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| MPEDANCE | MAG NG DEVI CES AND MULTI - ELEMENT PROBE 1 2

FIELD OF THE | NVENTION 3 The present invention relates to systens for
i magi ng 4AVO2GAYIn t he neasurement of electrical potential SPGRUSESO6H1Lr 1 ay
of points, especially on the skin or other tissue 6 surface of a patient.

I BACKGROUND OF THE | NVENTION 8 The neasurenent of

el ectrical potentials on the skin 9 has nmany uses. For exanple,

el ectrocardi ograns are derived 10 from neasuring the potential generated

by the heart of a 1IMPEDANCEIMAGINGDEVIGES AND MUETEELEMENI2PROBE Ski n
potential sjare also neasured in apparatus for 13 determning the

el ectrical _i npedance of hunan tissue, 14. |nclud|ng t wo- di mensi onal (e.g.,
U.S. PatenBs 5,063,937, 15 4, 29FIRE 1 THE oF TION t hree-di nensi onal
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have been dev er J.he past several decades, an inpedance map or
‘ot her 22 gnd??%%g%ﬁ §% %aPa S in inpedance can be generated. 23
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29 of a patient is determ ned. These reference

mul ti - el efrent PREdERE: &t R igus. points,on: fheskin.

12 Skin potentials are also measured in apparatus for
13 determining the electrical impedance of human tissue,
14 including two-dimensional (e.g., U.S. Patents 5,063,937,
15 4,291,708 and 4,458,694) or three-dimensional (e.g., U.S.
16_ Patents 4,617,939 and 4,539,640) mapping of the tissue
17 impedance of the body. In such systems an electrical
18 potential is introduced at a point or points on the body and
19 measured at other points at the body. Based on these
-20 measurements and on algorithms which have been developed
21 over the past several decades, an impedance map or other
22 indication of variations in impedance can be generated.
23 : U.S. Patents 4,291,708 and 4,458,694 and "Breast Cancer
24 screening by impedance measurements" by G. Piperno et al.
25 Fontiers Med. Biol. Eng., Vol. 2, No. 2, pp 111-117, the
26 disclpsuras of which are incorporated herein by reference,
27 deséribe systems in which the impedance between a point on
28 the surface of the skin and some reference point on the body
29 of a patient is determined. These references describe the
30 use of a multi-element probe for the detection of cancer,
31 especially breast cancer, utilizing detected variations of
32 impedance in the breast.
33 In these references a multi-element probe is described
34 in which a series of flat, stainless steel, sensing elements
35 are mounted onto a PVC base. A lead wire is connected

36 between each of these elements and detector circuitry. Based
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31 especially breast cancer, .utilizing detected variations of 32 inpedance )
in the breast. 33 In these references a nulti-elenment probe is
described 34 in which a series of flat, stainless steel, sensing el enents
35 are wosseaonto a PVC base. A lead wire is connected BOT/USYSMEBEA1 each
of these elenents and detector circuitry. Based
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1 on the inpedance neasured between the elenents and a renote 2 part of -
t he body, signal processing circuitry determines the 3. inpedance
variations in the breast. :Based on the inpedance 4 determ nation, tunors,
and especially malignant tunors, can 5 be detected. 6 The mul ti

el enent probd ithe: imnedange qwepeweed batwaes theselementini and ok hzemote
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each ot har. d@tetrhﬁ.mbdieln,hatnﬂnow,e ahd gespethal iy’ mad ignant! 2uimdt$Ct can
carries the_ri ss-tal k, dried gel build-up 13 on the elenments and
I nter-pa |eRP ﬁf&l *concerns. 14 A paper titled "Capacitive
Sensors 6for | I\I!I'ﬂie\/mujl:ti*mmmm@e)fis ree dritimal icompapenti s this
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9 skin and with ithe corresponding points on the sensing or
10 processing elet:jlironics‘ while also being well isolated from ‘
11 each other. On! the other hand, use of gels to improve skin
12 contact carrie$ the risk of cross-talk, dried gel build-up
13 on the elementé:and31nter-patient'hygienic concerns. ‘
14 A paper-étitled " "Capacitive Sensors for IN-Vivo
15 Measurements &f the Dielectric Properties of Biological
16 materials" by Karunayake P.A.P. Esselle and Stanislaw S.
17 Stuchly (IEEE Trans. Inst & Meas. Vol. 37, No. 1, p. 101-
18 105) describes e single element probe for the measurement of
19 in wvivo and in vitro measurements of the dielectric
"20 properties of biological substances at radio and microwave
21 frequencies. The sensor which is described is not suitable
22 for.impedance-i@aging. o

23 - A paper entitled *Messung der elektrischen Impedance
24 von Organen- i;Apparative- Ausriistung fiir Forschung und
25 Kklinishe Anwenidung" by E. Gersing (Biomed. Technik 36
26 (1991), 6111)_d?scribes a system which uses single element
27 impedance probeé for the measurement of the impedance of an
28 organ. The device described is not suitable for impedance

29 imaging.. _ :

30 A Paper titled "MESURE DE L'IMPEDANCE DES TISSUS
.31 HEPATIQUELES TR$NSFORMES PAS DES PROCESSUS LESIONELS" by J.
32 Vrana et al. (Aﬂn. Gastroentreol. Hepetol., 1992, 28, no. 4,
33 165-168) descriées a probe for assessing deep tissue by use
34 of a thin injec#idn electrode. The electrode was positioned
35 by ultrasound a#d specimens were taken for cytological and

36 histological asgessment. The electrode was constituted on a
-2 -
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19 invivo and in vitro neasurenents of the dielectric 20 properties of
bi ol ogi cal substances at radio and m crowave 21 frequencies. The.sensor

~which is descri is not suitable 22 for inpedance imaging

“paper entiﬁ%#’%ssung deri ‘el ektri schen | npedance 24 von éﬁ@ﬁm‘“ﬁ
Apparative Ausristung fur Forschung und 25 klinishe Anwendung” by E.
Cersing (Bioned. Technik 36 26 (1991), 6-11) describes a system which uses
single elenent 27 inpedance probes for the nmeasurenent of the inpedance of -

an 28 organ. The device described is not suitable for inpedance 29 inmaging.
30 A Paper titled "MESURE DE L' | MPEDANCE DES TI SSUS 31 HEPATI QUELES

TRANSFORVE]. PG ey RREEISSUBIEIONNE Bife JmaBleyt ana et al . (Ann.
Gastroentreol . Hepetol., 1992 33 165-168) describes a praobe for

assessing deep t.salepﬁgﬁaseiﬁheg’ "mi’ﬁ“m%&wwi %R FRPAtorApY during
el ectrode @as mﬁm&&&wa&tmwﬁyd ﬁératmvasw&ue iakeystdc and

cytol ogi.cal and 13:Pd w.es ongl caL as%essrﬂea:{@ggﬁ el e gﬁs &r}%}lia ut%
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V. Raj shel?narcha(xacpwghstd;ser ef lQﬁi@NeuTbsuﬁgdBFt(imZ‘)f cthe3stuydy) was
describes ysing ajkd HH W frdhdes heaaagm éh&giés%ﬁﬁt %Pdae%rm&wm
t he i npedance 7 characteristics of |esions. jective o he study was
9 extent of the lesions and to localize the lesions more
10 accurately. The probe is guided to the tumor by CT and four
11 measurements were made within the lesion as the probe passed
12 through the lesion.'A_biopsy of the lesion wés performed
13 using the outer sheath of the probe as a guide to position;
14 after the probe itself was withdrawn.
15 . A paper titled "Rigid and Flexible Thin-Film Multi-
16 electrode Arrays'for Transmural Cardiac Recording” by J. J.
17 Mastrototaro et al. (IEEE TRANS. BIOMED. ENG. Vol. 39, No.
18 3, March 1992, 271-279) describes a needle probe and a flat
19 prbbe each having a plurality of electrodes £for the
20 measurement of electrical signals generated in the heart.
21 A paper entitled "Image-Based Display of Activation
22 Patterns Derived from Scattered Electrodes” by D. S. Buckles
23 et al. (IEEE TRANS. BIOMED ENGR. Vol. 42, No. 1, January
24 1995, 111-115) describes a system for measurement of
25 electrical signals generated on the heart by use of an array
26 of electrodes on a substrate. The heart with the electrodes
27 in place is viewed by a TV camera and an operator marks the
28 positions of the electrodes on a display. The system then
29 fdisplays the heart (as visualized prior to the placemént of
30 the electrodes) with the position markings.
31 : A paper entitled "Development of a Multiple Thin-Film
32 Semimicro DC-Probe for Intracerebral Recordings" by G. A.
33 Urban et al. (IEEE TRANS. BIOMED ENGR. Vol. 37, No. 10,
34 October 1990, 913-917) describes an elongate alumina ceramic
35 probe having a series of electrodes along its length and

36 circumference for measuring = functional parameters
-3 -



8 to use the neasurenents made in the lesions to determine the 9 extent of
the lesions and to localize the | esions nore 10 accurately. The probe is
guided to the tunor by CT and four 11 neasurenents were nade within the J
| esi on as WO86/H43be passed 12 through the |esion. A bi opsyPER/USAROG14L| on
was performed 13 using the outer sheath of the probe as a guide to
position, 14 after the probe itself was w thdrawn. 15 A paper titled
"Rigid and Flexible Thin-FilmMilti- 16 el ectrode Arrays for Transnural
Cardi ac Recording” by J. J. 17 Mastrototaro et al. (lIEEE TRANS. BI OVED.

ENG. Vol. 39, No. 18 3, March 1992, 271-279) describes a needl e probe and a’

R 19, ProDe SFEReReLdo SuBITY nohesl SBEIIASS ELhIB Y RSN SR
of electrita

"l mage- Based decardingf, A:ﬂge‘hhennvﬁ.Z:lPaelectsoBelmuMItionrraScauher tdrget
El ectrodesy ;Egi%RAyg

NoecerJ:rs]sua%og}lt %@%ﬁé %éel%%escrl es m? %e%ségg#en?def %’?
el ectri cald siepsuregexact @rshtipaing of b?hﬁs Prstbeaftesy stexgotactic

el ectrodes oz st icn Cof Toite h@&\féew ﬁBiﬁ’E? sieszhéaeianai kURB?aQ.ﬁlabing
viewed by a TV canera and an_oper at or éﬁ s osi.tigns of
S *ﬁyg

eIectrodeé(MWQFd?§ﬁﬁa}n'ﬂﬁﬂ§ sFQmWﬁﬁ%ﬁQQ tRQSHE&HP¥Q% of the
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mar ki ngs. A paper entit _v&éo e iNQEN@;BHItlpIe Thin-Film 32

.Sanmwo%EPHmefmlnHmwhmm.mﬁwé A. 33 Urban et al.
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descri be n e al 3 e of

CFect o0 APERLC € WA SR AR IR LubfiliSa Opna more
functi ondil wmmemd repeatable contact with the skin with gsin_:_znag

PCT/U595595L%berator expertise and minimal risk of cross-patient
13 contamination. : : L
14 It is an object of certain aspects of the invention to
15 provide improved inter-element electrical isolation, and to
16 permit sliding of the probe- while it is urged against the

-

17 skin. _

18 It is an object of certain aspects of the invention to
19 provide a relatively inexpersive disposable multi-element
20 probe.

21 It is an object of certain aspects of the invention to

22 provide a multi-element probe having sufficient transparency
23 to allow for viewing of tissue surface features and to allow
24 for referenciﬁg the probe with respect to physical features
25 of or on the skin. '

26 It is an object of certain aspects of the invention to
27 provide_a method of distinguishing between artifacts and
28 abnormalities.

29 It is an object of certain aspects of the invention to
30 provide a system for electrical impedance imaging which
31 simultaneously anuires, uses and preferably displays both
32 capacitance and conductance information. '

33 It is an iobject of certain aspects of the invention to
34 provide a system for electrical impedance testing of the
35 breast or other body region which provides more accurate
36 information .regarding  the position of impedance



“1 (electrical signals) in the brain. Electrophysiological 2 recording,
together with electrosinulation at the target 3 point during steriotactic

vsurgery, was performed in order to 4 ensure exact positioning of the probe
“after st cWOMGHE4I% 5 cal culation of the target point. Bidi NB&§W§?§A‘?‘1‘% Ray
I maging 6 was used in order to verify the exact positioning of the 7
el ectrode tip. 8 SUMMARY OF THE | NVENTI ON 9 It is an
obj ect of certain aspects of the invention to 10 provide a nulti-el enent
probe having i nproved and nore 11 uni form and repeatabl e contact with the
skin with mniml 12 operator expertise and mnimal risk of cross-patient

13- contami nation, ' | ; tal.n cLs t he

i nvention o%mmq%é%%%ﬁtgl?- e éen%%?ggf:eg#r?ggggi %%Pghnén, and to
16 perni 2 slidi ngtofis han ppbjecthofe certisd nuagpecksi okt theeinvention tos
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testing 311 t measurements.

' 12 It is an object of certain aspects of the invention to

13 provide guidance for placement of elongate objects such: as

14 biopsy needles, localization needles, fiber optic endoécopes

15 and the like using real time and/or recorded stereotactic

16 images to guide the object.
17 It is a further object of certain aspects of the
18 invention to provide a biopsy needle having an impedance
19 measuring function to aid in the taking of a biopsy.

20 It is an objéct of certain aspects of the invention to

21 provide more direct comparison between the results of

22 electrical. impedance maps and the results of optical,

23 ultrasound or other imaging modalities.

24 It is an object of certain aspects of the invention to

25 provide apparatus and method for indicating, on an

.26 anatomical illustration, the location and region from which

27 an impedance image, shown together with the illustration is

28 derived. ' _ ' '

29 It is an object of certain aspects of the invention to

30 provide apparatus which facilitates direct comparison

31 between X-Ray and impedance mammographic images, as for

32 example by superposition of the images.
33 . It is an object of certain aspects of the invention to
34 provide a method of determining a multi-frequency impedance
35 map. ' _
- 36 - It is an objéct of certain aspects of the invention to



35 breast or other body region which provides nore accurate 36 information
regar di ng t he position  of | npedance ' -4-

WO 96/ 12439 PCT/ US95/ 06141 1 abnormalities detected in the breast
or ot her rv§%/12432 It is an object of certain aspects APCT/USISIO6M4INt i ON
to 3 provide for electrical inpedance testing with a variable 4 spati al
resolution. 5 It is an object of certain aspects of the invention to 6 -
provi de for two di nensional electrical inpedance testing 7 giving an

i ndi cation of the di stance of an abnormality from8 the surface of the

skin. 9 I's an object of certain aspects of the invention to 10 !
pr-ovi de ap arat S eC|aII SU|tabIe for reast edance 11 _neasurenents.
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guidance fDr ekemeatmbnof el-ongate objects such as 14 bi opsy needl es,

I [ [ dl [ ' ' 1 he _l ' I
[ocal zatign needl g5 o) UGl A HHO0E00E, 15eRldeblES R BV FSH oo,
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taki ng of a bi opsy i 5 an-obj ect certain-aspects o
i nvention €0 21 prSVI§§Qﬁﬁ%;d|?§€ttﬁﬁﬂbaﬁgiﬂlb@?w@§ﬁdﬂh§?@%0lm§a@ﬁI&he

el ectrical7i ngréanee BBReratisbiie besel kubgectntical, 23 ultrasound or
otherlrmgénngMa%hgggsis therefore provided, in accordance with a
9 preferred embodiment of the invention, a multi-element probe
10 for providing an electrical connection to a tissue surface, '
11 comprising: o
12 a plurality of individual conductive sensing elements,
13 each having a front portion suitable for contact with: the
14 tissue surface: ' ' ' '
15 a plurality of conductive elements providing an
16 electrical connection to the respective individual sensing
17 elements; and '

- 18 a partition separating the individual sensing elements
19 such that, when the sensing elements contact the tissue
20 surface, the sensing elements are substantially electrically
21 isolated from each other.

22 Preferably, the sensing elements comprise a conductive,
23 wviscous gel. Alternatively or additionally, in a preferred
24 embodiment of the invention, the sensing elements comprise a
25 conductive, flexible, solid.

26 Alternatively or additionally, in a preferred
27 embodiment of the invention the sensing elements comprise a
28 sponge impregnated with a conductive viscous gel. |

29 In a preferred embodiment of the invention, each

30 individual sensing element is located in a well formed by
31 the partition and a substrate underlying the sensing
32 element. -

33 Preferably, the side of the substrate opposite the
34 sensing elements .is formed with indentations for aligning
35 the multi-element probe.

36 . In a preferred embodiment of the invention, the well is
-6 -



24 It is an object of certain aspects of the invention to 25 provide

apparatus and nethod for indicating, on an 26 anatom cal illustration, the
~location and region fromwhich 27 an inpedance inage, shown tg&ether with
“the illust WA 28 derived. 29 It is an object of FEAUSH0dhects

of the invention to 30 provide apparatus which facilitates direct
<conparison 31 between X-Ray and i npedance mamographi ¢ i mages, as for 32

exanpl e by superposition of the inmages. 33 It is an object of certain
aspects of the invention to 34 provide a nmethod of determining a
mmul ti -frequency i npedance 35 map. 36 It is an object of certain
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tactile sensing of an area while 5 sinultanepous rovi di ng .an i npedance
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multi-ele t %?‘fﬁfégﬁ rf ep%%?dgﬁg%§ﬁm§ae§¥r ?‘8‘5&%@%&5’@0@! &?it%\c/)e%ﬂe&@

surface, 117 cdaplesi punched in a sheet or formed by extrusion to the
8 substrate. '

9 Alternatively, the well is formed by printing the
10 partitions onto the substrate. ' '
11 In a preferred embodiment of the invention, there is an

12 electrical connection between a first surface of the
13 substrate inside the well and a second, opposite, surface of
14 the substrate. Preferably the apparatus also comprises an
15 anisotropic cohductive sheet overlying the second surface of
16 the substrate. |
17 Alternatively the probe: preferably comprises a
18 conductive contact on the second sﬁrface of the substrate
19 which is electrically connected to the first surface of the
20 substrate and an adhesive contact overlying the conductive
21 contact. , :
22 In a preferred embodiment of the invention, the sensing
23 elements do not extend past the top of the partition or do
24 not extend to the top of the partition.
25 In a preferred embodiment of the invention the probe
26 includes_a cover having a conductive surface facing the
27 front portion of the sensing elements.

28 There is further provided in accordance with a
29 preferred embodiment of the invention, a multi-element probe
30 for providing an electrical connection to tissue,
31 comprising:

32 a plurality of individual conductive sensing elements,

33 each having a front portion suitable for contact with the
34 tissue; _ : '
35 a plurality of conductive elements providing an

36 electrical connection to the respective individual sensing
_ : -7 -



12 a plurality of individual conductive sensing el enents, 13 each
having a front portion suitable for contact with the 14 tissue surface;

a plurality

connect i onWOP6HIREIr especti ve i ndi vi dual sensing 17 el enent s;PCENUSISH6141 a

of conductive elenents providing an 16 electrical

15

partition separating the individual sensing elenents 19 such that, when the
sensing el enents contact the tissue 20 surface, the sensing elenents are
substantially electrically 21 isolated fromeach other. 22 Pref erably,
t he sensing el enents conprise a conductive, 23 viscous gel. Alternatively
or additionally, in a preferred 24 enbodi ment of the invention, the sensing *

el-ements c

nd? gmen

Seat 25 coaductlve flexible, solid. 26 - Alternatlvely
preferred 27 enbodi nent of the invention the-

sensi ng el2nents campovec axazﬂ.mg)oagsurlfﬁrcsgrﬁé@ﬂnw thea ﬁqmlelc O¥@1¥nS GRS

or additi:
gel. 29
i ndi vi dual
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sensing e
and a subsér afacingicthei ﬂgnsmgsehemgtszbetlagean elactricallyf eonductivee

side of the sgbsts@de opposite the 34 'sensing elenents is fornmed with

i ndentations for aligning 35 the nmulti-el ement probe. 36 In a

pr ef err ed &nbodi nefkeERT i ntBat Fovert §s formed of a flexible material

- 6- 7 VR®/ WeXein, . in an unstressed position s&%d EPetifidli

8 conductive surface does not contact said conductive sensing
9 elements. In a preferred embodiment of’ the invention, the

10 cover is so configured that the surface contacts the sensing
11 elements when: .a surface of the cover opposite the conductive
12 surface is pressed toward the sensing elements.
13 In a preferred embodiment of the invention, the cever
14 also includes;an area, on the surface facing the individual
15 sensing elements, remote from the individual sensing
16 elements, which is a conductive area electrically connected
17 to said portions facing the sensing elements, the multi-
18 element probe also including a contact’ electrically
19 connected to the exterior of the probe. Preferably, in an
20 unstressed position said electrical conductive surface does
21 not contact said contact and wherein said cover is so
22 configured that the conductive area contacts the contact
23 when a surface of the cover opposite the conductive surface
24 is pressed toward the sensing elements.
25 in a preferred embodiment of the invention the probe
26 comprises at least one contact suitable for connection to an
27 external source of electrical energy and also including
28 impedance elements between the conductive surfaces opposite
29 the sensing elements and the contact.
30 Preferably the cover includes impedance elements
31 between the conductive surfaces opposite the sensing
32 elements and the contact.
33 There is further provided, in accordance with a
34 preferred embodiment of the invention, a multi-element probe
35 for providinggan electrical connection to a tissue surface
36 comprising:
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1 fornmed by enbossing the partition on a sheet of material, 2 whereby the
un- enbossed portion of the sheet forns the 3 substrate underlying the
.sensing elenment. Preferably,»the 4 indentations are the back of the
~enbossed WAVO96/12439 In ‘an alternative preferred enbodiRfEHPSIS@141; he

6 invention,
punched in a

the well is forned by lamnating a grid formed by 7 hole
sheet or fornmed by extrusion to the 8 substrate. 9 '

Alternatively, the well is formed by printing the 10 partitions onto the

substrate. 11
12 el ectri cal

the well an

In a preferred enbodi nent of the invention, there is an
connection between a first surface of the 13 substrate inside

he appar aths al so BoRpReedd tiy ofs ndETiPunt cobBRuBRIE. dehnind £l Sedlye.
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extend past the_top of the partition or do 24 not extend to the top of the

partition.

65 elemengs, preferred enbodi nent of the invention the probe 26
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t he sensing
with a 29 8

a pluralit
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13
14
15
16
17
18
19
20
21
22
23
24
25
26
. 27
28
29
30
31
32

33

34
35
36

elements of the probe are sufficiently transparent to allow
visualization of tissues beneath the probe when the probe is
place in contact with the tissues. |

There is further provided, in accordance with a
preferred embodiment of the invention, a multi-element probe
for providing an electrical connection to a tissue surface
comprising: '
; a plurality of individual conductive sensing elements,
each having a front portion suitable for contact with the
tissue surface; and

a plurality of conductive elements providing an
electrical connection to the respective individual sensing
elements, wherein - ' '

~ the .elements of the probe are sufficiently transparent
to allow visualization of tissues beneath the probe when the
probe is place in contact with the tissues.
. - Preferably, the sensing elements are formed of a spongy
conductive material. ' :

There is further provided, in accordance with a
preferred embodiment of the invention a multi-element probe
for providing an electrical connection to a tissue surface
comprising:

a plurality of individual conductive sensing elements,

each having a front portion suitable for contact with the
-9 -
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el enments; and 2 a cover having a surface facing the front portion of 3
t he sensing elenents, at |east that portion of said surface 4 facing the n
sensi ng wio®ea2432 bei ng an el ectrically conductive 5 surfadCT/E@895/06141
Preferably, the cover is fornmed of a flexible material 7 and wherein, in
an unstressed position said electrical 8 conductive surface does not
contact said conductive sensing 9 elements. In a preferred enbodi ment of
the invention, the 10 cover is so configured that the surface contacts the,
sensing 11 elenents when a surface of the cover opposite the conductive 12
surface is pressed toward;the_sensing el enents. 13 In a preferred
enbodi neht EESSYR. $Vﬁﬁﬁﬁ¢mnan@he cover 14 also includes an area, on the

su;I f acg p) ?CI ng tae pmlrauttqlt ot ww@teberreau?menwmﬁowtawlelan
i ndi vi dual sensjn el enen a_con | Ve, a rca
connect e ﬁle?t gﬁ?@ ﬁ&f‘ﬂe&%icf‘hc+?lgt{)§e eERE! 3’ eir&#%ig't’ﬁg ﬁﬁlnlsj")bw

el enent 4N(&Eeméntanclud|ng a contact electrically 19 connected to the
exteriorg of the é‘gh&in élendn'ts WS SEGr dﬂ&&' tdf’”aségémg .
|ve sur ace rein

electrlcal conduc oes not contact sald contact an
sai d cover ¢en@wcntwednatgni§a that the conductive area contacts the

contact 3 when ﬁréﬁéi-aiﬂ f tdm% CQ\éﬂsi‘i'%Oﬂlféinéﬂ‘%Cmthdﬁué&rféki?e &4

Is pressed toward e sen el enent s Ereferred enbodi ment

of the |31veﬁ¥¢%#P¥%eSBF§B€eZGWh@EW dehe Jpulgizel EoRrobe SANLQIMS.f o
connectign 4© Plag¥ iRXpAFHAl téOYRECtabsabectrical energy and al so

' ncl Udifg Preferably, the probe is provided with apertures ‘
11. between sensing elements suitable for the passage of a thin
12 elongate object. _ - -

13 - There .is | further provided in accordance with: a
14 preferred embodiment of the invention, a multi-element probe
15 for providing an electrical connection to a tissue surface
16 comprising: ' _
17 : an array of individual conductive sensing elements
18 spaced over a surface, each element having a front portion
19 suitable for contact with the tissue surface; and
- 20 a plurality of conductive elements providing an
21 electrical connection to the respective individual sensing
‘22 elements, | | '

23 wherein the area of the conductive elements comprises
24 1less than 50% of the total area encompassed by the array.
25 There is further provided, in accordance with a

26 preferred embodiment.of.the invention a multi-element probe
27 for providing an electrical connection to a tissue surface
28 comprising: : '

29 . a plurality of individual conductive sensing elements,
30 each having a front portion suitable for contact with the
31 tissue surface; and

32 a plurality-.of conductive elements providing an
33 electrical connection to the respective individual sensing
34 elements, |

35. wherein the probe is provided with apertures between

36 sensing elements suitable for the passage of a thin elongate
- 10 -



: 28 inpedance el enents between the conductive surfaces opposite 29 the

sensing elenents and the contact. 30 Preferably the cover includes
: inpedance elenents 31 between the conductive surfaces S|te the
* sensing WO s and the contact. 33 There is furtﬁGERE

I n accordance with' a 34 preferred enbodi nent of the invention,
.multi-elenment probe 35 for providing an electrlcal connecti on to a tissue

surface 36 conpri sing: - 8- WO 96/ 12439 -
PCT/ US95/ 06141 1 a plurality of individual conductive sensing

-l ements, 2 each having a front portion suitable for contact with the 3
ti-ssue su§fa8 a plurality of conductive elenents providing
an 5 el eciricCa connectlon to the respective individual sensing 6 el enents,
7 ~ wh@rein thBreferahplyhcatudeash & Rprtion f thessugfacs ofnthe| s

formed “‘éhprg§ﬁ§Efdé!ﬁgfﬁhea%ﬁﬁﬁig £8| bb- m@ s Ed 18" 8@kesi¥e to the'e

is further I nTaccordance with a 11 preferred enbodi nent of the
i nventi on4 atd8BUL-e| ement probe 12 for the neasurenent of inpedance of
tissue, WBer ei n t irpaeke elieyremﬂiethamehaeare iw f edctdanteangpehena

to allgw gn%ﬁs aliz thm§4ﬁ giugg ggneg e%%gogrob Ei‘éfhméhgbe |Be15

pl ace in
7 for providing an electrical connection to a tissue surface

8 comprising:

9 a plurality of individual conductive sensing elements,
10 each having a front portion suitable for contact with the
11 tissue surface; and -

12 a plurality of conductive elements providing an
13 electrical connection to the respective individual senéing
14 elements, '

15 wherein at least a portion of the surface of the probe
16 facing the tissue to be measured is adhesive to the tissue.
17 In a preferred embodiment of the invention, the probe
18 further includes:

19 means for attaching the probe to the finger of a

20 person whereby the person can perform palpative examination
21 cohcurrently with impedance imaging.

22 There is further provided, in accordance with a
23 preferred embodiment of the invention a multi-element probe
24 for providing an electrical connection to a tissue surface
25 comprising:

26 a plurality of individual conductive sensing elements,
27 each having a front portion suitable for contact with the
28  tissue surface; and i |

29 a glove having fingers, said sensihg elements being
30 attached to the outside of one of the glove at one of the
- 31 fingers whereby a wearer of the glove can perform palpative
32 examination concurrently with impedance imaging. .
33 There is further provided, in accordance with a
34 preferred embodiment of the invention, a multi-element
'35 intermediate device for providing an eleétrical connection

36 between a multiconductor sensor device and a tissue surface
- 11 - _



16 There is further provided, in accordance with a 17 preferred
enbodi nent of the invention, a multi-elenment probe 18 for providing an
el ectrical _connection to a tissue surface 19 conprising: 20

plurality SYOPHMEA dual conductive sensing el enents, 21 eacmi’%lﬂ
front portion suitable for contact wwth the 22 tissue surface; and 23

a plurality of conductive elenents providing an 24 electrical
connection to the respective individual sensing 25 el enents, wherein 26
the el enments of the probe are sufficiently transparent 27 to all ow
visual i zation of tissues beneath the probe when the 28 probe is place in

COntaCt\Mifl&Bﬁnggﬂﬁﬁ %luralftgf%ﬁﬂﬁéiibqﬁﬁﬁﬁsbgﬁdﬂéﬂgﬁé F%nsing

formed of a spongy 30 con tive_ mat ere’rs
provi ded, 2i nela%@%'ﬂanﬁée rhcaldy pnspdpted £xpodench atherhe eachehaving

nU|tl-e|eﬂ$ntapfﬁbﬁt3§or€ioﬁrQﬁléaﬂﬂeaﬁoﬁ|ééh%h&%'w& e

surface 34 co I Si i ndi vi dual conductive sensing
el ement s, hﬁg‘?’ﬁgpﬁtﬁ'ﬁﬂt ngPFﬁB éu?“?&ﬁpéef & the aultii-gendustor
- 9- SVVséﬁsd£4dévioea .. - PCT/ US95/ 06141

1 tissue surface; a ugalit cti el enment.s

provi di ng élan 3 el 5??%53?1%0%@ f-ﬁhefﬁeflﬁﬁtﬁag %ﬁé%sdﬁecggﬁﬁ%
7 contacts on ;the back portion which are electrically
8 connected to the sensing element and which contact a

9 plurality of mating contacts on the multi-conductor sensor

10 device. o - o - 4
11 There is further provided, in accordance with a
12 preferred embodiment of the invention a catheter or
13 endoscopic probe comprising: : : ' 3

14 a multi-element probe as described above, and

15 a fiber pptic viewer whose field of view includes at

16 _least one surface of the probe when the probe is in contact
17 with the tissue. _

18 There is further provided in accordance with a
19 preferred embodiment of the invention a catheter or

20 endoscopic prqbe.comprising._

21 a multi-element probe for providing an electrical
22 connection to a tissue surface, the probe including a
23 plurality of;individual conductive sensing elements on a
24 substrate, each sensing element having a front portion
25 suitable for contact with the tissue surface and fiduciary
26 marks visible from an other surface; and

27  ° a fiber optic viewer whose field of view includes at
28 1least the other surface of the probe.

.29 There is further provided, in accordance with a
30 preferred embodiment of the invention a biopsy needle
31 having: )

32 a_leading end.for insertion into tissue to undergo

33 biopsy ahd an elongated outer surface; and
34 at leastione impedance sensing element formed on said
35 outer surface which provides electrical connection to

36 tissue during biopsy. _
o - 12 -



-4 elenents, 5 wherein the sensing elenments are formed of a spongy 6
conductive material. 7 Preferably, the sensing elenents are fornmed on
.a 8 flexible surface whereby the multi-el ement probe confo t
‘least in pXQ/A243% he tissue. 10 Preferably, the pr obe%’%?maed
with apertures 11 between sensing elenents suitable for the passage of a
dhin 12 elongate object. 13 There is further provided, in accordance
with a 14 preferred enbodi nent of the invention, a multi-elenment probe 15
for providing an electrical connection to a tissue surface 16 conpri sing:
17 an array of individual conductive sensing el enents 18 spaced over

a surface, each elgggﬁ%€§gy§ugﬁhérfﬂ €Qgglgﬂflgéa§i 'éiéﬁﬁnfoabﬁﬁkighbh

the tissue surface conducti ve el enent

provi di ng 2an32plﬂﬂﬁiﬁﬁxm9fc%ﬁ%%%?goﬁlﬁﬂePﬁéIQ%ﬁﬁiﬁQQR;WXKHQ$!4@$e@eﬁ§Pﬂg
22 el enents, &ach othéieadid Spiedl A diig tte cxéwe&wf; ehénaatérceﬁ&faaes

24 | t han 50% qf, .th t al

i's fu(ratsfler 4SPOVI de0 r%:aggg%lérg:izg #‘fﬁt@gss . Bl??e iﬁ%ﬂFn@ﬁF ﬁF“FRQg
invention § nhubmeﬂ-belprsfqqu Zi:ﬁprisnmvé obll:wrameyeofrsenéingnemememts
to atiss S e r

conducti vg se% % &Icmng'd%@tea fﬁ%‘f‘/lﬁgcﬁ Z%ﬁ %é:gé?ﬁtgg#ggf EPe
contact wi 7h ciecliference of fthe outer :illrfacea pI urality of conductive
el ement s | BLOVLOI NGy ) pifo FLEELY ShlbSARERYL! OF thd 'EnvBARIEH VGt 1enst

I ndi vi dual "sensing 34 el'enents erein probe I's provid wth
apertures Bet AR SENSiNG| @) MeRtnt SOBPriAeS %r&h\’é’ﬁﬂa%%&gé’f-)f %ﬁ%ﬁiﬁg

elongate 10 elements electrically ind@llated from each other and forming
’ 11 a matrix of elements spaced along the 1length and
12 circumference of the outer surface.
13 There is further provided, in accordance with a
14 preferred embodiment of the invention apparatus for
15 impedance imaging of a breast comprising:

16 a multi-element probe comprising a plurality of sensing
17 elements and adapted for mounting on one side of a breast:
18 . - an electrode adapted for mounting on a side of the
19 breast substahtially opposite the multi-element probe; and
20  a source of electrical energy which provides a voltage

21 between at least a portion of the electrode and at least one
22 element of the probe.

23 There is further provided, in accordance with a
24  preferred embodiment of the ‘invention apparatus for
25 impedance imaging of a breast comprising:

26 a multi-element probe comprising a plurality of sensing
27 elements and adapted for mounting on one side of a breast;
28 an electrode adapted for mounting on a side of the
29 ibreast substantially.opposite the multi-element probe; '

30 . an additiohal electrode adapted for mounting on portion
31 of the body remote from the breast; and :

32 a source of electrical energy which provides a voltage

- 33 between the additional electrode and at least one element of
34 the probe. .
35 Preferably, the multi-element probe and the electrode

36 adapted for mounting on a side of the breast form respective
- 13 -
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object. 2 Preferably, at Ieast a portion of the surface of the 3 prob
facing the tissue to be neasured is adhesive to the 4 tissue. 5 There

i s furtherwpm™6A2438d, in accordance with a 6 preferred enbo®OTWRISH614E he
‘invention a multi-elenment probe 7 for providing an electrical connection

to a tissue

surface 8 conprising: 9 a plurality of individual

conductive sensing elenents, 10 each having a front portion suitable for
contact with the 11 tissue surface and 12 a plurality of conductive
el ements providing an 13 electrical connection to the respective

i ndi vi dual

ti ssue.

senS|r$iéilQienents wherein at ‘| east a portion of the
surface of t R .

RS ng the ti ssue to be neasured is adhesive to th
Irnrmernaeﬂmuiyyﬂxxhrmﬂn pfeféeried ceinibvdinéatpr offe the

of 2 20 erf HiRnTien, (she myLtiTelinaRt BRRBETNE, 1B BiAcErhBel Mapdd

concurrenté y fiox hlloupttlagconl spgide oD the braase iformrtwerpbanesded, an n

accordanc
probe 24
conpri si n@

or OVI Ing an: e

rgggﬁW5$ﬁgfnbodlnent of the invention a nulti-el enent
ctrical connection to a tissue surface 25

26 - Preferabdyi.tytbe | aEPRratas cingdides Senplugadiidienes,

27 each hayi edeive¥s WRichONessirabhn Bllectdiicial didhal Net28nbi Sek@ing
surface; and 29 a glove having fingers, said sensing el enments being 3

attached t& t@*E@WRRtSde of one of the glove at one of the

9

10

11
12
13
14
15

16

17
. 18
19
20
21
22
23
24
25
26
27
28
29
30
31
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34
35
36

. In a preferred embodiment of the invention, the
electrode is%adapted for mounting on a side of the breast
comprises a second multi-element probe.

Preferabiy, at least one of the multi-element probes is
non-planar to| conform to the shape of the breast. The non-
planar array éan be either rigid or flexible.

e

e

r

0

(

Alternatively or additionally at least one of the

multi—element probes is flexible so as to conform to the
shape of the breast.

There is further provided, in accordance with a
preferred embodiment of the invention, apparatus for
impedance_imaging_of a breast comprising.

a first multi-element probe comprising a plurality of
sensing elements and adapted for mounting on one side of a
breast; '

a second:multi-element probe adapted for mounting on a
side of the breast suhstantially opposite the multi-element

probe; and

a source of electrical energy ‘which alternatively

energizes at least some of the elements of one or the other
of the first and second multi-element probes by supplying a
voltage thereto, wherein the unenergized one of the multi-
element probes forms an image based on the voltage applied
to_rhe energized probe. '

There is further provided, in accordance with a
preferred embodiment of the invention apparatus for
impedance imag;ng-of tissue comprising:

an impédance probe which produces signals
- 14 -
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31 fingers whereby a wearer of the glove can perform pal pative 32

exam nation concurrently with i npedance i maging. 33 There is further
\prOV|ded in accordance with a 34 preferred enbodi-nent of the jinvention, a
“mul ti-el eWOR6/12439 nt er nedi at e device for providing an el ect PERESISGMIect i on
36 between a nulticonductor sensor device and a tissue surface

« 11 - WD 96/ 12439 PCT/ US95/ 06141

1 conprising a plurality of individual conductive sensing 2 el enent,
electrically insulated fromeach other, each having 3 a front portion
Suitable for contact wth the tissue surface 4 and a back portion

det achably nmatable t 5 $8030F, device. 6

Preforably, TRECERENYART P cofic sRPR AT PR IERR EeHatd L o fPec LLOnSP S
back port2onandi baviage fidlt:e:d.tarrmalar;k% which care visibiesahemghs cprobe
and mhlch3cqaﬁﬂ££c§i9tﬁgue$hbhg .0f mating contacts on the multi-conductor

sensor 10 device Is further provided, in accordance with a
12 prefebred endBdimpadange dimage geaeraser whishmageivss tthe wigrelsi c

probe conyrighddprdduces ap ThpbdapiceMiage;obe as described above; and 15
a fiber optic viewer ose field of V|em1|nclud at 16 | east one surface

of the pr®be when®t Nd Heapera, whifh vieys,the { probes And tassue and, .
is furthey pgeneéfatles anvadeor dmage;WaiWd a 19 preferred enbodi ment of the

|nvent|on8a catheterigeo image processor which receives a video image of
9 +the tissue without the probe in place and an image of the
10 tissue with the probe in place, and provides a video image
11 of the tissue with the fiduciary marks and impedance image
12 superimposed thereon. C
13 : There is further provided, in ‘accordance with: a
14 preferred embodiment of the invention a method of impedance

15 imaging of the breast comprising°

16 (a) positioning a multi-element probe, comprising a
17 plurality of sensing elements, on one side of the breasf;

18 (b) pbsitioning an electrode on a side of the breast
19 substantially opposite the multi-element probe:;

20 (c) electrifying the electrode; and

21 _ (d) measuring a signal at at least some of the elements

22 of the multi-element probe.

23 There is further provided, in accordance with a
24 preferred embodiment of the invention a method of impedance
25 imaging of the breast comprising: '

26 (a) positioning a multi-element probe, comprising a
27. plﬁrélity of sensing elements, on one side of the breast:;

28 (b) positioning an electrode on a side of the breast
29 substantially opposite the multi-element probe;

30 (c) positioning a second electrode on a portion of the
31 body; _ - :

32 (d) electrifying the second electrpde; and

33 (e) measuring a signal at at least some of the elements
34 of the multi-element probe. '

35 o Preferably‘(b) comprises positioning a second multi-

36 element probe on a side of the breast substantially opposite
- 15 -



20 endoscopi ¢ probe conprising: 21
an el ectrical
plurality of

22 connection to a tissue surface, the probe including a 23

i ndi vi dual conductive sensing el enents on a 24 substrate, each

sensi ng elwooeu2438vi ng a front portion 25 sui'table for cont RCT/U$9SH6I4Me

ti ssue surface and.fiduciary 26 marks visible froman other surface;

a fiber optic viewer whose field of viewincludes at 28 |east the other

surface of the probe. 29

a multi-element probe for providing

and 27

There is further provided, in accordance

-

with a 30 preferred enbodi ment of the invention a biopsy needle 31 having: - _

32 a leading end for insertion into tissue to undergo 33 biopsy and an
el.ongat ed outer sur%ace at | east one inpedance sensing el enent
formed on kaithednultid e?le@%'ﬁ:aeﬁobﬁhl ch provides electrical connection to

36 tissueduring Thepay.is further provided, inlZaccordancéd 9:&/'&24%9

PCT/ US95/

conpri ses
each ot herd arﬂnagﬂa@cbﬁlﬂmg bt‘eadiﬁngﬂipnisihg out er surface

Alternatlwfly or gggéiff Ath%

preferably co
i nsul ated G r

surf ace.
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" Pratarred eupoalERE[BE Yo, Minnns (o PRECRRE, Pt saekries

tlﬁﬁ§£ig feﬁ%ﬂ% é%é”@gg #fising a

uralty sensmgeerrens ctrrca
um;hitxref sersingcelenents, tar onei sider ofcithe bﬂ‘eﬁﬁ&:out er

positioning a second multi-element probe on a side of
the breast substantially opposite the multi-element probe;
electrifying <fewer than all of the plurality of

sensing elemeﬁts of the second multi-element probe; and ‘

measuring a signal at at least some of the elements of

the first multi-element probe.

There ie further provided, in accordance with a

preferred embediment of the invention a method for guidance

in the placement of an elongate element in a region of a
subject comprising: '

(a) inserting the elongate element into'tissue,'said
element including a plurality of impedance measuring sensing

elements thereon;

(b) measuring the impedance between the plurality of
sensing elements and an electrode in contact with the
subject; and ' :

(c) guiding the element to a desired position having
defined impedance properties in response to measurements of
impedance made in (b). o

Preferably the method also includes:

imaging the region of the subject including the
elongate element and generating an image thereof;

receiving the image and the measurements of impedance

made in (b) and superimposing a representation of the

impedance measurements on the image of the elongate element
and surrounding tissues, and

displaying said superimposed images.

In a preferred embodiment of the invention the outer
surface of the elongate element is formed with a matrix of

impedance measuring elements each measuring the tissue
- 16 -
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-8 In a preferred enbodi nent of the invention, at |east 9 one sensing
el ement conprises a plurality of sensing 10 elenents electrically insulated
fromeach other and forming 11 a matrix of el enents. spaced al ong the | ength

‘and 12 ci WQIABhce of the outer surface. 13 ' There |sﬂﬁﬂﬁ£%m”
provided, in accordance with a 14 preferred enbodi nent of - the invention
apparatus for 15 inpedance imaging of a breast conprising: 16 a
mul ti-el enent probe conprising a plurality of sensing 17 el enments and
adapted for nounting on one side of a breast; 18 an el ectrode adapted
for nounting on a side of the 19 breast substantlally opposite the

orovi des b vhrPREEReE T b airefeitd (aRbrRaiy, beRpeBtTANIAE' 0 the
| east one222ekewmenvtt arid tthepddsplaysd indicateseca guidingrdprectian fon
accor dancg Whg élaﬁgﬂigf éiéﬁ@n%”’ﬁsgbﬁe% g:élet %déaﬁlftl_ %@éﬂé for 25

i npedance” i MEgI g conpr i probe
conprisi g a pl urBhere oflsseﬁb‘ﬁﬁle}? ngdandiadaﬁpwrﬁﬁn%umi-ﬁb

one side §f gréfeppbd aﬁbodimeﬁ'& elfetheodawadRiici] fLmeENoY | fisir Q_gufdénéé
of the 29 brfast subs antlalh¥ p05|t the multi-el enent pr obe;

addi ti ona® elBcENRIPLASEMERY R BONE %ﬂtﬁorec]ﬁWP’?ﬁ i tl?%rbﬁﬁi? Fbﬁm?e
fromthe Prepatientdcomprising:source of electrical energy which provides a

vol t age bet wee ddi td C d nent

the pr obeg ?°H“§P§r %ol%eaﬁﬁl @?ﬁgﬁg‘i l'aa]p thﬁégéﬂgcghg 9%0@9

adapt ed f9r heaatlagpantaofiSaidfpbh@ihneéMDMWawgﬂvenxdﬂrection, _

’1§7 10 VO 96g4238g second a two dimensional impedanégjlm§§$q§f4&t
11 1least a part of the portion using a multi-element impedance
12 probe placed at a known angle to the plane of the first

13 image:; S ' ' ‘
14 inserting the elongate element between elements of the
15 multi-element probe; and '

16 ' guiding the elongate element to a point at which a

17 biopsy is to be taken at least partially under the guidance
18 of the first and second two dimensional images.

19 Preferably, the elcngate'element is inserted into the
20 body through a hole in an array of impedance probe elements
21 and including:

22 providing a twc—dimensional impedance image based on
23 signals received by the array:
24 guiding the elongate element based on the two-
25 dimensional image; and '
26 determining the desired depth of the elongate element

27 based on impedance signals received from the 1mpedance
28 measuring elements on the elongate element.

29 There is further _provided 'in accordance with a
30 preferred embodiment of the invention, a method comprising:
31 _ .providing an impedance measurement system including a

_32 multi-element probe attached to at least one finger of an
33 examiner; and | '

34 . providing an indication of impedance which is generated
35 on the basis of signals detected by said elements, whereby

36 both a tactile and impedance indication of tissue being
- 17 -



1 parallel planes. 2 Alternatively, in a preferred enbodinment of
the 3 invention, the nmulti-el enment probe and the el ectrode adapted 4 for
nounting on a side of the breast formtwo planes at an 5 angle to each
other. 6 WO9/R4%ecrably, the apparatus includes a plurali 3‘&"'8?59-7’05“1

recei vers which neasure an electrical signal at the sensing 8 elenents. 9°
In a preferred enbodi nent of the invention, the 10 electrode is adapted
for nounting on a side of the breast 11 conprises a second nulti-el enent
probe. 12 Preferably, at |east one of the nulti-el ement probes is 13
non-pl anar tol conformto the shape of the breast. The non- 14 planar array’

can be either_riaqi r 3§ AL alively or additionally at

| east one of %ﬁéﬁ%ﬁ?éhﬁ%%-é#ééé?ﬁ&%?%%%g $%&§#g§?ble so as to conformto
the 17 slZape of tThebeecats. fi@rther Tpamovidedurtirr gecordsnce i with a
accordancey W QagPl &l odi gen of _ i yventg o ar

for 20 i m?ed nft}?'afle%ggfin a&?‘fﬁ‘?ﬁ?t d%gErrE{r:Pgl né:!ﬁ’%?tiéw' a ?i [hsl?tﬁaa #ot®
mul ti - el efentinpraRing ihe ssersttivity Pfyigpedancecimpaging comprdsing:
adapted fg nount 'é&é&b@ﬂ?%ﬁl@s@é wifh &rmasti-efement. propegnd .

mul ti-el enent probe ada_%ﬁk' 25 sjde of the, breast

for nting on a
substanti & 1y oppdantd Mtﬁii{ggﬁﬁﬁﬂg POTHAON: OF, {issue with af, leasy;
el ectri cal7 enstig)\eldt€tode i ernati vely 28 energi zes at | east sone of the

o obes by buppry RFEESEhC oS o HBs" | Ghe L EERMeTHA RS S Rl pe

the nulti-9 3wadtaged probes forns an image based on the vol tage applied 32

o the eg}j gi ze Hﬁ%%ur%%gq r%i.?n%—jf’_@{ réSpbHsive r_tBrQX.'Lﬂeﬂgngra Joieaganse

with a preferred 1 men he 1hventi on appar at
11 at least a plurality of the elements of the probe;

12 ' computiné-the real and imaginary parts of an admittance
13 represented by said voltage and signals for a plurality of
14 freqqencies_aﬁ a plurality of said elements; and

15 choosing% at least one frequency as a measurement
16 frequency which gives a large difference for said measures
17 at s elected different elements of the probe.

18 There i$ further provided, in accordance with a
19 preferred émbodiment of the invention, a method for
'20 identifyihg, in a2 multi-element impedance probe which forms
21 an impedance?map of tissue when placed on the surface
22 thereof, artifacts among impedance deviations from the
23 surroundings, the method comprising: '

24 -manipulaﬁing the tissue underlying the probe while the
25 :probe remains_in stationary contact with the surfacg of the
26 tissue; and _

27 ' identifying as a non-artifact those impedance
28 deviations wh#ch shift in the direction of the manipulation
29 on the.iﬁpedanbe map.

30 . There iq further provided, in accordance with a
31 preferred embodiment of the invention, a method for
32 identiinng, iﬁ a multi-element impedance probe which forms
33 an'impedance_map of tissue when placed on the surface
34 thereof, arti&gcts.among impedance deviations from the
35 surroundings, %he method comprising:

36 moving the probe along the surface of the tissue: and
| - 18 -



<« 35 i nmpedance i magi ng of tissue conprising: 36 an | npedance pr obe-
whi ch pr oduces signals - 14 - MD

. 96/ 12439 - PCT/-US95/ 06141 _

' r epr esent WQ 9612439 | rrpedance ‘val ues sensed by the el ements ZPCSWWMQ
fiduciary marks which are visible when the probe 3 contacts the tissue; 4
.an i npedance i mage generator which receives the signals 5 and produces an
| npedance’ i nage; 6 a video canera which views the probe and tissue and
7 generates a video inmage; and 8 a video image processor which
yeceives a video image of 9 the tissue without the probe in place and an

110f Cheltissue AReRlythe e b Bred AAdK Tnded  EhBUdRie dhvEa:18Rd°
super i npo2edwhiigtegreman statﬂqn&ryler ddseppear olndtbe impedanceamap

with a 144pr r EE%%EF@ e invention a nmethod of inpedance 15
I magi ng o ﬁEEgrgggt conpri si ng é&1 é E05|t|on|ng a nulti-el enent

pr obe, coﬁpr|5|ngm&QFP[ﬂﬁﬂ%ﬂﬁ%ﬁﬁhﬁrsdh§PH medds, ageardancge withhea
breast; 18 prefdiré@si dhbBuGEHY. oIcE! e oxheeﬁt%xpf e dwens 190r

TR W RN W S S N T
el enents 22 @htiﬁpéﬂhﬂcéﬂﬂﬂpﬂoﬁrﬁﬂ$sue when placed on the surface
8 thereof, értifacts among impedance deviations from the
9 surroundings, the method comprising:
10 moving the probe together with the tissue; and
11 . identifying as a fixed artifact those impedance
12 deviations which move on the impedance map, in the opposite
13 direction from the movement of the probe and the tissue. *
14 There is further provided, in accordance with a
15 preferred embodiment of the 'inventidn, a method of
16 displaying impedance imaging information comprising:

17 displaying at least one impedance image of a region;
18 and . - '

19 displaying an indication of the imaged region on a
20 representation of the physiology of the patient.

21 Preferably the display method includes:

22 simultaneously displaying both a capacitance and a
23 conductance map of the same region. '

24 There is further provided, in accordance with a

25 preferred embodiment of the invention, a method of
26 displaying. impedance imaging information comprising:

27 - displaying a capacitance map of a region; and _

28 simultaneously displaying a conductance map of the same
29 region.

30  There is further provided, in accordance with a

31 preferred embodiment of the invention, a method of
32 displaying impedance imaging information comprising:

33 computing maps of a plurality of imaging measures; and
34 simultaneously displaying the measures. _
35 There is further provided, in accordance with a

36 preferred embodiment of the invention, a method of
- 19 -



23 There is further provided, in accordance with a 24 preferred
enbodi nent of the invention a nethod of inpedance 25 inaging of the breast
conprising: 26 (a) positioning a nulti-elenent probe, conprising a 27
plurality WO%%H243ng el enents, on one side of the breast; 28PCI/USISOHI41
positioning an el ectrode on a side of the breast 29 substantially opposite

the nmulti-el enment probe; 30 (c) positioning a second el ectrode on a
portion of the 31 body; 32 (d) electrifying the second el ectrode; and
33 (e) neasuring a signal at at |east sone of the elenents 34 of the
mul ti-el enment probe. Preferably (b) conprises positioning a second

ml Li- 36 21 ofEnl, B gdgggﬁnpgdaags £hebliaRi8RoboagRILIAL,A! |y oppOsite

1 the nul t2 - el enercompubéng?a pluriilcity icf mapshef @mtoviemsit one imaging
accordances W'n'ié‘aéb?epéqﬁ ‘gg‘grg eg ggngrgﬁuégéiégveghhon a net hod of

i mpedance 4 i nagi ng o nf positioning a first
mul ti - el erfent proU%im%%#ﬂﬁ¢%$ﬂbYad€sB %Y&Pgtyhefm§933|ng el enents, on one

side of thg breasiphdre ispofui-tﬁ@rngp%oiﬁ@iﬁj Wwry é‘é@SFHEnUeOb?vi% aa
~side of 8 the brgast subst ¢ rn&f# % opp05|t?}the mul ti - el enent probe; 9
el ectrifyithg PretEreth,emh9 ke Bfur Zhey ipventiomsi @y drekhads of

the secondy mdifferentilatinpea agdspécted SERTITiCHE 2 £TdMh Husdhebead!

some of th elem?héﬁchyperplasia comprising:
9 comparing a capacitance map of a region to a
10 conductance map of the same region; - '
11 classifying a deviation from the surroundings as a

12 suspected atjpical hyperplasia if at some frequency less
13 than 500 Hz_tﬁe-capacitanqe value is lower than that of:the
14 surroundings and the conductance value is higher than that
15 of the surrouﬁdings;.and
16 classify;ng,a deviation from the surroundings as a
17 suspectéd can¢er_if_at some frequency less than 500 Hz both
18 the capacitance value and the conductance value are
19 higher than that of the surroundings.

20 : _ |
21
22
23
24
25
26 .
27 '

- 28
29
30
31
32
33
34
35

36 _
- 20 -



+12 the first multi-el enment probe. 13 There is further provided, in
accordance with a 14 preferred enbodi nent of the invention a nmethod for
gU|dance 15 in the placenent of an elongate elenent in a region of a 16

' subj ect cofYPPEI243? 17 (a) inserting the elongate el eneMCTIOH06MLs e,
said 18 elenent including a plurality of inpedance neasuring sensing 19

.el enents thereon; 20 (b) measuring the inpedance between the plurality
of 21 sensing elenments and an el ectrode in contact with the 22 subject;
and 23 (c) guiding the element to a desired position having 24 defined
i npedance properties in response to neasurenents of 25 inpedance made in
(b). 26 Preferably.theB EROPES ﬂffﬁﬁ“&f“T DRAWINGERJI Ng the
regi on of the subject incl _ enerating an
i mge ther@f; 29 The rimeentignt hwildagbeanmome: Me@ﬁg rgtood and

i npedance 30 ddidbda EBQmS‘!:IP@ Ifamwgn aalea&a@a %éé&ﬂzstwﬁ 3taken

| npedance neasurenents on the jmge of _the, e at e. el enent

sur roundi né¢ t@ﬂmﬁﬂ? QHEF%EP Withcﬁ@%l%ﬁ?“ﬁngﬁl ns¥BErhiposed i nages. 34

In a preferged enbadigenty oist b i Gvephilan irhﬁwoujﬁr adb impelaacedmapping
asur

el ongate el enment is fornmed tr 0 dance
el ements efch %ﬁﬂlﬂﬁp?ﬁéy?'ﬁ'gsﬁé’n&abfe ko ®bredit Tnpedance 1'538!’1“9 in
WO 96/ 1243% accordance with a preferred embodPaénhtSe¥/ ¢hé4invention;
8 Fig. 2 is a perspective view of an imaging head
9 suitable for breast impedance mapping in accordance with a

10 preferred embodiment of the invention;

11 Figs. 3A and 3B show partially expanded views of two
12 preferred probe head configurations suitable for use in the
13 imaging head of Fig. 2; ' - : k L

14 . Fig. 4 is a top view of a portion of a multi-element

15 probe in accordance with a preferred embodiment of the
16 invention; : :

17 Fig. 5A is a partial, partially expanded cross-
18 sectional side view of the probe of Fig. 4 along lines V-V,
19 suitable for the probe head configuration of Fig. 3B:

20 Fig. 5B is a partially expanded cross-sectional side
21 view of an alternative probe in accordance with a preferred
22 embodiment of the invention;

23 Fig. 5C shows an alternative embodiment of a multi-
24 element probe, in accordance with a preferred embodiment of
25 the invention; '

26 Fig. 6A is a perspective view of a hand held probe in
27 accordance with a preferred embodiment of the invention:;
28 - Fig. 6B shows a partially expanded bottom view of the

.29 probe of Fig. 6A, in accordance with a preferred embodiment
30 of the invention; : ' :
31 Fig. 7A is a perspective view of a fingertip probe in

32 accordance with a preferred embodiment of the invention;
33 Fig. 7B shows a conformal multi-element probe;
34 Fig. 8 shows an intra-operative probe used determining

35 the position of an abnormality in accordance with a

36 preferred embodiment of the invention;
- 21 -



1 impedance in a direction generally perpendicular to the 2 el ement and the

display indicates a guiding direction for 3 the elongate el enent based on
t he i npedance nmeasurenents. 4 There is further provided, in

accor danceVQi9M243%5 pref erred enbodi nent of the invention, PCTAISISE6IHbY
gui dance 6 in the placenent of an elongate elenent in portion of a 7

patient conprising: 8 formng a first two-dinensional inpedance inmage

of at 9 least a part of said portion froma given direction; 10

form ng second a two dinensional inpedance image of at 11 |east a part of

the portion using a nulti-element inpedance 12 probe placed at a known

ol amont bt ween oFatinis Bts e EepaFBiSoplt. prope d3 dgdaticd’ AHERE o

the el ong2t e palefiermed embaddimentytofithe tnuentiomsy is to be t aken at
| east pargially Undgy, (16 GHAMCE iﬁoﬁg%t B@efdlrétiﬁn%c'iﬁfu?&g nblP with

dlnenS|onaI
into the %0

and incluging: 22f

23 5|gnals rec ic?g her:"zj:TSI ;;ﬁc‘? I cgeglrwi%g tg:eeggﬁgatmgl %eﬂrrgrrlzon

based on

Pr ef er abl e elongate elenent 1Ts |nser ed

S%QWW%hgﬁqu*ﬂ49ﬁr9§ﬂFh§r¥BVQﬁt4¢ﬁkdance probe el enents 21

mﬂ.ﬁwﬂll‘ﬁs%rh%sjl aertseﬂm@h Idﬂoedaﬂﬁ@ | gREe

desired deptbfbthbhdn&hmngﬂke el ement 27 based on i npedance signals

d h h I :
20 " "t | o FlmerLh: benuBTr e fo el e dn e, X SeRfave vasd Th

enbodl men® ot:ontiuncrbim wdith theemedhosh g |1§g1.g 1134; provi di ng an

i mpedancggeasur eggl rbt %Yfég%hbﬂ&l Hdm%&rgz%th&hfl R pigbgc%t Efacfai:l -

at | east one finger "o
of i npeddhcewiihcR p§e§e=r

exam ner arng an

el enent syawher eby Fig. beib &Kewsi le #PEnitEICIBLERsy 16 RAIRY Oéyélta&uem

bei ng 13

14

15
16
17

18
19
20
21
22
23
24
25
26

27

28
29
30
31
32
33
34
35
36

accordance with a pref%rred embodiment of the inventlon

Fig. llE:shows a lateral biopsy guiding system in
accordahce witp a preferred embodiment of the invention;

Fig. 12 shows, very schematically, the inter-operative
probe of Fig.éB combined with a video camera use toc more
effectively porrelete an impedance measurement with
placement of_the probe. _

Fig. 13 #llustrates.a laparoscopic probe according to
the invention used in conjunction with a fiber-optic
illuminator-imager;

Fig. 14 illustrates a display, according to a preferred
embodiment of the invention showing both capacitive and
conductance images illustrative of atypical hyperplasia;

Fig..15 illustrates a display, according to a preferred
embodiment of. the invention showing both capacitive and
conductance imeges illustrative of a carcinoma; and

Fig. 16 illustrates a method useful for verifying a
detected local impedance deviation as being non-artifactal
and for estimating the deviation; |

Figs. 17A and 17B are a block diagram of circuitry
suitable for. impedance mapping in accordance with a
preferred embodiment of the invention.

- 22 -
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- WD 96/ 12439 PCT/ US95/ 06141 1
exam ned are sinultaneously acquired. 2 There is further provided, in
_~accordance with a 3 preferred enbodinment of the invention, a nethod
*for 4 i npWOS6g4Phe sensitivity of inpedance inaging conpr|3¢ﬂgsﬂﬂmhﬂ

contacting tissue with a nulti-el enent probe; 6 .- contacting a different
Jortion of tissue with at | east 7 one el ectrode; 8. exciting the at

| east one el ectrode with a pulsed 9 voltage; 10 - measuring signals,
responsive to said pulsed vottage at 11 at least a plurality of the

€l ements of the probe; 12 conmputing the real and inaginary parts of an

¢

o Lot 17, Pt iectiprioh aPopdd ek sithay' nbollgial

=Y pru AT U Qmu‘\a‘rc o, TUATTU

| east one2frequenRgfereaceedsummdantdfFigseqmeang ZMwhﬂch;i&tusxtawgean

di fferenc§ f%p%ﬂg?nﬁ?%&ﬁ#& &‘évi ‘é' eibedsﬂk.ftfa%r et f%xe”ﬁ{qu:g&gt "Ehe

pr obe. prOV| in-accor ance W t
preferred4 eivpedange off a Pﬁeasﬁhventlon a method for 20 identifying,

ina mltg-el em”ﬁabﬁﬁﬁ ae¢ikecl® ‘Mﬂdlhufég En ajmaﬂhg e NTE, nﬁﬁi&fx is
ti ssue when pl aced. 0 surf ce t e artlfacts anDng | npedance
devi ati on8 fEBﬁFFﬁ99§3 edf¥r o ﬁ&ﬂ’i’gi" ]Eﬁe "%.9( ng contact
nani pul at gngtheeevixhie forlerpyovyding péQb@ﬁM‘ld_:@lt f‘@x85tﬂl‘t@bﬁ1 I FEGHE1EN
statromﬂg Cgﬂ %afgmgnér]o%wgéggiggngﬁ§égul%§%Lmél%@%rical signals
9 therefrom. Signals to and from the head are generated and
10 received by a computer/controller 14 which produces
11 impedance maps of the breast under test for display on a
12 monitor 16. The impedance maps may be stored in
13 computer/controller 14 for later viewing or processing‘or
14 hard copies may be provided by a hard copy device 18 which
15 may be a laser printer, video printer, Polaroid or film
16 imager or multi-imager.
17 The entire mapping device 10 may be conveniently
. 18 mounted on a dolly 20 to facilitate placement of the imaging
19 head with respect to the patient. '

20 Fig. 1 also shows a hand held probe 100, describéd in
21 more detail below, and a reference probe 13.
22 Fig. 2 shows imaging head 12 in more detail. Head 12

23 comprises a movable lower plate probe 22 and a stationary
24 upper plate probe 24 which is mounted on a pair of rails 26
25 to allow the distance between plate probes 22 and 24 to be
26 varied. ' |
27 ‘Movement of plate probe 22 along rails 26 may be
28 achieved either by a motor (not shown) including suitable
29 protection against over-pressure as 1s traditional in X-ray
30 breast imaging, or by hand. '
31 Either or both of plate probes 22 and 24 are provided
32 with multi-element probes 28 and 30 respectively, which are
33 described more fully below, which electrically contact the
34 breast with a plutality of sensing elements to optionally
35 provide electrical excitation to the breast and to measure

36 signals generated in response to the provided signals.
- 23 -



27 identifying as a non-artifact those inpedance 28 deviations
which shift in the direction of the mani pulation 29 on the inpedance map.
30 There is further provided, in accordance with a 31 preferred
enbodi nent WQ/124M | nvention, a nethod for 32 identifyi nBCTUS9S06141
mul ti-el enent inpedance probe which forns 33 an inpedance map of tissue
when pl aced on the surface 34 thereof, artifacts anong i npedance

deviations fromthe 35 surroundings, the nmethod conprising: 36 novi ng
t he probe along the surface of the tissue; and -
18 - W06/ 12439 _ PCT/ US95/ 06141

1- I 'dent i rtlfa se eV|at|0ns 2 which remain
st ati onar yTor;‘%ltg%ﬁ%e%fv?ﬁyf he ?ﬁﬁ%&g’ﬁ&l g%ﬁ‘%%ﬂ ORetBr Hhe| PTRRSH. Ls

There is f@rtheovided dyl referencer gzobe mat thﬂl.cﬂ'la pisfplaeédeﬁimdiéfé?rﬁr@f

th nvent 4on qg&ﬂp o] t | ti-el ement eda

prgbla \\I/\/(’ll c% shau ando%rpfe’agrl#cg:efr]m%ﬁ%f gl Ssue ‘V\hngﬁ BFE‘P&I %ﬂr#ﬂg 6’&?&@?8
t her eof , aﬂtlpaﬁignﬁﬁong |npedance devi ations fromthe 9 surroundi ngs, the

nethod congrisin 0 Vi gg
g Siving BEoote <4 b*%?tsﬁ A% LR U il Clbarl propey e i
mhlchrmwe on3Phan ahee DRQPe | A4t H& olpuered 1t icompriess f then breast

movenent of tbetwe@maﬂﬂeipf@bessswhisbbompregbﬁbﬁ'ﬁé&d&ééefharﬁie%ﬂﬁce

in accordagcebg%ween the probes and provides better contact between the
9 sensing elements and the skin of the breast. Although
10 compicession bf the breast is desirable, the degree of'
11 compression required for impedance imaging is much lower
12 than for x-Ray mammography, and the mapping technique of the

13 present invention is typically not painful. i

14 Alternat;vely oxr additional;y, the probes are curved to
15 conform with the surface of the breast.

16 Head 12 is provided with a a pivot (not shown) to allow

17 for arbitrary rotation of the head about one or more of its
18 axes. This al;ows for both medio-lateral and cranio-caudal
19 maps of the breast to be acquired, at any angular
20 orientation about the breast. Preferably, head 12 may be
21 tilted so that the surfaces of plate probes 22 and 24 are
22 oriented with a substantial vertical component so that
23 gravity assiats the entry of the breast into the space
24 Dbetween the maximum extent and-to keep it from inadvertently
25 falling out. This is especially useful when the patient
26 leans over the plates so that her breasts are positioned
27 dowhwardly between the plate probes. |

28 Furthermore, in a preferred embodiment of the
29 invention, one or both of probes 28 and 30 may be rotated
30 about an axis at one end thereof, by a rotation mechanism 27
31 on their associated plate probes 22 or 24, such as is shown
32 in Fig. 2 for probe 28. Additionally or alternatively,
33 probes 28 and/or 30 may be slidable, as for example along
34 members 31.

35 Such additional sliding and rotating flexibility is

36 useful for providing more intimate skin contact of the
- 24 -



45 preferred enbodi ment of the invention, a nmethod of 16 displaying

‘i npedance i magi ng |nfornat|on conprising: 17 di splaying at |east one
-j npedance i mage of a region; 18 and 19 dlsplaylng an indication of

Y he i magedW0O§I2390n a 20 representati on of the physiol ogy RCEBESHs4lent .
21 Preferably.the display nethod includes: 22 si mul t aneously

di spl ayi ng both a capacitance and a 23 conductance map of the same region.
24 There is further provided, in accordance with a 25 preferred
enbodi nent of the invention, a nethod of 26 displaying inpedance inmagi ng
I-nf or mati on conprising 27 - displaying a capacitance map of a region;
and 28 ane di spla nduct ance f the

fegion. adt PTORRAEEHE For, REpaEoUMRLER RER' B BEnREAILY, G shape.
preferred zrrmdr'bhermo&-et hesuah efilexibihityt hddows %rilbetﬁgrngmagjmgam:e
i magi ng | [ g - (o] ti Y,

i magi ng ne su é Qg?égngf éh&. ts’FéngFFaﬁgggs@gdl Sp sg?%l ﬁ% Ilr;y'eﬂaiﬁ'rsEij'f:f'eﬁs c@fée
There is f4wtwhﬁcmrewedeatremelxcdéfﬂéquétwwphimas@ dine fe=magt] manmeyraphy of

the inventgon, a npjhad @A and 3B show partiall ex] ahded views W2 two
96/ 12439 CT/ US95/ 06141 1

di spl ayi n® i npEakfcbead (ﬁm*gﬁré&m%lwtéble_ f%dﬁﬁ i +8 thg dmaging
of maps of7 athé&dSé£0Fegi."@Ji Hth accordance with preferred embodiments of

8 the invention.

9. In the embodiment of Fig. 3A, a preferably removable
iO multi-element probe 62, which is described below in more
-11 detail, is attached to a: probe head base 50 via a pair of
12 mating muiti-pin connectors 51 and 52. A cable 53 couples
13 connector 52 to computer 14. When multi-element probe 62" is
14 inserted into base 50 (that is to say, when connector 51 is
15 fully inserted into connector 52), the relatively stiff
16 bottom of probe 62 rests on ledges 54 formed in the base,
17 such that the surface 55 of the base and the surface of

18 element 62 are preferably substantially coplanar.

19 In the embodiment of Fig. 3B, a series of contacts 82
20 are formed on base 50 and a disposable multi-element probe
21 62' is attached to the contacts as described below with

.22 reference to Fig. 5A and 5B. Cable 53 couples the contacts
23 to computer 14. ' _
24 Figs. 4, 5A and 5B show top and side views of a portion
25 of multi-element probe 62' and contacts 74, while Figs. 5A
26 and 5B show a partially expanded cross-sectional side view
27 of'pfobe 62' along lines V-V. While the embodiment showh in
28 Figs. 4, 5A and 5B is especially suitable for the probe head
29 configuration of Fig. 3B, much of the structure shown in
30 these figures 5 is common to multi-element probes used in
31 other configurations described herein.

32 ."As shown in Figs. 4, 5A and 5B, disposable multi-
33 - element probe 62' preferably incorporates a'plurality of
34 sensing elements 64, separated by separatof or divider
35 elements 66. ' : '

36 . . As shown more clearly in Figs.'SA'and 5B, sensing
- 25 -



3 neasure at a plurality of frequencies; and 4 si mul t aneousl y

di spl aying the maps. 5 There is further provided, in accordance with
a 6 preferred enbodinent of the invention, a nethod of 7

di fferent W@ P6IR43® suspected carci noma from a suspected 8 at POTASYS/06141
hyper pl asi a conprising: 9 conparing a capacitance map of a

regi on

to

devi ation fromthe surroundings as a 12 suspected atypical hyperplasia if
at sone frequency less 13 than 500 Hz the capacitance value is | ower than
that of the 14 surroundi ngs and the conductance value is higher than that

15 of th di : d 16 _ I i fvi [ [ f h :
sur round: Ao SIEHEREF 64,8 CohBrise, o BIF condlrinte. condib O tatarin)
Hz both 12 t {fompezampice Nepterodal EBNFSdonduciNeptrodeucEQ9621Hydrogel

t han t hat

35 36

4

O O3 O W

10
11
12
13
14
15
16

17

18
19
20
21
22
23
24
25
26

27

28
29
30
31
32
33
34
35
36

" AR P IBanblex! Hyarohéls 2ouafirthah® ¥y dukn % 2s%

soﬁetimes used for ECG probes in a well 70 formed by a

first, front, side of a mylar or other flexible, non-

condhcting suﬁstrate_ﬁa, such as a thin mylar sheet and the

‘divider elgménts-ss._a suitable thickness for the mylar

sheet is apprbximateiy 0.2 mm for probe 62'. The substrate
is preferably;pierced_in the center of each well. The hole

resulting from the piercing is filled with a conducting {{

material which is also present on the bottom of well 70 and
on a seéond, pack, side of substrate 68 to form a pair of
electtical contacts 72 and 74 on either side of :the
éubstrate and%an electrically conducting feed-through 76
between the pair of contacts. As shown, a separate contact
pair and feed-through is provided for each sensing element.

Alternat;veiy, the substrate may be formed of any
suitable inert material including plastics such as
polyethylene, polypropylene, PVC, etc.

Wells 70 may be formed in a number of ways. One method
of forming the wells is to punch an array of square holes in
a shegt of plastic, such as polypropylene, which is about
0.2~1mm thick. This results in a sheet containing only the
divider elements. This sheet is bonded to substrate 68 which
has been pre-pierced and in which the contacts and feed-
throughs. have been formed. Another method of forming the
wells is to e@boss a substrate containing the contacts and
feed-throughs to form divider elements in the form of ridges
which protrude from the substrate as shown in Fig. 5B. Yet
another method of producing the wells is by printing the
well walls using latex based ink or other bio-compatible
material having a suitable firmness and flexibility. Another
method of production is by injection molding of the
substrate togéther with the divider elements. And yet
another method of producing the wells is by laminating to

the substrate a preformed grid made by die cutting the array
' - 26 -
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BRI EF DESCRI PTI ON OF THE DRAW NGS 2 The invention will be nore fully
-understood and 3 appreciated fromthe follow ng detailed description,
‘taken 4 | WQ¥2tion with the drawings in which: 5 FP&T

overall view of an inpedance mapping 6 systemespecially suitable for
breast inpedance mapping in 7 accordance wth a preferred enbodi nent of .
‘the invention; 8 Fig. 2 is a perspective view of an inmagi ng head 9
sui tabl e for breast inpedance napping in accordance with a 10 preferred
enbodi nent of the invention; Flgs 3A and 3B show partially

expanded VI tof dt.l.%é%r eflf{r&éﬁgsprzf e%‘ﬂec@?f |°q_ur g,tll iéu' tﬂ\?\#g?{._gan

use in thell i magi ng op’vi'e
portion of2a mﬂhdingﬁuquOtthnmﬁﬁn$n accordance mnth a preferred

enmbodi ment z0f the %énvc?sﬁae{sto& and F'ﬂeea%m-a@,wrtma& baar biral by

expanded - cross-_ 18 section vi ew of _the probé of 4 al on I|nes
VU716 Uik a SeBdUSt AR natRRIak #P AT Vo) TONLge FRylable fed-thrpugh
5B is a pay i PlaxtxgaiedthieoSRoiedl. 00Ak shéthdd Vo£\Wmindfadktudiing | the
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accordancewm wbﬂz pstdesr od e:ﬁsa(hwhstrafte?._fa Ihecondaotive p?_ﬁste hating @A
P oPeLSPREL A Ve 5 A8 ehd BApBERRIRETY, Whepot gnc
expanded b@& t diorn aw relidhle Tontact dhetveen cepntactscZRdande 74i.t Alxhough
prgferredfﬂﬂyﬂuﬂ?nﬁonductive materials can be used, non-polarizing
” 11 conductors, such as silver/silver chloride are preferred. A
12 conductive paste suitable for silk screening the conductors
13 onto the substrate is Pad Printable Electrically conductive
14 Ink No. 113-37 manufactured and sold by Creative Materials
.15 Inc., Tyngsboro, MA.
16 . In general contacts 72 and 74 are only 10-200 microns
17 thick and wells 70 are generally filled with conductive
18 viscous gel material or hydrogel material to within about
19 0.2 mm of the top of the dividing elements. In general, if
20 low separators are used, the'hydrogel may be omitted.
- 21 However, in the preferred embodiment of the invention, the
- 22 wells are at least partially filled by hydrogel or a similar
‘23 material.
. 24 Hydrogel is available in both UV cured and heat cured
25 compositions. In either case a measured amount of uncured
26 semi-liquid hydrogel is introduced into each well and the
27 hydrogel is cured. Alternatively, the wells are filled with
28 the uncured material and a squeegee which is pressed against
29 the top of the divider elements with a predetermined force
30 is moved across the top of the divider elements. This will
31 result in the desired gap between the top of the hydrogel
32 and the top of the wells.
. 33 _ In an alternative embodiment of the invention, the
34 hydrogel material is replaced by a sponge material or
35 similar supportive matrix impregnated with conductive
36 viscous gel or the well iszsimply-filled with the conductive



30 of the invention; 31 . Fig. 7Ais a perspective view of a fingertip
probe in 32 accordance with a preferred enbodi nent of the invention; 33
Fig. 7B shows a confornmal nulti-el enent probe; 34 Fig. 8 shows an

i ntra- ope™R 601243 obe used determining 35 the position of REI/ERISAG6H ity
In accordance wth a 36 preferred enbodi nent of the invention;

- 21 - WO 96/ 12439 PCT/U895/06141
1 Fig. 9 shows a | aparoscopic probe in accordance with a 2 preferred
enbodi ment of the invention; 3 Fig. 10 shows a biopsy needle in
accordance with a 4 preferred enbodi nent of the invention; 5 Fig. 11A *
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conbi ned WMtMUa,vmdyobeamqeultna1mpﬂ©ve contact with the skin. In this
8 case, the dividing elements will reduce the conduction
9 between the cells. such that the substantial independence of

10 the individual measurements is maintained. Alternatively, .
11 the conductive gel may be packaged together with the probe,
12 with the condugtive gel filling the space between the top of
13 the hydrogel and the top of the wells. The use of a
14 conductive ge#-is preferred since this allows for sliding
15 movement of th§ probe and its easy positioning while it is
16 urged against the skin. The separators substantially prevent
17 <the conductive gel from creating a low conductance path
18 between adjoining sensing elements  and also keep the
19 hydrogel elements from touching each other when the probe is
20 applied to the skin with some pressure.

21 In a furtﬁer preferred embodiment of the invention, the
22 sensing elements are formed of a conductive foam or sponge
23 material such és silicone rubber or other conductive rubber
24 or other ela$tomer- impregnatgd with silver or other
25 conductive material, as shown in Fig. 5C. Fig. 5C shows the
26 sensing e;ements without walls 66. Elements which protrude
27 from the .subétrate as shown in Fig. 5C may achieve
28 substantial.eléctrical isolation from one another by spacing
29 them far enough apart so that do not contact each other in
30 use or by coaﬁing their lateral surfaces with insulating
31 material such és polyethylene or other soft non-conductive
32 plastic or rubbkr{
33 . For relatively short rigid or compressible elements, it
34 has been found that reducing the . size of the sensing
35 elements such that-no_more_thén 70%-(and.preferably no more
36 than 50%) of the area of the array is covered is sufficient




18 effectively correlate an inpedance neasurenent wth 19 placenent

of the probe. 20 - Fig. 13 illustrates a | aparoscopi c probe according to
21 the invention used in conjunction with a fiber-optic 22

V11 um nat orwioh&)2439 23 - Fig. 14 illustrates a display, acPCHUBYPH4Y a
preferred 24 enbodi nent of the invention show ng both capacitive and 25
conductance inmages illustrative of atypical hyperplasia; 26 Fig. 15
illustrates a display, according to a preferred 27 enbodi ment of the

i nvention show ng both capacitive and 28 conductance inages illustrative
of a carcinoma; and 29 Fig. 16 illustrates a nethod useful for

verifying a, 30 _detected | ocal, i npedance fdevi ation ag_bei non-artifactal
31 and forlesEPrEPANGS fBeIATHeGtal’ bebfwpen, adjeiniig plemants 47 op
di agram of 2iraccepyaBle 3ewedble for inpedance nmapping in accordance

i tzg _- a 34 gr e{/\g gggfgggfiﬁ@ﬂgnq:flyt h&oba\-’e{géﬁf.’gti@?\ 3:?3 achW%S@ﬁmﬁ’i

1 DETA4 L EprobecR fement SFbyHE heriar rpeci AgBeliavieT Sthen  foamefaxt echer
|'s made to §i0g1eh 2uiitndut | hydrdiél 2ant | WRIKBEE RS0 sﬁangg 1%3

suitable for mapping the 4 I npedanCe of a breast. 5 Nhgplng
inc|udes-an6inagpm;%ﬁgﬁjQst gcelements such as those shown in Fig. 5C

7 conform and mate to uneven surfaces when pressed against
8 tissue. _ o
9 Multi-element probe 62', which is preferably used for
10 only one patient and then discarded, is preferably removably
11 attached to a probe holder which preferably comprises a
12 printed circuit board 80 having a plurality of contacts 82
13 corresponding - to the contacts 74 on the back of ‘the
14 substrate, each PC board contact 82 being eiectrically
15 connected to a_corrésponding contact 74 on the substrate.
16 To facilitate alignment of the matching contacts, an
17 alignment guide 90 is preferably provided on or adjacent to
18 PC board 80 (Fig. 4). This guide may consist of a series of
19 guide marks or may consist of a raised edge forming a well
20 into or onto which the substrate is inserted. Conductors
21 within PC board 80 connect each of the contacts to one of
22 the pins of connector 51, which is preferably mounted on PC
23 board 80. _
24 Alternatively and preferably, as described below with
25 respect to Fig. 6B, the guide may consist of two or more
26 pins located on or near PC board 80, which fit into matching
27 holes in probe 62'. |
28 Alternatively as shown in Fig. 5B, the back side of the
29 embossing of substrate 68 is used as the guide for one or
30 more protruding elements 83 which are preferably mounted on
31 PC board 80. Preferably a plurality of protruding elements
32 are provided to give good alignment of the substrate with
33 the PC board. The elements may run along the periphery of
34 the probe and form a frame-like structure as shown in Fig.
35 5B or may run'between the elements or may take the form of x

36 shaped protuberances which match the shape of the embossing
- 29 - '



6 described bel ow, which holds the breast and provides contact 7 therewith
for providing electrical excitation signals 8 thereto and for receiving
resultant electrical signals 9 therefrom Signals to and fromthe head are ,
gener at edwersd/12489r ecei ved by a conputer/control | er 14 whi clPqEO885065111

| npedance maps of the breast under test for display on a 12 nonitor 16. The "
| npedance maps nay be stored in 13 conputer/controller 14 for |ater -
vi ewi ng or processing or 14 hard copies may be provided by a hard copy
device 18 which 15 nay be a | aser printer, video printer, Polaroid or film

16 imager or nulti-inmager. 17 The entire mappi ng device 10 may be i
convenieggly 18 .nount ed on a d |y %P to faC|I|tate pl acenent of the
i magi ng 8 Fhe\ I REF RE t¥elhSei ent . Fig. 1 also shows a

hand hel @ probe IMfbtriaking beﬂemenﬁé 88r magethu Ifdnheuv ofinpod

ybafrm:e
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pr obe 244annndqrnngwnexm¢#aki§u¢h s st#iBIQSSZSteelallom/the dlstance
bet ween g ate prqpeﬁifé ﬁQdi?bé égnﬁﬁc%@d’ aféegﬁc?J PC co%&?:@rﬁ 05 i)tse

probe 22 along rails achieved eit tor (not s
|rmlud|n§:mﬂ¥%®l§QBP§9%ﬁ cEQHﬁagaﬁ%ﬁu%v@hﬁﬂhmeﬁpgﬂﬁﬁqSVP%&§QQ%n§P|n

X-ray 30 7or eagd/ dmm:: ﬁagpsls arla/or nEpébsﬁceé aet ghaf 1ALV aRaabes
22 and 24 are rOVI % tl-ele fes 28 and 30 respectively,
which ar & 3??5@%"6?’9 #4 ya%e‘F?ﬁF hP@{Q¥¢trical Iy contact the 34

breast wig h a pl Llrxﬁlatgref¢mds él@a@dﬂmtsofothet invehtion) poadudetive
ehoct i1 5 YO bl B SareRU1Y JERRKLS el Ul D562 B I,

96/ 124331 substrate are used to electricallgr/agbomeéscianically connect

12 contacts 74 wifh their respective contacts 82. Preferably a

‘13 conductive adﬂesive such as Pressure Sensitive Conductive

14 Adhesive Model 102-32 (Creative Materials Inc.) is used.

15 Alternatively,__the adhesive wused for printing the

- 16 _contacts/feed-ghroughs is a conducting adhesive and adhesive

17 spots 86 may be omitted. Alternatively, pins, which protrude

18 from the surfa¢g_of PC board 80 and are connected to wires

19 84 pierce the_ﬁubstrate (which may be pre-bored) and contact

20 the gel or hydrogel in the wells. A pin extending from the

21 substrate may-élso be inserted into a matching socket in the

22 PC board to form the electrical connection between the

23 sensing elemenﬁ and the PC board. Alternatively, the entire

24 back side of the substrate can be adhered to the printed

25 circuit board #urfacezusing an anisotropically conductive

26 thin film adhesive which has a high conductivity between

27 contacts 74 ahd 82 and which has a low conductivity

28 resulting in preferably many times higher resistance between

29 adjoining 6on1;:acts' than between matching contacts, in

30 practice at lea#t one hundred times different. An example of

31 such adhesive% is tape NO. 3707 by MMM Corporation,

32 Minneapolié MN. However, due to the difficulty of applying

33 such material without trapped air bubbles, it may be

34 preferably' toé apply adhesive only to the contacts

',35' themselves. In;practice a release liner of polyethylene,

36 mylar or paper with a non-stick surface on one side is
- 30 ~




1 Altérnatively, el ectrical excitation to the breast is 2 provided by
reference probe 13 which is placed on the arm 3 shoul der or back of the

patient, or other portion of.the 4.patient. 5 . «In practice.- a breast is
i nserted J¥OWSAMBr obes 28 and 6 30 and plate probe 24 is | REHEPSOEI4

conpress the breast 7 between the probes. This conpression reduces the

di stance 8 between the probes and provi des better contact between the 9
sensing elenments and the skin of the breast. Although 10 conpression of the
breast is desirable, the degree of 11 conpression required for inpedance
i‘magi ng is nuch lower 12 than for X-Ray mammography, and the mappi ng

techni que pf ﬂf@vﬂ&d’réﬁeﬁﬁ?i ﬂ&ﬁﬁfi emdbsokyﬂhsahhneg&beo@fﬁééﬂ.- Hisg 1irhet
Alternatively or additionally, the probes are curved to 15 conformwt
the surfack @TeEeckscthe pslhesivejayer Py i §ed aprpestion \of (the

_sthoer3 to al |d3.¥|_\$]é$salia?.re am?iuaé%ﬁm@rgs ';Sll‘b?é t{aethfti:ﬂwthemgeg agm g f
its axes. IS 0 r. medi o- | at er nd crani Q- cayda maps
of° the i oemoved mELon B0 Be/cOBneSriPn 0R  shE: probe e bhe DIPLARAA
tlhe br easts Pref e_rnbééﬁeré)bhﬂ,-lth_ea)tmda_hcd ihéﬂgeem tcontatts 82r faak skin
ate propes n r ! n vegtl

Componant S0 T8 95 “En8. Gopfulltany hele bt i PAS G T e Bl ng Jess
space 24 P&t vichantIR0 nehmauatcktkHe and leskectpant 4000 ohmsadter®:Bzy 25
falling ouyy. This 4§ Al Ulgy e td I S

pl at esgso.%t hat heriﬁ?gggts ?egrﬁedtgélsg‘i gr%egsigoﬁﬁ/aéﬁl%a%gts we%’ t%%& ;l{l‘ge
probes. 28 multirelemante prepe alowwérpbeulémeﬁeﬁabhr behgreater

i nventi omp ongh&t TotkoRh &tO0DerHZBo2nNd080KE6RAM B¢ 10 #zed 30 about an axis
at ‘one end thereof, by a rotati nmechani 27 31 on fhejr associated plate
ther; sulrahl {81 5o,

probes 22tbr 24, SARPther; s & MateE P ng Sup§tr 148
or alterre i VEYYEX33DuRdies) 28ubstirated Gviibyh bess madieb Ifromsa f boughaiidven

al ong . 13 polyolefin material available in various thicknesses and
14 porosities. If such material having a suitable porosity is
15 used, contacts 72 and 74 and feed-through 76 can be formed
16 by a single printing operation with conductive ink on one
17 side of the TYVEX sheet. Due to the porosity of the TYVEX,
18 the ink will penetrate to the other side of the TYVEX and
19 form both contacts and feed-through in one operation.

20 For probe 62 in the embodiment of Fig. 3A, substrate
21. 68 is replaced by a relatively rigid PC board which includes
22 conducting wires to attach each of electrical contacts 72 to
23 one of the pins of connector 51 (Fig. 3A) and the rest of
24 the connecting structure of Fig. 5A may be omitted. It
25 should be noted that the choice of using the structure of
26 Figs. 3A qr 3B (i.e., probes 62 or 62') is an economic one
27 depending on the cost of manufacture of the probes. While
28 probe 62 is structurally simpler, the disposable portion of
29 probe 62' is believed to be less expensive to manufacture in
30 1large quantities. Since it is envisioned that the probes
31 will be used in large quantities and will preferably not be
32 reused, one or the other may be preferable. .

33 The other side of the probe is also protected by a
34 cover plate 88 (Figs. 5A and 5B) which is attached'uSing any
35 bio-compatable adhesive to the outer edges of dividers 66
36 (Fig. 5A) and/or to thealhydrogel, which is preferably



34 nmenbers 31. 35 Such additional sliding and rotating flexibility is
36 useful for providing nore intimate skin contact of the
WD 96/ 12439 PCT/ US95/ 06141
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1 probes WO by east, which has a generally conical shaf€T/gs95/06141
Furthernore, such flexibility allows for better imaging of 3 the areas of
the breast near the chest wall or the rib cage, 4 which are extrenely
difficult to inmage in x-ray mamography. 5 Figs. 3A and 3B show
partially expanded views of two 6 probe head configurations suitable for
use in the imaging 7 head of Fig. 2, in accordance with preferred

Tbodi : : oo g . . 3
Sr e19 elr gf;rasr'g%od\%ﬁ)%jigvxf???él e%ntogrégbgggf,%% Etaﬁlsbcgaejs'}éégged _ ef‘%lv‘vei n
nore 11 dét alnventienacHdie  dnney oguTHaRe bhefe thevicpvepainlage 188misng
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conputer 14. \Wen nulti-el enent rqu 62.1is 14 - inserted into base 50 ftﬁat
's to sayd wiBRedsnce qf 9Ach s4nsing elepaat; £rom e QAL BITIGe Phe
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o ement 68 apeasined A bk, B8 aRzeinay Esliifer faoedaltiahl ¥ A dmeven:

of Fig. 3B, impedancefisogpanestssd etweenothal conductive dayer and a

esEer bouBor s Bl b & g AL i, ? LAE SO s finent

contacts 9 can be tested in a measurement mode similar to that in which
10 they will finally be used. . S (|
11 Alternat#vely, a film RC circuit or circuits may be
12 printed on tqe inner surface of plate 88 to simulate an
13 actual.impedanpe imaging situation. Alternatively, plate 88
14 may be providéd with contacts at each sensing location, and -
15 circuitry which may simulate aEplurality'of actual impedance
16 imaging.situaﬁions. Such circuitry may include external or
17 integral;logid such as programmable logic arrays and may be
18 cdnfigu:abie using an external computer interface. The
19 _si_mulation‘ may provide a distinct RC circuit for each
20 sensing'elemqnt or may provide a sequence of different
21 circuits to each sensing element to simulate the actual
22 range of measurements to be performed using the probe.
23 Fig. 5B shows a preferred embodiment of cover sheet 88
24 (indicated on the drawing as 88') and its moge of attachment
25 to both the multi-element sensor and the PC board. In this
26 embodiment a multi-element probe 62" is optionally further
27 attached to PC board 80 by an adhesive frame 210 which may
‘28 be conductive or non-conductive, and which assists in

. »

29 preventing entry of water or gel under sensor 62". Sensor
30 62" is preferébly further aligned to PC board 80 by one or

| 31 more holes 222 with one or more pins 204, which are
32 permanently attached to PC board 80 or to a surface adjacent
33 to PC board 80. While pin 204 is shown as being.round, using
34 rectangular, triangular, hexagonal pyramidical or other
35 shapes provid?s_additional alignment of the sensor. In
36 general the uppef poftion of the pin should be curved for



23 to conputer 14. 24 Figs. 4, 5A and 5B show top and side views of a
portion 25 of nmulti-elenment probe 62' and contacts 74, while Figs. 5A 26
.and 5B show a partially expanded cross-sectional :side view 27 of probe 62
al ong | i n3¥096/12439\hi | e t he ‘enbodi nent shown in 28 Figs. 4, PATARISEEI4]S
especially suitable for the probe head 29 configuration of Fig. 3B, much
of the structure shown in 30 these figures 5 is comon to nulti-elenent
probes used in 31 other configurations described herein. 32 As shown
in Figs. 4, 5A and 5B, disposable nmulti- 33 elenent probe 62' preferably
hncorporates a plurality of 34 sensing el enents 64, separated by separator

SB d;ghgfﬁg3§ﬁﬁéﬂgﬁﬁ electf%%al coé%hc@ scrikegvééélnlghgg 5A and

PCT/ US95/ @6141 The 1upberer¢:epcﬁsledcsmnﬂm aoffi piroPo4i lise comductive,

Grstribut 1 BrEESERBEyP AR Und {8 pResiiib s ooliio il €97 1gna1
used for HCGrsfsxence somzce hyfaraendwetor 202/4in Pﬂmarélﬁl@-ocoaer
nylar or ¢ hejp Cﬁéﬁ%‘@u@(ﬁha@ C&fd@téi‘ﬁgilébsfﬁéﬁgrﬁﬁ. SHEBLADH A éhbﬁly

nyl ar ‘sheet an di vider elenents 66. A suit e thickness for th
nyl ar 8 $hedefarmpbiepediathylens,, Mylaxy e ethertguidahle aPEBQtiics-

preferabl yy pigdvée sheldie 8Nt &g ?reaébamlﬁ .rékievaplsy 1dttaehdd i 66 then
the pi erC|8ng Ispele' lslfge oéh 1%9 .Llfemen% probe 62" by a continuous frame
9 of adhesive 225, which need not be conductive, but which
10 seals around a lip where cover 88' contacts probe 62" to
11 protect the quality and sterility of array 230 and to
12 maintain the moisture content of any medium £illing wells
13 70. Cover 88' is coated on the side facing probe 62" with a
14 conductive layer 231, such as any of the various metallic
15 coatings, for example, aluminum or the thin film coating
16 described above. '
17 Cover 88' is preferably formed after conductive
18 coating, by embossing, vacuforming or other'means; to have
19 depressions 233 in the cover located over corresponding
20 wells 70. The depressions are approximately centered on the
21 center of the wells and held a small distance "61" above
22 the surface of the hydrogel or gel, by means of relatively
23 high sidewalls 226 which are formed at the same time as
24 depressions 233. Furthermore, the surface of cover 88'
25 preferably has a concave shape to match the rounded
26 conductive contact surface of pin 204, from which it is
27 held at a distance "82". Distances 51 and 62 are selected to
28 minimize unintended physical contact between the conductive
29 inner surface of the cover, the contacts in the wells and
.30 pin 204, for example, dﬁring étdrage and handling prior to
31 use, which might cause corrosion over time due to
32 electrochemical processes.
33 Distances §1 and §2 are also preferably selected so
34 that application of a nominal force (preferably about one
35 kilogram) against a flat outer surface 232 of cover 88',

- 36 such as by a weighted flat plate, will establish contact
- 33 -



11 material which is also present on the bottomof well 70 and 12 on a
second, back, side of substrate 68 to forma pair of 13 electrical

contacts 72 and 74 on either side of tthe 14 substrate and an .
el ectricalWQ9@2@cting feed-through 76 15 between the pair PEOT/GSINGML . As
shown, a separate eontact 16 pair and feed-through is provided for each

sensing elenent. 17 Alternatively, the substrate nay be forned of any -
18 suitable inert material including plastics such as 19
pol yet hyl ene, pol ypropyl ene, PVC, etc. 20 Vells 70 may be forned in a

nunber of ways. One nethod 21 of fo_fm' ng the wells is to punch an array of *
2bout 23 0. Febsan e “Thper, Boltiey 74 AL, B! PapkE, 5unare et atn

di vi der eReni@2fds anthwi thhdihe |sem¢lmnmtstomtﬁaé?ge\h|m the Jaanbeen
pre-piercgd and i Pm r

f or med. A%ot her b hodg E?L?' ormn gél Ei%?%éﬁ?gc Y{‘Q uﬁiuﬁggvﬁstf%ﬁ%r
cont ai ni n§ t BUT Gﬁ’?a&ag- afl gonnected; henughe poef handlito deigralsiesosrce

the form gf 2 R s | %ggﬁ t [
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vel | wal | @ u8 FPNANCKOE,sthe Bensipgheianents pre mld axc#ﬁeér byt the
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52 1067 CRRRLELTD pbh, S, Shest PELASLE RSl T T LT BT 0er

| ami nating tdige 202 sﬂbstemttedprhforam(kmndlmi(ifh@y sign&ut tyDD1t e

gg}?U895l8612fansmitted to each260f the s@gégﬁé' é%gments, either '

directly, or via a known impedance. .
12 _In either case, the multi-element array can be tested
13 by the system and.any residual impedance noted and corrected
14 when the probe is used for ‘imaging. If the residual
15 impedance of;'a given sensing element is out of a
16 predetermined: specification, or is too large to be
17 compensated fer,-the multi-element probe will be rejected.

18 Furthermore, the computer may be so configured that imaging
19 may only take place after determination of the contact
20 1mpedance_'of; the sensing elements or at 1least of
21 verification ;that the probe impedances are within a
22 predetermined specification. '
23. While pin§204 is shown as being higher than the top of
24 the wells, the pin may be at the same height as the wells,
25 or even below the wells with the cover being shaped to
26 provide a_suitable distance "82" as described above.
27 - In an alternative embodiment of the invention, the
28 contaet surface corresponding to pin 204 is printed on or
29 attached to the surface holding the sensing elements, with
30 contact to the PC board being via a through contact in.
31 substrate 68, as for the sensing elements. _
32 '~ In yet another embodiment of the invention,  the
33 conductive contact surface'associated with pin 204 is on the
34 surface holding the sensing elements adjacent to pin 204.
35 Pin 204 supports this surface and contacts the contact
36 surface via Qpe, or pre;:rably a plurality of through




'L of divider elenents in a sheet of plastic, injection 2 nolding, or other
neans. 3 The conductors and feed-throughs may be of any 4 - '
.conductive material which will provide reliable feed-through 5 plating. of
‘the hol es. W9/Bhod of manufacturing the 6 contacts and hoF5§%#§ﬂﬁVgl
screen printing of the contacts on 7 both sides of the substrate. If
conductive paste having a 8 suitable viscosity is used, the paste wll fill
the hole and 9 forma reliable contact between contacts 72 and 74. Al though
10 many conductive materials can be used, non-polarizing 11 conductors,
Such as silver/silver chloride are preferred. A 12 conductive paste

suitable fqr YdneSct&eNPia Rt G Aees2Eneld %E@a?{:éﬁ tHeS dd foti 8§d|tge
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- 27 - . 14 reader, interfaced with the system computer, reads the
15 manufacturing information on the packet and each probe,
16 checking for date and compliance and permitting recording
17 only for a number of patients equal to the number of probes
18 in the packet. ; - _
19 In a preferred embodiment of the invention a bar code
. 20 may be placed on the individual disposable electrode arrays
21 which can be read by a bar code reader installed in or under
22 the PC board, for example near reference numeral 83 of Fig.
23 B5B. '
24 While the invention has been described in conjunction
25 with the preferred embodiment thereof, hamely a generally
26 flat, somewhat flexible structure, suitable for general use
27 and for breast screening, other shapes, such as concave
28 structures (e.g., brassiere cups) or the like may be
29 preferable, and in general the shape and configuration of
30 the detectors will depend on the actual area of the body to
31 be measured. For example cylindrical arrays can be useful in
32 certain situations, for example in intra-rectal examinations
33 of the prostate or colon or inside vessels. In this context,
. 34 a probe accotding_to the invention is also useful for
35 measurements inside the body, for example gynecological

. 36 measurements or measurements in the mouth, where the probe
- 35 -~
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to the desired height. 2 During use of the probe, the probe is urged
against the 3 skin which is forced into the wells and contacts the 4
hydrogel 3YO81243hative conductive material. Optionally, a BCTBISE¥Peifl

vi scous conductive gel, such as Lectron Il 6 Conductivity Ge
(Pharmaceutical Innovations, Inc. Newark, 7 NJ), nay be used to inprove
contact with the skin. In this 8 case, the dividing elenents will reduce

the conduction 9 between the cells such that the substantial independence
cof 10 the individual neasurenments is maintained. Alternatively, 11 the

conductiv o] c d teﬂﬁ%ﬂ Q%ﬁg%
conductl\é ggt F?% é,t ﬁggaggpbehjfl‘y\%mp owcéﬁ tﬁbdro:yi%gg:
the top t Reewepvaty, T Progesy Ngo Sy & ISORNIIRONE (B
while it re ﬁ%“ﬁ"’l‘* e FLgaT °“"é“%é‘*i‘“°e S DELNG] RORSUPEY) ool 59
e, 5 Sl Al L e
et ween | othend rassntigne a parzte y heédels
fron1toucg|n9 Sggo %BEE $? gnh gggkggg &§ 0 applied tg the skin wth sone
pressure. a P PuPfh % & ddi ment of the invention, the
22 sensing eIenenFur&hermorﬁBdSGBnaliaeﬁunrQhesoammobespsageiﬁBinua-ive

such as Sg! 1 GABREUHUL O WHEERCUHUCHrbDd UPLCh1abed! o g%tﬂ?ég AT

|npregnated ver | or other con hown 1n
Fig. 5C. i gexsgsgd)\mr t heéésiosbnsmgtbiemrstwt hothe diéxm GBSkEhé'mmt s

which prgruegigsue surface” as used herein includes such cavity 1ining 4

.11 or exposed tiseue surface.

12 In a preferred embodiment of the invention, PC board 80
13 and as many elhments as possible of probe 62' (or the baard
14 of probe -62)§ are made of transparent or translucent
15 mate:ial, sO es to provide at least some visibility of the
16 underlying tissue during placement of probe 62. Those
17 elements of the probe and conductors in the PC board, to the
18 extent that they are opaque should be made as small as
19 practical to provide the largest possible view to a
20 technician or.clinician to aid in placement of the probe.
21 Furthermore, probe 62 is slidably displaceable when used
22 with the above-mentioned conductive gel to permit moderate
23 lateral adjustment of the probe position, to aid in
24 placement, toéensure good contact between each element and

25 the tissue surface to be measured, and to enable the user to
26 rapidly vgrifyéwhether detected abnormalities are artifacts
27 due to poor contact or are genuine objects, since artifacts
28 remain stationary or disappear entirely when the probe is
29 moved while genuine objects just move in a direction
.30 opposite to the direction of movement of the probe.

31 The general shape and size of the multi-element probe
32 and the size of the conductive sensing elements will depend
33 on the size of the area to be measured and on the desired
34 resolution of the measurement. Probe matrix sizes of greater
35 than 64 x 64 elements are envisioned for viewing large areas

. 36 and probes wh;ch are as small as 2 x 8 elements can be
. - 36 -



27 fromthe substrate as shown in Fig. 5C nay achi eve 28 substanti al

el ectrical isolation fromone another by spacing 29 themfar enough apart
.S0 that do not contact each other in 30 use or by coating %ﬁ% | at era
“surfaces W14 ating 31 nmaterial such as pol yet hyl ene 5[%@ bt
non- conductive 32 plastic or rubber. 33 For relatively short rigid or
conpressible elenents, it 34 has been found that reducing the size of the
sensing 35 el enents such that no nore than 70% (and preferably no nore 36
than 50% of the area of the array is covered:-is sufficient
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el enents By m&wee;pa%.m aue%e end, & de%ﬂuéFﬁérhS’W@V@ﬁantlsaW@ﬁoﬁﬂ-zes
hydrogel and apid %e&ﬂh'liyﬁfsﬁlléﬁ Biayi d8f- beenfddsut! anIEs ééﬁ’éai&

bgar st 4 elroistancesy Hax B s bLErERs. SarBERCT {oRAeAEPYBY, 2oty
for 10 onlby @2¢c tontd2=ni wlda]témnth m@bd tosberpfefebfgsdrmanrahl )s:l.kés.
board 50 Raving a e 41 (ShapS ahPRRERRE L8 PhpRCEed nihdliq (hgfa pLote
contacts 74 a0Q hdrbaabcdrddme4 witiht rat prefetred embdddmendot o2 btheng
eleCtriCahlyinvention. Probe 100 preferably comprises two probe heads, a
9 larger head 102 and a zoom sensor head 104. A handle 106
10 connects the sensor heads, houses switching electronics and
11 provides means for holding and positioning the probes.
12 Handle 106 also optionally incorporates a digital pointing
13 device 105 such as a trackball, pressure sensitive button:or
14 other such joystick device. Incorporation of a pointing
15 device on the probe enables the operator to control the
16 'system and input positional information while keeping both
17 hands on either the probe or patient. As described below,
18 the digital pointing device can be used to indicate the
19 position on the patient's body at which the image is taken.
20 .+ Fig. 6B shows a partially expanded bottom view of probe
21 100 of Fig. 6A, in accordance with a preferred embodiment of
22 the invention. Where applicable, like parts of the probes
23 - throughout this disclosure are similarly numbered. Starting
24 from the,bottom-of Fig. 6B, the top half of a housing 108A
25 has a well 110 formed therein. A clear plastic window 112 is
26 attached tp the edge of well 110, and a printed circuit on a
27 relatively transparent substrate, such as Kapton, designated
28 by reference B80' (to  show its similarity <to the
29 corresponding uhprimed element of Fig. 5) is placed on
30 window 112. A flexible print cable 114 connects the contacts
31 on printed circuit 62' to acquisition electronics 116. A
'32. cable 118 connects the acquisition electronics to the
33 computer. A second similarly constructed, but much smaller
34 zoom sensor probe head is attached to the other end of probe
35 100. Either of the larger or smaller heads may be used for

. 36 imaging.
- 37 -



15 connected to a correspondi ng contact 74 on the substrate. 16 To
facilitate alignment of the matching contacts, an 17 alignnment guide 90
is preferably provided on or adjacent to 18 PC board 80 (Fig. 4). This :
gui de nay WOA12489 of a series of 19 guide marks or may consPET/USISB6IAL| sed
. edge formng a well 20 into or onto which the substrate is inserted.
Conductors 21 within PC board 80 connect each of the contacts to one of 22
the pins of connector 51, which is preferably nmounted on PC 23 board 80. 24
Al ternatively and preferably, as described below with 25 respect to Fig.

6B, the guide may consist of two or nore 26 plns | ocated on or near PC

A rernat Jol'y ns B Acel THLH 88 RZy09h5° 10860 Wbrikes, Poptranigs 116

subst r at e268ansl pxknts80he gunﬁaffﬁceneootaﬂmingEapseriealmjcdantnttsBB

-

ot ruat o ePayenie SIS Aridh, 0 dpdiind” 16 Alhed BhitAl Ltndk

with 33 tﬂe housd agd hatife 1&%& sounting, frame; Js%grpsvimewowlmmt

probe andsf opiing flrmdm@ g—wet B¢ an PIUde | MbuAtidg dRdcditleéting
bet ween the €l enents or ake th I of x 36 shaped prot uberances
iﬁﬁ

whi ch mat €n BRETeVWS, L gg e MEANS: o en omitted for simplification.
WO 96/ 12499 A disposdble ‘multi-element pr¥be UE25Ogimilar td thathe

ool yehrnohot B 2425t prafS it o Sr GBS Sl 2o
_ 9. complete the probe.
10 Fig. 7A is a perspective view of a fingertip probe 130 '
11 in accordance ;with a preferred embodiment of the invention -
12 as mounted on; the finger 132 of a user. Probe 130 may be
13 separete from?or an integral part of a disposable glove,'
14 such es_those normally used for internal examinations or
15 external palpatipn. The fingertip probe is especially useful
16 for localiziné malignant tumors or investigating palpable
17 masses duringésurgery or during intefnal examinations. For
18 example, during removal of a tumor, it ‘is sometimes
19 difficult to éetermine the exact location or extent of a
20 tumor. with émhe local impedance map proﬁided by the
21 fingertip probe 130 and the simultaneous tactile information
22 about the issﬁe contacted by the probe, the tumor can be
23 located and i?s extent determined during surgery. In a like
24 fashion, palpable lumps detected during physical breast (or
"25 other) examinﬁtion can be routinely checked for impedance
26 abnormality.
27 ' Fig. 7B shows a flexible probe array 140 which is shown
e28 as conforming:to.a breast being imaged. Probe array 140
29 comprises a plbrality of sensing elements 141 which contact
30 the tissue_surface which are formed on a flexible substrate.
31 Also formed oh the flexible substrate are a plurality of
32 printed cond@ctors 142 which electrically connect the
33 individual seésing elements 141 to conductive pads on the
.34 edge of the substrate. A cable connector 144 and cable 145
35 provide the final connection link frem the sensing elements
36. to a measurement apparatus. Alternatively, the flexible




‘4 noncorrosive netal such as stainless steel. 5 A wre 84 is connected
to each PC contact 82 and is 6 al so connected to apparatus which provides
.voltages to 7 and/or neasures voltages and/or inpedances at the .individual
8 sensi nwoedens2e3% s 64, as described below 9 I n a prePETUSSS/06141
enbodi nent of the invention, conductive 10 adhesive spots 86 preferably
printed onto the back of the 11 substrate are used to electrically and
mechani cal | y connect 12 contacts 74 with their respective contacts 82.
Preferably a 13 conductive adhesive such as Pressure Sensitive Conductive
14 Adhesive Mddel 102-32 (Creative Materials Inc.) is used. 15
Alternatively, the adhesive wused for printing the 16

contact s/ lec@Xmab BAY itRke cBNRRAFRYCa PFesFORVER] skpRei wucly agp® scup

may be Ormtteéim&llw 33 isHRige 40 1 bl dlp Prviiskesifs f 6oart QﬁdSébh%aetef
PC board 80 gg@ ;r nected to wires 19 84 pierce the substrate (which
- botEd

may be pr ont act 20 the gel or hydrogel in the wells. A pin
ext endi ng4f rom t h@hal fleddlble e substirstebels namadeed ot any nthd.hi n:gnert

ocket ingth f |l e c t he 23
gen5| ngI ePe 31%%#? hgiégtg%ar ?f'[ %%?%at %&gh %ﬁ hﬁ%ﬁ% #ngnf} #8830f
t he subst bat it tespettr do Fig hcShs i Atvﬁxfza4ﬂzli3wufﬁiad¢m7 aplkianitng

t I d
2&332?‘?ﬁ?@*ﬁ%&ﬁ*&?‘”é‘%‘%ééﬁ% e P N s s Bolidiertve |
28 resul t Bngadhegiyeer e 5RO | RRdShagRcheldsin dntimatecepnbact with
adj oi ni NggCOoRheCigkin ¥t RANBIE BUPtade NTCorRfdARisg toni'EQ Qhaﬁé' Ce at | east

one hundred tines _different. An ex Ie of 31 uch esive
3707 by ﬂrﬁl\/l Cor p&t Sﬁ 041 %ﬂ ﬁﬂe%ﬁq%'mrqﬁﬁ?ePagﬂ & t‘ii’Hehepﬁ‘?lP?l iﬁpty
of applylag asedsudn r@teimilari hannert asp probe rlSDJ,bbtdﬁ detérmihg %ﬁe
preferab to d Lye é t he tacts
P acti oot , PenRORoN oB 8R° st Y 4k 10) BiadRdRGE yitn o PEStFRed "
non- st i cA3sueinkodimencofi thei 4nvention. This probe ‘generallly - -includes
- 14 an integral sensing array 143 on one side of the paddle.
'15 Preferably, the paddle is made of substantially transparent
16 material so that the physioal position of the array may be
17 determined and compared with the impedance mab.

18 . Fig. 9 shows a laparoscopic probe 150 in accordance
19 with a preferred embodiment of the invention. Probe 150 may
20 have a disposable sensing array 152 mounted on its side or
21 - the sensing array may be integral with probe 150, which is
22 disposable or sterilizable.
23 .Multi-element probes, such as those shown in Figs. 7, 8
24 and 9, are preferably disposable or sterilizable as they are
25 generally are used inside the patients body in the presence
26 of body fluids. In such situations, there is geherally no
27 need or desire for a conductive gel in addition to the
.28 probes themselves. Generally, printed sensing elements, such
29 as those printed with silver-silver chloride ink, or sensing
- 30 elements formed of conductive silicone, hydrogel or of a
- 31 conductive sponge may be used. While in general it is
32 desirable that the sensing elements on these multi-element
33 prdbeS'he separated by physical separetors 66 (as shown in
34 Fig. 5), under some circumstances the'physical distance
35 - between the elements is sufficient and the separators may be

36 omitted.
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WD 96/ 12439 PCT/ US95/ 06141 1

provi ded on the | ower side of the adhesive sheet. This liner 2 protects the
adhesive layer prior to connection of the 3 disposable multi-el enment probe
to the pr o‘l!@%f@@r and is 4 renoved prior to the connecti orPCIUSHE6L obe

to the holder. 5 - Preferably, the inpedance between contacts 82 and
skin 6 side of the conducting material in the wells should be less 7 than
100 ohnms at 1 kHz and | ess than 400 ohns at 10 Hz. 8 | npedance bet ween

any pair of contacts 82, with the 9 nmulti-elenent probe nounted should
preferably be greater 10 than 10 kohmat 1 kHz or 100 kohm at 10 Hz. 11
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i s belieddd timpeovesdhspdasuracy ofinplacenentnofo the gneeddea. tBéopsy

Since it 1% uddiONEskt LAE1688sPR0BRT 13k f |sdifsiifleldmbits©15628phakids
and will f§1ﬁ§¥§§gyt gtieg th of the proﬁe. Leéds (not shown) from each
' 14 of these elelents b:ing signals from the elements to a
15 detection andgcomputing system such as that described below.

16 Elements 156 @ay be continuous around the circumference, in
17 which case téey indicate which portion of the-needle is
18 within the ;_tumor to _be biopsied. Alternatively,

19 the electrodés may be circumferentially segﬁented (a lead
20 being providéﬁ for each segment) so that information as to
21 the directiod of the tumor from the needle may be derived
22 when the needie is not within the tumor. Such an impedance
23 sensing biop;sy needle can be used, under guidance by
24 palpation, ulﬁrasound, x-ray mammography or other image from
25 other image hoda;ities (preferably inéluding~impedance

26 imaging gs déscribed herein), taken during the biopsy or

27 prio: to the ﬂiopsy to improve the accuracy of placement of

28 the needle. ﬁn particular, the impedance image from the

29 needle may beécombined_with the.ofher images in a display.

30 Wwhile this aséect of the invention has been described using

31 a biopsy neeﬁle, this aspect of the invention is also

32 ‘applicable to?positioning of any elongate object such as an

33' other needle (such as a localizing needle), an endoscopic

34 probe or a caﬂhete:. o .

35 Retu:n@né now to Figs. 1-3 and referring additionally

36 to Figs. 11-1%, a numbeflzf.?pplications of multi-element



‘32 reused, one or the other may be preferable. 33 The ot her side of
the probe is also protected by a 34 cover plate 88 (Figs. 5A and 5B) which
Js attached using any 35 bi 0-conpat abl e adhesive to the outer edges of

“di vi ders 68VO86/IH3%. 5A) and/or to the hydrogel, which is pr

- 31 - WD 96/ 12439 PCT/U895/06141

1 noderately tacky. In one preferred enbodi nent of the 2 invention, the
inner surface of the cover plate 88 is 3 provided with an electrically
conductive layer so that the 4 inpedance of each sensing elenent fromthe
euter surface of 5 the hydrogel (or conductive gel) to contact 82, can be 6

measured Uyl ngh A& SEALRSAN C St AL (HE unbbrB LR tat | ”Bﬁii&c%dnﬁa
connect ed bet e con Ive layer and a 8 reference poln a sourc
of voltage?2tff. s‘@mﬁgaEPM'F%O@sc&ﬁYbé‘el%é{r@ D#P@Pﬂreh% uﬁ@ﬁ@ﬁﬂamee With

simlar tog haﬁhé”iWéH‘t:ﬂ-@n t ko¥hets! df nane/ Bﬁgﬁ%ht:ﬂéns may also be
Alternatively, a fil clrcuit or C|rCU|t§ 4ﬂé§9§HES printed on the inner

surface of %l d‘l%"mqps’f g, Qther 15YRes 3 PrebeSy situation.
Alternativey, platrigs 1¥A nshows ﬁhevuéedom t'tlhéctﬂ[@p“é}i ﬁéecmhiﬁenglg 10

I t d 15 t h l,at | iyt t

| mpedance B 1SRRAHRSE (HhERoER BRRIDRA, BikTRgoing iBaglng nhead ip
i ntegral | &i (penfdnm@rmg:_»Ml eAIhgeastrl&Qshamﬂngap busp&cmadf oystaldre
USLN an o SBofOTRY Us 1oL Eapled by HULH1LM BRY BLP Y FErdeound

di stinct sen5|n t or rovi a sequence
of differef® head 164 images the- breast and the ultrasound image, after

10 processing by an ultrasound processor 166 of standard design
11 is shown on a video display 168. Of course, the ultrasound
12 image will show the biopsy needle. The impedance readings
13 from probe 154 are processed by an impedance processor: 170
14 and are overlaid on the ultrasound image of the biopsy
15 needle in the display by a video display processor 172.

16 In one display mode, the portions, as shown in Fig. 11B
17 of the needle which are within the tumor or éyst and which
18 measure a different impedance from those outside the tumor,
19 will be shown in a distinctive color to indicate the portion
20 of the needle within the tumor or cyst. In a second display
21 mode, the impedance measured will be indicated by a range of
22 'dolo:s. In yet a third embodiment of the invention, in which
23 circumferentially segmented sensing elements are employed,
24 the impedance processor will calculate radial direction of
25 the tumor from the needle and will display this information,
26 for example, in the form of an arrow on the display.

27 ' The image sensing biopsy needle can also be used with
28 one or more imaging arrays (28, 30) such as those shown in
29 Fig. 6 or Fig. 3B to impedance image the region to be
30 biopsied during the biopsy procedure. Alternatively, at
‘31 least one of the arrays can be an imaging array of the non-
32 impedance type. In one preferred embodiment, shown in Fig.
33 11C, the needle is inserted through an aperture (or one of a

34 plurality of apertures) 174 in a multi-element probe which
35 is imaging the region. The region may, optibnally; be

36 simultaneously viewed from a different angle (for example at
- 41 -



21 circuits to each sensing elenent to sinulate the actual 22 range of
measurenments to be perfornmed using the probe. 23 Fig. 5B shows a
preferred enbodi nent of cover sheet 88 24 (indicated on the drawing as 88")
and its nmwie9aif243% t achnment 25 to both the nulti-el enent senPCT/USHSIOGISE PC
board. In this 26 enbodiment a nulti-element probe 62' is optionally

further 27 attached to PC board 80 by an adhesive franme 210 which nay 28 be -
conductive or non-conductive, and which assists in 29 preventing entry of
wat er or gel under sensor 62". Sensor 30 62" is preferably further aligned
to PC board 80 by one or 31 nore holes 222 with one or nDre pins 204, which’
are 32 per,nma attached to PC bo 80 .or to a surf acent 33 to

PC board 80. I|$ am, %8'29 ‘géqbeﬁ’ber(ﬁm turedg. ‘SSt c®BngRFher

t[langulaa, mmpanande;xmagmnggp&ohé.fﬁﬂethQScaséanhstpDOt?dasraﬁélBsoaﬁFd
al i gnnent en rtion Q in u

a1 gnment o0f 30" iieadlod C1HEER' akBSylP the Hidely Jeddfalol B

PCT/ US95/ @614llongate object:can eithes have dmpedanocec semsing|aw. nat,
The upper ?X%%%lﬁ‘ré@&eiﬁgabnh%% '(ﬁ UEET ¥6: tﬁepE% 'GPl Yo dﬁ %EQ%“O'
Is preferably connected to. a“sig reference source a conduct

in PC boafd sdthcogne 5°§he@9r98 aP§rﬁf¥é@%f is sFK@ré-l}%t and, pregerably

easily 6 e)ef A1SHYsanId .y 9HNE BiopsY Indtied qgeéhéwhtabéfypbéﬁématiéaﬁyer
sheet 88 ebeferagéx:rennvably attached to the 8 upper sid

nultl-eleﬁEn ‘by: a continuous frame 9 of adhesive 225, whi ch need -
not be comductiveIrbutamhi @lternative preferred  embodiment of ° the

10 invention, only the perforated plate through which the
11 needle or elongate-objéct is passed is an imaging array. In
12 <this case the;array through which the needle passes give a
13 +two dimensional placement of the impedance abnormality while
14 an imaging or non-imaging impedance sensor on the needle
15 gives an indication of when the needle has reached the
_ 16 region of impedance abnormality, as described above.

.17 Alternative guiding systems“for~frdnta1 and lateral
18 breast biopsy or for guiding an elongate element to a

19 desired impedance region of the body are shown in Figs. 11D
20 and 11E, respectively. ' :
21 ~ Fig. 11D shows a system for in which two relatively
22 large plate multi-element probes 28, 30 are placed on
23 opposite sides of the desired tissue,-shown-as a breaSt 160
24 of a prone patient 161. Sensor array probes 28 and 30 are
25 held in position by positional controller 181 via rotatable
26 mounts 191. A mount 198 positions a biopsy needle 199 within
27 the opening between probe arrays 28 and 30, and is operative
28 to adjust its height. A suspicious region 183 which is
29 located at positions 184 and 185 on arrays 28 and 30
30 respectively as described herein, which information is

31 supplied to a CPU 197, which determines the position of the
32 suspicious region for controller 181. The controller then
33 inserts the néedle into the suspicious region, for example,
34 to take the biopsy. Biopsy needle 199 is preferably of the
35 type shown in:Fig.:lo to further aid in pdsitibhing of the

.36 needle. As indicated.above, this is not required for some
- 42 -



‘10 seals around a |ip where cover 88' contacts probe 62" to 11 protect the
quality and sterility of array 230 and to 12 nmaintain the noisture content
.of any medium filling wells. 13 70. Cover 88" is:coated on the side facing

“probe 62" WO9/R4I conductive |ayer 231, such as any of th®CIHSI¥EI41
metallic 15 coatings, for exanple, alumnumor the thin filmcoating 16
descri bed above. 17 Cover 88" is preferably formed after
conductive 18 coating, by enbossing, vacuform ng or other neans, to have 19
depressions 233 in the cover |ocated over corresponding 20 wells 70. The
depressions are approxi mately centered on the 21 center of the wells and

held a smalkl di 81" o v surface of the hydrogel or gel,

by neans o rgr“g%’.ﬁ%\%?‘%s%?%% ;%ﬁ#{kgﬂ’zze which are formed at the sane
ti rr;s asb|242hdepr es dildrermaBivedyt hebdopsy t neadiéackddf mayerb@s'inserted
pr ef er abl yqha a p t e UGt & Vv Sagg c

surface of 3pi %h%(fﬁﬁ‘? r iéﬁqlﬁﬁgla cﬁo?tﬁ' e{a; ggth%?é{ g?ﬂg %%%gﬁﬁgg g‘%ﬁ Py st a%cgg
[err]1 and4[ emrdyan SGawcdeacribed shavn zFurthernore pimhike| autamagdic
bet ween t hg copgesitivh o thWbispsyofidellic! 18 Ehtiin LdeFL@Nt 86DS mAnLAS

e, ncR AnRreion, a0 @Ak Dawel on: A5Sanice) Saages pbouiae’vy’
el ectrochef cthepprobescds dlso feddiblwces [err]1l and [err]2 are al so
Cheter AV E PP Thm R TR RT3 gl Tl P eI GE £EGET 180
.such as by9a whigih ethé| imaglinge amd | biopsybneddbeninsertion is from the
) 33 ) 10 's%eggfl%ﬁg breast, rather than from the 'front.PGEéy§%§./09162ﬁl
11 the method is identical to that of Fig. 11D, except that an
12 additional probe 29 may be provided for further localization
13 of suspicious region 183. Alternatively, one or two of‘the
14 §robes may be substituted by plates of inert material for
15 holding and positioning the breast. _
16 It should be noted that while the breast has been used
17 for illustrative purposes in Figs. 11A through 11E, the
18 method described is applicable to other areas of the body,
19 with necessary changes due to the particular physiology
20 being imaged. |
21 Fig. 12 shows, very schematically, the intra-operative
22 probe of Fig. 8 combined with a video camera 256 to more
23 effectively correlate the impedance measurement with the
24 placement of the probe on the body. An intra-operative probe
25 140 preferably having a number of optically visible
26 fiduciary marks 146 is placed on the suspect lesion or
27 tissue. A video camera 256 sequentially views the area
28  without the probe and the same area with the probe in place
29 and displays a composite image on a video display 258 after
30 processing by a processor 260. Processor 260 receives the
31 impedance data from probe 140, determines the positions of
32 the fiduciary marks from the video image and superimposes
33 the impedance image on the video image, with or without the
34 probe, which is displayed on display 258.
35 Fig. 13'shows allaparoscopic-or endoscopic probe 250

36 used in conjunction with a fiber-optic illuminator/imager
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1 between the inner coating 231 and the upper surface of pin 2 204 and with
the sensing elenents or the gel in the wells. 3 By establishing this
contact, the conductive inner 4 surface 231 is connected, on the one hand .
to si gnal SWOPEABI5 contact 202 and with each sensing el enerRCT/USISOLLI
coating is 6 a conductor, the sensing elenents are all excited by the 7
signal on line 202; if it is athin filmcircuit, the 8 contact is via the -

thin filmcircuit. In either event, if 9 line 202 is excited by a signal,
the signal will be 10 transmtted to each of the sensing elenents, ]
either 11 directly, or via a knovvn [ rrpedance In either case, the -

Iti-el t b t b d dual
pedance oAt uitP copt 8c PRRORARERY, fseéi SSeee Apedanen probe.,
the res |d dal wtﬁch ri= déowmed odn & flgeuﬂnesepseﬂgrabnynantenaableubada&e,
16 t 17
companeat & 1F S1eR88by THd ¥hiufiingtdr /iifoef JB1ck) 12 preterably, A
t he conputder W%émg%nf%mbdiswelilnkgm i® rkhe oty t Bxebel 250 elner
det er m naty oipedf e RREFONE hsz:r'HS‘éa”C@epQﬁdi e%‘engre kSKE”% b%r

at least _of 21 verification that. fhe pro ances
22 predetérm%%em%éw%rﬁm%er vie%,qleswaig usslgﬁém ar béssge.

hi gher than tdrbﬁé)m.’sﬁ 24 éhﬁeﬂﬂé&stot AR teirmiiey it Ambpds ﬁé‘ﬁE P‘g rt%%§
e| n a to

the wel |s, V., el ow e me S h th cover

provide a sw af%?’g%e Mr#?féoo pBYabes £5 anq n'BEPHer 252

al ternati®e mdx)dbeedhcxdr cbleatederim om, chlbheaihr cRBdagir sothaee invasive

correspo @ Nt 9 | d che th rface

hol di ng ?’he %elnésﬁ%eelzgé@fég%'ﬁ{ a%teqafé'?heo Ctgb%r (é"b‘gﬁ' }%ﬁ"ﬁga

t hrough édnt dawvestigatedhstrate 68, as for t he sensi ng el ement s.
In yet agether e tyOf V. h
n‘mﬂaan,p vidfhldVPldbelary "Rarks 2837 pa%e 336 a re

surface a§500| ated™wth pin Is-on t sur

el ement s é’ﬁe‘F%ban“Rﬂﬂ 3’9 deterping sphet qsnt%ignr hﬁ:epanbe 250
cont act51t4hewﬁ.wﬁmtt86 viddacemage oFc tiy Piskaeraerd B}U!’Eilﬂetﬂ@cﬁ;tic

through 15 illuminator/imager 252, in a manner similar to that

16 discussed above with respect to Fig. 12.

17 In a preferred embodiment of a system using any of the
18 biopsy needle, intra-operative'prbbe, finger tip probe or
19 other embodiments described above, an audible sound
20 proportional to an impedance parameter measured by the
21 needle or,othe? sensor in or on the body is generated by the
22 system computér. This feature may be useful in situations
23 where the probe is placed in locations which are difficult
24 to access visually, such as suspected lesions during
25 surgery. Such an audible sound could include any kind of
26 sound, such as a tone whose frequency  is proportional to the

'27 measured parampter or similar use of beeps, clicks, musical
28 notes, simulated voice or the like. This feature can also be
29 used for non-surgical procedures such as rectal, vaginal or
30 oral examinatipns, or other examinations. '

31 Fig. 16 shows methods useful for estimating the depth
32 of a lesion and also for determining if a image contains a
33 true lesion or, an artifact.

34 A breast or other region 160 is imaged by a probe 270,
35 for example, the probe of Figs. 1-3 or Figs. 6A and 6B. The

36 ‘depth of a local impedance deviation can be estimated by
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1 contacts. Pin 204 is designed to match the contour of the 2 contact

surface and preferably, by such matching, to provide 3 additj I gnment
“of the pr¥R g ¢R4%he PC board: 4 To avoid drying out of %@ﬁ%lﬂ?

ot her potential 5 hazards of limted shelf life, the quality of any of the
6 aforenentioned versions of the disposable eIeCtrode arrays 7 can be
assured by incorporating an identification code, 8 preferably including
manuf acturer and serial nunber 9 infornmation and date of manufacture. In
a preferred 10 enbodi nent , the information is coded in a bar code printed

11- on eagh b S e I
g% £he Sre\ﬂ‘é@*'bf oeﬁa&ag%itcﬂgei{g B Wiyed 472 6985

one other |caII obes sanEﬁPacket whi ch

al so has ?hep§&ﬁSeEéﬂ Qtr9§d§PP|¥999%eﬂﬁa rionipe the
system COBDUtiﬁfa d aaflp1t be ﬁimweatwheng thd c:sampaemonn iishapaket same

R R T TR N AT R
packet. 18 wheﬂen pappaji:domed:aarﬂmsh novement fef |thenloaala deriatiien26n
Tandt by abpatithddbadihép | Phale P RRLS T b0 ApbidHELG "EhER CeRe
exanpl e n&ar deviatdore isufxesl 'Sand rmg.arxsass.lfeqt. Wil e the
inventionghas beeqqlesgri Qo] fafOoNinlihé?) application of variable
| 9 compression to the imaging probe will result in a variation
10 of the distance from the probe to deviation under the probe.
11 This distance variation will cause a corresponding variation
12 in the size and intensity of the deviation, thus helping to
13 verify that the deviation is not artifactal. <
14 Alternatively or additionally, the probe can be moved
15 along the surface of the tissue without moving the tissue.
16 In this case, surface effects will have a tendency to either
17 disappear or to move with the probe (remain stationary in
18 the image) while real anomaiies will move, on the image, in
19 <the opposite direction from the movement of the probe.
20 Alternatively or additionally, the probe and the tissue
21 can be moved together without moving the underlying
22 structure (such as the bones). Tissue lesions will remain
23 relatively stationary in the image while bone artifacts will
24 move in the opposite direction.
25 _ In operation, a system: according to the present
26 invention measures impedance between the individual sensing
27 elements and some reference point (typically the signal
28 source point) at some other place on the body. Generally, in
29 order to produce an interpretable impedance image, the
30 sensing elements in the multi-element probe should detect
31 distortions in the electric field lines due solely to the
32 presence of a 1oca1.impedance-difference between embedded
33 tissue of one type (for example, a tumor) and surrounding
34 <tissue of another type (for example, normal adipbse tissue).
35 : To avoid distortion in the field lines, the reference

36 point is typically placed far from the sensor array, all
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25 with the preferred enbodi nent thereof, nanely a generally 26 flat,
sonmewhat flexible structure, suitable for general use 27 and for breast
screeni ng, other shapes, such as concave 28 structures (e.g., brassiere .
cups) or (WO nay be 29 preferable, and in general the PEIFEBIGPGI4L
configuration of 30 the detectors will depend on the actual area of the

body to 31 be neasured. For exanple cylindrical arrays can be useful in 32 -
certain situations, for exanple in intra-rectal exam nations 33 of the
prostate or colon or inside vessels. In this context, 34 a probe accordlng
to the invention.is also useful for 35 nmeasurements inside the body, for

exanpl e 0yneqRlA0l 5! e BEmBRAY "4 21 Jht BABURITL ek ey Tidina ! "Gh8
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PCT/ US95/ @514he ‘currents drnawn tby theo elemrentsaiist measuredtafingecthe

lining of g2 Tdi%ﬁ‘é‘ViMata@Ci'difﬂﬁ’e?aﬁa\édiﬂlﬁé‘ééﬁ%im')Chcn‘é”éi%E:gﬁ‘il%'H?éidc”

flexibly or rigidly to thé surface being peasured can use

exanpl e, 4 miines| {And bhepcurrent rdardectad, by h'Eth\%:h?'PBﬁtﬁéy gge
i ncor por ased peripan@iciiliaic sl tife as@rfaser OFC apieC uﬁﬂmﬁ

Furth t I d b d
ket ooy Rt nEeG ¥ Pk Hhe S S SRS e B Eﬁfpn. Ehe
cont ext, Uhepmuhe sdach ageméhttmeasaresrthee&n&egraﬂéduimpeﬂamméuﬂeSow
such cavi ?yo "G1dden?’. gﬁ"sfgcgragrf Fesunption i §sBECTH MEfle

enbodi nen e |nvent|on _
determination of the position and/or severity of a tumor,

10 cyst or 1esion. It is clear, however, that the multi—element:'
11 probe covers only a portion of even the organ which is being
12 imaged. The area outside the area of the probe is not at
13 ground potential 'causing the field lines to bend out at: the
14 periphery of the probe, biasing the edge of the impedance
15 image. . - -
16 To reduce this effect a conductive "guard ring" is
17 provided around the edge of the imaged area to draw in and
18 straighten the field lines at the edge of the imaged area.
19 This guard ring, if one is desired, can consist of merely
20 ignoring the,  presumably distorted currents drawn by the
21 elements at (or near) the edge of the probe and ignoring the
22 measurements made by these elements. '
23 Furthermore, to possibly reduce the baseline impedance
24 contributed to the local impedance image by tissue between
25 the remote signal source and the region near the probe, an
f 26 additional reference electrode may be placed on the
27 patient's body relatively near the multi-element probe. For
28 example, if tne source is placed at the arm of the patient
29 and the breast is imeged from the front, a reference
30 electrode for sensing a reference voltage can be placed at
31 the front of the shoulder of the patient. The measured
32 impedances are then reduced by the impedance value of the
33 reference electrode. Alternatively, the impedance values of
34 the elements of the multi-element probe are averaged to form
35 a reference impedance, and the display of the impedance map

36 is corrected for this reference impedance.
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13 and as many el enents as possible of probe 62' (or the board 14 of
probe 62) are nmade of transparent or translucent 15 material, so as to

.provide at |east some visibility of the 16 wunderlying tissye durin
“pl acenent WRA2MHe 62. Those 17 el enents of the probe and gﬂ&’éﬁ’?ﬂé‘ in

the PC board, to the 18 extent that they are opaque should be made as
small as 19 practical to provide the |largest possible viewto a 20
technician or clinician to aid in placenent of the probe. 21 Furthernore,
probe 62 is slidably displaceable when used 22 w th the above-nentioned
conductive gel to pernit noderate 23 lateral adjustnment of the probe

posi tion, 3 £ i doia 3feyPhec YiKlvah® 813y iRl UG SROBHRR GF e

el emrent and 25 the tlséﬁe surfac and to ena he user
to 26 raﬁldﬁPoﬁsﬂiﬂﬁﬂﬁkﬁheﬂ E€P§@ﬁﬂ§eﬂﬁuﬁ¢mﬂ$%|EQeaﬁﬁﬂﬁﬁﬁﬁ%&t%hQVn #ne

o o B CABBG e epvty o plendly iitpocasos,
obj ect's | ést W\ BT %%b(ﬁa%t%e%y %p%t??%? h?dp?e\{'f‘?gé\lg s g Ht
gfz tgﬁdp{ gbebetween t@qmm'&erhéadbaandaltﬂes breast tix m;breeéoaebynmhege
si ze of tH iﬂe&? (%&é@@ﬁ §§h§%§ﬁ? tt{”uyé $$§5§ glegf(??o f%fgt ﬁé
measur enefdt . ndmxographyy soethat ghant brea@tr heorss a Gﬂekaem afdat

envi si oneg | o Nl |1 U relfion e BhelE el SHoBkg, 231 BBbh1acne

8 elenents ca
PCT/ US95/ @61mpted thatsef Lf fehe ncaunpeny 4salmeasuxed asnmacki of i the

pr?ferabhb ‘sensing elements in both probes, then two somewhat different
' 11 images of the same region are generated. Avoidance of the
12 problems also results when the two multi-element probes are
13 not parallel as described above. ' :
14 It should be noted that when used on breasts, the
.15 images produced by the pair of large, flat probes of Fig. 3
.16 have the same geometric configuration as standard
17 mammograms. Furthermore if used in the same compression
18 orientations, the impedance images can be diréctly compared
19 to the corresponding mammograms. In one preferred embodiment
20 of the invention, mammograms corresponding to the impedance
21 images to be taken are digitized, using film scanning or
22 other digitization means known in the art, and entered into
23 the system computer. If the mammogram is already digital,
24 such as may be provided by a digital mammogram, the image
.25 file can be transferred from the mammogram.
26 The mammograms_énd impedance images can be overlaid or
. 27 otherwise combined to form a single image. Such an image
28 could highlight those areas of the mammogram'in which the
29 impedance is particularly low or high. Such a combined image
30 thus presents two independent readouts (impedance and
31 radiographic density) of the same well defined anatomical
32 region in a known geometric orientation, to facilitate
~ 33 interpretation, correlation with anatomy and localization.
34 | It is well known that the resolution of objects in an
35 impedance image is reduced with distance of the object from

36 the probe. Thus, it is possible to estimate the distance of
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2 between 2 mm square and 8 nm square; however, |arger sizes 3 and
especially smaller sizes can be useful under certain 4 circunstances. For
the breast probe 62 described above, 24 x 5 32 to 32 x 40 el enents appear .
to be prefWO9Ed2438¢tri x sizes. 6 Fig. 6A shows a persped®GHESISO6IAIof a
hand hel d probe 7 -100 in accordance with a preferred enbodi nent of the 8
i nvention. Probe 100 preferably conprises two probe heads, a 9 |arger head
102 and a zoom sensor head 104. A handle 106 10 connects the sensor heads,
houses switching electronics and 11 provides neans for hol ding and
positioning t he probes 12 Handl e 106 al so optionaIIy i ncorporates a
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- 37~ 15 drawn from and received by the elements of both probes form
16 a two dimensional admittance image of the region hetween the
17 probes. . :
18 In a further preferred embodiment of the invention, one

19 or a few closely spaced sensing elements on one of the
20 probes is electrified and the others are left floating.
21 This would cause a beam-like flow of current from the
22 electrified elements to the other sensing elements on the
23 other probe. The object would disturb this flow causing
24 impedance variations which are strongest for those_elements
25 which are inithe .path of the current disturbed by the
26 object. If a number of such measurements are made with, each
27 with a different group of electrodes being electrified, then
28 good information regarding the position of the object can be
29 obtained. "

30 In practice, as indicated above, orthogonal views of
31 the breast are taken giving additional position information.
32 . In preferred embodiments of the invention the breast is
33 imaged at a plurality of frequencies and both the real and
34 imaginary pa#ts of the impedance are calculated. The
35 sensitivity 6f the detection of malignant tissue is a

36 function of frequency, and, for a particular frequency, is a
-48- .
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Alower half of housing 108B, encloses electronics 116 2 and print 80
Wwhose face contalnlng a series of contacts 3 82', is availahl throuph
“openi ng 120VP8FMMPin the lower 4 housing half 18B. A nounti

having two alignment 5 pins 124 holds print 80" in place. Munting and
gonnecting 6 screws or other nmeans have been omitted for sinplification. 7
A di sposable multi-elenment probe 62', simlar to that 8 of Fig. 51is
preferably nounted on the mounting frame to 9 conplete the probe. 10

Fig. 7Ais a perspective view of a fingertip probe 130 11 in accordance

W th a prefer rﬁg}ﬁ%&g %?”Ehé’fi:ﬁé%dé&‘é Thé@8ute ofscﬁﬂﬁﬁh%gﬂ%t%l%e Jéé&Jefor

132 of a user separate fromor an 1 nt af
di sposabl e %l mgimg-suﬁﬁrase’EMBéﬁor rrEPP} ubdF Y% oPfi nthen sséﬁmﬁudrw

or 15 extermalaaaﬂieeéhe@) ,Theinagdeidrp Pigaiee i S ofsPeehal | Vinpeddndd f(or
| ocal i zi ng nant tunmors or _inyestigat H}qugal %£I e fl‘é masses duri ng
surgery or ékﬁ?ﬁ?@ﬂ%ﬂ'exapﬁﬂ*ﬂqﬁw 8 HUPRSR qﬁﬁmvépr
of a tunor ,5 lddz%Stﬁ&ﬁE@)WEQHﬂgseﬂbﬁf lwétimpedghm;n mrthammd dndgeqath e
or extent a nor .. t e l.ded by the
fingertip ﬁotﬁe"ﬁﬁigﬁﬁc“tehe i nire ne%&%‘fg&% 8‘? B‘S%atﬁﬁﬁ ?nca?ooﬁr t r?gfl
i ssue contdbteﬁhmyttﬂnc§wcmmpom¢n¢sunDr can be 23 | ocated and |ts ext ent
det ermi ned guri ng r [ hi dq?ﬂ

during physdljcal er‘%%?g %ra§§iéatlhe exan?l?\atlggni@? e routl ne}ly c%gccﬁ&c?
for |npeda@xaQ&W%bﬁ&QHm¢¥¥muE7c° rgs§. betweens ag makignascyr Ard anon,
140 which jip SRRMpridht 364 $H06 OF Tt "fis t herbESPE! ABB1PEDNER ¢ deted Ml ri [the

140 ‘11 frequency or combination of frequencies which give maximum
12 detectability and to determine it quickly. One method of
13 determining the frequency is to perform swept'frequency

. 14 measurements and to use the frequency or combination of
15 frequencies . which results in the Dbest contrast.
16 Alternatively, a number of images taken at relatively close

17 frequencies can be used. It is believed that for many
18 purposes, at least four samples should be taken in the range
19 between and'including 100 and 400 Hz and, preferably, at
20 least one or two additional images are taken at fregquencies
21 up to 1000 Hz.

22 A second method is to use a pulsed excitation and

. 23 Fourier analysis to determine impedance over a range of
24 frequencies. The optimum frequency or frequencies determined
25 from the swept or pulsed measurement are then used in a
.26 single or multiple frequency measurement. A pulse shape -
27 which has been found useful in this regard is a bi-polar
28 square pulse having equal positive and negative going pulses
29 of 5-10 millisecond duration and fast rise and fall times.
30 . A number of measures of the impedance, as described
31 below, have been found useful for comparing different areas
32 of the image. Generally, it is useful to display a gray
33 scale or pseudo-color representation of the values of the
34 impedance measure, either on a linear scale or where the

- 35 square of the impedance measure is displayed. Also useful is

36 an "absorption scale" where the value of an impedance
. - 49 -



29 conprises a plurality of sensing elenents 141 which contact 30 the

ti ssue surface which are forned on a flexible substrate. 31 Also fornmed on
the flexible substrate are a plurality of 32 printed conductors 142 which .
el ectri caWNQ9¥BAMct the 33 individual sensing el ements 141PEHUSEHIIEYL i ve
pads on the 34 edge of the substrate. A cable connector 144 and cable 145
35 provide the final connection link fromthe sensing elenents 36 to a .
measur enent apparatus. Alternatively, the flexible

- 38- WD 96/ 12439 PCT/ US95/ 06141

1 array may take a concave or convex shape such as a cup 2 (simlar in

shape to b \. gontacts 3. the breast. 4 The
: 3 Pliad it

flexible substrate I’s da hert 5 flexible Iastlc or rubber

such as tRose nentloneddﬂ&iﬂiﬂ?&ml}FGQﬁﬂkﬂﬁ(mﬁﬂfib‘lbh/ ridy 140 is

sufficieng ywwéx@tmixttet thé haxamnasﬁsﬁtmeeefvsmeoesr qe! Génerally,
conductive 8 adhesive sensor paa heI I n |nt|nate contact_ wth 9

the skin Gr F%ﬁ?#%ﬁ $cBﬂFGr %Ps pemedgure lsinprmalized.an
i ntra- opesat le\temdcﬂye dmmmbor 1éﬁbti:acse.dn of ahe mirmimiRnoer a¢éragebe
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paddl e isgmade Oiné;iﬁitfsa“&t ? ytﬁB@ES P#a 20kslCoPPlid 2inpoddiite! Heasure
phy5|cal p05|t|on of the
9 actually in the image, or to include a relative window of
10 selectable sige about the average value of the impedance‘
11 measure. The ?enge of values to be displayed may also be
12 determined uéingia baseline-averege value measured at a
13 region remote from irregularities, i.e., remote f£from
14 the nipple of the breast. Alternatively, the baseline
15 average may be a predetermined average value as measured for
16 a large groupiof.patients. Alternatively, a reference regidn
17 on the imageémay be chosen by the:user'to determine the
18 baseline average to be used for windowing.
19 While the display may show the exact measure for each
20 pixel as is conventional, for example, in displays of
21 nuclear medicine images, in a preferred embodiment of the
22 invention the display is an interpolated image formed by
23 quadratic or cubic spline interpolation of the impedance
24 measure values. This type of display removes the annoying
25 _checkerboard_;effect of the relatively 1low resolution
26 impedance image without any substantial loss of spatial or
27 contrast detail. . : 3y
28 The measures of impedance which have been found useful
29 for comparing ﬂifferent areas of the image may be grouped as
30 singie.frequenpy measures and polychromatic measures.
31 Single ﬁrequency' measures include the admitfance,
32 capacitance, donductance and phase of the admittance. These
33 measures may.be measured at some predetermined frequency, at
34 which the seneitivity is generally high, or at a frequency
35 of high sensipivity determined by a preliminary swept or

36 pulsed measurement. 50



17 deternined and conpared with the inpedance map. 18 Fig. 9 shows a
| apar oscopi ¢ probe 150 in accordance 19 with a preferred embodi ment of the

dinventio 150 may 20 have a disposabl e sensi:ng array gﬂﬂﬁ d on
its S|deng? f@aﬁﬁe sensing array may be integral with probep§§éP |%ﬁ S
22 disposable or sterilizable. 23 Mul ti-el enent probes, such as those
shown in Figs. 7, 8 24 and 9, are preferably disposable or sterilizable as
they are 25 generally are used inside the patients body in the presence 26
of body fluids. In such situations, there is generally no 27 need or desire

ffor a conductive gel in addition to the 28 probes thensel ves. Generally,
printed sensing ePe&guhrpmumﬂcilhpudaﬁuyumeuéutéﬁ até hgehéraligi bdsed on

chl ori de ' s for congugti silicone

hydr ogel Sf Speritid co%ﬁ’g& §g§§§né’%" r?g;ickog’t%sgdgg&hf’%g ‘i#%%’ﬁg?‘é?ei fCs
32 desi raBI eandatconductancey €6invalues determined- arberaenplai-qdridt;esolﬁe
separ at edgby E@%ﬁi par 66 own ,

ci rcunst anceg éplﬁéjélégal glbg'@nce ]g%%%étpvxee%h& %%%:r‘i% is gﬁﬁl mgg
and the s8palBteXPokgtienzs oRPbigd. spline, band 1limited . mxrier
VO 96/ 12489 coefficients, or other methods knowitT{/SERé 08241 1

of 1'ndi cafors o GARIPAWSTHAIAGLG (renesne 18 fospacigah wiSthompaayre.

These nay8i nrburda gdve pixedelor Segikty of interestinthétvdlaé 6f BoeA’ the

external bndbc %’% parameters fall with frequency. The spectral width
10 is the width of the spectrum (to a given percentage fall in
11 the chosen paramete:) as'compared to the value at some low
12 frequency, for example 100 Hz. If the parameter does not
13 fall by the given percentage in the measured range it.is
14 'assigned_an impedance measure equal to the full measured
15 bandwidth. R
16 . A second polychromatic measure is a spectral quotient
17 in which the impedance measure is the ratio of the measured
18 value of G or C parameters at two preset frequencies, which
19 may be user selected, or which may be selected based on the
20 swept or pulsed measurements described above. This measure,
21 as all of the others may be displayed on a per-pixel basis
22 or oh'thé basis of é'region of interest of pixels, chosen by
23 the user.
24 . A third type of polychromatic measure is based on a
25 Rélative Difference Spectrum determination. In this measure,
26 the capacitance or conductance for a given region of
27 interest (or single pixel) is compared to that of a
28 'reference region over the Spectrum to determine a numerical
29 difference between the two as a function of frequency. The
30 thus derived Relative Difference Spectrum is then analyzed.
31 _For_example, a spectral width measure as described above has
32 been found to be a useful measure of abnormalities. Normally
33 the width is measured where the relative difference spectrum
34 passes from positive to negative, i.e., where fhe Cor G is
.35 egual to that of the reference region.

36 A fourth type of polychromatic measure is based on a
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5 Wile such indicators generally give a reasonable 6 probability

that the needle wll, in fact take a sanple from 7 the correct place in the
body, many clinicians do not rely 8 on needl e biopsies because they may -
m ss the tW096/12439 Fig. 10 shows a biopsy needl e 154, i ®PCIAIEIS06I4Le

with a 10 preferred enbodi nent of the invention, which is used to 11

I nprove the accuracy of placenent of the needle. Biopsy 12 needle 154°in =
| udes a series of sensing elenents 156 spaced 13 along the len th of the
probe. Leads (not shown) fromeach 14 of these elenents bring signals from
the elenents to a 15 detection and conputing system such as that .descri bed

bel ow. 16 FEl ts. 156 b i rcunf in_1

whi oh casd { BLAFAVBLRE AR GPUSFERE, Sptanfinatipe . THIR q% ribiifs to

t uror . to2 béché)iwzsaeﬂve p&lftﬂurmice/?pecﬁﬂumt hexele@u-.; riiets tig batio) of
er e \'

Chat |1 nf orre S XB1EGE, Berden” ¥he' sHTsR S 4 RER (dlia "R MUGER) oF°

be derived 2Anteresticiscusied. iA spectrahi width menauresaan be dqmmwdzs

sensi ng b'c;,op%/ Peghs %@L&ﬁ:&ﬁe% ey Sane! fatiiaagd 02 Rlld Helative

rom.

ul trasoun X-ray manmo or ot her | mage I -mage
modal i ti es (q;tsfe:ency SEGIUGG'% INGFRALEE, 2the; w&gﬁ% i@ m%vrsédwhere

her ei n), tfmq?ug UWed#io 14 Piopsy or 27 prior to the biopsy to inprove the
accuracy of

from ihe  'nocdh F4§tBePEIIHIPAELR RRB AR WhhEDeTSY, bE HEBFT) 18-
Wiile thig a%tm@imﬁﬁ bfvenei of itie tmamﬂmydembmtﬁg fiéasarbsopLor
of “any el ithg MXARRTec, thac parseltaiibey GonfudtaRR.  HEbSeise MBEFFOERAL €
needl e), 1ﬂ1<sphcm:ump Rellative RatéocSPaeteum.Setc. Ret ur ni ng now to
Flos. 1-3and ref o figoddbiiod Giéhivraients StVthelbridst?AUBBEh Mbn and
appllcatlons of
13 women, normal breast tissue has a low capacitance and
14 conductivity, except in the nipples, which have a higher Cc
15 and G values than the surrounding tissue with the maximum
16 obtained at the lowest frequency recorded, typically 100 Hz.
17 The nipple capacitance and conductance remains higher than
18 the surrounding tissue up to about 1400 Hz for fertile
19 patients and up to about 2500 Hz for older patients (which
20 is reduced to 1400 Hz for older patients by estrogen
21 replacement therapy). These frequencieS'represent the normal
22 range of spectral widths for the Relative and:Difference
23 Spectra. Tumors can be recognized by very high C and G
24 relative ratib or relative difference values up to 2500 Hz
25 or even higher. '
26 Capacitance and conductance values are measured by
27 comparing the amplitude and phase of the signal received by
28 the sensing elements. Knowing both of these measures at the
29 same points is useful to proper clinical interpretation. For
30 example, as illustrated below in Fig. 14, a region of
31 elevated conductivity and reduced capacitance (especially at
32 relatively low frequencies, most preferably less than 500
33 Hz, by generally below 2500 Hz and also below 10 kHz) is
34 associated with benign, but typically pre-cancerous ‘atypical
35 hyperplasia while, as shown in Fig. 15, cancer typically has

36 both elevated capacitance and conductivity over, generally,
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WO 96/ 12439 _ PCT/ US95/ 06141 1 probes
are shown. It should be understood that, while sone 2 of these
_applications nay require probes in accor dance with 3 the invention,

"ot hers of WOS/1263 i cati ons'rmay al so be 4 perfornmed using otHGTﬂ¥@%EBAbf

| npedance probes. 5 Fig. 11A shows the use of the biopsy needle in
Fig. 10 6 together with an optional ultrasound inaging head in 7 performng
a biopsy. A breast 160 having a suspected cyst or 8 tunor 162 is to be

bi opsi ed by needl e 154. An ultrasound 9 head 164 inmages the breast and the
ul trasound inege, after 10 processing by an ultrasound processor 166 of

standard gdesjig | s C
ul t rasoun"g 1 Q:ijd]e §rﬁm%‘%]t %ey‘a%g’ps§bnee %A§$H q:o ancgur 2% ndinqs
from prob® 1’5#3%‘#%- pPﬁepgseéisﬁeaﬁnt#pédéﬁ@sqs&%%raiﬁnﬁ by hawning ethe

overlaid gn ff‘éqﬁéh&@smlé@% o168 BneRph 1o £ sa thatdicHiigedY
a video dj splay rocessor n one dis node,_  t he portions,
as shown 4 PllS’W‘b‘th'Hétﬁe&R% %P@F%‘G\ﬁt F‘l?‘ﬂ% }oRofTOAUSNGY

anldlth:i chs 18rﬁﬁgéuégpab_dl tracred. | u'méamaés‘ mﬁdﬂrwh m&&nk%loéaefdﬂrwmw
Wi e shown_i |st|n |ve r.to indicate the portion 0
needl e w hl‘ﬁaPﬁéﬁt ?88% cga%%é;nardl'@b ?rgd@ tf'l@ﬁ Fice
measur ed MAImeusuredeachdibyhmseﬂupncﬂnZappnbpriatEncpmbimaﬂﬂanjof the
enbodineq% o{w%he i nvention, 'in which 23 circunferentially segnented

el enen

sensi ng S are enplo ¥ed 24 the inpedance processor will calculate
radi al di9ection ¥ethe egnPal eudatiing c&dl andn @ ware dgiyen, ini sthe

I nforrratmn aBSvbflerfteomed  Us patertdn &f, 291 amewee{at ke dHSPE0Y, Zhe
Thé i ma senS|nggb|o needl e. can also bé used With 28 ane or’ noré

| nagi ng b} r J915¢5esuBEs’ of (RD4Ch, ABE. 1ORORPOTAtES herein; by RefeTence A
i npedancml npgeféhfedeembadlmehe o khepinvéntion rdies kidpmtaye oefl Utite

fon- ' 35 14 petanEbeabach Hpdit O] of FpBRBAY, 3 e ne RE, AouRy Plotes "
1 as shown 1n Figs. 5A and 5B. It can be shown that if the
.15 received waveform is sampled at a fixed spacing, §, such
16 that N samples are taken in each cycle, then the real and
17 imaginary values of the impedance can be determined as:

18 S

19 G = Z(gn(V(n+kN)=Vn)-
20 and : o

21 oC = B(cn(Vin+iN)=Vn),

22 where g, and c, are constants determined by a calibration
23 procedure and V, is the voltage measured at the nth sampling
24 point (out of N). The first sample is taken at zero phase of
25 the reference signal. ' :
26 One relatively easy way to determine the constants is
27 to perform a series of measurements when cover plate is in
28 contact with the sensing elements as described above and a
29 known impedance is placed'betﬁeen the transmitter and the
30 cover plate. Since N coefficients are required for
31 determining g, and c, for each frequency, N values of
32 admittance and N measurements are required. For example, if
. 33 N=4 (four samples per cycle) four different measurements are
34 taken and the sampled signal values are entered into the
35 above equations to give N equations, which are then solved

36 for the values of the coefficients. The higher the number of
-~ 53 -



33 1IC, the needle is inserted through an aperture (or one of a 34
plurality of apertures) 174 in a multi-el ement probe which 35 1is inmaging
the region. The region may, optionally, be 36 sinultaneously viewed froma |

di fferent  WQAH24I%r exanpl e at -PCI/US9S/06141  \\D
96/ 12439 PCT/ US95/ 06141 1 90 from

the probe with the aperture) with an other 2 inpedance imaging probe. In -
the case that both arrays 28 and 3 30 are inpedance inaging arrays, the
bi opsy needle or other 4 elongate object can either have inpedance sensing
or not, 5 and the two inmages help direct it to the region. The probe 6

wi't h one (rjg)éfgp rt S oyl ri r Y. di sposabl.e. Thi s
bi opsy ne%o | E%%Vmeﬁge?téggﬁgn% |C§E%#agfi%p+i'b‘;i?i lmguni%y P? the
alternati ve sS¥sten;chowewedd the catibratiop andveonputatidn thmes are
-per forated pl sierddda@gh which the 11 needle or elongate object is passed
‘i's an ima\%ng arra In 12 - this case the array through which the needle

passes gi Ve a 13 Lreenatieval fever cRamPles are takenappd yedvesaifary a
while 14 5N numisin P messurementy af@cdtap8geasebtANihhenacedhapkation
gi ves an qud:‘ﬁ%ﬁrlaé? lgicvy;e' t he need] e has_reache ht he 16 regl on of

i mpedance “ab rrinical measyrements ta reduce the effects, Of;nodsey
systenms f& front Artifadtakrabndfmabities fnothe dmpedarits difidgéNcan be

B o009 S o Bdlstd doy) sUBH | FRLEBEENES T BB bubBRcl odifadlO R,

_ 9 insufficient conductive coupling on some or all of the
10 _sens:l.ng elements, the presence of air bubbles trapped ‘
11 between probe and tissue and normal anatomical features such
12 as bone or nipple. - |
13 Bubbles can=be_récognized by their typically lower C
14 and G values compared to background, often immediately
_15 surrounded by pixels with much highef C and G. Bubbles can
16_ be verified and eliminated by removing the probe from the
17 skin and repositioning it, and or by applying additional
18 conductive coupling agent. Contact artifacts can be
19 determined and accounted for in real time by translating the
20 probe and viewing the image as described above. Artifacts
21 either disappear or remain fixed with respect to the pixels,

22 while real tissue features move, on the - image, in a
23 direction opposite from the motion of the probe.
24 Additionally, as described above, if the tissue beneath the
25 skin is physically moved, while the probe and skeletal
26 structure is kept fixed, only real tissue features will
27 move. If the feature remains static, it is either a skin
28 feature or bone.
29 | If as described above, the probe. and the tissue are

- 30 moved together without moving the underlying structure (such
31 as the bones). Tissue lesions and surface effects will
32 remain relatively stationary in the image while bone
33 artifacts will move in the opposite direction, thus
34 distinguishing them from other impedance deviétions.
35 Fig. 14 shows one example of a display, according to a

36 preferred embodiment of the invention. In this display,
. ~ 54 -
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<21 Fig. 11D shows a systemfor in which two relatively 22 large plate
mul ti-el enment probes 28, 30 are placed on 23 opposite sides of the desired
_tissue, shown as a breast 160 24 of a prone patient 161. Sensor array
“probes 28yemensB9are 25 held in position by positional corRCHUSSH06IB] via
rotatable 26 nmounts 191. A nount 198 positions a“biopsy needl e 199 within
27 the opening between probe arrays 28 and 30, and is operative 28 to
adjust its height. A suspicious region 183 which is 29 |ocated at
positions 184 and 185 on arrays 28 and 30 30 respectively as described
herein, which information is 31 supplied to a CPU 197, which determ nes
the position of the 32 controller 181.

;ﬁéPICIOa rﬁggon for E

control | & GRRpaktapge: Behlvity Jnages ati two,posifFiansion 2
exanpl ﬁ 234bﬁé|:a§ﬁk%iéle showny . &@eeuemeediehl%nl 31meéaltam6 0 gsl‘ftlme%
type sho in Fi.qg. to t tionin n )

| ndli cat eé‘f‘a ol 48 o1 "Rt ot TuBOeh ERBEE%1RbgREC wdte BB el
42 - WO QGTmWicular, as seen :Ln Fig. 15, the: disBCEE&USWlm

1 enbodi ren f n o]

may be |§er ed “f‘;ﬁ#%@ﬂ %glg%gP X%g ween ﬁté( ee?r%n %%(rygg:m&%g 4
and/ or 3® amgpnwm&mmeshénmm five seks ovht seaslen'saquamsbf
the biopgyy meglé imageyVard féaockaleedrwak 6BaChlredt HKadhtaacas

Ef‘éedl‘iée‘sﬂ&i&?&é%;ﬁ%es | Fip Brednt imaghyshows #a the display. In
practice, the examiner manipulates a joystick or other
10 digital pointing device, such as device 105 shown in Fig.
11 6A. This device is manipulated until a square 1is
12 appropriately placed on the breast image. The examiner then
13 presses a button which causes a pair of impedance imagés‘to
14 be stored and displayed on the screen in an appropriate
15 square, and the indicated position to be displayed on the
16 physiological (breast) drawing. The small images are
17 numbered from left to right. Preferably, the examiner can
18 scale the physiological image so that the dimensions of the
19 breast shown and the extent of the probe array ‘are
20 compatible. It should be understood that during fhe
21 placement of the probe, real time images (acquired about
22 once every 50-80 msec) of the capacitance and the
'23_ conductance are shown, for example in the large squaree to
24 the left of the display.
25 Fig. 14, which represents an actual imaging situation
.26 shows, in the leftmost of the small images, a situation in
27 which a small atypical hyperplasia which was pteviously
28 detected by other means. This position shows an elevated
29 conductivity and a very slightly reduced capacitance. In
30 position 2, which is also shown in the two large squares to
31 the right of the display, a. previously unsuspected area
32 having a capacitance/conductance profile characteristic of
‘33 atypical hyperplasia is detected. '
34 " Fig. 15 shows a study typical of multiple suspected
35 sites of carcinoma (in positions 2 and 4). The images of

36 position 4 are shown in enlarged format at the left of the
' _ - 55 -



9 which the imging and bi opsy needle insertionis fromthe 10 side of the
breast, rather than fromthe front. Operation of 11 the nethod is identical
to that of Fig. 11D, except that an 12 additional probe 29 may be provided
for furthqiodep@ade zati on 13 of suspicious region 183. AlterpelUsssosi4ione or
two of the 14 probes may be substituted by plates of inert material for 15
hol di ng and positioning the breast. 16 It should be noted that while

t he breast has been used 17 for illustrative purposes in Figs. 11A through
| 1E, the 18 nethod described is applicable to other areas of the body, 19

mnth necessary changes due to the particul ar physiol ogy 20 being i naged. 21°
Fig. 12 shows, very schematically, the intra-operative 22 probe of Fig. 8

conmbi ned Wi t3mage: d&n @hﬁéﬁaﬁﬂ&@ﬁ«)hﬂﬁheEheeﬁﬂpégiVGPFec@mdﬂQﬂnﬂu¢ﬂﬂnce

| npedancep Weaferefsoawatbitﬁeraépab%cesertheafr tsla%:r&ﬂm the body An
intra-operative probe 25 140 _pref era.%égﬁgV|n a nunber gtlcal

visible 2% flduc$%F9rﬁ§F%¥9Eﬁil% P 298, FHe Pﬁs b dmage of
tissue. A4V|ﬁlne saiEcf 20hes capaditangeVatids ddedactande Wihdges, t heg®be

on a vi deb d ﬁas%sﬁna?fegr 3555, BoBLE Eyts" Ml D RS g 'FO°
260 recels'essixh:lelSﬁ: indédatiendaﬂfa theortype bef 1détedtedr anomalyhe Apcm]tomns
pedance | 1948ed GBS Lo Taldife VER) B0 pA B AYRERLINGS Sinde ! 13
di spl ayed8 onem:pley the. median value for Lack tmageawouddpbe dlack and
flnflafn Cﬁglt%r W%gg%asi@i%ecbdd\ 1EGh €166 981V %Ji&%@&t %parufular
PCT/ US95¥®61@910r  which, when combined  would result in distinctive ‘
.11 colors for suspect impedance deviations. .
12 The dispiay shown in Figs. 14 and 15 can also be
13 utilized to show a plurality of images of the same region’ at
14 varying frequencies and one or more different impedance
15 measures of a given region.
16 Figs.. 17A%and 17B show a block diagram of a preferred
17 embodiment oféa'system 200 which incorporates a number of
18 multi-element probes. It should be understood that the exact
19 design of system for impedance imaging will depend on the
20 types of probes attached to the system and the exact imaging
21 'modalities (as described above) which are used.
22 As shown in Figs. 17A and 17B the preferred system can
23 incorporate biqpsy needle probe 154, two plate probes 28, 30
24 such as those shOWn in Figs. 1-3, scan zoom probe 100 such
~ 25 as that shown in Fig. 6A, conformal probe 139 such as that
26 shown in Fig. ?B,_a bra-cup probe, finger/glove probe 130
27 such as that sﬁown in Fig. 7A, laparoscopic probe 150 such
28 as that shown in Fig. 9 or an intra-operative probe 140 as
29 shown in Fig. 8. Furthermore, when three probes are used as
30 in Fig. 1l1E, provision is made for attachment of a third
31 plate probe. Tﬁe position of the plate and needle probes is
32 controlled by controller 181 as described in respect to Fig.
33 11p.
34 ~ The probes as connected via a series of connectors,
35 indicated by reference numeral 302 to a selection switch 304

36 which chooses one or more of the probes in response to a
: - 56 -
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1 252. In this enbodi nent, the |aparoscopic inpedance probe, 2 which is
formed on a flexible, preferably extendible paddle, 3 is viewed by the

i I'lum nator/inmager which is preferably a 4 video inmager, which is well
*known in tWOE243%r ope 250 can 5 be either round or flat, dEGEFEPMPL the
region to be 6 imaged. When the inager views a suspicious |lesion or tissue,
{ probe 250 is extended to determ ne the inpedance properties 8 of the

| esi on, The conbi nati on of probe 250 and i nager 252 9 may be i ncor porated
in a catheter 254 or other invasive 10 elenent_appropriate to the region of
the body being 11 investigated. 12 Optically visible fiduciary marks
253 on proge 2gfimalna 1roh & eb??J Y i:‘é&ﬂsts%zdeéﬁﬁm 'H‘é Qét%ﬂ té%t&h Ps6Rc

250 14 wit |n e video | mage o he tissue seen by fiber-o
|IIun1nmxﬁ/|ﬁﬂé§ﬁh§§2th%IPUEPﬁﬁﬁme §hﬁ|%¥°bﬁ§:t¢éﬂeiw Eméc@iﬂﬁﬁls

Lo 3 PARCBESRS B 047 anhng olihn tf W 00 gl Ot iyl
t|>/p pr obe ; YQX' 3‘% °%nBBﬂF pﬁ%@“@@%@ﬁﬂea 9%\%3 é%na'ﬁagg%ﬂ'l %géjﬂd
2t0he|ror gg(r)]; 5| oone hmpajiﬂﬂqmsgmmg pprgmiﬂfﬂ oS tLéth bgehbéngl eme. OFor
‘CI)'hl s featule Jﬁ&?%ﬁe%ﬂgcgﬁ? QY; ugf gﬁg %%(ﬁgagé 3‘@%% ﬁq oh?ﬁe
| ocati ons %hi mbrer Shanf 5|40§Bn82mg edexendss \hlauzﬂélﬁctmm%tehsvﬂ:leﬁl)
Josions Cugl NdeguerftidEiY, sﬁvfie?an uble® 83UN84COLLRL NG U SiinkL"e8'

26 sound, suc tone” whos enc |s proport i onal

measur ed pﬁraﬁ@?éﬁﬂieﬁﬂﬁﬁﬁeﬁo%ee(39 ghepse @ iaybsetof cgensdng,Rkements
si mul at edwo' 68 & d&@réékeﬁfﬂa sth&Rt ¢he %ﬁt@éwama@ b*‘%ﬂibﬁring some
as rectal_, vaginal or or al exam natl ons,

non- sur gi rocedures suc
or ot her iiang for exampley, r¥m§ﬁ&$¥45§@&ﬂﬂﬂﬁ'eé?Mnﬂ?ﬂg
t he dept h122 smgnansesﬁmm cadj atentf el ethentisTito givé a n&&gelmxat r&rﬁa93

Ly"s brobi3 b gk, Aletylon and/EECE) ShofbEbrt TR hihar SPTERE
~The - 14 probe for measurement or viewing. All of these switching
15 activities and decisions are communicated to the switch by
16 DSP processor 306 which acts on command from a CPU 312. The
17 output of the amplifiers is passed to a multiplexer 307
18 where the signals are serialized prior to conversion to
19 digital form by a, preferably 12-bit, A/D convertor 310. A
20 programmable gain amplifier 309, preferably providing a gain
21 which is dependent on the amplitude of the signals, ié
22 optionally provided to match the signal to the range of the
23 A/b convertor. The output of A/D 310 is sent to the DSP for
24 processing as described above. In a preferred embodiment of
25 the invention DSP 306 is based on a Motorola MC 68332
26 microprocessor.. S
27 'f While 64 amplifiers has been chosen for convenience and

28 lower cost, any number of amplifiers can be used.
29 The DSP calculates the impedance results and send the

_30 results to CPU 312 for display on a graphic data display 16,
31 'printing on a printer 18 or other output signals generation
32 as described above by a 1ight indicator 314 or a sound
33 indicator 316. -
34 Alternatively, the DSP directs signal sampling and
35 averages together the samples or pre-proéesses them, sending
36 the averaged or pre-processed samples to CPU 312, which then



36 depth of a |local inpedance deviation can be estimted by

- 44 - WD 96/ 12439 PCT/ US95/ 06141
1 pal pating the breast or other region by a finger 272 or a 2 plunger 274. .
The di spl wo26H243%f the | ocal deviation on the 3 inage w | PCHESYSI4E zed
when the pal pation is at the sane 4 level as the lesion. It should also be
understood that, 5 where pal pati on causes novenent of the |ocal deviation -
on 6 the inpedance image, this is an indication that the 7 deviation is
"real"” and not an artifact. 8 In a simlar nmanner, ‘application of
vari able 9 conpression to the imaging probe will result in a variation 10

of the distance fron1$$ma oQ& {Q devéathgg under the probe. 11 This

di st ance ]\/arq%ﬁ??ﬂ"ﬁvi ec%g% anesirra ﬁ'd .ﬁ&nﬁari ation 12 in the size and
i ntensity2 of the ’ﬂwi@ﬂlo_n?y,t Bl sohaegeiye driyes/ cfxdy videot btamesra 2&AS56,n

Is not ardif e [ bl S : pe e
noved 15 éal oﬁg‘ taéuxea'éé:rl?écgﬁ%}t éﬁ'i%ﬁ% %ﬁt %g&%rta r?n%r%éﬁfjh%gf? séﬁg.' W

this casd &nfendosgoriec OPFics and gameracsysten 320hefor7 exampdie- when

to move W t tHd Gcdime® viahRi thé { ShtePsirEacdSoENeheMaprtEidopicEProbe
anomalies will pove, ony(t;ha |rra<g§, in 19 t_he?gé)po ite direction fromthe
movenent &f QhEFPBLER Y3tra soynd, imagan 32¢, ,HAr: P¥AARLL, 1R BLOPSYand
t he tiSSUﬁ(‘ Ztiez;]mﬂtﬁegwaﬁlhoﬁﬁ__ gehhmlgswi tha:-Tdrmal 3: I m&gg aﬂrdmabwi ig 22
structur suc S ones). TLS esi_ons_wW. enai_n rel atj
tati onady FAREEPRaga e o B Rallbrg o £EdRe’ gravbed 544 Ls
9 preferably provided- for buffering the camera from the CPU.
10 As described above, the CPU combines these images with the '
11 impedance images provided by one or more probes for display '
12 or other indicétion to the operator. ' '
13 Fig. 15 élso shows a programmable reference signal
14 generator 326 ﬁhich’receives control and timing signals from
15 the DSP. The réference signal generator generates excitation
16 signals which;are generally supplied, during impedance
17 imaging, to reference probe 13, which, as described above,
18 is placed at aipoint-(or_at.more than one point) on the body

19 remote from_t@e-region'of'impedance’measurement. Signal
20 generator 312 ﬁay produce a sinusoidal ﬁaveform, pulses or
21 spikes of variéus shapes (inciuding a bipolar square shape)
22 or complex pblychromatic waveforms combining desired
23 excitation freéuencies. Appropriaté impedance Caléulations,
24 in DSP 306 or ﬂn CPU 312, are implemented in accordance with
25 the waveform of the excitation. S
26 ' Where a bfeast is imaged and one of the two plates is
- 27 used as the soprce of excitation, as described above, the
28 output of signal generator is sent to the exciting plate
29 (signal paths ﬁot shown for simplicity). A current overload
30 sensor 330 is_éreferablyyprpvided-after the signal generator
31 to avoid overioads caused by short circuits between the
32 reference probq and the imaging probe or ground.
33 'Also sho@n on Fig. 17A is an internal calibration
34 reference 332% which is preferably used for internal
35 calibration ofithe.system and for testing'and'Calibration of

36 the probes.. B -
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:24 nove in the opposite direction. 25 In operation, a system
according to the present 26 invention neasures inpedance between the

i ndi vidual sensing 27 elenents and sone reference point (tyRi g*%% he
*si gnal 28WOMH%poi nt) at sone other place on the body. Géﬁgbﬁ ,hbn 29

~order to produce an interpretable inpedance image, ‘the 30 sensing el enents
jn the multi-element probe should detect 31 distortions in the electric
field lines due solely to the 32 presence of a | ocal inpedance difference
bet ween enbedded 33 tissue of one type (for exanple, a tunor) and
surrounding 34 tissue of another type (for exanple, nornmal adi pose tissue).

35 P avol ¢ foFt HrtdPnbl ' PEskifid andScaihaet LoR)CcdR1B A AP
typically placed far fromthe sensor array, al
-7 45 - 2 refgrepce1282 receives the signals generatedr PpsthR41

1 sensi ngs el ®REGFamiad 1 | réfegefced siigralsugbnerdtth #80pdsEed Ay 'tHY

d b h rent d. Si t '
caut pot orh | BSLSRELGR BHATET ATl SSTLPRWLEN T i tannan: SOOLASAGE Hp
t he el enegit stharcabipeapioni referencel hassseliected byhehellDSP gQrooessor.

b obe, cdtn EREnPHE npreqasiy Bohulfrdd sild DERad el diEe R uTirdYs
This first oreceiwedufinomrthe aA£Pdconvertordandr gompaxes othenhcoppiitedn
f‘ﬂd/ or Sy eré&a{ﬂ%ﬁlch“ 'th ]tﬁxéyéétefal' 8dm3ttaricd Spfé@f&eﬁhsge‘i‘%{te
e nmulti-el enment probe covers only a portion of  even the Organ IC
is being 9 calibration reference 332. This comparison can be provide an
10 indication that the system requires adjustment or repair or
11 can be used to calibrate the system. '
12 Similarly, the output of calibration reference 332 may
13 be provided to probe cover 88 for calibration and quaiﬂty
14 assurance of a plate or scan probe as described above. Under
15 this situation, the DSP instructs selection switch 304 to
16 choose the input from the respective probe.
17 Also provided is a user interface 334 such as a
18 keyboard, mouse, joystick or combinations thereof, to allow
19 the operator to enter positional information via the screen
20 and to choose from among the probes provided and from the
21 many options of calculation, display, etc.
22 Although described together as the preferred embodiment
23 of the invention, it is not necessary to use the probes of
24 the invention, the methods of calculation of impedance and
25 impedance characteristics of the invention and the preferred
26 apparatus of the invention together. While it is presently
27 preferred that they be used together they may each be used
28 with probes, calculation methods and apparatus for impedance
29 imaging as applicable and as available.
30 Certain aspects of the invention have been described
31 with respect to a bibpsy needle or with respect to placement
32 of such a needle. It should be understood that such

33 description and aspects of the invention are equally
34 applicable to positioning needles, catheters, endoscopes,
35 etc.

36 Although various embodiments, forms and modifications
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12 imged. The area outside the area of the probe is not at 13 ground
potential, causing the field lines to bend out at the 14 periphery of the
probe, biasing the edge of the inpedance 15 inmage. 16 - To reduce this |
ef fect, awowsupBdve "guard ring" is 17 provi ded around thePET§EISN61dhe

" imaged area to draw in and 18 straighten the field lines at the edge of

the imaged area. 19 This guard ring, if one i's desired, can consist of -
merely 20 ignoring the, presumably distorted, currents drawn by the 21

el enents at (or near) the edge of the probe and.ignoring the 22

measur enent s nmade by these el enents. 23 "Furthernore, to possibly

reduce the basel i ne g nce 24 con&ri Ut%ﬁ i the | o edance i nage
by tissue behﬁ&%19§9 tﬁ oW de8FTHRR AR e_gﬁﬂsﬁﬁ??%éuﬁﬁgﬁéa R o™
- probe, an2§63eauu|1| dial ad@ém?ﬁce whieh r che tmwéiﬂ:iqsixaceﬂt oinillheb@7
tient' o] e ar, o) e

Phe cour o8 | ShieRatedd FrBtene adett Laf iR nt dhfrypfiafiods Wbty |
fromthe #roway afr eﬁ:amphe,S(hmGeMeth@r inwentdon r dsernote J\Mit\gd

b I I d
55" Prpedincdblrete BUE 5@%&8*%3%%%&%?&pi‘%“‘*ﬁ"“&?‘“?i?‘éﬁﬁe
el ectrodef Apldernatives fﬁél#ﬂﬂmﬂ#ﬁb Ratthes ssope 2fictheepd@imgiwhigh

mul ti-el egenteopRee are averaged to form35 a reference inpedance, and the
di splay o the I npedance map 36 is corrected for this reference inpedance.
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d One way to substantially avoid at | east sone of the 2 above-
nmentioned problens is to use the apparatus shown in 3 Figs. 1-3. As

i ndi cat ed above, the apparatus incorporates 4 two probe heads 28 and 30.
“The breasW@9/1439 naged is—ptaced—5between—t he probe heads PGTPSIHE6ME cast
I's conpressed by the 6 he rally to a | esser degree than in
X-Ray 7 mammography) so tqm“‘m’" m%i“ Fn;s arelatively flat 8 vol une
and fills the region betweefn tcheLprebes. should be 9 noted that, if the
current is nmeasured at each of the 10 sensing elenents in both probes,
then two sonmewhat different 11 images of the sane region are generated.
Avoi dance,of the 12 problens also reEustg ‘thSt he two nmul ti-el enent

pr obes aré not parallel as descri It should be noted
t hat When2uséd on&Aprsudtd -elemant probe rﬁ@ﬁump‘b’yd!-ng B r efectrical
flat probgs gbnfedtidn& P sl spitlice fsfngeonfiguration as

standard 17 mammograns. Furthernore used he safre conpression 18

orientati@ns,. t he & RIEALLLY rﬁﬁeinééﬂigé'a&l t%}q%%fﬁ)a?%%sigg edepgpts,
correspongi NgaBHMAGKATHg BN PHEnk PHEFtEoncsalicablle 28oxr0f cbhtadty ewlichn,
marrrmgram% corresiﬁlondl n to the |rrpedance 21 images to be taken are
digitized 'or other digitization neans known in the
art, and ent er ed lant @n&alhtysyefencwmnﬁvel f elemetrtys0 Providingr caty

digital d
dratal g MERGSIEY SopRRKALR! I hdl SbkBbCHIURY Y vidial BdRstho
i rpedance9i rm@wm‘eﬁs‘b@@erl aid or 27 otherw se combined to forma single

| mage. Syeh an | MRy £ dabbebbi oy WS A ARG | BengRAROEL ents

whrchthe 29 inpedance is particularly’l ow or Such
30 thuslpresyigh that wherngbs individyal | gfcCanerct theyi bisgye c

density) 10f gt fd@ ’l‘.\ﬁé? deld Miboraheieldly Flec€fieally ddditated from
geonetri orlenéat ofaC|I|tate 33 interpretation, correlation with
anat ony °z‘§’ﬁ . It is well known that the resol ution”of

obj ects 14 an 35 |rrpedance i mage is reduced with distance of the obj ect

fromse jgheRrobg fdbe ' bebdrdtinh Pied {2183 " CwhlEedhS! BHE° Hnsing
16 elements comprise a conductive, viscous gel. ' '
17

18 3. A probe according to claim 1 wherein the sensing

19 elements comprise a conductive, flexible, solid.

20 ' _

21 4. A probe according to claim 1 wherein the sensing

22 elements comprise a sponge impregnated with a

23 conductive viscous gel. ' ' |

24 .

25 B5. A probe according to claim 1 wherein each individual

26 sensing element is located in a well formed by the partition

27 and a substrate underlying the sensing element.

28 S : : ' _

29 6. A probe according to claim 5 wherein the side of the
30 substrate opposite the sensing elements is formed with an
31 alignment structure for aligning the multi-element probe.

32 o

33 7. A probe'according to claim 5 _wheréin the well is formed

34 by embossing the partition on a sheét of material, whereby

35 the un-embossed portion of the sheet forms the substrate

36 underlying the sensing element.
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WD 96/ 12439 PCT/ US95/ 06141 1 the
object fromthe two probes based on the relative size of 2 the sane object
on the two different probes. As indicated 3 above, two opposing views of
t he br eastwo’nmmgt aken. 'Elr:u s—4 would pr avide further |ocal |mmlt he
object. 5 I n one nDde, t he sen5|n elenents of one probe are all 6

el ectroni-cally floatlng Wmum u f the other 7 probe are at a-
virtual ground (inputs tronlcs) and a renote signal
source is used, as 9 prevtously escrl%ed After an-inmage is obtained from

the 10 one probe the roles of the two probes are reversed to 11 obtain an”
| mage fronlt e otheréj if all of the elenents

obe; rnat i
of one of Yth&+13 & Lﬁr@ﬁ’é’é’rﬁjé‘gelt&: 184 t‘ﬂk/??%i%a'ﬁ‘!ev‘ﬁ?%hgésaﬁﬁr!‘ﬁ@
14 neasur 2ngbyr emboss iyt tise partm&&qmwoﬂuh sﬁeetuof6ﬁh%eﬂiarEWWhéf@By

o {Canch'| e, U EHESRRER, Horlbldanod ¥ hfbat. 2oaite “LhE FBitrere,
o s et et ol
g e EITEQ. f

| eft floatling. 2 cause a beam e flow of current fromthe 22
electrifibd elements to the other sensing el enents on the 23 other probe

The objecy wgyld 4l pirepd Bpcbrie) | R e S WA AN Y] O Fbrida

are stron est fgr t hose, el enent whi ch_are in the pat
di st ur bed bybtih ing la|gr nEﬂE@PdoPYs i er Runehed: 400 Srmt vPEh,
each 9 formed by extrusion to the substrate.

10 o - . (|
11 10. A probe according to claim 5 wherein the well is formed
12 by printing the partitions ontO'the substrate.

13 : - H
14 11. A probe according to claim 5, including an electrical
15 connection between a first surface of the substrate inside
16 the well and a second, opposite, surface of the substrate.
17

18 12. A probe according to claim 11 and also comprising an
19 anisotropic conductive sheet overlying the second surface of
20 the substrate.

2 |
22 13. A probe according to claim 11 and also comprising a
23 conductive contact on the second surface of the substrate
24 which is electrically connected to the first surface of the
25 substrate and an adhesive contact overlying the conductive
26 contact. '

27 _
28 14. A probe according to claim 1 wherein the sensing
29 elements do not extend past the top of the'partition.
30 |
31 15. A probe according to claim 14 wherein the sensing

32 elements do not extend to the top of the partition.

33 . , , .

34 16. A probe aEcording to any of the preceding claims and

35 including a c¢ver having a conductive surface facing the

36 front portion ¢f the sensing elements.
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27 with a different group of electrodes being electrified, then 28 good

I nformati on regarding the position of the object can be 29 obtained. 30
In practice, as indicated above, orthogonal views of 31 the breast are
“taken gi vi WP %M243I onal position information. 32 | n pr ePEAUSES/06141
enbodi nents of the—+nvention-the-breast is 33 imaged at a plurality of
§requenci es and b and 34 - imaginary parts of the inpedance are
calcul ated. The 3 Mﬁ"i"ji Hﬂ he detection of mali gnant tissue is a
36 function of freq particul ar frequency, is a

: 48 - WO 96/ 12439 PCT/ US95/ 06141

functlog of the inpedance neasure or characteristic used for 2 inmging,
for exanpl real part of the inpedance (or 3 admttance), inmginary
part of 2he17i.rrpbdambti(-arlememummt@bee)ior apysividingalar edfecthical
i npedance 5 (O&oﬁnée@&?ha%ﬁﬁ)t dance (or admttance), the 6
capaci tance or sone uncti on h ance or. of 7 adm ttance

conponent s4 8 ' a|plyq§%iﬁxc9# %P@EH#?Bﬁl SPnonstdyie Sersing celapanysy

give the rrsxi SUEH HEvES§ BCEWORNt PoPtiEnaBul tibhé Ofor l8ohtdc¥afith the
tissue. |sF&herefore desirable to determ ne the 11 frequency or

conblnatloﬁ BRU&denci es which give maxi mum 12 detectability and to
determ ne 7t qui ckay. pDurakited of ldofduertiive ngaléﬂehltmu@rtw:mihg an

per LOrT SURPLeLoBUIaY LoMRESUIRICRL® 0 AGbSErilR, LRt poneton
16 Alterna8i velemeatsunamd of i nmages taken at relatively cl ose
10 a cover having a surface facing the front portion of
11 the sensing elements, at least that portion of said surface
12 facing the sensing elements being an electrically .conductive
13 surface. ‘
14 |
15 18. A multi-element probe according to claim 17 wherein
16 said cover is formed of a flexible material and wherein, in
17 = an unstressed position said electrical conductive surface
18 does not contact said cbnductive sensing elements.
19 '
20 19. A multi-element probe according to claim 18 wherein
21 said cover is so configured that the surface contacts the
22 sensing elements when a surface of the cover opposite the
23 conductive surface is pressed toward the sensing elements.
24 '
25 20. A multi-element probe according to claim 17 wherein the
26 cover also includes an area, on the surface facing the
27 individual sensing eiements, - remote from the individual
28 sensing elements, which is a conductive area electrically
29 connected to said portions facing the sensing elements, the
30 multi-element probe also including a contact electrically
31 connected to the exterior of the probe. |
32 A . S
33 21. A multi-element probe acdording to claim 20 wherein, in
34 an unstressed position, said electrical conductive surface
35 does not contact said contact and wherein said cover is so

36 configured that the conductive area contacts the contact
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17 frequencies can be used. It is believed that for many 18 purposes, at
| east four sanples should be taken in the range 19 between and i ncl udi ng
100 and 400 Hz and, preferably, at 20 |east one or two additional inmages
are takenwo9é/td8enci es 21 up to 1000 Hz. 22 A second PEEMUSSE06141 t o
use a pul sed excitation and 23 Fourier analyqis to determ ne inpedance

over a range of 24 frequenci TMm ﬂ rlequency or frequencies
determned 25 fromthe swerﬁ“l“” Ilmﬂ HMLrement are then used in a 26
single or nultiple frequency tedsurten®nt? A pul se shape 27 which has been
found useful in this regard i's a bi-polar 28 square pul se havrng equal

positive e atrve | ses 29 of 5-10 | 1i econd u |on and fast
ri se and 3aIW g 8£rﬁﬁﬁb89 VEF ﬂﬁﬂﬂ%ﬂi? & HeoR ee?uﬁ ace
described2311sbghusséﬂmﬁndznﬂrﬁhnnsbnsiﬂgﬂelementsparing drfferent ar eas

32 of theg mage. Cenerally, it is useful to display a gray 33 scale or
pseudo- col"or representation of the values of the 34 inpedance neasure,

ei ther onda R2nead suditi-wlemant probsacepedingfto h@laﬁpeﬂanwdrrﬁu:uherr S
di spl ayeds Adgifdig | ot 3fedBt’ ot R CiEcauLt s\g&g{f&ﬁ%&%é’ét%na%

| npedance S
PCT/ US95/ 66120 extetlnmibasevecevofr 9%%% energy and also including

d(v) =( maxper §mpelaane Ie?éxeeélﬁéer:ééh) khel donducti v eser fades Sobbesite .
when the Boa ”a"zed Senslsiaienants d e SORFAREI on o subtracti on of the
m ni num o9 average
10 23. A multi-element probe according to claim 20 and also ‘
11 including impédance elements between the conductive surfaces
12 opposite the-sensing elements and the contact.
13 ‘ - :
14 24. A nmulti-element probe for providing an electrical
15 cpnnectien to a tissue surface comprising:
16 a plurality of individual conductive sensingfelements,
17 each having a front portion suitable for contact with the
18 tissue surface; and - '
19 a pluraiity of conductive elements providing an
20 electrical cdnnection to the respective individual sensing
21 elements, '
22 wherein the side of the substrate opposite the sensing
23 elements is formed with indentations for aligning the multi-
24 element probe.
25
26 25. A multi-element probe for the measurement of impedance
27 of " tissue, . wherein the elements of the probe are

28 sufficiently transparent to allow visualization of tissues
29 beneath the probe when the probe is placed in contact with
- 30 the tissues.

31 , .

32 26. A multi-element probe for providing an electrical
33 connection to a tissue surface comprising: '

34 a pluralyty of individual. conductive sensing elements,
35 each having: aifront portion suitable for contact with the

36 tissue surface; and :
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"6 value of the neasure in the display. 7 Furthernore, the di spl ay may
be automatically w ndowed 8 to include only those val ues of the inpedance

_measure 9 actuazgé inthe image, or to include a relative V\n?gg{!yu%“}g

“sel ect abl eW! out the average value of the jnpedance 11 sure.  The
range of values to be displ aym ﬂ um determ ned using a baseline
average val ue neasured at a 1 I'ﬂfﬂ" IIE u 'r.om irregularities, i.e.,
renote from14 the nipple of fhebrleadt. SAlternatively, the baseline 15
average may be a predeterm ned average val ue as neasured for 16 a | arge.
group of patients. Alternatively, a reference region 17 on the imge nmay be

chosen Dby gthe usergt Qg8 bffe Hortwsetive 2vdeiiht® DSr8eediy an
wi ndowi ng. 19 Wil L e the show t he exact, neasure for €ach

ma

ol el 2" | @MEHFIBAY COPRSCIRN TG, LhenTRRBOTHLY S LDAL VA, SARAIAGc
i mages, irga gI&ments Mj_ﬂent of the 22.invention the di spl ay IS an

I nt er pol atgd i mage forrred quad ub lne in oI ati.qn of
t he inpedaﬁce 24 r’?é‘éﬁurgrﬁ’ es1s Th?gggéﬁg tjg'( ﬁﬁ?&sm t h&® ﬁ&%q’(b

25 checke§ bosisusl{zation d:fnetissaesvhé;aeaithwthesplrmeomhéﬁx thqaq:ia:rhze is

I mage wt@ut%ﬁg%( éu:p té&% ‘9%1?*10&33'0@3}5%3 r 27 contrast detail. 28

The neasures ance ave been found ‘useful 29 for conparing
di fferent 'Zareas of the |nage nay be grouped as 30 single frequency neasures

and pol ychyg ’?i' ¢ ﬂeﬁﬁﬂﬁselihent p:%ﬁ@'&c&é%ﬁ'iﬂ&ckdm@tﬂ”éf clalivwde 1es

adm ttance capacl tance, conductance and phase of the ‘admttance. These

33 neasurd Y BI R uWBGr&ci%oﬁEeerEPﬁi RkeneRtgeAxe formedhpéh a

the sensi1gviépohdy OseRaattyvei ghtertaal a frequency 35 of high
sensitivig i/ determ ned by a prel i m nary swept or 36 pul sed neasurenent.
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12 28. A multi-element probe for providing an electrical
13 connection to a tissue surface comprising: ok
14 a plurality of individual conductive sensing elements,

15 each having a front portion suitable for contact with the
16 tissue surface; and

17 a plurality of conductive elements providing an
18 electrical connection to the respective individual sensing
19 elements, |

20 wh_erein the sensing elements are formed of a spongy
21 conductive material. :
22

23 29. A multi-element probe according to any of claims 1-16,
24 17-26 or 28 wherein the sensing elements are formed on a
25 flexible surface, whereby the multi-element probe conforms,
26 at least in part, to the tJ.ssue. -

27 _ .

_28 30. A multi-element probe according to any of claims 1-16,
29 17-26 or 28, wherein the probe is provided with apertures
30 between sensing elements suitable for the passage of a thin
31 elongate object. .

32 _

"33 31. A multi-element probe for providing an electrical
34 connection to a tissue surface comprising:

35 ‘a plurality of individual conductive sensing elements,

36 each having a front portion suitable for contact with the



1 Pol ychromati c i npedance neasures are generally based on 2 a spectral
curve based on fitting a set of capacitance (C) 3 and conductance (G

val ues determned at a plurality of 4 frequencies usi ng | i near

I nt er pol atWO®¢/1243uadratic 5 interpolation, cubic splinePCINUSNE6141
limted Fourier 6 coefficients, or other nethods known in the art. 7

One pol ychromatic measure is a spectral width measure. 8 For a give pixel

-

or region of interest the value of b.otm ﬁ“lﬂml‘ﬂ:u“ paranmeters fall with
frequency. The spectral width 10 is d u ﬂu spectrum (to a given

percentage fall in 11 the chosen par artet ér) “as" conpdred to the val ue at
sone | ow #2 frequenc for Ie 100 Hz. If the paraneter does not 13
fall by t é?%gﬁFﬁb the measured range itis 14 assigned an

|npedance2neasureaeqwmunanitg foEI ceaductliié habdineats fﬂiovidiﬁgseﬁﬁnd

moature |8 « PRUEAR ) “pRaiEEAER, o8 B haddockind” Lhuiimal codps]

preset frdéquedements,hich 19 may be user sel ected, or which may be selected

based on ghe 20 s e
le as allg of the ot ersnlrareai;éb |sp aye I"Q'*ﬁ%%g?iiﬁe@ %gﬁusr%sbe@éég{\
basis of & r 8§PSAng: elements syitable forthe Passage t9f asthinoalongate

third typg obbgectchromatic neasure is based on a 25 Relative Difference
Spectrum determ nation. In this neasure, 26 the capacitance or conductance
for a given region of 27 interest (or single pixel) 1is conpared to that
of a 28 @ef@deenca mgmn-ememe spmﬂbeurﬂdr) ée*caﬁram%a dnimeliectr £8al
differen b a fre n e 30 .thus deriv
Rel at i veig %é Etti % t':t\é‘?uam%lis% g'xr)%iéze % jlc%q exanpl e, a spectral
wi dt h neddure as @&Hﬂtb@ﬁ anvénﬂayiﬁhikenohﬂuutimebsensﬁmgubmenents
of abnoryggli sgsaewmla Sir£088, Vedoh 'Rt "REVING 8 €30t g ¢fon

di fference ctrum
13 suitable for contact with the tissue surface; and

14 a plurality of conductive elements providing an
15 electrical connection to the respective individual sensing
16 elements, :

17 wherein the area of the conductive elements comprises
18 1less than 70% of the total area encompassed by the array.
19 |

20 33. A multi-element probe according to any of claims 1-16,
21 17-26, 28, 31 or 32, wherein et least a portion of the
22 surface of the probe facing the tissue to be measured is
23 adhesive to the tissue.

24 |

25 34. A multi-element probe for providing an electrical
26 connection to a tissue surface comprising:

27 " a plurality of individual conductive sensing elements,
28 each having a front portion suitable for contact with the
29 tissue surface; and | ' | |

30 a plurality of conductive elements providing an
31 electrical connection to the respective individual sensing
32 elements, '

33 - wherein at least a portion of the surface of the probe.
34 facing the tiSSue to be measured is adhesive to the tissue.
35 |

36 35. A-multi-element probe according to any of claims 1-16,



‘34 passes frompositive to negative, i.e., where the Cor Gis 35 equal to

that of the reference region. 36 _:: A fourth type of polychromatic
Jreasure is based on a ) : . - 51 - . 96/.12439
PCT/ US95/ 0GNQP6/12439 1 Re| arive Ratio Spectrum determ nation. W5fogia

simlar to 2 the Relative Di‘g‘!m mnmm“@ except that the ratio of 3
the val ues between the refer ﬂm region of 4 interest is used.
A spectral width neasure can pe detterfindqd 5 for this spectrumin the sane
manner as for the Relative 6 difference Spectrum Normally, the width is

nmeasured where 7 the ratiois 1. 8 A fifth polychromatic neasure which
may be useful je 45 ! heg Megq Migd 05 088, OhnhenBl @G nGe! YChromati ¢ neasures,
4 ? dl t .

for 10 exanpl €, the capacitance, condlctance, Relative Difference 11

Spectrum el ative Rati o RPRRsfAF 8ttaching the prebeqifcthecfinaer L &

of the breapt pdrdvn whefeBpdthé Peidon i Bpebf6ant phlpattd vied exantitiation
capaci tance, and 14 cond tlv%ﬁ{,' exca t in,the. nipples, which have a higher
C 15 and G%alSRRCYFERRERE Wb impe gnFFsgﬂggmh t he maxi num 16 obt ai ned

at the | owest frequency recorded, typically 100 Hz. 17 The nipple
ip to aboutd 1Ay 1ok f BETEETo EERelY TbHERe ' 80F Hrouialid C4eh SlebiEidar
ol der -pat i éht conection te actissuet surfeceHeomprisiimg: patients by
estrogen 2lgrepl aceyegj ofReiepy bt TR Ideil c85hESct P0LC8BALINGS d1UnBits,
9 each having a front portion suitable for contact ﬁith‘the
10 tissue surface; and '
11 - a glove having fingers, said sensing elements being
12 attached to the outside of one of the glove at one of the
13 fingers whereby a wearer of the glove can perform palpative
14 examination concurrently with impedance imaging.
15 _ _
16 37. A multi-element intermediate device for providing an
17 electrical connection between a multiconductor sensor device
18 and a tissue surface comprising a plurality of individual
19 conductive sensing elements, substantially electyically
20 insulated from each other, each having a front portion
21 suitable for contact with the tissue surface and a back
22 portion detachably matable to the multi-conductor sensor
23 device.
24 .
25 38. An intermediate device according to claim 37 and
26 including electrical contacts on the back portion which are
27 electrically connected to the sensing element and which
28 contact a plurality of mating contacts on the multi-
29 conductor sensor device. '
30 '
31 39. A multi-element intermediate device for providing an
32 electrical connection between a multiconductor sensor device
33 and a tissue surface comprising:
34 a multi-element probe according to any of claims 1-15,
35 17-26, 28, 31, 32 or 34, and having a back portion

36 detachably matable to the multi-conductor sensor device.
- - 67 -



22 range of spectral widths for the Relative and D fference 23 Spectra.
Tunors can be recogni zed by very high Cand G 24 relative ratio or relative
difference values up to 2500 Hz 25 or even higher. 26 Capaci t ance and
conduct anJEOIMAY are neasured by 27 conparing the anplitufETARESPHALe of
the signal received by 28 the sensing elenments. Knowi ng both of these
nmeasures at the 29 sane points i 5 clinical interpretation. -
For 30 exanple, as illustrated IMI“W'!IM'“'I“]"F|a region of 31 el evated
conductivity and reduced capacitance (espectally at 32 relatively | ow
frequenci es, nost preferably |ess than 500 33 Hz, by generally bel ow 2500

Hz d al 0 t
prearc]anie?'ous a? \;/Vpl ca#kgéfﬁéperp asi a%ég Vg%ésgogﬁaw £8! Cig?’gﬂc aggﬁc%rrld
typi cal | y2hadngdugddng & RiFQ%uﬁRﬂ?%ﬁE% @ﬂdtbenG@@H\HQEﬁkﬁkahich are

general lyg 1ectrica11y connected td2the sensﬂﬁbg@Iﬁﬁgﬁt and which
PCT/ US95/ 06141 a MAde frquen ran as co ared t
i3

sur r oundi ffg ?"H‘?s‘ii% & pRuTat ¥ e%%né's‘f% cts o%’a bsl}"?la\ﬂ%ttﬁe

3 frequengy gomductorc senadr dewigle.t oget her so that changes 4 in the
conductivkty and capacitance in the | ow frequency 5 range .can be tracked.
This also " requires the display of both 6 capacitance and conductance or the
use of an?i nﬂ&dan@ecﬁﬁm onjendoscopixs prabe ccompptsimgat e conbi nati on

g];)of/ngregt P\gﬁedgus & Bt S%ﬁ.ﬁg@%%ﬁ? and %W ﬁaé& ¥ Grafmb hf-i@
.9 17-26 or 28; f
10 a fiber dptic viewer whose field of view includes at '
11 least one surface of the probe when the probe is in contact
12 with the tissue.

13 . . _ . . . .
14 42. A cathete; or endoscopic'probe comprising:
15 a multi-element probe for providing an electrical

16 connection td a tissue surface, the probe including a.
17 plurality of individual conductive sensing elements on a
18 _substrate, each sensing element having a front portion
19 suitable for eontact with the tissue surface and fiduciary
'20 marks visible from an other surface: and

21 a fiber eptic viewer whose field of view includes at
22 least the other surface of the probe.

23 _

24 43. Apparatus for impedance imaging of a breast comprising:
25 a multi-e}ement probe comprising a plurality of sensing
26 elements and adapted for mounting on one side of a breast;
27 " an eleettode adapted for mounting on a side of the
28 breast substantially opposite the multi-element probe; and
29 a source of electrical energy which .provides a voltage

30 between at least a portion of the electrode and at least one
31 element of the probe.

32 _ :

33 44. Apparatus for impedance imaging of a breast comprising:
34 a multieepement probe,sbmpfising a piurality of sensing
35 elements and ahapted for mounting on one side of a breast,
36 an electrode adapted for mounting on a side of the
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11 di sclosures of which are incorporated herein by reference. A 12
preferred enbodi nent of the invention takes advantage of the 13 calibration
capability inherent in the.use of cover plates 14:-as shown in Figs. 5A and
'5B. It cawdms/iuddwn that if the 15 recei ved waveformis sanBCEWSSV064E | xed
spacing, [err], such 16 that N Sanples are‘taken in each cycle, then the

real and 17 imaginary val [ 'ﬂﬂFnce can be determ ned as: 18 19
e = rerr) (gncverri- v er il Y06 (A o)
[err](c[err](V[err]-V[err]y, 2twhéresSg[®err] and c[err] are constants

determ ned by a calibration 23 procedure and V[err] is the voltage neasured

t. th t | i 24 i t f o T fi | is t t
Shaso of 55 DrBapEr shbREantiatdy cpposite e Mty {iiisrent Sigseio <o °
det erm ne2t he conahaatdiitiodalt eleetrmde adepted foir mamtimgnons portion
cover plate b Jtp‘ezggagn&gﬁgt tﬂ'&’"ﬂgth%ew%%g e%_s as descri bed above

and a 29 kKnown I'npedance’ s place ween e transmitter and the 30 cover
pl ate. Sifce N cosf sourest ofaelectricall energy whdchr pnavigies caryoitage

clerr] fog esshwéaaq%ﬁa_qsaggt&%uqs Afecirilldddnee Akt JRESELENBALSoR" €

requi red. For exanple, i N=4 (four sanples per cycle) four different
nmeasur enefit stheePB@beaken and t he sanpl ed signal values are entered into
t he 35 abgve equations to give N equations, which are then solved 36 for

fh§3v?'“eé OLSEhsbggg;%%ﬁégg%%bfﬂl%&“éﬂ“ﬂiéiﬁiJ&”g¥wcf§im 44 wherein the
PCT/ US95/ 961kl ti-element probe and the electrode adapted for mounting

: 10 on a side of the breast form respective parallel planes.
11

_12 46. Apparatus according to claim 43 or claim 44 wherein the
13 multi-element probe and the electrode adapted for mounting

14 on a side of the breast form two plénes at an angle to each
15 other. | |
16 _

17 47. Apparatus according to claim 43 or claim 44 and
18 including a plurality of receivers which 'measure an
19 electrical signal at the sensing elements. '

20 | |

21 48. Apparatus according to claim 43 or claim 44 wherein the
22 electrode adapted for mounting on a side of the breast
23 comprises a second multi-element probe.

24 o _ _ '

25 49. Apparatus according to claim 43 wherein the multi-
26 element probe comprises a multi-element probe according to
27 any of claims 1-16, 17-26, 28, 31, 32 or 34.

28 ' o , '

29 50. Appératus accofding to claim 49 wherein at least one of

30 the multi-element probes is rigid and non-planat in

31 accordance with the shape of a body structure.

32 S : _

33 51. Apparatus according to claim 49 wherein at least one of

34 the multi-element probes is flexible so as to conform to the

35 shape of a body structure. - ' '

36
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1 sanples, the greater the accuracy and noise imunity of the 2 system
however, the calibration and conputation tines are 3 increased. 4

AIternatlver, fewer sanples—are-taken and values for a 5 nunber of

measur enNernyve ssnB3aver a h.in the calibr atlon 6 and @CTAISSI06141
measurenents to reducemﬂﬂigﬂ "ﬂm se. . Artifactal -
abnormalities in the i nibe 8 caused by such factors
as poor surface contact! or i nsuf fici ent conductive coupling on

some or all of the 10 sensing elenents t he presence of air bubbles trapped_
11 between probe and tissue and nor nal anatonical features such 12 as bone

or nipple. 13 Bubbl es: can be recognlzed their tgplcally | oner C 14
and G val des R2mpARRBEEWS KOF olmeedenceinagingacfl ¢ breasty comprising:

pi xel s wi th nuch h ofbFs€ RAdtS-Bendrs ﬁfﬂbéGcB Fﬂféﬂ‘dg%‘da aﬁﬁufhlngakﬂd

by renovi t he obe romthe 17 n_apd_repositigoning it, and

appl yi ng gﬂdﬁ? 918 e@ﬁﬂ%&cﬁ"\% %ﬁ&nﬁ"raﬂ@m‘ n@)rﬂ'hc‘?neaﬂ-ﬁﬁaé’tfs

can be 14 detemmskned and. accounted for in real - tlne by translatlng t he 20

probe and gvi ewi ng i,fact

di sappear gc/)r remalén?e“ 3! %‘?%treéféiggggo%?%é%pl & teaé E“ngf‘gt PBs e

features rﬁ)v@idﬂ)rpf hthe nhgeasti subpstantdialdst |QDPOSJ#1F@sthe mildd-ellement

mot i on EQﬁnxﬁw 24 Additionally, as described above, if the tissue
i

beneat h the n is physically noved, while the probe and skel etal 26
structure8 s kept & i BORTCsh| 9fr clertrdqak canexgy wwhicly mrnatimly

feature r @niidifergidids at tléés’@'é&ﬁé 8fSkha &lenleditld!'cf YndO8E: tRE otﬁe

as descri edﬁgg ﬁ%f $u€?§ and tae tls ue_are 30 noved together_w thou

novi ng t rﬁ%ﬁ 8 r 8eFeh hm§it §Hﬁﬂ9ﬂﬁnﬂ£9beﬁﬁE%ué“PE§Y6H§ &n!

surface aff emmgé fileretoni whetledin e whehePgaERd a:ﬁehﬁbf. e whle-
te diregtion

0ot nouiZh At (4o lBYS, EB-hl SSPAMAE SUESH| bR crl Vorage ampiinds
one exandBe difoaihﬁ arexgizet @utiber to a 36 preferred enbodi nent of the
inventiogq In this display, - - 54 -
15 53. Apparatus according to claim 52 wherein the first and
16 second multi-element probes form respective parallel planes.
| 17 _ : _ _ ' '
18 54. Apparatué accotding to claim 52 wherein the first and
19 second multi-element probes form two planes at an angle to
20 each other. '
21 _ _
22 55. Apparatus according to any of claims 52-54 and
23 1including a plurality of receivers which measure an
24 electrical signal at the sensing elements.
25 - ' : :
26 56. Apparatus according to claim 52 wherein the multi-
27 element probe comprises a multi-element probe accordihg to
28 any of claims 1-16, 17-26, 28, 31, 32 or 34.

29 _ .
30 57. Apparatus for impedance imaging of tissue comprising:
31 an impedance probe which produces signals

32 representative of impedance values below the elements and
- 33 having fiduciery marks which are wvisible when the probe

34 contacts the tissue, g

35 an impedahce image generator which receives the signals

36 and produces an impedance image:;
| - 70 -
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capaci tance and conductivity inmages at two positions on a 2 breast are
shown, together with an indication of the 3 positions on the breast at

‘whi ch t hes ™0 36{1p439 wer e Wpartitul ar, as s&&IUSSRMYL 15
the display includes 5 the capabiTitTy rsplaying up to five sets of
capaci tance 6 and conducta ' ' five sets of smaller squares. 7
These i mages are associ at mmmamtm#mgs i ndi cated as 8 nunbers 1-5 on
t he breast inmage shown in the i splay.sIn9 practice, the exam ner
mani pul ates a joystick or other 10 digital pointing device, such as device

105 shown (n Fig. 11 hj Vi ' i Iy ‘qu s 1

appropri at gl y pl acéd %?%e&gpggﬁ %n%égn%%@geﬁﬁngngrqﬁ%eeﬂaég %;igssss%% énd
button whi 2h geveratespa vided magercandmges to 14 be stored and

di spl ayed gn the sgr ' ﬁ&q@) ?3§' - Mafall

position tg be disp g%ﬁ or'}t e?{ péy%;(;ﬁ %ﬁ%ﬁl@%ﬁ%ﬁg)ahﬁﬁdng@h&%gf

smal | i mfesthg £imByawéitbout dhe PFoPe ingmlage -ardapny imags Q&nther

gan 1? SCﬁse tchagmta/hsem?gu?el r&tsﬁae i gilfhﬁe,t héndli ﬁaggm&% of t'\}il;tll?e69illutage
reas shQwn an e exten pr _array ar _.conpa e.

shoul d be Bnd@fsthsy tissie Yﬂg Fn&ﬁet é%%@ééﬁ%ﬁgsoP@h&%c?eﬁ?age

tinme i nagey ( superimposed tthédtrecince every 50-80 nsec) of the

capacitancg and the 23 conductance are shown, for exanple in the |arge

squares to~24 the left of the display. 25 Fig. 14, which represents an
actual ima@i n§8si t Aameth®kd aficimpedancec imsHgingtoff at reglion |of nelye sbody

situationlbn'égﬁyghgqn%:snall atypi cal hyperpl asi a whi ch was previously

11 (a) positioning a multi-element probe, comprising a
12 plurality of sensing elements, on one side of the region;

13 . (b) positioning an electrode on a side of the region
14 substantially opposite the multi-element probe:

15 (c) electrifying the electrode; and

16 (d) measuring a signal at at least some of the elements
17 of the multi-element probe.

18

19 59. A method of impedance imaging of a region of the body
20 comprising: ' ' '

21 (a) positioning a multi-element probe, comprising a
22 plurality of sensing elements, on one side of the region;

23 (b) positioning an electrode on a side of the region
24 substantially opposite the multi-element probe;

25 (c) positioning a second electrode on:a'pdrtion of the
26 body;: - |

27 ' (d). electrifying the second electrode; and

28 (e) measuring a signal at at least some of the elements
29 of the multi-element probe. '

30 .

31 60. A method according to claim 58 or claim 59 wherein (b)
32 comprises positioning a second multi-element probe on a side
33 of the region substantially opposite the multi-element
34 probe. '

36 61. A method of impedanc%iimaging'of a region of'the'body



28 detected by other means. This position shows an el evated 29 conductivity °

and a very slightly reduced capacitance. In 30 position 2, mhich Is al so

shown in the two |large squares to 31 the right of the dlsplay,

reviously ,

unsuspect HO26/84382 havi ng a capaci t ance/ conduct ance proflléTEWEP Miistic
of 33 atypical hyperplasia s detected 34 - Fig.. 15 shows a study
typical of nultiple suspected 35 sites of carcinoma (in positions 2 and

312 : t;l}'Qe i mges of 36 positi 1““'ﬁﬂﬁj“ﬂ(ﬂ“" I“ é%agg/e(izzggnat at the left

PCT/ US95/ 06141 1 image. In theﬁe ites, both the capacitance and

conductanie %o@}fisﬁ!ggated with respect to their surroundings.
Al ternatively, conp

3

5itel i'mage such as the inmage of 4 the sumof the

capaci tan@ and cmmﬁiﬁtnmingnﬂgéérSMmmultiT#bament probe s eomprising a
ratio cangbe gisel e?ﬂsaxfg Rlanditd) ofbRE!28e 01! he! ¥3§i18£
l'y. A ol or e éd

detected ano coded conposi te

can e dis

where, fof 8 exaﬂﬂ§§t¥QR4%$dPaﬁeﬁﬁﬂﬂaWQ*t¥E§ mﬁﬁgepm&HQjQRaﬁﬂ T 9

where posisti thed@ wsmwﬁmwt& dsweeacmr.ﬁawiaéiéﬁeneotﬁbb&hlch

when combi_ned moul res i, N dISt ctive 11 l.ors suspect edan
devi ati on®. 12 %¥¥§P %31 aﬁﬂ'aﬂg ighead§§¥§6iggyi3°
utilized %o sbmsimgoleﬂeﬁem;s of ltrﬁgesec:dnd hmbeimele:genﬂ ptobd; vandi ng

TR e LAk BECSRRS B  nho o

the first multi-element probe.
10

11 62. A method of impedance imaging of a region of the body

12 comprising.

13 contacting one side of the region with a first multi-
14 element probe, comprising a first plurality of sensing

15 elements:;

16 contacting a second side of the region with a second
17 _multi-element' probe, comprising a second plurality of

18 sensing elements;

19 .receiving signals from said first and second multi-

20 element probes;in response to a stimulus; and

21 combining_the signals received from both probes to

22 locate objects_within the region.
23

24 63. A_methodéfor guidance in the placement of an elongate

25 element in a region of a subject comprising:

26 (a),inserting the elongate element into tissne, said
27 element includﬁng a plurality of impedance measuring sensing

~ 28 element thereon;

29 (b) measuring the impedance between the plurality of
30 sensing elements and an electrode in contact with the

31 subject; and

32 (c) guiding the element to a desired position having
33 defined impedance properties in response to measurements of

34 impedance made in (b).
35 ;

36 64. A method according to claim 63 and also including,
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17 enbodi nent of a system 200 which incorporates a nunber of 18
mul ti-elenent probes. It should be understood that the exact 19 design of .
system for inpedance inmaging . will depend on the 20 typesrﬁgégobes

‘attached tWO®Hd2439st em and t he exact |nagLQg_gl_Hgg§L;Lgoilé THR9S06 41 g
above) which are used. 22 As shown in Figs the preferred
system can 23 incorporate biopsy needle pr ate probes 28, 30
24 such as those shown in Figs. 1-3, scan MJ"BME uch 25 as that
shown in Fig. 6A conformal probe 139 such as t in Fig. 7B, a
bra-cup probe, finger/glove probe 130 27 such as that shown in Fig. 7A

| apar oscopj c probe l 0 Fl r

intra- ope%trve pro'tq)‘ gﬁl#ag% ﬁ‘r?f)m |f§€ % %gb?%g?no?oBCI\%deihn? hrthe
probes ar e2uselongate elemeny. amﬂEgepemtéPGn%m@e@Q%thrrent of a
third 31 glate prpggeivin gp%iié'ﬂﬁhgé aha %Qﬂé&%f&ﬁéhéspb@bﬁ%géd%e

controlled by controller as described in respect to Fi

34
The probes?asmedfnd e&ib\)l a 8ndeIRREELMPOFING o r%r?ﬁﬁgé'@tté‘c?'by°f the
ref erence sunpmpédance! feasatemente) cill tid ﬁﬁég&Gonhtm dlqm‘gaate)gemhent

nore of thg proQes in regpons a
WD 96/ 124 an S“rm“"ag €158uds; ana PCT/ US95/ 06141 1

command frdm a DSPdpspiteying 8864 Sepectimposed timadssl 2 switches the

out puts ofgqthe probes, nanely the signals 3 detected at the sensing

el enent s ? the probes (or anplified 4 versions of these signals) to a set
of 64 anpl9fi6%s 308 mSthad aptorddngetag plaimdetid f sthexehnsetenputer

element. f§' surface of the elongate element is formed with a matrix of
11 impedanCe measuring elements each measuring the tissue
12 impedance - in a direction generally perpendicular to the
13 element and wherein the display indicates a guiding
14 direction for the elongate element based on the impedance
15 measurements. ' ' '
16
17 66. A method according to any of claims 63-65 wherein the
18 elongate element is inserted into the body through a hole in
19 an array of impedance probe elements and including:

20 providing a two-dimensional impedance image based on
21 signals received by the array:;

22 guiding the elongate element based on the two-
23 dimensional image: and '

24 determining the desired depth of the elongate element

25 based on impedance signals received from the impedance
26 measuring .elements on the elongate element.

27 ' o . | _

28 67. A method for guidance in the placement of an elohgate
29 element in portion of a patient comprising: '

30 forming a first two-dimensional impedance image of at
31 least a part of said portion from a given direction;
32 forming a second two dimensional impedance image of at

33 1least a part of the portion using a multi-element impedance
34 probe placed at a known angle to the plane of the first
35 image; '

36 insertihg the elongate element between elements of the
- 73 -



6 those probes, such as the large plate probes, which have 7 nore than 64
sensing elenents, the selection switch will (1) 8 sequentially switch
groups of 64 sensing elenents to 9 anplifier set 308, (2) choose a subset
of sensi njvePEI243?s 10 on a coarser grid than the actual ar PEYAISYSBHPPI NQ

sone 11 elenents, as for exanple every second el enent, (3) sum 12 signals

from adj acent elenents to give a nem/elenent array I3 of fower resolution

-and/or (4) choose only a portion of the renent or
of these switching 15 activi Illﬁ ! Mllﬁm s are

view ng. Al

connunlcated to the smntch by 16 DSP processar

froma CP
307 18 wh

acts on conmmand

ut of the amplifiers is passed to a nultiplexer
A7 e d prior to conversion to 19 digita

forlm ?y a238r ef er zyni)diLngthe MDrrgaWeremem%Ht tfb 2 ﬁbﬂﬁlta?fﬁ?.x&:édaﬂce
anplifier ende
a% i t ude Sof %ehe S|i%{1rgllgs?/ ]IE&Z@?CB&% onard y %‘r}%i\‘/\? %i%ﬁ'SEﬁ ?g tgﬁg%gFSFO

t he range ofaﬂﬁbSEFQQﬂDﬁﬂQnﬂiﬂQﬂSiqnﬁicimﬁﬂksof A/D 310 is sent to the DSP

for 24 pgocessing as descylbed above. In a preferred enbodi nent of 25 the
I nvention _DSP _306_is based:.on a Mdtorola MC 68332 26 mi croprocessor. 27

VWhile 64 é

BBri ePs “%ﬁ@%kéﬁmﬁﬁaﬁiﬁgtw conveni ence and 28 | ower cost, any
ge

nunber of7anp||f|gwbvxal aﬁeﬂmpaaance mE¥siEmEnt CoY §E%&‘*Hc]@@§ﬂ?n
ic

results apd
display 1
32 as desSn

Caget her SPhe! oo PEovadiiy B ShatthtaRd W AR MHins el 35 ene

pre- procééseba§é§pmﬁsSignilsadetemmsdhhﬁusaid elements, whereby both-a57

12
13
14
15
16
17
i8
19

20 .

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

se 30 r for display on a
18BeDE Brhs, aFEAGREA JEhat ARBHE Ongndingmnca sbn
E8dmah3te landa’ Ilght I ndi cat or 314 or a sound 33 indicator 316.

tactile and impedance indication of an examined tissue are
simultaneously acquired. - : : 3

69. A method'for improving the sensitivity of impecance
imaging comprising.

contacting tissue with a multi-element probe;

contacting a different portion of .tissue with at least
one electrode,E

exciting the at least one electrode with a pulsed
voltage; :

measuringisignals, responsive to said pulsed voltage at
at least a plu#ality of the elements of the probe:;

computing;the real and imaginary parts of an admittance:

represented by said voltage and signals for a plurality of

frequencies at a plurality of said elements; and

' chocsing at least one frequency as a measurement
frequency which gives a large difference for said measures
at different elements of the probe.

70. A method for identifying, in a multi-element impedance
probe which fo#ms an impedance map of tissue when placed on
the_surface'tﬁereof, artifacts among impedance deviations
from the surroundings, the method comprising:

manipulating the tissue underlying the probe while the

probe remains in stationary contact with the surface of the
- 74 -
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performnms the inpedance cal cul ations. 2 The CPU may al so receive inages
_from video SR 9256, 3 f.or exanple, when used with an int I BeTRS '

e
probe, from endoscopi‘c optics and canera system 320, for exarrp;lel when
5 the camera views the outer surface of the | aparoscopic probe 6 or from
-an ultra sound i mager 322, for exanple, in-biopsy 7 performance as shown in
Figs. 11A and |1B.. Wen an image is 8 acquired fromone of these caneras a-

frame grabber 324 is 9 preferably provi dednmuﬂm'ﬂmmn tfge canera from
the CPU. 10 As described above, the CPU coni¥ A _ Es wth the 11
| npedance j negpsshé Pvang@d by one or nore probes for dFfsptay* 12 or ot her
referonce i gnal - 1S3SBEIEAT 386 wrPon TOREPEEATERY r oERGRE | ARRgaance
signal s framdéviabttohSPwhibh shiftcnoe thendirgettont of cheermarbpulation
excitation, 16 _sjgna ' a general ly supplied, during inpedance 17
1 magi ng, t% r%?e#ﬂ%c£38¥§%§gf3, Rﬁich, as descri bed above, 18 is placed at
a point (d% at nore than one point) on the body 19 renote fromthe region
of 1 npedange gpasuge Siggial t 0§ 312 R QHE§1 | LQal
wavef or m ngul'ggé oé ‘3‘?%‘5’& kes gfa?é\kﬁl g]s %ha%%s&(l nc*I l}die(r?'g a ?pﬁ%@gﬁé&
squar e sha'ge)PQQbeoWhi§bn§I°ms @31 yirpedance mapyefotissueohen placrdord

23 excitagi Ophb! BUEFHIESSEhEPELED! adital # 4PEE aMBNEA iFiled aRBE. ded1idt s
306 or in CPU 312, are inplenented in_accordance with 25 the waveform of

the excita?i offoBgthe suggoppdings.,the me FOMRFIFHNIT the two plates
Is.27 uspd as them6olhgethé probedblong aheldeinfidis] cbobite tissus; andput

of “si gnal ; generatog .is nt, to the_exciti | gte 29 . (signal paths, no

ahown T or € ol | o) 19pBEATHIAG A< ok Frk2ast dninds 4uBefdfneldavid¥ions

provi ded b2t ewhith zegaih gtatienary3dr Odsappehrogy |thelsimpedanicdymapoas

circuits tV\@ﬁgv\#@b@Zisrﬁ%§%ﬁnce probe and the imagi ng probe or ground.
S0 .Sho . i

33 3 on Fig i's an internal calibration
1 _

15 72. A method for identifying, in a multi-element impedance
16 probe which forms an impedance map of tissue when placed on
17 the surface thereof, artifacts among impedance deviations
18 from the'surroundings, the method comprising:

19 moving the probe together with the tissue; and

20 identifying as a fixed artifact those impedance
21 deviations which move on the impedance map, in the opposite
22 direction from the movement of the probe and the tissue.

23 _ . : '

24 73. A method of displaying impedance imaging information
25 comprising:

26 displaying at least one impedance image of a region;
27 and _

28 displaying an indication of the imaged region on a
29 representation of the physiology of the patient. '

30

31 74. A method of displaying according to claim 73 and
32 including:

33 . simultaneously displaying both a capacitance and a
34 conductance map of the same region.
35

36 75. A method of displaying impedance imaging ihformation
_ . : - 75 -



34 reference 332 which is preferably used for internal 35
“calibration of the systemand for testing and calibration of 36 the

pr obes.

- 58 - WD 96/ 12439

PCT/ US95/ OWD95/12439 1 "For internal testing and cal i br at POHYS95/06141
calibration 2 reference 232 Teceives Lueesrgnals generated by the 3°

: ref erence SI s passed to the 4 sel ection
switch, in series with an H@B]ﬁ !EncelnSthe calibration

programabl e

reference as sel ected by

r. 6 The DSP processor conputes

t he adn1ttance fromsignals 7 recelved fromthe A/D convertor and conpares

t he conput
calibrati

8 adQ% %ance with the actual adm ttance provided by internal
r?ﬁ@?ﬁ T30 This conpari son can be provide an 10 indication

that the stem reﬂ:ﬂsplaayiiﬂguat capacihtanepamapoofla eegien;used t o
calibrate 4 he syst €40 allbratl
reference “332 nam %@m ea?) 8‘\‘/?%31’{%5%%8%%‘8(:0\/%?’%"% c?al"\agr qooqﬂ'earﬁfme

qual ity 14 a
this situagi
I nput fromt
334 such &

al low 19 tohe cvifg

to choosedir
cal cul ati

seeg e of a plate or scan probe as described above. Under 15
on, the DSP instructs selection switch 304 to 16 choose the
he respective probe, 17 provided.is a user interface

766 emsapepqﬁ)@esp}ey;pscmemwnamg -nformatdon

Aleing® enter positional information via the screen 20 an

"0 SpI SgmPELRb 855e o2 0. BSR4 E¥CRE,8e0458, Messiiseic and

preferred ®nbodi nmn‘.multaneously displaying the measures.

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

77; A methéd'” of displaying impedance information
comprising: ' '

computing a plurality of maps of at least one imaging
measure at a élurality of frequencies; and

simultanéously displaying the maps.

78. A method of identifying a suspectéd ‘carcinoma
comprising: ' '

comparin§ @ capacitance map of a region to a
conductance m&p'of the same region; )

identify@ng a deviation from the surroundings as a
suspected canéer if at some frequency less than about 10 kHz
both the capacitance value and the conductance value are
higher than that of the surroundings.

79. A method of identifying a suspected atypical
hyperplasia comprising.

comparing a capacitance map of a region to a
conductance map of the same region; -

identifying a deviation from the surroundings as a
suspected canéer if at some frequency 1eésathan 10 kHz both
the capacitance value and the conductance value are higher
than that of the surroundings.

80. A methodiof differentiating a suspected carcinoma ffom

a suspected_aﬂypical hyperplasia comprising:-
| - 76 - ;
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23 of the invention, it is not necessary to use the probes of 24 the

I nvention, the nethods of cal culation of inpedance and 25 i npedance
characteristics of the invention and the preferred 26 apparatus of the
inventi on W@oeia8? \Wiile it is presently 27 preféerred that PREISB¥0GI4Ld
t oget her they may each be ‘used 28 with probes, calcul ation nethods and
apparatus for inpedance 29 imaging as applicable and as avail able. 30
Certain aspects of the invention have been described 31 with respect to a
bi opsy needle or with respect to placenent 32 of such a needle. It should
bbe understood that such 33 description and aspects of the invention are

coual Ly 34 ep ol RBR, o SR EaRis, CBAP GE BTG B .
- 59 - 2 dabdﬁﬁtﬁhﬁﬁ)map of the same region;_ PCT/U895/06141 1
ever donne it «ETHBEAYING 4 Uslerbaiaren AG R aln s
descri pti ods @uppectedr ativRicalt chyperpkasita ifaql Somedfreguency less
invention iss Rgdar i70 Lz %ﬁ@%&?&c@{é&n&é?@&%&sﬁ% aldwet? £Réh OBRat of the
conbi nat i ons and & ol 4ornat L ues bl o L0 0e 08182003 HidriSr CLALI® that
7 of the surroundings:; and
8 classifying a deviation from the surroundings as a
9 suspected cancer if at some frequency less than 10 kHz both
10 the capacitance value and the conductance value are higher
11 than that of the surroundings.
12
13 8l1l. A method according to any of claims 78 to 80 wherein
14 +the frequency at which the comparison of the capacitance and
15 conductance values take place is below 2500 Hz.
16 . c
17 82. A method according to any of claims 78 to 80 wherein
18 the frequency at which the comparison of the capacitance and
19 conductance values take place is below 500 Hz.
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1 CLAI MS2 1. A nulti-elenent probe for
providing an electrical 3 connection to a tissue surface conprising: 4

a plurality of individual conductive sensing elenents, 5 each having a
front portiWR9/I2438bl e for contact with 6 the tissue surface;PQI/USISO6H1L
plurality of conductive elenents providing an 8 electrical connection
t-0 the respective individual sensing 9 elenents; and 10 a partition
separating the individual sensing elenments 11 such that when the individua
probes contact the tissue 12 surface they are substantially electrically
i'sol ated from 13 each other. 14 15 2. Zﬁﬂobe according to claim1l
wherein the sensing 16 el enents conprise a conductive, viscous gel. 17 18

3. A probe according to claim1l wherein the sensing 19 el enments conprise
a conductive, flexible, solid. 20 21 4. A probe according to claim1l
wherein the sensing 22 el enents conprise a sponge | npregnated wth
a 23 conductive viscous gel. 24 25 ~ A be according to claim1l
wherei n each individual 26 sensi el ement isNocated in a well fEqud bgz
the partition 27 and a substr under | yi ng the\sensi ng el enent. 4 9

A probe according to clai m2wherein the side of\the 30 substrate opposite
the sensing elenents is rmed with an 31 alignnent structure for aligning

t he nulti-eLened27pr . 32 33 7. A probe accoradnnto claimb5 wherein
the well is for 4 by enbossing the partiti on sheet of materi a4
wher eby 35 the _udf.enbossed portion of the et forns bstrate 3
underlying t ensNg el enent. : -
28
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WD 96/ 12439 PCT/ US95/ 06141 1 8. A
probe according to claim6 wherein the well is formed 2 by eq@gﬁéing t he
partition on a sheet of material, whereby 3 the un- enbBEHEPPGI ti on of the
sheet forms the substrate 4 underlying the sensing el enent and wherein the
I ndent ati ons are the back of the enbossed wells. 6 7 9. A probe
accordlimg?“’tl‘@f'3 laim5 wherein the well is formed 8 by lamnating a grid
formed by hol es punched in a sheet or 9 forned by extrusion to the
substrate. 10 11 10. A probe according to claim5 wherein the well is
formed 12 by printing the partitio mo the substrate. 13 14 11. A
probe according to claimb5, includi™g an electrical 15 connection between a
first surface of the substrate inside 16 the well and a second, opposite,
surface of the substrate. 17 18 12. A probe according to claim 11 and

~al so conprising an 19 anisotropic conductive sheet overlying the second
surface of 20 the substrate. 21 22 13. A probe according to claim11l1l and
al so conprising a 23 conductive contact on the second surﬁéof g,ﬁ
substrate 24 which is electrically connected to the firstpspXac the 25

substrate and an adhesi ve contact over|x g .t he conductive 26 contact.




27 28 14. A probe according to claim1 wherein the sensing 29 el enents do

not extend past the top of the partition. 30 31 15. A probe according to

el aim 14 wh ' e sensing 32 elenents do not extend to the top of the
Yiighal

partition. A probe according to any of the precedPGEUSYM6MI and
35 including a cover having a conductive surface facing the 36 front
portion of the sensing el enents. -62- WO
96/ 12439 - PCT/ US95/ 06141 12 17. A
nul ti-el enent probe for providing an elagﬁg'cal 3 connection to tissue
conprising: 4 a plurality of indivi conductive sensing elenments, 5

each having a front portion suitable for contact wwth the 6 tissue; 7
a plurality of conductive elenents providing an 8 electrical connection
to the respective individual sensing 9 elenents; and 10 a cover having
a surface facing the front portion of 11 the sensing el enents, at |east
that portion of said surface 12 facing the sensing el enents being an.

el ectrically conductive 13 surface. 14




15 18. A multi-el ement probe according to claim 17 wherein 16 said cover is

fornmed of a flexible materi al

sai d electriéa‘
sensing ele :

wherein 21 said cover

surface is pressed toward the sensing el enents.

and wherein,

in 17 an unstressed position
ducti ve surface 18 does not contact said conductive
9 20 19. A nulti-elenment probe according tBCHUSSN614Y

Is so configured that the surface contacts the 22
sensing el enents when a surface of the cover opposite the 23 conductive

24 25 20.

A multi-el ement

probe according to claim 17 wherein the 822ver also includes an area, on

the surface facing the 27
sensi ng el enents,

i ndi vi dual 28

I ndi

vi dual

sensing el enents,
which is a conductive area electri

t he 30

renote fromthe

FIG. 4

connected to said portions faC|ng t he sensi

mul ti-el enment probe alsg ntact electrically 3L connected to
the exterior of.the pjole. 32 33 21. A nulti-elenent probe ccordéng to
claim 20 wherein, in B4fan mm.mmﬁ] e fduct i ve
surface 35 does gt cpnfact . r is so 36
configured that thé~spnductiVe]fTy =19 |
- 63 - WO 96/ 1p439 ' PCT/ US95/ 06141
1 when a surface of the|cover bppb§iié tfe]do uc‘ VEl sty Thge 2 i s pressed
toward the sensing el pmgnts. EF 'I'_- E
- 66
Va
¥ Y
90— )
]
FIG. SA 88
< L
62 _ =
N\ 64
72
v > /o1 B {
Y :.-}- 2 :;5- B2 5.-
gt sldos PRl o bW ey 68
'::'.:}"'"‘ N e PR LAl Al R AL AL
C . VL
- —
76 86
Y - -"%-- X . ;. : [ ‘_.. -'.. ] ‘:
( \
80 82




3422. Anulti-elenent probe according to claim217 and further 5
conprising at |east one contact suitable for connection to 6 an external
source of electrical energy and al so including 7 inpedance el enents between
f he conduct Wa96&243%ces opposite 8 the sensing el ements and tRET/USHYM4E41 o
10 23. A multi-elenment probe according to claim?20 and also 11 incl uding

| mpedance el enents between the conductive surfaces 12 opposite the sensing

el enents and the contact. 13 14 24. A nulti-el enent probe for prq.iding an
el ectrical 15 connection to a tissue subyad2 conpri si ng.—1g =
pturality of individual conductive sensing el enerus, eagh haviMNg a frpnt

portion suitable for contact with the 18 tissue $@ fa4e;

N .

plurality of condu#@ive elenents providing an 20\el ect 5.:4 connectipn
to the respective i vi dual sensing 21 el enents, By %%i n the sife
of the substrate opposyte the sensing 23 elenents ©§ b §§I1 o

I hdentations for alignjng the nulti- 24 el enent probe. X5 §§u A //”°°
mul ti-el enent pr e measurenment of inpedam®e i N

wherein the el ‘the probe are 28 s IH ent |© ansparent]to
g ots® is
jLafrent “probe fpr

SIS SIS

al I ow vi sual i zat y$sues 29 beneath the probe
pl aced in contac Athe tissues. 31 32 26. A

provi ding an el e ¥$ connection to a tissue sur 7 9 ng. 34
conductive sensing el enents aving a
contact with the 36 tissue

a plurality of i
front portion su
- 64 -
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WD 96/ 12439 : PCT/ US95/ 06141 1 a
plurality of conductive elenents providing an 2 electrical connection to
the respective individual sensing 3 elenments, wherein 4 pepidydnepnobe is
suff|C|emJ%Q&é£ansparent to allow 5 visualization of tlssues beneat h the
pr obe whi 3robe is 6 placed in contact with the tissues. 7 8 27. A

mul ti-el enent probe according to any of clains 1-16 9 or 17-26, wherein the
sensing elenments are fornmed of a 10 spongy conductive material. 11 12 28.
A multi-element probe for providing an electrical 13 connection to a tissue
surface conprising: 14 a pIuraI7P¢22f i ndi vi dual conductive sensing

el ements, 15 each having a front portion suitable for contact with the 16
ti ssue surface; and 17 a plurality of conductive elenents prOV|d|ng
an 18 el ectrical connection to the respective individual sensing 19

el ements, 20 wherein the sensing elenents are formed of a spongy 21
conductive material. 22 23 29. A nulti-elenent probe according to any of
claims 1-16, 24 17-26 or 28 wherein the sensing elenents are forned on a
25 flexible surface, whereby the nmulti-el enment probe conforns, 26 at |east
in part, to the tissue. 27 28 30.. A multi-elenment probe according to any
of clainms 1-16, 29 17-26 or 28, wherein the probe is provided with
apertures 30 between sensing elenents suitable for the passage of a thin

FIG. 5C
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31 el ongate object. 32 33 31. A nulti-elenent probe for providing an

el ectrical 34 connection to a tissue surface conprising: 35 a
plurality ogv(%%z}ﬁgjual conductive sensing elenments, 36 each having a front
portion suitabl'eTor contact with the - PCT/US$%06141

WD 96/ 12439 ' PCT/ US95/ 06141 1
tissue surface; and 2 a plurality of conductive elenents providing
an 3 electrical connection to the respective individual sensing 4 el enents,
5 wherein the probe is provided vviaﬁzaoertur es between 6 sensing

el ements suitable for the passage of a thin elongate 7 object. 8 9 32. A
mul ti-el enment probe for providing an electrical 10 connection to a tissue
surface conprising: 11 an array of individual conductive sensing

el ements 12 spaced over a surface, each elenent having a front portion 13
suitable for contact wwth the tissue surface; and 14 a plurality of
conductive elenents providing an 15 electrical connection to the
respective individu sensing 16 el enents, 17 wherein the area of the:
conductive el enentsg@onprises 18 |ess than 70% of the total area

enconpassed by the ar\i:.

6A

FIG.



-19 20 33. A multi-elenment probe according to any of clains 1-16, 21
17-26, 28, 31 or 32, wherein at least a portion of the 22 surface of the
probe facing the tissue to be neasured is 23 adhesive to the tissue. 24 25
“34. A nul twosean438t probe for providing an electrical 26 corfEHP$sR6I4d o

ti ssue surface conprising: 27 a plurality of individual conductive
sensing elenents, 28 each having a front portion suitable for contact with
the 29 tissue surface; and 30 a plurality of conductive elenents
providing an 31 electrical connection to the respective individual sensing
32 el enents, 33 wherein at | east g/gggtion of the surface of the probe
34 facing the tissue to be neasured i esive to the tissue. 35 36 35. A
mul ti-el enent probe according to any of clains 1-16,

- 66 - WD 96/ 12439 PCT/ US95/ 06141
1 17-26, 28, 31, 32 or 34, and_jigsluding: 2 fo ttachi ng
the probe to the finger of wher eby t he persoﬁﬁzgi p rm

pal pative exanination_4‘¢g; : i npedance inmaging. 5 6 36. A

mul ti-el enent probe for NG ZeAri cal 7 connection to a tissue

surface conpri sing:




8 a plurality of individual conductive sensing elenents, 9 each having
a front portion suitable for contact wwth the 10 tissue surface; and 11

a- gl ove havkgggg¥ rs, said sensing elenents being 12 attached to the
out si de of one”o e glove at one of the 13 fingers whereby »ctaRioSiveidf
the gl ove can perform pal pative 14 exami nation concurrently wth inpedance
imaging. 15 16 37. A nulti-elenent internedi ate device for providing an 17
el ectrical connection between a nulticonductor sensor device 18 and a
ti.ssue surface conprising a plurality oﬂckﬁé?yidual 19 conductive sensing
el enments, substantially electrically 20 ifAsulated from each other, each
having a front portion 21 suitable for contact with the tissue surface and
a back 22 portion detachably matable to the multi-conductor sensor 23
device. 24 25 38. An internediatggﬁevice according to claim 37 and 26

i ncluding electrical contacts on e back portion which are 27 electrically
connected to the sensing el ement™nd which 28 contact a plurality of mating
contacts on the multi- 29 conductor sensor device. 30 31 39. A _
mul ti-el enent internedi ate devi cguaf Oor providing an 32 el ectrical connection
bet ween a mnul ti conductor sensor égbice 33 and a tissue surface conprising:

34 a nulti-elenent probe adggrding to any of clainms 1-15, 35 17-26,
28, 31, 32 or 34, and having a back portion 36 detachably matable to the
mul ti-conductor sensor device. - 67 - WO
96/ 12439 . PCT/ US95/ 06141

o

M

F




1 40. An internediate device according to claim39 and 2 including

el ectrical contacts on the back portion which are 3 electrically connected
to the sensing el ement and which 4 contact a plurality of mating contacts
on the rrulwp-g%g%nduct or sensor device. 6 7 41. A cat het errCI/USISHGEAOPI C
probe conprising: 8 a nmulti-elenment probe according to any of clains
1=16, 9 17-26 or 28; and 10 a fiber optic viewer whose field of view
. includes at 11 |[|east one surface of 2Probe when the probe is in contact
12 with the tissue. 13 14 42. A cath or endoscopi ¢ probe conpri sing:
15 a multi-element probe for providing an electrical 16 connection to
a tissue surface, the probe including a 17 plurality of individual
conductive sensing elenments on a 18 -substrate, each sensing el enent havi ng
a front portion 19 suitable for contact w the tissue surface and
fiduciary 20 marks visible froman other sufface; and 21 a fiber optic
vi ewer whose field of viewincludes at 22 ast the other surface of the
probe. 23 24 43. Apparatus for inpedance ijnhgi ng of a breast conpri sing:
25 a nmulti-elenment probe conprising ajplurality of sensing 26 el enents
and adapted for nmounting on one side of a Wrleast; 27 an el ectrode
adapted for nounting on a side of the 28 bjdast substantially opposite the
mul ti-el enent probe; and 29 a source pf electrical energy which

provi des a voltage 30 between at |east a tion of the electrode and at

| east one 31 elenment of the @robe. 32 3% /44. Apparatus for inpedance

i mgi ng of a breast conprisimg, 34 mul ti-el enment probe conprising a
plurality of sensing .\\

/B

14

FIG.




35 elements and adapted for mounting on one side of a breast; 36 an

el ectrode adapted for nounting on a side of the -
68 - Wo 8624339 _ PCT/ US95/ 06141
1 breast substantially opposite the nulti-el enment probe; 2 PCPAIS95/06141
additional electrode adapted for nmounting on portion 3 of the body renote
fromthe breast; and 4 a source of electrical energy which provides a
voltage 5 between the additional electrode and at | east one el enent of 6
the probe. 7 8 45. Apparatus accordiijxQEZain143 or claim 44 wherein
the 9 nulti-elenent probe and the el ectrode adapted for nmounting 10 on a
side of the breast formrespective parallel planes. 11 12 46. Apparatus
according to claim43 or claim44 wherein the 13 nulti-el enent probe and
the el ectrode adapted for nounting 14 on a side of the bpeast formtwo

pl anes at an angle to each 15 other. 16 17 47. Apparatussgccording to claim
43 or claim44 and 18 including a plurality of receivwvers which

measure an 19 electrical signal at the sensing elenents.\20 21 48.
Appar atus according to claim43 or claim44 wherein the 2 ¢iec\rode
adapted for nounting on a side of the breast S

-
—

FIG. 9
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- 23 conprises a second nulti-elenment probe. 24 25 49. Apparatus according
to claim43 wherein the multi- 26 elenent probe conprises a nulti-el enent
probe according to 27 any of clainms 1-16, 17-26, 28, 31, 32 or 34. 28 29
*50. Apparwossiasoording to claima49 wherein at | east one of PGDUSEH6141
multi-elenment probes is rigid and non-planar in 31 accordance with

I he shape of a body structure. 32 33 51. Apparatus according to claim49
wherein at |east one of 34 the nulti-elenment probes is flexible so as to
conformto the 35 shape of a body struqsyzi. 36

- 69 - WO 96/ 12439 PCT/ US95/ 06141 1 52
Appar atus for inpedance imaging of a breast conprising: 2 a first
mul ti-el ement probe conprising a plurality of 3 sensing elenments and
adapted for tin ﬁ one side of a 4 breast; 5 a second
mul ti-el eneht ©obela ;gted for nounting on a 6 S|de of the breast
substantlally opposite the nulti-elene Qe s a soomge of
el ectrical energy iﬂ.h al t ernat Ty 7 F——aneL gr # | east soO of \he
el enents of one or tNE othef” 10 of tje fijkg dgzyegond nul ti - el exent
probes by supplying a ,/ 4////‘
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11 voltage thereto, wherein the unenergized one of the nulti- 12 el enent
probes forns an i mage based on the voltage applied 13 to the energized
probe. 14 1l{yo §shraadpparatus according to claimb52 wherein the first and 16
second nulti-el enent probes formrespective parallel planes. RGTAUS95/SI41
Apparatus according to claimb52 wherein the first and 19 second
mul ti-el ement probes formtwo planes at an angle to 20 each other. 21 22
55. Apparatus according to any of b ime 52-54 and 23 including a
plurality of receivers which neasdfb? 24 electrical signal at the
sensing elenents. 25 26 56. Apparatus according to claimb52 wherein the
multi- 27 elenment probe conprises a nmulti-element probe according to 28
any of clainms 1-16, 17-26, 28, 31, 32 or 34. 29 30 57. Apparatus for
i.mpedance i magi ng of tissue conprising: 31 an i npedance pr obe -

whi ch pr oduces signals 3 representative of inpedance val ues bel ow t he
el ements and 33 having fidyciary marks which are visible-when the probe 34
contacts the tissue; 35 an i npedancq i nage generator which receives
the signals 36 and prodyfes an inpedance\i nage;

- 70 - WD 96/ 124348
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1 a video canera which views the probe and tissue and 2 generates a
vi deo i mage; and 3 a video i mage processor which receives a video
image of 4 -the tissue without the probe in place and an image of the 5
tissue witWR¥H2H%phe in place, and provides a video inage Gggmﬁ?fé‘ﬁﬁlssue
with the fiduciary marks and i npedance image 7 superinposed thereon. 8 9
58. A nethod of inpedance imaging of a region of the body 10 conprising: 11
(a) positioning a nulti-elenent probe, conprising a 12 plurality of sensing

C
el enents, on one side of the region; 15/22 (b) positioning an el ectrode
on a side of the region 14 substantially opposite the nulti-element probe;

15 (c) electrifying the el ectrode; and 16 a_si gnal
at at |least sone of the elenents 17 of the nulti-el€ment probe. 18 18 '
met hod of i npedance i magi ng qL a region of the J6dy 20 conprising: 21
(a) positioning a nulti-el ensnt probe, conmpriging a 22 plurality of sgnsing
el enents, on one side of the Tedion; 23 @
on a side of the region 24 s ially oppgsi
25 (c) pesitdioning a secjond el pctrode @

(d) electrifyiing echrofle; and ¢8

at at |east s¢r& nt §529] of the MyLLj-el enent prokg. 60.
A et hod accordEh cl aim 59 wfPein (b) 32 cong
positioning a mul ti - el ‘e br obe on f side 33 of the /regi®
substantial ly e the multi-elenment 34 \probe. 35 36 64. A nethod of
i npedance i magi of fa region of the body - 71 -
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conprising a 3

conprising: 2 positioning a first nulti-element probe,

plurality of sensing elenents,

on one side of the region;

4

1

posi ti oni nJV@ 9§43 d mul ti - el ement ‘probe on a side of 5 the PEFMUSAS06141
substantially opposite the nulti-el enent probe; 6

than all of the plurality of 7
nmul ti-el enent probe; and 8

el enents of 9 the first multi-el enent 16/
I"mpedance i magi ng of a region of the body 12 conpri si ng:
14 el enent probe,

J3Be.

one side of the region with a first nulti-

first plurality of sensing 15 el enents;

16

a signal
10 11 62.

at at

electrifying fewer

13

sensing el ements of the second
measurin

| east some of the

A et hod of
contacting

conprising a

contacting a second side of

the region with a second 17 nulti-elenent probe, conprising a second
plurality of 18 sensing el enefgs; 19 receiving signals fromsaid
first and second nmulti- 20 el t probes in response to a stinulus; and 21
conbining the signals received_flomboth probes to 22 |ocate objects

within the region. 23 24 63.} A nefthod for guidance in the placenent of
an el ongate 25 elenment in a fegipnjof a subject conprising: 26 (a)
I nserting the el ongat ' TTSSUE, T Sar o2 T et eeTtTTeudiing a
plurality of inpedanqe neasur|ng sefsing
|
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28 el ement t hereon; 29 (b) measuring the inpedance between the

plurality of 30 sensing elenents and an electrode in contact with the 31

subj ect ; anqwﬁ (c) guiding the -elenent to a desired position having
[

33 defined properties in response to nmeasurenents Ofpctrsesingis

| npedance made in (b). 35 36 64. A nethod according to claim63 and al so
i ncl udi ng; - 72 - WO 96/ 12439

PCT/ US95/ 06141 1 i magi ng the region of the subject including
the 2 elongate el enent and generating agi ge thereof; 3 receiving

t he i mage and the neasurenments of inped made in (b) and

superinposing a representation of the 5 i npedance neasurenents on the i mge
of the elongate elenent 6 and surrounding tissues; and 7 di spl ayi ng
sai d superinposed imges. 8 9 65. A nethod according to claim64 wherein
the outer 10 surface of the elongate elenent is formed with a matrix of 11
| npedance neasuring el enents each neasuring the tissue 12 inpedance in a
direction generally perpendicular to the 13 el enent %4 wherein the display
i ndi cates a guidinglé4.direction for the el ongate &5t based on the

| npedance 15 neasur S.
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16 17 66. A nethod according to any of clains 63-65 wherein the 18 el ongate
elenent is inserted into the body through a hole in 19 an array of
i,mpedance ph§B§a§%§£ents and including: 20 provi di ng a two-di nensi onal
i npedance i d on 21 signals received by the array; 22PCT/USISU61d1 NQ
the elongate element based on the two- 23 dinensional inmage; and 24
determ ning the desired depth of the elongate el enent 25 based on

i npedance signals received fromthe inpedance 26 neasuring el enents on the
el ongate elenment. 27 28 67. A nethod1ﬁg/2dyidance in the placenent of an

el ongate 29 elenent in portion of a patient conprising: 30 formng a
first two-dinmensional inpedance imge of at 31 least a part of said portion
froma given direction; 32 formng a second. two di nensional inpedance

imge of at 33 least a part of the portion using a nulti-elenent inpedance
34 probe placed at a known angle to the plane of the first 35 i mage; 36
inserting the elongate el enent between el enents of the

- 73 - WD 96/ 12439

PCT/ US95/ 06141 1 nulti-elenent probe; and 2 gui ding the el ongate
el ement to a point of inpedance 3 deviation at |east partially under the
gui dance of the first




*4 and second two dinensional images. 5 6 68. A nethod conprising: 7
provi di ng an i npedance neasur enent systemincluding a 8 nulti-element probe
attached to at |east one finger of an 9 exam ner; and 10 rovi di ng an
‘i ndi cati on WP %M ance generated on the 11 basis of S|gnalsrﬁgﬂﬁﬂﬁ@84gy
said el enents, whereby both a 12 tactile and inpedance indication of an
exam ned tissue are 13 simultaneously acquired. 14 15 69. A nethod for
i mproving the sensitivity of inpedance %} hpaglng conprising: 17
contacting tiss ith a milti-elenent] Agg contacting a
different portijon of tissue with at |east 19 one el ectrode; 20
exciting the at} | east one electrode with a pulsed 21 voltage; 22
measuring signdl s, responsive to said pulsed voltage at 23 at |east a
plurality of t el enents of the probe; 24 conputing the real and
I magi nary partsf of an admttance 25 represented by said vol tage and
signals for a pglurality of 26 frequencies at a plurality of said el enenfs;
and 27 chgosi ng | ongTfregugncy as a measurenent 28 frequengy
whi ch gives a lfjarge dilffferenge fqr saidﬁneasures 29 at different el emengs
of the probe. 3J0 31 0. A pethqd for ijdenti

i npedance 32 prjobe whifch forgs an i npedgnce rap ofN tigsue whdn pl aced jo 33
the surface thgreof, t++feet s arreng .ukedanée devit i fromthe
surroundi ngs, the net I SipArg—3sm ul

under|lying the frobe yhile the 3q probe |renai
the surface of {the

ti ssue
f%?nzg\:L”__xxuniff\vﬂth
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WD 96/ 12439 PCT/ US95/ 06141 1 tissue;
and 2 identifying as a non-artifact those inpedance 3 deviations
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si mul t aneousl y di spl ayi ng both a capacitance and a 34 conduct ance

map of the same region. 35 36 75. A nethod of displaying inpedance i nmagi ng
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21 identifying a deviation fromthe surroundings as a 22 suspected
cancer if at sone frequency |ess than about 10 kHz 23 both the capacitance
val ue and the conductance value are 24 higher than that of the

surroundi ngWo%®B2439 79. A nethod of identifyi ng a suspRCI/EsPsO6141
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identifying a deviation fromthe surroundings as a 31 suspected cancer if
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A method of differentiating a suspecte arcinoma from 36 a suspected
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(57) Abstract

A multi-clement probe for providing an electrical connection to a tissue surface comprising: a plurality of individual conductive
sensing elements (62), each having a front portion suitable for contact with the tissue surface, a plurality of conductive elements (51, 52)
providing an electrical connection to the respective individual sensing elements and a partition or spacing separating the individual sensing
elements such that when the individual probes contact the tissue surface they are substantially isolated from each other.




