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BREAST MARKER

PRIORITY

[0001] This application claims the benefit of priority to U.S. Provisional Patent

Application No. 60/853,633, filed October 23, 2006, which is incorporated by reference into

this application as if fully set forth herein.

BACKGROUND

[0002] It is often desirable to mark tissue with a marker so that it can later be

identified. For example, tissue may be sampled by performing a biopsy to remove a small

portion of the tissue. If the biopsy site is marked, the marker may later be used to guide a

doctor or health care professional in returning to the site of the biopsy, should further medical

procedures need to be performed at this site. For example, tissue (including small masses or

microcalcifications) is sometimes completely removed by procedures such as stereotactic

core biopsy. Often during these procedures, a metal clip is employed through the biopsy

needle to mark the target. Should another procedure be required in the same area (e.g. a

further excision or biopsy), the metal clip acts as a marker to aid in re-identification of the

target or target region. The marker may also be used to confirm that the biopsied site

matches the intended target.

[0003] Unfortunately, there are many problems with currently available markers such

as the metal clips mentioned above. In particular, markers such as metal clips may move (or

migrate) from the correct or initial position. Furthermore, the size and shape of these metal

clips or other markers is limited because they must typically fit within the small diameter of a

delivery needle. Finally, there may be problems identifying the marker once it has been

inserted.

[0004] Migration of tissue markers is a well-described phenomenon, which can cause

serious problems with patient treatment. Migration may occur immediately after insertion, or

it may occur some time after insertion, and may have many causes. One common cause of

clip migration occurs when the tissue (e.g., breast tissue) re-expands after compression or

pressure on the tissue is released, for example, when the biopsy procedure is completed. This

may be referred to as the "accordion effect." Markers may also be displaced after being

inserted into the tissue by formation of a hematoma, because the marker (particularly smaller

markers) may "float" within the hematoma.



[0005] Most currently available tissue markers are also limited to visualization (or

localization) by a single imaging modality. For example, metal clip markers may be

radioopaque and therefore visible by X-ray based modalities, but may not be visualized by

ultrasound or other modalities. Furthermore, imaging of a tissue marker may also be limited

by the size or shape of the marker, because the size and shape of most currently available

markers are constrained by the insertion mechanism. For example, markers that are inserted

through a biopsy needle generally have a cross-sectional dimension that is smaller than the

diameter of the biopsy needle even after they have been inserted into the body.

[0006] Exemplary tissue markers have been described in U.S. 6,228,055 to Foerster et

al, U.S. 6,261,243 to Burney et al, U.S. 6,350,244 to Fisher, U.S. 6,234,177 to Barsch, and

U.S. 6,371,904 to Sirimanne et al. Each of these references is incorporated in its entirety

herein. However, none of these devices adequately addresses all of the concerns described

above.

[0007] Applicants have recognized that it would be desirable to provide a relatively

large tissue marker that is deliverable in a smaller profile sheath, embodiments of which are

described herein along with methods of making same.

SUMMARY

[0008] Described herein are tissue markers, systems for marking tissue, and methods

of using tissue markers. In general, any of the tissue markers described herein may be used

to mark any appropriate tissue, including breast tissue.

[0009] Accordingly, in one embodiment, a tissue marker includes a body with a first

surface and a second surface and a plurality of coupling sites. The tissue marker also

includes a plurality of elongate members. At least one of the body and/or one or more of the

elongate members includes a remotely visible material. The first and second surfaces each

have a minor diameter and a major diameter, and the major diameter is larger than the minor

diameter. Each elongate member extends from a coupling site on at least one of the first and

second surfaces. One or more of the elongate members are configured to be positioned with

respect to the body in a delivery configuration and a deployed configuration. The deployed

configuration is different from the delivery configuration.



[0010] Also described herein are delivery systems. In one embodiment, a delivery

system includes a sheath having a lumen, a pusher element disposed in the lumen, and a

tissue marker disposed in the lumen distal of the pusher element. The tissue marker includes

a body having a first surface and a second surface and a plurality of coupling sites. The

tissue marker also includes a plurality of elongate members, and at least one of the body

and/or one or more of the elongate members includes a remotely visible material. The first

and second surfaces each have a minor diameter and a major diameter. The major diameter is

larger than the minor diameter. Each elongate member extends from a coupling site on at

least one of the first and second surfaces. One or more of the elongate members is configured

to be positioned with respect to the body in a delivery configuration and a deployed

configuration; the deployed configured is different from the delivery configuration.

[0011] Also described herein are methods of delivering a tissue marker to a tissue

site. In one embodiment, the method includes inserting a sheath (having a tissue marker

disposed in a delivery configuration therein) into a tissue site, and releasing the tissue marker

from the sheath. The tissue marker may have a body including a first surface and a second

surface and a plurality of coupling sites, and a plurality of elongate members, where each

elongate member extending from a coupling site on at least one of the first and second

surfaces. The first and second surfaces may have a minor diameter and a major diameter

(where the major diameter is larger than the minor diameter). One or more of the elongate

members may be configured to be positioned with respect to the body in a delivery

configuration and a deployed configuration, where the deployed configuration is different

from the delivery configuration. At least one of the body and/or one or more of the elongate

members includes a remotely visible material.

[0012] These and other embodiments, features and advantages will become more

apparent to those skilled in the art when taken with reference to the following more detailed

description of the invention in conjunction with the accompanying drawings that are first

briefly described.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIGS. IA and IB are perspective and side views of one embodiment of a

tissue marker.



[0014] FIGS. 2A-2C are perspective views of various exemplary tissue marker body

regions.

[0015] FIG. 2D is a top view of the body region of FIG. 2A.

[0016] FIG. 3A is a transparent perspective view of one embodiment of a body region

of a tissue marker.

[0017] FIG. 3B is a top view of one embodiment of a body region of a tissue marker.

[0018] FIG. 4 is a partial view of a tissue marker near a coupling site.

[0019] FIG. 5 is a perspective view of another embodiment of a tissue marker.

[0020] FIGS. 6A and 6B are side views of a tissue marker in a delivery configuration

and a deployed configuration, respectively.

[0021] FIG. 7 is a side view of one embodiment of a tissue maker delivery system.

DETAILED DESCRIPTION

[0022] The following detailed description should be read with reference to the

drawings, in which like elements in different drawings are identically numbered. The

drawings, which are not necessarily to scale, depict selected embodiments and are not

intended to limit the scope of the invention. The detailed description illustrates by way of

example, not by way of limitation, the principles of the invention. This description will

clearly enable one skilled in the art to make and use the invention, and describes several

embodiments, adaptations, variations, alternatives and uses of the invention, including what

is presently believed to be the best mode of carrying out the invention.

[0023] As used herein, the terms "about" or "approximately" for any numerical

values or ranges indicate a suitable dimensional tolerance that allows the part or collection of

components to function for its intended purpose as described herein. Also, as used herein, the

terms "patient", "host" and "subject" refer to any human or animal subject and are not

intended to limit the systems or methods to human use, although use of the subject invention

in a human patient represents a preferred embodiment.



[0024] The tissue marker described herein may include one or more members or

regions (e.g., body region, elongate members, coupling sites) made of a

bioabsorbable/bioresorbable material. One suitable bioabsorbable material can be one or

more of a metal alloy shown and described in U.S. Patent No. 6,287,332, or the metal alloy

shown and described in U.S. Patent Application Publication No. 2002/0004060, each of

which is incorporated by reference in its entirety into this application. Preferably, the

metallic bioabsorbable material is selected from a first group consisting essentially of:

magnesium, titanium, zirconium, niobium, tantalum, zinc, silicon, and combinations thereof.

Also provided are mixtures and alloys of metallic bioabsorbable materials, including those

selected from the first group. Various alloys of the materials in the first group can also be

used as a metallic bioabsorbable material, such as a zinc-titanium alloy, for example, as

discussed in U.S. Patent No. 6,287,332 to BoIz et al., which is incorporated by reference in its

entirety into this application. The physical properties of the alloy can be controlled by

selecting the metallic bioabsorbable material, or forming alloys of two or more metallic

bioabsorbable materials. For example, the percentage by weight of titanium can be in the

range of about 0.1% to about 1%, which can reduce the brittle quality of crystalline zinc.

Without being bound to theory, it is believed that the addition of titanium leads to the

formation of a ZnI 5 Ti phase. In another embodiment, gold can be added to the zinc-

titanium alloy at a percentage by weight of about 0.1% to about 2%, which is believed to

result in a further reduction of the grain size when the material cures and further improving

the tensile strength of the material.

[0025] In some embodiments, the metallic bioabsorbable material can be an alloy of

materials from the first group and a material selected from a second group consisting

essentially of: lithium, sodium, potassium, calcium, iron, manganese, and combinations

thereof. The metallic bioabsorbable material from the first group can form a protective oxide

or passivation coating upon exposure to blood or interstitial fluid. The material from the

second group is preferably soluble in blood or interstitial fluid to promote the dissolution of

the oxide coating. Also provided are mixtures and alloys of metallic bioabsorbable materials,

including those selected from the second group and combinations of materials from the first

group and the second group.

[0026] Briefly, the combination of metal materials can be a metal alloy, the selection

of the alloy constituents (as explained in detail below) serving to attain the prerequisite of



biocompatible decomposition. Consequently, the metal alloy may consist of a combination

of material that will decompose in the body comparatively rapidly while forming harmless

constituents. Such alloy may include a component A which covers itself with a protective

oxide coating. This component A is selected from one or several metals of the group of

magnesium, titanium, zirconium, niobium, tantalum, zinc, silicon, or combinations thereof.

For uniform dissolution of the mentioned oxide coat to be attained, a component B is added

to the alloy, possessing sufficient solubility in blood or interstitial fluid, such as lithium

sodium, potassium, calcium, iron or manganese. The corrosion rate is adjusted by way of the

composition so that gases, such as hydrogen, which evolve during the corrosion of lithium,

sodium, potassium, magnesium, calcium or zinc, dissolve physically and essentially not

forming any macroscopic gas bubbles. Other alloys can be utilized such as, for example,

alloy of lithium and magnesium in the ratio of about 60:40; a sodium-magnesium alloy; a

zinc-titanium alloy - the percentage by weight of which is in the range of about 0.1% to about

1% with the gold being optionally added at a percentage by weight of about 0.1% to about

2%. Further details relating to these metallic bioabsorbable materials are found in U.S.

Patent No. 6,287,332 to BoIz et al.

[0027] Other materials for one or more members of the tissue marker as described

herein can include biodegradable polymers including shape memory polymers, such as, for

example, polylactic acid, i.e., PLA, polyglycolic acid, i.e., PGA, polydioxanone, i.e., PDS,

polyhydroxybutyrate, i.e., PHB, polyhydroxyvalerate, i.e., PHV and copolymers or a

combination of PHB and PHV (available commercially as Biopol®), polycaprolactone

(available as Capronor®), polyanhydrides (aliphatic polyanhydrides in the back bone or side

chains or aromatic polyanhydrides with benzene in the side chain), polyorthoesters,

polyaminoacids (e.g., poly-L-lysine, polyglutamic acid), pseudo-polyaminoacids (e.g., with

back bone of polyaminoacids altered), polycyanocrylates, or polyphosphazenes.

[0028] As used herein, the term "bioresorbable" or "bioabsorbable" includes a

suitable biocompatible material, mixture of materials or partial components of materials

being degraded into other generally non-toxic materials by an agent present in biological

tissue (i.e., being bio-degradable via a suitable mechanism, such as, for example, hydrolysis)

or being removed by cellular activity (i.e., bioresorption, bioabsorption, or bioresorbable), by

bulk or surface degradation (i.e., bioerosion such as, for example, by utilizing a water

insoluble polymer that is soluble in water upon contact with biological tissue or fluid), or a



combination of one or more of the biodegradable, bioerodable, or bioresorbable material

noted above.

[0029] As mentioned above, the tissue markers described herein may be used to mark

any appropriate tissue. In particular, the tissue marker may be configured as a breast tissue

marker. For the sake of convenience, the description provided below is sectioned into a

description of tissue markers (including breast tissue markers), inserters for inserting a tissue

markers (including systems for inserting tissue markers), and methods of inserting and

visualizing these tissue markers. Features included in the description from any of the

sections below may be applied to any of the other sections. For example, features of the

tissue markers described herein may be applied to the systems and methods for using such

tissue markers.

[0030] In general, the tissue markers described herein include a body having one or

more coupling sites that couple to one or more elongate members. At least one region of

either the body and/or one or more elongate member may include a remotely visible material

that aids in visualization of the tissue marker. The tissue marker, and particularly an elongate

member of the tissue marker, may include one or more attachment members configured to

help secure the marker in the tissue. The tissue marker generally has a delivery configuration

and a deployed configuration, and may change from the delivery configuration (either

automatically or by some active mechanism) into the deployed configuration after being

inserted into a target tissue site.

[0031] FIGS. IA and IB illustrate one embodiment of a tissue marker. FIG. IA

shows a perspective view of a tissue marker. This tissue marker includes a body 101 (also

referred to as a body region) and a plurality of elongate members 103 attached to the body

region through attachment members 105. The body, elongate members, and attachment

region are described more fully below. FIG. IB shows a side view of the tissue marker

shown in FIG. IA.

[0032] The body of the tissue marker may form the core region of the marker. In

some embodiments the body is a constant shape. In other embodiments, the body may

change shape (e.g., between a deployed and a delivery configuration). The body of the tissue

markers described herein may have any appropriate shape, but particularly shapes having at

least a first surface and a second surface, where the first and second surfaces have a major



diameter and a minor diameter. As used herein, the "surfaces" of the body may be any

appropriate surfaces. For example a surface of the body of the tissue marker may include flat

or curved surfaces, and include smooth or irregular (e.g., rough) surfaces, continuous or

interrupted surfaces, stiff or flexible surfaces, or the like. As used herein, the term

"diameter" may mean the distance across a surface. A diameter, including a major or minor

diameter, may be measured across a surface in a straight or a curved line. In general, the

major diameter of a surface is the largest diameter across the surface, and the minor diameter

of the surface is the smallest diameter measured across the surface. The major diameter of

the surface of a tissue marker is typically larger than the minor diameter of the surface off a

tissue marker. For example, in one embodiment, the length of the major diameter may be

approximately l.lx, 1.2x, 1.5x, 2x, 3x, 4x, 5x, 10x, etc. the length of the minor diameter. In

some embodiments, the major and minor diameter may be approximately equivalent to one

another. Although the three-dimensional shape of a surface of the tissue marker body may

change (e.g., the tissue marker body may bend or flex), the major and/or minor diameters

may remain relatively the same. In some embodiments, the major and minor diameter of the

tissue marker body may change.

[0033] As mentioned, a surface of the body of the breast marker may be planar (e.g.,

flat) or curved. The surface may be generally oval, triangular, rectangular, polyhedral, or

some combination of these shapes. In general, the body of the breast measurement device

comprises at least two surfaces which may connect to each other directly (e.g., at an edge) or

may be connected via one or more side walls. For example, the body of a breast marker may

have a generally flattened oval shape having a first (e.g., upper) surface and a second (e.g.,

lower) surface. In some embodiments the fist and second surfaces do not meet at a defined

edge.

[0034] In general, the body of the breast marker includes at least two surfaces, and

these surfaces may be part of the overall structure of the breast marker body. For example,

the body a may be generally flattened (e.g., disk-shaped or the like), or rounded. In some

embodiments, the body may be flexible so that the shape of the body may change. For

example, the body may have an expanded or relaxed deployed configuration and a

compressed delivery configuration. In one embodiment, at least a portion of the body is

made of a flexible material that can be bent to permit the body or tissue marker to assume a

delivery configuration that has a smaller profile than a relaxed (unbent) or deployed



configuration, as described in further detail below. Although many of the embodiments of

the tissue marker body described herein are solid shapes, other shapes may be useful as body

shapes. For example, the body may be a scaffold, or may include connecting regions that

help connect different regions of the body.

[0035] The body of the tissue marker may be made of any appropriate material, or

combination of materials, particularly including the metal and polymeric materials (e.g., the

bioabsorbable/bioresorbable material) described above. The body may be made of a single

material or combination of materials, or it may have different regions that comprise different

materials. In some embodiments, one or more surfaces of the tissue marker body may be

coated or partially coated with a material that aids in delivery of the device. For example, the

body may have a lubricious coating. Other coatings may include bioactive coatings (e.g.,

drug eluting coatings, coatings to encourage or inhibit tissue ingrowth, or the like),

visualization coatings (e.g., radiopaque coatings, florescent coatings, etc.), protective coatings

(e.g., wax coatings, polymeric coatings, etc.). The tissue marker body may also include

regions comprising materials that are bioactive (e.g., configured to be released from the tissue

marker over time), or for visualization. For example, the tissue marker may include one or

more internal regions (e.g., a core) made of any material that may be visualized remotely,

after the tissue marker has been implanted in to body, or to help visualize the tissue marker

after it has been implanted.

[0036] FIGS. 2A-2C illustrate different exemplary tissue marker bodies. The

exemplary body region shown in FIG. 2A has a first (upper) surface 202 and a second (lower)

surface (not visible in FIG. 2A). A side wall region 205 connects the first and second

surface. The first and second surface are both oval in shape, as can be seen in FIG. 2D,

which shows a top view of this embodiment of a tissue marker body region. In FIG. 2A, the

perimeter of the first and second surfaces both form oval shapes. In other variations, the

perimeter of these surfaces may have different shapes. Furthermore, the first and second

surfaces may also have different contours. For example, the first surface may be planar (flat)

and the second surface may be curved. The first 202 and second surfaces of the body region

in FIG. 2A are separated from each other by the thickness of the side wall 205. The side wall

may be any appropriate thickness, though in some embodiments, the side wall is thin, or

absent. In some variations, the side wall material is approximately 0.025 mm to 3 mm thick,

allowing an 8G biopsy needle (having an inner diameter of approximately 3.4 mm) to fit



inside. For example, the embodiment of the body region of a tissue marker shown in FIG. 2B

comprises only a first and second surface, and does not include an additional side wall

surface.

[0037] In FIG. 2B, the first 212 and second 213 surfaces are both shown as curved

surfaces, and the perimeter of these surfaces meet to form an edge 217. In Fig. 2B the

perimeter of the first 212 and second 213 surfaces form an oval having a major (long) and a

minor (short) axis. As mentioned, the first and second surfaces may have any appropriate

shape. For example, FIG. 2C shows an example of a body region having a first 232 and

second surface that are rectangular, with a major (e.g., long) axis and a minor (e.g., short)

axis. The rectangular surfaces of FIG. 2C are generally parallel and are separated from each

other by a side wall 215.

[0038] The first and second surfaces may have any appropriate dimensions, although

they generally include a major diameter and a minor diameter, as mentioned. FIG. 2D shows

a top view of the body region shown in FIG. 2A. Lines 224 and 225 indicate the major, or

long, axis and the minor, or short, axis. The major axis is generally longer than the minor

axis, as mentioned above. Although all of the examples shown herein have body regions

with first and second surfaces that are substantially parallel, the first and second surfaces may

also be non-parallel, including perpendicular surfaces. In some variations, the minor

diameter is between about 2 mm to about 3 mm. In some variations, the major diameter is

between about 2 mm to about 15 mm

[0039] Elongate members are generally coupled to the body of the tissue marker

though one or more coupling sites. A coupling site links one or more elongate members to

the body of the tissue marker, and the elongate member may be movably or rigidly coupled.

Any appropriate coupling site may be used. A coupling site may be present on any part of

the body region, such as the first and/or second surfaces, or the sidewall. In some

embodiments, a coupling site is present on the first surface. For example a coupling site may

be a mount that is attached to the first surface into which an elongate member is received. In

some embodiments, the coupling site is a pit or socket in a surface of the body into which the

elongate member engages. In other embodiments, a coupling site comprises a hole passing

through (or in communication with) two or more surfaces of the body region. In this

embodiment, an elongate member may pass completely through the coupling site, and the



elongate member may project from both the first and the second surfaces of the body of the

tissue marker.

[0040] As mentioned, a coupling site may movably couple the elongate member to

the body region of the tissue marker. For example, a coupling site may attach to an elongate

member so that the elongate member can bend, slide and/or twist with respect to the body

region of the tissue marker. In some embodiments, the coupling site includes one or more

hinges that permit an elongate member to move. For example, one or more elongate regions

may be attached to a hinge portion of a coupling site, and a complementary portion of the

hinge maybe attached to the body, permitting the elongate member to move with respect to

the body. The coupling site may also include a pin or lock to secure the elongate member

within the coupling site and prevent or inhibit movement. In some embodiments, the

coupling site may include a shape-memory mount to couple one or more elongate members to

a surface of the body of the tissue marker. In this embodiment the position of the elongate

member with respect to the body region maybe changed based on the configuration of the

shape-memory alloy.

[0041] Returning now to FIGS. IA and IB, coupling sites 105 are shown as holes

passing thought the aligned first and second surfaces of the body region 101. Thus, elongate

members 103 project through the body region 101 by passing through the coupling sites 105.

Although a single elongate member 103 is shown linked to a single coupling site, it should be

understood that multiple elongate members may be linked to a single coupling site. Although

a coupling site may permit movement of an elongate member relative to the body region,

coupling sites typically prevent the elongate member from de-coupling with the body region

(e.g., and separate from the tissue marker). In the embodiment shown in FIGS. IA and IB,

the elongate member is fixed to the body region of the tissue marker. For example, an

elongate member may be friction fit within the body region. An adhesive, pin, clamp, or

holdfast may be used to secure an elongate member within a coupling site. In some

embodiments, the coupling site comprises a threaded portion into which an elongate member

screws. A coupling site may also movably couple an elongate member to a body region. For

example, a coupling site may comprise a hinge, axel, pin, track, or the like, through which an

elongate member may move.

[0042] The exemplary body regions shown in FIGS. 2A-2D also include coupling

sites 220. In FIGS. 2A-2D, these coupling sites are shown as holes through the first and



second surfaces of the body region. As mentioned above, a coupling site is not limited to a

hole or passage through the body region of the tissue marker. For example, a coupling site

may be a mount that attaches to the body region and projects from a surface to couple to an

elongate member. Of course a mount may also be recessed within the surface (or partly

within the surface). In some embodiments, the coupling site includes a region that mates

with at least one region of an elongate member. For example, the coupling site may include a

male region (e.g., a pin, axel, hinge, pivot, etc.) that mates with a female region (e.g., hole,

groove, pit, etc.) on the elongate member, or a female region of the coupling site may mate

with a male region of the elongate member.

[0043] Although the majority of examples of coupling sites provided herein describe

mostly mechanical couplings, a coupling site may also non-mechanically couple an elongate

member to the body of the tissue marker. For example, the coupling site may magnetically

couple one or more elongate members to the body of the tissue marker. In some

embodiments, the coupling site includes both mechanical and electrical and/or magnetic

components.

[0044] FIG. 3A shows one embodiment of a coupling site 220 comprising a

passageway through the body of a tissue marker. Three coupling sites are shown in FIG. 3A.

Each coupling site extends from a first (e.g., upper) surface 302 of the body of the tissue

marker through the body, and to a second (e.g., lower) surface 304 that is aligned with the

first surface. The coupling site has an inner wall with a convex profile as it passes from the

first to the second surface. An elongate member may be secured within the coupling site by

having a narrow diameter region (surrounded by wider diameter regions) on its length that

fits through the constricted inner region of the coupling site. In this example, the profile of

the passageway of the coupling site may allow an elongate member to pivot within the

coupling site with respect to the body region of the tissue marker.

[0045] In some embodiments, the coupling site also includes one or more joint

members. A joint member may help secure an elongate member to the coupling site. In

some embodiments, the joint member is an elastomeric or compressible material that permits

the elongate member to move with respect to the body. Examples of elastomeric materials

may include (but are not limited to) silicones, latex, rubbers, thermoplastic elastomers

(TPE's) such as styrene-ethylene/butylene-styrene block copolymers (SEBS)-based TPE's

(such as C-Flex), polysiloxane modified SEBS and their associated families,



polyvinylchloride (PVC), cross-linked polyolefins such as polyethylene, and various

polyurethanes. Elastomeric materials may also be compressible materials, and may also

include foams, gels, and the like.

[0046] FIG. 3B shows a body region of a tissue marker having five coupling sites

220. Each coupling site 220 includes a joint member 301. In this example, the coupling site

includes a passage between two surfaces of the body of the tissue marker. This passage has

an oval cross-section, and the joint member abuts the walls of the passage, and forms a

passageway through the body into which an elongate member may pass. In this embodiment,

the coupling site and is configured so that an elongate member coupled to the coupling site

can move (e.g., relative to the body) preferentially in one direction. In particular, an elongate

member passing though the coupling site 220 can move preferentially in the direction formed

by the long axis of the elliptical cross-section of the coupling site. In operation, the elongate

member couple compresses the joint member against the body, since the joint member is at

least somewhat compressible.

[0047] FIG. 4 illustrates one embodiment of a coupling site 220, showing an elongate

member 401 coupled to a portion of a body region 420 of a tissue marker. The coupling

region show in FIG. 4 includes a joint member 403. In this embodiment the coupling site 220

forms a passageway through the body between the first surface 440 and the second surface

450. The coupling site is shown as a circular passageway, lined by a joint member. The joint

member 403 is an elastomeric material between the body region of the tissue marker and the

elongate member 401. Thus, the elongate member may bend with respect to the body region

by compressing the joint member 403, as indicated by the arrows 425, 425'.

[0048] In general, a coupling site may be located in any appropriate portion of the

body of a tissue marker, and any appropriate number of coupling sites could be used. For

example, in FIG. 3B, five coupling sites are shown, and these coupling sites are located along

the periphery of the body as well as through a central region. In FIG. 3B, the coupling sites

extend through the aligned (e.g., approximately parallel) first and second surfaces of the body

of the tissue marker. As mentioned above, the coupling site may couple and elongate

member to only one surface (e.g., the first or second surface) of the body region. Thus,

coupling sites may not be symmetrically arranged across the body of the tissue marker.



[0049] One or more elongate members typically extend from the body region of the

tissue marker and are coupled to the body region through coupling sites. An elongate

member may have any appropriate length, curvature and cross-section. For example, the

elongate member may have a circular cross-section, a tear-drop cross section, and oval cross-

section, a polyhedral cross-section, or some combination thereof. In some embodiments the

elongate member is bifurcated (e.g., branches). An elongate member may be straight or

curved, and may have a uniform cross-section along its length, or the cross section may vary

along the length. In some embodiments, the elongate member tapers as it extends from the

body of the tissue marker. The elongate member may be solid, porous, tubular, or some

combination thereof. As described above, an elongate member may be made of any

appropriate material, preferably biocompatible materials including metals, polymers,

ceramics, or some combination of materials. In addition, an elongate member may also

include one or more bioactive materials (e.g., drugs, enzymes, etc), including bioactive

materials to aid in wound healing, tissue ingrowth, or the like. Finally, as described in more

detail below, the elongate members may include a material to help aid in visualizing the

tissue marker.

[0050] Although many of the examples shown herein describe tissue markers having

a plurality of elongate members, a tissue marker may have any number of elongate members,

including a single elongate member. In some variations, the tissue marker includes more than

one elongate member (e.g., 2, 3, 4, 5, 6, 7, etc.). As described herein, a single elongate

member may extend through the body region and project from both sides, or the body region

may include two or more elongate members that extend from the body region (and appear to

pass through the body region).

[0051] Returning now to the tissue marker 100 shown in FIGS. IA and IB, four

elongate members 103 are shown extending from the body region 101. In this embodiment

the elongate member extends symmetrically from the body region by passing through the

body so that they project from both the first and second surfaces. The elongate members 103

are shown as curved, extending generally away from the body region 101 in this (e.g.,

deployed) configuration. Thus, each elongate member is shown as a curved cylindrical

member having a tapered distal end. In other embodiments, the elongate members do not

pass through the body of the tissue marker, but may project only from one side, or do not

symmetrically project from the body region.



[0052] An elongate member may also include one or more tissue engagement regions

or attachment members. Examples of different attachment members include hooks, loops,

suckers, barbs, pores, and the like. Attachment members may be located along any portion of

the elongate member and may help secure the tissue marker in the tissue. In some

embodiments, attachment members are located at a distal portion of the elongate member

(e.g., distal from the body region). More than one attachment member may be present on an

elongate member. For example, in one embodiment an elongate member includes attachment

members configured as barbs along the length of the elongate member, extending from the

body region of the tissue marker to the distal tip. In one variation, the attachment member is

a hook. For example, the elongate member may have a hook at its distal end.

[0053] FIG. 5 shows another embodiment of a tissue marker 500 having elongate

members 501 with attachment members 503 (shown here as barbs) at the distal ends of each

elongate member. The elongate members 501 in FIG. 5 are also curved; however it should be

understood that (in general) elongate members may be straight, or bent instead of (or in

addition to) being curved. Furthermore, the direction of any curve or bend may be different

from that shown in FIGS. IA, IB and 5. For example, in some embodiments, the elongate

members curve or bend inwards. In some embodiments, the elongate members may extend in

a generally first direction and then in a different generally second direction.

[0054] A tissue marker may include more than one elongate member, and any of the

elongate members included as part of the tissue marker may have different properties. For

example, different elongate members of a tissue marker may have different lengths or

curvatures. Furthermore, as mentioned above, the position and relationship of the elongate

members with respect to the body region of the tissue marker may be configured to change.

For example, the elongate members may be configured to bend with respect to the body

region.

[0055] As previously described, a coupling site may allow an elongate member to

move with respect to the body region. Furthermore, an elongate member may itself bend or

flex. In some embodiments, the elongate member is made of a material that permits such

movement. For example, the elongate member may be made of a material that permits it to

change shape from a an initial configuration (and preferably later to return to the initial

configuration). Thus, the elongate member may be made (at least in part) of a shape-memory



alloy, or an elastomeric material, or the like. In some embodiments the elongate member

comprises a hinged joint region.

[0056] The tissue markers described herein may therefore have more then one

configuration, including a deployed configuration and a delivery configuration. In general a

deployed configuration is the configuration that a tissue marker assumes when it is relaxed

(e.g., when there are no substantial net forces acting upon the tissue marker or regions of the

tissue marker) and/or when the tissue marker is released into a tissue. A delivery

configuration is the configuration that the device assumes when the tissue marker is

compressed into a smaller-profile shape (e.g., for insertion into tissue). Typically, the

deployed configuration of a tissue marker allows engagement of the tissue marker with any

surrounding tissue. Thus, in a deployed configuration the elongated members of a tissue

marker are expanded, extending from the central region of the tissue marker (in some

embodiments, the body region of the marker) to stably contact tissue.

[0057] A tissue marker may have multiple delivery and/or deployed configurations,

since there may be numerous ways to configure (and/or compress) any particular tissue

marker. In some embodiments, the tissue marker is configured to be inserted into tissue

through a tubular (e.g., needle) inserter, and therefore the delivery configuration is

compatible with a tubular inserter. As described briefly above, any region of the tissue

marker, including the elongate members and body region, may be configured to change shape

from a deployed configuration into delivery configuration (and vice versa). For example, the

body of the tissue marker may be configured to bend or curl and more readily fit within a

cannula, catheter, sheath or other device utilized for delivery. In some embodiments, the

tissue marker may be compressed from a deployed configuration into a delivery

configuration. A tissue marker may also have more than one delivery configuration, or more

than one deployed configuration. In some embodiments, the tissue marker changes between

a delivery and a deployed configuration by moving the elongate members with respect to the

body. The in some embodiments, the body region does not substantially change shape. For

example, the elongate members may bend (or the coupling sites to which they are attached

may move), while the body remains relatively fixed.

[0058] FIGS. 6A and 6B illustrate a tissue marker in a delivery and a deployed

configuration, respectively. In FIG. 6A the tissue marker is shown in a delivery

configuration within a cannula 601. In this example, the elongate members 640 extend



approximately parallel to the walls of the cannula 601, and the body region 635 is angled so

that it more easily fits within the cannula. The body region 635 in this example is generally

longer than it is wide (e.g., it forms an oval or rectangular shape having a first and second

surface each with a major diameter that is larger than a minor diameter), so that tilting the

body region may pass through the opening of the cannula. The cannula may be part of a

storage or delivery device (as described in detail below). In FIG. 6B, the tissue marker is

shown in a deployed configuration, in which the legs 640 extend fully from each other and

from the body region 635.

[0059] A tissue marker may be implanted into a tissue so that it can be visualized

within and mark a location within the tissue. Thus, any of the tissue markers described herein

may include one or more remotely visible materials allowing them to be visualized once they

have been inserted into the tissue. In some embodiments, the shape or texture of all or a

portion of the tissue marker may aid in remotely visualizing the marker. Furthermore, in

some embodiments, the tissue marker may include an active signaling component for

transmitting a signal from the tissue marker to a remote receiving device. Examples of

methods of remotely visualizing a tissue marker may include (but are not limited to) x-ray

based scanning techniques (e.g., fluoroscopy, angiography, CT Scanning, etc.), radiation-

based scanning (e.g., PET/SPCT, NMR), magnetic-based scanning (MRI), sound-based

scanning techniques (e.g., ultrasound), and the like.

[0060] For example, in some embodiments all or a portion of the tissue marker may

include a radiopaque material that is remotely visible (e.g., particularly during x-ray or

radiation-based scans). Radiopaque materials are well-known, and include many

biocompatible metals, compounds and polymers. For example, metals such as gold, titanium,

and compounds containing barium sulfate, bismuth, and tungsten have all been used as

radiopaque materials. In some embodiments, all or a portion of the tissue marker may

include a ferromagnetic or paramagnetic material (e.g., an iron oxide), that is visible using

magnetic-based scanning (e.g., MRI). In some embodiments, the tissue marker comprises a

non-ferromagnetic metal or material that is MRI compatible. Materials having a high

ultrasound reflectivity may generally be visualized using ultrasound. Materials having a high

contrast of acoustic impedance reflect and scatter ultrasonic energy. An example of such a

material includes a material having gas-filled internal pores, or other materials having regions

of discontinuous acoustic reflectivity.



[0061] Many of the tissue markers described herein may be visualized using more

than one visualization modality. Thus, a single tissue marker may include more than one

remotely visible material, or a remotely visible material that can be visualized under different

modalities (for example, a material that is both radiopaque and ferromagnetic). Furthermore,

an active signaling component may also be included as part of the tissue marker to transmit a

signal from the tissue marker to be detected by a remote receiving device. For example, the

tissue marker may include a miniaturized RF transmitter, a piezoelectric transmitter, or other

signal transmitter. The signal may act as a beacon (e.g., indicating location) or may encode

information about the surroundings or status of the tissue marker.

[0062] In general, a remotely visible material may be included in any portion of the

tissue marker. For example, the remotely visible material may be included in the body (or a

portion of the body) of the marker, or in one or more of the elongated members coupled to

the body or in a coupling site or in a region attached to one of these sites. In some

embodiments, the entire tissue marker is remotely visible under one or more of the modalities

described above.

[0063] Any of the tissue markers described herein may be inserted into tissue using a

delivery device or system. In general, a delivery device includes a sheath in which the tissue

marker may be positioned. As described briefly above, the tissue marker can be positioned

within the sheath or other region of the delivery device in a delivery configuration. The

delivery device may also include a delivery actuator for controllably propelling the tissue

marker from the sheath and into a tissue. Thus, a delivery system may include a delivery

device (including a sheath and a delivery actuator) and one or more tissue markers. The

tissue marker is preferably pre-loaded into the sheath of the delivery device. The sheath of a

delivery device may be, for example, a cannula, or a region connectable to a cannula. In

some embodiments, a tube or cannula is preferred, because it can be readily inserted into

tissue before releasing the marker into the tissue. For example, the delivery device may be

part of a biopsy needle, or may be used in conjunction with a biopsy needle. The tissue

marker may then be pre-loaded into the lumen of the cannula so that it can be expelled

through the lumen and into the tissue. In some embodiments, the delivery actuator is also in

communication with the lumen of the cannula where the tissue marker has been loaded.

[0064] FIG. 7 shows one embodiment of a tissue maker delivery system. In FIG. 7 a

sheath (shown as a tube or cannula) 703 is loaded with a tissue marker 701 in a delivery



configuration, and a delivery actuator (shown as a pusher element 705) is positioned to push

the tissue marker through the lumen of the sheath and into the tissue. The pusher element

705 in this example is configured as a piston, having a piston head 707, and a piston arm 709,

and is shown immediately distal to the loaded tissue marker. In general, a pusher element

may be any physical actuator configured to push a tissue marker from the sheath. When the

distal end of the sheath has been positioned appropriately for delivery of the tissue marker,

the piston arm portion of the pusher element may be moved to expel the tissue marker from

the sheath. Thus, the pusher element may be manipulated by a medical professional acting

from the proximal (e.g., external) end of the delivery device and thereby implant the tissue

marker. Pushing the pusher element distally may cause the piston head to push the tissue

marker from the lumen of the sheath.

[0065] A delivery actuator typically acts to apply force to expel the tissue marker

from the sheath of the delivery device and into the tissue. Thus, the delivery actuator may

push or pull the tissue marker from the sheath into the tissue by any appropriate means. In

addition to the plunger-type delivery actuator illustrated in FIG. 7, other types of delivery

actuators may be used. Other examples of actuators include other mechanical actuators (e.g.,

pullers, sliders, etc.), pneumatic or hydraulic (e.g. pressure) actuators, magnetic actuators, or

the like. For example, a pneumatic or hydraulic actuator may act by inflating a balloon to

expel a tissue marker.

[0066] The tissue markers and/or delivery systems described herein may also be

sterilized (or sterilizable) and packaged for use. In some embodiments, the tissue markers are

packaged for single-use, in disposable sterile packaging. An entire delivery system

(including a sheath, pre-loaded tissue marker and actuator such as a pusher element) may

therefore be packaged for single use. In some embodiments, the delivery sheath and pusher

element may be re-used with another tissue marker. The tissue marker may also be packaged

with instructions. In some embodiments the maker is coded with an identifier (e.g., a

numeric, alphanumeric, bar code, etc.). The identifier may indicate the manufacturing date,

location of manufacturing, patient or procedure information, or any other appropriate

information.

[0067] Although the delivery devices described above are well adapted for use with

the tissue markers described herein, it should be understood that they may be used with any

appropriate tissue marker, and are not limited to those described herein.



[0068] In operation, the tissue markers described herein may be inserted into a tissue

by inserting the tissue marker into the tissue in the delivery configuration, and expelling the

tissue marker from into the tissue so that it assumes a deployed configuration. Thus, a tissue

marker delivery system as described above may be used to implant a tissue marker.

[0069] For example, using a tissue marker delivery system such as that shown in FIG.

7, the sheath of the delivery system is loaded with a tissue marker. The lumen of the delivery

system sheath may be continuous with the lumen of a cannula (e.g., needle). A doctor, or

other medical professional, typically positions the distal tip of this cannula within the tissue

in the location where it is desirable to mark the tissue. For example, during a breast tissue

biopsy, it may be desirable to mark the breast tissue at the location where the biopsy

occurred. After removing a biopsy (e.g., a portion of the breast tissue), the medical

professional positions the distal tip of a delivery device cannula at the site of the biopsy (or

adjacent to the site) and applies force to expel the tissue marker from the sheath of the

delivery device. In the embodiment described in FIG. 7, the medical professional pushes the

pusher element so that the tissue marker is expelled. The tissue marker slides thorough the

lumen of the sheath in the compressed delivery configuration. Once it is released from the

sheath, the tissue marker expands into its deployed configuration, and embeds into the tissue.

[0070] In some embodiments, the conversion between the delivery and deployed

configuration occurs because the internal energy (e.g., arising from the spring constant)

stored by the tissue marker in the delivery configuration. Thus, the energy stored by

compressing the tissue implant is released by allowing the tissue marker to expand back into

a deployed configuration, once the restraining force (e.g., from the walls of the sheath or

cannula) on the device is lessened or released. In some embodiments, the change in

configuration may be due to shape-memory effects resulting from a martensite

transformation. This transformation may be triggered by the change in temperature (e.g.,

raising the temperature from the delivery device to body temperature) after inserting the

tissue marker into the tissue.

[0071] Multiple tissue markers may be inserted into the same site, or a single tissue

marker may be inserted. Tissue markers may be inserted into different regions (including

adjacent regions). Although the insertion method described above is specific to insertion via

a delivery device having a cannula, it should be understood that other delivery devices may

be used. For example, a catheter-based delivery device could also be used.



[0072] In some embodiments, multiple markers may be loaded in to the delivery

system. Thus, the delivery system may be configured to hold and deliver multiple tissue

markers. For example, markers may be loaded sequentially into a delivery system or in

parallel. When multiple tissue markers are loaded into a delivery system a single actuator

may be used to delivery one or more marker at a time. In some variations, multiple actuators

loaded in parallel may be delivered by separate actuators. Any appropriate number of

actuators may be preloaded into a delivery system. Tissue markers may be tethered to each

other. For example, tissue markers may be tethered to one or more other tissue markers by a

flexible, biocompatible (and/or biodegradable) material, as described above. In one variation,

tissue markers are tethered to each other using a surgical suturing material (e.g.,

Poliglecaprone, Polyglactin, Polyglycolic acid, Polydioxanone, catgut, silk, polyester,

stainless steel, polypropylene, polyethylene, etc.).

[0073] Once the device has been released into the tissue, the delivery cannula can be

removed from the tissue, and the tissue closed off to prevent infection or contamination.

Because the tissue marker can be remotely visualized, the insertion procedure can be

visualized (e.g., using fluoroscopy or other visualization methods). Once the tissue marker

has been inserted, it can be repeatedly visualized remotely using an appropriate or compatible

visualization method. Visualization of the tissue marker may be done using the standard

methods for visualizing tissue by the appropriate visualization method.

[0074] This invention has been described and specific examples of the invention have

been portrayed. While the invention has been described in terms of particular embodiments

and illustrative figures, those of ordinary skill in the art will recognize that the invention is

not limited to the embodiments or figures described. In addition, where methods and steps

described above indicate certain events occurring in certain order, those of ordinary skill in

the art will recognize that the ordering of certain steps may be modified and that such

modifications are in accordance with the variations of the invention. Additionally, certain of

the steps may be performed concurrently in a parallel process when possible, as well as

performed sequentially as described above. Therefore, to the extent there are variations of

the invention, which are within the spirit of the disclosure or equivalent to the inventions

found in the claims, it is the intent that this patent will cover those variations as well. Finally,

all publications and patent applications cited in this specification are herein incorporated by



reference in their entirety as if each individual publication or patent application were

specifically and individually put forth herein.



CLAIMS

What is claimed is:

1. A tissue marker, comprising:

a body including a first surface and a second surface, the first and

second surfaces each having a minor diameter and a major

diameter larger than the minor diameter and a plurality of

coupling sites; and

a plurality of elongate members, each elongate member extending from

a coupling site on at least one of the first and second surfaces,

one or more of the elongate members configured to be

positioned with respect to the body in a delivery configuration

and a deployed configuration different from the delivery

configuration, at least one of the body and one or more of the

elongate members including a remotely visible material.

2. The tissue marker according to claim 1, wherein one or more of the

elongate members include an attachment member configured to engage bodily tissue in the

deployed configuration.

3. The tissue marker according to claim 2, wherein the attachment

member is positioned at an end of the one or more of the elongate members.

4. The tissue marker according to claim 1, wherein the first surface is

separated from and generally parallel to the second surface.

5. The tissue marker according to claim 1, wherein the first and second

surfaces have substantially equivalent minor and major diameters.

6. The tissue marker according to claim 5, wherein the first surface is

generally parallel to the second surface and the first and second surfaces are separated by a

side wall.

7. The tissue marker according to claim 6, wherein the side wall has a

height in the range of approximately 0.025 millimeters to approximately 3 millimeters.



8. The tissue marker according to claim 7, wherein the minor diameter is

in the range of approximately 2 millimeters to approximately 3 millimeters and the major

diameter is in the range of approximately 2 millimeters to approximately 15 millimeters.

9. The tissue marker according to claim 1, wherein the coupling sites

comprise openings in the first surface aligned with openings in the second surface.

10. The tissue marker according to claim 9, wherein the elongate members

are disposed in the openings.

11. The tissue marker according to claim 10, wherein each of the elongate

members have a first end extending from the first surface and a second end extending from

the second surface, at least one of the first and second ends of one or more elongate members

including an attachment member.

12. The tissue marker according to claim 11, wherein the attachment

member comprises a hook.

13. The tissue marker according to claim 12, wherein the hook is oriented

toward a central longitudinal axis of the marker in the delivery configuration.

14. The tissue marker according to claim 11, wherein the number of

elongate members is in the range of 2 to 20.

15. The tissue marker according to claim 10, further comprising a joint

member disposed in the openings, the elongate members coupled to the joint members.

16. The tissue marker according to claim 15, wherein the joint members

include an elastomeric material.

17. The tissue marker according to claim 1, wherein the elongate members

are positioned generally perpendicular to the body in the deployed configuration and

generally oblique to the body in the delivery configuration.

18. The tissue marker according to claim 17, wherein the body is

positioned generally oblique to a longitudinal axis of a delivery sheath in the delivery

configuration.



19. The tissue marker according to claim 1, wherein one or more of the

elongate members includes a shaft with a first radius of curvature.

20. The tissue marker according to claim 1, wherein the body is made of a

metallic or polymeric material.

21. The tissue marker according to claim 20, wherein the material is

bioresorbable.

22. The tissue marker according to claim 1, wherein the remotely visible

material is selected from the group consisting essentially of a radiopaque material, a

computed tomography (CT) visible material, a magnetic resonance imaging (MRI)

compatible material, including non-ferromagnetic metals, an ultrasound visible material,

including certain polymers, a bioresorbable material, an acoustically visible material, a shape

memory material, including Nitinol, and combinations thereof.

23. The tissue marker according to claim 1, wherein at least one of the

elongate members is made of a material different from the material of another of the elongate

members.

24. The tissue marker according to claim 1, wherein the elongate members

are made of essentially the same material, the body including a material different from the

material of the elongate members.

25. The tissue marker according to claim 1, wherein one or more of the

coupling sites includes a hinge.

26. The tissue marker according to claim 1, wherein the number of

elongate members extending from the coupling sites on the first surface is different from the

number of elongate members extending from the coupling sites on the second surface.

27. The tissue marker according to clam 1, wherein at least one of the first

and second surfaces are curved.

28. The tissue marker according to claim 27, wherein both first and second

surfaces are curved, a circumferential edge of the first surface connected to a circumferential

edge of the second surface.



29. A delivery system, comprising:

a sheath including a lumen;

a pusher element disposed in the lumen; and

a tissue marker disposed in the lumen distal of the pusher element, the

tissue marker comprising:

a body including a first surface and a second surface, the first

and second surfaces each having a minor diameter and a

major diameter larger than the minor diameter and a

plurality of coupling sites; and

a plurality of elongate members, each elongate member

extending from a coupling site on at least one of the

first and second surfaces, one or more of the elongate

members configured to be positioned with respect to the

body in a delivery configuration and a deployed

configuration different from the delivery configuration,

at least one of the body and one or more of the elongate

members including a remotely visible material.

30. The tissue marker according to claim 29, wherein the pusher element

comprises a piston.

31. The tissue marker according to claim 29, wherein the elongate

members are positioned generally perpendicular to the body in the deployed configuration

and generally oblique to the body in the delivery configuration.

32. The tissue marker according to claim 31, wherein the body is

positioned generally oblique to a longitudinal axis of the sheath in the delivery configuration.

33. The tissue marker according to claim 29, wherein the body is made of

a metallic or polymeric material.

34. The tissue marker according to claim 29, wherein at least one of the

elongate members is made of a material different from the material of another of the elongate

members.



35. The tissue marker according to claim 29, wherein the elongate

members are made of essentially the same material, the body including a material different

from the material of the elongate members.

36. The tissue marker according to claim 29, wherein the remotely visible

material is selected from the group consisting essentially of a radiopaque material, a

computed tomography (CT) visible material, a magnetic resonance imaging (MRI)

compatible material, including non-ferromagnetic metals, an ultrasound visible material,

including certain polymers, a bioresorbable material, an acoustically visible material, a shape

memory material, including Nitinol, and combinations thereof.

37. A method of delivering a tissue marker to a tissue site, comprising:

inserting a sheath, including a tissue marker disposed in a delivery

configuration therein, into a tissue site, the tissue marker

comprising:

a body including a first surface and a second surface, the first

and second surfaces each having a minor diameter and a

major diameter larger than the minor diameter and a

plurality of coupling sites; and

a plurality of elongate members, each elongate member

extending from a coupling site on at least one of the

first and second surfaces, one or more of the elongate

members configured to be positioned with respect to the

body in a delivery configuration and a deployed

configuration different from the delivery configuration,

at least one of the body and one or more of the elongate

members including a remotely visible material; and

releasing the tissue marker from the sheath.

38. The method according to claim 37, further comprising remotely

visualizing the tissue marker via a visualization modality selected from the group consisting

essentially of radiation, computed tomography (CT), magnetic resonance imaging (MRI),

ultrasound, acoustics, and combinations thereof.



39. The method according to claim 37, wherein the releasing includes

applying force to a pusher disposed in the sheath proximal of the tissue marker to push the

tissue marker out of a distal end of the sheath.








	front-page
	description
	claims
	drawings

