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“Apparatus and method for bioelectrical impedance ana\lysis and monitoring”

Cross-Reference to Related Application

The present application' claims priority from Australian Provisional .Patent .
Application No 2009906285 filed on 24 December 2009, the content of which is '
incorporated herein by reference.

Field of the Invention

The present invention relates to non-invasiveﬁanalysis, and/or monitoring, of
bioimpedance properties of a patient’s body. ' ‘

Backggound
- Bioimpedance analysis involves the measurement of the response of a living
orgamsm to externally applied electrical current. Bioimpedance parameters suchas
' resistance, reactance and phase angle can be recorded, for example for the purposes of
determmmg blood flow and body composition (e.g., water and fat content).
Nonetheless, there exists an accumulating body of evidence that at least the phase an'gle
‘parameter of bioimpedance analysis has applications beyond its general use in body
composmon determination, as an indicator of general health status and as a promising
prognostic tool. Phase angle is generally recognized to be an indicator of cell
membrane mtegrlty and the distribution of fluid in the intra- and extracellular spaces at
the cellular level, for example. Ongoing research indicates that phase angle may also
reﬂect other biologic properties.
 Any. discussion of documents, acts, matenals, devices, artrcles or the like which
has been included in the present specification should not to be taken as an admission
that any or all of these matters form part of the prior art base or were common general
knowledge in the field relevant to the present invention as it ex1sted before the priority
date of each claim of this application. » _ _ -
' Throughout this speclﬁcatlon the word "comprise", or variations such as
"comprises" or "comprising", will be iinderStood to imply the inclusion of a stated
element, integer or step, or group of elements, mtegers or steps, but not the exclus1on of

~ any other element, mteger or step, or group of elements integers or steps. A
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Summar_y'
Accordmg to a first aspect the present invention provides a method of

determining bioimpedance in a body, the method comprising:

connecting one or more: current mjectron electrodes to a first hand or foot of the

'body, and

_ connecting a current return electrode to a second hand or foot of the body, or an

arm or leg directly connected to a second hand or foot of the body;

wherein the one or more current mjectlon electrodes and/or the current -

return electrode are connected to one or more acupuncture points;

‘connecting first and second voltage sensing electrodes at spaced apart posmons
of the body,

applymg an electncal s1gnal between at least one of the current m_]ectron
electrodes and the current return electrode '

measuring with the voltage sensmg electrodes the voltage drop of the electrical
signal across at least a portion of the body between the current injection electrodes and
the current return electrode; and

| using the voltage drop measurement to determme the bioimpedance of the at

least a portion of the body. B : , T

According to a second aspect, the present mventron provides apparatus for
deterrmmng bioimpedance in a body, the apparatus cornpnsmg
' a drive circuit comprising;

' one or more current mJectlon electrodes configured to be connected toa
first hand or foot of the body; and a current return electrode configured to be connected
to a second hand or foot of the body, or to an arm or leg dlrectly connected to a'second
hand or foot of the body, wherein the one or more current injection electrodes and/or

 the current return electrode are conﬁ gured to be connected to one or more acupuncture

points; and _
a sensing circuit comprising: _ ,

a ﬁrst voltage sensing electrode configured to be connected to the body
and ' ‘
| a second voltage sensing electrode conﬁgured to be connected to the body
ata posrtlon spaced apart from the first voltage sensing electrode;

the voltage sensing electrodes of the sensing circuit being conﬁgured to
measure, upon applrcatlon of an electrical signal between at least one of the current. .

‘injection electrodes and the current return electrode, the voltage drop of the electrical
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sxgnal across at least a portlon of the body between the connection pos1t10ns of the

‘current injection electrodes and the current return electrode.

The apparatus of the second aspect may further comprise a processor,

_ configured to use the voltage drop measurement to detenmne the blOlmpedance of the -

at least a portion of the body. .

In the first and second aspects, by connecting the one OF more current injection
electrodes and/or the current return electrode to one or more acupuncture points, it has
been found that current may be transmiitted across one or more preferential electrical
pathways such as meridian-defined electrical pathways of the body. Accordingly,
bicimpedance may be determined along at least a portion of a meridiah-deﬁned
pathway of the body. In a simple approach, bioimpedance (Z) may be determined
using Ohm’s law, Z = E /I where E is the voltage drop and I is the current applxed
across the electrodes.

. In this specxﬁcatxon connecting an electrode to the body may involve releasably’
contacting a portion of the electrode with the body, e.g. the skin of the body. The .
electrode may contact the body directly, or it may contact a conductive element, e.g., a

foil pad or disc, fixed to the body, for example. Whilst the electrode is in contact with
“the body or other conductive element, a force may be applied to maintain contact, The

force may be a force applied by a clinician or a force applied by the patient, thrcugh the
patient gripping or standing or resting on the e’lectr‘ode; for example. Additionally or
alternatively, fastenin_g means may be used;-such as a strap, band, belt, adhesive or
tape. : , ' , S -
Further, in this specification, the terms current injection electrode and current
return electrode are used to distinguish different drive electrodes that apply a _current_‘to
the body at different parts of the body. In practice, however, through use of AC
current, the current injection electrodes and current return electrodes méy be
substantially indistinguishable in terms of electrical function and/or other features.

The one or more of the current injection electrodes may be connected at
respective biologically active points of the first hand or foot. Biclcgically active points -
include, at least as a subset, acupuncture points. For simplicity, throughout the

subsequent description and the claims, the more widely-recognised term “acupuncture

points”, is used to refer to ‘biolcgically active points and may include points defined by

' the WHO (1991) and include both classical and extra points. For example, the cufre’nt
' injection electrodes may be connected at one or more “Jing pomts” or “Yuan points” of

the first hand or foot
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If the return electrode is connected to an arm or leg, preferably it is connected at
a posmon distal to the elbow or knee of the arm or leg respectively. o

Preferably, at least the one or more current injection electrodes are connected to
one or more acupuncture points, ‘

The current return electrode may be connected to an acupuncture point, a nail, or
other region (skin area, zone and/or point etc.) of the arm or leg. However, it may be

preferable that the current return electrode is not c_onnected to an acupuncture point. If
the return electrode is connected to an acupuncture point (and not substantially the skin

surrounding the acupuncture poinit) the skin-contact surface of the return electrode may
need to be relatlvely small, e.g., less than 15 mm diameter or less than 10 mm diameter,
or less.than 200 mm” or less than 100 mm?, meaning high current-return electrode

lmpedances and errors in bioimpedance measurement associated with stray capacrtance

“may result, It may therefore be preferable not to connect the retum electrode to an -
~ acupuncture point so that it may instead have a relatively large skin contact area to-

reduce these undesirable effects. Nonetheless, it is conceived that active electrodes
may be used to overcome high electrode rmpedance problems which electrodes can

"~ have small or unit amplification close to the electrode

- As indicated above, the acupuncture points of the hands and feet at which the
current-injection and/or return electrodes can be connected may be Jing points or Yuan.
points. The term “Jing point” is intended to refer to an anatomically well-defined "
acupimcture point (also known as T: sing, Sei, and Well point) listed in Table 1 below:.

. Similarly, the term “Yuan pomt” is intended to refer to an anatomlcally well- deﬁned

- acupuncture point (also known as source pomt) listed in Table 2 below The Jing -

25

points and Yuan points, are points on the skin which have been reported to have hlgher
conductivity than surrounding skin or nail, and are arranged in lines known as

““meridians”, The Jing points lie at the extremities of each of the 12 bilét_eral regular

meridians,
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LU 1 1. Lung 11 [Shao.chang] — about 2 mm superier to tue radial base of the fingernail of the thumb
LI 1 Large Intestine 1 [Shangyang] - about 2 mr‘n‘ superior to the radial base of the ﬁngeruail on-the
PC9 Pericérdium 9 [thngchong] — about 2 mm behind the radial base of the 3™ ﬁngemail
TE 1 .Triple.Energizer 1 [Guanchong) - about 2 mm abovevthe ul'nar.base of the 4" ﬁngen_lail
| HT9 Heart 9 [Shaochong] - abouth mm behind the radial base of the 5th fingernail
STl Sm’allv Intestine 1 [Shaozc] ~ about 2 mm behind the ulnar base of the 5th fingernail
sﬁ 1 Spleen 1 [Yinbai] - about 2vrrv1mbehind the medial base of the Ist toenail - |
LR 1 Liver l.[Dadun] ~ about 2 mm behind the lateral base of the 1st toenail |
ST45 | Stomach 45 [Lidui] - about 2 mm behind the lateral base of the 2nd toenail
GB 44 ° | Gall Bladder 44 [Zugiaoyin) — about 2 mm behind the lateral base of the 4th toenail
KI 1a* | Kidney la- about 2 mm beliind the meuial base of the Sth t_oenail‘
BL 67 | Bladder 67 [Zhiyin) — aucut 2 mm behind the lateral base of the Sth toenail
Kldney 1 [Yongquan] between the 2™ & 3™ toes 1/3 of the way from the antenor plantar line
Kit to the postenor plantar hne
* | * Although thls. point is not traditionally identified as a Jiné point, it is nevenheless considered_us being closely associated wnh KIr,
the kid'ney meridian ‘Jir_tg point, and for simplicity, it s referenced as a Jing point in the present description.. -

Table 1 - Detailed Anatomical Location of the Jing points
" Table 1 data from: A Proposed Standard International Acupuncture Nomenclature _
Report of a WHO Scientific Group, WHO. Headquarters in Geneva, 1991; “Ilustration
5 of Acupoints” by Haruto Kinoshita, Ido-No-Nippon-Sha, Tokyo, Japan, 1976; and '

“Essentials of Chinese Acupuncture” Foreign Languages Press, Beijing, China, 19_80
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LU9 Lung 9 [Taiyuan] — at the radia artery on the skin fold of the palmar aspect of the wrist
L1 4 Lar_gé Intestine 4 [Hegu] - on the back of the hand between the bases of the 1% and 2"
PC7 Pericardium 7 [Daling] — on thé skin fold on the palmar aépeot of the wrist between the m.
TE 4 Triple Energizer 4 [Yangchi] - on the skiu fold on the doras| aspect of the wrist betiueen the
HT7 Heart 7 [Shenmeni ~ in the center of the palmar fold at the wrist on the radial aspect of vthom.
|s14 Small Intestine 1 [Wangu] ~ on the dorsal ulnar aspect of the hand between the base of the 5"
SP3 Spleen 3 [Taibai] - on the medial"poste'rior' ridge of the head of the 1 metatarsal bone
LR3 Liver 3 [Tt aichong] — between the anterior aspects of the bases of the 1* and 2™ metatarsals
ST 42 Stomach 42 [Chongyang) - at the highest point in the doi'éum of the foot , in the depressionl
‘GB 40 Gall Bladder 40 {Qiuxu] — on the anterior inferior surface of tuc lateral condyle _
BL 64 | Bladder 64 [nggu] on the lateral aspect of the posterior ridge of the base of the 5" prox1ma1
1 KI3 |

10

15

20

Kldney 3 [Taixi] - posterior to the vertex of the medial condyle in the area of the dorsal tibial

Table 2 — Detailed Anatomlcal Location of the Yuan pomts
Table 2 data from: A Proposed Standard International Acupuncture Nomenclature:

' Report of a WHO Scientifi ic Group, WHO Headquaters in Geneva, 1991; “Illustration
of Acupomts” by Haruto Kinoshita, Ido-No-Nippon-Sha, Tokyo, Japan, 1976; and
“Essentials of Chinese Acupuncture” Foreign Languages Press, Beijing, China, 1980)

In any of the aspects of the invention, détermining the bioimpedance of the body

may include determining the phase angle. It has been have found unexpectedly that

placement of current injection and return electrodes at certain positions of the hands

- and feet, particularly at Jing, Yuan, arid_/or nail sites, gives rise to position—dépendent

phase angle measurement, even when the sensing electrodes are located at a distance

greater than 10 to 15 ¢cm (evon gréater than 60 cm) from the current injection and return

electrodes. This is considered indicative of the different electrical statuses of meridian-
defined body segments, and recent findings that there may exist preferential pathways
(mcludmg networks of pathways) in the body for current flow. By measurmg along
different meridian-defined body segments, a more detailed analysis and/or monitoring
of the body composmon and/or health status of a patlent may be achieved by the
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present invention. Since phase angle is theoretically largely insensitive to differences
in the shapes and cross-sectional areas of measured fegions, it is'a particularly useful
parameter for comparing body composition and/or health status of left and right body -
segments. Thus, even if one segment of the body is larger than the other (one arm or
leg may be more dominant, for example, and thus have a larger girth than the other)

- phase angle (given by the relationship © = atan(X/R)) will be largely unaffected by such

geometrical differences. :

“In accordance W1th aspects of the present invention, by employmg the four
electrodes at the specified positions of the ﬁrst and second hands or feet, b\olmpedance
data can be obtained across relatively large segments of a subject’s body with little or
no contribution from electrode impedance. For example, b101mpedance can be directly
measured along meridian-defined whole body portions, or relatively large meridian-
deﬁned segments thereof. This contrasts with a two- electrode technique, for example,
where bioimpedance data is dominated by local 1mpedance contnbutlons including

electrode impedance, especially at a small probe electrode, and thus even successive

analysis at different positions along the meridian deﬁned length of the body, and/or
extrapolation of data, would not enable similar resu]ts to be obtained.

The methods and apparatuses may be employed as treatment monitoring or
assessment aids in bioimpedance analysis applications of conventional medicine. -
Additionally or altemativeiy, particularly since electrical signals can be applied across
one or more meridian-defined body seginents, the methods and apparatuses may be

* employed in traditional Chinese and integrative' medicine-based assessments and

treatments. In essence, the methods and apparatuses may bridge the seemingly
disparate technologies of conventlonal-medlcme bioimpedance analysis and
acupuncture based prmcxples of health dlagnosns, providing enhanced dlagnostxc tools

_ in either area.

“Reference is made to detefmination of the phase angle parameter of

" bioimpedance in the present description. It is intended, however, that reference to

30

35

phase angle measurement may include not only measurement of phase angle per se, but
additionally combined phase angle and impedance measurement, with the combined -
data being used to define a blolmpedance vector, From this, resistance and reactance
values can be calculated if required. Alternatively, phase angle measurement may

“include measurement of resistance and reactance, with phase angle (and op_tnonally
- impedance magnitude and associated bioimpedance vector) being calculated from these

two parameters.
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In general, phase angle has been considered as an mdrcator of general health

~ status, and has shown promise as a prognostrc tool, for an ever growing number of

conditions. Examples of such prognostic applications have been reported for patlents :
that have cirrhosis of the liver, bacteraemia, are undergoing haemodialysis, have -
chronic obstructive pulmonary disease, amyotrophic lateral sclerosis, trauma, sepsis
and/or various cancers (colorectal, breast, lung and pancreatic). By providing for more
detailed analysis of bioimpedance across a wide range of meridian-defined body
segments, the apparatus and methods of the present invention may proyide enhanced
health assessment and/or prognostic tools in these areas.

‘As indicated, a plurality of current injection electrodes may be provided. Each

foot (at or distal to the wrist or ankle), and current signals may be transmitted between
each injection electrode and the return electrode in turn, permitting a number of

_ vmendran-based segments of the body to be analysed or monitored sequentlally without
-réquiring reconfiguration of the electrode arrangement. Additionally or alternatively, a

plurality of return electrodes may be provided to increase total contact area, each

- connected at a different position on the second hand or foot (and/or other part of the

associated arm or leg), and current signals may be transmitted in turn between each

. injection electrode and the return electrodes connected together in parallel.

‘Nonetheless, one injection electrode and/or one return electrode may be
moveable (e.g. when there is only one injection and/or one return electrode), to permit

~ various points to be probed successively, allowing a similar analysis to be made. For
- example, the injection electrode may be configured as a probe, moveable to connect at
one Jing point of the hand or foot and, after analysis of a meridian-defined pathway

related to that Jing point, it may movable to connect at another Jing point of the hand
or foot to permit analysis of another meridian-defined pathway, and so forth.

~ To avoid transmission of the electrical current through vital organs particularly
across the heart, and in accordance with the traditionally defined longltudmal

- orientations of the twelve bilateral regular meridians, the first and second hands or feet

can be ipsilateral, i.e. on the same side of the body. For example, the injection

_electrodes may be connected to the right hand and the return electrodes to the right foot
- or leg, or the injection electrodes may be connected to the right foot and the return

electrodes to the right hand or arm. Similarly, the injection electrodes may be
connected to the left hand and the réturn electrodes to the left foot or leg, or the
injection electrodes may be connected to the left foot and the return electrodes to the
left hand or arm. However, it is conceived in some circumstances that the first and
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second hands or feet can be contralateral, i:. on different sides of the body-. This may
“be possible if low current levels are used, for example. With this in mind, the lnjectlon

and return electrodes may be connected to any hand or foot, and any other hand or foot'
respectlvely For example, the injection electrodes may be connected to the left foot

5 and the return electrodes to the right foot, or vice-versa. As another example, the
injection electrodes may be connected.to the left hand and the return electrodes to the
right hand, or vice-versa. As another example, the injection electrodes may be
connected to the left hand and the return electrodes to the nght foot, or vxce-versa

In one embodiment, the injection electrode(s) are connected to any one or more

10 of the following Jing points of the right or left foot: SP1, LR1, ST45, GB44, Kl1a,
- BL67 and K11, and the return electrode(s) are connected to the hand on the 1psﬂateral
-side under test. ' :

In another_embodimcnt, the in_jectiOn electrode(s) are connected t_o any one or

more of the following Jing points of the right or left hand: LU11, LI1, PC9, TE1, HT9
15 and SII, and the return electrode(s) are connected to the: foot on the 1ps1latera1 side
'under test, '

Followmg from these embodiments, the methods and apparatuses may therefore
be used to obtain information on the status of any one or more of the 12 regular
‘acupuncture meridians on the left and right sides of the body: the six regular meridians

20 ofthe legs (SP, LR, ST, GB, KI and BL), and the six regular meridians of the arms
(LU, LI, PC, TE, HT and SI). . v
- To measure bioimpedance along substantlally the whole length of the body
- portion between the connection positions of the injection electrodes and the return
_ electrodes, the first voltage sensing electrode can be connected at, or proximal to, the
» 25 arm, wrist, leg or ankle dxrectly connected to the first hand or foot of the body, and the
- second voltage sensing electrode can be connected at or proxxmal to the arm, wrist, leg
or ankle directly connected to the second hand or foot of the body.
However, add1t1ona11y or alternatlvely, spe01ﬁc regions of the body between the
_ connection positions of the injection electrodes and the return electrodes may be
30 measured. This may be achieved by connecting one or both of the aforementloned
voltage sensing electrodes, or one or more additional voltage sensing electrodes; to the
arm, wrist, leg or ankle, for example, directly connected toa hand or foot other than the
first and second hand and foot. o :
For example, the one or more injection electrodes and the one or more return
35 electrodes may be connected to the right hand and right foot respectively. Accordingly,
elecmcal s1gnals can be applied between the right hand and right foot, via the right leg,
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torso, and right arm, enabling blolmpedance to be determmed all along that path. By
connecting one of the voltage sensing electrodes to the right ankle, and another voltage
sensing electrode to the left leg or ankle, the sensmg electrodes can be used to measure
the voltage drop"of the electrical signal across ¢ach meridian-defined segment of the
right leg only, and the correspo‘nding bibimpedances to be determined. Accordingly,

 the apparatus allows bioimpedance of each meridian-defined segment‘ of the right leg to
'be determined individually. Additionally or alternatively, by connecting one of the
“voltage sensing electrodes to the right wrist, and another of the voltage sensing

- electrodes to the left arm or wrist, the sensing electrodes can be used to measure the

Voltage drop of the electrical signal across each meridian-defined segment of the right
arm only and the corresponding bioimpedances to be determined. Accordingly, the
apparatus allows bioimpedance of each meridian-defined segment of the right arm to be

determined separately Additionally or alternatively, by connecting one of the voltage
- sensing electrodes to the left arm or wrist, and another of the voltage sensing electrodes

to the left leg or ankle, the sensmg electrodes can be used to measure the voltage drop

~of the electrical signal across each meridian-defined segment generated along the ri ght

side of the torso only and the correspondmg bioimpedances to be determined. _
Accordmgly, the apparatus allows b101mpedance of each meridian-defined segment of

 the right side of the torso to be determmed separately. Various other connection pomts

are conceivable to achieve similar separate region analysis. The arrangements may be
translated to the left s1de of the body for analysis of the left leg, the left arm and the left

' snde of the torso.

The analysis of the various different body regions may be performed in ‘real-
tlme allowing continuous monitoring of the various mendlan-deﬁned body segments

“set out above. Optronally, analysis and monitoring can be performed on different body

regions at the same time, through the use of multi-channel sensing arrangements,
. Notably, despite the large distances between the injection electrodes and sensing
electrodes when placing the sensing electrodes on the other side of the body from the

~ injection electrodes, rather than bioimpedance data reaching a single plateau,

30

independent of which injection electrode is selected, dlfferences in the bioimpedance
data for each pathway analysed is observable. Again this is indicative of the different

*electrical statuses of preferential electrical pathways, such as the mendlan-deﬁned

pathways, and is consistent with recent findings that pomt to the ex1stence of

N preferentlal pathways in the body for current flow,

35

As discussed above, the apparatus of the present mventlon may allow

bioimpedance analysrs along multiple preferential electrical pathways, ¢.g. meridian-
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defined pathways, of the separate body regions. The result of such detailed analysis is
that the present invention may extend the application of body composition analysers
beyond the realm of prov1d1ng a very general health assessment of the md1v1dual
through the generation of a single phase angle reading. Rather a matrix of phase

angles may be generated, one for each combination of body pathway and body region
analysed The data generated can be used, for examp]e, to identify correspondmg left

and right meridian- defined segments of selected regions that have poor left-right

balance and/or meridian-defined segments that are associated with excessively high or
low phase angles. As'a result, the method and apparatus may provxde an assessment
tool or aid for healthcare providers (acupuncturist, physical theraplst etc. )to spec1fy
treatment protocols for that individual. Furthermore, the method and apparatus may be
used during the treatment itself, as a means of achieving a detailed, non-invasive,
monitoring of the response of the body to treatment in real time if required, to allow

objective assessment of the efficacy of the treatment.

As indicated, the apparatus may be applied particularly to the leﬁ or nght side of

the body. The electrodes may be moved between left and right sides. Altematrvely,
- two sets of electrodes may be prov1ded (i.e., at least 8 electrodes in total), allowing

analysrs and/or monitoring of the whole length of the left and right sides of the body, in

addition to analys1s on of each arm, leg and the torso on each side of the body

individually. By employmg two sets of electrodes once the apparatus is set up, the
analysis or momtormg may be performed without having to move the electrodes from

“one side of the body to the other.

- When the injection and return electrodes are connected at or adjacent the distal
ends of the digits of the hands and feet (e.g.; at a nail or Jing point, etc.), the voltage
sensing electrodes may be connected adjacent to the associated wnsts or ankles, as
discussed above , However, wh_en the injection and return electrodes are connected at-
Yuan points, the most proximal of which are at or adjacent the wrist or ankle, the
voltage sensmg electrodes may be located further up the assocrated arm or leg, e g at
or adjacent the knee or elbow. - _

In any of the aspects of the present mventlon, the drive circuit can be connected
to drive apparatus for controlling the electrical signals, .g. controllmg the current or
voltage level of the electrical signal, the pattern of electrical 51gnals (e.g. pulsed signals-
(voitage or current pulsed)) and/or the sequence of electrical signals sent to different

_current-injection electrodes of the circuit. The drive apparatus may include a computer

interface for automatic control of the drive circuit signals, and/or to permit a user (e.g.
the patient, or a clinician, doctor, or other health worker) to control the drive circuit
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signals prior to and/o'r during analysis or monitoring. The drive appnratus may be
powered by the batteries or the mains. A.C. electrical signals mey be used.

The sensmg circuit can be connected to sensing apparatus, for sensing the
electrical signals across the sensing electrodes for providing correspondmg raw data
for processing the raw data, and for prov1dmg an output of the processed dataina
suitable form for the end user. For example, the apparatus may include voltage
detection circuitry, a mu]tip'le'xer and a computer interface with appropriate software. |
The drive apparatus and sensing apparatus may be combined to allow feedback _
between the two systems. | - o

In accordance with the fourth to fifth aspects of the invention described below,
alternative methods and apparatuses to the prev1ous aspects may be provided for

. determining blOlmpedance ina body, pamcularly of core impedance of the body

between two electrodes, based on a technique first documented by Horton and van

_ Ravenswaay in 1935 (“the HVR technique”). In essence, the HvR technique is based -

on the model that total impedance between any two surface electrodes can in general be

_ decoupled into two types of components local impedances assocrated with each-

electrode and a core (or non-local) impedance between the two electrodes. - The former
is consideredto include contributions from the electrode, from the electrode-to-skin
contact impedance and from upper layers of the skin, while the latter is considered to

-relate to vaguely defined sub-dermal tissue. - Details of the equations assocrated w1th

the HVR technique are provnded at the end of the present description.
> According to a third aspect, the present invention pr_ovrdes a method of

determining bioimpedance in a body, the method comprising; .

connecting a first outer electrode to a first hand or foot of the body;

connecting a second outer electrode to a second hand or foot of the body, or an
arm or leg directly connected to a second hand or foot of the body,

wherein the one.or more current injection electrodes and/or the current
return electrode are connected to one or more acupuncture points;
~ connecting first and second inner electrodes to spaced apart positions of the

body, inwardly of the first and second outer electrodes; |

applying an electrical signal in turn between all six combinations of ﬁrst and
second outer and inner electrodes; v

measuring the voltages across each combmatxon of electrodes in response to the
respective applied electrical signals; 4

using the voltage data to determine the impedance between each electrode -

combmatlon and
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using this 1mpedance data to calculate the bioimpedance of a core portlon of the

- body between the connection positions of the inner electrodes.

According to a fourth aspect, the present invention prov:des apparatus for -
determmmg blmmpedance in a body, the apparatus comprising: :
~ afirstoouter electrode configured to be connected to a first hand or foot of the
body; o o |
a second outer electrode configured to be connected to a second hand or foot of
the body, or an arm or leg directly connected to a second hand or foot of the body,

‘wherein the one or more current injection electrodes and/or the current return électrode

are configured to be connected to one or more acupuncture points; o
first and second inner electrodes configured to be connected to spaced apart

positions of the body, inwardly of the first and second outer electrodes; and

bioimpedance measurement apparatus, configured to measure, in response to an
electrical signal applied in turn across all six combinations of first and second outer and
inner electrodes, the voltages across each combination of electrcdes_ and configured to
use the voltage data to determine the irnpedance between each electrode combination
and calculate the b101mpedance of a core portion of the body between the connectlon
posmons of the inner electrodes.

- The bioimpedance of the intermediate portion of the body between the |
connectmn positions of the i mner electrodes may be calculated usmg the HVR
techmque Equatlon A3-i, A3- n or A3-iii of the HVR technique recited further belowf

- may be used.

* In the third and fourth aspects, the outer electrodes may be connected to the
body at positions as dlscussed with respect to the first and second aspects (regardmg
the current injection and return electrodes) dlscussed above. For example, the outer

~ foot, and the outer second electrode may be connected to a nail of a digit of the second
‘hand or foot or elsewhere If an outer electrode 1s connected to an arm or leg,

preferably it is connected at a position distal to the elbow or knee of the arm or leg
respectively. ' - ‘

In the third and fourth aspects the inner and outer electrodes may addltlonally '
be used to carry out bioimpedance measurement in accordance with a general 4-
electrode technique method, as described below with respect to Fig. 1 for example

- Two-electrode bioimpedance from one of the outer electrodes to the closest i inner

electrode may be determined, for example.
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. In further alternative aspects, methods and apparatuses for determining
blormpedance ina body may utilise two palrs of drive electrodes wherein each pair is -
posrtroned in accordance with the posrtlomng of the current injection and return
electrodes of the first and second aspects of the present invention. The two pairs of
electrodes may be located at left and right sides of the body respectively. Using the’

HVR technique, the degree of electrical interconnection between parred left and ri ght

mendlan-deﬁned segments may be estimated.

Brief Descrip tion of the Drawings
' By way of example only, embodiments are now described with reference to the
accompanying drawings, in which: o

Fig. 1 shows connection positions on a foot and hand of electrodes of general
brolmpedance analysis apparatus;; :

Fig. 2 shows connectiori positions on a foot and hand of electrodes of
bioimpedance analysis apparatus according to one embodxment of the present '

' mventlon

Fig. 3.shows connection positions on a foot and hand of electrodes of
bioimpedance analys1s apparatus accordmg to another embodiment of the present

‘invention

 Fig. 4.shows a moblle probe e]cctrode for use in apparatus accordm gtoan
embodlment of the present invention;:
Fig. 5 shows connection positions on a foot and hand of electrodes of

.bioimpedance analysis apparatus according to another embodiment of the present :

invention;

Fig. 6 shows possible connection points on the hand and foot for electrodes of
embodiments of the present mventlon, ' .

Fig. 7 shows blolmpedance analys1s apparatus accordmg to another embodlment )

* of the present invention;

Figs. 8a and 8b show the bioimpedance analysrs apparatus of Fig. 7 apphed toa

' foot, and similar brormpedance analysis apparatus applied to a hand, -respectively.

Fig. 9 shows a schematic of bioimpedance analysis apparatus accordmg to an

embodiment of the present invention;

Figs. 10a to 10d show poss1ble electrode positions for bioimpedance analysis
apparatus according to embodiments of the present invention, to achieve analysis of

.different body regions;
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Fig. 11 shows an idealized representation of surface measured impedances
decoupled into local- and core (non-local) 1mpedances for use in an HvR measuring
technique;

Fig. 12 shows an idealized representatlon ofa non-lmear arrangement of four
electrodes as shown in Fig. 11; : :

Figs. 13a and 13b show graphs of exemplary 1mpedance and phase angle
profiles respectively; and ,

Figs. 14a and 14b show graphs of exemplary 1mpedance proﬁles before and -

after an electrostimulation step foPr the left and right sides of the body respectlvely, and

Figs. 14c and 14d show graphs of exemplary phase angle proﬁles before and after an

.electrostimulation step for the left and right sides of the body respectlvely, step.

: Embodlments

. It will be appreciated by persons skilled in the art that numerous vanatlons
and/or modifications may be made to the invention shown in the specific embodiments

discussed below without departmg from the scope of the invention as broadly
~described. The present embodiments are, therefore, to be con51dered in all respects as

1llustrat1vc and not restrictive. .

For simplicity, the following description and accompanymg figures refer to the
positioning of electrodes for analysis and monitoring generally of the ri ight side of the
body. However, it is intended, and the skilled person will unde_rsta_nd; that the
apparatus can be adapted for analysis and monitoring of the left side of the body.

 With reference to Fig, 1, a general four-electrode bioelectrical impedance
analysis measurement apparatus is descrlbed A first pair of electrodes 1a’, Ib”

‘provides a drive circuit, and a second palr of electrodes 2a’ 2b’ provides a sensmg

circuit. The drive circuit electrodes 1a’, 1b’, are located on the dorsal surface of the
right hand proximal to the metacarpal phalangeal joints and the dorsal surface of right

. foot proximal to.the metacarpal phalangeal Joints, respectively, for example. The

sensing Circuit electrodes 2a’, 2b’ are positioned inwardly of the drive electrodes la’,
1b’, and located on the right wrist midway between the ulna and radial styloid

_processes, and on the dorsum of the right ankle between the medial and lateral malleoli

respectively, for example. Electrical current is applied between the drive electrodes,

and the sensing electrodes are used to measure the bxolmpedance of the ‘whole-body’

segment located therebetween. It i is known to position sensing electrodes mwardly
from the respective drive electrodes by at least 5 cm. This has been on the previous
understanding that measurements of the bioimpedance parameters such as phase angle
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of the body is essentially unaffected by the positioning of the respective drive
electrodes when positioned at dlstances greater than about 5 cm from the sensing -

. electrodes.
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~ With reference to Figs. 2 and 3, according to an embodiment of the present
invention, bioirnpedance measurement apparatus is provided that includes a first pair of
electrodes la, 1b forming part of a drive circuit, and a second pair of electrodes 2a, 2b |
(voltage sensing electrodes) forming part of a sensing circuit. The first pair of
electrodes includes a current injection electrode 1a and a current return electrode 1b,
The injection electrode 1a is arranged for connection to a patient’s hand or foot on the
right side of the body. The return electrode 1b is arranged for connection to the other
hand or foot on the same side of the body, or to an arm or leg directly connected to that
other hand or foot.

Partlcularly, the injection electrode lais arranged for connection to posmons

such as the nail, region at the tip of a digit, and/or a Jing point of a hand-or foot. The
return electrode is’ arranged for connection to positions such as a nail, region at the tip

“of a digit and/or Jing point or other regions.(skin area, zone and./or point, ete.) ofaa
~ hand or foot or arm or leg.

~ As shown'in Fig 2, the mJectlon electrode 1a can be connected to a specnﬁc ng
pomt on the right hand, such as L11, near the radial base of the nail of the index finger
of the right hand. Meanwhile, the return electrode 1b can be connected to an area
proximal to the toes of the right foot. In an alternative embodlment as shown in Fig 3,
the injection electrode 1a can be connected to a specific Jing point of the nght foot,
such as ST45, near the lateral base of the nail of the second toe. Meanwhile, the return

- electrode can be connected to an area proxrmal to the fingers of the right hand.

By connectlng one or both of the electrodes 1a, 1b at opposing extremities of the

- hand and foot, e.g., at Jing points, electrical signals may be transmitted across one or

more different preferential electrical pathways of the body. " Particularly, electrical
signals may be transmitted along one or more meridian-defined preferential electrical
pathways of the body. It has been have found unexpectedly that placement of current
lnjection and return electrodes at certain positions of the hands and feet, particularly at |
ng, Yuan, and/or nail sites, gives rise to posmon-dependent phase angle measurement,
even when the sensing electrodes are located at a distance greater than 10 to 15 cm
(even greater than 60 cm) from the current injection and return electrodes.

- To monitor the bioimpedance of substantially a whole meridian-defined region
of the body between the injection electrode 1a and return electrode 1b, the sensing
circuit electrodes 2a, 2b in this embodiment are located on the nght wrist mxdway
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‘between the ulna and radial styloid processes and right ankle between the medial and -

lateral malleoli. v :
Blmmpedance across a number of different prefererma] electrical pathways of
the body may be determined, however, by moving the mjectlon electrode 1a between

‘different posrtlons on the hand or foot. The injection electrode 1a may take the form of |

a mobile probe, which can be sequentially pressed against different points, e.g. Jing

‘points, of the dlgrts or otherwise, whilst bioimpedance data for each probe

point/me'ridian is recorded. The probe may be corrﬁgured as shown in Fig. 4, for

'example, the probe having a main section 10, which can be held by the user to allow

manipulation of the probe, and a removable contact section 11. The main section 10 is.
connected to a wire 103 at its proximal end 101, for supplying electrical current. At the
distal end 102 of the main section 10, a recess is provided (not shown) for receiving a

~ conductive stud (e g of stamless steel material) located on one side of the contact

section 11 ina snap—ﬁt or click-fit manner. On the opposing side of the contact section '_
11, a hydrogel electrolyte coatmg or a suitable dry electrode material is provided to
ensure good releasable electrical contact between the probe and the patient’s skin or
nqll. vOnce the analysis has been carried out, the contact section 11 can be removed and
cleaned or replaced. A number of variations of the probe are conceivable, including
having the contact section integral with the main section and forming the contact ‘
section of material that is relatively easy to clean or disinfect in situ, e.g. gold plating.
Another option is to fix one or more contact sections to the patient, For e_xémple',
conductive discs, e. g. a plurality of aluminium foil discs may be connected to the. -
patient, e.g., via conductive adhesive.gel on one side of each disc. The discs may be

" about 8 mm in diameter, for example. The d_isCs can be placed on all the current
 injection sites (e.g., Jing points near finger and toenails). Measurement may simply

involve sequential contact of a probe against each of the discs. Thus, a probe similar to
that shown in Fig. 4 may be used, but with a contactmg tip of metal rather than a
disposable gel stud electrode, for example. As an alternative to alumxmum other o

- conductive materials may be used for the foil, including gold, tin or gold- coated

aluminium. The thickness of the foil may range from 5 microns to 50 microns, for
example. '

- Although only one m_]ectlon electrode lais employed in the apparatus of Figs. 2
and 3, in other embodiments a plurality of injection electrodes can be provided. Thus,
the m_]ectlon electrodes can be connected at the same time to various positions, such as

Jing points, of the hand or foot. An electrical signal may be apphed to each injection
electrode sequentially, whilst the bioimpedance data for the associated body meridian
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deﬁned pathway can be recorded, optionally automatlcally By using a plurality of.
injection electrodes, a plurahty of pathways can be analysed or momtored without
requiring reconfiguration of the electrode arrangement. . _
Following from this, in the embodiment shown in Fig. S, six injection electrodes
1a are provided, each connected to a respective Jing point of the six regular meridians

. of the right foot (SP1, LR1, ST45, GB 44, K11a, and BL67). These points, and other

example Jing points to which the current injection electrodes may be connected are
shown in Fig. 6. h .

An alternative apparatus in which a plurality of injection electrodes are provided
is shown in Fig. 7, 8a and 8b. The apparatus includes an electrode arrangement that
may be applied to either the hand or foot. The arrangement includes a plurality of
current injection electrodes 1a and current return electrodes 1b and a voltage sensing
electrode 2a/2b. The arrangement has sxmllantles to the apparatus shown i in Fig. 5, and
the electrodes may be connected to the various acupuncture points as indicated in Fig.
6. However, the current injection electrodes 1a are mounted on a plurality of digit
straps 121 configured to wrap around different digits of the hand or foot, the current
return electrode 1b is mounted on a centre strap 122 configured to wrap around the
palm of the hand or arch of the foot, and a voltage sensing electrode 2a/2b is mounted
to a wrist/ankle strap 123 conﬁgured-to wrap’ around the wrist of the hand or ankle of
the foot. Each strap 121, 122, 123 includes a hook-loop fastening means 124 to
connect ends of the strap together in order to securely tighten and fix the straps around

 the respective parts of the hand or foot. The voltage sensing electrode 2a/2b comprises

eleetroconductive textile or a disposable adhesive 'gel piece on a permanent conductive
base or a conductmg contact that contacts a preﬁxed electrode with an outer conductmg
surface. The current injection and return electrodes 1a, 1b may also comprise

electroconductive textile or a disposable adhesive gel piece on a permanent conductive

. base a conducting contact that contacts a prefixed electrode with an outer conducting
“surface. In similar embodiments to those shown in Figs. 7a, 8a and 8b, the electrode -

arrangements applied to the hand and foot may be comprised in a glove device or sock
device, respectively. At leasta portion of each electrode'may be disposed on an inner

surface of the glove or sock. Contact portlons ¢.g. metal foils, may be pre-attached at -

the desired acupuncture points of the hand or foot to ensure rehable electrical contact

between the patient’s hand or foot and the electrodes when the glove or sock is worm,
Electrical leads 125 extend between the straps 121, 122, 123 to supply electrical

current to the current injection and return electrodes and to allow monitoring of the

- voltage sensing electrode. The leads 125 are semi-flexible and connect each of the _
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electrodes to a ribbon cable 126, which in tum is connected via a connector tab 127 to a
user interface/multiplexer connector 128. The connection arrangement allows each of
the electrodes to be independently addressed via the single ribbon cable 126 and to

enable automation of bioimpedance data collection.

" Figs. 8a and 8b shows the apparatus in place on the hand and feet, with the - V

: locatlons of the electrodes 1a, 1b, 2a, 2b relatlve to the hand or foot indicated by dotted

lines,

~ The injection electrodes 1a and return electrode 1b of Fig:5 or Figs. 7, 8a and
8b can form part of the blolmpedance measurement apparatus shown schematically in
Fig. 9. The apparatus comprises integrated drive and voltage sensing circuitry 71, the -
circuitry 71 being connected to the current return electrode 1b, and connectable, via a
multiplexer 72, to any one of the plurality of the injection electrodes la, to deliver

current, from a power supply, across the patient 74. The c1rcu1try 71 and multiplexer ‘

72 are controlled by a controller 75 and integral user interface and data processor 76.

“The user interface allows the patient or clinician to control, through a graphical

interface 77 connected thereto, the order in which current is applied to the current
injection electrodes 1a, for example The circuitry 71 is further connected to the
voltage sensing electrodes 2b, 2a, and arranged to receive voltage readmgs and deliver

| the voltage readings to the data processor 76 which is conﬁgured to generate
’correspondmg blolmpedance data and present the data to the user via the graphlcal

interface 77. The user interface and data processor 76, and graphlcal mterface 77, may
form part of a general purpose computer or a custom-built device.

In addmon to making measurements across substantially a ‘whole body
segment’ (e.g. from ankle to wrist), additionally or alternatively, bloxmpedance across
individual regi_.o_ns of the body segment may be measured. This may be achieved by
connecting one or both of the voltage sensing electrodes, or additional voltage sensing

. electrodes, to the arm, wrist, leg or ankle associated with the other hand and foot to that
’ having the injection electrode(s) and return electrode connected thereto.

Considering agam the ‘whole body’ analysis arrangement with reference to

Fig. 10a, the one or more 1nJectlon electrodes 1a, and the return electrode 1b, are

connected to the right hand and right foot respectively. Accordmgly, electrical signals
can be transmltted between the right hand and right foot, via the right leg, torso, and -
right arm, and voltage drop across that path, 1nd1cated generally by an unbroken line 3,
will take place. The measurement of the voltage drop is made using the voltage
sensing electrodes 2a, 2b, located on the right wrist and right leg respectively, which
monitor voltage drop across the path between them, indicated generally by a broken
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line 4. Thus, the section for which bioimpedance can be determined in this
arrangement is substantially the whole body segment between the injection electrodes
la and the return electrode 1b. ’ - .

However, with reference to Fig. IOb, by connecting one voltage sensing
electrode 2a to the right wrist, and another voltage sensing electrode 2c to the left wrist

)

voltage drop will be measured along a new path, indicated by broken line 41, extending

across the right arm, upper torso- and left arm. Since the region between the voltage
sensing electrode 2c and the upper part of the right shoulder is at the same potential
(because there is no current flow between these two sites), the voltage drop and
therefore the calculated blolmpedance will only relate to that section of the tight arm -

(along path 31) between the current injection and return electrodes 1a, 1b. Thus, the o

apparatus can be confi gured in this manner to determme b101mpedance of the right arm
separately. : _ _
Similarly, with reference to Fig. 10c, by connecting one voltage sensing

electrode 2b to the right ankle, and another voltage sensing electrode 2d to the left

ankle, the voltage drop will be measured along another new path, indicated by broken

 line 42, extending across the right leg, lower torso and left leg. Since the region

between the voltage sensing electrode 2d and the upper part of the right leg is at the
same potential (because there is no current flow between these two sites), the voltage
drop and therefore the calculated bioimpedance will only relate to that section of the
right leg (along path 32) between the current injection and return electrodes 1a, 1b. ‘
Thus, the apparatus can be conﬁgured in this manner to determme blolmpedance of the

- nght leg separately.

Slmllarly, with reference to Fig. 10d, by connecting one voltage sensing
electrode 2¢ to the left wrist, and another voltage sensing electrode 2d to the left ankle,
the voltage drop will be measured along yet another new path, mdlcated by broken line
43, extending across the left arm, torso and left leg. Since the reglon betweenthe
voltage sensing electrode 2¢ and the upper part of the right arm is at the same potential -
(because there is no current flow between these two sit_es); and the region between the
voltage sensing electrode 2d and the upper part of the right leg is at the same potential
(because there is no current flow between these two sites either) the voltage drop and

 therefore the calculated bioimpedance will only relate to that section of the right torso

(along path 33) between the current mjectlon and return e]ectrodes la, 1b. ‘Thus, the
apparatus can be confi igured in this manner to determine bioimpedance of the nght
torso separately.
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As indicated above, the apparatus may be adapted for analysns of the left s1de of
the body in a similar manner. '
A Accordmg to one embodiment, a method of determmmg bloxmpedance using the
apparatus discussed above will now be described. .
a.  With a general four-electrode arrangement e.g. as shown in Fig. 1, the
whole-body phase angle on the right side of the body is determined. .
b, With the right foot current return electrode contacting the dorsal surface of

the right foot proximal to the second metatarsal phalangeal joint as sho’wn‘in Fig. 2, the

phase angle associated with each of the six Jing points of the right hand is determined.
c. - With the right hand current return electrode contacting the dorsal surface
of the right hand proximal to the midpoint between the second and third metacarpal

- phalangeal joints as shown in Fig. 3, the phase angle associated w1th each of the six

Jing points of the tight foot, is determined.

d.  With the general fo_ur-electrode arrangement e.g. as shown in Fig. 1,
translated to the left side of the body, the whole-body phase angle on the left side of the
body is determined.

e. - With the left foot current return electrode contacting the dorsal surface of

~ the left foot proximal to the second metatarsal phalangeal joint, the phase angle

assocxated with each of the six Jing points of the left hand is determined.
f. With the left hiand current return electrode contacting the dorsal surface of '

-the left hand proximal to the midpoint between the second and third metatarsal

phalangeal joints , the p_hasc angle associated with cach of the six Jing points of the left
foot, is determined. . :

g. - The ratio of the phase angle of each mendlan-deﬁned segment on the nght
31de of the body to the whole-body phase angle on the right side of the body is
calculated. Likewise, the ratio of the phase angle of each mendlan-deﬁned segment on
the left side of the body to the whole-body phase angle on the left side of the body is
calculated. | o ' : .
h.” The left-side percentage difference in raw phase angle between left-right .
matched meridian-defined segments is-determined. ' |

i. = The left-right percentage difference in ratios of meridian phase angle to

»vwhole-body phase angle between left-right matched mendlan-deﬁned segments is

determined.

j- - Results are output graphically and numerically. _

PCT/AU2010/001710
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To carry out this method or alternative methods of using the electrode apparatus
of the present invention, in one embodiment the drive circuit and sensing circuit are -
connected to a power supply and control apparatus. The control apparatus comprises a
controller, which controls the current or voltage level of the electrical signal; the pattern
of electrical signals (¢.g. pulsed signals) and the sequence of electrical signals sent to

different current-injection electrodes of the circuit; a patient interface, which allows a
- -user to set appropriate electrical signal control, e.g. so that a user can select a partlcular

merldlan—deﬁned segment for analysis, or the electrical signal parameters prior to

‘and/or during analysis; and data processor, which receives the raw data such as phase

angle and impedance magnitude from the sensing circuit, and processes the raw data;
and a graphical interface, which provides an output of the processed data in a suitable
form for interpretation by the end user. The methods of the present invention may be
implemented using computer soﬂware e.g arranged to execute the method steps atoj,

' or variations thereof, set out above.

In an alternative embodiment, the voltage sensing electrodes may be substituted
with a second set of dual drive/sensing ¢lectrodes. Thus, with reference to Fig. 11,
there may be an inner pair of drive electrodes B, C and an outer pair of drive electrodes
A,' D, connected to a patient’s skin and/or nails 5, for example. In line with the “HVR”

- technique, an electrical signal can be applied in turn between all six combinations of

outer and inner electrodes and the voltage drop, and' therefore the bioimpedance, across
each combmatlon of electrodes may be determined. From this data the bioimpedance

| (BC) of an intermediate portlon between the inner pair of electrodes can be determined.

This approach provides another method of determining blolmpedance across different

' portions of the body, and is based on the concept that impedance between any two .

surface electrodes can in general be decoupled into two types of components: local
1mpedances associated with each electrode and a core (or non-local) 1rnpedance

. between the two electrodes. The bioimpedance Z¢ (BC) of the core portion can be

30

determined using the HVR equations provided at the end of the present descrlptxon (see
equation A3-1, for example).

With reference to F1g 12, the degree of electncal mterconnectlon between
paired left and right mendnan-deﬁned segments can be estimated using Equation Ad-ii

- of the HVR technique. For example, sets of four bioimpedance measurements may be

made, e.g., (i) between a right foot Jing point and a site on the right hand; (i) between .

- aright footJing point and a site on the left hand; (iii) between a left foot Jing point and

35

the site on the left hand; and (1v) between a left foot Jing pomt and the site on the rlght

‘hand, and DZc the degree of electrical interconnection (m 1mpedance terms) between
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the left and right meridian~deﬁned segments, calculated according to Equaticn Ad-ii. -

Likewise, DRc, DXc and Dfc can also be determined from the DZc impedance data if
required, where DRc, DXc and D8c¢ represént the degree of electrical interconnection in
terms of resistance, reactance and phase angle, re'spectively. » B :
" Furthermore, equations Al (&-ii) and A2-1 (& ii) can be used to estimate local
impedance'beneath the inner pair of electrodes in a linear or quasi-linear arfangernent
of four electrodes. This can not only be adVantageous in assuring good electrode-to-
skin contact of the inner electrodes but can in principle be used to estimate the
transverse 1mpedance of the skin (plus subcutaneous tissue) underlying the electrodes.

Bilateral ratios of such transverse impedances can then be used to identify tissue

changes such as is known to occur with unilateral lymphoedema, for exémple
Various further non-limiting arrangements, conﬁgurahons parameters and

~techniques that may be used in embodiments of the apparatus and methods of the

15

20

25

30

35

present invention are set out below.

Electrical Slgnals
The electrical signals delivered by the drive circuit electrodes may be AC

. (smusoxdal signals). The signals may have a frequency range of 1 kHz to 100 MHz,

preferably 5 kHz to 300 kHz, Signals may be in the form of a single frequency, a set of
frequencies (i.e: multl-frequency) or a continuous sweep (spectrum) of frequencles .
For controlled current drive, applied current may be 0.2 pA to 2 mA, pre’ferably 5 uA
to 250 wA. For controlled voltage drive, the applied voltage may be 0.05Vto 5.0V,
preferably_ 0.2 Vt02.0V. A constant current drive may be preferable to counteract
slight variations in the skin or nail surface profile / quality of electrode contact at the
current-injection electrode connection points. '

~ The electrical signals may be pulsed, e.g. a voltage pulse or a current pulse.

Prmclple Outcome Measures
Principle outcome measures may be in the form of 1mpedance magnitude,

résistance, reactance, or their reciprocals (admittance magnitude, conductance,

suSCeptance), phase éngle, reactance divided by resistance oras derived quantities such

resistance divided by patient height, reactance divided by patient height etc.

Furthermore, these quantities can be related to a single applied frequency, a range of
applxed frequencnes or a continuous sweep of apphed frequencnes

Electrodes
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Any one or more of the drive circuit (current-injection) electrodes or sensing
- circuit (voltage sensing) electrodes may use a wet-type contact (e.g. using a conductlve
. paste or hydrogel etc.). The contact may be adhesive or non-adhesive.
Alternatively or addrtlonally, any one or more of the electrodes may use a dry-
5 type contact (e.g. using metal, conductive textile, mlcrostructured carbon orultrafine -
. microneedle arrays etc.).
Any one of more of the electrodes can be actlve electrodes which have small or
unit amplification close to the electrode. This may allow the electrodes to be used
- without electrode gel, for example.
10 Any one or'more of the electrodes may rely on an adhesive contact with the
patient, and/or may be held in position using straps, bands or belts or patient pressure
~ (e.g. through a patient gripping or standing or-resting on the electrodes)
The electrodes may be compns‘ed in an automated probe system, where contact
is made between the electrode and the patient through movement‘of for example, a
15 robotic arm carrymg the electrode. An automated system such as thrs may be used for
remote analysis or momtormg ofa patlent '
Any one more of the electrodes may be ﬁxed to the patient or moveable,
Any one or more of the electrodes may take the form of metal plates, discs,
' stnps ellipses; heart-shapes, or other irregular shapes. The discs for the current
20 injection and return electrodes may have a diameter of between 0.1 and 15 mm,
preferably 2 mm to 10 mm. The strips for the current injection and return electrodes
may have a width of 2 mm to 10 mrn and/or a length of 2 mm to 25 mm. For example,
the strip may be about 5 mm wide and 20 mm long. Nonetheless, the sizes may be
- adjusted, e g., outside of the ranges provided, as appropriate for contacting different
25 regions of the patient’s skin or nail. The electrodes may also take the form of gloves or
- socks or spheres.
~ To make electrrcal contact with the patlent s skin or nail, pressure may be
applied to the skin or nail that is sufﬁment to ensure stable and reproducrble electrode-
- skin or electrode-nail contact. '
30 Physical contact is preferably avoided between the examiner and the patient
during measuremerit to prevent the introduction of short-circuit contributions into the
electrical measurement., The exammer may wear insulating gloves to prevent this
possxbrllty ' :
) All or part of any one of the electrodes may be dlsposable, and dlscarded
35 following testing to reduce the likelihood of cross-infection between patients,
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- Alternatively, any one or more of the electrodes may be disinfected after use, and

suitably dried. . .

Standard medically-approved leads and cables may be used to connect the
electrodes te‘the control apparatus, mixltiplexer and power supply etc. The leads may
be directly connected into the multiplexer, or connected to a wireless transmissivon' unit
for wireless transfer of data and/or electrical signals. = ‘

Body Posmomng

During analysis, the patient’s body may be located in the supine posmon or

‘they may be standing, or seated with hands and feet resting on a suitable insulating -

surface. The patient may be resting or standing on a non-conducting surface with arms
and legs not touching each other or the patient’s torso. The position of the body may be
modified, however, when the electrodes are to be held in contact with the patient
through the patient gripping or standing or resting on electrodes, for example.

The patient’s skin or nails may be wiped with disinfecting alcohol prior to

electrode contact, with a sufﬁcnent e.g. S minute, drying period subsequently. Body

hair on the legs or arms is preferab]y not removed unless excessive. .
The patient’s palms may be facing down on an insulating surface with fingers
gently extended and not touching each other.
_ If necessary, insulating material (e.g. cotton, foam etc.) may be mserted between ,
the fingers or toes to act as spacers to prevent inter-digit contact.

. HvR method

Assuming surface impedance conmbutxons to be msxgmﬁcant with reference to
Fig. 11, which shows a schematic diagram of electrodes A to D placed in contact with a

" surface of skin 5,-and assocnated local impedances (B) and (C) and core impedance

(BQC), it can be shown that usmg simple combinations of two electrode measurements

* . two separate estimates for local impedance (B), Zs(B) & Z‘S(B), can be obtained usmg

30

35

electrode palrs A& C and A & D, respectlvely, as “reference” electrodes

Zs(B). = [Zr(AB) +Zy(BC)-Zr(AC))2 -~ (A1) |
where Z1(AB), ZT(BC) & Z1(AC) represent total measured 1mpedance between
electrodes A & B,B & C,and A & C, respectively,
and ' :

Zs(B) = [Zr(AB)+ Zx(BD) - Zo(AD)J2 (Al-i)
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where Z1(AB), Z1(BD) & Z1(AD) represent total measured impedance between
electrodes A & B, B & D, and A & D, respectively.
l_tt the same way, two estimates can be obtained for local impedance (€), Zs(C) &
Z's(C): ' ‘ '

- Zs(C) =Zr(BC) + Z«r(CD) ZT(BD)W | (A24)
where Z1(BC), ZT(CD) & Z1(BD) represent total measured tmpedance between
electrodes B &C,C&D, and B & D, respectively.
and ‘

Z0) = [2r(AO) + Zr(CD) ~Zn (AD)]/‘z o (A2)

where Z1{AC), Z1(CD) & Z1(AD) represent total measured impedance between
electrodes A& C,C & D,and A & D, respectlvely

Next, from the possible four combinations of local impedances (ZS(B) & Z5(C), Z's(B)
* & Zs(C) etc), it can be shown that there exist three estimates for core impedance (BC):

From equations (Al-l) fromn (A2-1) we get
Z(BC) = (Z1(AC) + Zx(BD) - Z1(AB) - ZﬂCD)]/Z - (A3-)

And,from cquations (Al-i) & (A2-_i'i)_- and also (Al-ii) and (A2-i) we get
| Z(BO) = [Zr(AD) + Zn(BC) - Zr(AB) - Zn(CD))2 (A3-iD)
" And from eqtlations (Al-ii) & (A2-if) we get

Z"c(BC) Zr(AD) + ZT(BC) [Zr(AB) + Zr(AC) + er(BD) + Z7(CD))2
(A3-m)

| Extend‘ing the equations of Horton & van Ravenswaay, the following parameters can

also be obtained as differences between these estimated body core impedances of -
segment BC: o '

dZ(BC<>AD) = Z(BC) - Z/o(BC) = Z'C(BC-) ~2'¢ (BO)

PCT/AU2010/001710
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[Zr(AC)+Zr(BD) Zr(AD) Zfr(BC)]/2 (Ad-i)

and
DZc(BC(—)AD) ZC(BC) Z'c (BC)

= Z(AC) + Ze(BD) - Z5(AD) - ZBO)  (Adid

where the symbol & represents the degree of electrical mterconnectlon between the
two specified segments

Example 1 - Methods and Instrumentation .
Testmg was carried out on a healthy female human subject seated uprlght in
chair, w1th arms extended and resting on a table with palms face downwards, and with
digits of fingers and toes kept separated by insertion of insulated wadding material..
After allowing the subject to remain resting in the seated position for more than
5 minutes, various- bioimpedance electrodes, and also electrodes for electrostlmulatlon

‘ - were connected to the patient. In particular, a voltage sensing electrode with
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dimensions 55 mm x 23mm was connected to standard blolmpedance analysis sites on
each of the left and right wrists and ankles of the subject; and a current return electrode,
with dimensions 20 mm x 20 mm, was connected to standard bioimpedance analysis

sites on the dorsal surface of each of the left and right feet of the subject. -Furthermore,

a current injection electrode, conﬁgured as an 8 mm diameter aluminium-foil adhesive
gel electrode, was provided, to connect to (probe in this instance) various Jing points of

“the left and right hands of the subject. A pair of »electficél_stim_ﬁlation electrodes in the

form of conductive rubber silicone electrodes with 28 mm diameters; dsed in
conjunction with conductive electrolyte gel, were taped onto the left leg of the subject
at acupuncture point ST 36 (about 2 ¢m lateral to the inferior ridge of the tibial

tuberosity), and at a site 80 mm directly inferior to that point.

Once the electrodes were in position, a pre-stimulation meridian b101mpedance
measurement step was carried out in which right-side whole-body mendlan '
bioimpedance measurements were made by sequentlally probmg the right Jing points’

~of the hand in four measurement cycles according to the sequence: LU, LI PC, TE, HT
- & SI; followed by S, HT, TE, PC, LI, LU; followed by LU, LI PC, TE, HT, SI;

followed by SI, HT, TE, PC, L LU. Left-side whole-body meridian blolmpedance
measurements were then made by probmg the left Jing pomts of the hand followmg the
analogous probmg sequence to that used on the right side.
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"The bioimpedance measurements were made using an in-hot_ise fabricated
bioimpedance instrument, configured to deliver electrical signals at a frequency of 100
kHz, with a constant current value of 100 pA. Four bioimpedance readings were made
with respect to each probe site and the readings were averaged to provide results.

~ Following the pre-stimulation measurement step, an electrostimulation step was
carried out in which electrostimulation having low intensity at 1.4 Hz was directed to
the left ST 36 point for 10 minutes. After that time, the electrostimulation

_ instrumentation was switched off and leads disconnected from the instrumentation.
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Followmg completron of electrosttmulatron a post-stimulation meridian
‘bioimpedance measurement step was carried out in which whole-body hand meridian
bioimpedance measurements were once again made, this time starting first on the left
side of the body of the subject and then the rlght side. Four sets of measurement cycles

- were carried out in the same sequence as followed during the pre-stimulation

blormpedance measurement step (namely, LU, LI, PC, TE, HT, SL; followed by SI, HT,
TE, etc).

Example 1 Results’ and Discussion : :

Figs. 13a and 13b show the proﬁles of 1mpedance and phase angle, respectrvely,
for the whole-body regrons associated with the meridian-defined segments of the left
and right hands. Each point is the average of the four rneasurements at each point
obtained during the four different measurement sequences. The dotted lines represent +
1 statistical difference. _ _ '

‘Table 3 sets forth the differences in the average impedance and phase angle
measured for each point with respect to the left and right sides ofthe body, together
wrth an estimate of the statistical 31gn1ﬁcance of that difference based on the Student’s

' unpaired t test.
Table 3 )
w_ | u | pc | TE | HI st
Impedance Difference |~ 3 B A B 73' 1 12 7"
(L-R) (Ohms) | - |
Phase Angle mffe_rence' 013 | 015 | -0.14 | -0.28" -0.11 -0.52""
(L-R) (Degrees) ’ o B
| (  * Significant difference (0.01 <p £0.05)
** Very significant difference (0.001 <p <0.01)

+++ Extremely significant difference (p < 0_‘.0011)
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Referring to the impedancev profiles of Fig, 13a, it can be seen that the
impedance of the left side of the body is on average about 5 Ohms'higher than that of
the right side. This is conmdered to reflect a slight geometrical asymmetry of the
sub)ect associated with her nght -handedness.

- Referring to the phase angle profiles of Fig.13b, it can be seen that the left/right

differences associated with TE and S are classified statlstlcally as being very

s1gmﬁcant and extremely significant, respectively. It is also worth pointing out that
very statistically significant differences exist in phase angle of meridian-defined
segments on the same side of the body (e.g., between LI and SI on the right side, PC
and ST on the left side). Such differences are indicative of the different electrical |
statuses of the respective meridian-defined body segments. _

 That the meridian type bioimpedance measurement at each Jing point reflects a
particular electrical contribution from the respective meridian-defined segment can be
demonstrated by the selective electrostimulation of a remote acupuncture point and the
subsequent meridian bioimpedance measurement carried out in the electrostimulation
and post-stimulation meridian bioimpedance measurement steps.
' Figures 14a to 14d show a comparison of the pre-and post-stimulation profiles
for the left and nght meridians of the hand for meridian-based whole-body impedance
and pha_se angle. With reference to Table 4, in the case of the left side of the body,

statistically significant and very significant changes were observed in the phase angle
_ of meridian defined segments LI and TE, respectively. No statistically different

' changes in phase angle in any of the meridian-defined segments however were .

25

- observed on the right hand side of the body. Taken together, these results are

consistent with electrostimulation at ST36 on the left leg causing selective or at least
non-uniform changes in the electrical properties of mendnan-deﬁned segments.
Referring again to Figs. 14a and 14b, it can be seen that the average 1mpedance

.across the meridians as a whole increased post-stimulation (compared to pre-

stlmulatlon) by 7 Ohms on the left side of the body but decreased on the nght side by
11 Ohms
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‘Table 4 |
LEFT : LU LI PC | TE HT sI
Impedance Difference (Post 10 6 5 8" T 5
- Pre) (Ohms) _
|Phase Angle Difference | 006 | -0290* | 022 | 017" | -0.06 | -006
(Post - Pre) (Degrees) - \ .
RIGHT w | u Pc | TE | Hr | st
Impedance Difference (Post | -10"" | -9 a2t oar 6 | .13
- Pre) (Ohims) _' ’ A _ .
Phase Angle Difference | -021 | 024 | 025 | 020 | -010 | 005
(Post - Pre) (Degrees) | ' ' ' v
: - * Sbigniﬁcar.lt diﬁ’erghce-(d.Ol <p £0.05)
+* Very significant difference (0.001 <p <001)| -
*** Extremely significant difference (p < 0.001)



WO 2011/075767

10

PCT/AU2010/001710

31

CLAIMS:

I. A method of determmmg bioimpedance in a body, the method comprising;
’ connectmg one or more current mJ ection electrodes to a first hand or foot of the

body, and '

connecting a current return electrode to a second hand or foot of the body, or to
an arm or leg directly connected to a second hand or foot of the body,

wherein the one or more current injection electrodes and/or the current

return electrode are connected to one or more acupuncture points;

connecting ﬁrst and second voltage sensing electrodes at spaced apart posmons
of the body; ' . '

“applying an electncal signal between at least one of the current mjectxon

E _ electrodes and the current return electrode;
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- measuring with the voltage sensmg electrodes, the voltage drop of the electrical
s1gr1al across at least a portion of the body between the current injection- electrodes and‘
the current return electrode; and

using the voltage, drop measurement to determme a b101mpedance of the at least
a portlon of the body. ' ’

2. The method of claim 1, wherem the one of more current injection
electrodes are connected to one or more acupuncture points.

3. The method of claim 2, wherein the current return electrode is not
connected to an acupuncture point.

4.  The method of claim 3, wherein the current retum electrode i is connected

ata posmon of the arm or leg distal to the elbow or knee respectlvely

5. The method of any one of the precedmg clalms wherein one or more of

' the acupuncture points are ng points.

6. The method of any one of the preceding claims, wherem one or more of
the acupuncture points are Yuan points. _

7. The method of any one of the pr_eceding claims, wherein the acupuncttite
points include any one or more of the following points: LU11; L1 1; PC9; TE 1; HT 9;
SI1;SP1;LR 1; ST 45; GB 44; K1 1a; BL67 and K1 1.

8.  The method of any one of the precedmg claims, wherein determining the
blolmpedance includes determmmg phase angle. ' '

9.  The method of any one of the preceding clalms wherem the first hand or
foot is ipsilateral with the second hand or foot.
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10. The method of any one of the preceding claims, comprising conneeting the
first voltage sensing electrode to the first hand or foot, or to the arm or leg directly
connected to the first hand or foot, and connecting the second voltage sensing electrode
to the second hand or foot, or to the arm or leg directly connected to the second hand or
foot. ' _

| 11. The method of claim 9, comprising connecting the first voltage sensing
electrode to a third hand or foot of the body, or to an arm or leg directly connected toa
third hand or foot of the body, wherein the first hand or foot is contralateral with the
first and second hand or foot.

12, The method of claim 11, comprising conneécting the second voltage
sensmg electrode to a fourth hand or foot of the body, or to an arm or leg directly
connected to the fourth hand or foot of the body, wherein the fourth hand or foot is
1p51lateral with the third hand or foot and is contralateral with the first and second hand -
or foot.

13.  The method of any one of the precedmg claims, comprising connectmg a
first of said one or more current injection electrodes to a plurality of the acupuncture.
points in sequence, and, while the first current injection electrode is connected to each
acupuncture point: o

applymg an electncal signal between the first current mjectlon electrode and the
current return electrode; :

- measuring with the voltage sensing electrodes, the voltage drop of the electrical

. signal across at least a portion of the body. between the first current mjectlon electrodes
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and the current return electrode; and '

using the voltage drop measurement to-determine a bioimpedance of the at least
a portion of the body. '

14, The method of claim 13 wherein the first current injection electrode is in.
the form of an electrical probe.

15. The method of any one of claims 1 to 12, comprising connecting a
plurality of current i injection electrodes to different acupuncture points of the first hand
or foot of the body and, sequentially, for each current injection electrode:

applying an electrical s1gnal between that current mJectlon electrode and the
current return electrode;

measuring with the voltage sensing ¢electrodes, the voltage drop of the electrical
signal across at least a portion of the body between the current injection electrodes and
the current return electrode; and '
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using the voltage drop measurement to determine a bloxmpedance of the at least

" aportion of the body.

16. The method of any one of claims 13 to 15, comprising determining

,. bioimpedance across a plurality of meridian-defined whole body portions.
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17.  The method of any one of the precedmg claims comprising determmmg
bioimpedance across a plurality of meridian-defined body segments.

18.  The method of claim 17, wherein the plurality of mendlan-deﬁned
segments include a leg, a torso and/or an arm. o

19. The method of any one of the preceding claims, wherein‘the one or more

. electrodes connected to one or more acupuncture points have a diameter. or width of

between 0.1 mm and 15 mm. : :
20." The method of any one of the preceding claxrns, wherein the one or more

~ electrodes connected to one or more acupuncture points have a diameter or w1dth of

between 2 mm and 10 mm. , ) .

21. The method of any one of the preceding c1aims, wherein the electrical
signal has a frequency of between 1kHz and 100 MHz,

22. The method of any one of the preceding claims; wherem the electrical

'. signal has a frequency of between 20kHz and, 300 kHz

23. The method of claim 1, wherein ,
a plurahty of the current injection electrodes are connected to acupuncture
points of the first hand of the body;
' the current return electrode is connected to the second'foot'of thebo‘dy,
a plurality of further current injection electrodes are connected to acupuncture
pomts of the second foot of the body, v
a further current mjectxon electrode is connected to the first hand of the body;
the first voltage sensing electrode is connected to the wrist of the first hand of

the body; and

the second voltage sensmg electrode is connected to the ankle of the second foot
of the body :
24. A method of determining bioimpedance in a body, the method compriéing:

connecting a first outer electrode to a first hand or foot of the body;

connecting a second outer electrode to a second hand or foot of the body, or an
arm or leg directly connected to a second hand or foot of the body,

wherem the one or more current injection electrodes and/or the current

return electrode are connected to one or more -acupuncture pomts
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connecting first and second inner electrodes to spaced apart posmons of the
body, inwardly of the first and second outer electrodes; _
applying an electrical signal in turn between all six combinations of first and

~ second outer and inner electrodes;

measurmg the voltages across each combination of electrodes in response to the
respectlve applied electrical signals; _

using the voltage data to determine the 1mpedance between each electrode
combination; and ‘

. using this impedance data to calculate the bioimpedance of a core portion of the

body between the connection positions of the inner electrodes :

25.  The method of claim 24, wherein the one of more current ln_]CCtIOH
electrodes are connected to one or more acupuncture pomts

26, - The method of claxm 25, wherein the current return electrode is not
connected to an acupuncture point. |
27. Apparatus for determmmg bwtmpedance in a body, the apparatus
comprising: | |

a drive circuit comprising: | | _

‘oneor more current injection electrodes configured to be connected to a

first hand or foot of the body; and a current return electrode conﬁguted to be connected

to a'second hand or foot of the body, or to an arm or leg directly connected to a second

hand or foot of the body, wherein the one or more current injection electrodes and/or
the current return electrode are configured to be connected to one or more acupuncture

~ points;

25

a sensing circuit comprising: ‘
a first voltage sensing electrode conﬁgured to be connected to the body;
and a second voltage sensing electrode configured to be connected to the body at a

L posmon spaced apart from the first voltage sensing electrode; and

30

35

‘a processor, the processor being connected to the voltage sensing electrodes and

'conﬁgured to measure, upon application of an electrical si ignal between at least one of

the current mJectlon electrodes and the current return electrode, the voltage drop of the
electrical signal across at least a portion of the body between the connection posmons
of the current injection electrodes and the current return electrode, and to use the
voltage drop to determine a bioimpedance of the at least a portion of the body.

28, The apparatus of claim 27, wherein the one of more current injection .
electrodes are configured to be connected to one or more acupuncture points.
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29. The apparatus of claim 27 or 28, wherein the current return electrode is
configured to be connected to a position of the arm or leg distal to the elbow or knee
respectively. '

30. The apparatus of any one of claims 27 to 29, wherem one or more of the

'acupuncture pomts are Jing points.

31. The apparatus of any one of claims 27 to 30, wherem one or more of the
acupuncture points are Yuan points.
32. The apparatus of any one of claims 27 to 31, wherein the acupuncture -

' _.pomts comprise are any one or more of the following points: LU11; LI 1; PC9; TE 1;
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HT 9; SI'1; SP 1; LR 1; ST 45; GB 44; K1 1a; BL67 and KI 1.
33. The apparatus of any one of claims 27 to 32, wherein the first hand or foot
is ipsilateral with the second hand or foot. / ‘
34. The apparatus of any one of claims 27 to 33 wherein
a first of said one or more current injection electrodes is configured to be
connected to a plurality of the acupuncture: points in sequence, and |
the apparatus is configured such that, when the first current injection electrode is

.connected to each acupuncture point, an electrical signal is applied between the first

current injection electrode and the current return electrode and the processor determines
the voltage drop of the electrical signal across at least a- portion of the body between the
connection positions of the first current injection electrode and the current return
electrode, and to use the voltage drop to determine a b101mpedance of the at least a
portron of the body | ‘ | '

35. The apparatus of claim 34 wherem the first current injection electrode is
an electrical probe,

36. The apparatus of any one of claims 27 to 33 comprrsmg

a p]urahty of current injection electrodes, each of said current injection

electrodes being configured to be connected to different acupuncture pomts of the first
hand or foot of the body,

wherein the apparatus is configured such that, when the current inj ection
electrodes are connected to the different acupuncture points, an electrical signal is
applied between each current, injection electrode and the currént return electrode in:
seduence, and in relation to each electrical signal, the processor is configured to
determine the‘voltag'e drop of the electrical signal across at least a portion of the body -
between the connection position of the respective currerit injection electrode and the
current return electrode, and to use the voltage drop to determine a brormpedance of the
at least a portion of the body '
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segments,

36

37. The apparatus of any one of claims 35 to 37, wherein the'processor‘ 1s
configured to determine blolmpedance across a plurality of meridian-defined whole
body portions. _

38.  The apparatus of any one of claims 27 to 37, wherein the processor is
configured to determine b101mpedance across a pluralrty of meridian-defined body -

39." The apparatus of claim 38, wherein the plurality of meridian-defined

' segmients include a leg, a torso and/or an arm.

40. The apparatus of any one of claims 27 to 39, wherein the one or-more
electrodes conﬁgured to be connected to one or more acupuncture points havea
diameter or width of between 0.1 mm and 15 mm.. '

41. The apparatus of any one of claims 27 to 40, wherem the one or more
electrodes configured to be connected to one or more acupuncture pomts have a

_ diameter or wrdth of between 2 mm and 10 mm.

42. The apparatus of any one of claims 27 to 41, wherem the electncal signal
has a frequency of between 1 kHz and 100 MHz,
43. The apparatus of any one of claims 27 to 42, wherem the electncal signal

" has a frequency of between 20 kHz and 300 kHz.

44. The apparatus of claim 1 , comprising;
a plurality of the current injection electrodes conﬁgured to be connected to
acupuncture points of the first hand of the body, .

wherein the current return electrode is configured to be. connected to the second
foot of the body, the first voltage sensmg electrode is configured to be connected to the
wrist of the first hand of the body; and the second voltage sensmg electrode is
configured to be connected to the ankle of the second foot of the body, the apparatus

- further comprising:

a plurality of further current linjection electrodes configured to be connected to
acupuncture points of the second foot of the body, and '
a further current mjectlon electrode configured to be connected to the first hand

of the body.

| .

. 45. The apparatus of claim 44, wherein the electrodes configured to be
connected to the first hand of the body are comprised in a glove device.
46. The apparatus of claim 44 or 45, wherein the. electrodes configured to be

' connected to the second hand of the body are comprised in a sock device.’

47. Apparatus for determmxng bxormpedance ina body, the apparatus

_compnsmg
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a first outer electrode'_conﬁgured to be connected to a first hand or foot.of the

a second outer electrode configured to be connected to a second hand or foot of

~ the body, or an arm or leg directly connected to a second hand or foot of the body,

wherein the one or more current injection electrodes and/or the current return electrode

- are configured to be connected to one or more acupuncture points;

first and second inner electrodes configured to be connected to spaced apart
posmons of the body, inwardly of the first and second outer electrodes; and
' b101mpedance measurement apparatus, configured to‘m_casux_‘e, in response toy an
electrical signal applied in turn across all six combinations of first and second outer and
inner él,ectrodes, the voltages across each combination of electrodes and/conﬁgured to |
use the voltage data to determine the impedance between each electrode combination
and calculate the bioimpedance of a core portion of the body between the connection

,posmons of the inner electrodes. -

48. - The apparatus of clalm 47, wherem the one of more current mjecnon
electrodes are configured to be connected to one or more acupuncture points.
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AMENDED CLAIMS
received by the International Bureau on 13 April 2011 (13.04.2011)

1. A method of determining bioimpedance in a body, the method comprising:

connecting one or more current injection electrodes to a first hand or foot of the
body; and

connecting a current return electrode to a second hand or foot of the body, or to
an arm or leg directly connected to a second hand or foot of the body,

wherein the one or more current injection electrodes and/or the current

return electrode are connected to one or more acupuncture points;

connecting first and second voltage sensing electrodes at spaced apart positions
of the body, such that the first and second voltage sensing electrodes are each
positioned at least 5 cm from the current injection electrodes and from the current
return electrode;

applying an electrical signal between at least one of the current injection
electrodes and the current return electrode; '

measuring with the voltage sensing electrodes, the voltage drop of the electrical
signal across at least a portion of the body between the current injection electrodes and
the current return electrode; and ,

using the voltage drop measurement to determine a bioimpedance of the at least
a portion of the body.

2.  The method of claim 1, wherein the one of more current injection
electrodes are connected to one or more acupuncture points.

3. The method of claim 2, wherein the current return electrode is not
connected to an acupuncture point.

4, The method of claim 3, wherein the current return electrode is connected
at a position of the arm or leg distal to the elbow or knee respectively.

5.  The method of any one of the preceding claims, wherein one or more of
the acupuncture points are Jing points.

6.  The method of any one of the preceding claims, wherein one or more of
the acupuncture points are Yuan points.

7. The method of any one of the preceding claims, wherein the acupuncture
points include any one or more of the following points: LU11; LI 1; PC 9; TE 1; HT 9;
SI1;SP1; LR 1; ST 45; GB 44; KI 1a; BL67 and KI 1.

8.  The method of any one of the preceding claims, wherein determining the
bioimpedance includes determining phase angle.

AMENDED SHEET (ARTICLE 19)



10

15

20

25

30

WO 2011/075767 PCT/AU2010/001710

39

9.  The method of any one of the preceding claims, wherein the first hand or
foot is ipsilatera] with the second hand or foot.

10. The method of any one of the preceding claims, comprising connecting the
first voltage sensing electrode to the first hand or foot, or to the arm or leg directly
connected to the first hand or foot, and connecting the second voltage sensing electrode
to the second hand or foot, or to the arm or leg directly connected to the second hand or
foot.

11. The method of claim 9, comprising connecting the first voltage sensing
electrode to a third hand or foot of the body, or to an arm or leg directly connected to a
third hand or foot of the body, wherein the first hand or foot is contralateral with the
first and second hand or foot.

12.  The method of claim 11, comprising connecting the second voltage
sensing electrode to a fourth hand or foot of the body, or to an arm or leg directly
connected to the fourth hand or foot of the body, wherein the fourth hand or foot is
ipsilateral with the third hand or foot and is contralateral with the first and second hand
or foot.

13. The method of any one of the preceding claims, comprising connecting a
first of said one or more current injection electrodes to a plurality of the acupuncture
points in sequence, and, while the first current injection electrode is connected to each
acupuncture point:

applying an electrical signal between the first current injection electrode and the
current return electrode;

measuring with the voltage sensing electrodes, the voltage drop of the electrical
signal across at least a portion of the body between the first current injection electrodes
and the current return electrode; and

using the voltage drop measurement to determine a bioimpedance of the at least
a portion of the body.

14, The method of claim 13, wherein the first current injection electrode is in
the form of an electrical probe.

15. The method of any one of claims 1 to 12, comprising connecting a
plurality of current injection electrodes to different acupuncture points of the first hand
or foot of the body and, sequentially, for each current injection electrode:

applying an electrical signal between that current injection electrode and the
current return electrode;
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measuring with the voltage sensing electrodes, the voltage drop of the electrical
signal across at least a portion of the body between the current injection electrodes and
the current return electrode; and

using the voltage drop measurement to determine a bioimpedance of the at least
a portion of the body.

16. The method of any one of claims 13 to 15, comprising determining
bioimpedance across a plurality of meridian-defined whole body portions.

17. The method of any one of the preceding claims comprising determining
bioimpedance across a plurality of meridian-defined body segments.

18. The method of claim 17, wherein the plurality of meridian-defined
segments include a leg, a torso and/or an arm.

19. The method of any one of the preceding claims, wherein the one or more
electrodes connected to one or more acupuncture points have a diameter or width of
between 0.1 mm and 15 mm.

20. The method of any one of the preceding claims, wherein the one or more
electrodes connected to one or more acupuncture points have a diameter or width of
between 2 mm and 10 mm.

21. The method of any one of the preceding claims, wherein the electrical
signal has a frequency of between 1kHz and 100 MHz.

22. The method of any one of the preceding claims, wherein the electrical
signal has a frequency of between 20kHz and 300 kHz.

23. The method of claim 1, wherein

a plurality of the current injection electrodes are connected to acupuncture
points of the first hand of the body;

the current return electrode is connected to the second foot of the body,

a plurality of further current injection electrodes are connected to acupuncture
points of the second foot of the body,

a further current injection electrode is connected to the first hand of the body;

the first voltage sensing electrode is connected to the wrist of the first hand of
the body; and

the second voltage sensing electrode is connected to the ankle of the second foot
of the body.

24. A method of determining bioimpedance in a body, the method comprising:

connecting a first outer electrode to a first hand or foot of the body;

connecting a second outer electrode to a second hand or foot of the body, or an
arm or leg directly connected to a second hand or foot of the body,

AMENDED SHEET (ARTICLE 19)
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wherein the first outer electrode and/or the second outer electrode is
connected to one or more acupuncture points;
connecting first and second inner electrodes to spaced apart positions of the
body, inwardly of the first and second outer electrodes, such that the first and second
inner electrodes are each positioned at least 5 cm from the first outer electrode and
from the second outer electrode;
applying an electrical signal in turn between all six combinations of first and
second outer and inner electrodes;
measuring the voltages across each combination of electrodes in response to the
respective applied electrical signals;
using the voltage data to determine the impedance between each electrode
combination; and
using this impedance data to calculate the bioimpedance of a core portion of the
body between the connection positions of the inner electrodes.
25, The method of claim 24, wherein the first outer electrode is connected to
an acupuncture point.
26. The method of claim 25, wherein the second outer electrode is not
connected to an acupuncture point.
27. Apparatus for determining bioimpedance in a body, the apparatus
comprising:
~ adrive circuit comprising:
one or more current injection electrodes configured to be connected to a
first hand or foot of the body; and a current return electrode configured to be connected
to a second hand or foot of the body, or to an arm or leg directly connected to a second
hand or foot of the body, wherein the one or more current injection electrodes and/or
the current return electrode are configured to be connected to one or more acupuncture
points;
a sensing circuit comprising:
a first voltage sensing electrode configured to be connected to the body;
and a second voltage sensing electrode configured to be connected to the body at a
position spaced apart from the first voltage sensing electrode, such that the first and
second voltage sensing electrodes are each positioned at least 5 cm from the current
injection electrodes and from the current return electrode; and
a processor, the processor being connected to the voltage sensing electrodes and
configured to measure, upon application of an electrical signal between at least one of
the current injection electrodes and the current return electrode, the voltage drop of the
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electrical signal across at least a portion of the body between the connection positions
of the current injection electrodes and the current return electrode, and to use the
voltage drop to determine a bioimpedance of the at least a portion of the body.

28. The apparatus of claim 27, wherein the one of more current injection
electrodes are configured to be connected to one or more acupuncture points.

29. The apparatus of claim 27 or 28, wherein the current return electrode is
configured to be connected to a position of the arm or leg distal to the elbow or knee
respectively.

30. The apparatus of any one of claims 27 to 29, wherein one or more of the
acupuncture points are Jing points.

31. The apparatus of any one of claims 27 to 30, wherein one or more of the
acupuncture points are Yuan points.

32. The apparatus of any one of claims 27 to 31, wherein the acupuncture
points comprise are any one or more of the following points: LU11; LI 1; PC 9; TE 1;
HT 9; S11;SP 1; LR 1; ST 45; GB 44; K1 1a; BL67 and KI 1.

33. The apparatus of any one of claims 27 to 32, wherein the first hand or foot
is ipsilateral with the second hand or foot.

34. The apparatus of any one of claims 27 to 33, wherein

a first of said one or more current injection electrodes is configured to be
connected to a plurality of the acupuncture points in sequence, and

the apparatus is configured such that, when the first current injection electrode is
connected to each acupuncture point, an electrical signal is applied between the first -
current injection electrode and the current return electrode and the processor determines
the voltage drop of the electrical signal across at least a portion of the body between the
connection positions of the first current injection electrode and the current return
electrode, and to use the voltage drop to determine a bioimpedance of the at least a

~ portion of the body.

35. The apparatus of claim 34, wherein the first current injection electrode is
an electrical probe.

36. The apparatus of any one of claims 27 to 33, comprising;:

a plurality of current injection electrodes, each of said current injection
electrodes being configured to be connected to different acupuncture points of the first
hand or foot of the body,

wherein the apparatus is configured such that, when the current injection
electrodes are connected to the different acupuncture points, an electrical signal is
applied between each current injection electrode and the current return electrode in
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sequence, and in relation to each electrical signal, the processor is configured to
determine the voltage drop of the electrical signal across at least a portion of the body
between the connection position of the respective current injection electrode and the
current return electrode, and to use the voltage drop to determine a bioimpedance of the
at least a portion of the body.

37. The apparatus of any one of claims 35 to 37, wherein the processor is
configured to determine bioimpedance across a plurality of meridian-defined whole
body portions.

38. The apparatus of any one of claims 27 to 37, wherein the processor is
configured to determine bioimpedance across a plurality of meridian-defined body
segments,

39. The apparatus of claim 38, wherein the plurality of meridian-defined
segments include a leg, a torso and/or an arm.

40. The apparatus of any one of claims 27 to 39, wherein the one or more
electrodes configured to be connected to one or more acupuncture points have a
diameter or width of between 0.1 mm and 15 mm.

41. The apparatus of any one of claims 27 to 40, wherein the one or more
electrodes configured to be connected to one or more acupuncture points have a
diameter or width of between 2 mm and 10 mm.

42, The apparatus of any one of claims 27 to 41, wherein the electrical signal
has a frequency of between 1 kHz and 100 MHz.

43. The apparatus of any one of claims 27 to 42, wherein the electrical signal
has a frequency of between 20 kHz and 300 kHz.

44. The apparatus of claim 27, comprising;

a plurality of the current injection electrodes configured to be connected to
acupuncture points of the first hand of the body,

wherein the current return electrode is configured to be connected to the second
foot of the body, the first voltage sensing electrode is configured to be connected to the
wrist of the first hand of the body; and the second voltage sensing electrode is
configured to be connected to the ankle of the second foot of the body, the apparatus
further comprising:

a plurality of further current injection electrodes configured to be connected to
acupuncture points of the second foot of the body, and

a further current injection electrode configured to be connected to the first hand
of the body.
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45. The apparatus of claim 44, wherein the electrodes configured to be
connected to the first hand of the body are comprised in a glove device.

46. The apparatus of claim 44 or 45, wherein the electrodes configured to be
connected to the second hand of the body are comprised in a sock device.

47. Apparatus for determining bioimpedance in a body, the apparatus
comprising:

a first outer electrode configured to be connected to a first hand or foot of the
body;

a second outer electrode configured to be connected to a second hand or foot of
the body, or an arm or leg directly connected to a second hand or foot of the body,
wherein the first outer electrode and/or the second outer electrode is configured to be
connected to one or more acupuncture points;

first and second inner electrodes configured to be connected to spaced apart
positions of the body, inwardly of the first and second outer electrodes, such that the
first and second inner electrodes are each positioned at least 5 cm from the first outer
electrode and from the second outer electrode; and

bioimpedance measurement apparatus, configured to measure, in response to an
electrical signal applied in tum across all six combinations of first and second outer and
inner electrodes, the voltages across each combination of electrodes and configured to
use the voltage data to determine the impedance between each electrode combination
and calculate the bioimpedance of a core portion of the body between the connection

positions of the inner electrodes.
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