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MONITORING SYSTEM

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a method and
apparatus for monitoring biological parameters, and in par-
ticular to a method and apparatus for performing impedance
measurements.

DESCRIPTION OF THE PRIOR ART

[0002] 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.

[0003] One existing technique for determining biological
parameters relating to a subject, such as cardiac function,
involves the use of bioelectrical impedance. This involves
measuring the electrical impedance of a subject’s body using
a series of electrodes placed on the skin surface. Changes in
electrical impedance at the body’s surface are used to
determine parameters, such as changes in fluid levels, asso-
ciated with the cardiac cycle or oedema.

[0004] Accordingly, complex signal processing is required
to ensure measurements can be interpreted. Typically
devices for achieving this utilise custom hardware configu-
rations that are application specific. As a result, the devices
can typically only be used in a limited range of circum-
stances.

[0005] Lymphoedema is a condition characterised by
excess protein and oedema in the tissues as a result of
reduced lymphatic transport capacity and/or reduced tissue
proteolytic capacity in the presence of a normal lymphatic
load. Acquired, or secondary lymphoedema, is caused by
damaged or blocked lymphatic vessels. “The commonest
inciting events are surgery and/or radiotherapy. However,
onset of lymphoedema is unpredictable and may develop
within days of its cause or at any time during a period of
many years after that cause.

[0006] WOO00/79255 describes a method of detection of
oedema by measuring bioelectrical impedance at two dif-
ferent anatomical regions in the same subject at a single low
frequency alternating current. The two measurements are
analysed to obtain an indication of the presence of tissue
oedema by comparing with data obtained from a normal
population.

[0007] Other known methods of analysis of bioelectrical
impedance measurements involve determining a phase and
amplitude value for the measured signals. The measurement
of amplitude is straightforward but the measurement of
phase is more complicated and therefore the required equip-
ment is costly.

[0008] In view of the different types of impedance mea-
surement that can be performed, operators of impedance
monitoring units have to be knowledgeable regarding their
operation. In particular, it is necessary for the operator to
know the location at which electrodes must be fitted, as well
as the manner in which the electrodes must be coupled to the
monitoring unit. It may also be necessary to change the
connections midway through the monitoring process and
this is often a difficult process.

Jul. 27,2017

[0009] 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 inter-
pret the different outputs that may be available.

SUMMARY OF THE PRESENT INVENTION

[0010] In a first broad form the present invention provides
a method of performing impedance measurements on a
subject, the method including, in a processing system:

[0011] a) determining at least one impedance measure-
ment to be performed:;

[0012] D) determining at least one electrode arrange-
ment associated with the determined impedance mea-
surement;

[0013] c) displaying a representation indicative of the
electrode arrangement; and,

[0014] d) causing the impedance measurement to be
performed once the electrodes have been arranged in
accordance with the displayed representation.

[0015] Typically the method includes, in the processing
system:
[0016] a) receiving input commands indicating that the

electrodes are arranged in accordance with the dis-
played arrangement; and,

[0017] b) causing the impedance measurement to be
performed in accordance with the received input com-
mand.

[0018] Typically the representation is indicative of:
[0019] a) the position of a set of electrodes; and,
[0020] D) lead connections between the processing sys-

tem and a number of the set of electrodes.

[0021] Typically the representation includes, for each lead

connection, a respective colour indication, the colour indi-

cation being indicative of a colour for a respective lead.

[0022] Typically the method includes, in the processing
system:
[0023] a) determining a sequence of measurements;
and,
[0024] D) generating a sequence of representations, each

representation defining a respective electrode arrange-

ment for performing a respective measurement.
[0025] Typically each measurement is performed for a
corresponding body segment.

[0026] Typically the method includes:
[0027] a) determining an impedance measurement type;
and,
[0028] D) determining, using the determined impedance

measurement type, an impedance measurement profile,
the profile being indicative of the at least one imped-
ance measurement to be performed.

[0029] Typically the method includes, in the processing
system:
[0030] a) displaying an indication of available imped-

ance measurement types; and,

[0031] D) determining a respective one of the available
impedance measurement types in accordance with
input commands from an operator.
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[0032] Typically the impedance measurement type is for
determining at least one of:

[0033] a) one or more parameters relating to cardiac
function;

[0034] b) the presence, absence or degree of oedema:

[0035] c) one or more parameters relating to body

composition; and,

[0036] d) the subject’s total body water; and,

[0037] e) the subject’s Fat Free Mass (FFM).
[0038] Typically the method includes, in the processing
system:

[0039] a) receiving data representing at least one mea-

sured impedance value; and,
[0040] b) generating a representation of the at least one
measured impedance value.

[0041] Typically the method includes, in the processing
system:
[0042] a) selecting a representation type based on a

selected impedance measurement type; and,
[0043] b) generating the representation in accordance
with the selected representation type.

[0044] Typically the representation is in the form of at
least one of:

[0045] a) a Wessel plot;

[0046] D) an argand diagram;

[0047] c¢) a list of impedance values;

[0048] d) a reactance against frequency plot; and,

[0049] ) resistance against frequency plot.
[0050] Typically the method includes, in the processing
system:

[0051] a) receiving data representing at least one mea-

sured impedance value;

[0052] b) processing the at least one measured imped-
ance value to determine at least one impedance param-
eter; and,

[0053] c¢) generating a representation of the at least one
impedance parameter.

[0054] Typically the method includes, in the processing
system:
[0055] a) determining a processing operation based on

a selected impedance measurement type; and,

[0056] b) processing the at least one measured imped-
ance value in accordance with the determined process-
ing operation.

[0057] Typically the method includes in the processing
system:
[0058] a) determining at least one subject parameter

relating to the subject; and,
[0059] b) at least one of:

[0060] 1) determining the impedance measurement to
be performed in accordance with the determined at
least one subject parameter, and,

[0061] 1ii) processing at least one measured imped-
ance value in accordance with the determined at least
one subject parameter.

[0062] Typically the subject parameter is at least one of.
[0063] a) an indication of a presence, absence or degree
of a condition;

[0064] b) an indication of an intervention;

[0065] c¢) an indication of a body segment at risk of a
condition;

[0066] d) age;

[0067] e) height;
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[0068] 1) weight; and,
[0069] g) sex.
[0070] Typically the method includes, in the processing

system, determining the at least one subject parameter from
a remote database.

[0071] Typically the method includes, in the processing
system:
[0072] a) determining a unique identifier indicative of

an identity of the subject; and,

[0073] D) determining the at least one subject parameter
using the unique identifier.

[0074] Typically the processing system is coupled to a
reader for sensing coded data from a surface, and wherein
the method includes, in the processing system:

[0075] a) receiving indicating data from the reader, the
indicating data being indicative of the unique identifier
and being determined by sensing coded data provided
on a subject identification device; and,

[0076] b) using the indicating data to determine the
unique identifier.

[0077] Typically the subject identification device is a
bracelet having coded data disposed thereon.

[0078] Typically the method includes, in the processing
system:
[0079] a) determining the availability of at least one

reference; and,

[0080] D) at least one of

[0081] 1) determining the impedance measurement to
be performed in accordance with the determined
availability; and,

[0082] 1ii) processing at least one measured imped-
ance value in accordance with the determined avail-
ability.

[0083] Typically the positioning of the electrodes is per-
formed in accordance with the theory of equal potentials.

[0084] Typically the positioning of the electrodes
includes:
[0085] a) a first current supply electrode positioned on

a limb being measured;

[0086] D) asecond current supply electrode on a second
limb on a the same lateral side of the subject as the limb
being measured,

[0087] c) a first voltage electrode positioned on a limb
being measured; and,

[0088] d) a second voltage electrode positioned on a
third limb contra-lateral to the limb being measured.

[0089] Typically the processing system is coupled to a
monitoring unit, and wherein the method includes, in the
processing system:

[0090] a) generating instructions; and,

[0091] D) transferring the instructions to the monitoring
unit, the monitoring unit being responsive to the
instructions to cause the impedance measurements to
be performed.

[0092] Typically the monitoring unit includes at least two
channels, each channel being adapted to measure the imped-
ance across a respective body segment, and wherein the
method includes, in the processing system, causing at least
one impedance measurement to be performed using each
channel.

[0093] Typically the monitoring unit includes a processor,
and wherein the processor is for

[0094] a) receiving the instructions; and,

[0095] b) causing one or more impedance measure-
ments to be performed using the instructions.
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[0096] Typically the method includes, causing the imped-
ance measurement to be performed by:

[0097] a) causing one or more excitation signals to be
applied to the subject; and,

[0098] b) determining one or more voltage signals mea-
sured across the subject.

[0099] Typically the one or more excitation signals are at
least one of:

[0100] a) a number of current signals, each current
signal having a respective frequency; and,

[0101] b) a current signal formed from a number of
superposed frequencies.

[0102] In a second broad form the present invention
provides apparatus for performing impedance measurements
on a subject, the apparatus including a processing system
for:

[0103] a) determining at least one impedance measure-
ment to be performed,

[0104] b) determining at least one electrode arrange-
ment associated with the determined impedance mea-
surement;

[0105] c¢) displaying a representation indicative of the
electrode arrangement; and,

[0106] d) causing the impedance measurement to be
performed once the electrodes have been arranged in
accordance with the displayed representation.

[0107] Inathird broad form the present invention provides
a method of performing impedance measurements on a
subject, the method including, in a processing system:

[0108] a) determining at least one impedance measure-
ment to be performed,

[0109] b) receiving data representing at least one mea-
sured impedance value;

[0110] c) processing the at least one measured imped-
ance value to determine at least one impedance param-
eter; and,

[0111] d) generating a representation of the at least one
impedance parameter, wherein at least one of the
processing and the generating are performed in accor-
dance with the at least one impedance measurement.

[0112] Tvpically the method includes, in the processing
system:
[0113] a) selecting a representation type based on a

selected impedance measurement type; and,

[0114] b) generating a representation of the at least one
measured impedance value in accordance with the
selected representation type.

[0115] Typically the representation is in the form of at
least one of:

[0116] a) a Wessel plot;

[0117] b) an argand diagram;

[0118] c) a list of impedance values;

[0119] d) a reactance against frequency plot; and,

[0120] e) resistance against frequency plot.
[0121] Typically the method includes, in the processing
system:

[0122] a) determining a processing operation based on

a selected impedance measurement type; and,

[0123] b) processing the at least one measured imped-
ance value in accordance with the determined process-
ing operation.
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[0124] Typically the method includes in the processing
system:
[0125] a) determining at least one subject parameter

relating to the subject; and,
[0126] D) at least one of

[0127] 1) determining the impedance measurement to
be performed in accordance with the determined at
least one subject parameter, and,

[0128] i) processing the at least one measured
impedance value in accordance with the determined
at least one subject parameter.

[0129] Typically the subject parameter is at least one of:
[0130] a) an indication of a presence, absence or degree
of a condition;

[0131] D) an indication of an intervention;
[0132] c¢) an indication of a body segment at risk of a
condition;

[0133] d) age;

[0134] e) height;

[0135] 1) weight; and,

[0136] g) sex.
[0137] Typically the method includes, in the processing
system:

[0138] a) determining the availability of at least one

reference; and,

[0139] D) at least one of:

[0140] 1) determining the impedance measurement to
be performed in accordance with the determined
availability; and,

[0141] 1ii) processing the at least one measured
impedance value in accordance with the determined
availability.

[0142] In a fourth broad form the present invention pro-
vides apparatus for performing impedance measurements on
a subject, the apparatus including a processing system for:

[0143] a) determining at least one impedance measure-
ment to be performed:;

[0144] D) receiving data representing at least one mea-
sured impedance value;

[0145] c) processing the at least one measured imped-
ance value to determine at least one impedance param-
eter, and,

[0146] d) generating a representation of the at least one
impedance parameter, wherein at least one of the
processing and generating representation are performed
in accordance with the at least one impedance mea-
surement.

[0147] In another broad form the present invention pro-
vides a method of performing impedance measurements on
a subject, the method including, in a processing system:

[0148] a) determining at least one impedance measure-
ment type;
[0149] D) determining a profile indicative of a sequence

of impedance measurements;

[0150] c) displaying a representation indicative of
required electrode arrangements; and,

[0151] d) causing the impedance measurements to be
performed.

[0152] Typically the processing system is coupled to a
monitoring unit, and wherein the method includes, in the
processing systent:

[0153] a) generating instructions; and,

[0154] D) transferring the instructions to the monitoring
unit, the monitoring unit being responsive to the
instructions to cause the impedance measurements to
be performed.
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[0155] Typically the method includes using a monitoring
unit including a processor, and wherein the processor is for:
[0156] a) receiving the instructions; and,
[0157] b) causing one or more impedance measure-
ments to be performed using the instructions.
[0158] Typically the method includes, causing the imped-
ance measurement to be performed by:
[0159] a) causing one or more excitation signals to be
applied to the subject; and,
[0160] b) determining one or more voltage signals mea-
sured across the subject.
[0161] Typically the one or more excitation signals are at
least one of:
[0162] a) a number of current signals, each current
signal having a respective frequency; and,
[0163] b) a current signal formed from a number of
superposed frequencies.
[0164] Typically the method includes using a monitoring
unit including at least two channels, each channel being
adapted to measure the impedance across a respective body
segment, and wherein the method includes, in the processing
system, causing at least one impedance measurement to be
performed using each channel.
[0165] Typically each channel being adapted to measure
the impedance across a respective body segment, and
wherein the method includes, in the processing system,
causing at least one impedance measurement to be per-
formed using each channel.

[0166] Typically the method includes, in the processing
system:
[0167] a) displaying an indication of available imped-

ance measurement types; and,

[0168] b) determining a respective one of the available
impedance measurement types in accordance with
input commands from an operator.

[0169] Typically the impedance measurement type is for
determining at least one of:

[0170] a) one or more parameters relating to cardiac
function;

[0171] b) the presence, absence or degree of oedema;

[0172] c¢) one or more parameters relating to body

composition; and,

[0173] d) the subject’s total body water; and,

[0174] e) the subject’s Fat Free Mass (FFM).
[0175] Typically the method includes in the processing
system:

[0176] a) determining at least one subject parameter

relating to the subject; and,
[0177] b) at least one of:

[0178] 1) determining the impedance measurement to
be performed in accordance with the determined at
least one subject parameter; and,

[0179] 1i) processing at least one measured imped-
ance value in accordance with the determined at least
one subject parameter.

[0180] Typically the subject parameter is at least one of:
[0181] a) an indication of a presence, absence or degree
of a condition;

[0182] D) an indication of an intervention;

[0183] c¢) an indication of a body segment at risk of a
condition;

[0184] d) age;

[0185] e) height;
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[0186] 1) weight; and,
[0187] g) sex.
[0188] Typically the method includes, in the processing

system, determining the at least one subject parameter from
a remote database.

[0189] Typically the method includes, in the processing
system:
[0190] a) determining a unique identifier indicative of

an identity of the subject; and,

[0191] D) determining the at least one subject parameter
using the unique identifier.

[0192] Typically the processing system is coupled to a
reader for sensing coded data from a surface, and wherein
the method includes, in the processing system:

[0193] a) receiving indicating data from the reader, the
indicating data being indicative of the unique identifier
and being determined by sensing coded data provided
on a subject identification device; and,

[0194] b) using the indicating data to determine the
unique identifier.

[0195] Typically the subject identification device is a
bracelet having coded data disposed thereon.

[0196] In a fifth broad form the present invention provides
apparatus for performing impedance measurements on a
subject, the apparatus including a processing system for:

[0197] a) determining at least one impedance measure-
ment type;
[0198] D) determining a profile indicative of a sequence

of impedance measurements;
[0199] c) displaying a representation indicative of
required electrode arrangements; and,
[0200] d) causing the impedance measurements to be
performed.
[0201] In a sixth broad form the present invention pro-
vides a method for configuring a processing system for use
in impedance analysis of a subject, the method including, in
a processing systen:
[0202] a) receiving configuration data, the configuration
data being indicative of at least one feature;
[0203] b) determining, using the configuration data,
instructions representing the at least one feature; and,
[0204] c) causing, at least in part using the instructions,
at least one of:

[0205] i) impedance measurements to be performed,

and,

[0206] 1ii) analysis of impedance measurements.
[0207] Typically the configuration data includes the
instructions.

[0208] a) determining an indication of the at least one
feature using the configuration data; and,
[0209] b) determining the instructions using the indica-
tion of the at least one feature.
[0210] Typically the method includes, in the processing
system, decrypting the received configuration data.

[0211] Typically the method includes, in the processing
system:
[0212] a) determining a device identifier associated

with the processing system;

[0213] D) determining, using the device identifier, a key;
and,
[0214] c¢) decrypting the received configuration data

using the key.
[0215] Typically the processing system includes first and
second processing systems, and wherein the method
includes:
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[0216] a) in the first processing system, selecting the
instructions using the configuration data; and,
[0217] b) in the second processing system, generating
the control signals using selected instructions.
[0218] Typically the method includes, in the processing
first system, at least one of
[0219] a) transferring the instructions to the second
processing system; and,
[0220] b) causing the second processing system to
access the instructions from a store.
[0221] Typically the method includes, in the processing
system, receiving the configuration data from at least one of
a computer system and a communications network.
[0222] Typically the method includes, in the processing
system:
[0223] a) determining if a feature selected by a user is
available;
[0224] b) if the feature is not available, determining if
the user wishes to enable the feature; and,
[0225] c) if the user wishes to enable the feature,
causing configuration data to be received.

[0226] Typically the method includes, in the processing
system:
[0227] a) causing the user to provide a payment to a

device provider; and,
[0228] b) receiving the configuration data in response to
payment.
[0229] In a seventh broad form the present invention
provides apparatus for configuring a processing system for
use in impedance analysis of a subject, the apparatus includ-
ing a processing system for.
[0230] a) receiving configuration data, the configuration
data being indicative of at least one feature;
[0231] b) determining, using the configuration data,
instructions representing the at least one feature; and,
[0232] c) causing, at least in part using the instructions,
at least one of:

[0233] i) impedance measurements to be performed;
and,
[0234] 1ii) analysis of impedance measurements.
[0235] Typically the processing system forms at least part

of at least one of

[0236] a) an end station; and,

[0237] b) a measuring device.

[0238] In an eighth broad form the present invention
provides a method for configuring a processing system for
use in impedance analysis of a subject, the method includ-
ing, in a computer system:

[0239] a) determining configuration data required for
the processing system, the configuration data being
indicative of at least one feature; and,

[0240] b) causing the configuration data to be received
by the processing system being responsive to the con-
figuration data to cause, at least one of:

[0241] 1) impedance measurements to be performed;

and,

[0242] 1i) analysis of impedance measurements.
[0243] Typically the method includes, in the computer
system:

[0244] a) determining a device identifier, the device
identifier being associated with the processing system
to be configured; and,

Jul. 27,2017

[0245] b) using the device identifier to at least one of:
[0246] 1) transfer the configuration data to the pro-
cessing system; and,
[0247] 1ii) encrypt the configuration data.
[0248] Typically the method includes, in the computer
system, determining the configuration data is required in
response to at least one of
[0249] a) payment made by a user of the processing
system; and,

[0250] D) approval of the feature.
[0251] Typically the method includes, in the computer
system:

[0252] a) determining regulatory approval of the at least

one feature in at least one region;

[0253] b) determining at least one processing system in
the at least one region; and,

[0254] c) configuring the at least one processing system.
[0255] In a ninth broad form the present invention pro-
vides apparatus for configuring a processing system for use
impedance analysis of a subject. the method including, in a
computer system:

[0256] a) determining configuration data required for a
processing system, the configuration data being indica-
tive of at least one feature; and,

[0257] D) causing the configuration data to be received
by the processing system being responsive to the con-
figuration data to cause, at least one of

[0258] 1) impedance measurements to be performed,
and,
[0259] 1ii) analysis of impedance measurements.
[0260] It will be appreciated that the broad forms of the

invention may be used individual or in combination, and
may be used for diagnosis of the presence, absence or degree
of a range of conditions and illnesses, including, but not
limited to oedema, pulmonary oedema, lymphoedema, body
composition, cardiac function, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0261] An example of the present invention will now be
described with reference to the accompanying drawings, in
which:—

[0262] FIG. 1 is a schematic of an example of impedance
determination apparatus;

[0263] FIG. 2 is a flowchart of an example of a process for
performing impedance determination;

[0264] FIG. 3 is a schematic of a second example imped-
ance determination apparatus;

[0265] FIGS. 4A and 4B are a flowchart of a second
example of a process for performing impedance determina-
tion;

[0266] FIG. 51is a flowchart of an example of a process for
performing impedance determination;

[0267] FIGS. 6A and 6B are a flow chart of a second
example of a process for performing impedance determina-
tion;

[0268] FIGS. 7A to 7C are a flow chart of an example of
a process for oedema analysis;

[0269] FIGS. 8A and 8B are examples of a GUI used in
providing subject details;

[0270] FIG. 9A is an example of a GUI used in providing
electrodes on a subject;

[0271] FIGS. 9B and 9C are examples of typically elec-
trode placements;

[0272] FIGS. 9D to 91 are examples of a GUI used in
performing the impedance measurements;
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[0273] FIGS. 10A to 10D are examples of a GUT used in
viewing measured impedance parameters;

[0274] FIGS. 11A and 11B are examples of a GUI used in
selecting references;

[0275] FIGS. 11C to 11H are examples of a GUI used in
presenting the results of an impedance analysis;

[0276] FIG. 12 is an example of a GUI used in performing
total body impedance measurements;

[0277] FIG. 13 is a schematic diagram of an example of a
system architecture for updating a measuring device;
[0278] FIG. 14 is a schematic of a GUI used in configuring
the apparatus of FIG. 3;

[0279] FIG. 15 is a flow chart of an overview of an
example of the process of updating a measuring device;
[0280] FIG. 16 is a flow chart of a first example of the
process of updating a measuring device; and,

[0281] FIG. 17 is a flow chart of a second example of the
process of updating a measuring device.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0282] An example of apparatus suitable for performing
an analysis of a subject’s impedance will now be described
with reference to FIG. 1.

[0283] As shown the apparatus includes a measuring
device 1 including a processing system 2 coupled to a signal
generator 11 and a sensor 12. In use the signal generator 11
and the sensor 12 are coupled to respective electrodes 13, 14,
15, 16, provided on a subject S, via leads L, as shown. An
optional external interface 23 can be used to couple the
measuring device 1 to one or more peripheral devices 4,
such as an external database or computer system, barcode
scanner, or the like.

[0284] In use, the processing system 2 is adapted to
generate control signals, which causes the signal generator
11 to generate one or more alternating signals, such as
voltage or current signals, which can be applied to a subject
S, via the electrodes 13, 14, The sensor 12 then determines
the voltage across or current through the subject S, using the
electrodes 15, 16 and transfers appropriate signals to the
processing system 2.

[0285] Accordingly, it will be appreciated that the pro-
cessing system 2 may be any form of processing system
which is suitable for generating appropriate control signals
and interpreting an indication of the measured signals to
thereby determine the subject’s bioelectrical impedance, and
optionally determine other information such as the cardiac
parameters, presence absence or degree of oedema, or the
like.

[0286] The processing system 2 may therefore be a suit-
ably programmed computer system, such as a laptop, desk-
top, PDA, smart phone or the like. Alternatively the pro-
cessing system 2 may be formed from specialised hardware.
Similarly, the I/O device may be of any suitable form such
as a touch screen, a keypad and display, or the like.
[0287] It will be appreciated that the processing system 2,
the signal generator 11 and the sensor 12 may be integrated
into a common housing and therefore form an integrated
device. Alternatively, the processing system 2 may be con-
nected to the signal generator 11 and the sensor 12 via wired
or wireless connections. This allows the processing system
2 to be provided remotely to the signal generator 11 and the
sensor 12. Thus, the signal generator 11 and the sensor 12
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may be provided in a unit near, or worn by the subject S,
whilst the processing system 2 is situated remotely to the
subject S.

[0288] In one example, the outer pair of electrodes 13, 14
are placed on the thoracic and neck region of the subject S.
However, this depends on the nature of the analysis being
performed. Thus, for example, whilst this electrode arrange-
ment is suitable for cardiac function analysis, in lymphoe-
dema, the electrodes would typically be positioned on the
limbs, as required.

[0289] Once the electrodes are positioned, an alternating
signal is applied to the subject S. This may be performed
either by applying an alternating signal at a plurality of
frequencies simultaneously, or by applying a number of
alternating signals at different frequencies sequentially. The
frequency range of the applied signals may also depend on
the analysis being performed.

[0290] In one example, the applied signal is a frequency
rich current from a current source clamped, or otherwise
limited, so it does not exceed the maximum allowable
subject auxiliary current. However, alternatively, voltage
signals may be applied, with a current induced in the subject
being measured. The signal can either be constant current,
impulse function or a constant voltage signal where the
current is measured so it does not exceed the maximum
allowable subject auxiliary current.

[0291] A potential difference and/or current are measured
between an inner pair of electrodes 15, 16. The acquired
signal and the measured signal will be a superposition of
potentials generated by the human body, such as the ECO,
and potentials generated by the applied current

[0292] Optionally the distance between the inner pair of
electrodes may be measured and recorded. Similarly, other
parameters relating to the subject may be recorded, such as
the height, weight, age, sex, health status, any interventions
and the date and time on which they occurred. Other
information, such as current medication, may also be
recorded.

[0293] To assist accurate measurement of the impedance,
buffer circuits may be placed in connectors that are used to
connect the voltage sensing electrodes 15 to the leads L. This
ensures accurate sensing of the voltage response of the
subject S, and in particular helps eliminate contributions to
the measured voltage due to the response of the leads L, and
reduce signal loss.

[0294] This in turn greatly reduces artefacts caused by
movement of the leads L, which is particularly important
during dialysis as sessions usually last for several hours and
the subject will move around and change positions during
this time.

[0295] A further option is for the voltage to be measured
differentially, meaning that the sensor used to measure the
potential at each electrode 15, 16 only needs to measure half
of the potential as compared to a single ended system.
[0296] The current measurement system may also have
buffers placed in the connectors between the electrodes 13,
14 and the leads L. In one example, current can also be
driven or sourced through the subject S symmetrically,
which again greatly reduced the parasitic capacitances by
halving the common-mode current Another particular
advantage of using a symmetrical system is that the micro-
electronics built into the connectors for each electrode 13, 14
also removes parasitic capacitances that arise when the
subject S, and hence the leads L move.
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[0297] 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.

[0298] 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.

[0299] Other suitable digital and analog demodulation
techniques will be known to persons skilled in the field.
[0300] Impedance or admittance measurements are deter-
mined from the signals at each frequency by comparing the
recorded voltage and current signal. The demodulation algo-
rithm will produce an amplitude and phase signal at each
frequency.

[0301] An example of the operation of the apparatus for
performing bioimpedance analysis will now be described
with reference to FIG. 2.

[0302] At step 100, the processing system 2 operates to
generate control signals which are provided to the signal
generator 11 at step 110, thereby causing the signal generator
to apply an alternating current signal to the subject S, at step
120. Typically the signal is applied at each of a number of
frequencies I, to allow multiple frequency analysis to be
performed.

[0303] At step 130 the sensor 12 senses voltage signals
across the subject S. At step 140 the measuring device,
operates to digitise and sample the voltage and current
signals across the subject S, allowing these to be used to
determine instantaneous bioimpedance values for the sub-
ject S at step 150.

[0304] A specific example of the apparatus will now be
described in more detail with respect to FIG. 3.

[0305] In this example, the processing system 2 includes
a first processing system 10 having a processor 20, a
memory 21, an input/output (I/O) device 22, and an external
interface 23, coupled together via a bus 24. The processing
system 2 also includes a second processing system 17, in the
form of a processing module. A controller 19, such as a
micrologic controller, may also be provided to control
activation of the first and second processing systems 10, 17.
[0306] In use, the first processing system 10 controls the
operation of the second processing system 17 to allow
different impedance measurement procedures to be imple-
mented, whilst the second processing system 17 performs
specific processing tasks, to thereby reduce processing
requirements on the first processing system 10.

[0307] Thus, the generation of the control signals, as well
as the processing to determine instantaneous impedance
values is performed by the second processing system 17,
which may therefore be formed from custom hardware, or
the like. In one particular example, the second processing
system 17 is formed from a Field Programmable Gate Array
(FPGA), although any suitable processing module, such as
a magnetologic module, may be used.
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[0308] The operation of the first and second processing
systems 10, 17, and the controller 19 is typically controlled
using one or more sets of appropriate instructions. These
could be in any suitable form, and may therefore include,
software, firmware, embedded systems, or the like.

[0309] The controller 19 typically operates to detect acti-
vation of the measuring device through the use of an on/off
switch (not shown). Once the controller detects device
activation, the controller 19 executes predefined instruc-
tions, which in turn causes activation of the first and second
processing systems 10, 17, including controlling the supply
of power to the processing systems as required.

[0310] The first processing system 10 can then operate to
control the instructions, such as the firmware, implemented
by the second processing system 17, which in turn alters the
operation of the second processing system 17. Additionally,
the first processing system 10 can operate to analyse imped-
ance determined by the second processing system 17, to
allow biological parameters to be determined. Accordingly,
the first processing system 10 may be formed from custom
hardware or the like, executing appropriate applications
software to allow the processes described in more detail
below to be implemented.

[0311] It will be appreciated that this division of process-
ing between the first processing system 10, and the second
processing system 17, is not essential, but there are a number
of benefits that will become apparent from the remaining
description.

[0312] In this example, the second processing system 17
includes a PCI bridge 31 coupled to programmable module
36 and a bus 35, as shown. The bus 35 is in turn coupled to
processing modules 32, 33, 34, which interface with ADCs
(Analogue to Digital Converters) 37, 38, and a DAC (Digital
to Analogue Converter) 39, respectively.

[0313] The programmable module 36 is formed from
programmable hardware, the operation of which is con-
trolled using the instructions, which are typically down-
loaded from the first processing system 10.

[0314] The firmware that specifies the configuration of
hardware 36 may reside in flash memory (not shown), in the
memory 21, or may be downloaded from an external source
via the external interface 23.

[0315] Alternatively, the instructions may be stored within
inbuilt memory on the second processing system 17. In this
example, the first processing system 10 typically selects
firmware for implementation, before causing this to be
implemented by the second processing system 17. This may
be achieved to allow selective activation of functions
encoded within the firmware, and can be performed for
example using configuration data, such as a configuration
file, or instructions representing applications software or
firmware, or the like, as will be described in more detail
below.

[0316] In either case, this allows the first processing
system 10 to be used to control operation of the second
processing system 17 to allow predetermined current
sequences to be applied to the subject S. Thus, for example,
different firmware would be utilised if the current signal is
to be used to analyse the impedance at a number of fre-
quencies simultaneously, for example, by using a current
signal formed from a number of superposed frequencies, as
compared to the use of current signals applied at different
frequencies sequentially.



US 2017/0209066 A1

[0317] An example of operation of the apparatus will now
be described with reference to FIGS. 6A to 6C.

[0318] At step 200 an operator selects an impedance
measurement type using the first processing system 10. This
may be achieved in a number of ways and will typically
involve having the first processing system 10 store a number
of different profiles, each of which corresponds to a respec-
tive impedance measurement protocol.

[0319] Thus, for example, when performing cardiac func-
tion determination, it will be typical to use a different
applied current sequence and a different impedance analysis,
as compared to performing lymphoedema measurements,
body composition, pulmonary oedema, or the like. The
profile will typically be stored in the memory 21, or alter-
natively may be downloaded from flash memory (not
shown), or via the external interface 23.

[0320] Once an appropriate measurement type has been
selected by the operator, this will cause the first processing
system 10 to load desired code module firmware into the
programmable module 36 of the second processing system
17 at step 210, or cause embedded firmware to be activated.
The type of code module used will depend on the preferred
implementation, and in one example this is formed from a
wishbone code module, although this is not essential.
[0321] At step 220, the second processing system 17 is
used to generate a sequence of digital control signals, which
are transferred to the DAC 39 at step 230. This is typically
achieved using the processing module 34, by having the
module generate a predetermined sequence of signals based
on the selected impedance measurement profile. This can
therefore be achieved by having the second processing
system 17 program the processing module 34 to cause the
module to generate the required signals.

[0322] The DAC 39 converts the digital control signals
into analogue control signals I*, I~ which are then applied to
the current source 11 at step 240.

[0323] As described above, the current source circuit
operates to amplify and filter the electrical control signals T+,
1™ at step 250, applying the resulting current signals to the
electrodes 13, 14 at step 260.

[0324] During this process, the current circuit through the
subject can optionally be shorted at step 270, using a switch
SW, to thereby discharge any residual field in the subject S,
prior to readings being made.

[0325] At step 280, the measurement procedure com-
mences, with the voltage across the subject being sensed
from the electrodes 15, 16. In this regard, the voltage across
the electrodes is filtered and amplified using the buffer
circuit shown in FIG. 5 at step 290, with the resultant
analogue voltage signals V being supplied to the ADC 37
and digitised at step 300. Simultaneously, at step 310 the
current applied to the subject S is detected with the analogue
current signals I being digitised using the ADC 38 at step
320.

[0326] The digitised voltage and current signals V, I are
received by the processing modules 32, 33 at step 330, with
these being used to performed preliminary processing of the
signals at step 340.

[0327] The processing performed will again depend on the
impedance measurement profile, and the consequent con-
figuration of the processing modules 32, 33. This can include
for example, processing the voltage signals V to extract ECG
signals. The signals will also typically be filtered to ensure
that only signals at the applied frequencies f,, are used in
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impedance determination. This helps reduce the effects of
noise, as well as reducing the amount of processing required.
[0328] At step 350 the second processing system 17 uses
the processing signals to determine voltage and current
signals at each applied frequency f,, with these being used at
step 360 to determine instantaneous impedance values at
each applied frequency f.

[0329] The ADCs 37, 38 and the processing modules 32,
33 are typically adapted to perform sampling and processing
of the voltage and current signals V, I in parallel so that the
voltage induced at the corresponding applied current are
analysed simultaneously. This reduces processing require-
ments by avoiding the need to determine which voltage
signals were measured at which applied frequency. This is
achieved by having the processing modules 32, 33 sample
the digitised signals received from the ADCs 37, 38, using
a common clock signal generated by the processing module
36, which thereby ensures synchronisation of the signal
sampling.

[0330] Once the instantaneous impedance values have
been derived, these can undergo further processing in either
the first processing system 10, or the second processing
system 17, at step 370. The processing of the instantaneous
impedance signals will be performed in a number of differ-
ent manners depending on the type of analysis to be used and
this in turn will depend on the selection made by the operator
at step 200.

[0331] Accordingly, it will be appreciated by persons
skilled in the art that a range of different current sequences
can be applied to the subject by making an appropriate
measurement type selection. Once this has been performed,
the FPGA operates to generate a sequence of appropriate
control signals I*, I*, which are applied to the subject S using
the signal generator 11. The voltage induced across the
subject is then sensed using the sensor 12, allowing the
impedance values to be determined and analysed by the
second processing system 17.

[0332] Using the second processing system 17 allows the
majority of processing to be performed using custom con-
figured hardware. This has a number of benefits.

[0333] Firstly, the use of a second processing system 17
allows the custom hardware configuration to be adapted
through the use of appropriate firmware. This in turn allows
a single measuring device to be used to perform a range of
different types of analysis.

[0334] Secondly, this vastly reduces the processing
requirements on the first processing system 10. This in turn
allows the first processing system 10 to be implemented
using relatively straightforward hardware, whilst still allow-
ing the measuring device to perform sufficient analysis to
provide interpretation of the impedance. This can include for
example generating a “Wessel” plot, using the impedance
values to determine parameters relating to cardiac function,
as well as determining the presence or absence of lymphoe-
dema.

[0335] Thirdly, this allows the measuring device 1 to be
updated. Thus for example, if an improved analysis algo-
rithms is created, or an improved current sequence deter-
mined for a specific impedance measurement type, the
measuring device can be updated by downloading new
firmware via flash memory (not shown) or the external
interface 23.

[0336] It will be appreciated that in the above examples,
the processing is performed partially by the second process-
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ing system 17, and partially by the first processing system
10. However, it is also possible for processing to be per-
formed by a single element, such as an FPGA, or a more
generalised processing system.

[0337] As the FPGA is a custom processing system, it
tends to be more efficient in operation than a more generic
processing system. As a result, if an FPGA alone is used, it
is generally possible to use a reduced overall amount of
processing, allowing for a reduction in power consumption
and size. However, the degree of flexibility, and in particular,
the range of processing and analysis of the impedance which
can be performed is limited.

[0338] Conversely, if only a generic processing system is
used, the flexibility is enhanced at the expensive of a
decrease in efliciency, and a consequent increase in size and
power consumption.

[0339] Accordingly, the above described example strikes a
balance, providing custom processing in the form of an
FPGA to perform partial processing. This can allow for
example, the impedance values to be determined. Subse-
quent analysis, which generally requires a greater degree of
flexibility can then be implemented with the generic pro-
cessing system.

[0340] A further disadvantage of utilising an FPGA alone
is that it complicates the process of updating the processing,
for example, if improved processing algorithms are imple-
mented.

[0341] An example of the process for performing imped-
ance measurements utilising the apparatus to FIG. 3 will
now be described with reference to FIG. 5.

[0342] At step 500 an operator of the apparatus provides
details of a type of impedance measurement to be per-
formed. At step 510 the operator positions electrodes on the
subject before connecting leads to the electrodes based on
connection instructions provided by the apparatus at step
520.

[0343] This process will therefore typically involve hav-
ing the operator place a number of electrodes on the subject
and then connecting leads to selected ones of the electrodes
based on the particular measurement being performed.
[0344] At step 530 the measuring device 1 will operate to
perform impedance measurements by generating an appro-
priate current sequence and applying this to the subject via
the electrodes 13, 14.

[0345] At step 540 the measuring device 1 determines if
further impedance measurements are required and if so the
process returns to step 520 to allow the operator to connect
leads to different ones of the electrodes as required. This
process is repeated until sufficient impedance measurements
have been collected to perform the required analysis.
[0346] At this stage, the process moves on to step 550 with
the measuring device 1 operating to process the impedance
measurements and provide an indication of required infor-
mation to the operator.

[0347] It will therefore be appreciated that this may be
achieved in a number of ways and that typically, this
involves having the operator select a predetermined imped-
ance measurement procedure and then follow instructions
provided by the measuring device 1 to allow the impedance
measurements to be correctly collected.

[0348] This process will now be described in more detail
with respect to FIGS. 6A and 6B, which describe the process
of collecting impedance data.
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[0349] In the example set out in FIG. 6A at step 600 the
operator activates the measuring device 1 causing the first
processing system 10 to determine a list of the available
measurement types. The available measurement types will
be determined either from the memory 21, or alternatively
downloaded via the external interface 23 and are based on
predetermined profiles which provide suitable instructions
to allow the measuring device 1 to perform the required
impedance measurements.

[0350] Thus, it will be appreciated by a person skilled in
the art that the profiles will depend for example on factors
such as the type of impedance measurements to be per-
formed, or the like. Thus, for example the profile will be
different for cardiac parameter determination as compared to
oedema detection.

[0351] In any event, the first processing system 10 will
display a list of available measurement types to the operator
utilising a suitable GUIL

[0352] At step 605 the operator selects an appropriate one
of the measurement types. This causes the first processing
system 10 to access the corresponding profile and determine
if any additional information is required, such as body
parameters including age, weight, sex, an indication of body
segments, such as limbs to be analysed, or the like.

[0353] Additionally the first processing system 10 can be
adapted to assist the operator in selecting the correct mea-
surement type. For example, the particular measurement that
should be made may depend on a number of factors, such as
the body parameters, as well as whether any interventions
have occurred. In this instance, the operator can provide
details of the body parameters, interventions, or the like. The
first processing system 10 can then uses these to access
details of available measurement types and determine the
preferred measurement type for the given situation.

[0354] The selection of the preferred measurement type
can be performed in a number of ways. For example, the first
processing system 10 may access an LUT (look-up table)
that specifies the measurement profile that should be used in
different circumstances. The relationships in the LUT can be
defined by medically qualified personnel, thereby removing
the requirement on the operator to make a medical decision.
Alternatively rules may be provided in the profiles, so that
the first processing system 10 is only able to access profiles
that are suitable for the current body parameter and inter-
vention status.

[0355] Rules can alternatively be derived using heuristic
algorithms based on selections made by medically qualified
operators during measurement procedures. It will be appre-
ciated that in this instance, as the device is used, the first
processing system 10 will collate information regarding the
body parameters and intervention status of the subject and
the measurement profile selected, and use this to derive rules
used in future profile selection. Such heuristic algorithms are
known in the art and will not be described in any further
detail.

[0356] In any event these techniques allow different mea-
surement profiles to be selected based on factors such as the
age, height, weight, race, sex or the like, of the subject, as
well as the current intervention status.

[0357] A further feature that can be implemented is to
allow the first processing system 10 to access one or more
remote databases, which may form one of the peripheral
devices 4, to determined information regarding the subject.
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This can include information such as the body parameters,
and details of any interventions or the like.

[0358] In this instance, when the operator is required to
provide subject information, either before or following pro-
file selection, the operator can select a search database
option allowing the subject information to be retrieved. This
is typically performed on the basis of a subject identifier,
such as a unique number assigned to the individual upon
admission to a medical institution, or may alternatively be
performed on the basis of name or the like. Such a database
is generally in the form of an HL7 compliant remote
database, although any suitable database may be used.

[0359] In one example, the subject can be provided with a
wristband or the like which includes coded data indicative of
the subject identifier. In this case, the measuring device 1 can
be coupled to a peripheral device 4 for determining the
subject identifier. Thus, for example, the data may be in the
form of a barcode, with the peripheral device 4 being a
barcode scanner. It will be appreciated however that any
suitable mechanism could be used for encoding the subject
identifier such as RFID (Radio Frequency 1D) tags could be
used, in which case the peripheral device will be a corre-
sponding reader. In this example, the barcode reader detects
the barcode provided on the subject’s wrist band, and
determines a subject identifier from the detected barcode.
The barcode reader provides data indicative of the sensed
subject identifier to the first processing system 10, thereby
allowing the first processing system 10 to access the subject
record from the database as described above.

[0360] In any event, the first processing system 10 dis-
plays an indication of the required information, or an appro-
priate database search screen at step 610, allowing the
operator to provide or retrieve subject information at step
615.

[0361] Once the required information is provided, the first
processing system 10 operates to determine a measurement
procedure at step 620. The measurement procedure will be
determined from the profile and is typically in the form of a
sequence of measurements that need to be made.

[0362] The profile will also include an indication of elec-
trode placements for each of the measurements, together
with details of the required current sequence that must be
applied to each electrode configuration in order for the
necessary measurements to be collected.

[0363] At step 625, the first processing system 10 displays
an indication of the required electrode positions allowing the
operator to position the electrodes on the subject at step 630.
At step 635 the first processing system 10 determines and
displays an indication of a lead connection. The lead con-
nection represents the next body segment to be measured
and this is achieved utilising a suitable representation
described in more detail below.

[0364] Typically, for example, this may be achieved using
four leads corresponding to two current leads, and two
voltage leads, with each lead having a respective colour. The
display highlights particular electrode positions in an appro-
priate colour thereby allowing the operator to connect each
lead to the corresponding electrode at step 640.

[0365] Once this has been performed the first processing
system 10 determines a current sequence which is to be
applied to the subject and causes this to be generated
utilising the processing module, which in this example is an
second processing system 17.
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[0366] In this example, the operation of the second pro-
cessing system 17 can be controlled using instructions
provided by the first processing system 10. The instructions
could be in any one of a number of forms, and may
correspond to firmware, embedded systems, software, or the
like. In the event that firmware is used, this may be either
provided by the first processing system 10, or retrieved from
an internal or external memory by the second processing
system 17 as required, based on instructions from the first
processing system 10.

[0367] In any event, the instructions specify the configu-
ration of the second processing system 17 thereby allowing
the impedance measurements to be correctly made and
subsequently analysed. It will therefore be appreciated that
the instructions will depend on the selected impedance
measurement profile selected above. It will be appreciated
that if firmware is used, this may reside in flash memory (not
shown), in the memory 21, or may be downloaded from an
external source via the external interface 23.

[0368] At step 645 the second processing system 17
measures the current through and/or voltage across the
electrodes for each of the applied current frequencies f;
before confirming that the measurement is completed at step
650.

[0369] Once the particular measurement sequence for a
given electrode position has been completed the measuring
device 1 operates to determine if further measurements are
required at step 655. In the event that further measurements
are required the process returns to step 635 to allow the
measurements to be performed.

[0370] If no further measurements are required, then pro-
cessing of the impedance measurements is performed based
on the selected measurement type. The analysis may be
performed either in the first processing system 10, or the
second processing system 17, or in a combination of the
second processing system 17 or the first processing system
10, depending on the preferred implementation. In either
case, the software implemented by the first processing
system 10, or the firmware used by the second processing
system 17 will typically be selected based on selected
impedance measurement type and will therefore be indicated
in the impedance measurement profile.

[0371] As a result, from the operator’s perspective, the
operator need only select a respective profile to perform an
impedance measurement and obtain a result. In particular,
the first processing system 10 uses the selected profile to
determine the sequence of measurements that need to be
performed, operates to instruct the operator in locating the
electrodes and then connecting these in the necessary
sequence.

[0372] The first processing system 10 can also determine
from the profile, the software and/or firmware which is
needed to perform the analysis, allowing this to be down-
loaded into the first processing system 10 and/or the second
processing system 17 as required. Consequently, the mea-
suring device 1 can automatically determine the required
processing to be performed on the impedance measure-
ments, allowing a result to be presented directly to the
operator, thereby obviating the need for the operator to
provide any input during the process.

[0373] An example of the process as used for determining
the presence, absence or degree of oedema in a subject’s
limbs will now be described. In this regard, oedema is a
build-up of fluid in a particular limb. Accordingly, in this
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example, by measuring the impedance of the limb it is
possible to determine information regarding fluid levels and
hence determine the presence or absence of oedema.
[0374] The manner in which this is achieved is heavily
dependent on which limbs are effected and whether refer-
ence values are available.

[0375] For example, oedema typically occurs after an
injury has occurred or surgery has been performed. Accord-
ingly, if it is possible to perform a measurement of the limb
prior to surgery, analysis of the impedance after surgery can
be used to detect the onset of oedema. However, if no such
measurement has been made, it is necessary to use an
alternative reference to determine whether the current fluid
levels are indicative of the presence of oedema.

[0376] In the case of unilateral oedema this can be
achieved by comparing the impedance measurements from
one limb to those obtained from the other corresponding
contra-lateral limb. Thus, if it suspected that a subject might
have oedema in their left arm, the impedance measurements
obtained for the left arm are compared to those from the
right arm.

[0377] In the event that neither longitudinal data, nor a
corresponding reference limb, is available, it is then neces-
sary to perform measurements in which different limbs are
compared, and this requires the use of indices to counteract
for the effect of different inherent fluid levels in different
limbs.

[0378] An example of the process for allowing oedema
measurements to be made will now be described with
reference to the flowchart shown in FIGS. 7A to 7C and with
reference to the graphical user interface (GUI) screen shots
shown in FIGS. 8, 9, 10 and 11.

[0379] Initially, at step 700 an operator of the monitoring
device 1 views available measurement profiles displayed by
the measuring device 1. At step 705 the operator selects a
peripheral oedema measurement, with the first processing
system 10 operating to select an appropriate oedema mea-
surement profile, typically from the memory 21, at step 710.
At this stage, the first processing system 10 may download
appropriate firmware into the second processing system 17,
allowing the correct current sequences to be generated, and
the measured potentials to be analysed.

[0380] At step 715 the measuring device 1 displays a GUI
1000 as shown in FIG. 8A. The GUI includes a number of
fields, shown generally at 1001, which allow data regarding
the individual to be provided. The data includes name
information such as name, address, sex, height, weight or the
like. Additionally, an indication of the limbs at risk from
oedema can be input as shown at 1002.

[0381] This is used to create a subject record, which is
typically stored in a subject database accessed via the
external interface 23, or the like. The subject record includes
the subject data, and details of any performed impedance
measurements for the respective subject, thereby allowing
the subject record to form a subject history for use in
longitudinal analysis. Thus, it will be appreciated that in the
event that a record already exists for the current subject, then
the operator can perform a search to retrieve the record from
the database.

[0382] The database is typically a HL.7 compliant remote
database, and it will therefore be appreciated that the data-
base may be the same database from which the subject
details are retrieved, as described above with respect to step
705.
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[0383] Once this information is provided, the processing
system will update the GUI 1000 at step 720, as shown in
FIG. 8B to display any previously measured impedance
values, which may be used as reference data, as will be
described in more detail below. Searching, editing and
creation of records using the input controls shown generally
at 1004.

[0384] At step 725 the first processing system 10 generates
a GUI 1010, an example of which is shown in FIG. 9A, and
which is used in allowing the operator to provide electrode
connections. In this example, the GUI 1010 includes an
indication of subject details at 1011. A representation 1012
of the subject is provided, which shows general electrode
connection points 10124, indicating where on the subject
electrodes should be provided.

[0385] 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 FIG. 9B, and on the
feet at the base of the toes and at the front of the ankle, as
shown in FIG. 9C.

[0386] The GUI 1010 also displays details for each limb at
1017A, 1017B, 1017C, 1017D, including an indication of
whether the limb is an at risk limb. This is also shown on the
representation 1012 at 1017E.

[0387] An instruction field is shown generally at 1018 is
provided to display instructions to the operator, with an
indication of the selected measurement procedure being
shown at 1019, and general measuring device status infor-
mation being provided at 1020. A comments field 1021 can
also be used to record comments regarding the measure-
ments made.

[0388] At this stage the operator typically updates the
weight of the subject in the subject details 1011, which may
undergo significant variations over time due to changes in
fluid levels within the subject’s body. The operator may also
respecify the at risk limbs, which is useful when a subject
develops further lymphoedema. For example, a subject may
start off with unilateral lymphoedema of the left leg and over
time may develop a lymphoedema in the right leg. This leg
can be recorded at that point as being affected by the use of
the ““at risk” check boxes.

[0389] Once the weight and comments are entered the
measurement procedure can be initiated by clicking the “ok
button” 1022. At this stage, both the weight and comments
for each measurement are recorded as part of the corre-
sponding subject record in the subject database. This allows
the practitioner to track weight and clinical comments over
the period of measurement.

[0390] Once the ok button is clicked the electrode-lead
placement GUI 1010 is updated as shown in FIG. 9D to
direct the operator to connect the leads from the measuring
device 1 the electrodes. In this example, the representation
1012 indicates which of the electrodes should be connected
to the monitoring apparatus, as shown at 1013, 1014, 1015,
1016, to thereby form the current electrodes 13, 14. and the
voltage electrodes 15, 16. This is achieved using colour
coding, by using leads having colours corresponding to
those shown on the representation, thereby ensure that each
electrode is correctly connected to the measuring device 1.
[0391] Thus, in this example, the representation 1012
shows the electrode configuration required to measure the
impedance in the right arm.

[0392] It will be appreciated that this configuration uses
the theory of equal potentials, allowing the electrode posi-
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tions to provide reproducible results for impedance mea-
surements. For example when current is injected between
electrodes 1013 and 1016 in FIG. 9D, electrode 1014 could
be placed anywhere along the left arm, since the whole arm
is at an equal potential. This is advantageous as it greatly
reduces the variations in measurements caused by poor
placement of the electrodes by the operator. It also greatly
reduces the number of electrodes required to perform seg-
mental body measurements, as well as allowing the limited
connections shown to be used to measure each of limbs
separately.

[0393] Once the leads are correctly connected the operator
uses a measure button 1023 to cause the measuring device
1 to perform the impedance measurement, with general
measuring device status information being provided at 1020.
[0394] Thus, it will be appreciated that the first processing
system 10 determines from the profile, the next measure-
ment to be performed, and generates the GUI including
appropriate information in the representation 1012 and the
instruction field 1018.

[0395] At step 730, the operator connects electrodes in
accordance with the electrode connections shown on the
representation 1012, and once this has been completed
selects the measurement button 1023, causing the measure-
ment to be performed.

[0396] At this point the monitoring device 1 generates the
required current signal(s), and applies these to the subject,
before measuring the current and voltage across the subject
at step 735, to allow instantaneous impedance values to be
determined at a number of different frequencies ft.

[0397] At step 740 it is determined if further measure-
ments are required. If so, the measuring device 1 operates to
update the GUI 1010, at step 745, based on the next
measurement to be performed, as shown for example, in
FIG. 9E.

[0398] In this example, the representation 1012 is updated
to show the next required electrode connections 1013, 1014,
1015, 1016, which in this case correspond to performing
measurements on the right leg.

[0399] Additionally, the first processing system 10 will
also display preliminary results from the completed mea-
surement. Thus, in this example, as the right arm has already
been measured, an impedance parameter indication is shown
at 1017A, in FIG. 9E.

[0400] Steps 730 to 745 are then repeated as required,
which in this case involves performing at least four sets of
measurements, one for each limb, as shown in FIGS. 9F and
9G.

[0401] Once no further measurements are required the
process moves on to step 750 with the monitoring device
updating the GUI 1010 to indicate that the measurement
process is completed 1018, and that the measurements can
be saved using the button 1024, as shown in FIG. 9H. At this
point, the first processing system 10 can update the GUI
1000 to reflect the saved measurements as shown in FIG. 91,
at step 755.

[0402] At this point the operator can review the measured
impedances as well as analysing the impedances to deter-
mine the onset of oedema.

[0403] Inthis example, at step 760 the operator selects raw
impedance data display. At step 765, the first processing
system 10 displays the raw impedance parameters utilising
a GUI 1030. In this example, the GUI includes subject
details at 1031, and a measurement selection inputs 1032.
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This allows the operator to select measurements of interest,
which in this example includes measurements from the left
arm.

[0404] Once the measurements are selected, the first pro-
cessing system 10 displays an overview of parameters
determined from the impedance measurements at 1033.
[0405] The parameters derived will depend on the analysis
being performed and will typically include parameters such
as the impedance at zero, characteristic and infinite frequen-
cies (Ry, Z., R,). These can be derived based on the
impedance response of the subject, which at a first level can
be modelled using the equation (1), known as the Cole
model, in which:

z=Ro+ Jo e @
T T L+ (jor)
[0406] where:

[0407] R_=impedance at infinite applied frequency,
[0408] R,=impedance at zero applied frequency,
[0409] w=angular frequency,
[0410] < is the time constant of a capacitive circuit
modelling the subject response.
[0411] However, the above represents an idealised situa-
tion 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:

RD -R, (2)
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where a 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.
[0412] The value of the impedance parameters R, and R,
may be determined in any one of a number of manners such
as by:
[0413] solving simultaneous equations based on the
impedance values determined at different frequencies;

[0414] using iterative mathematical techniques;
[0415] extrapolation from a “Wessel plot”;
[0416] performing a function fitting technique, such as

the use of a polynomial function.

[0417] At this stage the first processing system 10 can also
be adapted to test adherence of the measurements to the Cole
model. In particular, the Cole model assumes that the
impedance measurements lie on a semi-circular impedance
locus. Accordingly, the first processing system 10 can deter-
mine if the measured values fit a semi-circular locus to
thereby determine if the Cole model is satisfied. Alterna-
tively, the measured impedance parameter values can be
compared to theoretical values derived using the equation
(2), to thereby allow the degree of concordance to the Cole
model to be determined.

[0418] In the event that the Cole model is not satisfied, an
indication of this can be provided to the operator allowing an
appropriate analysis technique to be utilised.

[0419] Once the parameters have been determined, and
displayed, a number of tabs 1034 can be used to allow
different representations of the measured impedance values
to be provided in a window 1035. This includes, for
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example, producing a “Wessel” type plot, also commonly
referred to as a Cole-Cole plot, as shown in FIG. 10A.
Alternatively the impedance values can be listed as shown in
FIG. 10B, or plotted as reactance verses frequency or
resistance verses frequency as shown in FIGS. 10C and 10D
respectively.

[0420] Frequency controls 1036 are provided to allow
impedance measurements above or below threshold limits to
be omitted from the displayed results, as shown by threshold
markers 1037A, 1037B. Additionally a rejection limit can be
applied to discard data points that fall outside a threshold
variation from an idealised semi-circular locus provided on
the “Wessel” plot.

[0421] At step 770, the operator selects any references to
be used. The reference will typically be in the form of earlier
data collected for the respective subject, thereby allowing a
longitudinal analysis to be performed.

[0422] However, the system may also or alternatively use
a normal population database table, which includes refer-
ence values obtained from different subjects. This database
table is essentially a single subject database table into which
all measurements of normal population subjects (people
without lymphoedema) are added.

[0423] An example of such normal population data dis-
played using the GUI 1000 is shown in FIG. 11A. This table
then acts as a pool of data from which normalised values for
raw impedance data and ratios of impedance data can be
generated, allowing comparison with measured values for
the subject to be performed.

[0424] This generation of this normalised data is in the
form of mean (averaged) values that are selected to be
relevant to the test subject. The selection is performed based
on the subject information and may be performed on the
basis of any one of a number of factors, such as age, sex,
height, weight, race, interventions, or the like.

[0425] Therefore if the test subject has unilateral lymphoe-
dema of the dominant arm and is female then the normalised
data drawn from the normal population database will be
calculated from the dominant arm measurements from
female subjects that are present in the in the normal popu-
lation database.

[0426] Accordingly, at step 775, the operator is presented
with a GUI 1040 similar to that shown in FIG. 11A, which
allows the operator to select appropriate records from the
normal population table, as shown by the highlighted entry
at 1041.

[0427] Inthe case of using a subject specific reference, this
is generally achieved by ensuring measurements taken prior
to surgery or events that put them at risk of developing
lymphoedema. A common example is baseline measure-
ments taken before surgical intervention for breast cancer
that can be use to track subjects fluid shifts post surgery by
comparison of study measurements to these baseline gener-
ated mean values.

[0428] Subject specific baselines can be generated auto-
matically from measurements in the subject’s database table.
This can be achieved using the GUT 1000 shown in FIG.
11B, in which the subject’s record is displayed. Located on
the GUI 1000 are two selection windows 1042, 1043 that are
used to define the measurements used from the subject’s
database table to generate mean data values for comparison
to study measurements.

[0429] It will be appreciated that the process can also be
used to add data to the normal population table. This is
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achieved by performing the measurement process outlined
above, and in the event that the subject does not suffer from
oedema, for example if surgery has not yet been performed,
importing the data into the normal population table. This can
be performed in addition to adding the measurements to the
subject record, so that measurements collected from a
healthy individual can be used for subsequent longitudinal
analysis and/or as a normal population reference.

[0430] At step 775 the measuring device 1 determines if a
reference is available, and if so, the first processing system
10 compares the currently determined parameters to one or
more reference values at step 795, and utilises this to
generate reports which are displayed at step 8§00.

[0431] If no reference is available, it is determined
whether or not the oedema is bilateral at step 780. In this
instance, if the oedema is not bilateral, then the first pro-
cessing system 10 can analyse the impedance of contra-
lateral limbs at step 785 and provide an appropriate output
at step 800. This may be achieved for example by deter-
mining an index based on a ratio of the extra- to intra-
cellular fluid levels in each leg, and then comparing the
values determined to assess whether there is difference
between the limbs, and hence whether there is a likelihood
of oedema being present.

[0432] The extracellular fluid resistance R, is determined
from:

R,R¢

and intracellular fluid resistance R, is determined from:

[0433] Thus, the index I, which is indicative of the ratio of
extra- to intra-cellular fluid is given by the equation:

R, Ro-Re

[0434] Inthe event that there is a likelihood of the oedema
being bilateral, then the first processing system 10 typically
determines the index for each limb. A ratio of the determined
index for different pairs of limbs are then compared at step
790, thereby allowing the operator to determine if there is a
likelihood of bilateral oedema.

[0435] Examples of the different types of available reports
will now be described with reference to FIGS. 11C to 11H.
[0436] As shown in FIG. 11B, the report is presented using
a GUI 1050 that includes subject details shown generally at
1051. The GUI includes controls 1052 that allow the opera-
tor to select whether reference data is to be used and the
nature of the reference data. Thus, it will be appreciated that
if a user varies the reference data selection, the process will
return to step 540 to reassess the nature of the output
dependent on the type of reference selected. At 1053A a drop
down list is provided to indicate the nature of the parameter
that is to be displayed, and at 1053B checkboxes are
provided indicating the limbs for which the parameter is to
be displayed. In addition to this, a limb of interest and a
reference limb can be selected using the check boxes 1054,
1055 as shown.
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[0437] The parameters available for charting include:
[0438] Weight;
[0439] TLymphogram;
[0440] Ratio of indices;
[0441] Ratio of body segment R,, values;
[0442] The index for each individual body segment R,

for a body segment;

[0443] R for a body segment;
[0444] The intracellular fluid resistance R,;
[0445] The characteristic frequency of the subject £
[0446] Standard error of estimates;
[0447] Td time delay for each measurement.
[0448] Each of the parameters will now be described in

more detail.

The Lymphogram

[0449] The lymphogram or impedance vector plot is a
graphical representation of when a subject’s measurements
move relative to a reference ellipse. The reference ellipse
can be generated from a 95% confidence interval based on
the subject specific baseline data or the normal population
data. When data points of a study body segment move
outside the ellipse the subject’s condition is worsening and
lymphoedema is present in that body segment. The ellipse
can be generated for and displayed for each body segment
chosen using the reference limb checkbox. The data points
displayed are those generated from the study body segment
data for the subject. The study body segments and reference
body segments are chosen using the body segment selector
check boxes located underneath the chart.

[0450] FIG. 11C shows an example of a lymphogram in
which the index for left and right legs is compared. In this
example, the index remains within the ellipse shown gen-
erally at 1056 highlighting that lymphoedema is not present.
However, when the right arm and left arm are compared as
shown in FIG. 11D, the values for the ratio comparisons fall
outside the reference ellipse 1056 indicating that the right
arm is suffering from oedema.

[0451] In these examples, the lymphogram includes a
comparison between limbs, and accordingly, the checkboxes
1053B are not used.

Ratio of Body Segment Indices

[0452] This will display the index I for a selected refer-
ence limb divided by the index I of the limb of interest.
[0453] FIG. 11E is an example of the ratio of limb ratios
in which a ratio of the index for the right arm and right legs
is plotted against time. In this instance, it can be seen that a
significant variation is present at 1057 indicating the likeli-
hood of oedema.

[0454] In this examples, as two limbs are again compared,
the checkboxes 1053B are not used, and are ignored.

Ratio of Body Segments R, Values

[0455] This function will display the ratio of the R, of the
reference body segment divided by that of a study body
segment for each measurement in the subject’s database
table.

Index I for Each Body Segment

[0456] The index I can also be displayed for each body
segment for all measurements in the subject’s database table
as a chart over time, as shown in FIG. 11F. The body

14
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segments represented on the chart are selected using the
control 1053. In this instance, as reference and study limbs
are not defined, the 1054, 1055 are omitted for clarity.

Resistance at Zero kHz (R,) for a Single Body Segment

[0457] The value of R, can also displayed for each body
segment for all measurements in the subjects database table
as a chart over time.

Resistance at Infinite Frequency (R_) for a Single Body
Segment

[0458] The value of R, can also displayed for each body
segment for all measurements in the subjects database table
as a chart over time.

Resistance for the Intracellular Fluid (R,) for a Single Body
Segment

[0459] The value of R, can also displayed for each body
segment for all measurements in the subjects database table
as a chart over time.

Characteristic Frequency for Single Body Segment

[0460] The characteristic frequency can also displayed for
each body segment for all measurements in the subjects
database table as a chart over time.

SEE (Standard Estimate of Errors) Values for a Single Body
Segment

[0461] The value of the standard estimate of errors (SEE)
can also displayed for each body segment for all measure-
ments in the subjects database table as a chart over time.

Td (Time Delay) Values for a Single Body Segment

[0462] The value of the time delay (Td) associated with
each measurement can also displayed for each body segment
for all measurements in the subjects database table as a chart
over time.

Reference Indications

[0463] In each of the above outlined reports, reference
values can also be displayed based either on the normalised
population reference or subject specific reference.

[0464] An example of the use of a subject’s specific
reference value is shown in FIG. 11F. In this instance the
reference value is based on R, as shown at 1058. Accord-
ingly, it can be seen that variation of the value R, compared
to the reference is indicative of oedema. The generation of
a report by comparison to normal population data will be
performed in a similar manner.

[0465] In addition to simply displaying the absolute ref-
erence value determined, it is also possible to display
standard deviations as shown at 1059 to thereby provide an
indication of the degree of variation from the base line.

Event Markers

[0466] A further feature of the process is the ability to
associate event markers with specific measurements in the
measurement database table. Event markers can provide
commented time points that correspond to measurements
and points in time. These can be customised by the user to
indicate important events that need to be documented on the
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longitudinal analysis charts. Such events may include, onset
date of lymphoedema, the start of massage intervention etc.
These markers will be displayed automatically on the lon-
gitudinal charts that are a function over time. Event markers
can also be shown on charts as shown for example in FIG.
11H.

Alternative Analysis

[0467] In the above examples, the first processing system
10 therefore selects the types of analysis or representation
that is most appropriate for determining the presence or
absence of oedema based on the currently available data.
This therefore removes the requirement for the operator to
make an assessment of which form of report would provide
the most accurate indication of the onset of oedema.
[0468] In the above example, the impedance measure-
ments are collected for each of the limbs, with the assess-
ment of the preferred type of analysis being performed after
the measurements have been performed. However, as an
alternative to this, the first processing system 10 can be
adapted to determine the preferred type of analysis first and
then only perform the measurements required in order for
the type of analysis to be performed.

[0469] Thus a limited limb analysis can be performed, in
which the operator specifies the limbs for which measure-
ments are to be made prior to the measurement process. In
this instance, data will only be collected for the limbs of
interest.

[0470] In addition to performing the lymphoedema mea-
surements described above, it is possible that profiles can be
configured to allow a range of different measurements to be
performed.

[0471] Thus, for example, by positioning the electrodes as
shown in FIG. 12, this allows impedance measurements
across the subject’s entire body to be determined. This in
turn allows information such as the subject’s total body
water (TBW) to be derived. In particular, TBW is given by:

TBW=ecf+icf (4)

[0472]
[0473]

where:
TBW=total body water

[0474] ecf=volume of extracellular fluid

[0475] icf=volume of intracellular fluid
[0476] In this regard, the volumes of extracellular and
intracellular fluid can be derived from the values R,, R., as
these depend on the values of the extracellular and intrac-
ellular resistance, as discussed above.

[0477] The TBW can be used in:
[0478] body composition analysis
[0479] derivation of Fat Free Mass (FFM), which can in

turn be used as an index of left ventricular mass;
[0480] monitoring the build up of fluid in the body of
cardiac patients, which can be used as an indicator of
right ventricular failure.
[0481] Furthermore, by subtracting measured impedance
values obtained for each limb from the corresponding
impedance values obtained for the entire body, this can be
used to derive effective thoracic cavity impedance values.
These values can in turn be used as indicators for pulmonary
oedema, and hence left ventricular failure, as well as deter-
mining cardiac output.
[0482] Thus, it will be appreciated that measurement pro-
files can be determined to allow measurement of
[0483] Cardiac parameters;
[0484] Pulmonary oedema;
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[0485] TLymphoedema;
[0486] Body composition; and,
[0487] Total body water.

Remote Computer System

[0488] The above examples have been described on the
basis of the selection of the preferred impedance measure-
ments and analysis being performed by a first processing
system 10 provided as part of the measuring device 1.
However, this is not essential and that any or all of the
functionality described could be performed by a processing
system that is remotely located to the measuring device 1, as
will now be described with respect to FIG. 13.

[0489] In this example, a base station 1300 is coupled to
a number of measuring devices 1, and a number of end
stations 1303 via a communications network 1302, such as
the Internet, and/or via communications networks 1304,
such as local area networks (LANs), or wide area networks
(WANSs). The end stations 1303 may also be coupled to
measuring devices 1, as shown. The end station 1303 may be
any form of end station but is typically a desktop, laptop,
tablet, PDA, Smart Phone or the like.

[0490] The base station 1300 includes a processing system
1310, coupled to a database 1311. This allows the base
station 1300 to be used to update the measuring devices 1,
as will be described in more detail below.

[0491] In this example, the measuring devices 1 can be
connected via the external interface 23, directly to the end
stations 1303, or via one of the networks 1302, 3104. This
may be achieved via a wired, or wireless connection,
depending on the nature of the external interface 23, the end
stations 1303, and the networks 1302, 1304.

[0492] In this example, the end station 1303 can be used
to control the measuring device 1 to perform the measure-
ment procedure. The measuring device 1 therefore operates
to generate required excitation signals, apply these to the
subject, and measure the resulting voltages generated across
the subject. Once impedance measurements have been col-
lected, these are transferred via the external interface 23 to
the end station 1303, which operates to analyse the measured
impedance values and generate the appropriate GUIs shown
in FIGS. 8 to 11.

[0493] 1In this instance, the operator of the system is
generally required to place the measuring device 1 in a
predetermined operating mode allowing the end station 1303
to generate any required control signals to activate the
measurement process.

[0494] The measuring device 1 will therefore typically
operate to perform single measurements at a given time. In
this instance, the end station 1303 will display the next
electrode configuration to be used to the operator. The
operator will connect the electrodes, 13, 14, 15, 16 to the
subject, in the displayed arrangement, and then indicate to
the end station 1303 when this has been completed. The end
station 1303 will then transfer a control signal to the
measuring device 1 causing the next measurement to be
performed.

[0495] As the measuring device 1 may be capable of
operating in modes that perform sequences of measure-
ments, the end station 1303 can implement a measurement-
halt check. During this process if the end station 1303
detects measurements within a predetermined time interval,
such as 5 seconds, the end station 1303 generates an alert
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indicating that the measuring device 1 is not provided in
single measurement mode, and that this should be adjusted.
[0496] Tt will be appreciated that in this example, the end
station 1303 can effectively perform the tasks to performed
by the first processing system 10 in the examples throughout
the specification. Accordingly, the device could be provided
without the first processing system 10, with the functionality
usually performed by the first processing system 10 being
performed by an end station 1303. In this arrangement, the
end station 1303 therefore effectively forms part or all of the
first processing system 10. This allows the measuring device
1 to be provided including only the second processing
system 17 coupled directly to the external interface 23 to
allow the measuring device 1 to be controlled by the end
station 1303. This would typically be achieved via the use of
suitable applications software installed on the end station
1303.

[0497] In this example, communication between the end
station 1303 and the measuring device 1 is typically con-
trolled using the GUI 1060 shown in FIG. 14.

[0498] The GUI includes fields 1061 for defining IP
connection details, which allows the end station 3 to connect
to the measuring device 1, via the external interface 23, via
a TCP/IP or other network. Fields 1062 are used for defining
paths via which the references can be obtained, with the
fields 1063 defining details of the database from which the
references should be obtained.

[0499] Fields 1064 and 1065 are used to define parameters
relating to the impedance analysis to be performed, includ-
ing default frequency, rejection and time delay limits, as well
as reference ranges or the like. Finally fields 1066 are used
to define properties of the resulting analysis report.

[0500] It will therefore be appreciated from this that GUI
can also be used to provide connections to remote databases,
such as HL7 compliant subject databases. Furthermore, the
architecture can be implemented in any one of a number of
manners depending on the circumstances in which the
measuring device 1 is to be used.

[0501] Thus, for example, as a further alternative, the
selection and/or analysis of the impedance measurements
can be performed by a central base station coupled to a
number of measuring devices via a suitable communications
system, such as a computer network or the like. In this
instance, once the base station has selected an impedance
measurement type to be performed, the base station transfers
an indication of this to the respective monitoring thereby
causing the measuring device 1 to display the necessary
electrode connections. Once the impedance measurements
have been performed, the determined measurements are
returned to the base station for analysis.

Device Updates

[0502] An example of a process for updating the measur-
ing device will now be described with reference to FIG. 15.
[0503] In one example, at step 1500 the process involves
determining a measuring device 1 is to be configured with an
upgrade, or the like, before configuration data is created at
step 1510. At step 1520 the configuration data is typically
uploaded to the device or the end station 1303 before the
device is activated at 1530, or applications software on the
end station 1303 is executed. At 1540 when the device
commences operation the processing system 2 uses the
configuration data to selectively activate features, either for
example by controlling the upload of instructions, or by
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selectively activating instructions embedded within the pro-
cessing system 2 or the controller 19. Features within
applications software installed on the end station 1303 can
be activated in a similar manner.

[0504] The remaining examples will focus on the updating
of the device itself, and it will be appreciated that similar
techniques could be implemented for updating software
applications in the end station 1303.

[0505] Updating can be achieved in one of two ways. For
example, the configuration data could consist of instructions,
such as a software or firmware, which when implemented by
the processing system 2 causes the feature to be imple-
mented. Thus, for example, this process may be utilised to
update the operation of the firmware provided in the second
processing system 17, the processing system 10 or the
controller 19 to allow additional functionality, improved
measuring algorithms, or the like, to be implemented.

[0506] Alternatively, the configuration data could be in the
form of a list of features, with this being used by the
processing system 2 to access instructions already stored on
the measuring device 1. Utilisation of configuration data in
this manner, allows the measuring device to be loaded with
a number of as yet additional features, but non-operational
features, when the device is sold. In this example, by
updating the configuration data provided on the measuring
device 1, this allows these further features to be imple-
mented without requiring return of the measuring device 1
for modification.

[0507] This is particularly useful in the medical industry
as it allows additional features to be implemented when the
feature receives approval for use. Thus, for example, tech-
niques may be available for measuring or detecting lym-
phoedema in a predetermined way, such as through the use
of a particular analysis of measured voltage signals or the
like. In this instance when a device is sold, approval may not
yet have been obtained from an administering body such as
the Therapeutic Goods Administration, or the like. Accord-
ingly, the feature is disabled by appropriate use of a con-
figuration data. When the measurement technique subse-
quently gains approval, the configuration data can be
modified by uploading a new updated configuration data to
the measuring device, allowing the feature to be imple-
mented.

[0508] Tt will be appreciated that these techniques may be
used to implement any one of a number of different features,
such as different measuring techniques, analysis algorithms,
reports on results of measured impedance parameters, or the
like.

[0509] This can be achieved using the system of FIG. 13.
In use, the base station 1300 includes a processing system
1310, coupled to a database 1311. The base station 1300
operates to determine when updates are required, select the
devices to which updates are applied, generate the configu-
ration data and provide this for update to the devices 1. It
will be appreciated that the processing system 1310 may
therefore be a server or the like.

[0510] This allows the configuration data to be uploaded
from the server either to a user’s end station 1303, such as
a desk top computer, lap top, Internet terminal or the like, or
alternatively allows transfer from the server via the com-
munications network 1302, 1304, such as the Internet. It will
be appreciated that any suitable communications system can
be used such as wireless links, wi-fi connections, or the like.
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[0511] In any event, an example of the process of updating
the measuring device 1 will now be described in more detail
with reference to FIG. 16. In this example, at step 1600 the
base station 1300 determines that there is a change in the
regulatory status of features implemented within a certain
region. As mentioned above this could occur for example
following approval by the TGA of new features.

[0512] Thebase station 1300 uses the change in regulatory
status to determine new features available at step 1610,
before determining an identifier associated with each mea-
suring device 1 to be updated at step 1620. As changes in
regulatory approval are region specific, this is typically
achieved by having the base station 1300 access database
1311 including details of the regions in which each measur-
ing device sold are used. The database 1311 includes the
identifier for each measuring device 1, thereby allowing the
identifier of each measuring device to be updated to be
determined.

[0513] At step 1630, the base station 1300 determines the
existing configuration data, typically from the database
1311, for a next one of the measuring devices 1, before
modifying the configuration data to implement the new
features at step 1640. The configuration data is then
encrypted utilising a key associated with the identifier. The
key may be formed from a unique prime number associated
with the serial number, or partially derived from the serial
number, and is typically stored in the database 1311, or
generated each time it is required using a predetermined
algorithm.

[0514] At step 1660 the encrypted configuration data is
transferred to the measuring device 1 as described above.
[0515] At step 1670 when the device restarts and the first
processing system 10 is activated, the first processing sys-
tem 10 determines the encryption key, and uses this to
decrypt the configuration data. This may be achieved in any
one of a number of ways, such as by generating the key
using the serial number or other identifier, and a predeter-
mined algorithm. Alternatively, this may be achieved by
accessing a key stored in the memory 21. It will be appre-
ciated that any form of encryption may be used, although
typically strong encryption is used, in which a secret key is
used to both encrypt and decrypt the configuration data, to
thereby prevent fraudulent alteration of the configuration by
users, as will be explained in more detail below.

[0516] At step 1680. the first processing system 10 acti-
vates software features within the second processing system
16 using the decrypted configuration data.

[0517] It will therefore be appreciated that this provides a
mechanism for automatically updating the features available
on the measuring device. This may be achieved either by
having the second processing system 16 receive new firm-
ware from the processing system 10, or by activating firm-
ware already installed on the second processing system 16,
as described above.

[0518] As an alternative to performing this automatically
when additional features are approved for use, the process
can be used to allow features to be activated on payment of
a fee. In this example, a user may purchase a measuring
device 1 with limited implemented functionality. By pay-
ment of a fee, additional features can then be activated as
and when required by the user.

[0519] Inthis example, as shown in FIG. 17, when the user
selects an inactive feature at step 1700, the first processing
system 10 will generate an indication that the feature is
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unavailable at step 1710. This allows the user to select an
activate feature option at step 1720, which typically prompts
the user to provide payment details at step 1730. The
payment details are provided to the device manufacturer in
some manner and may involve having the user phone the
device manufacturer, or alternatively enter the details via a
suitable payment system provided via the Internet or the
like.

[0520] At step 1740, once the payment is verified, the
process can move to step 1620 to allow an automatic update
to be provided in the form of a suitable configuration data.
However, if payment details are not verified the process ends
at 1750.

[0521] It will be appreciated by a person skilled in the art
that encrypting the configuration data utilising a unique
identifier means that the configuration data received by a
measuring device 1 is specific to that measuring device.
Accordingly, the first processing system 10 can only inter-
pret the content of a configuration data if it is both encrypted
and decrypted utilising the correct key. Accordingly, this
prevents users exchanging configuration data, or attempting
to re-encrypt a decrypted file for transfer to a different
device.

[0522] It will be appreciated that in addition to, or as an
alternative to simply specifying features in the configuration
data, it may be necessary to upload additional firmware to
the second processing system 16. This can be used for
example, to implement features that could not be imple-
mented using the firmware shipped with the measuring
device 1.

[0523] In this example, it would be typical for the con-
figuration data to include any required firmware to be
uploaded, allowing this to be loaded into the second pro-
cessing system 16, using the first processing system 10. This
firmware can then either be automatically implemented, or
implemented in accordance with the list of available features
provided in the configuration data.

[0524] It will be appreciated that this provides a mecha-
nism for updating and/or selectively activating or deactivat-
ing features, such as measuring protocols, impedance analy-
sis algorithms, reports interpreting measured results, or the
like. This can be performed to ensure the measuring device
conforms to existing TGA or FDA approvals, or the like.
[0525] Throughout the above examples, the end station
1303 can be used to download configuration data, or alter-
natively transfer instructions to any one of the processing
systems 2, 10, 17, 19 used by the measuring device 1, to
allow updating of the device operation.

[0526] Persons skilled in the art will appreciate that
numerous variations and modifications will become appar-
ent. 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.

[0527] Thus, for example, it will be appreciated that
features 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 tech-
niques described above can be used with any animal, includ-
ing but not limited to, primates, livestock, performance
animals, such race horses, or the like.

[0528] The above described processes can be used for
diagnosing the presence, absence or degree of a range of
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conditions and illnesses, including, but not limited to
oedema, lymphoedema, body composition, or the like.

What is claimed is:

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

a) determining at least one impedance measurement to be

performed,;

b) determining at least one electrode arrangement asso-
ciated with the determined impedance measurement;

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

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

2. A method according to claim 1, wherein the method

includes, in the processing system:

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

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

3. A method according to claim 1, wherein the represen-

tation is indicative of:

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

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

4. A method according to claim 3, wherein the represen-
tation includes, for each lead connection, a respective colour
indication, the colour indication being indicative of a colour
for a respective lead.

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

a) determining a sequence of measurements; and,

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

6. A method according to claim 5, wherein each measure-

ment is performed for a corresponding limb.

7. A method according to any claim 1, wherein the method
includes:

a) determining an impedance measurement type; and,

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

8. A method according to claim 7, wherein the method

includes, in the processing system:

a) displaying an indication of available impedance mea-
surement types; and,

b) determining a respective one of the available imped-
ance measurement types in accordance with input com-
mands from an operator.

9. A method according to claim 7, wherein the impedance

measurement type is for determining at least one of:

a) one or more parameters relating to cardiac function;

b) the presence, absence or degree of oedema;

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

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

e) the subject’s Fat Free Mass (FFM).

10. A method according to claim 1, wherein the method

includes, in the processing system:

a) receiving data representing at least one measured
impedance value; and,
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b) generating a representation of the at least one measured
impedance value.

11. A method according to claim 10, wherein the method

includes, in the processing system:

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

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

12. A method according to claim 10, wherein the repre-

sentation is in the form of at least one of:

a) a Wessel plot;

a) an argand diagram;

b) a list of impedance values;

¢) a reactance against frequency plot; and,

d) resistance against frequency plot.

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

a) receiving data representing at least one measured

impedance value;

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

¢) generating a representation of the at least one imped-
ance parameter.

14. A method according to claim 13, wherein the method

includes, in the processing system:

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

b) processing the at least one measured impedance value
in accordance with the determined processing opera-
tion.

15. A method according to claim 1, wherein the method

includes in the processing system:

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

b) at least one of:

1) determining the impedance measurement to be per-
formed in accordance with the determined at least
one subject parameter; and,

il) processing at least one measured impedance value in
accordance with the determined at least one subject
parameter.

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

17. A method according to claim 16, wherein the method
includes, in the processing system:

a) determining a unique identifier indicative of an identity

of the subject; and,

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

18. A method according to claim 1, wherein the process-
ing system is coupled to a monitoring unit, and wherein the
method includes, in the processing system:

a) generating instructions; and,

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

19. A method according to claim 18, wherein the moni-
toring unit includes a processor, and wherein the processor
is for:

a) receiving the instructions, and,

b) causing one or more inmpedance measurements to be

performed using the instructions.
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20. An apparatus for performing impedance measure-
ments on a subject, the apparatus including a processing
system for:

a) determining at least one impedance measurement to be

performed,;

b) determining at least one electrode arrangement asso-

ciated with the determined impedance measurement;

c) displaying a representation indicative of the electrode

arrangement; and,

d) causing the impedance measurement to be performed

once the electrodes have been arranged in accordance
with the displayed representation.
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