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(7) ABSTRACT

The present invention relates to an improved method and
apparatus for detecting and diagnosing disease states in a
living organism by using a plurality of electrical impedance
measurements. In particular, the invention provides for an
improved electrode array for diagnosing the presence of a
disease state in the human breast, and discloses a method of
application of the array to the breast that ensures that the
multiplicity of impedance measurements obtained from a
first body part correspond as precisely and reproducibly as
possible to the multiplicity of impedance measurements that
are obtained from another, homologous, second body part. A
number of diagnostic methods based on homologous elec-
trical difference analysis are disclosed, including the calcu-
lation of a number of metrics used to indicate disease states
by comparison with pre-established threshold values, and
the construction of a number of graphical displays for
indicating the location of disease to a body part sector.
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FIG. 7A
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ELECTRICAL IMPEDANCE METHOD AND
APPARATUS FOR DETECTING AND
DIAGNOSING DISEASES

FIELD OF THE INVENTION

[0001] The present invention relates to an improved
method and apparatus for detecting and diagnosing disease
states in a living organism by using a plurality of electrical
impedance measurements.

BACKGROUND OF THE INVENTION

[0002] Methods for screening and diagnosing diseased
states within the body are based on sensing a physical
characteristic or physiological attribute of body tissue, and
then distinguishing normal from abnormal states from
changes in the characteristic or attribute. For example, X-ray
techniques measure tissue physical density, ultrasound mea-
sures acoustic density, and thermal sensing techniques mea-
sures differences in tissue heat. Another measurable property
of tissue is its electrical impedance; i.e., the resistance tissue
offers to the flow of electrical current through it. Values of
electrical impedance of various body tissues are well known
through studies on intact humans or from excised tissue
made available following therapeutic surgical procedures. In
addition, it is well documented that a decrease in electrical
impedance occurs in tissue as it undergoes cancerous
changes. This finding is consistent over many animal species
and tissue types, including, for example human breast can-
cers.

[0003] There have been a number of reports of attempts to
detect breast tumors using electrical impedance imaging,
such as, for example, U.S. Pat. No. 4,486,835. However,
there are basic problems when trying to construct an image
from impedance data. Electrical current does not proceed in
straight lines or in a single plane; it follows the path of least
resistance, which is inevitably irregular and three-dimen-
sional. As a result, the mathematics for constructing the
impedance image is very complex and requires simplifying
assumptions that greatly decrease image fidelity and reso-
lution.

[0004] A cancer, however, neced not be “seen” to be
detected; its presence can be detected by a marker associated
with it, in this case a change in its electrical impedance, and
a technique sensitive to the marker.

[0005] One technique for screening and diagnosing dis-
eased states within the body using electrical impedance is
disclosed in U.S. Pat. No. 6,122,544. In this patent data are
obtained in organized patterns from two anatomically
homologous body regions, one of which may be affected by
disease. One subset of the data so obtained is processed and
analyzed by structuring the data values as elements of an
nxn impedance matrix. The matrices can be further charac-
terized by their eigenvalues and eigenvectors. These matri-
ces and/or their eigenvalues and eigenvectors can be sub-
jected to a pattern recognition process to match for known
normal or disease matrix or eigenvalue and eigenvectors
patterns. The matrices and/or their eigenvalues and eigen-
vectors derived from each homologous body region can also
be compared, respectively, to each other using various
analytical methods and then subject to criteria established
for differentiating normal from diseased states.
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SUMMARY OF THE PRESENT INVENTION

[0006] The present invention is directed to an improved
method and apparatus for detecting and diagnosing disease
states in a living organism by using a plurality of electrical
impedance measurements. Although the present invention
can be applied to any two homologous body regions, the
application discussed scans for the presence or absence of
breast abnormalities, and particularly benign and malignant
tumors. While not intending to be bound by any particular
theory, the method of the invention may arise from the
following assumptions and hypotheses:

[0007] 1. The tumor or tumors will occur either in only
one breast, or if in both, at different homologous
locations;

[0008] 2. Both breasts are structurally similar, and
therefore can be expected to be approximate mirror
images (homologous) with respect to their impedance
characteristics;

[0009] 3. If impedance measurements are taken in a
multiplicity of directions or paths across the breast
(called an impedance scan in the present application),
the presence of tumors, which are known to have a
significantly lower impedance than the normal tissue
they replace, will distort or change the impedance in at
least some of the paths of current flow;

[0010] 4. The magnitude of decreased impedance is
greater for malignant tumors than for benign ones,
providing a method for differentiating between these
tumor types; and

[0011] 5. There will always be some differences in
impedance between breasts in a normal individual; but
these differences will be less than the differences when
a cancer is present.

[0012] The methodology of the present invention is imple-
mented by a data acquisition and analysis apparatus that was
developed for the special requirements of the invention. An
improved breast electrode array is also provided of a design
and construction that allows excellent conformability of the
array to a breast surface and precise positioning of elec-
trodes. This ensures that the multiplicity of positions that
impedance measurements are obtained from in a first body
part correspond as precisely as possible to the multiplicity of
positions that measurements are obtained from in another,
homologous, second body part. The apparatus has a number
of innovations that provide rapid, accurate impedance mea-
surements from a large number of electrode combinations,
and virtually immediate data analysis and display. Imped-
ance data are obtained in organized patterns from two
anatomically homologous body regions, one of which may
be affected by disease.

[0013] Inone embodiment of the invention, electrodes are
selected so that the impedance data obtained can be consid-
ered to represent elements of an nxn impedance matrix.
Then two matrix differences are calculated to obtain a
diagnostic metric from each. In one, the absolute difference
between homologous right and left matrices, on an element-
by-element basis, is calculated; in the second, the same
procedure is followed except relative matrix element differ-
ence is calculated.
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[0014] In another embodiment of the invention, the dif-
ferences between corresponding impedance readings in the
two body parts are compared in variety of ways that allow
the calculation of metrics that can serve either as an indicator
of the presence of disease or localize the disease to a specific
breast quadrant or sector. Impedance differences are also
displayed in a circular pixel plot in a representation of the
frontal plane of the breast in this disclosure, although other
shape plots in the same or other planes could effectively be
produced with suitable choice of electrode geometry and
positioning. The use of impedance differences subtracts out
a voluminous and complex amount of impedance data
produced by irregular, three-dimensional current paths,
since under generally normal circumstances, the paths can
be expected to be substantially identical in both body parts.
Remaining differences are assumed to be due to disease
states, and are much more manageable analytically.

[0015] Whereas the illustrated example of the present
invention is a novel and improved method and apparatus for
detecting and locating breast cancers, the invention can also
be applied to other diseases or conditions in which there is
a distinguishable difference in electrical impedance in the
tissue as a result of the disease or condition. The present
invention can also be used for detecting and locating dis-
eases or conditions in any region of the body in which the
electrical impedance of the region containing the disease or
condition can be compared to an essentially identical, nor-
mal body region; for example, right and left forearms, right
and left thighs, or right and left calves. Moreover, the present
invention can be used to detect and locate diseases or
conditions in any region of the body in which the electrical
impedance of the region containing the disease or condition
can be compared to another normal body region that, while
not entirely identical, is consistently and constantly differ-
ent; for example, right and left sides of the abdomen. In
other words, the differences between the two regions being
compared is a known constant in a healthy person and
therefore can be subtracted out when performing a compari-
son.

[0016] In particular, this invention provides for an elec-
trode array for diagnosing the presence of a disease state in
a living organism, wherein the electrode array comprises a
flexible body, a plurality of flexible arms extending from the
body, and a plurality of electrodes provided by the plurality
of flexible arms, wherein the electrodes are arranged on the
arms to obtain impedance measurements between respective
electrodes. In a preferred embodiment the plurality of flex-
ible arms are spaced around the flexible body and are
provided with an electrode pair.

[0017] Moreover, the flexible body of the electrode array
can be provided with a stiffening member adapted to flatten
part of the tissue of the living organism being diagnosed. In
a preferred embodiment of the invention, the stiffening
member is in the form of a ring and includes adhesive for
fixation to the skin.

[0018] Further, each electrode of the electrode array can
comprise an adhesive for fixation to the skin. In a preferred
embodiment the adhesive is hydrogel. In another embodi-
ment the adhesive is a gel foam pad, and particularly a gel
foam pad in the form of a well that is filled with hydrogel.

[0019] The electrode array can also include means extend-
ing at least partially between the electrodes to at least
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partially electrically isolate the electrodes from each other.
In a preferred embodiment the means comprises a ground
conductive path. Moreover, the plurality of electrodes can
comprise electrode pairs with each electrode pair having a
current electrode and a voltage electrode. In this embodi-
ment, the ground conductive path can extend at least par-
tially between the current electrode and voltage electrode.
Further, each electrode is connected to an associated termi-
nal by a conductive path and the ground conductive path can
extend at least partially between the conductive paths and
associated terminals of respective electrodes to at least
partially electrically isolate the conductive paths and the
terminals from each other.

[0020] A method of forming an electrode array from a
plurality of electrode array elements is also disclosed. Each
electrode array element comprises a body having at least one
arm extending from the body with at least one electrode
provided on the arm. The method comprises:

[0021] a) overlying the plurality of electrode array
elements at the respective bodies thereof to form a
main body of the electrode array with the arms of the
respective electrode array elements extending from
the main body in spaced relation; and

[0022] b) clamping the plurality of electrode array
elements together.

[0023] An alignment means can be provided to ensure that
the arms of the respective electrode array elements extend
around the main body of the electrode array in spaced
relation. Moreover, a retaining member is used to clamp the
plurality of electrode array elements together, and the retain-
ing member can comprise a stiffening member.

[0024] This invention also provides a method of confirm-
ing whether an electrode array for use in diagnosing a part
of a living organism has been properly connected to an
electronic module. The electrode array includes a conduc-
tive path and a connector to link the conductive path to the
electronic module. The method comprises attaching the
conductive path to a terminal of the connector, connecting
the electrode array to the electronic module using the
connector, and testing whether the conductive path is prop-
erly connected to the terminals of the connector. In the
embodiment disclosed the conductive path is a ground loop.

[0025] This invention also provides for a template for
positioning an electrode array on a part of a living organism
to be diagnosed for the presence of a disease state. The
template comprises a body having a plurality of spaced
parallel lines, and at least two alignment marks positioned
on the plurality of spaced parallel lines. The body can be
comprised of a flexible and transparent material. Moreover,
the body can be elongate in a direction perpendicular to the
parallel lines and have at least one line extending perpen-
dicular to the parallel lines. The template preferably has at
least two alignment marks positioned on the line extending
perpendicular to the parallel lines. The body of the template
can present an opening through which at least a portion of
the part of the living organism to be diagnosed is visible. The
alignment marks can be spaced around the opening.

[0026] A method of positioning an electrode array on a
part of a living organism using the template is also disclosed.
The method comprises:
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[0027] a) marking the living organism on or near the
part to be diagnosed with a line;

[0028] b) placing the positioning template on the part
to be diagnosed and aligning at least one of the
spaced parallel lines to the line marked on the living
organism;

[0029] c¢) marking on the living organism the location
of the alignment marks of the template; and

[0030] d) positioning the electrode array on the part
to be diagnosed by aligning its corresponding align-
ment marks to the markings on the living organism
from the template.

[0031] The invention also discloses a connecting member
for connecting the electrode array to a connector that elec-
trically links the electrode array to an electronic module. The
connector member comprises a retaining member to receive
the electrode array and connector in electrical contact with
respect to one another, and a clamping member to clamp the
electrode array and connector together and secure the elec-
trical contact therebetween. The clamping member com-
prises a compressive member to apply a compressive force
to the electrode array and connector. The retaining member
comprises a base and a projection extending from the base
over which a portion of the electrode array and connector
can fit. The clamping member can further include a washer
to fit over the projection of the retaining member and engage
the electrode array and connector. The base of the retaining
member can include at least one ridge extending from the
base to engage the electrode array and connector on the
opposite side from the washer. In the preferred embodiment
the projection is a threaded tube and the compressive
member is a fastening nut. Moreover, the base can further
comprise alignment pins to ensure that the electrode array
and connector are in correct electrical contact with respect to
one another.

[0032] The washer can be provided with at least one
channel adapted to fit therewithin the respective concentric
ridges extending from the base. In one of the embodiments
disclosed the washer is provided with at least two channels
with each channel adapted to fit therewithin at least one of
the ridges extending from the base. In another embodiment
the washer is provided with at least two concentric ridges
spaced to fit the respective concentric ridges extending from
the base therebetween.

[0033] A method of connecting the electrode array to the
connector that electrically links the electrode array to the
electronic module is also disclosed. The method comprises:

[0034] a)placing the electrode array and connector in
electrical contact with respect to one another; and

[0035] b) clamping the electrode array and connector
together to secure the electrical contact therebe-
tween.

[0036] Moreover, a method of minimizing the number of
connections in a conductive path of the electrode array and
the connector is disclosed. The method comprises:

[0037] a) providing a plurality of spaced unlinked
conducting surfaces on the electrode array;

[0038] b) providing a plurality of spaced unlinked
conducting surfaces on the connector, with two of
the conducting surfaces selected to be connected to
the conductive path; and
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[0039] c¢) placing the electrode array and connector in
electrical contact with respect to one another by
overlapping the spaced unlinked conductive surfaces
of the electrode array with the spaced unlinked
conductive surfaces of the connector to form a
continuous conductive path between the two selected
conducting surfaces.

[0040] In a preferred embodiment the spaced unlinked
conducting surfaces on the electrode array are spaced gen-
erally around an opening provided by the array, and the
spaced unlinked conducting surfaces on the connector are
spaced around a similar opening provided by the connector.
The two selected conducting surfaces of the connector are
adjacent to one another and a gap is provided in the spacing
of the unlinked conducting surfaces of the electrode array so
that when the electrode array and connector are placed in
overlapping relation the gap is positioned with respect to the
adjacent selected conducting surfaces of the connector so
that the continuous path does not extend directly therebe-
tween. In the preferred embodiment an alignment means is
provided to ensure that the electrode array and connector
overlie to form a continuous conductive path between the
two selected conducting surfaces. Moreover, in the embodi-
ment disclosed the conductive path is a ground conductive
path.

[0041] Further, a method is disclosed for confirming an
operable electrical contact between a plurality of spaced
unlinked conducting surfaces of an electrode array and a
plurality of spaced unlinked conducting surfaces of a con-
nector. The method comprising:

[0042] a) placing the electrode array and connector in
electrical contact with respect to one another by
overlapping the spaced unlinked conductive surfaces
of the electrode array with the spaced unlinked
conductive surfaces of the connector to form a
continuous conductive path between two selected
conducting surfaces; and

[0043] b) measuring a test signal over the conductive
path between the two selected conducting surfaces to
see if an operable electrical contact has been estab-
lished.

[0044] In the embodiment disclosed the conductive path is
a ground conductive path and electrical resistance is mea-
sured and compared to a pre-established value for an oper-
able electrical contact. Moreover, placing the electrode array
and connector in electrical contact with respect to one
another places respective terminals for electrodes of the
electrode array into electrical contact with respective con-
ductive surfaces of the connector. The test establishes
whether proper electrical contact between the respective
terminals and conductive surfaces has been established.

[0045] Further, this invention discloses apparatus for
obtaining and processing impedance measurements from an
electrode array comprising means to connect the apparatus
to the electrode array (for example, a multiplexer), means to
control the connection means to produce a sequence of
impedance measurements (for example, a multiplexer con-
troller), computer means to control the sequence controlling
means, and means connected to the computer means to
display the impedance measurements and any analyses
thereof. In a preferred embodiment the apparatus further
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comprises at least one EEPROM chip containing a selection
pattern to produce the sequence of impedance measurements
and a counter to sequence the multiplexer through the set of
impedance measurements. The display can comprise display
screen to provide monitoring of the impedance measure-
ments and analyses thereof, or a printer for hard copy of the
impedance measurements and analyses thereof.

[0046] In the embodiment disclosed each impedance mea-
surement is displayed as a grid element. Means are provided
to identify the corresponding electrodes of the electrode
array used to obtain the impedance measurement repre-
sented by a given grid element. Moreover, the identifying
means can be used to provide a value of the impedance
measurement represented by the grid element. In addition,
the display can be provided with means to indicate that the
value of the impedance measurement represented by the grid
element does not correspond to a predetermined expected
value.

[0047] A method of testing a multiplexer of this invention
using two substantially identical multiplexers is also dis-
closed. The method reversely operates one of the multiplex-
ers. The method comprises:

[0048] a) connecting the respective outputs of the two
multiplexers to one another;

[0049] b) providing a calibration load to the input of
the reversely operating multiplexer;

[0050] c) simultaneously controlling operation of the
two multiplexers through a sequence of identical
output selections; and

[0051] d) measuring the calibration load through the
input of the normally operating multiplexer.

[0052] In particular, the measurement of the calibration
load is an impedance measurement.

[0053] This invention also provides for a number of meth-
ods for diagnosing the possibility of a disease state in one of
first and second substantially similar parts of a living organ-
ism. One method comprises:

[0054] a) obtaining a plurality of impedance mea-
surements across predetermined portions of each of
the parts to produce first and second sets of imped-
ance measurements, the first set for the first part and
the second set for the second part, and wherein each
measurement of the first set has a corresponding
measurement in the second set when taken across
corresponding portions of each of the parts;

[0055] b) identifying the set with a lower mean
impedance value;

[0056] c) creating an absolute difference set by sub-
tracting each measurement of the set with the lower
mean impedance value from the corresponding mea-
surement of the other set; and

[0057] d) analyzing the absolute difference set to
diagnose the possibility of a disease state.

[0058] In the embodiment disclosed each of the first and
second sets are arranged in respective mathematical matri-
ces, and the absolute difference set is an absolute difference
matrix. The absolute difference matrix can be used to
calculate a matrix norm that is compared to a pre-established
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threshold to diagnose the possibility of a disease state. The
absolute difference matrix can also be used to calculate a
matrix determinant that is compared to a pre-established
threshold to diagnose the possibility of a disease state.
Moreover, a sum of all of the elements in the absolute
difference matrix can be calculated and compared to a
pre-established threshold to diagnose the possibility of a
disease state.

[0059] A visual display for diagnosing the possibility of a
disease state and its location can also be provided by
obtaining a sum of the values in each of the absolute
difference matrix columns, then representing these sums in
a graph, for example, as bar heights in a 2D graph. Another
visual display can be obtained for diagnosing the possibility
of a disease states and its location by plotting the value of
each element in the absolute difference matrix as a function
of the location of the value in the matrix. Such a plot can be
in 3D.

[0060] Another method of diagnosing the possibility of a
disease state in one of first and second substantially similar
parts of a living organism comprises:

[0061] a) obtaining a plurality of impedance mea-
surements across predetermined portions of each of
the parts to produce first and second sets of imped-
ance measurements, the first set for the first part and
the second set for the second part, and wherein each
measurement of the first set has a corresponding
measurement in the second set when taken across
corresponding portions of each of the parts;

[0062] b) creating a relative difference set by calcu-
lating the relative differences between each measure-
ment from the first set with the corresponding mea-
surement of the second set; and

[0063] c) analyzing the relative difference set to
diagnose the possibility of a disease state.

[0064] Again, each of the first and second sets can be
arranged in respective mathematical matrices, and the rela-
tive difference set is an relative difference matrix. The
relative difference matrix can be used in a similar manner as
the absolute difference matrix to diagnose the possibility of
a disease state.

[0065] A further method comprises:

[0066] a) obtaining a plurality of impedance mea-
surements across predetermined portions of each of
the parts to produce first and second sets of imped-
ance measurements, the first set for the first part and
the second set for the second part, and wherein each
measurement of the first set has a corresponding
measurement in the second set when taken across
corresponding portions of each of the parts;

[0067] b) calculating an impedance range by sub-
tracting the minimum impedance measurement from
either of the first and second sets from the maximum
impedance measurement from such sets;

[0068] c) creating a plurality of numbered bin by
subdividing the impedance range into smaller range
sizes, then numbering the smaller range sizes con-
secutively;
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[0069] d) assigning a bin number to each of the
impedance measurements from the first and second
sets;

[0070] e) creating a bin difference set by subtracting
the bin number of each impedance measurement
from one of the first and second sets from the bin
number of each corresponding impedance measure-
ment of the other set; and

[0071] ©) analyzing the bin difference set to diagnose
the possibility of a disease state.

[0072] In this method, a sum of all of the bin difference
values in the bin difference set is calculated and compared
to a pre-established threshold to diagnose the possibility of
a disease state.

[0073] A similar method comprises:

[0074] a) obtaining a plurality of impedance mea-
surements across predetermined portions of each of
the parts to produce first and second sets of imped-
ance measurements, the first set for the first part and
the second set for the second part, and wherein each
measurement of the first set has a corresponding
measurement in the second set when taken across
corresponding portions of each of the parts;

[0075] b) calculating a first impedance range for the
first set by subtracting the minimum impedance
measurement from the maximum impedance mea-
surement of that set, and calculating a second imped-
ance range for the second set by subtracting the
minimum impedance measurement from the maxi-
mum impedance measurement of that set;

[0076] c) creating a plurality of first numbered bins
by subdividing the first impedance range into a first
set of smaller range sizes, then numbering the first
set of smaller range sizes consecutively, and creating
a plurality of second numbered bins by subdividing
the second impedance range into a second set of
smaller of range sizes, then numbering the second set
of smaller range sizes consecutively;

[0077] d) assigning one of the first bin numbers to
each of the impedance measurements from the first
set, and assigning one of the second bin numbers to
each of the impedance measurements from the sec-
ond set;

[0078] e) creating a bin difference set by subtracting
the bin number of each impedance measurement
from one of the first and second sets from the bin
number of each corresponding impedance measure-
ment of the other set; and

[0079] ©) analyzing the bin difference set to diagnose
the possibility of a disease state.

[0080] In the embodiment disclosed a sum of all of the bin
difference values in the bin difference set is calculated and
compared to a pre-established threshold to diagnose the
possibility of a disease state.

[0081] Yet a further method of diagnosing the possibility
of a disease state in one of first and second substantially
similar parts of a living organism comprises:
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[0082] a) obtaining a plurality of impedance mea-
surements taken between a predetermined plurality
of points encircling the parts to produce first and
second sets of impedance measurements, the first set
for the first part and the second set for the second
part, and wherein each measurement of the first set
has a corresponding measurement in the second set
when taken between a corresponding plurality of
points;

[0083] b) assigning a bin number to each of the
impedance measurements from the first and second
sets;

[0084] c¢) producing a bin chord plot for each of the
parts by graphically depicting the plurality of points
as nodes on an encircling path for each part and the
impedance measurements taken between the plural-
ity of points as a chord extending between the
respective nodes;

[0085] c¢) dividing each graphical depiction encir-
cling each part into sectors; and

[0086] d) analyzing the bin chords that converge on
a given node within a sector to diagnose the possi-
bility of a disease state.

[0087] In the embodiment disclosed each sector graphi-
cally displays the total number of bin chords that converge
on all the nodes included within that sector. Moreover, in the
preferred embodiment the difference between corresponding
bin chords for each part is plotted as a bin difference chord
on the graphical depiction for the part having a lower bin
number. The calculation of the number of bin difference
chords that converge on a given node is then weighted
depending on the differences between bin numbers from the
first set and corresponding bin numbers from the second set.

[0088] Yet a further method of diagnosing the possibility
of a disease state in one of first and second substantially
similar parts of a living organism is disclosed. The method
comprises:

[0089] a) obtaining a plurality of impedance mea-
surements taken between a predetermined plurality
of points encircling the parts to produce first and
second sets of impedance measurements, the first set
for the first part and the second set for the second
part, and wherein each measurement of the first set
has a corresponding measurement in the second set
when taken between a corresponding plurality of
points;

[0090] b) producing a pixel grid from a chord plot
produced by the impedance measurements taken
between the plurality of points; and

[0091] c¢) analyzing the pixel grid to diagnose the
possibility of a disease state.

[0092] For this method the intensity of a pixel in the pixel
grid is determined from the chords that pass through the
pixel, i.e., by the number of chords that pass through the
pixel, the size of the segments of the chords that pass
through the pixels, and the impedance values of the chords
that pass through the pixels. The intensity of the pixels can
be equalized to account for differences in the number of
chords that can pass through the various pixels and the size
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of the segments of the chords that pass through the pixels.
Once equalized the pixel intensity indicates only impedance
value.

[0093] Moreover, a pixel difference set can be created by
subtracting the pixel impedance value from one of the first
and second sets from the pixel impedance value of each
corresponding pixel of the other set. In this method, a sum
of all of the difference values in the pixel difference set is
calculated and compared to a pre-established threshold to
diagnose the possibility of a disease state.

[0094] The intensity of the pixels is displayed visually and
can be generated by a computer to produce a plurality of
levels that represent different impedance values. In a pre-
ferred embodiment the visual display generated by the
computer has 256 intensity levels for representing different
impedance values.

[0095] The pixel grid can be a pixel algebraic difference
plot derived by subtracting corresponding impedance pixel
measurements taken between the plurality of points of the
first part and the second part. Further, the pixel grid can be
a pixel relative difference plot derived by calculating the
relative difference between corresponding impedance pixels
from the plurality of points of the first and second part.

[0096] Further, for either pixel algebraic difference plots
or for pixel relative difference plots the range of pixel
impedance intensity can be scaled with a scale factor,
derived for algebraic difference plots and for relative dif-
ference plots, pre-established such that the scale factor for
the respective plot types, when applied to a subject having
maximum observed pixel difference, would result in the
maximum pixel intensity level of 256.

[0097] Yet further, for either pixel algebraic difference
plots or for pixel relative difference plots the pixel grid can
be divided into sectors with each sector graphically display-
ing the sum of the impedance values for all pixels that are
within the sector.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

[0098] For a better understanding of the present invention
and to show more clearly how it may be carried into effect,
reference will now be made, by way of example, to the
accompanying drawings, which show a preferred embodi-
ment of the present invention and in which:

[0099] FIG. 1 is an illustration of a four electrode imped-
ance measurement technique;

[0100] FIG. 2 is an illustration of one embodiment of a
breast electrode array;

[0101] FIG. 3 is an illustration of a positioning template
for a breast electrode array;

[0102] FIG. 4 shows a modification of the breast electrode
array of FIG. 2, and an implementation of lead wiring;

[0103] FIG. 5 is an illustration of an alternative embodi-
ment of the breast electrode array of the invention;

[0104] FIG. 5A is a cross-sectional view of the breast
electrode array taken along the lines A-A of FIG. §;

[0105] FIG. 6 illustrates electrical wiring of the breast
electrode array of FIG. 5;
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[0106] FIG. 7A is an illustration of a flexible ribbon cable
for electrical connection to the breast electrode array of FIG.
5;

[0107] FIG. 7B provides detail of the electrical wiring of
the flexible ribbon cable of FIG. 7A,;

[0108] FIG. 8 is an illustration of a three-part cable
retainer used for attaching the breast electrode array of FIG.
5 to the flexible ribbon cable of FIG. 7A;

[0109] FIG. 9A-1 provides detail of a base part of the
cable retainer of FIG. §;

[0110] FIG.9A-2 is a cross-sectional view of the base part
taken along the lines A-A of FIG. 9A-1;

[0111] FIG. 9B-1 provides detail of the washer part of the
cable retainer of FIG. §;

[0112] FIG. 9B-2 is a cross-sectional view of the washer
part taken along the lines B-B of FIG. 9B-1;

[0113] FIG. 9C-1 provides detail of another embodiment
of the washer part of the cable retainer of FIG. 8;

[0114] FIG. 9C-2 is a cross-sectional view of the washer
part of FIG. 9C-1 taken along the lines C-C;

[0115] FIG. 9D is a sectional view of the breast electrode
array connected to the flexible ribbon cable using the
three-part cable retainer;

[0116] FIG. 9E is an enlarged sectional view of the area
indicated as 9E in FIG. 9D, illustrating the compressive
action of the base and washer parts of the cable retainer of
FIG. 8 against the flexible ribbon cable of FIG. 7A and the
breast electrode array of FIG. 5;

[0117] FIG. 10 is an illustration of a modification of the
breast electrode array of FIG. 5 showing alternative elec-
trical wiring;

[0118] FIGS. 11A and 11B illustrate further alternative
multi-arm electrode arrays;

[0119] FIG. 12 is a block diagram of a data acquisition
and analysis apparatus used in the invention;

[0120] FIG. 12A illustrates a method of testing the data
acquisition and analysis apparatus used in the invention;

[0121] FIG. 13A is an illustration of a display screen of
the apparatus of FIG. 12;

[0122] FIG. 13B provides further detail about the imped-
ance display of FIG. 13A;

[0123] FIG. 14 is an illustration of a bin difference chord
plot and node counts;

[0124] FIG. 15A is an illustration of a tissue impedance
distribution shown as a pixel plot, where all tissue imped-
ances have been idealized as being equal;

[0125] FIG. 15B is a numerical representation of the pixel
values of the plot of FIG. 15A;

[0126] FIG. 16A is a pixel impedance difference plot
obtained from the same data as used in FIG. 14; and

[0127] FIG. 16B is a pixel equalized version of the plot of
FIG. 16A.
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DESCRIPTION OF PREFERRED EMBODIMENT

[0128] Electrical Impedance and the Four Electrode Mea-
surement Technique

[0129] Electrical impedance is measured by using four
electrodes as shown in FIG. 1. The outer pair of electrodes
1 is used for the application of current 1, and the inner pair
of electrodes 2 is used to measure the voltage V that is
produced across a material, such as tissue 3, by the current.
The current I flowing between electrodes 1 is indicated by
the arrows 4. The impedance Z is the ratio of V to [; i.e.,

~| =<

[0130] By using separate electrode pairs for current injec-
tion and voltage measurement polarization effects at the
voltage measurement electrodes are minimized and a more
accurate measurement of impedance can be produced.

[0131] Impedance consists of two components, resistance
and capacitive reactance (or equivalently, the magnitude of
impedance and its phase angle). Both components are mea-
sured, displayed, and analyzed in the present invention.
However, for the purpose of explanation of the invention,
only resistance will be used and will interchangeably be
referred to as either resistance or the more general term
impedance.

[0132] Breast Electrode Arrays

[0133] FIG. 2 discloses a breast electrode array 5 of the
invention that has sixteen electrode pairs, each pair consist-
ing of an outer electrode 8 for current injection and an inner
electrode 9 for voltage measurement. To simplify the figure,
conductive pathways and electrical connectors are not
shown. The illustrated implementation of the array has a
main section 6 and a tail section 7. Sixteen pairs of rectan-
gular electrodes in circular orientation are shown, but there
are many alternatives that could be advantageously used
with the present invention: more or fewer electrode pairs;
different electrode shapes and sizes; other shapes for the
main body and tail sections of the array; and other geometri-
cal arrangements of the electrodes, e.g., radial sectors with
three or more electrodes. Regardless of the electrode
arrangement, four electrodes must be used for each imped-
ance measurement, two electrodes between which current is
injected, and two electrodes across which voltage is mea-
sured. They need not necessarily be physically inner and
outer as shown in FIG. 2.

[0134] The electrodes 8 and 9 are made of an electrically
conductive, self-adhesive material such as a hydrogel so that
when the array is positioned on the skin and pressed against
it, the adhesive quality of the electrodes assures good skin
fixation. Alternatively, adhesive material can be used at
various positions on the main section 6 and/or the tail section
7 of the array for fixation of the array. In order to assure
impedance is measured in all regions of the breast, electrode
arrays 5 are made in different sizes for use in women with
different breast cup sizes.

[0135] The backing material of breast electrode array 5
must be flexible in all directions (for purposes of illustration
amaterial flexible in all directions is, for example, cotton but
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not, for example, a material like polyester which when
flexed in one direction becomes rigid in the transverse
direction) in order to conform to the breast surface and
ensure good electrode contact. The backing material must
also allow for the deposition of conductive ink to provide the
electrical pathways for the electrodes. An example of a
material that meets all these requirements is Tyvek® Dupont
polyethylene fibre. Shape conformity is further aided by
cutouts or darts 11. The darts 11 can be placed at various
positions at the inner edge of the main section 6, or the outer
edge, or combinations thereof.

[0136] More accurate and consistently identical placement
of electrode arrays on both breasts is aided by positioning
the alignment marks 10 shown at four locations on the inner
edge of the main section 6 of breast electrode array 5 over
alignment marks put on the skin using positioning template
12 having a body made of flexible, transparent material 13,
shown in FIG. 3. Placement of these marks is uniquely
identified by one point (the centre of the nipple) and one
angle or equivalently one axis (the vertical axis of the body).
This axis can be identified by using a plumb line while the
subject is standing or sitting erect, and marking a vertical
axial line on the skin. Template 12 is positioned on the breast
with central cutout 16 centered about the nipple. The tem-
plate is then rotated so that lines 15 are parallel to the marked
vertical axis of the body. Providing template 12 with several
lines 15 facilitates vertically aligning lines 15 and the
marked vertical axis of the body by using one or more of the
lines 15 closest to the marked vertical axis of the body. The
transparency of template 12 allows its reversal for use on
both sides of the body. There are four smail holes 18, two on
vertical axis 14 and two on horizontal axis 17 which
correspond exactly to the alignment marks 10 of breast
electrode array 5. An ink or other mark is made on the skin
surface through the holes 18 of the positioning template 12.
The template is then removed and the electrode array is
applied with its alignment marks 10 aligned with the ink
marks on the skin.

[0137] FIG. 4 discloses breast electrode array 19, which is
a modification of breast electrode array 5 of FIG. 2. FIG. 4
also shows an implementation of electrode lead wiring 20
(conductive paths) and connectors 21, the latter for insertion
into a cable attached to the front end electronic module of
the invention, to be described later. The darts 11 of breast
electrode array 5 are not shown in breast electrode array 19,
but they can be beneficially used in the breast electrode array
of FIG. 4. The tail section 23 of the breast electrode array
19 can be made angular as shown in FIG. 4 to point inwards
toward the body midline in order to facilitate connection to
the cable of the front end module that is positioned centrally
on the subject or close to the upper mid-chest. Right and left
side arrays differ in that their tails 23 are mirror images, each
angled appropriately toward the body midline.

[0138] Breast electrode array 19 includes a special con-
ductive path, terminating at connectors 25 and 26, to form an
electrical ground loop 24. Ground loop 24 improves the
isolation of current injection electrodes 28 from voltage
measurement electrodes 29. Moreover, ground loop 24
allows for an electrical test to confirm that right and left side
arrays have been applied to the correct side. One limb of the
ground loop 24 attaches to a terminal for connector 25 on
arrays intended for the right breast; this same limb is
removed from connector 25 and is attached to a terminal of
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one of the unused connectors 27 on arrays intended for the
left breast. Testing for expected right or left side continuity
of the ground loop 24 identifies right and left side arrays.

[0139] The array tail 23 may be longer or shorter, angled
or straight, of various shapes (e.g., hour glass), and made
narrower by reducing the separation of the conductive paths
20 or double-sided printing of the paths with corresponding
use of a double sided electrical connector. Alignment marks
30 are used identically to their counterparts 10 in breast
electrode array § as shown in FIG. 2.

[0140] FIGS. 5 and 5A disclose an alternative, preferred
breast electrode array 31 of the invention. Sixteen array arms
32 are shown (see FIG. 5), spaced around a body 32'. Each
array arm 32 is provided with a current injection electrode
33 and voltage measurement electrode 34. Other embodi-
ments could have fewer arms, or more, narrower arms. The
backing material 35 for electrode array 31 is thin, typically
about 0.005 inch, is preferentially transparent, and when
flexed in one direction becomes relatively inflexible in all
other directions. The surface of this material must be print-
able with conductive ink and accept self-adhesive electrode
material such as hydrogels. An example of such a material
suitable for this invention is polyester film. The backing
material 35 has a central cutout 36 through which cable
retainer 62, to be described later, fits. Breast electrode array
31 has a stiffening ring 37, concentric with cutout 36,
attached to it. Stiffening ring 37 is flat, about 0.06 inch thick,
and is 16-sided. Each of its sides is aligned with the base of
an array arm 32. Although not illustrated, the sharp junction
38 between each array arm is preferentially replaced by a
small radius cutout to prevent tearing of backing material 35
at that point. Stiffening ring 37 is attached using a suitable
adhesive or other means to breast electrode array 31 on the
side meant to face the subject’s skin. The free side of
stiffening ring 37 has an adhesive applied to it so that it, in
turn, will attach to the skin. There are a number of alignment
marks 39 printed on breast electrode array 31. These marks
are matched to erasable markings applied to the breast,
using, for example, template 12 as illustrated and discussed
in FIG. 3 above, to ensure accurate positioning of the array
to each breast. One of the alignment marks 39 has an arrow
40 associated with it to indicate that the axis defined by
arrow 40 is to be parallel to the vertical axis of the body.
Backing material 35 can also be provided with alignment
holes 41 to accept pins of a cable retainer, in a manner to be
described.

[0141] As illustrated in FIG. 5A current injection elec-
trode 33 and voltage measurement electrode 34 are com-
prised of two components: a base layer of conductive ink 33'
and a conductive adhesive layer 33'. One common conduc-
tive adhesive is hydrogel, used in applications such as
electrocardiography. The hydrogel, which is liquid before it
is cured, can be applied to the conductive ink electrode base
layer in several ways. One method is to use a hydrogel
whose surface tension properties cause it to have a relatively
high affinity to conductive ink and low affinity to polyester.
As such, the hydrogel can be applied in liquid form where
it will distribute evenly over the conductive base layer made
the exact size and shape of the electrode. Following appli-
cation, the hydrogel is cured to solidify. Another method
uses adhesive gel foam pads with a cutout of the size and
shape of the electrodes. The gel foam pads are applied to the
polyester to form a well with the conductive layer as its base.
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The well is filled with hydrogel, which is then cured.
Another method uses solidified, cured sheets of hydrogel
that are cut to proper electrode size and shape and applied to
the conductive layer base. The non-skin side of backing
material 35 has a thin, transparent layer of insulation,
covering all of that side of breast electrode array 31 except
for an inner circular portion corresponding to the inner
diameter 47 (shown as dashed lines) of stiffening ring 37 as
shown in FIG. 6. The insulation shields the conductive paths
from accidental contact with the subject’s skin. The adhesive
surfaces of stiffening ring 37 and electrodes 33 and 34 are
protected before use by a removable covering with a release
liner.

[0142] FIG. 6 shows one example of electrical wiring of
breast electrode array 31. Conductive paths 42, 43 and 44 are
printed on the side of backing material 35 away from the
subject’s skin (non-skin side). Conductive paths 42 and 43
extend through through-holes (not illustrated) to the side of
backing material 35 toward the subject’s skin (skin side) to
form electrical connections with a generally identical con-
ductive ink that forms the base layer of current injection
electrodes 33 and voltage measurement electrodes 34
respectively.

[0143] Conductive paths 42 and 43 connect on their other
ends to connector tabs 45. There are also 16 ground con-
ductive paths 44, one each positioned between current
injection electrodes 33 and voltage measurement electrodes
34 and their conductive paths 42 and 43, to enhance elec-
trical isolation and reduce cross-talk between these circuit
elements. Ground conductive paths 44 connect to connector
tabs 46. Note the repeating sequence of two adjacent current
paths 42 connected to two adjacent connector tabs 45, an
intervening ground path 44 connected to its connector tab
46, then two adjacent voltage paths 43 connected to two
adjacent connector tabs 45, with the insertion of a ground
path between all current and voltage connector tabs 45,
results in further reduction of cross-talk between current and
voltage circuit sides. The trapezoidal shape of connector tabs
46 serve a special function, as will be described in the
following section.

[0144] FIG. 7A discloses a flexible, flat ribbon cable pair
48 constructed of separate ribbons 49 and 50 each of which
contain 34 conductive paths, not shown in the figure, that
terminate on one end at connector tabs 51 and 52 of the
circular connector rings 53. These rings have a central cutout
54 whose diameter is identical to substantially that of central
cutout 36 of breast electrode array 31. The conductive paths
of ribbons 49 and 50 terminate at their other end at separate
rows of a standard two-row, 72-pin connector 55, which in
turn attaches to a mating connector of a front-end electronic
module of the invention, to be described later. As is standard
practice for the manufacture of flexible circuits, the ribbons
49 and 50 are polyimide material, copper is used for the
conductive paths, and connector tabs 51 and 52 are copper
with a tin/lead coating. Each ribbon 49 and 50 has its thirty
four conductive paths printed in standard double-sided man-
ner. Sixteen of the conductive paths serve current injection
electrodes, sixteen serve voltage measurement electrodes,
and two conductive paths connect to electrical ground,
although in general more ground connections could be used.
Both surfaces of ribbons 49 and 50 are insulated with a thin
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polyimide layer 56 except for an inner uninsulated portion of
connector rings 53 defined by a diameter 57 at the outside
edge of connector tabs 51.

[0145] FIG. 7B provides detail of the electrical wiring of
connector ring 53 and the adjacent portion of ribbon 49 or
50. Double-sided printing of conductive paths is indicated
by solid lines 58 for one side and dashed lines 59 for the
other side. One conductive path terminates in each connec-
tor tab 51. However, there are only two connections 60 made
by conductive paths with ground connector tabs 52, leaving
the remaining 14 ground connector tabs 52 to be connected
in a manner to be described in the following section.
Ribbons 49 and 50 can also be provided with alignment
holes 61, as indicated in the figure, to accept alignment pins
of a cable retainer, as described below. Two alignment holes
61 are indicated in FIG. 7B but more could be used. The
position of such alignment holes could be different for
ribbons 49 and 50 to provide a method of detection and/or
prevention of reversal of an electrode array, or right-left
electrode array interchange.

[0146] A connector member is disclosed for attaching the
breast electrode array 31 to each of the flexible ribbons 49
and 50. The connecting member comprises a retaining
member to receive the electrode array and the flexible
ribbons in electrical contact with respect to one another, and
a clamping member to clamp the electrode array and flexible
ribbons together and secure the electrical contact therebe-
tween. In the embodiment illustrated in FIG. 8 the connector
member is cable retainer 62. Cable retainer 62 has three
components: a base part 63, a washer 64, and a fastening nut
65. These components are fabricated from a material such
as, for example, Delrin® Dupont acetyl copolymer because
of its strength, stiffness, hardness, dimensional stability, and
electrically non-conductive properties. Other materials, with
a similar combination of properties, could also be used. Base
part 63 consists of a flat annular flange 66 and a central,
hollow, threaded cylindrical tube 67. Annular flange 66 has,
on its surface, two concentric ridges 68 and two alignment
pins 69. These pins can be fabricated from a material such
as Delrin® or a metal such as stainless steel. More detail of
base part 63 is shown in FIGS. 9A-1 and 9A-2 where the
same identification numbers as in FIG. 8 apply. As particu-
larly shown in FIG. 9A-2 ridges 68 have tapered sides that
facilitate alignment with matching and preferably tapered
channels, such as channels 70 of washer 64 as illustrated in
FIG. 9B-2.

[0147] Washer 64, as illustrated in FIGS. 9B-1 and 9B-2
has two circular channels 70 and two alignment holes 71. An
alternative embodiment of washer 64 is washer 72, illus-
trated in FIGS. 9C-1 and 9C-2. In this embodiment washer
72 has two circular ridges 73 and 74 that form with the main
body of washer 72 a channel-like formation, and two align-
ment holes 75. As illustrated in FIG. 9C-1 the outer ridge,
ridge 73, is higher than the inner ridge, ridge 74.

[0148] The third component of cable retainer 62 of FIG.
8 is fastening nut 65. It has a knurled knob 76, flange 77, and
interior thread 78.

[0149] FIG. 9D shows an assembled breast electrode
array 31, flexible ribbon cable 48, and cable retainer 62 with
its base part 63, washer 72, and fastening nut 65.

[0150] In operation, breast electrode array 31 is connected
to the flexible ribbon cable pair 48 as follows. The threaded
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cylindrical tube 67 of base part 63 of cable retainer 62 is
inserted into the central cutout 36 of breast electrode array
31 from the skin side of the array, the side that has the
attached stiffening ring 37, with alignment pins 69 of base
part 63 inserted through alignment holes 41 of breast elec-
trode array 31. The diameter of annular flange 66 of base
part 63 is slightly less than that of the inner diameter of
stiffening ring 37 and the height of annular flange 66 is less
than that of the stiffening ring in order to ensure that
stiffening ring 37 makes contact with the skin of the breast.
At this point, the protective adhesive covering of stiffening
ring 37 can be removed and breast electrode array 31,
containing base part 63 within it, is centered about the
nipple. Before stiffening ring 37 is pressed into firm contact
with the skin, breast electrode array 31 is brought into
correct rotational alignment. This is accomplished by direct-
ing arrow 40 of alignment mark 39 (sece FIG. 5) upward
toward the head, then superimposing all alignment marks 39
directly over the skin markings previously applied with the
aid of a positioning template such as template 12 described
in FIG. 3. Optionally, the assembly of the breast electrode
array to the flexible ribbon cable can be completed before
the array is attached to the breast.

[0151] Connector ring 53 of flexible ribbon cable 48 is
then slipped onto cylindrical tube 67 of base part 63 so that
the following conditions are satisfied: (1) the exposed elec-
trode tabs 51 and 52 of connector ring 53 face electrode tabs
45 and 46 of breast electrode array 31; (2) alignment holes
61 of the connector ring 53 engage alignment pins 69 of base
part 63; and (3) flexible ribbon cable 48 is oriented such that
72-pin connector 55 is directed toward the subject’s head.
Satistying these conditions will cause electrode tabs 51 of
connector ring 53 to fully overly electrode tabs 45 of breast
electrode array 31 and cause trapezoidal electrode tabs 52 of
connector ring 53 to be staggered with and slightly overlap
trapezoidal electrode tabs 46 of breast electrode array 31
making a continuous electrical path. This aspect of the
invention has two features. Firstly, since electrode tabs 46
and 52 form a continuous electrical path between the two
ground connections 60, shown in FIG. 7B, only two ground
conductive paths are required. Secondly, it provides an
electrical test of proper application of connector ring 53 to
breast electrode array 31 because any application other than
the correct one, will cause a break (open circuit) in the
continuous electrical path and indicate, as well, that elec-
trode tabs 51 of connector ring 53 are not aligned correctly
with electrode tabs 45 of breast electrode array 31. Choice
of size, shape, and degree of overlap of mating electrodes
tabs 46 and 52 establishes the desired degree of rotational
misalignment sensitivity, and measuring the resistance of the
conductive paths serving these electrode tabs could also be
used to provide an indication of the degree of misalignment
and the contact pressure. Other implementations of this
technique are possible by varying the number and pattern of
missing connections to ground electrode tabs, then relying
on establishing a ground connection circuit that requires
correct rotationally staggered alignment of ground electrode
tabs on connector ring 53 and breast electrode array 31.

[0152] Following the attachment of connector ring 53 to
cylindrical tube 67 of base part 63, washer 72 and fastening
nut 65 are, in turn, applied to cylindrical tube 67. Washer 72
is rotated so that its alignment holes 71 engage into align-
ment pins 69 of base part 63, thereby preventing rotation of
washer 72. Moreover, washer 72 (or washer 64) alone, or in
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combination with flexible ribbon cable 48 and breast elec-
trode array 31, is of a height at least as great as that of
alignment pins 69, as shown in FIGS. 9D and 9E. Fastening
nut 65 can then be turned to bring washer 72 firmly into
contact with connector ring 53. In this manner, electrode
tabs 51 and 52 of connector ring 53 are brought in contact
with electrode tabs 45 and 46 of breast electrode array 31.
This contact is secured by the effects of the compressive
force against the flexible polyimide material of connector
ring 53 and the flexible polyester of breast electrode array 31
as they are clamped between the ridges 68 of base part 63
and the complementary ridges 73 and 74 of washer 72, or
alternatively the complementary channels 70 of washer 64.
The compressive force bends the flexible substrates causing
them to act in the manner of a dish spring in which the ridges
68 of base part 63 are the fulcrum points of a circular bent
beam as illustrated in FIG. 9E. This action also produces a
desirable contact wiping action of the electrode tabs as the
flexible substrates assume a slight dish shape under com-
pression. The contacting surfaces of the washer and the
fastening nut of cable retainer 62 can be designed with
matching bumps on one part and holes on the other, or
staggered bumps on both surfaces, to provide tactile and
audible guides to the degree of compression. Locking of
bumps into holes, or abutment of surface bumps, could also
provide additional assurance against unscrewing.

[0153] Once breast electrode array 31 is connected to the
flexible ribbon cable 48 in a correct orientation, and attached
to the breast by the adhesive material on stiffening ring 37,
attachment of all electrodes 33 and 34 can proceed accu-
rately and reproducibly. In particular, the action of stiffening
ring 37, which is flat, is to force the skin of the attached
breast into the same, flat plane. Therefore, each array arm
32, as it originates from a straight side of stiffening ring 37
will, as it is gently pressed radially outward, easily flex and
conform to the contour of the breast surface, while at the
same time the arm becomes rigid and inflexible along any
other direction but its radial contour because of the nature of
the polyester film, as previously described. The application
process is completed by pressing and attaching self-adhesive
electrodes 33 or 34 at the end of each array arm 32 (once
their protective covering has been removed) to the skin in a
true radial position. The combination of these features—the
flattening of the skin by the stiffening ring, the design of a
many sided stiffening ring to provide each array arm with a
straight axis around which to flex, the preferred bending of
the array material in its initial direction of flexing as the
array arm conforms to the breast surface, and conversely its
rigidity in all other directions—all ensure consistent inter-
electrode spacing (equal in the example used), and repro-
ducible, accurate side-to-side electrode positioning, all nec-
essary conditions for the meaningful use of homologous
electrical impedance analysis as described in this invention.

[0154] FIG. 10 discloses breast electrode array 79, a
modification of breast electrode array 31, that shows alter-
native electrical wiring. In this modification one of the array
arms has been widened and elongated to form a connecting
tail section 80 similar to that of breast electrode array 19 of
FIG. 4. The positions of current injection electrode 81 and
voltage measurement electrode 82 have not been changed to
maintain, in this instance, the identical geometrical pattern
of all electrodes as in breast electrode array 31. Widening of
the array arm allows conductive paths 83 and 84, from the
remaining fifteen pairs of current injection electrodes 85 and
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voltage measurement electrodes 86 respectively, to be
routed in connecting tail 80 along with conductive paths
serving electrodes 81 and 82. Double-sided printing of
conductive paths is indicated by solid lines for one side and
dashed lines for the other side. All conductive paths termi-
nate at connectors 86 and, in general, all the features
attributed to tail section 23 of FIG. 4, such as the use of
ground connectors 87 for confirmation of correct right and
left side breast electrode array placement, are equally appli-
cable here. The use of ground conductive paths for improved
isolation of current injection and voltage measurement cir-
cuit sides, although not shown, could be implemented either
as intervening conductive paths and/or areas of conductive
ink.

[0155] FIGS. 11A and 11B disclose an alternative method
of effecting multi-arm electrode arrays. In particular FIG.
11A discloses a basic four-arm electrode array 88. It has
conventional adhesive hydrogel current injection electrodes
89 and voltage measurement electrodes 90 on thin, trans-
parent polyester film. Each arm 91 of the array has align-
ment marks 92 and alignment holes 93. There is a central
cutout 94 that in use is centered about the nipple. For
simplicity of illustration, electrical wiring is not shown.
Other basic arrangements, with fewer or more arms, com-
binations of different length arms, and arms equally or
unequally rotated from one another, could be used to create
various sized and shaped electrode arrays. In addition, there
could be three or more electrodes on each arm 91 to measure
impedance radially or in other geometric configurations.

[0156] FIG. 11B shows a plan view, electrode side, of the
assembly of four of the four-arm electrode arrays 88 into a
sixteen-arm electrode array 95. Electrode arrays 88 are held
together by engaging their cutouts 94 over the threaded
hollow cylinder 97 (bottom only can be seen) of array
retainer 96, rotating them into predetermined positions by
further engagement of their alignment holes 93 with align-
ment pins 98 (bottom only can be seen) of array retainer 96,
followed by clamping with a washer and nut over threaded
hollow cylinder 97. The bottom of array retainer 96 is
similar to stiffening ring 37 in that its bottom surface is
generally flat and stiff with an adhesive covering for pro-
viding initial attachment of the assembly to the skin. For
reasons stated for stiffening ring 37 of breast electrode array
31, array retainer 96 forces the skin surface attached to it into
a flat plane. Correct positioning of electrode array 95 on the
breast is obtained by overlying its alignment marks 92 with
ink marks placed on the skin with a positioning template, as
previously described.

[0157] In general, electrodes in various disclosures herein
have been depicted as rectangular, and electrode pairs posi-
tioned side-by-side. A number of other configurations could
beneficially be used, including electrodes of various shapes
including but not limited to circular, ovoid, annular, and
C-shaped. Current injection and voltage measurement elec-
trodes need not be of similar shape, nor be the same size or
be side by side. For example, a C-shaped voltage measure-
ment electrode and a small, circular current injection elec-
trode positioned between the open ends of the C-shaped
voltage measurement electrode may have advantages of size
and effectiveness.

[0158] Impedance Data Acquisition

[0159] FIG. 12 discloses a block diagram of the data
acquisition and analysis apparatus 99 for automatically
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measuring, processing and analyzing impedance data. For
the purposes of illustration, the apparatus 99 will be
described as employed for screening, locating and diagnos-
ing breast cancer. However, it should be recognized that the
method and apparatus of the invention could be employed in
a similar manner for screening or diagnosis at other body
sites and for other conditions and diseases. Breast electrode
arrays 100 have, for this example, sixteen pairs of electrodes
as in the preferred breast electrode array 31 of FIG. 5. As
previously described, the four electrode technique is used to
measure electrical impedance (or its reciprocal, admittance).
A continuous 50 kilohertz sine wave current of constant
amplitude I is applied between two current injection elec-
trodes in the outer circumference 101 of an electrode array,
and the resultant voltage V is measured between two voltage
measurement electrodes in the inner circumference 102 of
the electrode array. The positioning of current electrodes in
an outer circumference, and voltage electrodes in an inner
circumference is not exclusive for the invention; many other
arrangements and configurations of electrodes could be
used. Use of a 50 kilohertz sine wave is standard practice for
many bioimpedance applications, but there is an extended
range of useable frequencies and, to a lesser degree, other
waveforms. Impedance Z is calculated from
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[0160] As will be described later, with the illustrated
embodiment, three hundred and thirty such impedance val-
ues are obtained (scanned) for each breast.

[0161] Apparatus 99 has as its major components front-
end module 103, main module 104, and laptop PC 105.
There is also a printer 106 for a hard copy of reports and
results. Within front-end module 103 there is a right multi-
plexer 107 and a left multiplexer 108. These multiplexers
provide connections to the right and left breast electrode
arrays respectively. For each measurement, four connections
are made at a time, two to current injection electrodes in
outer circumference 101 of a breast electrode array and two
to voltage measurement electrodes in inner circumference
102 of the same array. As presently performed, all three
hundred and thirty measurements are completed on one side
before the measurement process begins on the other side.
There are many other possibilities so long as only one side
is activated at a time; for example, a routine could be
followed that alternated between a single measurement on
one side, then the homologous measurement on the other
side. The selections of the four connections for measurement
are given by multiplexer controller for the front-end module
(multiplexer controller FEM) 109 that provides digital
address control to right and left multiplexers 107 and 108.

[0162] There are five sub-modules 110 to 114 within main
module 104. The current invention discloses a multiplexer
controller main module (multiplexer controller MM) 110
with a 12-bit counter and three EEPROM chips that contain
blocks of words (i.e, “memorized” electrode selection pat-
terns, such as, for the illustrated embodiment, the sequence
and pattern illustrated in FIG. 13, as discussed below) used
primarily for front-end module multiplexer electrode selec-
tion and control. Using a multiplicity of words from the
EEPROM chips activated rapidly by the 12-bit counter,
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multiplexer controller MM enables the three hundred and
thirty impedance measurements to be completed quickly
(less than thirty seconds in the present invention). Operation
of impedance Measuring module 111 is controlled generally
by laptop PC 105 by RS232 signals through its serial port.
PC interface board 112 connects to both the serial and
parallel ports of laptop PC 105. The parallel port is used for
general control of power supplies and communication with
multiplexer controller MM 110. In the example provided
both the serial and parallel ports of laptop PC 105 are used.
Consequently, PC interface board 112 has a serial port
duplicator to provide connection to printer 106. Regulated
power to the various sub-modules is supplied by power
supply 113 and regulators 114. Electrical isolation is
obtained at isolation interfaces 115 by optocouplers and, at
power supply 113, by de-to-dc voltage conversion.

[0163] The present invention discloses a method by which
two identical multiplexers can be tested by reversely oper-
ating one of them. FIG. 12A shows an example of two
identical multiplexers, multiplexer 200 and multiplexer 201,
generally functioning to switch four wires at their inputs to
a multiplicity of combinations of four of the thirty two wires
available at their outputs. To perform the test, the outputs of
the multiplexers are connected together. Multiplexer 201,
which is reversely operated, has its four inputs connected to
calibration load 204, here a simple RC network. As multi-
plexer controller 205 simultaneously controls the multiplic-
ity of output selections of the multiplexers, the impedance of
calibration load 204 is read by impedance measuring module
203 at the input of multiplexer 200. For proper multiplexer
operation, the load value measured must remain constant
and equal to the calibration load for all multiplexer output
combinations. If this is not so, then at least one of the
multiplexers is not functioning properly and needs repair.
Since front end module 103 of the present invention contains
identical right and left multiplexers, apparatus 99 can be
configured and switched as required into a multiplexer test
mode as described.

[0164] An electrode array numbering convention has been
established in which electrode pairs are numbered clockwise
one to sixteen for the right breast, with the uppermost
electrode pair numbered one, and counterclockwise in simi-
lar fashion for the left breast so that mirror-imaged electrode
pairs will always be compared. Current and voltage elec-
trode pairs are functionally single electrodes, so if each pair
is considered as one of n electrodes, then the number of
impedance measurements required between such electrodes
to obtain a matrix of impedance values is (n-1)x(n-1).
Therefore, a set of 15x15=225 measurements are required
for a sixteen (pair) electrode array. This set is obtained as
follows: Current is applied between the outer electrodes of
electrode pairs 1 and 2 and then, in turn, the voltage between
the inner electrode of electrode pair 1 and all other inner
electrodes are measured, i.€., V5, V; 5. .. V, 14 Dividing
each of these voltages by I, ,, the current between outer the
electrodes of electrode pairs one and two, gives the first
fifteen impedance values. Current is next applied between
the outer electrodes of electrode pairs one and three, 1, 5,
which will create a new pattern of electric field potentials.
Then, the voltage is again measured between the inner
electrode of electrode pair 1 and all other inner electrodes
(V12 Vi3 ... Vy46). Dividing each of the voltages by I, 5
gives the next fifteen impedance values. This process is
repeated for current applied between the outer electrodes of
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electrode pairs one and four, one and five, . . . , one and
sixteen, to produce, finally, fifteen sets of fifteen impedance
values. Placing these impedance values (elements) in a
fifteen-row by fifteen-column grid results in an impedance
matrix.

[0165] There is a special subset of fifteen impedance
values in the 225 element set—those that use the same pair
of electrodes for current injection and voltage measurement;
for example, current I, 5 applied between the outer elec-
trodes of electrode pairs 1 and 13, and voltage V, ;5 mea-
sured between inner electrodes of the same electrode pairs
gives impedance

Vi

7 =L
113

[0166] Impedances in this subset are called Z_ . type
impedances. They are indicated by Z, ,, Z, 5, . . . , Z 14
There is additional value, as will be disclosed later under

Data Analysis, in measuring all other possible Z_, . imped-
ances, as listed below:
Zys Zpa Dy 216
Zzy Z3s Iz Z316
Zas Zas Zag e Z416

Zisua Ziz1s Zizle
Ziais Ziale

Zi5,16

[0167] Therefore, a complete set of impedance measure-
ments for one breast, when a sixteen pair electrode array is
used, consists of two hundred and twenty five measurements
for the impedance matrix, and another one hundred and five
measurements to obtain all values for Z_, ., resulting in a
total of three hundred and thirty impedance measurements
for each breast. This number will, of course, change as
electrode number changes. The process of selecting lead sets
and obtaining these measurements is called an impedance
scan.

[0168] FIG. 13A discloses a method in a single display
screen 116 of laptop PC 105 of real-time monitoring of
acquisition of impedance data, reviewing any of the 660
impedance values obtained (i.e., 330 measurements for each
breast), and displaying the occurrence of measurement
errors. Each of the 330 impedance measurements for the
right and left breasts is represented by a pixel 117, here
depicted as a square, but not limited to this form. As further
illustrated by the outline square 119' of FIG. 13B, the
bottom 15x15 pixels on either side are the two hundred and
twenty five measurements used to form the impedance
matrix. Included in this, on the diagonal of the square, are
fifteen Z,,,. measurements, indicated at 117' by squares
with an “X.” The sloping top section 117' represents the
remaining one hundred and five Z measurements (filled

same
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with an“X”) needed to complement the fifteen Z_, . . values
within the impedance matrix. Initially, all pixels in FIG.
13A are blank. As each value is obtained, first for the right
breast, pixels fill in starting at the lower right corner pixel
118, and then continue to fill in the bottom row from right
to left (this row represents current injected between elec-
trodes one and two, and voltage measured between one and
two, one and three, . . . , one and sixteen). Pixel 119, at the
next row higher is filled next, then the process continues as
this row is filled from right to left (this row represents
current injected between electrodes one and three, and
voltage measured between one and two, one and three, . . .
, one and sixteen). The process is repeated until the fifteenth
row, starting with pixel 120, has been completed (this row
represents current injected between electrodes one and six-
teen, and voltage measured between one and two, one and
three, . . ., one and sixteen). These two hundred and twenty
five pixels, as noted above, represent the impedance matrix.
Filling in continues in similar manner for the remaining one
hundred and five Z_, . measurements, starting with pixel
121, filling in from right to left, until the 330" pixel 122 is
filled. Real time error checking of measurement is per-
formed for factors such as consistency and fit within a range
of expected values, and errors are indicated dynamically at
their associated pixels during the filling process. Shading or
color coding is used to differentiate those pixels (measure-
ments) with successful measurements from those detected
with errors. The entire process, including error checking,
takes less than 30 seconds.

[0169] Since both breast electrode arrays are applied
before testing, impedance measurement and consequently
pixel filling begins for the left breast virtually immediately
after the right breast is completed. Filling proceeds in a
mirror image of the sequence for the right breast, starting at
pixel 123 in the lower left corner, then running along rows
from left to right. The display is made to unfold in this
manner to convey a sense of homologous side-to-side mea-
surement. Upon completion of the impedance scan, any
measurement can be reviewed in window 124 by bringing
the arrow cursor over its corresponding pixel and clicking.
The window indicates the current injection and voltage
measurement electrodes used, and displays the values of
resistance and reactance. Pixels corresponding to any mea-
surements that, according to the error-detecting algorithms
of the invention are inconsistent or outside of expected
limits for either normal or diseased tissue (generally deter-
mined by clinical data), are indicated by color or shading,
here as black. Bringing the arrow cursor over such a pixel
and clicking will display a window with a text message
indicating the electrode(s) likely responsible for the prob-
lem.

[0170] Data Analysis
[0171] (A) The Difference Impedance Matrix

[0172] The breast can be considered as a non-homoge-
neous, electrically conducting object with M+1 electrode
pairs (to be referred to in this discussion simply as an
“electrode,” one that can be used for both current injection
and voltage measurement without electrode polarization).
One electrode is assigned as the reference electrode with
zero-potential. The current at the reference electrode is the
sum of the currents that are applied to the other M elec-
trodes. The impedance matrix Z relates the currents I, the
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current through the ith electrode, and the voltages V,, the
potential difference between the ith electrode and the refer-

ence electrode, where i=1,2,3, . . . , M, is as follows:
vy I
v, I
1% I
3 —7x 3
Vu In

[0173] which can be condensed as V=ZxI.

[0174] For an object with M+1 electrodes as described
above, the impedance matrix Z is defined as an MxM
matrix:

Zy Zip Ziz - Zin
Zn Iy Iz - Iom
Z3y Zyp Zzz - sy
Z= . . . .
Zyi Zmz Zms - Zum
Vi
i

[0175]

[0176] Each matrix element Z;(i,j=1,2,3, . . . , M) is equal
to all currents except the current at the jth electrode are equal
to zero. In a given subject, the impedance matrix Z is unique
for a given pattern of breast electrodes and therefore repre-
sents the “signature” of the breast. Associated with certain
types of matrices, including the impedance matrices as
structured in the present invention, are characteristic values
called eigenvalues, and characteristic vectors called eigen-
vectors. They are characteristic in the sense that by math-
ematical analysis each 15x15 impedance matrix, in the
present example, can be represented by a set of fifteen
numbers, i.e., fifteen eigenvalues, that are unique to that
matrix. Furthermore, associated with each eigenvalue is a
unique 15D vector, its eigenvector. Since the eigenvalues
and eigenvectors characterize the matrix, and impedance is
sensitive to tissue changes resulting from disease, the
present invention uses eigenvalues and eigenvectors as a
means of detecting and diagnosing disease states. This is
applicable to either a Z matrix, or R and X_ matrices, if Z is
resolved into its resistive and capacitive reactive compo-
nents respectively. The number of eigenvalues and eigen-
vectors available for this purpose will vary with the size of
the impedance matrix, increasing as the number of elec-
trodes used in the array becomes larger.

when

[0177] A method of using the 15x15 impedance matrix for
diagnosis is now disclosed. It is based on homologous
matrix comparison between the right and left breasts by
obtaining an Absolute Difference Matrix (ADM) and a
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Relative Difference Matrix (RDM). In order to calculate the
ADM, the matrix with lower mean impedance (or R or X)
value is identified, as it is the side more likely to have
malignant cells. The ADM is obtained by subtracting ele-
ment-by-element the impedance matrix with the lower mean
value from the matrix with the higher mean value. The
Relative Difference Matrix is obtained by calculating rela-
tive differences between the two matrices element-by-ele-
ment. The resulting matrices (ADM and RDM) can be
characterized and used in the following ways for diagnosis
assuming that clinical studies using these methods have
established statistically significant norms and thresholds:

[0178] (1) By calculating the ADM and RDM matrix
norm (a standard mathematical method of characteriz-
ing magnitude of matrix elements with a single num-
ber). A norm higher than a pre-established threshold is
an indicator of a malignant tumor in the breast with the
lower mean impedance value.

[0179] (2) By calculating the ADM and RDM matrix
determinant. A determinant higher than a pre-estab-
lished threshold is an indicator of a malignant tumor in
the breast with the lower mean impedance value.

[0180] (3) By obtaining the sum of all the elements in
an ADM and RDM. A sum higher than a pre-estab-
lished threshold is an indicator of the malignant tumor
in the breast with the lower mean impedance value.

[0181] (4) With a 2D plot showing sums of elements in
ADM (or RDM) columns. This will provide informa-
tion regarding the location of the tumor because col-
umns with higher values indicate a higher probability
of the tumor being in the vicinity of the corresponding
electrode.

[0182] (5) With a 3D matrix plot showing the absolute
(in the case of ADM) or relative (in the case of RDM)
difference magnitudes as a function of the location of
the element in the matrix.

[0183] (B) SUM OF ALGEBRAIC BIN DIFFERENCES

[0184] The present invention can also use the special set of
impedance values, referred to previously as Z. ., as a
means of detecting and diagnosing disease states. This set,
for a sixteen pair electrode array, has 120 elements (see FIG.
13). Homologous Z_, ... impedance measurements (and all
other Z measurements) for normal subjects have some minor
differences because there are always small anatomic or
physiologic side-to-side differences. These normal varia-
tions, however, do not mask larger differences that result
when one side is affected by a disease that changes its
electrical properties. One method of analysis in the present
invention uses a metric, known herein as Sum of Algebraic
Bin Differences (SABID). The SABID is obtained as fol-
lows. The minimum and maximum values of the two hun-
dred and forty Z_, ... impedance measurements (one hundred
and twenty per side) are used to define the impedance range
for that subject, then the range is subdivided into twelve (or
other number of) equal, smaller sized ranges called bins.
Bins for the present invention are numbered one to twelve,
and the two hundred and forty impedance values are
assigned the bin number into whose range they fall. The
numbering system is specified such that bin one contains the
lowest impedance values, proceeding through to bin twelve
that contains the highest impedance values. The algebraic
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bin difference is then taken between each of the one hundred
and twenty homologous Z_, . sites. Since the location of a
cancer will not, in general, be known, a convention is
established wherein the left bin number is subtracted from
the right bin number. The one hundred and twenty algebraic
bin difference values are added to give SABiD. The presence
of a cancer in a breast will cause a decrease in impedance of
some quantity of Z_, . measurements on that side. This will
manifest as correspondingly lower bin numbers for that side
and therefore greater bin differences. Greater bin differences
will add to give a larger SABIiD value. A SABiD value
higher than a pre-established threshold is an indicator of a
malignant tumor. The pre-established threshold is generally
determined by clinical data comparing the ranges of SABiD
values from subjects with no breast disease to the range of
SABID values from subjects with diagnosed breast disease.
Expressing impedance values by their bin number normal-
izes them and validates intersubject comparison of SABiID.
Using the convention for subtraction indicated, the SABiD
value will be negative for tumors in the right breast, and
positive for tumors in the left breast.

[0185] An alternative method of bin allocation is the use
of minimum and maximum of the one hundred and twenty
Z...... impedance values for each side, thereby defining the
impedance range, and the limits of each bin, separately for
each side. Bins are again numbered one to twelve in our
example, and the one hundred and twenty impedance values
on each side are assigned the appropriate bin numbers
related to their side. Calculation of SABiID then proceeds as
before.

[0186] (C) Sector Node Counts

[0187] Breasts can be represented as circles (or other
encircling loci) in the frontal plane, and the Z, . imped-
ances between electrode pairs drawn as chords of the circle
at the positions of the electrode pairs. Impedance magni-
tudes are assigned bin numbers. However, since a basis of
the detection method disclosed herein is homologous com-
parison between right and left breasts, a preferred plot would
indicate these differences. Therefore bin numbers for
homologous chords are compared, subtracting the bin num-
ber of the chord from the right breast from the bin number
of its homologous match in the left breast. If the bin numbers
are equal, no chord is plotted; if they are different, the chord
is plotted on the side that has the lower bin number. The bin
differences will be negative for plots in the right breast, and
positive for plots in the left breast, according to the right side
minus the left side convention adopted. A bin difference
chord plot 125 for a sixteen-pair electrode array is shown in
FIG. 14. Bin differences 126 are color coded in shades of
grey with the smallest difference, labelled “Bin Diff.: 17, the
lightest shade and the largest bin difference, labelled “Bin
Dift.: 97, shown as black. The data used to construct this plot
are representative of changes occurring with a cancer in the
upper inner quadrant of the right breast. As indicated above,
by following increasingly darker shades, the eye is led to
areas of larger bin differences that are produced by the lower
impedance of neoplastic cells; in this case, the upper inner
quadrant. It is again emphasized that this is not an image of
the structure of the underlying breast, and indeed the com-
plexity and impracticality of attempting to construct imped-
ance images are purposely avoided. Instead, a multiplicity of
impedance measurements are obtained from precisely
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homologous sites in the left and right breasts, and differ-
ences only are graphically represented using the concept of
bin difference chords.

[0188] The present invention discloses the use of sector
node counts (displayed at 127), as a numerical indicator of
breast cancer location that improves upon the visualization
offered by chord plots. This method of analysis starts with a
bin difference chord plot and considers each electrode
voltage/current pair as a node that has a given number of
chords converging on it. Counting the total number of chord
convergences at a node is weighted in the following manner.
A count of one is added at the node for all its convergent
chords with bin difference one, a count of two is added at the
node for all its convergent chords with bin difference two,
and so on for higher bin difference chords, to give a final
sum as the count of weighted convergences at that node. In
the example of FIG. 14 the circular breast representation is
divided into quadrants, although the number of sectors could
be increased for greater spatial definition. For a 16 pair array,
there are five nodes per quadrant, including the border nodes
(border nodes appear twice in the count, i.e., in adjacent
quadrants). Adding the node counts for the five included
nodes gives a total node count for that quadrant (for
example, =178 for quadrant 128). The quadrant with the
highest node count indicates the tumor location, here the
upper inner quadrant of the right breast. Node count sign is
according to the right minus left side subtraction convention
noted above.

[0189] (D) Pixel Impedance Displays and Pixel Equaliza-
tion

[0190] Another disclosure of the present invention reveals
an effective and reliable method for displaying the distribu-
tion of tissue impedance, in the described example, in the
frontal plane from data such as the one hundred and twenty
Z..... values obtained from sixteen pairs of electrodes uni-
formly distributed along the circumference of a circle. The
display method is based on digitization of the circular region
into a 17x17 pixel grid (spatial resolution) as shown in
FIGS. 15A and 15B. Eight-bit (256 levels) shading or
coloring is used for intensity resolution. Assuming equal
distribution of the measured impedance along each chord,
and recognizing that there will be different lengths of a chord
(chord segment) within various pixels, and different num-
bers of chords through various pixels, the impedance inten-
sity or value for a pixel can be calculated. A display of all
such pixels is a pixel impedance plot. Pixel impedance plot
(PIP) 129 of FIG. 15A is a special case in which all Z_, .
values have been made identical. The large variation in pixel
intensity in PIP 129 demonstrates that since the total con-
tribution of chords to various pixels is not uniform, a method
for pixel equalization is necessary. As noted, a chord seg-
ment is the length of a chord within the boundaries of a
pixel. For example, chord 130 of PIP 129, between electrode
pairs three and eleven, passes through thirteen pixels, of
which the first and last pixels have small chord segments and
the other 11 pixels have equal and larger segments. The
larger cord segments are, in fact, the diagonals of the pixels,
which is the longest possible length within the square. If a
unit square is assumed, then the diagonal segment is the
square root of 2=1.414. Therefore chord 130 contributes
1.414 chord segments to each of the eleven pixels through
which it passes. Other chords, to varying degrees, pass
through these same eleven pixels, contributing chord seg-
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ments to each pixel to give the total chord segments for a
given pixel. With the sixteen pair electrode model the
maximum total chord segments for any pixel is 12.44 and
the minimum is 0.014. These values are derived from
equations that give, for each chord, its chord segment
contribution to each pixel, then summing the total chord
segments for each pixel. For digital 8-bit visualization a
scale factor of 20.50 (255/12.44) is used to map the range of
0 to 12.44 to 0 to 255. This changes the value for the
maximum total chord segments from 12.44 to 255 (12.44x
20.50) and the minimum from 0.014 to 0.287 (0.014x20.50).
In FIG. 15A a grey scale is used, with 0 total chord segments
assigned black and 255 total chord segments assigned white.

[0191] FIG. 15B gives a numerical version 134 of PIP 129
in which the value of each pixel is shown (recall that
impedance values are equal). The values in FIG. 15B have
had the scale factor of 20.50 applied to them. If the boundary
pixels (the pixels that are partially inside and partially
outside of the circle) are not considered, then the maximum
total chord segments occur at pixel 131 at the centre of PIP
129, and equals for this example where all Z_, . values are
identical, 187. The minimum occurs at the four pixels 132
beside centre pixel 131, each with value of 53. The highest
pixel total chord segment value (255) occurs at the eight
boundary pixels 133 that are partially inside and partially
outside the circle. The reason for this relates to the large
number of chords passing through the eight boundary pixels
and the relatively long chord segments failing inside them.
Even allowing for the fact that 10.5% of boundary pixels
133 lie outside the circle, the adjusted value of 228 remains
the largest one. Dividing a pixel impedance plot by the data
of FIG. 15B results in an equalized pixel impedance plot.
Equalizing PIP 129 produces equally shaded pixels through-
out, thereby reflecting the true pixel impedance values.

[0192] Since the present invention uses side-to-side
homologous comparison of Z_, . data to diagnose disease,
pixel difference impedance plots can be constructed by
subtracting homologous pixel values, right side minus left
side (maintaining the convention previously used) then
plotting the pixel difference on the side with the lower pixel
value. This is termed an algebraic difference PIP. An
unequalized algebraic difference PIP 135 is shown in FIG.
16A. This plot is of the right side only, and was obtained
using the same data as for FIG. 14; i.e., data reflecting a
cancer in the upper inner quadrant of the right breast. In
pixel difference plots, the grey scale is coded so that zero
pixel difference is assigned white and maximum pixel
difference, which is scaled to 255, is assigned black. FIG.
16B shows a pixel equalized version 136 of the algebraic
difference PIP 135, to demonstrate the resultant improve-
ment in clarity with which homologous impedance differ-
ences can be delineated and localized.

[0193] As an alternative to subtracting homologous pixel
difference (algebraic difference), a relative homologous
pixel difference such as:

(value right side — value left side)

(smaller value)
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[0194] can be calculated, equalized, and plotted, as pre-
viously described, and is referred to as a relative difference
PIP.

[0195] The range of pixel impedance difference can be
scaled with a scale factor, derived separately for algebraic
difference PIPs and for relative difference PIPs. The respec-
tive scale factors are derived from the greatest observed
pixel difference (algebraic or relative) observed in a large
sample population, such that the difference when scaled
would have the maximum intensity level of 255. Therefore,
any other subject’s pixel differences would have lesser
levels when scaled, thereby allowing valid, consistent inter-
subject comparison of impedance differences.

[0196] Even though the foregoing development used 2-di-
mensional plotting of equalized pixel difference impedance
plots, a strength of the technology is that 3-dimensional
impedance differences are revealed because of the natural
3-dimensional flow of current in volume conductors. It is as
if each pixel is a window to localized impedance changes in
a volume of tissue extending beyond its plane.

[0197] (E) Sum of Algebraic Pixel Differences (SAPID)

[0198] Two metrics, sum of algebraic pixel differences
(SAPID) and sector pixel counts, analogous to SABID and
sector node counts from the impedance bin difference
method, can be obtained. SAPiD is the sum of homologous
algebraic pixel differences of equalized right and left PIPs,
pixel by corresponding homologous pixel, and serves the
same function as SABID; i.e., a SAPiD value higher than a
pre-established threshold (generally determined by clinical
data) is an indicator of a malignant tumor and, using the
convention for subtraction indicated previously, the SAPiD
value will be negative for tumors in the right breast, and
positive for tumors in the left breast. The dynamic range, and
therefore the probable diagnostic usefulness, of the SAPiD
metric is much larger than that of SABID. The latter gen-
erally uses up to a 16-level bin; for SAPID, 256 levels are
easily used.

[0199] (F) Sector Pixel Counts

[0200] An indication of tumor location is provided by
using either algebraic difference or relative difference PIPs,
and summing pixel values in each sector, usually quadrants
of a circle in conformity with mammography practice. For
purposes of this application, this is called the sector pixel
count. The quadrant with the highest sector pixel count gives
the probable location of the tumor, given that SAPiD
exceeds a pre-established threshold. Sector pixel counts use
equalized data, and therefore can be expected to more
accurately locate a tumor than sector node counts. Sector
pixel counting may be performed in delineated areas of the
circle other than its sectors to “focus in” on a suspicious
area, much in the same way magnification views of suspi-
cious areas are taken in X-ray mammography.

[0201] The concepts of pixel impedance plots, pixel equal-
ization, pixel difference impedance plots, sum of algebraic
or relative pixel differences, and sector pixel counts have
been disclosed using as illustration impedance data obtained
from 16 pairs of electrodes uniformly distributed in a circle,
and digitization of the circular region into a 17x17 pixel
grid. These disclosures apply as well to data obtained from
greater (or lesser) numbers of electrodes, the use of larger
number of pixels for greater spatial resolution, more levels
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of pixel shading or coloring (e.g., 12-bit or 16-bit) for higher
intensity resolution, and to non-uniformly distributed elec-
trodes that may be arranged in circular or other geometrical
configurations.

[0202] 1t can appreciated that variations to this invention
would be readily apparent to those skilled in the art, and this
invention is intended to include those alternatives.

We claim:

1. An electrode array for diagnosing the presence of a
disease state in a living organism, said electrode array
comprising:

a) a flexible body;

b) a plurality of flexible arms extending from the body;
and

¢) a plurality of electrodes provided by the plurality of
flexible arms, wherein the electrodes are arranged on
the arms to obtain impedance measurements between
respective electrodes.

2. An electrode array according to claim 1 wherein the
plurality of flexible arms are spaced around the flexible
body.

3. An electrode array according to claim 2 wherein each
of the plurality of flexible arms is provided with an electrode
pair.

4. An electrode array according to claim 3 wherein the
flexible body is provided with a stiffening member adapted
to flatten part of the tissue of the living organism being
diagnosed.

5. An electrode array according to claim 4 wherein the
stiffening member is in the form of a ring.

6. An electrode array according to claim 4 wherein the
stiffening member includes adhesive for fixation to the skin.

7. An electrode array according to claim 1 wherein each
electrode comprises an adhesive for fixation to the skin.

8. An electrode array according to claim 7 wherein the
adhesive is hydrogel.

9. An electrode array according to claim 7 wherein the
adhesive is a gel foam pad.

10. An electrode array according to claim 9 wherein the
gel foam pad forms a well that is filled with hydrogel.

11. An electrode array according to claim 1 wherein the
flexible body and the flexible arms are comprised of a
polyester film.

12. An electrode array according to claim 1 further
comprising means extending at least partially between the
electrodes to at least partially electrically isolate the elec-
trodes from each other.

13. An electrode array according to claim 12 wherein said
means comprises a ground conductive path.

14. An electrode array according to claim 13 wherein each
of the plurality of flexible arms is provided with an electrode
pair and each electrode pair is comprised of a current
electrode and a voltage electrode.

15. An electrode array according to claim 14 wherein the
ground conductive path extends at least partially between
the current electrode and voltage electrode.

16. An electrode array according to claim 15 wherein each
electrode is connected to an associated terminal by a con-
ductive path.

17. An electrode array according to claim 16 wherein the
ground conductive path extends at least partially between
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the conductive paths of respective electrodes to at least
partially electrically isolate the conductive paths from each
other.

18. An electrode array according to claim 17 wherein the
ground conductive path extends at least partially between
the terminals of respective electrodes to at least partially
electrically isolate the terminals from each other.

19. An electrode array for diagnosing the presence of a
disease state in a living organism, said electrode array
comprising:

a) a flexible backing material;

b) a plurality of electrodes spaced around the backing
material; and

¢) means extending at least partially between the elec-
trodes to at least partially electrically isolate the elec-
trodes from each other.

20. An electrode array according to claim 19 wherein said
means comprises a ground conductive path.

21. An electrode array according to claim 20 wherein the
plurality of electrodes comprise electrode pairs spaced
around the backing material, and each electrode pair com-
prising a current electrode and a voltage electrode.

22. An electrode array according to claim 21 wherein the
ground conductive path extends at least partially between
the current electrode and voltage electrode.

23. An electrode array according to claim 22 wherein each
electrode is connected to an associated terminal by a con-
ductive path.

24. An electrode array according to claim 23 wherein the
ground conductive path extends at least partially between
the conductive paths of respective electrodes to at least
partially electrically isolate the conductive paths from each
other.

25. An electrode array according to claim 24 wherein the
ground conductive path extends at least partially between
the terminals of respective electrodes to at least partially
electrically isolate the terminals from each other.

26. A method of confirming whether an electrode array for
use in diagnosing a part of a living organism has been
properly connected to an electronic module, the electrode
array comprising a conductive path and a connector to link
the conductive path to the electronic module, the method
comprising:

a) attaching the conductive path to a terminal of the
connector;

b) connecting the electrode array to the electronic module
using the connector; and

¢) testing whether the conductive path is properly con-

nected to the terminal of the connector.

27. A method according to claim 26 wherein the conduc-
tive path comprises a ground loop.

28. A method according to claim 27 wherein the terminal
can be selected from a plurality of terminals of the connec-
tor.

29. A method according to claim 28 wherein the part of
the living organism to be diagnosed is a breast of a person,
and the conductive path is attached to a connector repre-
senting either the right or left breast.

30. A template for positioning an electrode array on a part
of a living organism to be diagnosed for the presence of a
disease state, the template comprising:
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a) a body having a plurality of spaced parallel lines; and

b) at least two alignment marks positioned on the plurality

of spaced parallel lines.

31. A template according to claim 30 wherein the body is
elongate in a direction perpendicular to the parallel lines.

32. A template according to claim 31 wherein the body
has at least one line extending perpendicular to the parallel
lines.

33. A template according to claim 32 further comprising
at least two alignment marks positioned on the line extend-
ing perpendicular to the parallel lines.

34. A template according to claim 33 wherein the body
presents an opening through which at least a portion of the
part of the living organism to be diagnosed is visible.

35. A template according to claim 34 wherein the align-
ment marks are spaced around the opening.

36. A template according to claim 35 wherein the body is
comprised of a flexible and transparent material.

37. A method of positioning an electrode array on a part
of a living organism to be diagnosed for the presence of a
disease state, the electrode array positioned using a template,
the template comprising a body having a plurality of spaced
parallel lines and at least two alignment marks positioned on
the plurality of spaced parallel lines, and the electrode array
having at least two alignment marks corresponding to the
alignment marks presented by the template, the method
comprising:

a) marking the living organism on or near the part to be
diagnosed with a line;

b) placing the positioning template on the part to be
diagnosed and aligning at least one of the spaced
parallel lines to the line marked on the living organism;

¢) marking on the living organism the location of the
alignment marks of the template; and

d) positioning the electrode array on the part to be
diagnosed by aligning its corresponding alignment
marks to the markings on the living organism from the
template.

38. A method according to claim 37 wherein the template
body has at least one line extending perpendicular to the
parallel lines and at least two alignment marks positioned on
such line.

39. A method according to claim 38 wherein the template
body presents an opening through which at least a portion of
the part of the living organism to be diagnosed is visible.

40. A method according to claim 39 wherein the align-
ment marks are spaced around the opening.

41. A method according to claim 40 wherein the line
marked on the living organism is a vertical axis of the living
organism.

42. A connecting member for connecting an electrode
array for diagnosing the presence of a disease state in a
living organism to a connector that electrically links the
electrode array to an electronic module, the connector mem-
ber comprising:

a) a retaining member to receive the electrode array and
connector in electrical contact with respect to one
another; and

b) a clamping member to clamp the electrode array and
connector together and secure the electrical contact
therebetween.
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43. A connecting member according to claim 42 wherein
said clamping member comprises a compressive member to
apply a compressive force to the electrode array and con-
nector.

44. A connecting member according to claim 43 wherein
the retaining member comprises a base and a projection
extending from the base over which a portion of the elec-
trode array and connector fit.

45. A connecting member according to claim 44 wherein
the clamping member further comprises a washer to be
positioned over the projection extending from the base of the
retaining member to engage the electrode array and connec-
tor.

46. A connecting member according to claim 45 wherein
the base of the retaining member comprises at least one ridge
extending from the base to engage the electrode array and
connector on an opposite side from the washer.

47. A connecting member according to claim 45 wherein
the projection is a threaded tube and the compressive
member is a fastening nut.

48. A connecting member according to claim 47 wherein
the base of the retaining member comprises at least two
concentric ridges extending from the base to engage the
electrode array and connector on an opposite side from the
washer.

49. A connecting member according to claim 48 wherein
the base further comprises alignment pins to ensure that the
electrode array and connector are in correct electrical con-
tact with respect to one another.

50. A connecting member according to claim 48 wherein
the washer is provided with at least one channel adapted to
fit therewithin the respective concentric ridges extending
from the base.

51. A connecting member according to claim 48 wherein
the washer is provided with at least two channels with each
channel adapted to fit therewithin at least one of the ridges
extending from the base.

52. A connecting member according to claim 48 wherein
the washer is provided with at least two concentric ridges
spaced to fit the respective concentric ridges extending from
the base therebetween.

53. A method of connecting an electrode array for diag-
nosing the presence of a disease state in a living organism to
a connector that electrically links the electrode array to an
electronic module, the method comprising:

a) placing the electrode array and connector in electrical
contact with respect to one another; and

b) clamping the electrode array and connector together to

secure the electrical contact therebetween.

54. A method according to claim 53 wherein placing of
the electrode array and connector in electrical contact with
respect to one another is aided by a retaining member
comprising a base and a projection extending from the base
over which a portion of the electrode array and connector fit.

55. A method according to claim 54 wherein a clamping
member is used to clamp the electrical array and connector
together, the clamping member comprising a washer posi-
tioned over the projection extending from the base of the
retaining member and to engage the electrode array and
connector, and a compressive member to apply compressive
force to the washer.

56. A method according to claim 55 wherein the base of
the retaining member comprises at least one ridge extending
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from the base to engage the electrode array and connector on
an opposite side from the washer.

57. A method according to claim 56 wherein the projec-
tion is a threaded tube and the compressive member is a
fastening nut.

58. A method according to claim 57 wherein the base
further comprises alignment pins to ensure that the electrode
array and connector are in correct electrical contact with
respect to one another.

59. Amethod of minimizing the number of connections in
a conductive path of an electrode array for diagnosing the
presence of a disease state in a living organism and a
connector that electrically links the electrode array to an
electronic module, the method comprising:

a) providing a plurality of spaced unlinked conducting
surfaces on the electrode array;

b) providing a plurality of spaced unlinked conducting
surfaces on the connector, with two of the conducting
surfaces selected to be connected to the conductive
path; and

¢) placing the electrode array and connector in electrical
contact with respect to one another by overlapping the
spaced unlinked conductive surfaces of the electrode
array with the spaced unlinked conductive surfaces of
the connector to form a continuous conductive path
between the two selected conducting surfaces.

60. A method according to claim 59 wherein the spaced
unlinked conducting surfaces on the electrode array are
spaced generally around an opening provided by the array,
and the spaced unlinked conducting surfaces on the connec-
tor are spaced around a similar opening provided by the
connector.

61. A method according to claim 60 wherein the two
selected conducting surfaces of the connector are adjacent to
one another.

62. A method according to claim 61 wherein a gap is
provided in the spacing of the unlinked conducting surfaces
of the electrode array so that when the electrode array and
connector are placed in overlapping relation the gap is
positioned with respect to the adjacent selected conducting
surfaces of the connector so that the continuous conductive
path does not extend directly therebetween.

63. A method according to claim 62 wherein an alignment
means is provided to ensure that the electrode array and
connector overlie to form a continuous conductive path
between the two selected conducting surfaces.

64. A method according to claim 63 wherein the conduc-
tive path is a ground conductive path.

65. A method of confirming an operable electrical contact
between a plurality of spaced unlinked conducting surfaces
of an electrode array and a plurality of spaced unlinked
conducting surfaces of a connector, the method comprising:

a) placing the electrode array and connector in electrical
contact with respect to one another by overlapping the
spaced unlinked conductive surfaces of the electrode
array with the spaced unlinked conductive surfaces of
the connector to form a continuous conductive path
between two selected conducting surfaces; and

b) measuring a test signal over the conductive path
between the two selected conducting surface to see if
an operable electrical contact has been established.
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66. A method according to claim 65 wherein the conduc-
tive path is a ground conductive path.

67. A method according to claim 66 wherein electrical
resistance is measured and compared to a pre-established
value for an operable electrical contact.

68. A method according to claim 67 wherein placing the
electrode array and connector in electrical contact with
respect to one another places respective terminals for elec-
trodes of the electrode array into electrical contact with
respective conductive surfaces of the connector and the test
establishes whether proper electrical contact between the
respective terminals and conductive surfaces has been estab-
lished.

69. A method of forming an electrode array for diagnosing
the presence of a disease state in a living organism from a
plurality of electrode array elements, wherein each electrode
array element comprises a body having at least one arm
extending from the body with at least one electrode provided
on the arm, the method comprising:

a) overlying the plurality of electrode array elements at
the respective bodies thereof to form a main body of the
electrode array with the arms of the respective elec-
trode array elements extending from the main body in
spaced relation; and

b) clamping the plurality of electrode array elements

together.

70. A method according to claim 69 wherein alignment
means is provided to ensure that the arms of the respective
electrode array elements extend around the main body of the
electrode array in spaced relation.

71. A method according to claim 70 wherein a retaining
member is used in clamping the plurality of electrode array
elements together, and the retaining member comprises a
stiffening member adapted to flatten part of the tissue of the
living organism being diagnosed.

72. A method according to claim 71 wherein the stiffening
member is in the form of a ring.

73. Apparatus for obtaining and processing impedance
measurements from an electrode array for diagnosing the
presence of a disease state in a living organism, the appa-
ratus comprising:

a) means to connect the apparatus to the electrode array;

b) means to control the connection means to produce a set
of impedance measurements;

¢) computer means to operate the control means; and

d) means connected to the computer means to display the

impedance measurements and any analysis thereof.

74. Apparatus according to claim 73 wherein the connec-
tion means comprises a multiplexer.

75. Apparatus according to claim 74 further comprising at
least one EEPROM chip containing a selection pattern for
producing the set of impedance measurements.

76. Apparatus according to claim 75 further comprising a
counter to sequence the multiplexer through the set of
impedance measurements.

77. Apparatus according to claim 73 wherein the display
means comprises a printer.

78. Apparatus according to claim 73 wherein the display
means comprises a display screen.

79. Apparatus according to claim 78 wherein each imped-
ance measurement is displayed as a grid element.
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80. Apparatus according to claim 79 wherein means are
provided to identify the corresponding electrodes of the
electrode array used to obtain the impedance measurement
represented by a given grid element.

81. Apparatus according to claim 80 wherein the identi-
fying means can be used to provide a value of the impedance
measurement represented by the grid element.

82. Apparatus according to claim 81 wherein means can
be provided on the display to indicate that the value of the
impedance measurement represented by the grid element
does not correspond to a predetermined expected value.

83. A method of testing a multiplexer using two substan-
tially identical multiplexers, wherein one of the multiplexers
will be reversely operated, the method comprising:

a) connecting the respective outputs of the two multiplex-
ers to one another;

b) providing a calibration load to the input of the reversely
operating multiplexer;

¢) simultaneously controlling operation of the two mul-
tiplexers through a sequence of identical output selec-
tions; and

d) measuring the calibration load at the input of the

normally operating multiplexer.

84. A method according to claim 83 wherein the mea-
surement of the calibration load is an impedance measure-
ment.

85. A method of diagnosing the possibility of a disease
state in one of first and second substantially similar parts of
a living organism, the method comprising:

a) obtaining a plurality of impedance measurements
across predetermined portions of each of the parts to
produce first and second sets of impedance measure-
ments, the first set for the first part and the second set
for the second part, and wherein each measurement of
the first set has a corresponding measurement in the
second set when taken across corresponding portions of
each of the parts;

b) identifying the set with a lower mean impedance value;

¢) creating an absolute difference set by subtracting each
measurement of the set with the lower mean impedance
value from the corresponding measurement of the other
set; and

d) analyzing the absolute difference set to diagnose the

possibility of a disease state.

86. A method according to claim 85 wherein each of the
first and second sets are arranged in respective mathematical
matrices, and the absolute difference set is an absolute
difference matrix.

87. A method according to claim 86 wherein the absolute
difference matrix is used to calculate a matrix norm that is
compared to a pre-established threshold to diagnose the
possibility of a disease state.

88. A method according to claim 86 wherein the absolute
difference matrix is used to calculate a matrix determinant
that is compared to a pre-established threshold to diagnose
the possibility of a disease state.

89. A method according to claim 86 wherein a sum of all
of the values in the absolute difference matrix is calculated
and compared to a pre-established threshold to diagnose the
possibility of a disease state.
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90. A method according to claim 86 wherein a visual
display for diagnosing the location of a disease state is
provided by summing the values in each of the absolute
difference matrix columns and representing these sums in a
bar graph.

91. A method according to claim 86 wherein a visual
display for diagnosing the possibility of a disease state and
its location is provided by plotting the value of each element
in the absolute difference matrix as a function of the location
of the element in the matrix.

92. A method of diagnosing the possibility of a disease
state in one of first and second substantially similar parts of
a living organism, the method comprising:

a) obtaining a plurality of impedance measurements
across predetermined portions of each of the parts to
produce first and second sets of impedance measure-
ments, the first set for the first part and the second set
for the second part, and wherein each measurement of
the first set has a corresponding measurement in the
second set when taken across corresponding portions of
each of the parts;

b) creating a relative difference set by calculating the
relative differences between each measurement from
the first set with the corresponding measurement of the
second set; and

¢) analyzing the relative difference set to diagnose the

possibility of a disease state.

93. A method according to claim 92 wherein each of the
first and second sets are arranged in respective mathematical
matrices, and the relative difference set is an relative differ-
ence martrix.

94. A method according to claim 93 wherein the relative
difference matrix is used to calculate a matrix norm that is
compared to a pre-established threshold to diagnose the
possibility of a disease state.

95. A method according to claim 93 wherein the relative
difference matrix is used to calculate a matrix determinant
that is compared to a pre-established threshold to diagnose
the possibility of a disease state.

96. A method according to claim 93 wherein a sum of all
of the values in the relative difference matrix is calculated
and compared to a pre-established threshold to diagnose the
possibility of a disease state.

97. A method according to claim 93 wherein a visual
display for diagnosing the location of a disease state is
provided by summing the values in each of the relative
difference matrix columns and representing these sums in a
bar graph.

98. A method according to claim 93 wherein a visual
display for diagnosing the possibility of a disease state and
its location is provided by plotting the value of each element
in the relative difference matrix as a function of the location
of the element in the matrix.

99. A method of diagnosing the possibility of a disease
state in one of first and second substantially similar parts of
a living organism, the method comprising:

a) obtaining a plurality of impedance measurements
across predetermined portions of each of the parts to
produce first and second sets of impedance measure-
ments, the first set for the first part and the second set
for the second part, and wherein each measurement of
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the first set has a corresponding measurement in the
second set when taken across corresponding portions of
each of the parts;

b) calculating an impedance range by subtracting the
minimum impedance measurement from either of the
first and second sets from the maximum impedance
measurement from such sets;

¢) creating a plurality of numbered bins by subdividing
the impedance range into smaller range sizes then
numbering the smaller range sizes consecutively;

d) assigning a bin number to each of the impedance
measurements from the first and second sets;

¢) creating a bin difference set by subtracting the bin
number of each impedance measurement from one of
the first and second sets from the bin number of each
corresponding impedance measurement of the other
set; and

f) analyzing the bin difference set to diagnose the possi-

bility of a disease state.

100. A method according to claim 99 wherein a sum of all
of the bin difference values in the bin difference set is
calculated and compared to a pre-established threshold to
diagnose the possibility of a disease state.

101. A method of diagnosing the possibility of a disease
state in one of first and second substantially similar parts of
a living organism, the method comprising:

a) obtaining a plurality of impedance measurements
across predetermined portions of each of the parts to
produce first and second sets of impedance measure-
ments, the first set for the first part and the second set
for the second part, and wherein each measurement of
the first set has a corresponding measurement in the
second set when taken across corresponding portions of
each of the parts;

b) calculating a first impedance range for the first set by
subtracting the minimum impedance measurement
from the maximum impedance measurement of that set,
and calculating a second impedance range for the
second set by subtracting the minimum impedance
measurement from the maximum impedance measure-
ment of that set;

<&

creating a plurality of first numbered bins by subdi-
viding the first impedance range into a first set of
smaller range sizes then numbering the first set of
smaller range sizes consecutively, and creating a plu-
rality of second numbered bins by subdividing the
second impedance range into a second set of smaller
range sizes then numbering the second set of smaller
range sizes consecutively;

d) assigning one of the first bin numbers to each of the
impedance measurements from the first set, and assign-
ing one of the second bin numbers to each of the
impedance measurements from the second set;

¢) creating a bin difference set by subtracting the bin
number of each impedance measurement from one of
the first and second sets from the bin number of each
corresponding impedance measurement of the other
set, and
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f) analyzing the bin difference set to diagnose the possi-

bility of a disease state.

102. A method according to claim 101 wherein a sum of
all of the bin difference values in the bin difference set is
calculated and compared to a pre-established threshold to
diagnose the possibility of a disease state.

103. A method of diagnosing the possibility of a disease
state in one of first and second substantially similar parts of
a living organism, the method comprising:

a) obtaining a plurality of impedance measurements taken
between a predetermined plurality of points encircling
the parts to produce first and second sets of impedance
measurements, the first set for the first part and the
second set for the second part, and wherein each
measurement of the first set has a corresponding mea-
surement in the second set when taken between a
corresponding plurality of points;

b) assigning a bin number to each of the impedance
measurements from the first and second sets;

¢) producing a bin chord plot for each of the parts by
graphically depicting the plurality of points as nodes as
an encircling path for each part and the impedance
measurements taken between the plurality of points as
a bin chord extending between the respective nodes;

d) dividing each graphical depiction into sectors; and

¢) analyzing the bin chords that converge on a given node
within a sector to diagnose the possibility of a disease
state.

104. A method according to claim 103 wherein each
sector graphically displays the total number of bin chords
that converge on all the nodes included within that sector.

105. A method according to claim 103 wherein the
difference between corresponding bin chords for each part is
plotted as a bin difference chord on the graphical depiction
for the part having a lower bin number.

106. A method according to claim 105 wherein the
calculation of the number of bin difference chords that
converge on a given node is weighted depending on the
differences between bin numbers from the first set and
corresponding bin numbers from the second set.

107. A method according to claim 106 wherein each
sector graphically displays the total number of bin difference
chords that converge on all the nodes included within that
sector.

108. A method according to claim 103 wherein the bin
numbers are created by subdividing an impedance range
obtained by subtracting the minimum impedance measure-
ment from either of the first and second sets from the
maximum impedance measurement from such sets into
smaller range sizes then numbering the smaller range sizes
consecutively.

109. A method according to claim 103 wherein the bin
numbers are created by subdividing a first impedance range
obtained by subtracting the minimum impedance measure-
ment from the maximum impedance measurement of the
first set of impedance measurements into a first set of smaller
range sizes then numbering the first set of smaller range
sizes consecutively, and by subdividing a second impedance
range obtained by subtracting the minimum impedance
measurement from the maximum impedance measurement
of the second set of impedance measurements into a second
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set of smaller range sizes then numbering the second set of
smaller range sizes consecutively.

110. A method of diagnosing the possibility of a disease
state in one of first and second substantially similar parts of
a living organism, the method comprising:

a) obtaining a plurality of impedance measurements taken
between a predetermined plurality of points encircling
the parts to produce first and second sets of impedance
measurements, the first set for the first part and the
second set for the second part, and wherein each
measurement of the first set has a corresponding mea-
surement in the second set when taken between a
corresponding plurality of points;

b) producing a pixel grid from a chord plot produced by
the impedance measurements taken between the plu-
rality of points; and

¢) analyzing the pixel grid to diagnose the possibility of
a disease state.

111. A method according to claim 110 wherein the inten-
sity of a pixel in the pixel grid is determined from the chords
that pass through the pixel.

112. A method according to claim 111 wherein the number
of chords, the impedance value of a chord, and the size of a
chord segment that passes through the pixel are used in
determining the intensity of the pixel.

113. A method according to claim 112 wherein the inten-
sity of the pixels in the pixel grid is equalized to account for
differences in the number of chords and the size of chord
segments that pass through the various pixels to produce a
pixel grid wherein pixel intensity indicates impedance value
only.

114. A method according to claim 113 wherein the imped-
ance intensity of the pixels is displayed visually.

115. A method according to claim 114 wherein the visual
display of the impedance intensity of the pixels is generated
by a computer to produce a plurality of levels to represent
different levels of intensity.

116. A method according to claim 115 wherein the visual
display generated by the computer has 256 levels to repre-
sent different levels of intensity.
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117. A method according to claim 115 wherein the pixel
grid is a pixel difference plot derived by subtracting corre-
sponding impedance pixels from the plurality of points of
the first part and the second part.

118. A method according to claim 115 wherein the pixel
grid is a pixel difference plot derived by calculating the
relative difference between corresponding impedance pixels
from the plurality of points of the first part and the second
part.

119. A method according to claims 117 or 118 wherein a
constant, pre-established scale factor is applied to the imped-
ance intensity of the pixels.

120. A method according to claims 117 or 118 wherein the
pixel grid is divided into sectors and each sector graphically
displays the sum of the impedance intensities for all pixels
that are within the sector.

121. A method according to claim 113 wherein a pixel
difference set is obtained by subtracting the pixel impedance
value from one of the first and second sets from the pixel
impedance value from each corresponding impedance mea-
surement of the other set and the pixel difference set is
analyzed to diagnose the possibility of a disease state.

122. A method according to claim 121 wherein a sum of
all of the pixel difference values in the pixel difference set
is calculated and compared to a pre-established threshold to
diagnose the possibility of a disease state.

123. A method according to claim 121 wherein the pixel
difference set is a pixel algebraic difference grid obtained by
subtracting corresponding pixel impedance values taken
between the plurality of points of the first part and the
second part.

124. A method according to claim 121 wherein the pixel
difference set is a pixel relative difference grid derived by
calculating the relative difference between corresponding
impedance values taken from the plurality of points of the
first part and the second part.

125. Amethod according to claims 123 or 124 wherein the
pixel grid is divided into sectors with each sector graphically
displaying a sum of the impedance values for all pixels
within that sector.



