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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The field of this invention is use of a characteristic electrical signal to identify the location of milk duct orifices
on mammalian breast nipples for purposes including accessing one or more of the milk ducts.
[0002] Analysis of ductal secretions from human breasts has been used to diagnose biological conditions of the breast
ducts (1-4; see list of references hereinafter). The human nipple has from 6 to 12 ducts, and most of these studies pooled
secretions or nipple aspirate fluid (NAF) for the analysis. Thus, the secretions of an individual duct are not identified in
these studies. More recently, breast duct access has been incorporated into ductal fluid analyses and study protocols
(5-7). Various methods have been employed in order to identify the breast ducts for purposes including duct fluid analysis
(8-15). Additionally, breast ducts have been accessed by ductscope (15,16). Ductalcannulation is proposed for delivery
of agents (WO 97/05898 and (20)). Ductography, or mammary duct contrast examination, involves cannulation and
injection of a ductal orifice (17-19), a process that is generally painless and devoid of complications (20). Ductal access
is also required for performing lavage procedures on a milk duct to deliver an agent and/or to retrieve cells from the duct
for analysis as described inco-pending and co-owned or licensed applications including U.S. Patent No. 6,221,622, U.S.
Patent No. 6,494,859, WO 99/55384, U.S. Patent Application US 2006095017, WO 00/43553, WO 00/39557 and WO
00/70349. The challenge for the procedure can be finding a duct, or multiple ducts, for access.
[0003] It would therefore be desirable to provide improved methods, devices, and kits for accessing breast ducts.
More particularly, it would be desirable to provide for the improved detection and identification of individual ductal orifices
to facilitate subsequent ductal access for diagnostic and/or therapeutic purposes. Such methods, devices, and kits should
be convenient and relatively simple to use, should present the patient with minimal or no discomfort, and should be
highly reliable, i.e., should be able to detect all individual ductal orifices in a nipple in all or most cases.

2. Relevant Literature

[0004] WO 96/12439 assigned to TransScan Research & Development Corporation describes electrical impedance
imaging devices having multi-element probes for providing electrical connection to tissue surfaces, particularly for de-
tection of cancer in a live tissue, including breast tissue. U.S. Patent No. 5,810,742 assigned also to TransScan describes
an apparatus for making a tissue characterization in order to identify anomalous tissue. Faupel and Hsu, (1996) Elec-
tropotentials in the clinical assessment of breast neoplasia, Dixon eds. pp.37-44 describe measuring and analysis of
skin potentials for cancer diagnosis. U.S. Patent No. 5,678,547 to Biofield Corp. describes use of an electromagnetic
field present between a reference and plurality of test points on a living organism to measure a gradient of electrical
activity that occurs as a function of biological activity in order to monitor efficacy of a treatment for the disease, injury or
bodily function. U.S. Patent No. 4,291,708 and U.S. Patent No. 4,458,694 to Yeda Research & Development Co. describe
apparatus and methods for detecting tumors in living human breast tissue including instrumentalities for determining the
dielectric constants of a plurality of localized regions of living human breast tissue. Piperno et al., (Frontiers Med. Biol.
Engineering., 2, 111-117, 1990) also discloses apparatus and methods for detecting tumors in breast tissue comprising
measuring the dielectric properties of regions of breast tissue.

SUMMARY OF THE INVENTION

[0005] The present invention provides methods, apparatus, and kits for identifying individual ductal orifices on a nipple
surface of a mammalian breast, typically a human female breast. The methods comprise engaging at least one reference
electrode against a body surface of the mammal (on the breast or elsewhere) and at least one test electrode against a
test location on a surface of the nipple. An electrical current and/or potential is applied between the reference electrode
and the test electrode, and a characteristic electric signal produced in response to the applied electrical current and/or
potential is measured. The measured value is compared to a base or reference value in order to determine whether the
test location is at or near a ductal orifice. Usually, the base electrical value will be a predetermined value, e.g., an average
or typical value expected for nipple surface locations which do not comprise the ductal orifice. Alternatively, the base
electrical value could be determined for each individual patient, e.g., as an average value determined over a large number
of locations on the individual nipple surface where particular measured values at particular locations which differ from
the average value determined for that patient will then be likely locations for ductal orifices. The reference electrode will
usually be located on the body of the mammal at a location remote from the nipple surface, for example, at the base of
the nipple, at the base of the breast, or elsewhere on an abdominal or chest surface of the mammal. Alternatively, in
some instances, it will be possible (although generally not preferred) to measure the electrical characteristics between
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adjacent, laterally spaced-apart locations on the nipple surface in a bipolar manner. Such an approach will determine
the surface electrical characteristics of the nipple. Generally, however, it will be preferred to measure electrical charac-
teristic determined from the nipple surface through the "body" of the nipple to an external surface location remote from
the nipple.
[0006] The test electrode(s) can be applied to the nipple surface in a variety of ways and in a variety of configurations.
Most simply, the test electrode can comprise a single electrode element which may be contacted sequentially at multiple
points on the nipple surface, either manually or using an automated positioning system. Electrical characteristic values
can then be collected or displayed in a variety of ways. Most simply, electrical impedance or other values can be displayed
to the person running the test. The person can then observe the value and note changes in electrical characteristics
which denote the likelihood of the presence of a ductal orifice. Such manual or semi-automated approaches will be
particularly valuable in conjunction with visual confirmation of the presence of an orifice. For example, detection of a
change in the electrical characteristics may alert the person running the test to visually scan that area of the nipple more
carefully for the presence of the orifice. Alternatively, the individual may simply collect data which is then transmitted to
a data collection and analysis system, typically a digital analyzer such as a personal computer.
[0007] Alternatively, the test electrode may comprise an array of individual electrodes or electrode nodes which may
be simultaneously engaged against a nipple surface or the entire nipple surface in order to generate multiple values of
electrical characteristics without the need to reposition the electrode structure being used. In a first instance, the electrode
structure could be an electrode array in the form of a patch, membrane, or other flexible support structure which can be
applied against the breast, typically using an electrically conductive gel. The array can have a very large number of
electrode points or nodes permitting the generation of a map of electrical values over the entire nipple surface. Usually,
the map will be generated by sequentially interrogating each of the electrode nodes or elements in order to determine
the characteristic electrical value at the position of that node. The data can be collected over a very short time and the
map generated using appropriate data collection and digital analysis equipment. The map can then be presented visually,
e.g., on a viewing screen, or numerically. Alternatively, the electrode array could be configured (or a separate system
provided) to mark locations on the nipple surface which are likely to comprise a ductal orifice.
[0008] Alternatively, the electrode arrays can be configured as part of a probe which will usually have a smaller number
of the individual electrodes or electrode nodes at its distal end. The electrode probe can then be applied over discrete
areas of the nipple surface, usually requiring a number of successive placements of the electrode array in order to cover
the entire nipple surface.
[0009] The electrical current and/or potential applied between the reference electrode(s) and test electrode(s) may
comprise direct current, alternating current, high frequency alternating current, or any other type of electrical signal which
can be applied to the patient in a safe and generally painless manner and produce a responsive signal that can be
detected and which will vary depending on the proximity of a ductal orifice. In the specific embodiments, the electrical
signal is typically a low frequency signal, e.g., having a frequency in the range from 1 kHz to 10 kHz. The responsive
signal measured is electrical impedance.
[0010] The electrical impedance or other characteristic signal is usually measured using the reference electrode(s)
and test electrode(s). For example, in the case of electrical impedance, measurements can be made based on the known
voltage and current being applied between the test electrode and reference electrode. Other conventional systems for
applying electrical energy and measuring characteristic responses are well-known in the patent and medical literature.
[0011] The present invention still further comprises kits including at least one reference electrode and one test electrode
capable of being engaged against the nipple and other body surfaces as described above. Usually, the test kits will
further comprise instructions for use setting forth any of the methods described above. Additionally, the kits may include
elements for accessing a ductal orifice after it has been identified, elements for marking an ductal orifice after it has
been identified, conductive gels for use in combination with electrode arrays, and the like. The kits may further comprise
packaging for holding the kit components, usually in a sterile manner, instructions for use may be printed on separate
package inserts, and/or be printed in whole or in part on the packaging itself.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 shows a single electrode configuration.
Fig. 2 shows an electrode array configuration.
Fig. 3 shows a bundle electrode configuration comprising multiple electrodes for testing the nipple surface in a
bundle formation.
Fig. 4 illustrates a first embodiment of a kit constructed in accordance with the principles of the present invention.
Fig. 5 illustrates a second embodiment of a kit constructed in accordance with the principles of the present invention.
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DESCRIPTION OF THE SPECIFIC EMBODIMENTS

[0013] The following preferred embodiments and examples are offered by way of illustration and not by way of limitation.
[0014] The method is practiced to identify a milk duct orifice or orifices on a mammalian nipple surface. The mammal
can be any mammal e.g., a mammal having breasts with nipples, thus including e.g., humans, primates, pigs, dogs,
cows, horses, rabbits, rats, cats and mice. Generally, the purpose of locating the ductal orifice is so that the duct can
be accessed through the orifice, e.g., for delivering an agent to the duct and/or retrieving cellular and other materials
from the duct. The agent can be e.g., saline for washing the duct and retrieving cells from the duct, or e.g., a therapeutic
agent.
[0015] The method comprises new uses for electrical technology for the purpose of locating, imaging and/or mapping
the locations of ductal orifices. An electrical circuit is created using a reference electrode and a test electrode and a
machine capable of generating an electrical current and/or potential between the two electrodes, or between more than
one electrode and a reference electrode. The reference electrode is placed on the body someplace other than the
location where the test electrode is placed. The test electrode is generally placed on the nipple surface in order to attempt
to identify the location of a breast duct orifice. A characteristic electrical signal is generated upon placement of the test
electrode on the nipple surface. The characteristic electrical signal can be e.g., values of impedance, resistance, ca-
pacitance, inductance or reactance, or any electrical signal capable of conveying information to differentiate a location
of the test electrode at a ductal orifice or not at a ductal orifice on a nipple surface.
[0016] The characteristic electrical signal can be compared to a reference value in order to identify the likelihood that
the test location is a ductal orifice or not. The reference value can be predetermined, and thus the reference value can
be e.g., the results of a cumulative survey of values of the particular electrical signal for ductal orifices or non-ductal
orifices in order to help determine when a test electrode is most likely at a ductal orifice. Thus, e.g., a reference value
might indicate a value below which a test electrode is most likely at a ductal orifice and above which a test electrode is
most likely not at a ductal orifice. A reference electrode is located at a different location on the body than the test electrode.
For example, the reference electrode can be on the body of the mammal being studied at a location including e.g., the
base of the breast being studied, the base of the nipple being studied, the surface of the nipple being studied (albeit at
a different location on the nipple surface than the test electrode), the areola of the nipple being studied, or the trunk of
the mammal. The reference electrode can be affixed to its location on the mammalian body in any way that is safe to
the patient and provides continuous contact with the skin surface, e.g., an adhesive pad comprising the electrode that
contacts the skin surface. The reference electrode can have a lead connected to it that provides connection to the
machine source that both generates a potential and measures the characteristic electrical signal. The reference (or
return or emitting) electrode can be positioned as described in U.S. Patent No. 5,143,079, WO 96/12439, or U.S. Patent
No. 5,810,742 especially where descriptions are refined for studies of the human breast.
[0017] A test electrode is placed on the nipple surface. A single test electrode can be used, and in that case the test
electrode is placed sequentially at different locations on the nipple surface and a value of characteristic electrical signal
is taken at each different location relative to a reference value which can be a predetermined value and using also a
reference electrode placed at a reference point on the body of the mammal. The test electrode can be set up to "scan"
the surface of the nipple and thus to contact in fast succession multiple locations on the nipple surface. The scanning
process provides multiple electrical signals so that the test electrode can test a large portion of the nipple surface rapidly.
An identification signal such as a visual or auditory signal can be established when the test electrode had identified a
location on the nipple surface likely to be a ductal orifice.
[0018] Alternatively, the test electrode can comprise multiple electrodes placed at the surface of the nipple. In the
case of multiple test electrodes, a potential is applied between the reference and test electrodes, where each test
electrode participates in a circuit with the reference electrode in succession.
[0019] In a simple format, the invention contemplates a method of identifying a ductal orifice by applying an electrical
potential and/or current to the mammalian breast using a reference electrode placed at a reference point on the body
of the mammal, and then applying a test electrode to a first and then a second and/or subsequent locations on the nipple
surface and measuring a first and then a second value of characteristic electrical signal. If the test electrode is a single
electrode then the test electrode is placed at the first location and then physically picked-up and moved to a second
location on the nipple surface for the second location. If there are multiple test electrodes sitting on the nipple surface,
a switcher can switch the potential and/or current successively from a first electrode to a second electrode thus generating
a first and second value of a characteristic electrical signal from a first and second location on the nipple surface.
Ultimately, a comparison of values between the first and second locations can be generated such that a ductal orifice
is identified upon detection of a differential value of characteristic electrical signal. Alternatively, and preferably, any
given electrical signal at a given test location is compared to a predetermined reference value for making an absolute
determination of likelihood that the electrode has identified a ductal orifice.
[0020] Fig. 1 illustrates a first embodiment of the apparatus and method of the present invention. An electrode structure
10 comprising a single test electrode 12 is adapted for manual manipulation, e.g., it may be in the form of simple "pencil"
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structure having a shaft that can be manually grasped. The electrode 12 will typically have a tapered or pointed tip 14
which is engaged directly against the surface S of the nipple N. A separate surface or counterelectrode 20 is provided
and adapted for attachment to a body surface remote from the nipple. As shown in Fig. 1, the reference electrode 20 is
mounted on the breast just below the nipple N. Reference electrode 20 could, of course, be mounted at any of the other
body locations described elsewhere herein. The test electrode 10 is connected to an analyzer 30 via cable 32. Similarly,
the reference electrode 20 is connected to the analyzer 30 via a cable 34. The analyzer 30 may have a wide variety of
configurations as described elsewhere herein. Typically, the analyzer 30 will include at least a source of electrical current
and circuitry for analyzing that current. The analysis circuitry may be included wholly within a single analyzer 30, or the
analyzer 30 may be adapted to interface with other analyzer circuitry, such as in the form of a personal computer or
other digital, programmable analyzer. Usually, at least the test electrode 10 and reference electrode 20 will be disposable
and thus detachable from their respective cables 32 and 34. Alternatively, the entire cable structures may also be
disposable and thus detachable from the analyzer 30.
[0021] The test electrode 10 of Fig. 1 will usually be used manually, where an operator successively engages the tip
14 of the electrode 12 against different test locations on the surface S of the nipple N. At each location, an impedance
or other electrical characteristic value is measured. The measured value may be displayed, recorded, or both, and the
acquired data is eventually relied on to determine those locations on the nipple surface which are most likely to comprise
an individual ductal orifice O.
[0022] Fig. 2 illustrates an alternative embodiment of a system useful for performing the methods of the present
invention. The system of Fig. 2 comprises an electrode array 50 in the form of a patch which is conformable and attachable
to the nipple surface. Typically, the electrode array 50 will have an area sufficient to attach to the entire nipple surface
of the breast. The array will include a plurality of individual electrodes or electrode nodes 52 disposed over one side
thereof. Electrode nodes are electrically isolated and connected to a switching or multiplexing unit 54 via a cable 56.
The multiplexing unit, in turn, is connected to an analyzer 58, typically a personal computer or other digital analyzer. A
counterelectrode 60 is also provided and connectable to the switching unit 54 via a cable 62.
[0023] In use, the electrode array 50 of Fig. 2 would be secured to the nipple surface, optionally employing an electrically
conductive gel between the electrode nodes 52 and the nipple surface. The array 50 will usually be held tightly in place
over the nipple, optionally using tape or other securing fasteners. Once in place, electrical energy may be transmitted
to the electrode nodes 52 from the switching unit 54 via the cable 56. Usually, the signals will be transmitted sequentially
between the individual electrode nodes 52 using switching circuitry within the multiplexing unit 54. Usually, only a single
electrode node 52 will be energized at a time, with the corresponding electrical characteristic being measured prior to
energizing the subsequent node. Alternatively, it may be possible to energize multiple electrode nodes 52 simultaneously,
particularly if the energized nodes are remote from each other to avoid interference in reading the characteristic electrical
signal. Energization of the nodes and collection and analysis of the data will usually be performed by the analyzer 58,
as described in more detail elsewhere herein.
[0024] The electrode array 50 may have a wide variety of specific configurations. For example, the array could comprise
a plastic or other flexible, electrically non-conductive substrate having the array of electrode nodes deposited thereon
by conventional thin-film techniques such as plating, CVD, photolithography, or the like. Alternatively, the membrane
could be composed of a network of electrically conductive members with suitable isolation being provided to define the
individual electrode nodes 52 on the surface of the array 50.
[0025] A third alternative test electrode configuration is illustrated in Fig. 3. There, a probe 70 has an array electrode
tips 72 formed at its distal end 74. The electrode tips 72 are isolated from each other, and individual conductors (not
shown) are connected to a switching or multiplexing unit 76 via a cable 78. A counterelectrode 80 is also connectable
to the multiplexing unit 76 via a cable 82. The multiplexing unit 76 may be connected to an analyzer 84, generally as
described above for the system of Fig. 2. The probe 70 would be used to contact the electrode tips 72 against the nipple
surface by successively probing the nipple surface at different points. The data could be collected, analyzed, and pre-
sented in any of the ways described above. The use of multiple electrode tips 72 would reduce the time required to scan
or map the entire nipple surface.
[0026] The test electrode can be a single electrode moved to different locations on the surface of the nipple for each
measurement taken. Measurements of characteristic electrical signal can be taken sequentially from each test electrode
on the nipple surface relative to a reference electrode at the reference point on the body of the mammal for either multiple
or single test electrode systems. The reference electrode may be on the nipple surface also, or may also be at the base
of the breast or at the base of the nipple or at any other suitable reference point on the mammal being studied. With
embodiments having multiple test electrodes, the potential and/or current to the test electrodes, and the subsequent
measurements of characteristic electrical signal are coordinated with a switcher, e.g., a mechanism that switches the
potential to each electrode in the bundle or array successively, and then measures the characteristic electrical signal
value at each electrode in the bundle or array in succession as well.
[0027] The reference and test electrodes can be made of e.g., silver, silver/silver chloride, platinum, titanium, or other
conductive material suitable for use as an electrode contacting a skin surface. Electrodes can be made as described in
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U.S. Patent No. 5,217,014, U.S. Patent No. 5,660,177, and WO 96/12439 and U.S. Patent No. 5,810,742 with further
modifications as described herein, including modifications to suit the particular purpose of the invention, namely to identify
ductal orifices locations on a nipple surface. The test electrodes and the reference electrode can have lead (insulated
conductive wire) to a machine capable of generating an electrical potential or current in an electrical circuit for generating
the potential and measuring the characteristic electrical signal values. The machine capable of generating an electrical
potential or current in an electrical circuit has the ability to generate potentials at various frequencies for making these
measurements. One type of machine for generating the potential and measuring the characteristic electrical signal values
can be an LCR machine (LCR stands for admittance, capacitance and resistance). The electrode wire size can be e.g.,
in the range of 1 Pm to 1 mm diameter, e.g., a range of about 50 Pm to 500 Pm in diameter.
[0028] Where the test electrode is a bundle or array of multiple electrodes able to take sequential readings from
different points on the nipple surface relative to a reference electrode with which a potential is generated, the multiple
electrodes can be affixed to a solid support, for example polyvinyl chloride (PVC) or other polymer or plastic. The solid
support can be a flexible support. Thus, the solid support may also be made of a less rigid material; e.g., mylar or other
flexible solid support capable of yielding to the contour of the surface of the nipple upon pressure from the surface on
the electrodes that contact the contoured surface. The solid support can be a plate, or a molded or moldable solid
support, provided that the solid support is capable of yielding at least somewhat to the contours and roundness of the
human nipple, or can allow the electrodes affixed to it to yield to the contours of the nipple surface. In general, an array
of electrodes are electrodes fixed in a solid support at a fixed distance from each other, and a bundle of electrodes are
longer electrodes bundled together in a bundle-like configuration having random spacing between the electrodes in the
bundle. Either an array or a bundle can be from very few to several tens of thousands of electrodes, and either a bundle
or an array can cover from a small portion of the nipple surface to the entire nipple surface.
[0029] A multi-array test electrode comprised of multiple electrodes (e.g., a range of from 10 to 100,000, e.g., particularly
100 to 10,000 electrodes) is designed to measure characteristic electrical signals over the whole nipple, and to allow
the electrodes to touch the nipple surface in all places including the crevices of the nipple surface. The test electrode
multi-array can have a wire to a machine capable of generating an electrical potential or current in an electrical circuit
for generating the potential and measuring the characteristic electrical signal. The electrode wire size for an array of
electrodes can be e.g., in the range of 1 Pm to 1 mm diameter, e.g., about 50 Pm to 250 Pm in diameter. The electrode
spacing can be about a range of 10 to 200 Pm apart, e.g., about 100 Pm apart. In an array having a solid support base
to which all the electrodes are attached, individual electrodes can protrude below the surface of a solid support in the
range from about 10 Pm to 1 cm, e.g., a range from about 500 Pm to about 3000 Pm. The total size of the multi-array
on the solid support can be about the size of the nipple. The array can also cover less than the entire surface of the
nipple. The electrodes can each be connected to a lead that connects to a machine capable of generating an electrical
potential or current in an electrical circuit. The lead can also be connected to a switcher that is connected to a machine
capable of generating an electrical potential or current in an electrical circuit.
[0030] In addition to an array in a fixed solid support, the electrodes can be configured in a bundle by being wrapped
or somehow tied or pulled together. The bundle can cover a part of or all of the nipple surface. The electrode wire size
for a bundle of electrodes can be e.g., in the range of 1 Pm to 1 mm diameter, e.g., about 50 Pm to 250 Pm in diameter.
The bundle of electrodes can cover less than the whole surface of the nipple, e.g., to probe the nipple surface in quadrants
using e.g., the 10 electrode probes at a time, or can cover the whole surface of the nipple. Where the goal of the bundle
is to cover the entire area of the nipple surface, various sizes of bundles can be made to accommodate various nipple
sizes. The electrodes can each be connected to a lead that connects to a machine capable of generating an electrical
potential or current in an electrical circuit. The lead can also be connected to a switcher that is connected to a machine
capable of generating an electrical potential or current in an electrical circuit.
[0031] Measuring characteristic electrical signal can comprise making measurements at a specific frequency or at a
range of frequencies, using e.g., a machine capable of generating an electrical potential or current in an electrical circuit.
The measurements can be made at a range of frequencies and the range can be predetermined. For example, a frequency
can be in the range of 100 Hz to 1000 kHz. For a predetermined range, several frequencies can be selected, e.g., 1000
Hz, 10 kHz, 100 kHz, and 1000 kHz and tested in different locations on the surface of the nipple. Thus, e.g., location A
is probed at 3 to 10 frequencies, and location B is probed at the same 3 to 10 frequencies, and the characteristic electrical
signal values at each location for each frequency can be compared. The range of frequencies used can be a random
range or a predetermined range of frequencies. With regard to an embodiment having multiple test electrodes, the
machine capable of generating an electrical potential or current in an electrical circuit can be connected to a switcher
for relaying the potential and taking measurements at each electrode. The switcher can be connected to a machine for
analyzing the electrical signals, e.g., a central processing unit (CPU) for analyzing (and capturing and storing) the data
retrieved from the characteristic electrical signal measurements.
[0032] Additional features of the test electrodes can include that they are designed in an array of electrodes affixed
to a solid support. The array comprises multiple electrodes so that more electrodes more efficiently contact the skin
surface of the nipple. This improvement is made in order to overcome a difficulty inherent in the taking of such meas-
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urements in that the nipple surface is uneven and thus difficult to contact uniformly with an array of electrical probes.
Probes of fixed length attached to a solid support may be unable to contact the nipple surface with fidelity. Modification
includes a probe array affixed to a solid support so that the electrodes can move up and down relative to the solid support
and the nipple surface. Thus, where a particular electrode is over a "valley" on the nipple surface, the electrode may be
pushed down farther (relative to its neighbor electrodes) and make contact with the nipple surface in the valley. Conversely,
where an electrode is over a "hill" on the nipple surface, that electrode may be pushed up relative to its neighbor electrodes
and thus make contact with the nipple surface on the hill. In short, the electrodes can be movable in their bundle or array
to accommodate the contours of the nipple surface.
[0033] The electrodes in an array or a bundle can move up and down in a variety of ways. First, if the electrodes are
attached to a solid support, they are still able to move up and down relative to that solid support. An "O" ring can be
provided that puts weight on the electrode close to the nipple surface, encouraging the electrode to contact the surface
completely. The "O" rings can be coated with a non-conductive material. "O" rings also can enable a piston-like action
for the electrode, allowing a range of up and down movement so that the electrode can be pushed against the nipple
surface. For example, where a piston mechanism can be provided for each electrode such that the electrode can slide
up and down in a piston sleeve, to make contact with the nipple surface. The electrodes may also be fashioned like pins
in a board, such that upon contact with a skin surface the electrode retreats only to the extent that the nipple surface
encourages retreat (as in a hill), and they remain lowered where a valley is present on the nipple surface. Springs can
be placed between the solid support and the electrodes to provide a mechanism to push the electrode tips closer to the
nipple surface, e.g., especially where a valley is present.
[0034] The bundle of electrodes may also comprise separate electrodes encased in a glass capillary tubes which
provide a cylinder for facilitating the up and down movement of the electrodes in order to contact the uneven nipple
surface. The capillary tubes can be closed with a film through which a potential is still permitted to travel on each end
so that the electrodes cannot fall out of the capillary tubes. The distal end of the electrode can be connected to a lead
which is connected to a switcher and then a machine capable of generating an electrical potential or current in an
electrical circuit.
[0035] Additionally, where the test electrode or the array or bundle of test electrodes is placed over the nipple surface
under a vacuum, e.g., as an additional part of a vacuum suction apparatus, the nipple surface is made to be more flat
(by the vacuum that pulls on the nipple surface) and better contact with the skin surface by probe electrodes is therefore
facilitated. A breast pump can provide vacuum to the surface of the nipple, and the pump may have thin threads or wires
to allow positioning of a bundle or array of electrodes directly on the surface of the nipple. The reference electrode can
be placed at the base of the breast, or some other suitable location. Adjustments to the position of the test electrodes
can be made prior to application of a vacuum. A vacuum can provide an environment that causes the nipple surface to
become smoother or to have fewer contours. The solid support of an array can be made of mylar so that the electrodes
in the array can conform to the nipple surface better than they would if affixed to a rigid solid support. Additionally, the
electrodes can be moveable as described earlier. Characteristic electrical signal measurements can be taken from the
nipple surface under the vacuum pressure. Where a single test electrode is used under vacuum pressure, the reference
electrode can be placed on the nipple surface or at another suitable location, and the characteristic electrical signal
measurements taken while the nipple surface is under vacuum pressure.
[0036] After placement of the reference electrode and the test electrode on their respective parts of the mammal to
be analyzed, (e.g., the reference electrode is placed at the base of the breast, and the test electrode is placed at the
nipple surface) a reference potential can be established between the two electrodes. Although the invention is not limited
to theories of how the system works, it is proposed that a potential between a reference electrode and a test electrode
will preferentially travel through the breast ducts with a lower characteristic electrical signal value. The electrodes can
be connected to leads that connect to a machine, for example a machine capable of generating an electrical potential
or current in an electrical circuit, capable of establishing a potential between the electrodes and of measuring characteristic
electrical signal within the circuit.
[0037] The machine can be one essentially as described in U.S. Patent No. 5,143,079, WO 96/12439, U.S. Patent
No. 5,810,742, U.S. Patent No. 5,678,547, U.S. Patent No. 4,458,694 or U.S. Patent No. 4,291,708. The machine can
be capable of generating an electrical potential, and can also include a machine for analyzing the electrical signal, (e.g.,
a central processing unit (CPU)) for making analysis of the measurements that are taken from the potential generated
between two electrodes. Characteristic electrical signal is a value that can be measured by virtue of the potential difference
between the two electrodes. Other parameters that can be derived from an characteristic electrical signal measurement
including resistance or capacitance can also be measured and used to compare the probe locations. Thus, for example,
point A on the nipple surface may have a lower characteristic electrical signal measurement than point B on the nipple
surface, indicating the likelihood that point A is a ductal orifice. It is also important to note that a ductal orifice may be
indicated by higher characteristic electrical signal where the ductal orifice has a keratin plug, as keratin plugs will generally
provide for higher characteristic electrical signal of the potential. The invention accordingly also provides that the nipple
can be dekeratinized with an appropriately effective dekeratinizing agent before the electrical measurements are taken.
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Dekeratinizing agents include those known in the art, e.g., acetic acid at a dekeratinizing strength, empigen, cerumenex,
and preparative agents containing alcohol.
[0038] To identify a ductal orifice, a test electrode may be moved across the nipple surface, testing for areas of
characteristic electrical signal variation, including areas of low characteristic electrical signal and high characteristic
electrical signal. At a particular area of low characteristic electrical signal, for example, (if low signal indicates a ductal
orifice) a guidewire can be inserted within a ductal orifice, and the procedure continued until all ducts have been located.
The placement of the guidewire provides the practitioner with the opportunity to access the duct later, after the scanning
of the nipple surface is complete and all the ducts have been identified. The guidewires placed in the ducts also provide
an opportunity to take a photograph of the nipple with guidewires extending from it for recording the locations of the
ductal orifices.
[0039] The nipple can be coated with a conductive gel sensitive to impedance (e.g., a liquid crystal film). Additionally,
a matrix or screen about the area of a nipple surface having multiple tiny holes from a cross-hatch of a non-conductive
wire or mesh (e.g., nylon wire) grid can be placed over the nipple. A reference electrode can be placed at the base of
the breast or any other appropriate location, and a test electrode at the nipple, e.g., at the side of the nipple so as not
to interfere with the matrix and gel on the top of the nipple surface. After a potential or voltage and/or current is applied
to the system, a machine electronically registers characteristic electrical signal values from the conductive gel to show
e.g., a map of spikes where low characteristic electrical signal values exist, indicating likely candidate locations of ductal
orifices on the surface of the nipple. Through the matrix or screen at the points of low or high characteristic electrical
signal, guidewires can be threaded into the ductal orifices (depending on which signals are indicative of a ductal orifice
with the given signal). The matrix or screen can thus provide information about the nipple surface that registers an
characteristic electrical signal variation, and a corresponding local for each ductal orifice on the surface.
[0040] The test electrode may also be equipped with a pen or other marking device, so that upon identification of a
ductal orifice, the orifice can be marked with the pen, or other device, for photograph or for later access. The marking
can comprise e.g., fluorescent marking technology. The marking can be temporary (e.g., removable), semi-permanent,
or permanent, e.g., as with a kind of tattoo on the nipple surface that is removable, semi-permanent or permanent. The
tattoo can comprise injection of a biocompatible dye into the surface of the nipple. In any event, the markings can be
photographed for the patient’s records. The markings can be invisible to the naked eye, but their visualization can be
activated with a special light or other visualization aid.
[0041] Where the test electrode is an array of electrodes, a marking system can be incorporated into the array, including
the ability to mark the electrode registering a low characteristic electrical signal measurement indicative of a ductal
orifice, and the marked electrode then marks the skin at that spot, e.g., with a topical dye or pen marking system.
[0042] The ductal orifices can be imaged as described by a photograph of a visual marker such as an inserted guidewire,
a tattoo or other mark at the orifice on the surface of the nipple. A current sensitive film (e.g., a liquid crystal film) can
be placed on the nipple to show a map of the characteristic electrical signals on the nipple surface indicating areas of
likely location of ductal orifices. The electronic values can be printed from the computer. Evidence of any characteristic
electrical signals from the nipples surface can be imaged electronically, by photo, and recordation of numerical values
corresponding to the signals.
[0043] The machine connected to the leads may also contain a machine for analyzing the electrical signal, (e.g., a
central processing unit (CPU)) for processing the electrical signals generated by the measured values of characteristic
electrical signals received from the test probe at the nipple surface. The machine for analyzing the electrical signal can
generate electronic signals that provide an image or map of the nipple surface. Electronic imaging can provide a prac-
titioner with a real time image to use in accessing the ducts. An electronic image can also provide the opportunity for
generating a printed image of the nipple surface that indicates the location of the ductal orifices for the patient’s records.
The machine for analyzing the electrical signal can also capture the characteristic electrical signal values and store them
for later access. The practitioner can work in real time from the electronic image, or can use the printed image to provide
a map to the ductal orifices.
[0044] The ducts can be accessed for any purpose, including providing a medical treatment or procedure comprising
therapeutic, prophylactic, diagnostic or prognostic purposes. For example, tissue or fluid can be removed from the duct,
or agents can be delivered to a duct or ducts. The test electrode can be operated while access of the ductal orifice is
desired. Thus, upon identification of a ductal orifice, access can be made with a guidewire as describe herein, or other
accessing device. The access can be accomplished by, e.g., a catheter, cannula, guidewire or other medical probe
suitable for ductal access. Purposes of access can include, e.g., removing fluid or administering an agent or marking
the ducts as with guidewires, or other analysis or manipulation of the duct. The probe can also be an imaging probe
where desired, for example a ductscope or other imaging device capable of penetrating a breast duct once accessed.
[0045] Characteristic electrical signal measuring devices can be made essentially as described in WO 96/12439 to
TransScan, U.S. Patent No. 5,810,742 also to TransScan, U.S. Patent No. 5,143,079 to Yeda Research and Development
Co., U.S. Patent No. 5,678,547 to Biofield Corp., and U.S. Patent No. 5,660,177 to Biofield Corp. Modifications can be
made to the devices described in these patents and publications and herein, including adaptations made in order to
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read electrical potentials at the surface of a nipple, particularly those at ductal orifices. Thus, electrodes are placed at
some point on the body, e.g., at the base of the breast, and on the nipple surface in order that characteristic electrical
signal between these two points is measurable after a potential is applied between the electrodes completing a circuit.
The devices include a reference electrode for placement at a point on the body other than the location of the test electrode,
a test electrode for placement on the surface of the nipple, leads from each electrode to a machine capable of generating
an electrical potential between the two electrodes and of measuring a value of a characteristic electrical signal existing
at a given test spot, e.g., a machine capable of generating an electrical potential or current in an electrical circuit.
[0046] Such a device used in the method of identifying ductal orifices is used to take multiple comparable measurements
of characteristic electrical signal at various points on the nipple surface. The ductal orifices are identified, e.g., by a
characteristic electrical signal. Thus where a characteristic electrical signal is detected, a ductal orifice on the nipple
surface can be identified. The detection is made based on characteristic electrical signal measurements at that spot as
compared preferably to a reference value (e.g., a value established based on a survey of likely values for ductal orifices
on nipple surfaces), also with reference to a potential and/or current created in a closed circuit with the reference electrode.
Ultimately, whether a particular spot on the nipple surface is or is not a ductal orifice can be determined by whether it
can be cannulated or accessed with a guidewire after identification.
[0047] The devices for use in the invention can also comprises an ability to image characteristic electrical signal
electronically, or the device can provide for a photograph to be taken of a marked nipple surface. An electronic image,
a printed image, and an image as a result of exposure to sensitive film, including e.g., X-ray film can be generated from
the device or upon generation of a potential and/or current through the breast by the device.
[0048] The electrodes useful for practicing the method using characteristic electrical signal can be made essentially
as described in U.S. Patent No. 5,217,014 to Biofield Corp., and WO 96/12439 with modifications appropriate to the
diminutive size of the nipple surface and the ductal orifices relative to the items being detected in these patents and
publications, and also with regard to the reduced conductance per ductal orifice that it is the object to identify. The test
electrodes can be designed as described herein, e.g., a single test electrode moved sequentially to locations on the
nipple surface and multi-array test electrodes attached to a solid support and contacting the nipple surface. Readings
from the multi-array test electrodes are still taken sequentially at each electrode with reference to a reference electrode
which can also be located at the nipple surface, or at another location on the mammal.
[0049] The invention also provides a kit for identifying a breast nipple ductal orifice comprising a reference electrode
and a test electrode capable of being connected to a machine capable of generating an electrical potential or current in
an electrical circuit. The machine capable of generating an electrical potential or current in an electrical circuit can
generate a potential between the two electrodes and measure a characteristic electrical signal value at a given location
on a nipple surface. The kit can further include an accessing element for accessing the ductal orifice once identified.
The accessing element can comprise, e.g., a guidewire, a cannula or a catheter. The machine capable of generating
an electrical potential or current in an electrical circuit can be operably connected to a machine for analyzing the electrical
signal, (e.g., a central processing unit (CPU)) e.g., comprising a computer program capable of analyzing a plurality of
characteristic electrical signal measurements taken from the nipple surface. The machine for analyzing the electrical
signal can also be capable of capturing the characteristic electrical signal values as electronic information, storing this
information, and imaging it, e.g., either on the computer screen, on a printed piece of paper, in a graph, or other useful
image. The kit can further comprises instructions for use of the kit. The kit can further comprise an element to mark the
duct location on the nipple surface once the orifice is identified, e.g., a pen capable of leaving an ink marking on the
nipple surface or a tool capable of generating a tattoo marking on the nipple surface, or a guidewire that can be placed
within the duct to mark the ductal orifice location. A mark generated can be visible to the naked eye or invisible except
with the use of a special, e.g., fluorescent, light or other aid. The kit can further comprise a non-conductive wire mesh
screen for placement over the nipple surface, and a conductive gel for spreading on the nipple surface for generating
an characteristic electrical signal map of the nipple surface.
[0050] Kits constructed in accordance with the principles of the present invention are illustrated in Figs. 4 and 5. The
kit 100 of Fig. 4 comprises a probe 10 and counterelectrode 20 as described previously with reference to Fig. 1. In
addition to these kit components, the kit 100 will usually include instructions for use 102 setting forth any of the methods
described herein, as well as packaging in the form of a pouch P or other conventional medical device package, such as
a tube, bag, tray, box, or the like. Usually, at least the probe 10 and counterelectrode 20 will be maintained sterilely
within the packaging, and the instructions for use 102 may be provided on a separate package insert (as illustrated) or
may printed in whole or in part on the packaging.
[0051] Kit 200 is illustrated in Fig. 5 and includes an electrode array 50 and counterelectrode 60 as described previously
in connection with Fig. 5. In addition to these kit components, the kit 200 may further comprise an electrically conductive
gel 202, instructions for use 204, and packing P. The electrically conductive gel is optionally used in the methods where
it is applied to the nipple before the electrode array 50 is secured thereto. Instructions for use 204 may set forth any of
the methods described herein which utilize an electrode array. The packaging may be pouch P or any conventional form
of medical device packaging as described above.
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[0052] The following is a table to illustrate applications of the method of the invention to identification of ductal orifices
of several patients. The N=? column refers to the number of contact points of electrode on a nipple surface.

EXAMPLES

1. Electrical Impedance for Identifying a Ductal Orifice

[0053] A human patient is connected with a multi-array test electrode having many electrical probes movably affixed
to a mylar sheet that approximately covers the surface of the nipple. Each electrode is 100 Pm thick and the electrodes
are 100 Pm apart. The electrodes extend from the mylar by 200 Pm. The electrodes have the ability to rest on the surface
of the nipple, and thus to slide up or down depending on a high or low point in the contour of the nipple surface. A
reference probe (electrode) is placed at the base of the breast and the two probes (electrodes) are attached to leads to
an LCR machine capable of generating a potential between the test electrodes and the reference electrode, and capable
of measuring characteristic electrical signal. An electronic image of the characteristic electrical signal values is made
based on the location of the electrodes in the array, and can be captured, analyzed and stored in a machine for analyzing
the electrical signal (e.g., a central processing unit (CPU)), e.g., comprising a computer program for analyzing multiple
characteristic electrical signal values. The electronic information captured by the machine for analyzing the electrical
signal also generates an electronic "picture" on a computer screen of the nipple surface that identifies in particular regions

TABLE I

human/ 
nipple (right 
or left)

N = ? potential impedance 
range

capacitance 
range

e.g.: ducts 
located

guide-wire 
photo?

A right 1000 2 kiloHz 2 kiloOhms to 
18 megaOhms

not taken 10 no

A left 1000 2 kiloHz 2 kiloOhms to 
18 mega Ohms

not taken 8 no

Bright 100 5 kiloHz not taken 1 nanoFarad to 
500 picoFarad

6 yes

B left 100 5 kiloHz not taken 1 nanoFarad to 
500 picoFarad

7 yes

C right 200 3 kiloHz 2 kiloOhms to 
30 megaOhms

not taken 12 yes

C left 200 3 kilohz 2 kiloOhms to 
30 megaOhms

not taken 9 yes

D right 10,000 7 kiloHz 2 kiloOhms to 
10 megaOhms

1 nanoFarad to 
500 picoFarad

7 yes

D left 10,000 7 kiloHz 2 kiloOhms to 
10 megaOhms

1 nanoFarad to 
500 picoFarad

9 yes

E right 10 10 kiloHz 10 kiloOhms to 
200 kiloOhms

not taken 4 yes

E left 10 10 kiloHz 10 kiloOhms to 
200 kiloOhms

not taken 6 yes
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of high and low characteristic electrical signal. Where the characteristic electrical signal is an impedance value, regions
of low impedance value are regions that become candidate locations of ductal orifices. High impedance values are
candidate regions for locations of ductal orifices having keratin plugs. The electronic image can be printed for placing
in the patient’s medical records. The entire process is repeated on the left nipple.

2. Electrical Map of the Nipple Surface

[0054] A human nipple is dekeratinized and coated with a liquid crystal gel capable of registering a characteristic
electrical signal, and a screen (a nylon wire matrix having tiny squares formed of the wire cross-hatch grid). The screen
having a nylon wire grid is the size of the area of the nipple and is placed on the nipple. A reference electrode is placed
at the base of the breast, and a test electrode is placed on the surface of the nipple. A potential and/or current is generated
through the breast, and an electrical map is created by the variation of characteristic electrical signal values on the
surface of the nipple. The readings of characteristic electrical signal measured in Ohms by the machine capable of
generating an electrical potential or current in an electrical circuit connected to the reference and test electrodes indicate
likely locations of a ductal orifice with reference to a reference value (e.g., a value below which or above which a ductal
orifice is indicated). An electronic picture of the nipple surface is retrieved from a machine for analyzing the electrical
signal connected to the machine capable of generating an electrical potential or current in an electrical circuit. The
machine for analyzing the electrical signal captures the electronic data comprising characteristic electrical signal values
and analyzes it in a computer program, which data can be saved to a hard drive for later use. Guidewires are placed in
the regions of characteristic electrical signal indicating a ductal orifice through the fine holes of the screen. Once the
entire nipple has a guidewire placed in all regions of characteristic electrical signal, i.e., the ductal orifices, the screen
is removed. The guidewire-marked nipple is photographed for the patient’s records. The entire process is repeated for
the left nipple.

3. Characteristic electrical signal Measurements in Rabbit and Human Breasts

[0055] Electrical measurements of impedance and/or capacitance were made using platinum or silver-silver chloride
electrodes having a tip of between 1 Pm and 1 mm. The electrode was manually placed at different locations on the
surface of a nipple on a dead rabbit pelt (n=100 locations), the surface of a live rabbit nipple (n=90 locations), a mastected
detached human breast (n=130 locations), and a human breast (n=70 locations). Measurements made on the surface
of the human nipple at frequencies between 10 Hz and 100 kiloHz showed differences between the milk duct and the
surrounding non-duct area of the nipple by detection of impedance measurements (as a characteristic electrical signal)
of between 2 kiloOhms and 18 mega Ohms and higher with some characteristic electrical signals too high to register.
Differences in capacitance varied between the milk duct and the surrounding non-duct area of the nipple with values
ranging from 1 nanoFarad to 500 picoFarad. Low impedance indicated a location of a ductal orifice that was verified by
accessing an orifice at that location with a guidewire. Locations that could be accessed by a guidewire were registered
as positive identification of a ductal orifice.

4. Characteristic electrical signal Measurements Using a Bundle of 6 Electrodes on Mastected Nipple Surface

[0056] A bundle of electrodes was constructed having 6 electrodes in the bundle. Galactography needles (available
from Manan, Inc. located at Gainsburg, Florida) were cut to 3.5 cm. Cut needles were each inserted into glass capillary
tubes (one needle per tube) such that 1 mm of needle protruded out of the bottom of the tube. Six capillary tubes having
needles were bundled together. Each needle was connected to a lead wire at the top of the capillary tube, and the lead
was connected to an LCR meter. A reference electrode was placed on the areola of a mastected breast. A potential was
generated in each of the 6 electrodes (needles) at 36 different spots on the mastected breast nipple surface, i.e., the
bundle was moved to 6 different locations or spots on the nipple surface. Potentials were generated at 1 kiloHertz and
10 kilohertz at each of the 6 spots where the bundle rested. Impedance measurements taken at 1 kiloHertz ranged from
20 kiloOhms to 1 megaOhm; impedance measurements taken at 10 kiloHz ranged from 10 kiloOhms to 144 kiloOhms
as show below in the Table II below.

TABLE II:
Results of Bundle Electrode Test of Mastected Breast Nipple Surface ----Frequency----

spot/electrode 1 kiloHz 10 kiloHz conclusions

spot 1/ electrode 1 71 kiloOhms 71 kiloOhms
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(continued)

TABLE II:
Results of Bundle Electrode Test of Mastected Breast Nipple Surface ----Frequency----

� 142 144 based on both measurements (1 and 10 kiloHz) 
high impedance; possible duct

1/3 29 27

� 29 26

1/5 20 19

1/6 29 28

spot 2 / electrode 1 28 13

2/2 29 18

2/3 100 22 based on measurement at 1 kiloHz, high 
impedance; possible duct

2/4 30 13

2/5 25 11 based on measurement at 10 kiloHz, low 
impedance; possible duct

2/6 23 14

spot 3 / electrode 1 29 20

3/2 243 56 based on measurement at 1 kiloHz, high 
impedance; possible duct

3/3 208 52 based on measurement at 1 kiloHz. high 
impedance; possible duct

% 186 52

3/5 124 30

3/6 61 22

spot 4 / electrode 1 22 17

4/2 153 150 based on both measurements (1 and 10 kiloHz) 
high impedance; possible duct

4/3 46 13

4/4 63 18

4/5 80 27

4/6 40 18

spot 5 / electrode 1 85 not taken

5/2 69 not taken

5/3 11 not taken

5/4 215 not taken

5/5 308 not taken
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[0058] Although the foregoing invention has been described in some detail by way of illustration and example for
purposes of clarity of understanding, it will be readily apparent to those of ordinary skill in the art in light of the teachings
of this invention that certain changes and modifications may be made thereto without departing from the scope of the
appended claims.

Claims

1. A method of identifying a ductal orifice (0) on a nipple (N) of a mammalian breast, said method comprising:

engaging a reference electrode (20) against a surface on the body of the mammal;
engaging a test electrode (12) to a test location on a nipple surface;
applying an electrical current and/or potential between the reference electrode (20) and the test electrode (12);
measuring a characteristic electrical signal produced in response to the applied electrical current and/or potential;
and
comparing the measured value to a base value in order to determine a likelihood that the test location on the
nipple surface comprises a ductal orifice (O).

2. A method as in claim 1, wherein the base electrical value is a predetermined value.

3. A method as in claim 1, wherein the reference electrode (20) is engaged on the body of the mammal at a location
selected from the group consisting of the base of the breast, the base of the nipple (N), the surface of the nipple
(N), the areola of the nipple (N), and an abdominal or chest surface of the mammal.

4. A method as in claim 1, wherein engaging the test electrode (12) comprises sequentially engaging the test electrode
(12) at different locations on the nipple surface so that an array of measured values is produced in order to determine
a likelihood that any given location comprises a ductal orifice (O).

5. A method as in claim 4, wherein the reference value is a predetermined value.

6. method as in claim 1, wherein the test electrode (12) comprises multiple electrodes placed at the surface of the
nipple (N).

7. A method as in claim 6, wherein the multiple electrodes conform to the surface of the nipple (N).

8. A method as in claim 1, wherein measuring a characteristic electrical signal comprises making measurements at a
specific frequency or at a range of frequencies.

9. A method as in claim 1, wherein generating a comparison of a value to a reference value further comprises capturing
an image of the value.

10. A method as in claim 1, wherein generating a comparison of a value to a reference value further comprises receiving
a numerical value of the comparison.

11. A method as in claim 1, further comprising receiving an audible signal indicator upon likelihood that the location on
the nipple surface comprises a ductal orifice (O).
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12. A kit for identifying a ductal orifice (O) on a breast nipple (N) comprising:

a reference electrode (20) which may be engaged against a body surface; and
a test electrode (12) which may be engaged against different locations on the breast nipple (N), wherein both
electrodes are capable of being connected to a source that creates an electrical current and/or potential between
the two electrodes and a unit for measuring a characteristic electrical signal.

13. The kit as in claim 12, wherein the test electrode (12) comprises an electrode wire having a diameter in the range
of 1Pm to 1mm.

14. A kit as in claim 12, further comprising an accessing element for accessing the ductal orifice (O) once identified.

15. A kit as in claim 14, wherein the accessing element comprises an element capable of accessing a ductal orifice (O)
selected from the group consisting of a guidewire, a cannula, and a catheter.

16. A kit as in claim 12, further comprising an element to mark the duct location on the nipple surface once the orifice
(O) is identified.

17. A kit as in claim 16, wherein the marking element comprises an element selected from the group consisting of a
pen capable of leaving an ink marking on the nipple surface and a tool capable of generating a tattoo marking on
the nipple surface.

18. A kit as in claim 12, wherein the reference electrode (20) and test electrodes (12) comprise a non-conductive wire
mesh screen, and wherein the kit further comprises a conductive gel for placing on the nipple surface for generating
a map of the nipple surface.

19. A kit as in any of claims 12-18, further comprising instructions for use.

20. A kit as in claim 12, further comprising instructions for use setting forth a method comprising:

engaging a reference electrode (20) against a surface on the body of the mammal;
engaging a test electrode (12) to a test location on a nipple surface;
applying an electrical current and/or potential between the reference electrode (12) and the test electrode (12);
measuring a characteristic electrical signal produced in response to the applied electrical current and/or potential;
and
comparing the measured value to a base value in order to determine a likelihood that the test location on the
nipple surface comprises a ductal orifice (O).

Patentansprüche

1. Verfahren zum Identifizieren einer Gangöffnung (O) an einer Brustwarze (N) einer Säugetierbrust, das Verfahren
umfasst:

in Kontakt bringen einer Referenzelektrode (20) mit einer Oberfläche an dem Körper des Säugetiers;
in Kontakt bringen einer Testelektrode (12) mit einem Testort an einer Brustwarzenoberfläche;
Anlegen eines elektrischen Stroms und/oder eines Potenzials zwischen der Referenzelektrode (20) und der
Testelektrode (12);
Messen eines charakteristischen elektrischen Signals, das als Antwort auf den angelegten elektrischen Strom
und/oder das Potenzial erzeugt wird; und
Vergleichen des gemessenen Werts mit einem Basiswert, um eine Wahrscheinlichkeit zu bestimmen, dass der
Testort an der Brustwarzenoberfläche eine Gangöffnung (O) umfasst.

2. Verfahren nach Anspruch 1, wobei der elektrische Basiswert ein vorbestimmter Wert ist.

3. Verfahren nach Anspruch 1, wobei die Referenzelektrode (20) an dem Körper des Säugetiers an einem Ort in
Kontakt gebracht wird, der aus der Gruppe ausgewählt ist, bestehend aus der Basis der Brust, der Basis der
Brustwarze (N), der Oberfläche der Brustwarze (N), dem Brustwarzenhof (N) und einer Unterleibs- oder einer
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Brustoberfläche des Säugetiers.

4. Verfahren nach Anspruch 1, wobei das in Kontakt bringen der Testelektrode (12) ein anschließendes in Kontakt
bringen der Testelektrode (12) an verschiedenen Orten auf der Brustwarzenoberfläche umfasst, so dass eine An-
ordnung gemessener Werte erzeugt wird, um eine Wahrscheinlichkeit zu bestimmen, dass irgendein gegebener
Ort eine Gangöffnung (O) umfasst.

5. Verfahren nach Anspruch 4, wobei der Referenzwert ein vorbestimmter Wert ist.

6. Verfahren nach Anspruch 1, wobei die Testelektrode (12) mehrere Elektroden umfasst, die an der Oberfläche der
Brustwarze (N) angeordnet sind.

7. Verfahren nach Anspruch 6, wobei die mehreren Elektroden sich an die Oberfläche der Brustwarze (N) anpassen.

8. Verfahren nach Anspruch 1, wobei das Messen eines charakteristischen elektrischen Signals ein Durchführen von
Messungen bei einer bestimmten Frequenz oder in einem Bereich von Frequenzen umfasst.

9. Verfahren nach Anspruch 1, wobei das Erstellen eines Vergleichs eines Werts mit einem Referenzwert weiter ein
Erfassen eines Bildes des Werts umfasst.

10. Verfahren nach Anspruch 1, wobei das Erstellen eines Vergleichs eines Werts mit einem Referenzwert weiter ein
Empfangen eines numerischen Werts des Vergleichs umfasst.

11. Verfahren nach Anspruch 1, das weiter ein Empfangen eines akustischen Signalindikators nach der Wahrschein-
lichkeit umfasst, dass der Ort an der Brustwarzenoberfläche eine Gangöffnung (O) umfasst.

12. Kit zum Identifizieren einer Gangöffnung (O) an einer Brustwarze (N) umfassend:

eine Referenzelektrode (20), die mit einer Körperoberfläche in Kontakt gebracht werden kann; und
eine Testelektrode (12), die mit verschiedenen Orten an der Brustwarze (N) in Kontakt gebracht werden kann,
wobei beide Elektroden in der Lage sind, mit einer Quelle, die einen elektrischen Strom und/oder ein Potenzial
zwischen den zwei Elektroden anlegt, und einer Einheit zum Messen eines charakteristischen elektrischen
Signals verbunden zu werden.

13. Kit nach Anspruch 12, wobei die Testelektrode (12) einen Elektrodendraht mit einem Durchmesser im Bereich von
1 Pm bis 1 mm umfasst.

14. Kit nach Anspruch 12, das weiter ein zugreifendes Element zum Zugreifen auf die Gangöffnung (O) umfasst, sobald
sie identifiziert ist.

15. Kit nach Anspruch 14, wobei das zugreifende Element ein Element umfasst, das in der Lage ist, auf eine Gangöffnung
(O) zuzugreifen, das aus der Gruppe ausgewählt ist, bestehend aus einem Führungsdraht, einer Kanüle und einem
Katheter.

16. Kit nach Anspruch 12, das weiter ein Element umfasst, um den Gangort an der Brustwarzenoberfläche zu markieren,
sobald die Öffnung (O) identifiziert ist.

17. Kit nach Anspruch 16, wobei das markierende Element ein Element umfasst, das aus der Gruppe ausgewählt ist,
bestehend aus einem Stift, der in der Lage ist, eine Tintenmarkierung an der Brustwarzenoberfläche zu hinterlassen,
und einem Werkzeug, das in der Lage ist, eine Tätowierungsmarkierung an der Brustwarzenoberfläche zu erstellen.

18. Kit nach Anspruch 12, wobei die Referenzelektrode (20) und die Testelektroden (12) ein nicht leitendes Drahtma-
schensieb umfassen, und wobei das Kit weiter ein leitendes Gel zum Auftragen auf die Brustwarzenoberfläche zum
Erstellen einer Karte der Brustwarzenoberfläche umfasst.

19. Kit nach einem der Ansprüche 12 - 18, das weiter Anleitungen zur Verwendung umfasst.

20. Kit nach Anspruch 12, das weiter Anleitungen zur Verwendung eines vorgeschrieben Verfahrens umfasst, umfas-
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send:

in Kontakt bringen einer Referenzelektrode (20) mit einer Oberfläche an dem Körper des Säugetiers;
in Kontakt bringen einer Testelektrode (12) mit einem Testort an einer Brustwarzenoberfläche;
Anlegen eines elektrischen Stroms und/oder eines Potenzials zwischen der Referenzelektrode (20) und der
Testelektrode (12);
Messen eines charakteristischen elektrischen Signals, das als Antwort auf den angelegten elektrischen Strom-
und/oder das Potenzial erzeugt wird; und
Vergleichen des gemessenen Werts mit einem Basiswert, um eine Wahrscheinlichkeit zu bestimmen, dass der
Testort an der Brustwarzenoberfläche eine Gangöffnung (O) umfasst.

Revendications

1. Procédé d’identification d’un orifice (0) canaliculaire sur un mamelon (N) d’un sein mammalien, ledit procédé
comprenant :

mettre en contact une électrode (20) de référence avec une surface du corps du mammifère ;
mettre en contact une électrode (12) de test avec un emplacement de test sur une surface du mamelon ;
appliquer un courant électrique et / ou un potentiel entre l’électrode (20) de référence et l’électrode (12) de test ;
mesurer un signal électrique caractéristique produit en réponse au courant électrique et / ou potentiel appliqué ; et
comparer la valeur mesurée à une valeur de base afin de déterminer une probabilité que l’emplacement du test
sur la surface du mamelon comprend un orifice (0) canaliculaire.

2. Procédé selon la revendication 1, dans lequel la valeur électrique de base est une valeur prédéterminée.

3. Procédé selon la revendication 1, dans lequel l’électrode (20) de référence est mise en contact avec le corps du
mammifère à un emplacement sélectionné à partir du groupe constitué de la base du sein, la base du mamelon
(N), la surface du mamelon (N), l’auréole du mamelon (N), et une surface abdominale ou du sein du mammifère.

4. Procédé selon la revendication 1, dans lequel la mise en contact de l’électrode (12) de test comprend la mise en
contact séquentielle de l’électrode (12) de test avec différents emplacements sur la surface du mamelon de sorte
qu’un ensemble de valeurs mesurées soit produit afin de déterminer une probabilité que n’importe quel emplacement
comprend un orifice (0) canaliculaire.

5. Procédé selon la revendication 4, dans lequel la valeur de référence est une valeur prédéterminée.

6. Procédé selon la revendication 1, dans lequel l’électrode (12) de test comprend plusieurs électrodes placées sur
la surface du mamelon (N).

7. Procédé selon la revendication 6, dans lequel les multiples électrodes s’adaptent à la surface du mamelon (N).

8. Procédé selon la revendication 1, dans lequel le mesurage d’un signal électrique caractéristique comprend la prise
de mesures à une fréquence spécifique ou dans une plage de fréquences.

9. Procédé selon la revendication 1, dans lequel la génération d’une comparaison d’une valeur avec une valeur de
référence comprend en outre la saisie d’une image de la valeur.

10. Procédé selon la revendication 1, dans lequel la génération d’une comparaison d’une valeur avec une valeur de
référence comprend en outre la réception d’une valeur numérique de la comparaison.

11. Procédé selon la revendication 1, comprenant en outre la réception d’un indicateur de signal audible de la probabilité
que l’emplacement sur la surface du mamelon comprend un orifice (0) canaliculaire.

12. Kit pour identifier un orifice (0) canaliculaire sur un mamelon (N) de sein comprenant :

une électrode (20) de référence qui peut venir en contact avec une surface du corps ; et
une électrode (12) de test qui peut venir en contact avec différents emplacements sur le mamelon (N) de sein,
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dans lequel les deux électrodes peuvent être connectées à une source qui crée un courant électrique et / ou
un potentiel entre les deux électrodes et une unité pour mesurer un signal électrique caractéristique.

13. Kit selon la revendication 12, dans lequel l’électrode (12) de test comprend un fil électrode ayant un diamètre dans
la plage de 1 Pm à 1 mm.

14. Kit selon la revendication 12, comprenant en outre un élément d’accès pour accéder à l’orifice (0) canaliculaire
après que celui-ci a été identifié.

15. Kit selon la revendication 14, dans lequel l’élément d’accès comprend un élément pouvant accéder à un orifice (0)
canaliculaire sélectionné à partir du groupe constitué d’un fil guide, d’une canule et d’un cathéter.

16. Kit selon la revendication 12, comprenant en outre un élément pour marquer l’emplacement du canal sur la surface
du mamelon une fois que l’orifice (0) est identifié.

17. Kit selon la revendication 16, dans lequel l’élément de marquage comprend un élément sélectionné à partir du
groupe comprenant un stylo pouvant laisser une marque d’encre sur la surface du mamelon et un outil pouvant
générer un tatouage marquant la surface du mamelon.

18. Kit selon la revendication 12, dans lequel l’électrode (20) de référence et des électrodes (12) de test comprennent
un écran en treillis métallique non conducteur, et dans lequel le kit comprend en outre un gel non conducteur à
appliquer sur la surface du mamelon pour générer une carte de la surface du mamelon.

19. Kit selon l’une quelconque des revendications 12 à 18, comprenant en outre un mode d’emploi.

20. Kit selon la revendication 12, comprenant en outre un mode d’emploi pour mettre en oeuvre un procédé comprenant :

mettre en contact une électrode de référence (20) avec une surface sur le corps du mammifère ;
mettre en contact une électrode (12) de test avec un emplacement de test sur la surface du mamelon ;
appliquer un courant électrique et / ou un potentiel entre l’électrode (12) de référence et l’électrode (12) de test ;
mesurer un signal électrique caractéristique produit en réponse au courant électrique appliqué et / ou un
potentiel ; et
comparer la valeur mesurée à une valeur de base afin de déterminer une probabilité que l’emplacement du test
sur la surface du mamelon comprend un orifice (0) canaliculaire.



EP 1 150 602 B1

19



EP 1 150 602 B1

20



EP 1 150 602 B1

21



EP 1 150 602 B1

22



EP 1 150 602 B1

23



EP 1 150 602 B1

24

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• WO 9705898 A [0002]
• US 6221622 B [0002]
• US 6494859 B [0002]
• WO 9955384 A [0002]
• US 2006095017 A [0002]
• WO 0043553 A [0002]
• WO 0039557 A [0002]
• WO 0070349 A [0002]

• WO 9612439 A [0004] [0016] [0027] [0037] [0045]
[0048]

• US 5810742 A [0004] [0016] [0027] [0037] [0045]
• US 5678547 A [0004] [0037] [0045]
• US 4291708 A [0004] [0037]
• US 4458694 A [0004] [0037]
• US 5143079 A [0016] [0037] [0045]
• US 5217014 A [0027] [0048]
• US 5660177 A [0027] [0045]

Non-patent literature cited in the description

• FAUPEL ; HSU. Electropotentials in the clinical as-
sessment of breast neoplasia. 1996, 37-44 [0004]
[0057]

• PIPERNO et al. Frontiers Med. Biol. Engineering.,
1990, vol. 2, 111-117 [0004]

• WRENSCH MR ; PETRAKIS NL ; KING EB ; MIL-
KE R ; MASON L ; CHEW KL ; LEE MM ; ERNSTER
VL ; HILTON JF ; SCHWEITZER R. Am. J. Epide-
miology, 1991, vol. 135 (2), 130-141 [0057]

• KING, EB ; CHEW KL ; PETRAKIS NL ; ERNSTER
VL. JNCI, 1983, vol. 71 (6), 1115-1121 [0057]

• PAPANICOLAOU GN ; HOLMQUIST DG ; BADER
GM ; FALK EA. Cancer, 1958, vol. 11, 377-409
[0057]

• THE BREAST: Comprehensive Management of Be-
nign and Malignant Diseases. GOODSON WH ;
KING EB. Discharges and Secretions of the Nipple.
1998, vol. 1, 51-74 [0057]

• LOVE ; BARSKY. Lancet, 1996, vol. 348, 997-999
[0057]

• BARSKY ; LOVE. Pathological analysis of breast
duct endoscoped mastectomies. Laboratory Investi-
gation, Modem Pathology, 1996, vol. 67 [0057]

• LEWIS. Biophotonics International, 1997, 27-28
[0057]

• SARTORIOUS. Breast Cancer Res. Treat., 1995,
vol. 35, 255-266 [0057]

• SARTORIOUS. Contrast Ductography for the recog-
nition and localization of benign and malignant breast
lesions: An improved technique. Wiley, 1987,
281-300 [0057]

• PETRAKIS. Cancer Epidem. Biomarker Prev., 1993,
vol. 2, 3-10 [0057]

• PETRAKIS. Breast Cancer Res. Treat, 1986, vol. 8,
7-19 [0057]

• WRENSCH et al. Am. J. Epidem., 1992, vol. 135,
130-141 [0057]

• WRENSCH et al. Breast Cancer Res Treat, 1990,
vol. 15, 39-21 [0057]

• WRENSCH et al. Cancer Res., 1989, vol. 49,
2168-2174 [0057]

• MAKITA et al. Breast Cancer Res Treat, 1991, vol.
18, 179-188 [0057]

• OKAZAKI et al. Jpn J. Clin. Oncol., 1991, vol. 21,
188-193 [0057]

• DINER et al. American J. Radiology, 1981, vol. 137,
853 [0057]

• TABAR et al. Radiology, 1983, vol. 149, 31 [0057]
• THREATT et al. Ductography. Grune & Stratton,

1987, 119 [0057]
• PANSERA F. Medical Hypotheses, 1990, vol. 33,

107-111 [0057]



专利名称(译) 通过特征电信号识别管道口

公开(公告)号 EP1150602B1 公开(公告)日 2008-04-16

申请号 EP2000903283 申请日 2000-01-12

[标]申请(专利权)人(译) PRO DUCT健康

申请(专利权)人(译) PRO-DUCT HEALTH，INC.

当前申请(专利权)人(译) CYTYC CORPORATION

[标]发明人 HUNG DAVID
STERN ROGER
GROSSER MORTON

发明人 HUNG, DAVID
STERN, ROGER
GROSSER, MORTON

IPC分类号 A61B5/05 A61B5/00 A61B5/053

CPC分类号 A61B5/0531

代理机构(译) 汤布林，ADRIAN GEORGE

优先权 60/115787 1999-01-13 US

其他公开文献 EP1150602A4
EP1150602A1

外部链接 Espacenet

摘要(译)

本发明提供了涉及在哺乳动物乳房乳头上识别导管的方法和试剂盒。该
方法采用技术来测量乳头表面上的特征电信号，以定位和成像或映射乳
头表面上的导管孔。还提供了包括用于通过特征电信号识别管道的材
料，用于另外分析（30）信号，并且一旦它们已经由特征电信号值识别
就访问或标记管道。

https://share-analytics.zhihuiya.com/view/17bcbec5-d12a-402f-b903-b6fd9c031eb0
https://worldwide.espacenet.com/patent/search/family/022363386/publication/EP1150602B1?q=EP1150602B1

