value for the subject. 
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0040 Typically the impedance values are at least one of: 
0041 a) measured impedance values; and, 
0042 b) impedance parameter values derived from 
measured impedance values. 

0043. Typically the impedance parameter values include 
at least one of: 

0044) a) an impedance at infinite applied frequency 
(R): 

0045 b) an impedance at Zero applied frequency (R): 
and, 

0046 c) an impedance at a characteristic frequency 
(Z). 

0047. Typically the method includes, in the processing 
system, determining the impedance parameter values at least 
in part using the equation: 

Ro - R. 
Z = R + 1 + (jut)) 

0048 where: 
0049. R. impedance at infinite applied frequency; 
0050 R-impedance at Zero applied frequency: 
0051 co-angular frequency; 
0.052 t is the time constant of a capacitive circuit 
modelling the Subject response; and, 

0053 C. has a value between 0 and 1. 
0054 Typically the method includes, in the processing 
system: 

0055 a) causing at least one first impedance value to be 
measured at a site using a first electrode configuration; 
and, 

0056 b) causing at least one second impedance value to 
be measured at the site using a second electrode configu 
ration. 

0057 Typically the processing system forms part of a 
measuring device for performing impedance measurements. 
0058 Typically the anomaly includes any one or a com 
bination of 

0059 
0060 

a) a tissue anomaly; and, 
b) an erroneous measurement. 

0061 Typically the tissue anomaly is a tissue lesion. 
0062 Typically the impedance measurements are per 
formed using apparatus including an electrode array having a 
number of electrodes provided thereon, and wherein the 
method includes, in the processing system, causing imped 
ance measurements to be performed using different ones of 
the electrodes in the array. 
0063 Typically the method includes: 
0064 a) causing a first measurement to be performed at 
a site using first and second electrodes as drive elec 
trodes and using third and fourth electrodes as measure 
ment electrodes; and, 

0065 b) causing a second measurement to be per 
formed at the site using first and third electrodes as drive 
electrodes and using second and fourth electrodes as 
measurement electrodes. 

006.6 Typically the method includes: 
0067 a) causing a measurement to be performed at a 

site using first and second electrodes as drive electrodes 
and using third and fourth electrodes as measurement 
electrodes; and, 
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0068 b) causing a measurement to be performed at a 
second site using at least two of the first, second, third 
and fourth electrodes. 

0069. Typically the method includes: 
0070 a) causing a first measurement to be performed at 
a first site using first and second electrodes as drive 
electrodes and using third and fourth electrodes as mea 
Surement electrodes; 

0071 b) causing a second measurement to be per 
formed at the first site using first and third electrodes as 
drive electrodes and using second and fourth electrodes 
as measurement electrodes. 

0.072 c) causing a first measurement to be performed at 
a second site using third and fifth electrodes as drive 
electrodes and using fourth and sixth electrodes as mea 
Surement electrodes; and, 

0.073 d) causing a second measurement to be per 
formed at the second site using third and fourth elec 
trodes as drive electrodes and using fifth and sixth elec 
trodes as measurement electrodes. 

0074 Typically the apparatus includes a signal generator 
for generating drive signals, a sensor for sensing measured 
signals, and a multiplexer, and wherein the method includes, 
in the processing system selectively interconnecting the sig 
nal generator and the sensor to electrodes in the array using 
the multiplexer. 
0075. In a second broad form the present invention seeks 
to provide apparatus for use in analysing impedance measure 
ments performed on a Subject, the apparatus including a pro 
cessing system for: 

0.076 a) determining at least one first impedance value, 
measured at a site using a first electrode configuration; 

0.077 b) determining at least one second impedance 
value, measured at the site using a second electrode 
configuration; and, 

0078 c) determining the presence, absence or degree of 
an anomaly using the first and second impedance values. 

007.9 Typically the apparatus includes: 
0080 a) a signal generator for applying drive signals to 
the Subject using drive electrodes; and, 

0081 b) a sensor for determining measured signals 
using measurement electrodes. 

I0082 Typically the processing system is for: 
0083 a) causing the signal generator to apply one or 
more drive signals to the Subject; and, 

0084 b) determining an indication of the measured sig 
nals measured using the sensor. 

I0085 Typically the processing system is for: 
I0086) a) determining an indication of drive signals 

applied to the Subject; 
0.087 b) determining an indication of measured signals 
determined using the sensor; and, 

0088 c) using the indications to determine an imped 
aCC. 

I0089. Typically the apparatus includes an electrode array 
having a number of electrodes provided thereon, and wherein 
in use, selected ones of the electrodes are used as drive and 
measurement electrodes. 
0090 Typically the processing system is for: 

0.091 a) causing a first measurement to be performed at 
a site using first and second electrodes as drive elec 
trodes and using third and fourth electrodes as measure 
ment electrodes; and, 



US 2011/0046505 A1 

0092 b) causing a second measurement to be per 
formed at the site using first and third electrodes as drive 
electrodes and using second and fourth electrodes as 
measurement electrodes. 

0093. Typically the method includes: 
0094) a) causing a measurement to be performed at a 

site using first and second electrodes as drive electrodes 
and using third and fourth electrodes as measurement 
electrodes; and, 

0.095 b) causing a measurement to be performed at a 
second site using at least two of the first, second, third 
and fourth electrodes. 

0096. Typically the method includes: 
0097 a) causing a first measurement to be performed at 
a first site using first and second electrodes as drive 
electrodes and using third and fourth electrodes as mea 
Surement electrodes; 

0.098 b) causing a second measurement to be per 
formed at the first site using first and third electrodes as 
drive electrodes and using second and fourth electrodes 
as measurement electrodes. 

0099 c) causing a first measurement to be performed at 
a second site using third and fifth electrodes as drive 
electrodes and using fourth and sixth electrodes as mea 
Surement electrodes; and, 

0100 d) causing a second measurement to be per 
formed at the second site using third and fourth elec 
trodes as drive electrodes and using fifth and sixth elec 
trodes as measurement electrodes. 

0101 Typically the apparatus includes: 
0102 a) a signal generator for generating drive signals; 
0.103 b) a sensor for sensing measured signals; and, 
0104 c) a multiplexer, and wherein the processing sys 
tem is for selectively interconnecting the signal genera 
tor and the sensor to electrodes in the array using the 
multiplexer. 

0105. In a third broad form the present invention seeks to 
provide a method for use diagnosing the presence, absence or 
degree of a biological anomaly in a Subject by using imped 
ance measurements performed on the Subject, the method 
including, in a processing System: 

0106 a) determining at least one first impedance value, 
measured at a site using a first electrode configuration; 

0107 b) determining at least one second impedance 
value, measured at the site using a second electrode 
configuration; and, 

0.108 c) determining the presence, absence or degree of 
an anomaly using the first and second impedance values. 

0109. 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 the detection of lesions, tumours, or the like, as well 
as to allow impedance mapping to be performed more accu 
rately by accounting for erroneous readings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0110. An example of the present invention will now be 
described with reference to the accompanying drawings, in 
which:— 
0111 FIG. 1 is a schematic of an example of impedance 
measuring apparatus; 
0112 FIG. 2 is a flowchart of an example of a process for 
performing impedance measurements; 
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0113 FIG. 3 is a flowchart of a second example of a 
process for performing impedance measurements; 
0114 FIG. 4 is a schematic of a specific example of 
impedance measuring apparatus; 
0115 FIGS.5A and 5B area flowchart of an example of a 
process for performing impedance measurements using the 
apparatus of FIG. 4; 
0116 FIGS. 6A to 6D are schematic diagrams of example 
tetrapolar electrode configurations; 
0117 FIGS. 6E to 6J are schematic diagrams of an 
example of a sequence of electrode configurations used for 
performing measurements at multiple sites; 
0118 FIG. 7 is a schematic diagram of an example of a 
region of red blood cells introduced to a plasma to show 
visible diffusion; 
0119 FIG. 8 is a schematic diagram of varying haemat 
ocrit value over an area of the electrode array of FIG. 4; 
I0120 FIG.9A is a schematic diagram of average Romaps 
for haematocrit of 60% and for the tetrapolar electrode 
arrangements of FIGS. 6A to 6D; 
I0121 FIG.9B is a plot of an example of a mean value of Ro 
for each impedance map of FIG. 9A against haematocrit 
concentration; 
0.122 FIG. 10 is a schematic diagram of example imped 
ance maps for plasma with introduced red blood cells in the 
lower left corner for the tetrapolar electrode arrangements of 
FIGS. 6A to 6D; 
I0123 FIG. 11 is a schematic diagram of an example 
impedance difference map for use in identifying a tissue 
anomaly; 
0.124 FIG. 12A is a schematic diagram of example imped 
ance maps for plasma with an introduced red blood cell clot 
covering a central electrode; 
0.125 FIG.12B is a schematic diagram of example imped 
ance maps for plasma with an introduced red blood cell clot 
covering four electrodes associated with a respective mea 
Surement site; and, 
0.126 FIG. 12C is a schematic diagram of example imped 
ance maps for plasma with an introduced red blood cell clot 
covering two measurement sites. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

I0127. An example of apparatus suitable for performing an 
analysis of a subject's bioelectric impedance will now be 
described with reference to FIG. 1. 
0128. 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. 
I0129. The connection 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, the 
sensor 112 and the electrodes 113, 114, 115, 116. 
0.130. The processing system 102 typically includes a pro 
cessor 105, a memory 106, an input/output device 107 such as 
a keyboard and display, and an external interface 108 coupled 
together via a bus 109, as shown. The external interface 108 
can be used to allow the processing system 102 to be coupled 
to the signal generator 111 and the sensor 112, as well as to 
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allow connection to one or more peripheral devices (not 
shown). Such as an external database, or the like. 
0131. In use, the processing system 102 is adapted to 
generate control signals, which cause the signal generator 111 
to generate one or more alternating drive signals. Such as 
Voltage or current signals, which can be applied to a Subject S. 
via two of the electrodes 113, 114, 115, 116 (generally 
referred to as “drive’ electrodes). The sensor 112 then deter 
mines measured signals representing the induced Voltage 
across or current through the Subject S, using the other two of 
the electrodes 113, 114, 115, 116 (generally referred to as 
“measurement electrodes) and transfers appropriate signals 
to the processing system 102. 
0.132. Accordingly, it will be appreciated that the process 
ing 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 option 
ally determine other information Such as the presence, 
absence or degree of oedema, or the like. 
0133. The processing system 102 may therefore be a suit 
ably programmed computer system, such as a laptop, desk 
top, PDA, smartphone or the like. Alternatively the process 
ing system 102 may be formed from specialised hardware, 
Such as an FPGA (field programmable gate array), or a com 
bination of a programmed computer system and specialised 
hardware, or the like. 
0134. In use, the two electrodes 113,114, 115, 116 that are 
to be used as drive electrodes are positioned on the subject to 
allow one or more signals to be injected into the Subject S. 
with two other electrodes 113,114, 115, 116 being positioned 
to act as measurement electrodes to allow signals induced 
within the subject, to be detected. The location of the elec 
trodes will depend on the segment of the subject S under 
study. 
0135. Once the electrodes are positioned, one or more 
alternating signals are applied to the Subject S, via the drive 
electrodes. The nature of the alternating signal will vary 
depending on the nature of the measuring device and the 
Subsequent analysis being performed. 
0.136 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 identification of anomalies (which 
can include tissue anomalies, erroneous measurements, or the 
like), or performing impedance mapping. 
0.137 In contrast Bioimpedance Spectroscopy (BIS) 
devices apply signals at a number of frequencies either simul 
taneously or sequentially. BIS devices typically utilise fre 
quencies ranging from 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. 
0.138. Thus, the measuring device 100 may either apply an 
alternating signal at a single frequency, at a plurality of fre 
quencies simultaneously, or may apply a number of alternat 
ing 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. 
0.139. In one example, the applied signal is a frequency 
rich current signal from a current source clamped, or other 
wise limited, so it does not exceed a maximum allowable 
Subject auxiliary current. However, alternatively, Voltage sig 
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nals 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 cur 
rent is measured so it does not exceed the maximum allowable 
Subject auxiliary current. 
0140. A potential difference and/or current are measured 
between the measurement electrodes. 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. 
0.141. To assist accurate measurement of the impedance, 
buffer circuits may be placed in connectors that are used to 
connect the electrodes 113, 114, 115, 116 to the leads 123, 
124, 125, 126. This helps eliminate contributions to the mea 
sured voltage due to the response of the leads 123, 124, 125, 
126, and reduce signal losses. 
0142. A further option is for the voltage to be measured 
differentially, meaning that the sensor used to measure the 
potential at each measurement electrode only needs to mea 
Sure half of the potential as compared to a single ended 
system. 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. 
0143. 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 trans 
form the time domain data to the frequency domain. This is 
typically used when the applied current signal is a Superpo 
sition of applied frequencies. Another technique not requiring 
windowing of the measured signal is a sliding window FFT. 
0144. In the event that the applied current signals are 
formed from a sweep of different frequencies, then it is more 
typical to use a processing technique Such as multiplying the 
measured signal with a reference sine wave and cosine wave 
derived from the signal generator, or with measured sine and 
cosine waves, and integrating over a whole number of cycles. 
This process rejects any harmonic responses and significantly 
reduces random noise. 
0.145) Other suitable digital and analog demodulation 
techniques will be known to persons skilled in the field. 
0146 In the case of BIS, impedance or admittance mea 
Surements can be determined from the signals at each fre 
quency by comparing the recorded Voltage and current signal. 
This allows demodulation to be used to produce an amplitude 
and phase signal at each frequency. 
0147 An example of the operation of the apparatus to 
detect anomalies when performing impedance mapping or 
other impedance measurements will now be described with 
reference to FIG. 2. 
0.148. At step 200 a first impedance value is measured at a 
given site. The impedance value is typically measured using a 
first electrode configuration, and whilst any form of electrode 
configuration may be used, this is typically a tetrapolar elec 
trode configuration utilised to allow impedance readings to be 
measured at the specific site. 
0149. At step 210 a second impedance value is measured 
at the (same) site. This is typically achieved utilising an 
alternative electrode configuration and in particular, a con 
figuration which is a modified version of the first configura 
tion. 
0150. In this regard, the configuration typically utilises the 
same electrode placements on the Subject, but applies the 
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signals to and measures signals from different ones of the 
electrodes. Thus, for example, in a tetrapolar electrode con 
figuration, the first measurement may be made by applying a 
current across first electrodes and measuring a Voltage across 
second electrodes, whereas the second measurement may be 
made by applying the current across the second electrodes 
and measuring the induced Voltage across first electrodes. 
0151. At step 220 the first and second impedance values 
can be used to determine if the measurement made at the site 
is erroneous. In particular, Such a reading will typically arise 
if a low impedance lesion or other biological anomaly is 
present between a drive and a measurement electrode pair. 
0152 The erroneous measurement (or reading) can then 
be taken into account when performing analysis of imped 
ance measurements at step 230. For example, the erroneous 
reading may be used to identify and/or Subsequently monitor 
the development of a low impedance lesion. Thus, this tech 
nique can be used to detect the presence, absence or degree of 
lesions or other biological anomalies. Additionally, and/or 
alternatively, knowledge of the anomaly can be taken into 
account when performing analysis of impedance measure 
mentS. 

0153. Thus, for example, impedance measurements can be 
performed over a region, Such as an area of a subject's skin, to 
allow impedance mapping or other similar analysis to be 
performed. As the presence of erroneous readings can have a 
negative impact on any such impedance mapping process, 
identification of these erroneous readings allows readings at 
the corresponding site to be rejected or otherwise modified so 
that they do not adversely affect the impedance mapping 
process. 
0154 An example of the process for identifying anoma 

lies, including but not limited to tissue anomalies, erroneous 
readings, or the like will now be described in more detail with 
respect to FIG. 3. 
0155. In particular, at step 300 the signal generator 111 is 
used to apply a first drive signal to the Subject S using a first 
electrode configuration. Thus for example, the current Source 
111 may be connected to the leads 123,124, via the switching 
device 118, so that the electrodes 113, 114 act as the drive 
electrodes. 
0156. At step 310 a first signal induced across the subject 
S is measured. This is typically achieved by utilising the 
Switching device 118 to interconnect the remaining measure 
ment electrodes, in this case the electrodes 115, 116, to the 
sensor 112, thereby allowing signals induced within the sub 
ject S to be detected. 
0157 At step 320 the processing system 102 utilises an 
indication of the applied and induced signals to determine a 
first impedance value. The first impedance value may be 
formed from one or more measured impedance values. Thus, 
for example, if a single frequency BIA device is used, a single 
measured impedance value may be determined, whereas if a 
BIS device is used, multiple measured values may be deter 
mined, with a single value being determined for each applied 
frequency. 
0158. In addition, or alternatively to the impedance values 
being actual measured values, the impedance values may be 
based on impedance parameter values derived from the actual 
measurements. This can include parameter values such as the 
impedance at Zero, characteristic or infinite frequencies (Ro, 
Z, R.), as will be described in more detail below. 
0159. At step 330 the processing system 102 controls the 
switching device 118 to switch to an alternative electrode 
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configuration. In this instance, for example, the electrodes 
113, 115 may be used as the drive electrodes with the elec 
trodes 114, 116 being used as measurement electrodes. Any 
other alternative configuration may also be used, depending 
on the implementation. 
0160. At step 340, a second signal is applied to the subject 
S using the second electrode configuration, with the induced 
signal across subject S being measured at step 350. At step 
360 the applied and induced signals are processed to deter 
mine a second impedance value, which again can be formed 
from one or more measured impedance values, or parameter 
values derived therefrom. 
0.161. At step 370, the processing system 102 uses the first 
and second impedance values to determine if any tissue 
anomalies might exist. An erroneous measurement will typi 
cally be determined if the difference between the first and 
second impedance values is greater than a reference amount. 
The magnitude of this reference may vary depending upon a 
number of factors and the processing system 102 is therefore 
typically arranged to compare the difference between the first 
and second impedance values to a reference value, which can 
be stored in memory, or the like. The reference value could be 
previously determined for example based on sample data 
collected for a nominal reference population, or based on the 
difference determined for other sites, as will be described in 
more detail below. 

(0162. Once detected, this information can be used in one 
of two ways. For example, the measured values can be used to 
derive information regarding any associated biological 
anomaly, Such as the presence, absence or degree of any tissue 
lesion, tumour, or the like, at step 380. Alternatively, at step 
390, the erroneous measurement can be taken into account 
when performing other impedance analysis. Thus, for 
example, if wound or other impedance mapping is being 
performed to monitor wound healing, or the like, any errone 
ous reading can be rejected to ensure that this does not overtly 
influence the outcome of the analysis. Examples of this will 
be described in more detail below. 
0163 An example of a specific apparatus arrangement for 
performing impedance measurements, and in particular, for 
performing impedance mapping, will now be described with 
reference to FIG. 4. 
0164. In particular in this instance an impedance measur 
ing device 400 is connected to a multiplexer 410, which is 
controlled by a computer system 420. Such as a personal 
computer or the like. In this instance the multiplexer 410 is 
coupled to an electrode array 430 having a number of elec 
trodes 431 provided thereon. 
0.165. In use the measuring device 400 generates signals to 
be applied to the subject via the electrode array with these 
signals being coupled to respective ones of the electrodes 431 
utilising the multiplexer 410. Similarly, signals induced 
across the subject S can also be returned from electrodes 431 
to the impedance measuring device 400 via the multiplexer 
410. Overall operation of the multiplexer 410 can be con 
trolled using the computer system 420, allowing this process 
to be substantially automated. 
0166 In one specific example, the measuring device 400 is 
in the form of an Impedimed Imp SFB7TM. The drive and 
measurement electrodes from the SFB7 can be directed 
through a multiplexer 410, such as a 32 channel multiplexer 
(ADG732) from Analog Devices and switching of the multi 
plexer output channels can be controlled via custom Software 
operating on a standard computer system 420. 
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0167. In this example, the electrode array 430 includes 
twenty five, 1 mm diameter electrodes separated by 0.77 mm 
in a 5x5 Square. This allows a total of 64 separate measure 
ments to be taken at 16 different sites giving an impedance 
map of 49 mm on the surface of a subject, which may be an 
individual, a test medium, or the like. As a result of this, only 
25 of the available 32 multiplexerchannels are required for 
this arrangement. 
0168 An example of use of the system will now be 
described with reference to FIG. 5. 

(0169. At step 500 the electrode array 430 is applied to the 
subject S, and connected to the multiplexer 410, as described 
above. At this stage, systems, such as the measuring device 
400, the multiplexer 410 and the computer system 420 are 
activated and configured as required in order to allow the 
measurement procedure to be performed. 
0170 At step 510 the computer system 420 selects a next 
site for measurement. The electrodes 431 are typically 
selected so as to form a tetrapolar arrangement, with a group 
of four electrodes 431 in the array 430 defining the site being 
measured. An example of this is shown in FIGS. 6A to 6D, in 
which four electrodes 431A, 431B, 431C, 431D are selec 
tively used as measurement and drive electrodes for a single 
site. 

0171 In this example, four measurements can be made at 
each site by using the drive and measurement electrode 
arrangements shown in FIGS. 6A to 6D. Thus, in FIG. 6A, the 
electrodes 431A, 431B act as the measurement electrodes 
M. M., whereas the electrodes 431C, 431D act as the drive 
electrodes D. D. Successive measurements at the site can be 
made using different electrode configurations in which the 
drive and measurement electrodes M. M. D., D are used as 
shown so that the tetrapolar configuration is effectively 
rotated by 90° for each successive measurement. 
0172 To achieve this, at step 520 the measuring device 
400 controls the multiplexer 410 to couple the measuring 
device to the electrodes in accordance with a next one of the 
electrode configurations for the currently selected tetrapolar 
array. Thus, for example, for the first measurement, the 
arrangement shown in FIG. 6A can be used so that the elec 
trodes 431A, 431B act as the measurement electrodes M. 
M, whereas the electrodes 431C, 431D act as the drive elec 
trodes D. D. 
0173 The measuring device 400 then applies a drive sig 
nal to the subject via the selected drive electrodes 431C, 
431D, allowing the signal induced across the measurement 
electrodes 431A, 431B to be measured at step 530. An indi 
cation of this measured signal is returned to the measuring 
device 400, to allow the measuring device 400 to process the 
Voltage and current signals and determine one or more an 
impedance values. 
0.174. The impedance values determined will depend on 
the preferred implementation. For example, in the event that 
the measuring device 400 is performing BIA, then typically a 
single impedance value is calculated representing the mea 
Sured impedance. 
0.175. In contrast, if the measuring device performs a mul 

tiple frequency BIS analysis, as is the case with the SFB7TM 
device described above, then the impedance value can be 
based on impedance parameter values, such as values of the 
impedance at Zero, characteristic or infinite frequencies (Ro, 
Z, R). These values can be derived by the measuring device 
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400 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: 

Ro - Rs. (1) 
1 + (ico) 

(0176 where: 
0177 R. impedance at infinite applied frequency, 
0.178 Roimpedance at Zero applied frequency, 
0179 co-angular frequency, 
0180 t is the time constant of a capacitive circuit 
modelling the Subject response. 

0181. However, the above represents an idealised situation 
which does not take into account the fact that the cell mem 
brane is an imperfect capacitor. Taking this into account leads 
to a modified model in which: 

Ro - R. (2) 
1 + (jor)(-) 

0182 where: C. has a value between 0 and 1 and can be 
thought of as an indicator of the deviation of a real 
system from the ideal model. 

0183) The value of the impedance parameters R and R. 
may be determined in any one of a number of manners such as 
by: 

0.184 Solving simultaneous equations based on the 
impedance values determined at different frequencies; 

0185 using iterative mathematical techniques; 
0186 extrapolation from a “Wessel plot': 
0187 performing a function fitting technique, such as 
the use of a polynomial function. 

0188 It will be appreciated that as an alternative to the 
analysis being performed by the measuring device 400, the 
analysis can be performed in part, or in total, by the computer 
system 420, depending on the preferred implementation. 
0189 At step 550, the processing system 420 determines if 
all electrode configurations for the respective site are com 
plete and if not returns to step 520. In this instance a next 
electrode configuration is selected, with steps 520 to 550 
being repeated for this next electrode configuration. This 
process can then be repeated until each of the four electrode 
configurations shown in FIGS. 6A to 6D have been utilised 
for the current site. 
(0190. Whilst it is possible to use all four of the indicated 
electrode configurations for the tetrapolar configuration, this 
is not essential, and in some circumstances, it is Sufficient to 
use any two or more of the possible configurations. Thus, for 
example, the configurations used in FIGS. 6A and 6B can be 
used, in which the tetrapolar electrode configuration is effec 
tively rotated by 90°. This is particularly useful as one drive 
and measurement electrode is effectively exchanged in the 
two different configurations, thereby maximising the chance 
of lesions located between the drive and measurement elec 
trodes from being located, without requiring Switching of 
each of the electrodes. 
0191) Furthermore, this arrangement can be used to pro 
vide a sequence of drive and measurement electrode configu 
rations that can be used to perform multiple measurements at 
Successive sites, with only a single drive and single measure 
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ment electrode being Switched between Successive measure 
ments. An example of this is shown in FIGS. 6E to 6.J. 
0.192 Once all the electrode configurations are complete 
for a specific site, the measuring device 400 or the computer 
system 420 is used to analyse the impedance values and 
determine if the impedance measurements are indicative of a 
tissue anomaly. As mentioned above this may be achieved in 
any one of a number of ways but typically involves examining 
the difference between measured impedance values. The rea 
son for this is that the impedance measured at a given site 
should be substantially invariant irrespective of the electrode 
configuration used. Consequently, any variation in measured 
impedance values for different electrode configurations indi 
cates that the tissue is non-uniform and in particular that there 
is likely to be a low impedance lesion situated between the 
drive electrodes D, D, and the measurement electrodes M. 
M 2. 
0193 In this regard, when the electrodes are provided in 
the arrangement of FIGS. 6A to 6D, there are usually regions 
of positive sensitivity between the drive electrodes D, D, and 
between the measurement electrodes M. M. In addition to 
this, there are generally regions of negative sensitivity 
between each pair of drive and measurement electrodes D. 
M. and M. D. These size and magnitude of the areas of 
negative and positive sensitivity will vary depending on the 
exact electrode configuration. 
0194 For negative field region, a lower resistance than the 
Surrounding tissue will result in an increase in measured 
impedance, whereas a lower resistance in the positive field 
region will result in a decrease in measured impedance. 
Example tissue electrical properties as given by Brown, B.H., 
Tidy, J. A., Boston, K., Blackett, A. D., Smallwood, R. H. and 
Sharp, F. (2000a). “Relation between tissue structure and 
imposed electrical current flow in cervical neoplasia,” The 
Lancet 355: 892-895, are shown in Table 1 below. 

TABLE 1. 

Healthy Tissue Cancerous Tissue 
Mean (SD) Mean (SD) 

R = 19.0 (7.77) m 
R = 2.31 (4.04) m 
C = 1.12 (1.96) F/m 

R = 3.85 (2.89) m 
R = 6.10 (2.57) m 
C = 1.01 (1.93) F/m 

0.195 Thus, as cancerous tissue generally has a lower 
resistance, a cancerous lesion between the drive electrodes 
D. D. or between the measurement electrodes M. M. will 
result in a decreased impedance measurement, whereas a 
lesion between the each pair of drive and measurement elec 
trodes D. M. or M. D., will result in an increased imped 
ance measurement. 

0196. It will therefore be appreciated that examining dif 
ferences between impedance measurements with different 
electrode configurations can allow tissue anomalies Such as 
lesions, to be detected. 
0197) In one example this is achieved by determining the 
difference between the impedance values determined using 
the different electrode configurations, at step 560. The maxi 
mum determined difference is then compared to a reference at 
step 570. The reference, which is typically previously deter 
mined and stored in memory of the measuring device 400 or 
the computer system 420, represents a threshold value so that 
if the difference between impedance values is greater than the 
reference, then this indicates that a tissue anomaly is present. 
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0198 The reference can be determined in any one of a 
number of ways depending on the preferred implementation. 
For example, the reference may be determined by studying a 
number of healthy individuals (individuals without lesions or 
other biological anomalies) and/or unhealthy individuals (in 
dividuals with lesions or other anomalies) and calculating a 
range of variations between impedance values at a given site. 
This can be used to provide an indication of typical differ 
ences between impedance values for a healthy individual, 
thereby allowing a threshold to be established for tissue 
anomalies. 
(0199 A further alternative is to derive the reference from 
previous measurements made for the respective individual. 
For example, if the individual undergoes a medical interven 
tion, Such as Surgery, or the like, which may result in a lesion 
forming, then measurements can be made for the individual 
prior to the intervention, or following initial development of 
the lesion. This can be used to establish a baseline of differ 
ences in impedance values for the individual, either prior to 
the lesion forming, or following lesion formation. This base 
line can then be used as a Subject specific reference so that 
changes in the difference between the impedance values for 
the individual, can be used to monitor lesion development 
and/or effectiveness of treatment. 
0200. A further option is to determine the reference using 
a statistical analysis of measurements made for a number of 
different sites. This could be performed by examining the 
mean difference for a number of sites over a region, and then 
calculating the reference based on a value that is a number of 
standard deviations from the mean. Accordingly, in this 
instance, an anomaly is identified if the difference for a site is 
more than a set number of standard deviations from the mean 
difference value for a number of sites. 
0201 In any event, if the reference is exceeded and the 
result is determined to be indicative of a tissue anomaly at Step 
580, then the site is identified as a tissue anomaly at step 590. 
Once this is completed or otherwise, at step 600 the computer 
system 420 will determine if all sites are complete and if not 
will return to step 510 to select the next site in the electrode 
array 430. This will typically involve using the electrodes 
631C, 631D and two electrodes in the next column in the 
array. 
0202 This process can be repeated for all of the sites 
defined by the electrode array 630, allowing an impedance 
map to be generated at 610. The impedance map can be used 
to indicate variations in tissue properties, or the like, which in 
turn can be used for a number of purposes, such as to monitor 
healing of wounds or the like. 
0203 As will be appreciated by persons skilled in the art, 
being able to identify, and Subsequently discount or otherwise 
account for Such tissue anomalies allows improved results to 
be obtained for impedance mapping processes. 
0204 Furthermore, this process can also be used to iden 
tify and monitor low impedance lesions, tumours or the like. 
For example, determining the magnitude of the difference 
between different impedance values obtained for a given site 
allows an indication of the severity of the lesion to be deter 
mined. By monitoring changes in the difference over time, 
this allows variations in lesion severity over time to be moni 
tored. 
0205 Specific example trials of the process of performing 
impedance mapping will now be described. 
0206. The blood for each trial was collected from the same 
animal and treated with 70 mg/L of heparine to prevent 
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coagulation. Blood for each measurement was prepared in the 
same manner by allowing it to cool to room temperature (22 
C.) and the red blood cells separated via a centrifuge. The 
separated red blood cells and plasma could then be mixed in 
appropriate proportions to obtain the required haematocrit for 
testing. Samples were also collected and allowed to coagul 
late, these were used to represent a high impedance tissue 
medium at Ro due to the Small extracellular space. 
0207. In a first example, impedance maps were initially 
established for homogenous haematocrit in an in-vitro envi 
ronment. To achieve this, bovine blood was used as the con 
ductive medium, with impedance maps being obtained using 
homogenous samples with a range of haematocrit values (0. 
20, 40, 60, 80%). 
0208. The impedance maps of Ro measured for blood 
samples of various haematocrit are shown in FIG.8. Each 
measurement location shown was measured using the tet 
rapolar electrode orientation arrangement described above, at 
each of the four possible electrode orientations. These four Ro 
values measured using different electrode orientation were 
then averaged to produce one Ro map as shown in FIG.9A. 
0209. A plot of mean Ro for each impedance map against 
haematocritis shown in FIG.9B. This highlights that there is 
a large increase in impedance with haematocrit concentra 
tion. The plot follows an exponential trend as expected since 
the Ro value of a sample with haematocrit of 100% would 
approach infinity due to the very Small extracellular space. 
The range of haematocrit values has also shown to have a 
significant and measurable change in Ro. This is useful if 
impedance maps were to be determined with two or more 
volumes of blood with differing haematocrits. 
0210. In a second trial, the electrode array 430 was cov 
ered with plasma (haematocrit of 0%) and red blood cells 
(haematocrit of 100%) injected onto the corner of the elec 
trode array, as shown for example in FIG. 7. 
0211 An example of the bioimpedance map of an average 
value of Ro obtained for each site is shown at 1000 in FIG.10. 
The smaller four maps 1001, 1002, 1003, 1004, correspond to 
the impedance values for Ro measured using respective elec 
trode configurations, as shown for example in FIGS. 6A to 
6D. 

0212. It is evident from the above examples that bioimped 
ance maps for haematocrit 0 to 80% result in reasonably 
consistent values of Ro (standard deviation <3%). The uni 
form measurements also demonstrate that the remaining 21 
electrodes have little effect on the measurements from the 4 
electrodes actively involved. Hence these 21 electrodes do not 
shunt the current between the active drive electrodes. 

0213. The bioimpedance map of plasma with introduced 
cells clearly shows an increase in Ro at the site of the intro 
duced cells, shown in FIG. 10. The R value in the lower left 
corner (9592) is much higher than that in the upper right 
corner (62S2) which corresponds to that of the homogenous 
plasma sample. While the resistance in the lower left corner is 
higher than that of plasma it is less than that obtain for 80 and 
60% haematocrit. The reason for this is due to the cells dis 
persing throughout the plasma (as shown in FIG. 7) effec 
tively reducing the haematocrit of the introduced red blood 
cell sample. 
0214. As shown in this example, the values of Ro deter 
mined for the site 1005 differ significantly for the four differ 
ent orientations, thereby indicating the presence of a biologi 
cal anomaly at the site 1005. 
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0215. In this example, the sensitivity region between the 
two electrodes 431B, 431D is positive for the maps 1002, 
1004 resulting in an increased measured impedance if a 
higher impedance medium is present between the electrodes. 
This increase in impedance is clearly seen in the maps 1002, 
1004. The maps 1001, 1003 on the left show a decrease in 
impedance because the region between the two electrodes 
431B, 431D is of negative sensitivity in this configuration, 
thereby resulting in a decreased measured impedance when a 
higher impedance medium is located in the region. 
0216. When performing an impedance analysis, the can be 
taken into account by excluding this site from the larger 
impedance map, allowing an accurate average to be deter 
mined that excludes any anomaly. Alternatively different 
mechanisms may be used for taking this into account. For 
example, averaging of the four measured values of Ro, at the 
given site, can reduce the impact of the tissue anomaly. In this 
regard, the averaged impedance map would be unaffected 
since the higher and lower measured impedance values effec 
tively average to cancel each other out, so that the Ro value in 
this region of the larger map is not anomalous. 
0217. Alternatively, the impedance of adjacent sites can be 
used to determine a value for R which is unaffected by the 
tissue anomaly. Thus, for example, examination of the maps 
1001, 1002, 1003, 1004 for each tetrapolar configuration 
highlights that the determined impedance values determined 
for the site 1005 in the maps 1001, 1003 are similar to those 
of adjacent sites, whereas the impedance values determined 
for the site 1005 in the maps 1002, 1004 are significantly 
different. This implies that the lesion or other tissue anomaly 
is located between the drive and measurement electrodes for 
the electrode configurations used in determining the maps 
1002, 1004, meaning that these readings are erroneous. Con 
sequently, the impedance value used for the overall imped 
ance map could be based on the impedance values determined 
for the impedance maps 1001, 1003 as these readings are 
more likely to be accurate. 
0218. This can be performed for example to discount read 
ings that are believed to be anomalous, for example due to 
errors in the measuring process, poor electrode contact, or the 
like. 
0219. However, more typically the results are used to 
detect tissue anomalies, such as lesions or the like. Thus, as 
measurements made using orthogonal electrode orientations 
at a region of non-homogeneity will produce different mea 
Sured impedances, whereas a region of homogeneity will 
produce the same measurements. This allows tissue anoma 
lies, such as lesions, to be identified, and furthermore allows 
lesion boundaries to be determined. 
0220. An example of this will now be described with ref 
erence to FIG. 11. For the purpose of this example, the imped 
ance map of plasma with introduced red blood cells shown in 
FIG. 10 was used. In this example, the smaller maps 1001, 
1003 are averaged, as are maps 1002, 1004, with the differ 
ence between these resulting maps being shown in the map 
1100 of FIG. 11. 
0221. In this example, a region1101 is highlighted which 
has low positive values of Ro, where dispersed blood is 
present, and this is due to different haematocrits being located 
under each of these electrode sets. Within this region, the site 
1102 has an R value of Zero due to a high but homogeneous 
haematocrit sample being located under the electrode set. 
0222. In an upper right region 1103 of the impedance map, 
the average Ro values are close to Zero due to the sample under 
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the electrode sets being homogeneous plasma, the red blood 
cells having not dispersed into this region. 
0223) At the site 1105, a large negative value of Ro is 
present, implying the presence of a tissue anomaly or lesion. 
The site 1106 is also negative, but not to such a degree. This 
implies that a tissue anomaly is likely to be present at the site 
1105 and that this may extend slightly into the site 1106. 
Accordingly, it will be appreciated that this not only allows 
tissue anomalies to be identified, but also allows the extent 
and/or boundaries of the tissue anomaly to be determined. 
0224. In a third example, a clot was introduced to the 
plasma in place of the red blood cells. FIGS. 12A, to 12C, 
display typical impedance maps 1200 with clots introduced in 
various regions on the electrode array. In the example of 
FIGS. 12A to 12C, the average value of Ro obtained for each 
site is shown at 1200, with the four smaller maps 1201, 1202, 
1203, 1204, corresponding to the impedance values for Ro 
measured using respective electrode configurations, as shown 
for example in FIGS. 6A to 6D. 
0225. In FIG.12A, the clot is introduced beneath a central 
electrode, the location of which is shown at 1210. In FIG. 
12B, the clot is located at the site 1220, whilst in the example 
of FIG. 12C, the clot is provided in the region 1230, encom 
passing the sites 1231, 1232. These examples show clear 
impedance changes at the boundaries of the red blood cell 
clots due to minimal dispersion of red blood cells. This high 
lights how in practice the process can be used to identify the 
size of tissue anomalies, such as lesions and monitor their 
growth or change in shape over time. 
0226. It will therefore be appreciated that the above 
described methods provide techniques for identifying the 
presence, absence and even extent of tissue anomalies. Such 
as lesions. These anomalies did not appear to alter the result 
ant impedance map once averaged, meaning that the averag 
ing of results prevents the tissue anomalies being detected. 
However, this does mean that even in the event that anomalies 
exist, this avoids the need to remove and discard Such mea 
SurementS. 

0227 Thus, the above described techniques provide a non 
Subjective method for determining lesion size and hence pos 
sible biopsy margins. 
0228 By using an electrode array coupled to a suitable 
Switching system, this allows measurements to be rapidly 
performed over an area of the subject. Furthermore, by using 
only two measurements at each site, this can reduce the num 
ber of measurements required at each region and minimise the 
time taken to acquire an impedance map. 
0229. Persons skilled in the art will appreciate that numer 
ous 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. 
0230. Thus, for example, it will be appreciated that fea 
tures from different examples above may be used inter 
changeably where appropriate. Furthermore, whilst the above 
examples have focussed on a subject Such as a human, it will 
be appreciated that the measuring device and techniques 
described above can be used with any subject such as an 
animal, including but not limited to, primates, livestock, per 
formance animals, such racehorses, or the like, as well as to 
in-vitro samples, or the like. 
0231. The above described processes can be used for 
determining the health status of an individual, including 
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determining the presence, absence or degree of a range of 
biological anomalies. It will be appreciated from this that 
whilst the above examples use the term lesion, this is for the 
purpose of example only and is not intended to be limiting. 
0232 Furthermore, whilst the above described examples 
have focussed on the application of a current signal to allow a 
Voltage to be measured, this is not essential and the process 
can also be used when applying a Voltage signal to allow a 
currant to be sensed. 
0233. The above described impedance maps are deter 
mined based on the value of the impedance parameter Ro. 
However, it will be appreciated that impedance maps based 
on other to impedance parameters, such as actual measured 
impedances, or values of R. Z, or the like. 

1) A method for use in performing impedance measure 
ments on a subject, the method including, in a processing 
system: 

a) determining at least one first impedance value, measured 
at a site using a first electrode configuration; 

b) determining at least one second impedance value, mea 
Sured at the site using a second electrode configuration; 
and, 

c) determining the presence, absence or degree of an 
anomaly using the first and second impedance values. 

2) A method according to claim 1, wherein the method 
includes using a tetrapolar electrode arrangement, the first 
and second electrode configurations using a different con 
figuration of drive and measurement electrodes. 

3) A method according to claim 2, wherein the method 
includes, in the processing system, determining an imped 
ance value for each of four electrode configurations. 

4) A method according to any one of claims 1 to 3, wherein 
the method uses apparatus including a signal generator, a 
sensor, a Switching device and an electrode array having a 
number of electrodes, and wherein the method includes in the 
processing system, controlling the electrode configuration 
by: 

a) selectively interconnecting the signal generator and 
electrodes using the Switching device; and, 

b) selectively interconnecting the sensor and electrodes 
using the Switching device. 

5) A method according to any one of claims 1 to 4, wherein 
the method includes, in the processing system: 

a) causing at least one drive signals to be applied to the 
Subject; 

b) measuring at least one induced signal across the Subject; 
and, 

c) determining at least one impedance value using an indi 
cation of the excitation signal and the induced signal. 

6) A method according to any one of claims 1 to 5, wherein 
the method includes, in the processing system: 

a) determining impedance values at a number of different 
sites; and, 

b) determining an impedance map using the impedance 
values at each site. 

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

a) determining the presence of an anomaly at any one of the 
sites; and, 

b) determining the impedance map taking the anomaly into 
acCOunt. 

8) A method according to claim 7, wherein the method 
includes, in the processing system, for a site having an 
anomaly, at least one of: 

a) excluding the site from the impedance map: 
b) modifying the impedance value determined for the site. 
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9)A method according to any one of claims 1 to 8, wherein 
the method includes, in the processing system: 

a) determining a difference between the first and second 
impedance values; and, 

b) determining the presence, absence or degree of an 
anomaly using the determined difference. 

10) A method according to any one of claims 1 to 9, 
wherein the method includes, in the processing system: 

a) determining a difference between the first and second 
impedance values; 

b) comparing the difference to a reference; and, 
c) determining an anomaly depending on the result of the 

comparison. 
11) A method according to any one of claims 1 to 10, 

wherein the method includes, in the processing system: 
a) comparing first and second impedance values; and, 
b) determining the presence, absence or degree of a bio 

logical anomaly using the results of the comparison. 
12) A method according to any one of claims 1 to 11, 

wherein the reference in a previously measured difference 
value for the subject. 

13) A method according to any one of claims 1 to 12, 
wherein the impedance values are at least one of 

a) measured impedance values; and, 
b) impedance parameter values derived from measured 

impedance values. 
14) A method according to claim 12, wherein the imped 

ance parameter values include at least one of 
a) an impedance at infinite applied frequency (R): 
b) an impedance at Zero applied frequency (R); and, 
c) an impedance at a characteristic frequency (Z). 
15) A method according to claim 13, wherein the method 

includes, in the processing system, determining the imped 
ance parameter values at least in part using the equation: 

Ro - R. 
1 + (jut)(1-0) & 

where: 
R impedance at infinite applied frequency; 
Ro impedance at Zero applied frequency; 
() angular frequency; 
T is the time constant of a capacitive circuit modelling 

the Subject response; and, 
C. has a value between 0 and 1. 

16) A method according to any one of claims 1 to 15, 
wherein the method includes, in the processing system: 

a) causing at least one first impedance value to be measured 
at a site using a first electrode configuration; and, 

b) causing at least one second impedance value to be mea 
Sured at the site using a second electrode configuration. 

17) A method according to any one of claims 1 to 16, 
wherein the processing system forms part of a measuring 
device for performing impedance measurements. 

18) A method according to any one of claims 1 to 17, 
wherein the anomaly includes any one or a combination of: 

a) a tissue anomaly; and, 
b) an erroneous measurement. 
19) A method according to claim 18, wherein the tissue 

anomaly is a tissue lesion. 
20) A method according to claims 1 to 19, wherein the 

impedance measurements are performed using apparatus 
including an electrode array having a number of electrodes 
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provided thereon, and wherein the method includes, in the 
processing system, causing impedance measurements to be 
performed using different ones of the electrodes in the array. 

21) A method according to claim 20, wherein the method 
includes: 

a) causing a first measurement to be performed at a site 
using first and second electrodes as drive electrodes and 
using third and fourth electrodes as measurement elec 
trodes; and, 

b) causing a second measurement to be performed at the 
site using first and third electrodes as drive electrodes 
and using second and fourth electrodes as measurement 
electrodes. 

22) A method according to claim 20 or claim 21, wherein 
the method includes: 

a) causing a measurement to be performed at a site using 
first and second electrodes as drive electrodes and using 
third and fourth electrodes as measurement electrodes; 
and, 

b) causing a measurement to be performed at a second site 
using at least two of the first, second, third and fourth 
electrodes. 

23) A method according to claim 20, wherein the method 
includes: 

a) causing a first measurement to be performed at a first site 
using first and second electrodes as drive electrodes and 
using third and fourth electrodes as measurement elec 
trodes; 

b) causing a second measurement to be performed at the 
first site using first and third electrodes as drive elec 
trodes and using second and fourth electrodes as mea 
Surement electrodes. 

c) causing a first measurement to be performed at a second 
site using third and fifth electrodes as drive electrodes 
and using fourth and sixth electrodes as measurement 
electrodes; and, 

d) causing a second measurement to be performed at the 
second site using third and fourth electrodes as drive 
electrodes and using fifth and sixth electrodes as mea 
Surement electrodes. 

24) A method according to any one of the claims 20 to 23, 
wherein the apparatus includes a signal generator for gener 
ating drive signals, a sensor for sensing measured signals, and 
a multiplexer, and wherein the method includes, in the pro 
cessing system selectively interconnecting the signal genera 
tor and the sensor to electrodes in the array using the multi 
plexer. 

25) Apparatus for use in analysing impedance measure 
ments performed on a subject, the apparatus including a pro 
cessing system for: 

a) determining at least one first impedance value, measured 
at a site using a first electrode configuration; 

b) determining at least one second impedance value, mea 
Sured at the site using a second electrode configuration; 
and, 

c) determining the presence, absence or degree of an 
anomaly using the first and second impedance values. 

26) Apparatus according to claim 25, wherein the appara 
tus includes: 

a) a signal generator for applying drive signals to the Sub 
ject using drive electrodes; and, 

b) a sensor for determining measured signals using mea 
Surement electrodes. 
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27) Apparatus according to claim 26, wherein the process 
ing system is for: 

a) causing the signal generator to apply one or more drive 
signals to the Subject; and, 

b) determining an indication of the measured signals mea 
Sured using the sensor. 

28) Apparatus according to any one of the claims 25 to 27, 
wherein the processing system is for: 

a) determining an indication of drive signals applied to the 
Subject; 

b) determining an indication of measured signals deter 
mined using the sensor; and, 

c) using the indications to determine an impedance. 
29) Apparatus according to any one of the claims 25 to 28, 

wherein the apparatus includes an electrode array having a 
number of electrodes provided thereon, and wherein in use, 
selected ones of the electrodes are used as drive and measure 
ment electrodes. 

30) Apparatus according to claim 29, wherein the process 
ing system is for: 

a) causing a first measurement to be performed at a site 
using first and second electrodes as drive electrodes and 
using third and fourth electrodes as measurement elec 
trodes; and, 

b) causing a second measurement to be performed at the 
site using first and third electrodes as drive electrodes 
and using second and fourth electrodes as measurement 
electrodes. 

31) Apparatus according to claim 29 or claim 30, wherein 
the method includes: 

a) causing a measurement to be performed at a site using 
first and second electrodes as drive electrodes and using 
third and fourth electrodes as measurement electrodes; 
and, 

b) causing a measurement to be performed at a second site 
using at least two of the first, second, third and fourth 
electrodes. 

32) Apparatus according to claim 29, wherein the method 
includes: 
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a) causing a first measurement to be performed at a first site 
using first and second electrodes as drive electrodes and 
using third and fourth electrodes as measurement elec 
trodes; 

b) causing a second measurement to be performed at the 
first site using first and third electrodes as drive elec 
trodes and using second and fourth electrodes as mea 
Surement electrodes. 

c) causing a first measurement to be performed at a second 
site using third and fifth electrodes as drive electrodes 
and using fourth and sixth electrodes as measurement 
electrodes; and, 

d) causing a second measurement to be performed at the 
second site using third and fourth electrodes as drive 
electrodes and using fifth and sixth electrodes as mea 
Surement electrodes. 

33) Apparatus according to any one of the claims 25 to 32, 
wherein the apparatus includes: 

a) a signal generator for generating drive signals; 
b) a sensor for sensing measured signals; and, 
c) a multiplexer, and wherein the processing system is for 

Selectively interconnecting the signal generator and the 
sensor to electrodes in the array using the multiplexer. 

34) Apparatus according to any one of the claims 25 to 33, 
wherein the apparatus is for performing the method of any 
one of the claims 1 to 24. 

35) A method for use diagnosing the presence, absence or 
degree of a biological anomaly in a Subject by using imped 
ance measurements performed on the Subject, the method 
including, in a processing System: 

a) determining at least one first impedance value, measured 
at a site using a first electrode configuration; 

b) determining at least one second impedance value, mea 
Sured at the site using a second electrode configuration; 
and, 

c) determining the presence, absence or degree of an 
anomaly using the first and second impedance values. 

c c c c c 


