
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date
4 June 2015 (04.06.2015)

WO 2015/077838 Al
P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61B 5/0295 (2006.01) A61B 5/107 (2006.01) kind of national protection available): AE, AG, AL, AM,
A61B 5/053 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

PCT/AU2014/050379 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

27 November 2014 (27.1 1.2014) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,

(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data: (84) Designated States (unless otherwise indicated, for every

2013904603 28 November 2013 (28. 11.2013) AU kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

(71) Applicant: UNIVERSITY OF WESTERN SYDNEY TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
[AU/AU]; Locked Bag 1797, Penrith, New South Wales TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
2751 (AU). DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,(72) Inventors: BREEN, Paul; 111/199 Regent Street, Red-
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

fern, New South Wales 2016 (AU). GARGIULO,
GW, KM, ML, MR, NE, SN, TD, TG).Gaetano; 12/39-43 Warialda Street, Kogarah, New South

Wales 2217 (AU). Published:

(74) Agent: FB RICE; Level 23, 44 Market St, Sydney, New — with international search report (Art. 21(3))
South Wales 2000 (AU).

(54) Title: "BLOOD VOLUME MONITOR"

00
o

© (57) Abstract: A blood volume monitor (10) includes a carrier (12) mountable about a part of a body of a subject. A measuring ar
rangement (13) is mounted on the carrier (12). The measuring arrangement (13) comprises at least one element (14, 18) configured
to provide volume data relating to a volume of the part of the body of the subject underlying the carrier (12) and for measuring

o change in volume of the part of the body of the subject underlying the carrier (12) and for outputting response signals representative
of the change in volume. A control unit (20) is in communication with the measuring arrangement (13) to process data output by the
measuring arrangement (13) to determine, using the volume data, the volume of the part of the body of the subject underlying the
carrier (12) and to determine blood volume in the part of the body of the subject, the control unit (20) using the response signals re
ceived from the measuring arrangement and the determined volume of the part of the body to determine the blood volume.



"Blood volume monitor"

Cross-Reference t Related Applications

[OO I The present application claims- priority from Australian Provisional Patent

Application No 2013904603 filed o 28 November 201 3, the contents of which ar

incorporated herein b reference i their entirety.

Technical Field

[0002] This disclosure relates, generally, to monitoring blood volume i subject a d, more

particularly, to a blood volume monitor and to a method of monitoring blood volume,

Background

[0003] Non-invasive monitoring of blood volume is normally achieved usin a 4-point body

impedance measurement system known as electrical impedance plethysmography (EIP). This

measurement is common practice and is achieved by recording small voltage drops across a

pah- of electrodes responsive to a high frequency (>10kHz) sinusoidal constant current

stimulus applied via a separate pair of electrodes.

[0004] EIP requires that all four electrodes are placed in a specific geometric configuration

and the skin is carefully prepared. Skin preparation usually includes shaving of hair and skin

abrasion to achieve electrode contact impedance below 5 with less tha 20% impedance

imbalance between electrodes. The recorded voltages then are divided b the current

amplitude to estimate the blood impedance, the higher the impedance (higher voltage) the

smaller is the volume of blood in the measured region. Although non-invasive, the procedure

is cumbersome. Furthermore, no system currently available i capable of long term

monitoring as changes in electrode impedance (due to degradation over time) will affect the

recording.

Summary

[0005] Throughout this specifi cation the word "comprise", o variations such a ''comprises"

or "comprising", will be understood to imply the inclusion of a stated element, integer or step.



or group of elements, integers or steps, but not the exclusion of any other element integer or

step, or group of ele ents integers or steps.

[0006] In a first aspect, there i provided a blood volume monitor which includes

a carrier m unta le about a part of a body of a subjeet;

a measuring arrangement mounted on the carrier, the measuring arrangement

comprising at least one element configured to provide volume data relating to a volume of the

part of the bod of the subject underlying the carrier and for measuring change in volume of

the part of the body of the subject underlying the carrier and for outputting response signals

representative of the change in volume; and

control unit i communication with the measuring arrangement to process data

output by the measuring arrangement to determine, using the volume data, the volume of the

part of the body of the subject underlying the carrier and to determine blood volume in the

part of the body of th subject, the control unit using the response signals received from the

measuring arrangement and the determined volume of the part of the body to determine the

blood volume.

[0007] It is an advantage of the disclosure that the blood volume monitor outputs data

relating to blood volume in units of volumetric measurement, such as, for example, in

millilitres.

[0008] The response signals may represent a blood impedance value of blood in th part of

the body of the subject

[0009] The carrier may be i the form of a . sleeve of a resilient! flexible material.

[0010] In an embodiment, the measuring arrangement may include a sensing arrangement

comprising a plurality of sets of impedance measuring elements for measuring changes

impedance in the part of the body of the subject such changes i impedance being indicative

of blood volume changes, and, hence, change volume, i the part of the body of the subject,

one set of the elements operating at any one time as stimulating elements for stimulating th

part of the body of the subject with at least one of the other sets of elements sensing response

signals evoked in the part of the body of the subject.



[00 Each element of the sets of elements ma be an electrode, th electrodes being

arranged at cireumferentially spaced intervals about the sleeve and each set of electrodes

comprising a pair of opposed electrodes. One of the pairs of electrodes may be configured t

be used at any one time as stimulating electrodes and a least one other pair of electrodes,

rotated about the carri e rel iv to the one pair of electrodes, is used as sensing electrodes.

The control unit ay be operable to cycle through the pairs of electrodes periodically t vary

which pair of electrodes is operating as the stimulating electrodes and which pair of electrodes

is being used as sensing electrodes.

[0 2 The control unit may be operable to cycle through the sets of electrodes to select the

stimulating set of electrodes prior to the stimulating set of electrodes stimulating underlying

tissue of the subject.

[0013] A stimulating signal output by the stimulating set of elements i one of a sine wave

signal and a uniform pulse waveform. By "uniform" is meant that the pulse of one polarity

has the same amplitude and duration as the pul se of the opposite polarity.

[0014] The amplitude of the stimulating signal is selected to be lower than a level at which

the subject is aware of the stimulation. . In other words, the stimulating signal has a sub-

sensation amplitude.

[0015] The control unit may be operable to vary an amplitude of the stimulating signal to

account for changes n at least one of contact impedance and muscle contraction/relaxation.

[0016] The monitor may be configured to impart muscular stimulation t muscles of the

subject. Hence, the monitor can also be used to effect muscular stimulation i non-active

subjects, either because of injury, infirmness or due to being under anaesthesia. The monitor

may use any electrodes of the sensing/stimulating arrangement to effect muscular stimulation.

Instead, the monitor may include dedicated muscular stimulation electrodes.

[0017] The measuring arrangement ma further include a volume determining mechanism,

comprising at least one volume measuring element, carried by the sleeve, a least a part of the

volume determining mechanism being configured to expand and contract in unison with the

sleeve.



[00 ] The volume determining mechanism may comprise at least one element configured

to approximate a truncated cone. Thus, for example, the volume determining mechanism may

comprise a pair of annular resiliently flexible bands arranged in spaced relationship, the

bands being interconnected by a height approximating member for approximating the height

of the truncated cone. Other configurations of the volume determining mechanism may

include a least one helically wound member carried by th sleeve or plurality of abutting

annular elements.

[ 0 ] In another embodiment, the measuring arrangement may be configured s that the

same sets of elements provide both the volume data and measure the change in volume of the

part of the body of the subject underlying the carrier to output the response signals

representati ve of the change in volume.

[0020] The moni or may include a position detecting mechanism for detecting a position o

the part of the body of the subject.

[0021 ] The monitor ma include pressure imparting mechanism for imparting pressure t

the part of th body of the subject.

[0022] According to a second aspect of the disclosure, there is provided a method of

monitoring blood volume, the method including

determining th volume of a part of a bod o subject;

sensing change in volume of the part of the body; and

determining the volume of blood in the part of the body based on the determined

volume and the sensed change in volume of the pail of the body.

[0023] Th method ma include sensing change i volume in the part of the body of the

subject by sensing change in impedance of blood within the par of the body of the subject.

[0024] In an embodiment, the method may include sensing the change in impedance by

stimulating the part of the body with a first set of sensing elements and monitoring a evoked

response with at least one further set of sensing elements.

[0025] Th method may include cycling through the sets of elements to vary which set of

elements i functioning as the set o stimulating elements a any one time.



[0026] The method may includes effecting stimulation wit one of a sine wave signal and a

uniform pulse waveform. The method may include selecting the amplitude of the stimulating

signal to he lower than a level a which the subject is aware of the stimulation. The method

may include varying an amplitude of the stimulating signal to account for changes in contact

impedance or muscle contraction/relaxation

[0027] The method may include determining the volume of the part of the body of the

subject by using volume determining mechanism carried on carrier configured to be

placed over the par of the body of the subject. The volume determining mechanism may

comprise a least one element configured to approximate a truncated cone and the method

may include determining the volume of the truncated cone.

[0028] In a embodiment, the method ma include using the volume determining

mechanism also to sense the change in volume of the par of the body of the- subject

underlying the carrier.

[0029] The method ma include imparting muscular stimulation to muscles of the subject.

[0030] The method may include detecting a position of the- par of the body of th subject.

[003 The method may include imparting pressure to the part of the bod of the subject.

Brief Description of Drawings

[0032] Embodiments of the disclosure are now described by wa of example with reference

to the accompanying drawings, in which;-

[0033] Fig, 1 shows schematic block diagram of an embodiment of a blood volume

monitor;

[0034] Fig 2 shows schematic representation of a use of the blood volume monitor of Fig.

1

[0035] Fig. 3 shows a schematic representation of another use of the blood volume monitor

of Fig. 1.



[0036] F g shows a schematie represe atio of a further use of the blood volume monitor

of Fig. ;

[0037] Fig. 5 show a schematic representation of a sensing arrangement of the bloo

volume monitor of Fig. 1;

[0038] Fig. 6 shows a graphical representation of outputs of sensors of the monitor and

processed output signals from the monitor;

[0039] Fig. 7 shows a graphical representation of the use of the monitor shown in Fig. 2 of

the drawings for measuring chronic venous insufficiency;

[0040] Fig. shows a graphical representation of the use of monitor shown in Fig. 3 of the

drawings for investigating the presence of deep vein thrombosis;

[004 Fig. 9 shows a flow chart of an embodiment for determining blood volume using the

monitor of Fig. ;

[0042] Fig. 10 shows a schematic representation of an embodiment of a volume determining

mechanism of the monitor;

[0043] Fig. shows schematic representation of another embodiment of a volume

determining mechanism of the monitor;

[0044] Fig. shows a schematic representation of a further embodiment of the blood

volume monitor;

[0045] Fig. sh s a schematic representation of still a further embodiment of the blood

volume monitor; and

[0046] Fig. 4 shows a graphical representation of processed data output from the blood

flow monitor of a least Fig. 2 of the drawings.



Detailed Description of Exemplary Embodiments

[0047] n Figs 1 - 12 of the drawings, reference numeral 10 generally designates an

embodiment of a blood volume monitor. The monitor 10 includes a carrier rnountable

about a part of a body of a subject as will be described in greater detail below. The monitor

10 includes measuring arrangement 1.3 carried b the earner 12. I this embodiment of the

disclosure, the measuring arrangement 13 comprises a sensing arrangement. 14 mounted on

the carrier 1 2 an a volume determining mechanism associated with the carrier for

determining a volume of the part of the body of the subject underlying the carrier .

[0048] As illustrated more clearly in Fig. 5 of the drawings, the sensing arrangement 4

comprises a plurality of sets of elements or electrodes 16, The electrodes 1 are arranged in

pairs with electrodes 16 of each pair being arranged in opposed relationship, a shown in Fig.

5 by the labels A-A', B-B C-C and D-D'.

[0049] The monitor 10 includes a control unit 20 which is in communication with the carrier

12 and, in particular, the components 1.4 and 18 carried on the carrier 12, as indicated by the

arrows 22. As will be described i greater detail below, the control unit 20 i operable

initially to select one of the pairs of electrodes 1.6 as stimulating pair of electrodes with the

remaining pairs of electrodes sensing response signals arising a a result of stimulation of the

part of the subject's body by the set of stimulating electrodes . The control unit 20 is

further operable to cycle through th pairs of electrodes 16 t vary which pair of electrodes is

operable as the set of stimulating electrodes 16 with at least one of the non-selected,

remaining pairs of electrodes 16 sensing the response signals.

[0050] The monitor 10 i intended particularly for use in electrical impedance

plethysmography (E P) applications and is intended for mounting about a limb of a subject's

body, in particular, a lowe part of the limb, as shown by the lower part of the leg 24 of the

subject in Figs. 2-4 of the drawings. The monitor 10 could also b used for EIP

measurements of a subject' s neck vasculature by being placed about a subject's neck. In

addition, the monitor 10 could also be placed about a subject's chest and be used to measure

volume. By measuring volume variation due to heartbeat, the monitor 0 could be used to

determine the volume disp laced by the heartbeat and from measurement of blood impedance

could determine how much of th volume variation is due t blood flow. n so doing, the



monitor 1 could be used to monitor cardiac output of a subject's heart n the remainder of

this specification, the monitor 0 will be described with reference to use on a subject's leg 24.

[005 ] The carrier 12 is in the form of sleeve of a resiliently flexible material on which the

electrodes 1.6 are mounted. The control unit 20 is, as shown in Fig. 2 of the drawings, also

mounted o the sleeve 12 although this is not necessarily applicable in all embodiments. In

some embodiments, the control unit 2 may be mounted remotely from the sleeve 12 and

communicate, either via a wired or wireless communications link, with the co onents 14

and on the sleeve 12

[0052] As described above, the sensing arrangement. 14 comprises a plurality of sets of

electrodes 16 arranged in opposed pairs about the circumference of the sleeve 12.

[0053] The volume deter inin mechanism 18 can adopt various forms. In the illustrated

embodiment of Fig. of the drawings, the volume determining mechanism comprises a pair

of spaced bands 26 of a electrically resistive material arranged circumferentially about the

sleeve 12. The bands 26 are interconnected via further, longitudinal extending strip 28

which is a so of an electrieally resistive material. The bands 2 and the strip 28 are resiliently

flexible and their resistivity increases with increasing extension.

[0054] The bands 2 and the strip 28, when the sleeve 12 is placed about the leg 24 of the

subject, measure the volume of that part of the leg circumscribed by the bands 26. The

relevant part of the le approximates a truncated cone and the bands 26 ar used to measure

that volume usin the following equation: -

V = )( )(b2 + ab + a2)

where

a and b are the radii of each of the bands 26, and

h is the height of the truncated cone,

[0055] The height of the truncated cone, h, can be estimated as follows: If the sleeve has

a fixed (known) and non-stretchabie (or negligibly stretchable) length dimension k" (being

th spacing between the bands 26), then h=k*sin(abs(b-a)). If the sleeve 12 i resiliently



flexible, i.e. ha a non-negligible stretehability along its dimension "k", k is measured as the

average of measurement taken from a number (N) of stretch sensors placed vertically

alongside the sleeve and is calculated as; k - (kj + k . .+k„)/N and;

[0056] It will be appreciated tha the sleeve may be designed to have limited or almost no

stretch i the direction of the strip 28. n such an embodiment, the strip 2 8 can be omitted

with the spacing between the bands 26 being kno wn and approximating e height of the

truncated cone.

[0057] To enable the volume measurement to be made, the volume determining mechanism

is calibrated against known cylinders and known cones to ensure volume estimation within

a tolerance of approximately 10% of specific calibration values, can be written as parameters

inside the control u i 2 0 an used to perform precise measurements. At least two known

values of known cylinders and known cones are required to make a linear approximation and

t effect calibration.

[0058] n another embodiment, instead of th bands 2 6 and strip 28, th volume determining

mechanism 1.8 comprises a single, helically coiled sensor 102 (Fig. 10) arranged within or on

the sleeve 12. This allows a more direct estimation of volume as the targeted limb for th

monitor 0 , such as the subject's leg 24, ca assume various shapes and the shape itself may

change depending on movement and/or position of the limb. Once again, the helically coiled

sensor 2 is of a resiliently flexible, electrically resistive material, the resistance of which

increases wit extension.

[0059] The helically coiled sensor 102 is calibrated against known volumes, again using

known cones or cylinders. Once again, at least two value are required for a linear

approximation and the first value should be determined using a cylinder with dimensions over

which the sleeve 1 is snug fit with no sagging or excessive stretching,

[0060] A with the first embodiment, calibration could be used to ensure error within the

prescribed tolerance or can be recorded in the software of the control unit 2 0 as a parameter to

enable precise calculations of volume to be effected.



[0061 In yet a further embodiment , the volume determining mechanism comprises a

plurality of bands 104 (Fig. 1 ) which are stacked together, each band 104 approximating the

volume of a truncated cone with the sum of the truncated cones approximating the voiume o

the part of the limb under the sleeve . Each band 04 is of a resilientiy flexible- electrical ly

resistive material, the resistance of which increases with extension.

[0062] In this embodiment, calibration is effected as per the first embodiment above.

[0063] Referring agai to Fig. 1 of the drawings, the control unit 20 includes a central

processing unit, or processor, 30 which controls trans ission of stimulating signals to the pair

of electrodes 16 of the sensing arrangement 14 selected a any one time to be the stimulating

electrodes and processes response signal received from those electrodes 16 acting a sensing

electrodes.

[0064] The processor 30 incorporates a user interface 36 which allows a user to input data in

a data storage module 3 of the control unit 20. The data storage module 32 also includes

calibration data for the volume determining mechanism 1 as described above. The processor

30 supervises all activities of the control unit 20 and. for example, is used for sampling,

acquiring and storing data i a digital format, doing any analogue to digital conversion where

required, etc. The processor 30 further runs software to enable a user to perform calculations

on received data, effectively in re al time, these data including impedance measurements,

volume calculations an generation of any alarm signals. The software also provides

connectivity for the control unit 20 vi a communications module 34.

[0065] As described above, the monito 10 c ycle through the pairs of electrodes t vary

which pair, at any one time, is functioning as the pair of sti u ting electrodes and which of

the remaining pairs of electrodes 6 , or all of the remaining pairs, rc used as sensing

electrodes for monitoring response signals. The control un t 20 includes a interface 36 to

control switching of th electrodes 16. The interface 36 includes a multiplexer fo switching

between the pairs of electrodes to be used as the stimulating electrodes a any particular

time.

[0066] The control unit 20 further includes a stimulator module 38 i communication with

the interface 36. Data from the stimulator module 3 are fed via the interface 36 to the



sensing arra ge en . The stimulator module 38 makes use either of sine wave current

stimulation or, in a preferred embodiment, a pulse waveform current stimulation where the

pulses of the pulse waveform uniform pulses (as defined), The sine waveform or the pulse

waveform as the case may be, is of controlled amplitude and period. The sti mulating signal

from the stimulator module is fed t the interface 36 an from there to the sensing

arrangement 14. As described, the multiplexer of the interface 36 cycles through the pairs of

electrodes to periodicaliy vary which pair of electrodes is being used for stimulating with th

remaining pairs of electrodes 16 being used as sensing electrodes. The multiplexer 36

switches the stimulating electrodes prior to the stimulating waveform output by the

sti lator module 38.

[0067] Response signals received from the sensing electrodes of the sensing arrangement

14 are fed via the interface 36 t a signal conditioning module 40. The signal conditioning

module 40 is operable to provide amplification an filtering of the response signals. t is to be

noted that the electrodes are applied to the skin of the subject without any preparation

havin been made to the skin of the subject. In particular, no contact gels or preparation of

the subject's skin by shaving or abrading is required. The electrodes 16 which are used are

dry electrodes of a conductive, elastomeric material. As a result* the amplification circuitry

40 needs to have a high inpu impedance. Filtering also needs t take place to remove

artefacts such as noise artefacts.

[0068J In addition, the signal conditioning module 4 is of sufficient sensitivity to enable

the monitor 1.0 to be used in electromyography (EMG) applications to detect muscular activity

in the region of th monitor on the subject.

[0069] The control unit 20 i battery operated and includes a battery pack 42. The battery

pack 42 is a rechargeable battery pack which is configured not to operate whe a charging

cord i s connected unless the charger is a medical device approved charger. Such a charger

requires ga anic isolation.

[0070] The battery pack 42 makes use of one or more lithium-ion rechargeable batteries and

having a proprietary non-standard connector. The battery or batteries must be removed for

recharging.



[007 The data storage module 3 has two components, being an on-board removable

memory on which is stored the software, factory calibration data, etc. The data stored in the

on-board memory are able to be updated by a dedicated connection.

[0072] The second component o the data storage module 3 comprises a user-accessible

memory, such as, for example a memory card. The memory card stores event data, alarms,

compressed measuring data, user calibration data, time stamps, or the like.

[0073] The communications module 34 includes a dedicated, isolated US connector,

wireless communications connectivity and mobile telephone connectivity such as GSM

connectivity.

[0074] The control unit 20 includes a further signal conditioning module 44 for conditioning

signals received from the volume determining mechanism 18. The signal conditioning

module 44 conducts buffering, amplification and filtering operations to condition signals

received from the volume determining mechanism prior to being fed to the processor 30 of the

control unit 20.

[0075] As shown more clearly n Fig. 2 of the drawings, the monitor also includes a

position detecting mechanism in the form of a least two aecelerometers 46, The

aecelerometers 46 are triaxial aeeeleromeler devices and their placement on the sleeve will

vary according to which limb of the subject is being monitored. As an example, and as shown

i Fig. 2 of the drawings, one of the aecelerometers 46 is placed on the sleeve 2 below the

knee to monitor position, i.e. torsional activity, of the lower limb 24 for artefacts detection.

The second aeeeierometer 4 i placed above the knee of the subject to distinguish between

positions and postures which do not vary the position of the monitor 0 significantly in the

gravity field. For example, when the subject is sitting with the foot resting flat on the floor

and when the subject is standing the position of the monitor 10 in the gravity field will be

substantially the same but blood f o considerations may vary.

[0076] n another application of the monitor , the monitor includes a pressure

imparting mechanism in th form of a pressure cuff 48 (Fig, 3). This application of the

monitor 1 is in the detection of deep vein thrombosis (DVT) and will be described in greater

detail below.



[0077] Stil a further application of the monitor 10 i for effecting neuromuscular electrical

stimulation. n this embodiment, as shown in Fig. 4 of the drawings, the monitor includes

neuromuscular electrical stimulation electrodes 50 as will be described in greater detail below.

I will be appreciated that at least those neuromuscular electrical stimulation electrodes 5

configured to be placed below the knee of the subject could be implemented b the electrodes

16 of the sensing arrangement 14 of the monitor 10 on the sleeve 2 .

[0078] With reference to Fig. 2 of the drawings, the monitor .10 is intended to measure the

volume of blood (in mil ilitres) present at any given location of a subject's limb suc as the

lower leg 24 where the portion of the limb is of known volume or measurable volume (in

litres). As wil be appreciated, blood is highly conductive and its impedance is linked to both

its viscosity and its oxygenation.

[0079] The control unit 20 energises one of th sets of electrodes usin a sine wave or

pulse wavefomi to cause the electiOdes 6 of the set to generate a stimulating signal which is

input into the part of the subject's body underlying the carrier 12. A response signal evoked

by the stimulating signal is sensed by a least one other sets of electrodes, rotational! y spaced

on the carrier relative to that set of electrodes used as the stimulating electrodes. I an

embodiment, the sensing set of electrodes 16 may be orthogonally arranged relative to the

stimulating set of electrodes 16.

[0080] Further, in a embodiment, the control unit 2 is configured to cycle through the sets

of electrodes 1 to vary the selection of the sets of electrodes to be used for stimulating and to

be used for sensing, respectively.

[008 ] Also, the monitor 10 is intended to enable long term recording of blood volume to b

effected while the monitor 10 i worn by the subject To cater for movement, the control unit

20 is operable to discard movement data artefacts as measured b the aecelerometers 46. As

the monitoring of blood volume during excessive movement is not efficient, any data having

an average acceleration as averaged across all of the aecelerometers 46 of greater than .l g

discarded. As the subject may als be moving in the gravity field, for example, driving or

sitting i a moving vehicle, the control unit 20 makes use of the first derivative of

acceleration. In so doing, data relating to abrupt acceleration gradients can be discarded.



[0082] Still further, as indicated above, the processor 30 of the control unit has a user

interface. The subject is able to fla to. the monitor 1.0 if a particular posture is to be kept for

longer than usual, for example, when sitting in a vehicle or retiring for the night. The control

unit 20 is operable to vary the data collection regime to take i to account such activities by

the subject.

[0083] Although EIP is able to be performed using sine waves, the stimulator module 38 of

the control unit 20 of the monitor 10 is, in a preferred application, operative to generate a

pul se waveform . The pulse waveform is configured to be suitable for painless muscle

stimulation using a biphasing fast rise charge-balanced pulse. For EIP purposes, the

amplitude of the pulse is kept at sub-stimulation threshold so that it will no be felt by the

subject. The control u it 20 is operable to monitor changes in contact impedance and muscle

contraction and relaxation of th subject; n this way, the control unit 20 i configured to

change the amplitude of the pulses t cater for changes in operating conditions such as

changes in the contact impedance and muscle contraction/relaxation.

[0084] The delivered amount of charge, as governed by the pulse width, can be changed t

meet the required stimulating demand. EIP applications, the pulses have a length of

approximately 1.25 S. This reduces the analogue sampling rate and, as a result, decreases

computational effort required to analyse the sensed data.

[0085] Gross regulation of the amplitude and pulse- width of the pulse waveform is able to

be effected by the practitioner and the subject via the user interface of the processor 30 of the

control unit 20. The user interface of the processor 30 is a two-level interface so that the

subject has limited setting privileges while the practitioner has administrative privileges as

well

[0086] Fine regulation of the pulse amplitude and width i also automated and i based upon

the RMS value of the detected surface EMG amplitude. For a fresh installed de ce , usi

tentative values regulated by the practitioner, EMG signals are measured at a spaced pair of

electrodes to the stimulating pair of electrodes by varying the stimulation parameter in an

attempt to minimise the recorded muscle activity. The measurement ste is repeated for al

possible combinations of pairs of stimulation/sensing electrodes while recording the corrected

values for each stimulation pair which are then stored in th data storage modul 3 of the



control unit 20. The equivalent delivered charge and stimuli current ar the calculated

(according to th circuit parameters and th well know relationship =dp/dt and stored in the

data storage module 32.

[0087] The frequency of the stimulation pulses can.be dynamically changed to meet

stimulation requirements. However, as 6Hz i the normal low-pass cut off frequency for E P

devices and as the monitor 0 uses a pulse waveform, the stimulation frequency should be not

lower than Hz so as not to violate the Nyquist sampling requirement.

[0088] Blood impedance is measured in one of two ways, either by software methods or by

hardware methods. The basic assumption is that the voltage measured fro the measuring

electrode pair divided by the equivalent stimulation current contains information about

impedance gradients of tissue underlying the electrodes 16. n addition, because th

waveform is a pulse waveform, it is possible to assume that the slow changing impedance

modulates the recorded pulse waveform. Because of the fast rise of the stimulating pulse, the

effective real value of the impedance i reached at the maximum value of the recorded pulses.

Any capacitance charge/discharge effects at the rise and fall edges of the pulse can be

ascribed to skin and other tissue capacitances which do not need to be taken into account for

blood volume measurements.

[0089] Insofar as the software methods are concerned, some of the different ways n which

impedance can b determined are as follows:-

(a measurement of the maximum value in the stimuli windows,

(b) signal envelope extraction using full wave rectification plus low pass filtering, or

(c using an absolute value of the signal using a H be ' s transform plus associated

low pass filtering.

[0090] Regardless of the method employed, pre-processing of the response signals to

remove power line noise artefacts and other high frequency noise artefacts is carried ou using

the signal conditioning module 40 prior to the processor 3 determining impedance.



[0091 The first method of measuring impedance using the software measurements i.e.

measurement of maximum value is shown by trace 52 in Fig, (> of the drawings. Measuring

that impedance based on maximum peak methods using the signal envelope extraction is

shown by trace 5 in Fig 6 of the drawings and measuring impedance using the H bert s

transform is shown by trace 56 in Fig 6 of the drawings.

[0092] The traces 58 at the top of Fig. 6 are signals representative of data output the

ac e eromet rs 46 of the monitor 0, the upper trace being from the accelerometer 46 o the

shank of the subject and the lowe trace being from the accelerometer 46 on the thigh of the

subject.

[0093] Raw impedance change dat are shown by trace 60 and the Hilbert raw impedance

change data are shown by trace 62 in Fig. 6 of the drawings. Trace 64 represents the raw

volume data as measured by the volume determining mechanism of the monitor a d

trace 66 is the blood volume changes over time depending on the position of the subject as

indicated by legends 68, 70 and 72 in Fig. 6 of the drawings.

[0094] Referring to Fig. 9 of the drawings, a schematic flowchart of a computationally

simple method of determining blood volume as a function of time is illustrated. The

measured voltage of the response signals a shown at 74 is divided by the equivalent stimulus

current to provide the time varying impedance as shown at 76. The time varying value of the

impedance 76 is then divided b a normalising impedance factor (N F) 78 to obtain a time

varying normalised blood impedance value 80.

[0095] The volume determining mechanism determines the time varying volume of the

limb 24 of the subject as shown at 82. A minimum value mv) 84 is subtracted from the

measured volume as shown at 84 to obtain a time varying net volume variation (N ) as

shown a 86. The NVV gives a nominal value between 0 and which describes in a

computationally simple manner the blood volume in the subject's leg 24. This may be used as

a . simple method of risk assessment. For example, an NW of >0.85 may represent high risk,

an NVV of < 0.5 may represent lo risk an somewhere between these two values may

represent moderate risk.



[0096] Finally, the NVV 86 is multiplied by the normalised blood impedance 80 to obtain a

time varyin volume of blood in mi itres as shown at 88.

[0097] The impedance as measured by any one of the three methods needs to b filtered

using a lo pass filter at 6Hz and all artefacts need to be removed. As indicated above, the

impedance i then divided by the normal in impedance factor (NIF) recorded during

calibration to t nsfor the impedance into a normalised number having a value less than 1.

[0098] The normalising impedance factor (NIF) is calculated during calibration by

determining the maximum tissue value and the minimum tissue value and obtaining the

average of these two values. The maximum tissue value is measured when the subject i in a

standing position for a healthy able bodied person who has no got bleeding wounds. The

minimu tissue impedance is calculated with the mb of the subject elevated while the

subject is at rest with the limb elevated above the subject"' s heart.

[0099] The minimum volume n v) is measured a calibration as the average minimum

volume across 5 seconds while the subject's limb is at rest supported above the subject's

heart,

[0100] In another, more computationally complex, but more accurate, method, at calibration,

the monitor 10 takes measurements, firstly, while the subject is lying down with leg elevated

and then, secondly, with the subject standing up. From the first measurements, a minimum

measure of limb section volume (Vm) and a maximum measure of electrical impedance (Ve)

is obtained. From the second measurements, a maximum measure of limb section volume

(Vm) and a minimum measure of electrical impedance (Ve) is obtained.

[0101 ] This provides a simple linear equation of the form y -mx + c to convert impedance

to volume as follows (with two calibration points):

Volume (ml) = ( Vm Ve) (Current measure of Ve) + c

where c may be calculated as V e + (AVm/AVe)*Vnii.

Further subtraction of Vm(min) from Volume removes the minimal volume of the

limb such that when the limb has minimum blood volume the output i 0ml,



[0102] While only two points are required for calibration, multiple poi ts of calibration can

be calculated for higher order polynomial fits. Hence, additional points may be added for

example by taking measurements while the subject i lying flat Also, when a person makes a

postural transition, blood volume will gradually change. If there is no additional interference,

i.e. movement ( detected by the aeceleroineters 46), transient calibration can be made.

[0103] As described, the VV determined at 86 is the difference between the measured

volume 82 and the minimum volume 84 a shown in Fig. 9,

[0104] As previously described, the electrodes 16 are dry electrodes. Hence, there is always

a possibi lity of a high contact impedance bein present at any pair of sensing electrodes 16.

rotating, or cycling, the stimulation couple, as described above, using the interface 36, the

effect of any high contact impedance resulting from a loose fitting electrode 16 can be

minimised.

[0105] During calibration, the best value for the contact impedance will be assumed for each

pair of electrodes 16. The voltage as detected by each measuring couple for each given

stimulation can be used for comparative purposes during the recording of the data. Also,

rotating t e pah of electrodes 16 used for stimulation at a rate faster than the stimulation rate,

should yield similar blood impedance results from each measuring couple and this can be

used to detect an stimulation couple that is in loose contact with the skin of the subject.

[0106] By averaging the impedance detected by all of the measuring couple for all of the

possible combinations of stimuli will reduce the effects of any contact impedance imbalance

increasing the signal to noise ratio by a factor VN, where N = number of couples.

[0107] In addition, the stimulator module 38 is configured als to generate sine waves to

perform skin impedance measurements.

[ 108] One of the applications of the monitor is in the treatment of veno leg ulcers

(VLUs). The principle causes of V s are high venous stasis. By using the monitor , a

clinician i able to identify periods of time when the subject is at risk and educate tl e subject

on how this is affecting their healing. The monitor 10 can also provide direct and real-time

feedback to a subject, alerting them to their risk status. The subject will then be in a position



t initiate stasis-reducing counter-measures to improve VLU healing. Such counter-measures

may include instructions to elevate th limb, to walk, or to activate neuromuscular electrical

stimulation,

[0 09] A benefit of the monitor 1 is that it does not generally interfere with the wound

itself. Characteristically, VLUs are located a the subject's ankle whereas the monitor 10 s

mounted just below the knee of the subject.

[01 10] will also be appreciated that the monitor could b used for treating other

ulcerative conditions such as arterial ulcere, diabetic ulcers and combination ulcers.

[01 11] The monitor 1 could also be used to assess the condition of the ulcer. Typically the

size of the VLU Us captured by the clinician at the time of dressing changes. Th size of the

VLU is input into the monitor at th time. The subject s able to access his or her reeords

and see how time spent walking, with leg elevated, amounts of stimulation, and risk levels

have impacted wound healing. The monitor 10 may also predict by when the VL would be

fully healed should current trends and treatment regimens be continued.

[ ] Another application of the monitor is its use in measuring swelling of a patient's

limb caused by conditions other than VLUs such a lymph oedema. In addition, the monitor

1 is able to apply stimulation, as described above, to the patient's lim to reduce the

swelling.

[0 3] Still other applications of the monitor 10 include its use i syncope and i high

resolution EIP.

[01 .4 ] In the case of syncope, vasoconstriction of blood vessels in healthy individuals

prevents too much blood shifting to lower extrem i . However, with so e individuals

having an inadequate vasoactive response, this may not occur and lead to blood deprivation i

the brain with subsequent fainting. The monitor 10 of the disclosure is configured t provide

alarms to subjects a risk of fainting by monitoring the volume of blood in the lower leg 24 of

the subject.

[0.1. ] Yet another application of the monitor 10 is its use in. subjects suffering fro chronic

venous insufficiency. Healthy venous return is dependent on competent venous valves.



Break down of these valves leads to retrograde venous flow. Increased blood in the limb

leads t increased venous pressure. f maintained, the elevated venous pressure ca lead to

pain, oedema and ulceration.

[0 6 ] To test for venous insufficiency, the vei s of the lower leg 24 are emptied and the

time to refill the limb is monitored. A example of a subjec suf ri n from chronic venous

insufficiency is shown at 0 in Fig. 7 of the drawings in comparison with a graph of a subject

with nor l venous valves as shown at 92 i Fig. 7 of th drawings. The subject remains

motionless until blood volume is stable (baseline); o n instruction the subject performs five

voluntary contractions of the lower limb muscles. The time taken to retu to a stable blood

volume indicates the health of the venous valves. Return to baseline (also known as refill

time) taking more than seconds indicates healthy valves and, conversely, less than

seconds indicates venous insufficiency. Typically voluntary ca f contractions (dorsiflexion of

the ankle) ar used to expel blood from the lower limb. Alternatively the monito itself i

used to effect rapid calf compressions through the acti vation of a leg worn compression cuff

(not shown). The calf contra t ns/compre ss on s are shown at 94 in Fig. 7 of the drawings,

[0 ] The emptying of the veins of the lower k g 24 of the subject is achieved by seating

the subject o a plinth wit knees flexed at 90 degrees. The lower le 24 is emptied b active

contraction of the leg muscles or pneumatic compression of the lower leg 24.

[ ] Typically, a filling time of greater than eleven seconds indicates normal venous

valves wherea a filling time of less than eleven seconds denotes venous insufficiency.

[0 9] A still further application of the monitor 0 is i its use for subjects suffering from

peripheral arterial disease which is a particularly serious problem for subjects with diabetes.

This results in a thickening and loss of elasticity of arterial vessels. The monitor 10 can be

used to detect deficits in arterial circulation based on the shape of impedance tracings i.e. b

use of EIP.

[01 20] A indicated above, the monitor 0 can als be used i the detection of deep vein

thrombosis (DVT) or obstructed haei odynam s. Certain subjects have a high risk of

developing DVT following general surgery, particularly hip or knee surgery. EIP has been



sho wn to have a high degree o accuracy fo detecting DVT when compared to strain gauge

and invasive venography.

[0 2 1] The monitor 10 together with the cuff 48 (Fig. 3} ca be used for detecting DVT or

obstructed emo ami in the subject. Assessment s performed placing the cuff 48

around the thigh of the subject and inflating the cuff to 30-40 mmHg, preventing venou

return but allowing arterial inflow. The venous constriction causes pooling i the limb

observed via E P a a reduction in impedance. When the blood volume during occlusion

plateaus maximum venous capacity is achieved.

[0122] The cuff 48 is then rapidly deflated and the decreasing impedance during the first 3

seconds of the cuff deflation is monitored. The decrease in impedance for a normal individual

is sho w as trace 96 i Fig. 8 of the drawings whereas a subject suspected of having DVT has

a trace as shown at 98 in Fig. 8 of the drawings.

[0123] For subjects with VLU, the monitor 10 can be used as a stimulator for effecting

neuromuscular electrical stimulation as shown in Fig. 4 of the drawings. Neuromuscular

electrical stimulation has been shown to create a major improvement in VLU subjects, in

particular, subjects a rest. Bed rest cause a significant reduction in venous blood flow after

approximately 4 hours. However, with neuromuscular electrical stimulation, venous blood

flow at res can be maintained at substantially normal rates.

[0124] A benefit of this application of the monitor is that it can be used with orthopaedic

implants and provides painless neuromuscular electrical stimulation.

[0125] The monitor makes use of stimulating electrodes 50 (Fig. 4) and includes a control

device 100 which is able to be used by the subject to control stimulation eitlier b means of a

preprogramed control device 1.00 or by the subject .manually operating the control device 100.

[0126] An advantage of using the monitor 1 to effect neuromuscular electrical stimulation

is that it targets calf muscle pump function, minimal clinic supervision is required, it is

portable, wearable and silent and has high compliance with medical safeguards.



[ 27] The monitor 10 is able to signal to an able bodied subject when cu r

electrical stimulation should be effected or, in the case of a non-able bodied subject

automatically starts stimulating muscle with intent to generate muscle contractions.

[0128] Fig. 1 shows an embodiment of the blood volume monitor used for high resolution

EIP. With reference to previous embodiments, like reference numerals refer to like parts

unless otherwise specified.

[0 1 9] I this embodiment, the sensing arrangement 14 of the monitor 10 comprises a high

density configuration of electrodes . As illustrated, the electrodes 16 are smaller and are

arranged in a plurality of spaced, stacked rings 106. Each ring 06 of electrodes 16 is

separated by a band 26 of the volume determining mechanism 18 of the monitor . This

arrangement increases the number of electrodes . about the circumference of the sleeve

and alon the limb o interest. The increased density of electrodes about the limb as we l

as the increased accuracy of volume measurement a provided by the increased number of

bands 26 facilitates three-dimensional realisation of limb haemodyn amies, effectively in real-

time. The monitor 0 therefore provides a viable, non-invasive method for isolation o

thrombi among other applications and provides for DVT localisation without the associated

high costs, invasiveness and side effects of existing techniques.

[0130] The spaced rings 106 of electrodes 16 can also be used to detect the transition of a

blood pulse at multiple points along the patient's limb so as to measure pulse transition time.

As the distance between each ring 106 is known, this is able to be used to calculate pulse

wave velocity which is a useful measure of arterial stiffness.

[0 ] This can also be achieved by use of the bands 26 which, being electro-resistive, can

be employed for measuring purposes t detect passage of the blood pulse.

[0132] Sti ll further, bot the rings 106 of electrodes 1.6 and spaced electro-resistive bands 26

can be used to detect the transition of a blood pulse at multiple points along the patient's body

so as to measure a transit time of the pulse. As the distance between each ring 1 6 o band

26, as the case may be, is known this can also be used to calculate pulse wave velocity. Pulse

wave velocity is a very useful measure of arteriosclerosis in peripheral limbs of the subject.



[ 3] Where an ECG signal, or oilier suitable cardiac signal is available, pulse wave

transit time an pulse wave -velocity may be derived for the distance between the patient' s

heart and the monitor 10. I may also be used to estimate central blood pressure.

[0 34] As the pulse wave velocity and the pulse volume are both measurable, blood pressure

changes are able to be derived using a Bra we -Hil s equation, or others.

[0135] With reference t Fig. 13 of the drawings, a further implementation of the monitor 10

is illustrated. With reference to the previous drawings, like reference numerals refer to like

parts, unless otherwise specified.

[0136] n this embodiment, the measuring arrangement 3 of the monitor 10 comprises only

the volume determining mechanism which functions to measuring both the volume of the

part of the limb, such as the subject' s lower leg 24, and the blood volume. Th bands 26 are,

as described above, resiliently flexible and their resistance changes with extension and

contraction of the bands and can therefore additionally serve as the sensing arrangement 14.

[0137] As blood flows beneath the carrier 2, slight extensions and contractions of the bands

26 occur. Th signal conditioning module 44 of the control unit 20 is sufficiently sensitive to

detect these slight extensions and contractions of the bands 26. Thus, the bands 26 are able to

measure both the volume of the part of the subject's limb and variations in the dimensions of

the bands 26 measure blood volume change. From these measurements, blood volume in

miliilitres is able to be calculated. While the embodiment of Fig. 13 show that the measuring

arrangement 13 uses the spaced bands 26, in another embodiments the components 102 and

104 of Figures 10 and of the drawings, respectively, could be used as t e measuring

arrangement for both volume determination and sensing.

[0 8] A advantage of the monitor 10 is tha i enable bloo volume change to be captured

and displayed. As the electrical impedance mechanism is calibrated to volume, the

impedance change during transit of the pulse wave is able to be captured and displayed tha

impedance change being representative as a blood volume change. From this information, the

entire pulse volume i able to be calculated as well as systolic and diastolic portions as shown

in Fig. 14 of the drawings.



[ 9] The monitor 10 of t e present disclosure has numerous additional advantages. These

include self-calibration. As indieated above, comparison of physical volume and E P in static

unchanging positions allows for the collection of calibration points. Calibration points may

also be determined during changes in limb volume when movement is not delected. As a

result, calibration may be achieved in clinical test scenarios, for example, during veno

occlusion, or "on-the-fly" during periods when the subject is motionless, as detected via the

accelerometers 46.

[0 40] The monitor 10 has the convenience that it is wearable an light and requires no or

minimal training to give useful, reproducible results. The monitor 10 is designed to be

donned and removed easily . is able to be positioned a any of a number of sites on any limb

of interest. No skin preparation is required due to the high input impedance of th device nor

is extensive training required for use, A so there is no need to use contact gels are other

conductivity enhancing materials for the electrodes. As will be appreciated, the efficacy of

conductive gel degrades over Lime precluding their use for extended periods of time.

[0141] A related advantage is that the monitor can be se up i a matter of seconds in

comparison with the .10 to minutes required with existing EIP systems.

[0142] Because the monitor 1 is capable of coping with high common-mode noise artefacts

and a small differential signal, a high concentration of sensing electrodes could be used

resulting in substantially higher resolution of th underlying haemodynamics.

[0143] Also, because the monitor 10 is able to be worn without discomfort, haemodynamics

can be monitored over the long-term. Combined with accelerometers 46 in the monitor ,

this enables non-intrusive long-term monitoring of peripheral haemodynamics and the abilit

t relate this information directly to posture, changes in posture, activity patterns and exercise.

A o, as indicated above, the monitor 0 can be used as a stimulator for effecting muscle and

related EMG activity monitoring.

[0144] I will be appreciated by persons skilled in the art that numerous variations and/or

modifications may be made to the above-described embodiments, without departing from the

broad general scope of the present disclosure. The present embodiments are, therefore, to be

considered in all respects as illustrative and not restrictive.



CLAIMS:

. A blood volume monitor which includes

a carrier momitable about a part of a body of a subject;

a measuring arrangement mounted on the carrier, the measuring arrangement

comprising at least one element configured to provide volume data relating to a volume of the

part of the body of the subject underlying the carrier and for measuring change in volume of

the part of the body of the subject underlying the carrier and for outputling response signals

representative of the change in volume; and

a control unit in communication with the measuring arrangement to proce data

output by the measuring arrangement to determine, using the volume data, the volume of the

par of the body o the subject underlying the carrier and to determine blood volume in the

part of the body of the subject the control unit using the response signals received from the

measuring arrangement and the determined volume of the part of the body to determine the

blood volume.

2. The monitor of claim in which the response signals represent a blood impedance

value of blood in the par of the bod of the subject.

3. The monitor of claim 1 or claim 2 in which the carrier is in the form of a sleeve o

resiliently flexible material.

4. The moni tor of an y one of the preceding claims in which the measuring arrangement

includes a sensing arrangement comprising a plurality of sets of impedance measuring

elements for measuring changes in impedance i the part of the body of the subject, such

changes in impedance being indicative of blood volume changes in the part of the body of the

subject, one se of the elements operating a any one time as stimulating elements for

stimulating the part of the body of the subject wit at least one of the other sets of elements

sensing response signals: evoked in the part of the body of the subject.

5. The monitor of clai 4 i which each element of the sets of elements i s an electrode,

the electrodes being arranged a cireumferentially spaced intervals about the sleeve and each

set of electrodes comprising a pair of opposed electrodes.



6 . The monitor of claim 5 in which one of the pairs of electrodes is configured t be

used at an one time a stimulating electrodes and at least one other pair of electrodes, rotated

abou the carrier relative to the one pair of electrodes, is used as sensing electrodes.

7. The monitor of claim 6 in which the control unit is operable to cycie through the

pairs of electrodes periodically to vary which pair of electrodes is operating as the stimulating

electrodes and which pair of electrodes is bein used as sensing electrodes-.

8. The monitor of claim 7 in which the control unit is operable to cycle- through th sets

of electrodes to select the stimulating set of electrodes prior to the stimulating set of

electrodes stimulating underlying tissue of the subject.

9 . The monitor of any one of claims 4 to 8 in which a stimulating signal output by the

stimulating set of elements is o e of a sine wave signal and a uniform pulse waveform.

10. The monitor of claim 9 in which the amplitude of the stimulating signal is selected to

be lower than a level at which the subject i aware of the stimulation.

. The monitor of claim i which the control unit i operable to vary an amplitude of

the stimulating signal to account for changes in a least one of contact impedance an muscle

contraction/relax:ati .

12. The monitor of any one of the preceding claims which is configured to impart

muscular stimulation to muscles of the subject.

13. The monitor of claim 4 in which the measuring arrangement further includes a

volume determining mechanism, comprising at least one volume measuring element, carried

by the sleeve, at least a part of the volume determining mechanism being configured to

expand and contract in unison with the sleeve.

14 The monitor of claim 13 in which the volume determining mechanism comprises a

least one element configured to approximate a truncated cone.

. The monitor of claim 1 in which the measuring arrangement is configured so that the

same sets of elements provide both th volume data and measure the change in volume of the



part of the bod of the subject underlying the carrier to outpu the response signals

representative of the change in volume.

1 . The monitor of any one of the preceding claim which includes a .position detecting

mechanism for detecting a position of the part of the body of the subject

17. The monitor of any one of the preceding claims ¥/hieh includes a pressure imparting

mechanism for imparting pressure to the part of the body of the subject.

. Λ method of monitoring blood volume, the method including

determining the volume of a part of body of a subject;

sensing change in volume of the part of the body; and

determining the volume of blood i the part of the body based on the determined

volume and the sensed change in volume of the part of the body.

19. The method of claim 18 which includes sensing change in volume in the part of the

body of the subject by sensing change in impedance of blood within the part of th body of

the subject.

20. Th method of claim 9 which includes sensing the change in impedance by

stimulating the part of the bod with a first set of sensing elements and monitoring an evoked

response with a least one further set of sensing elements .

21. The method of clai 20 which includes cycling through the sets of elements to vary

which set of elements is functioning as the se of stimulating elements at a y one time.

22. The method of claim 20 or claim 2 which includes effecting stimulation with one of

sine wave signal and a uniform pulse waveform.

23. The method of claim 22 which includes selecting the amplitude of the stimulating

signal to be lower than a level at which the subject is aware of the stimulation,

24. The method of claim 23 which includes varying an amplitude of the stimulating

signal to account for changes in contact impedance or muscle eontraetion/relaxation.



25. The method of any one of claims 18 t 24 which includes determining the volume of

the part of the body of the subject b using a voiunie determining mechanism carried o a

carrier configured to be placed over the part of the body of the subject.

26. The method of claim 25 i which the volume e era ning mechanis comprises at

least one element configured to approximate a truncated cone and in which the method

includes determining the volume of the truncated cone.

2 . The method of claim 25 or claim 26 which includes usi ng the volume- determining

mechanism also to sense the change in. volume of the part of the body of the subject

underlying the carrier.

28. The method of any one of claims t 27 which include imparting muscular

stimulation to muscles of the subject.

29. The method of any one of claims 8 to 28 which include detecting a position of th

par of the body of the subject.

30. The method of any one of claims to 29 which include imparting pressure to the

part of the body of the subject.
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