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OBTAINING A TISSUE SAMPLE

TECHNICAL FIELD

The present invention generally relates to obtaining samples of tissue.

BACKGROUND INFORMATION -

Biopsy is a medical diagnostic test used to determine the structure and
composition of tissues or cells. In particular, cells or living tissues are sampled from
an organ or other body part and are examined under microscope. For example, if an
abnormality is found, a biopsy can be performed to determine the exact nature of the
suspected abnormality. For example, a physician may perform a biopsy as part of
cancer diagnosis in order to determine whether an area of concern is malignant

(cancerous) or benign (not cancerous).

Biopsies can be performed on a number of organs, tissues, and body sites. A
bone biopsy may be performed if the patient experiences bone pain and/or
demonstrates other indicators of bone cancer. A bone marrow biopsy may be
performed for individuals with abnormal blood counts. A breast biopsy is performed
to confirm if a lesion is benign or malignant. A cervical biopsy is often performed to
diagnose cervical diseases such as cervical cancer. Joint biopsy can be used to
diagnose gout, pseudogout, bacterial infections, lupus, rheumatoid arthritis or Reiter's
disease. Kidney biopsy can be performed to diagnose a long list of disorders
including glomerulonrphritis, systemic lupus erythematosus, Wilms' tumour and renal
cell cancer, and may be performed if blood is found in the urine, if there is excessive
protein in the urine, and in cases of impaired kidney function which causes excessive
waste products in the blood. Liver biopsy may help identify liver disorders and
diagnose abnormalities as benign or malignant. Lymph node biopsy can be
performed to look for diseases such as chronic lymphatic leukemia, Hodgkin's
disease, infectious mononucleosis, and theumatoid arthritis, and can be used to
determine the stage of cancer by checking whether the cancer has spread from the
primary location into the lymphatic system. Lung biopsy is performed to confirm
lung diseases such as cancer and to diagnose abnormalities. Pleural biopsy is

sampling of the pleura (the sac that covers the lungs) and may be performed to
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differentiate between malignant and non-malignant disease and to diagnose various
diseases of the pleura (e.g. viral, fungal, parasitic, or collagen vascular disease).
Prostate biopsy can be used to diagnose prostate cancer or to determine the cause of
prostate enlargement or elevated serum prostate markers (e.g. PSA - prostate specific
antigen). Small intestine biopsy is often performed to determine what may be causing
diarrhea or poor absorption in the intestine. Skin biopsy is used to test for malignant
cancer and to diagnose various skin infections. Synovial biopsy is used to sample
synovial tissue from the surface of a joint. Thyroid and parathyroid biopsy maybe
used to diagnose people with thyroid enlargement or nodules, breathing and
swallowing difficulties, vocal chord paralysis and other problems such as
unexplainable weight loss. Thyroid biopsy may also be used to diagnose Hashimoto's
disease, hyperthyroidism, and nontoxic nodular goiter. A biopsy may also be
performed to sample the following organs to test for cancer and other diseases:
adrenal gland, biliary tract, bladder, carpal tunnel, colon, endometrium, gingiva
(gums), heart, muscle, nerve, salivary gland, small bowel, mouth, nasal mucosa,

rectum, testicle, throat, and tongue.

The type of biopsy procedure used to obtain a required tissue sample depends
on a variety of factors including: the tissue or body part to be sampled, the location,
size, shape and other characteristics of the abnormality, the number of abnormalities,
and patient preference. Aspiration or FNA (fine needle aspiration) biopsy is a
percutaneous biopsy performed using fine gauge needle (22 or 25 gauge) attached to a
syringe. Cone biopsy removes a generally cylindrical or cone shaped piece of tissue
using either the LEEP method (loop electrosurgical excision procedure) wherein
tissue is removed using an electrically heated wire, or a method using a surgical
scalpel or laser to remove the tissue. Core needle biopsy is a percutaneous procedure
performed by inserting a small hollow needle through the skin and into the
abnormality such that a sample or core is removed as the needle is advanced through
the cell layers. A suction or vacuum assisted core biopsy is generally a core biopsy
using vacuum assistance to pull the sample from the collection site. Endoscopic
biopsy is a biopsy performed through an endoscope (a fiber optic cable for viewing
inside the body), wherein samples may be removed using forceps attached to a cable
that runs inside the endoscope. A punch biopsy uses a sharp, hollow instrument (like

a cookie cutter) to remove a cylindrical piece of skin, for example, from a mole. A



WO 2007/106170 PCT/US2006/048977

10

15

20

25

30

surface biopsy involves sampling or scraping off superficial levels of skin and is often
performed by dermatologists to remove a small piece of skin to test for carcinoma.
Surgical/excisional biopsy is generally performed as an open procedure and can be
either excisional (removal of an entire lesion) or incisional (removal of a piece of a

lesion).

Fine needle biopsies, unlike surgical biopsies, cannot remove the entire lesion
and misdiagnosis can occur. Core needle biopsy removes more tissue than fine needle
biopsy and, thus, may provide a more accurate analysis and diagnosis. However, this
procedure is not accurate in patients with very small or hard lumps. While surgical
biopsies remove more tissues and, thus, less prone to misdiagnosis, these procedures
are significantly more expensive than needle biopsies, require more time for
recuperation, require sutures, can leave a disfiguring scar, require anesthesia, carry a
small risk of mortality, and can result in bleeding, infection and wound healing

problems.

Brush biopsy or cytology is a type of sampling procedure wherein a brush
having stiff bristles is inserted to the site and sample is collected as the bristles of the
brush scrape or rub against the collection site. This method has been reported to
obtain a complete transepithelial biopsy specimen from each of the three layers of the
lesion (the basal, intermediate, and superficial layers). Such procedures find
particular use in connection with many epithelial cancers and can be used to take
rectal, cervical, and bladder samples. However, with such methods, only tiny pieces
of tissue are ob.tained, and the brush must be removed from the site, the sample
collected from the brush, and the brush reinserted to the site multiple times to collect

an adequate sample for analysis.

SUMMARY OF THE INVENTION
The invention generally relates to obtaining tissue samples. Embodiments of
devices and methods according to the invention can obtain multiple tissue samples -
simultaneously. Such devices and methods can be used for sampling tissues within a
body passageway, such as the urethra or esophagus of a human or other mammal, and
in other locations within the body, for example, for sampling tissues of organs. The

devices and methods can involve the use of an endoscope or not. Because multiple
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tissue samples can be obtained simultaneously, it is not necessary to remove and

reinsert the device to obtain more than one sample.

In one aspect, the invention generally relates to a device for obtaining at least
one tissue sample from a site within a body of a patient. The device comprises an
elongated member defining an interior passage and including a tissne sampling
portion. The tissue sampling portion comprises a plurality of barbs for severing and
removing a plurality of tissue samples from the site. The tissue sampling portion
defines a plurality of openings for receiving the tissue samples. The openings are in
communication with the interior passage. The tissue sampling portion is movable at

the site to engage, sever, and remove the plurality of tissue samples from the site.

Embodiments according to this aspect of the invention can include the
following features. The device can include, or be in connection with, an aspiration
mechanism. The aspiration mechanism can be in connection with the elongated
member for aspirating tissue from the openings and through the interior passage. The
device can include a coaxial sheath, wherein the tissue sampling portion is slidably
disposable between a housed position with the plurality of barbs disposed inside the
sheath and a deployed position with the plurality of barbs disposed outside of the
sheath. The plurality of barbs can extend out from the elongated member when the
tissue sampling portion is in the deployed position, and the plurality of barbs can be
pressed down toward the plurality of openings when the tissue sampling portion is in
the housed position. The sampling portion can contain one or more barbs located at a
first cross section of the sampling portion, can further contain one or more barbs
located at a second cross section of the sampling portion, can further contain one or
more barbs located at a third cross section of the sampling portion, and can further
contain one or more barbs located at a fourth cross section of the sampling portion.
One or more of the first, second, third, and fourth cross sections can comprises four
equidistantly spaced barbs. In an embodiment, the sampling portion can have a length
of approximately 10-20 mm. The elongated member can have a length of
approximately 5-150 cm. The elongated member and sampling portion can be
fabricated of a material selected from surgical grade stainless steel, anodized

aluminum, Nitinol™ (an alloy of nickel and titanium), and polymeric materials and
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composites. At least a portion of the elongated member can be flexible. A handle can

be located at the proximal end of elongated member.

The distal end of the elongated member can be sharpened for insertion of the
elongated member into and through the site and/or into and through the skin. The
distal end of the coaxial sheath can be sharpened for insertion of the sheath into the

site and/or into and through the skin.

In another aspect, the invention generally relates to a method of obtaining a
plurality of tissue samples from a site within a body of a patient. A device for
obtaining the plurality of tissue samples is advanced to the site. The device comprises
an elongated member including a proximal end, a distal end, and a plurality of barbs
at the distal end. The site is contacted with at least two of the barbs, and the at least
two barbs sever and remove the plurality of tissue samples. The device is

subsequently withdrawn from the site.

Embodiments according to this aspect of the invention can include the
following features. The elongated member can define an interior passage and a
plurality of openings for receiving the plurality of tissue samples and being in
communication with the interior passage. The method can further comprise, after
severing and removing the plurality of tissue samples from the site, allowing the
plurality of tissue samples to enter the interior passage through the openings.
Aspiration can be provided through the elongated member to pull the plurality of
tissue samples through the elongated member from the site. The device can further
comprises a coaxial sheath in which the elongated member is slidably disposable
between a housed position with the plurality of barbs disposed inside the sheath and a
deployed position with the plurality of barbs disposed outside of the sheath. The
method can further comprise disposing the elongated member in a housed position
prior to advancing the device to the site, and, after the device is advanced to the site,
disposing the elongated member in a deployed position. After severing and removing
the plurality of tissue samples from the site, the elongated member can be disposed in
a housed position. After disposing the elongated member in a housed position,
aspiration can be provided through the elongated member to pull the tissue through

the elongated member from the site. After providing aspiration through the elongated
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member, the elongated member can again be disposed in a deployed position, and the
site contacted with at least two of the barbs so as to sever and remove a plurality of

tissue samples from the site.

In another aspect, the invention generally relates to a method of forming a
device for obtaining a plurality of tissue samples from a site within a body of a
patient. According to the method, a plurality of portions of an elongated member are
skived to form a plurality of barbs. Chemical etching can be used to sharpen the
plurality of barbs.

Other aspects and advantages of the invention will become apparent from the
following description, taken in conjunction with the accompanying drawings,

illustrating the principles of the invention by way of example only.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, and advantages of the present
invention, as well as the invention itself, will be more fully understood from the
following description of various embodiments, when read together with the

accompanying drawings.

Figure 1A shows a side view of one embodiment of the tissue sampling

device.
Figure 1B shows a side view of a coaxial sheath having a hand piece.

Figure 1C shows a side view of an elongated member having barbs at a distal

end.

Figure 1D shows a side view the elongated member and barbs of F igure 1C

housed within the coaxial sheath of Figure 1B.

Figure 2A shows a cut-away view of one embodiment of the tissue sampling

device.



WO 2007/106170 PCT/US2006/048977

10

15

20

25

30

Figure 2B shows a cut-away of the device in Figure 2A, with a coaxial sheath

housing elongated member.

Figure 2C shows a detailed view of tissue being suctioned through the device

with the elongated member housed within the coaxial sheath.

Figure 2D shows a detailed view of the barbs engaging, severing, and

removing tissue from a site.

Figure 3A shows a detailed view of barbs in accordance with one
embodiment.

Figure 3B shows a detailed perspective view of a tissue sampling portion in a

deployed position outside of coaxial sheath.

Figure 3C shows a detailed perspective view of a tissue sampling portion in a

withdrawn position inside of coaxial sheath.
Figure 3D shows a cross-sectional view of sampling portion.

Figure 4A shows a side view of an embodiment of the tissue sampling device,

wherein the barbs are disposed in a proximal direction.
Figure 4B shows a detailed side view of the sampling portion of Figure 4A.

Figure 5A shows a side view of an embodiment of the tissue sampling device,

wherein the barbs are disposed perpendicular to outer surface of tubular member.

Figure 5B shows a detailed side view of the sampling portion of Figure 4A.

DESCRIPTION

Embodiments of devices and methods according to the invention can be used

to obtain multiple tissue samples simultaneously. The obtained samples can then be
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subjected to biopsy analysis. Such devices and methods can be used to collect
samples along the walls of various body conduits or passageways (e.g.,
gastrointestinal tract, bronchial tract, urinary tract, colon, etc.) and at any location
within the body of a human or other mammal where it is desirable to obtain tissue
samples (e.g., from various organs such as lung, kidney, and liver). The devices and
methods are suitable for use in obtaining biopsies from, but not limited to, bone, bone
marrow, cervix, joints, kidney, liver, lymph node, lung, pleura, prostate, small
intestine, skin, synovial, thyroid, parathyroid, adrenal gland, biliary tract, bladder,
carpal tunnel, endometrium, gingiva (gums), heart, muscle, nerves, salivary gland,
small bowel, mouth, nasal mucosa, testicle, tongue, throat, rectum, and colon.
Further, the devices and methods are suitable for use in obtaining endoscopic biopsies
(e.g., gastroscopy and colonoscopy). Thus, the disclosure to follow should be
construed as illustrative rather than in a limiting sense. Further, while certain
dimensions are provided, it is noted that such dimensions are based on the anatomy of
an average adult male, and would be suitably scaled as required, for example, for

children and women.

Figs. 1A and 1B illustrate one embodiment of a tissue sampling device
according to the invention. The tissue sampling device is generally configured to
sever and remove one or more tissue samples from the body. In some embodiments,
the tissue sampling device severs and removes a plurality of tissue samples from the

body without being withdrawn from the body.

As shown in Figs. 1A, 1C, 1D, 2A and 2B, the tissue sampling device includes
an elongated member 101 having a proximal end 102, a distal end 104. The elongated
member has an outer surface 106, as shown in Figs. 2C, 3C, and 3C. In some
embodiments, the device can include a hand piece 122. The hand piece 122 may be
adapted to assist a user in securely gripping and manipulating the device and, for
example, may include a rubber coating, grooves or similar finger grip configuration

(e.g., surface preparations or artifacts), and the like.

The elongated member 101 can be tubular and hollow, as shown in the figures,
with a generally circular cross-section. The elongated member 101 can also be

provided in other geometric shapes. For example, the elongated member 101 can be
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solid. The elongated member 101 can aiso be solid with one or more channels or
lumen 120 running along the length and/or width of the elongated member 101. The
elongated member 101 can also have square, rectangular, triangular, or other
geometrical cross-sectional shapes. Thus, while described and shown in the figures as
an elongated hollow tubular member, the elongated member 101 is not limited as

such.

A plurality of barbs 108 are disposed along at least a portion of the outer
surface 106. Any number of barbs 108 can be used. To provide for the removal of
multiple or adequate tissue sampling from the body, at least two barbs extend from
the outer surface 106. The barbs 108 are configured so as to extend beyond the outer
surface 106 such that, as the elongated member 101 is passed along or within a biopsy
collection site, the barbs 108 engage, sever, and remove tissue from the tissue
sampling site. The barbs 108 can be disposed anywhere along the length of the
elongated member 101 and are positioned so as to provide tissue sampling as that
portion of the elongated member 101 is placed in contact with the tissue sampling
site. In one embodiment, for example, as shown in Figs. 1A, 1B, 2A-C, 3A-C, and
4A-5B barbs 108 are located at the distal end 104 of the elongated member 101.

In one embodiment, shown in Fig. 1A-3C, the barbs 108 can extend in a
generally outwards and distal direction in relation to the outer surface 106. In this
embodiment, the barbs 108 could engage, sever, and remove tissue as the device is
moved in a distal (or forward) direction along or within a biopsy collection site. In
another embodiment, shown in Figs. 4A-B, the barbs 108 can extend in a generally
outwards and proximal direction in relation to the outer surface 106. In this
embodiment, the barbs 108 could engage, sever, and remove tissue as the device is
moved in a proximal (or backard) direction along or within a biopsy collection site.
In some embodiments, the distally and proximally directed barbs 108 could further
engage, sever, and remove tissue as the device is twisted or rotated (along the axis of
the device ). In another embodiment, as shown in Figs. 5A-B, one or more barbs 108
can be arranged so as to extend in a generally outward direction perpendicular to the
outer surface 106. In this embodiment, the barbs 108 could engage, sever, and
remove tissue as the device is twisted or rotated along its axis and/or as the device is

moved in a proximal and/or distal direction. All of the barbs can be provided on the
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device extending in a uniform direction, or combinations of distally, proximally,

and/or perpendicularly directed barbs 108 can be provided.

In one embodiment, for example, as shown in Figs. 3A-D, the elongated
member 101 is generally tubular, and a plurality of barbs 108 are situated about the
outer circumference of the elongated member 101. In this embodiment, tissue can be
severed and collected along a single or multiple tissue sampling surfaces. For
example, the barbs 108 could engage and sever tissue from a tissue sampling site that
surrounds the tubular member. For example, if the elongated member 101 is inserted
through the mouth to collect tissue along the throat, the outer surface 106 could be
sized and shaped such that the extended barbs 108 engage and sever tissue about the
circumference or at multiple sides of the elongated member 101 as it is passed
through the throat. In another embodiment, wherein the elongated member 101 is
adapted to enter a tissue site (e.g. an organ) either by piercing and entering the tissue
site or entering the tissue site through an incision (e.g. similar to a needle biopsy), the
elongated member 101 becomes surrounded by the tissue, and the barbs 108
positioned about the circumference of the elongated member 101 engage and sever
the surrounding tissue as the elongated member is moved within the tissue.
Positioning the barbs 108 about the circumference of the elongated member 101 can
also be useful in collecting tissue from a tissue collection site that does not surround
the elongated member 101. For example, a first section of barbs 108 along one
portion or side of the elongated member 101 could be positioned to collect tissue from
the surface of a tissue collection site (e.g. from the surface of an organ). After the
first section of barbs 108 collect tissue, the device could be rotated so as to position
another section of barbs 108 near the tissue collection site for tissue collection. The
device could be rotated or positioned until adequate tissue sampling is accomplished
using various sections of barbs 108. In another embodiment, a plurality of barbs 108
can be located on a portion of the circumference or perimeter of the elongated
member 101. In this embodiment, tissue can be severed and collected along a single
tissue sampling surface, or multiple tissue sampling surface. For example, the
elongated member 101 can be positioned with barbs 108 positioned near the tissue
sampling surface and the barbs moved against the sampling surface. One or more

additional tissue sampling surface(s) can further be accessed by barbs 108 simply by
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rotating or repositioning the elongated member such that the barbs 108 are positioned

near the additional tissue sampling surface(s).

Any arrangement of barbs 108 along the elongated member 101 can be used.
For example, rows of barbs 108 or random arrangements of barbs scattered about the

elongated member 101 can be used.

In one embodiment shown in Figs. 1A-5B, a plurality barbs 108 are provided
along a given radius or cross section of the elongated member 101. For example, in
one embodiment as shown in Fig. 3C, four barbs 108 are provided along a cross
section of the elongated member 101. The barbs 108 are shown positioned
equidistance from each other. A plurality of barbs can be situated along one or more
Ccross sections, so as to allow for convenient and efficient tissue sampling along one or
more tissue sampling surfaces. In one embodiment, the sampling portion 110
includes barbs 108 situated along one or more cross sections of the elongate member.
For example, two, three, or four barbs 108 could be situated along one or more cross
section. In some embodiments, more than four barbs 108 may be located along a
given cross section. In other embodiments, fewer than four barbs 108 may be located
along a given cross section. The barbs 108 along each cross section can be positioned
equidistance from each other or can be more concentrated in some areas and less
concentrated in others if desired. The distance between each cross section of barbs
can be uniform or some cross sections having barbs can be positioned closer together

than other cross sections of barbs along the elongated member 101.

In another embodiment, a plurality of barbs 108 are positioned in a random or

scattered configuration along the elongated member 101.

The length of the portion of the elongated member 101 that has barbs 108
located thereon can vary. in some embodiments, barbs 108 are disposed along the
elongated member 101 at various locations from the proximal to distal end of the
elongated member 101. In other embodiments, barbs 108 are localized along a
sampling portion 110 of the elongated member 101. The device can be adaptable for
use in any type of biopsy procedure at any biopsy site and, thus, barbs can be suitably

arranged.

11
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In some embodiments, the sampling portion 110 dimensions are specifically
provided based on the biopsy site and/or the amount of tissue sample desired. Such
dimensions can be readily determined by one of skill in the art based on tissue sample
site, barb 108 configuration, and the desired amount of tissue collection. For
example, in one embodiment, the sampling portion 110 is adapted for use in obtaining .
a throat biopsy and can have a length ranging from about 5mm to about 20mm, and in

some embodiments from about 10mm to about 1 5mm.

The size, shape and angle of projection of each barb 108 can vary, and the
design of the barbs 108 can depend on factors such as biopsy site, type of tissue
sampled, and size of tissue sample desired. Generally, the barbs angle away from the
elongated member 101 so as to provides a barb height suitable to engage, sever, and
remove an adequate tissue sample, but not so high that engagement, severing, and
removal of tissue will result in excessive bleeding. Further, in some embodiments, it
is desirable to obtain a particular layer or particular layers of tissue from a site and,
thus, the height of the barb can be readily determined so as to engage, sever and
remove the desired layer(s) of tissue from the site. Thus, for example, if it is desired
to obtain four layers of tissue from a tissue site, and the barbs are sized too small,

fewer than the four layers may be obtained.

In one embodiment, the barbs 108 are at least 0.5mm long and no more than
10mm long. In another embodiment, the barb length ranges from about 2mm to
about 6mm. In another embodiment, the barb length ranges from about 5Smm to about
6mm. In an embodiment, the height of the barbs as measured perpendicular from the
outer surface of the elongated member 101 ranges from about 0.25mm to about Smm.
In another embodiment, the height of the barbs as measured perpendicular from the

outer surface of the elongated member 101 ranges from about 0.5mm to about 2mm.

The barbs 108 are generally shown as having a pointed tip to facilitate tissue
severing and removal. However, the barbs 108 are not limited to this profile, but,
rather, are generally provided in a manner that allows for the severing and removal of

tissue. For example, the tip could be slightly rounded or squared off and, if provided

12
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with adequate sharpness, would suitably possess the severing and removal properties

for tissue sampling.

In one embodiment, the sampling portion 110 is approximately 13-15 mm in
length and contains sections of barbs 108, each section of barbs positioned along a
cross section of the elongated member 101. The barbs are 108 spaced approximately
equidistant from each other along each cross section. Each barb 108 is approximately
2-6mm in length, and, when in a deployed position away from the outer surface of the
elongated member, is approximately 0.5-2mm high. Each cross section of barbs is
spaced from an adjacent cross section of barbs by about 0.5 mm to about 2 mm. In
one embodiment, each cross section of barbs is spaced from an adjacent cross section
of barbs by approximately 1 mm. These dimensions are given for illustrative

purposes only and are not meant to be limiting.

In some embodiments, the device is provided with a plurality of
interchangeable elongated members 101 adapted for different types of biopsy
procedures. As such, for example, the interchangeable elongated members can be
provided in different materials (e.g. with different flexibility/rigidity) and with
different lengths, widths and geometries, and the barbs 108 can be provided in
different shapes, sizes, numbers and/or at different locations. In other embodiments,
the device can be provided with an elongated member 101 having a plurality of
interchangeable sampling portions 110 adapted for different types of biopsy
procedures. Thus, for example, the interchangeable sampling portions 110 can be
provided in different materials (e.g. with different flexibility/rigidity) and with
different lengths, widths and geometries, and the barbs 108 can be provided in
different shapes, sizes, numbers and/or at different locations for each sampling
portion 110. Any conventional interconnection means can be used to removably
attach the elongated member 101 and sampling portions 110. The use of
interchangeable elongated members 101 and/or sampling portions 110, can provide an

adjustable device that suits the particular needs of various biopsy procedures.

As shown, for example in Figs. 3A and 4B, the barbs 108 can extend away

from the outer surface 106 so as to define a space 109 between the barbs 108 and the
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outer surface 106 in which a tissue sample can be contained, held, or directed. Thus,
tissue that is engaged, severed, and removed by the barbs 108 can be held within or
directed into space 109 for retrieval upon removal of the device from the body. The
elongated member can 101 further defined a plurality of openings 112 within the
elongated member 101. The plurality of openings can be situated adjacent one or
more barbs 108. The openings 112 are configured such that, as the tissue is severed
and removed by barbs 108, the tissue passes into the openings 112 and is held within
openings 112 for later retrieval. In some embodiments, the elongated member 101 is
hollow or includes one or more lumen or channels (not shown) in connection with
openings 112 such that the tissue passing into openings 112 can further enter the
elongated member 101. As the tissue passes into openings 110, tissue exits space 109

and allows for additional sample collection, if desired.

In some embodiments, as shown in Figs. 1B-D, 2A-2C, 3B, and 3C, the device
can further include a coaxial sheath 114 that receives the elongated member 101. For
example, the elongated member 101 can be slidably received within the coaxialial
sheath 114. Thus, the elongated member 101, including the sampling portion
110/barbs 108 can be withdrawn within or extended outside of sheath 114. In some
embodiments, when the device enters the body, the sampling portion 110/barbs 108
are housed within the sheath 114. This can prevent inadvertent tissue sampling as the
device is directed to the biopsy site. Once the device is at or near the biopsy site, the
elongated member 101 can be advanced out of the sheath 114 with the sampling
portion 110/barbs 108 exposed to obtain the tissue sample. After the sample is
collected, the sampling portion 110/barbs can be retracted back inside of sheath 106,

if desired.

In some embodiments, when the sampling portion 110 is housed within the
sheath 114, the barbs 108 are pushed against or towards the outer surface 106 in a
retracted position and, upon advancement out of the sheath 114, the barbs 108 return
to a deployed state extending away from the outer surface 106. For example, in one
embodiment, the sheath 114, elongated member 101, and barbs 108 are fabricated
such that, as the barbs 108 are received in sheath 114, the inner surface of the sheath

114 engages the barbs 108 and presses the barbs 108 towards the outer surface 106 of

14



WO 2007/106170 PCT/US2006/048977

10

15

20

25

30

the elongated member 101 in a retracted state. In one embodiment, the inner diameter
of the sheath 114 is less than that of the sampling portion 110 plus deployed barbs 108
such that withdrawal of the barbs 108 inside of sheath 114 causes the inner surface of
the sheath 114 to press the barbs 108 towards the outer surface 106 of the elongated
member 101. The barbs 108 can be designed with sufficient flexibility such that they
can be pressed towards the outer surface 106 repeatedly and, upon removal of
pressure, they can return to a deployed state extending away from the outer surface
106. For example, the barbs 108 may be fabricated of an elastic material, such as an
elastic stainless steel, nitinol or the like, that will allow for both the deployed and

retracted states.

In one embodiment, the elongated member 101 is hollow or includes one or
more channels or lumen (not shown) in connection with the one or more openings
112. After tissue sample is collected, the sampling portion 110 can be pulled inside of
sheath 114 or the sheath 114 advanced over the sampling portion 110, thereby
pressing the barbs 108 against the outer surface 106. As the barbs 108 are pressed
against the outer surface 106, the sample can be pushed or directed through openings
112 into the elongated member. The sampling portion 110 can subsequently be

advanced outside of sheath 114, if desired.

In another embodiment, the device can include a deployment/retraction
mechanism (not shown) that moves barbs 108 between a deployed state (extending
away from the outer surface 106) and a retracted state (pushed against or towards the
outer surface 10.6). For example, the barbs 108 can be held against the surface of
sampling portion 110 with one or more tabs (not shown) or similar extensions that
extend over the barbs 108 and are movable over the barbs 108 (to thereby retract
barbs) and away from barbs 108 (to thereby deploy barbs).

In one embodiment, as shown in Figs. 1B-D and 2A-2B the device includes a
coaxial sheath 114 fixedly connected to the hand piece 122 as shown in Figs. 2A-2B.
The hand piece 122 and coaxial sheath can include a channel 126 in which the
elongated member 101 is slidably disposed. Movement of the hand piece 122 in a
distal direction moves the coaxial sheath 114 distally over the elongated member 101

so as to house sampling portion 106 within the coaxial sheath 114. Movement of the
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hand piece 122 in a proximal direction moves the coaxial sheath proximally relative
to elongated member 101 so as to deploy the sampling portion 106 outside the coaxial
sheath 114. In some embodiments, the elongated member includes an distal end piece
128 that can be grasped by a user. Movement of distal end piece 128 and/or hand
piece 122 relative to each other moves the elongated member 101 and/or coaxial
sheath relative to each other so as to retract and deploy the sampling portion 106

inside and outside of coaxial sheath 112.

The device can further include a locking mechanism (not shown) that can be
activated to lock the elongated member 101, coaxial sheath 114, hand piece 122, and
distal end piece 128 in place relative to each other. Thus, for example, the hand piece
122 can be moved in a distal direction over elongated member 101 until sampling
portion 106 is housed within coaxial sheath 114. This position can be fixed by
activating locking mechanism. To reposition the hand piece 122, elongated member
101, and coaxial sheath 114 relative to one another, for example, to deploy sampling
portion 108 outside of coaxial sheath 114, the locking mechanism can be unlocked.
The deployed position of the sampling portion 110 can further be fixed using a
locking mechanism. Any conventional locking mechanisms that can be locked and
unlocked repeatedly (e.g. mating tabs positioned on the coaxial sheath, elongated

member 101, and/or hand piece 122) can be used.

The biopsy device can be in connection with an aspiration device to allow for
aspiration of the tissne samples from the barbs 108 through elongated member 101.
This aspect advantageously allows for collection of multiple tissue samples without

withdrawal and reinsertion of the device from the sampling site.

Figs. 2A-2C show an embodiment of an aspiration biopsy device in
accordance with the present invention. As shown, the elongated member 101 is
hollow and can be in connection with an aspiration mechanism. In other
embodiments, the elongated member 101 can include one or more channels or lumen.
The elongated member 101 can be in connection with any conventional aspiration

mechanism, such as an aspiration syringe.
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In one embodiment, the proximal end 102 of the elongated member 101 can be
in connection with an end piece 128, which can, in turn, be in connection with an
aspiration mechanism, for example, via a luer conector 124. In other embodiments,
for example, as shown in Figs. 1A, 4A and 5A, the elongated member 101 can be in
connection with a hand piece 12 which can, in turn, be in connection with an
aspiration mechanism. One or more openings 110 located adjacent barbs 108 can be
situated such that severed and removed tissue passes into or towards the openings
110. Activation of the aspiration mechanism can pull the tissue through the openings

110 into elongated member 101.

In some embodiments, the device includes a coaxial sheath 114 or a
retraction/deployment mechanism as set forth herein. Prior to aspiration, the
sampling portioﬂ 106 can be retracted within coaxial sheath 114 or the retraction
deployment mechanism activated to retract barbs 108 against or towards the outer

surface 106 prior to aspiration.

The various parts of the device can be fabricated of conventional materials
used in forming surgical instruments, for example, surgical grade stainless steel,
anodized aluminum, and polymeric materials and composites. The devices can be
reusable and easily cleaned and sterilized. In one embodiment, the various
components can be at least partially disassembled for ease in cleaning and sterilizing.

In other embodiments, all or portions of the devices are disposable.

The elongated member 101 is fabricated from any material that is known to
those skilled in the art for use in fabricating surgical instruments. In certain
embodiments, the elongated member is fabricated of a material that is 1i ghtweight and
strong. The materials forming the elongated member 101 are generally bio-
compatible materials, which include, but are not limited to, surgical grade stainless
steel (e.g. 400 series stainless), anodized aluminum, Nitinol, and polymeric materials
and composites (e.g. nylon, HDPE and nano-clays). In some embodiments, the
elongated member 101 is relatively rigid along its length and, suitably, could be
fabricated of rigid materials and/or materials formed with a suitable thickness that will
provide the desired rigidity. In other embodiments, for example, wherein the device

travels along a torturous pathway and, thus, bending and flexibility is useful to
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facilitate the traversal of such a pathway, the elongated member 101 can be fabricated
of materials that will provide the desired flexibility. Various thickness and

dimensions of materials can also be used to provide the desired flexibility. In general,
greater thickness will provide greater rigidity than a smaller thickness for the same or

similar materials.

The dimensions of the elongated member 101 can vary depending on the type
of biopsy performed and the type of access provided and can be readily determined by
one of skill in the art. In one embodiment, the dimensions of the elongated member
are provided to contribute, at least in part, to the desired flexibility or rigidity of the
device. Thus, at least a portion of the elongated member 101 can be designed with a
diameter and/or wall thickness that will provide the desired flexibility or rigidity
along that portion of the elongated member 101.

In one embodiment, the device is adapted for use in obtaining a throat biopsy
by insertion through the patient's mouth to the throat biopsy site. The diameter of
those portions of the elongated member 101 that are inserted through the mouth and
throat are suitably sized for comfortable insertion based on the dimensions of the
average human, or other mammal, throat. The diameter of the sampling portion 110
with deployed barbs 108 could be sized such that the barbs 108 engage, sever, and
remove tissue sample along the throat about the perimeter of the sampling portion 110

as the sampling portion is moved within the throat.

In another embodiment, the device is adapted for delivery into the body
through the channel of an endoscope (e.g., gastroscope, sigmoidoscope, or
colonoscope). Typical endoscopes have a length ranging from about 100-250 cm and
a channel diameter of approximately 2.0-3.8 mm. As such, the portion(s) of the
device that enter through the endoscope have a length greater than the length of the
endoscope such that the sampling portion 106 extends through .and out of the
endoscope into the biopsy collection site. The diameter of the portion(s) of the device
that enter through the endoscope are less than the inner diameter of the endoscope and

allows for manipulation of the device through and out of the endoscope. Such
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dimensions can be determined by one of skill in the art based on the geometry of the

endoscope.

In another embodiment, the device is in the form of a fine needle biopsy
device. The fine needle biopsy device can be in the form of a fine needle aspiration
device. In this embodiment, the basic general features, (e.g. dimensions, geometry,
etc.) of the device can be in accordance with conventional fine needle biopsy devices.
In one embodiment, the elongated member 101 is in the form of a fine needle (e.g. 22
or 25 gauge) having sampling portion(s) 110, including barbs 108 located thereon as
discussed generally herein. In one embodiment, the distal end 104 of elongated
member 101 is sharpened so as to provide an entry point into the skin and into the
tissue site. For example, the sharpened distal end 104 can, thus, pierce an organ for
insertion of the elongated member 101 into the organ. Barbs 108 then engage, sever,
and remove tissue sample. If in connection with an aspiration mechanism, the tissue
sample is suctioned out from barbs through elongated member 101 and additional
tissue sample can be removed as desired. In another embodiment, the device includes
a coaxial sheath 114 as described herein, which receives elongated member 101. In
this embodiment, the coaxial sheath 114 can include a sharpened distal end to provide
an entry point into the tissue site. Thus, for example, the elongated member and barbs
108 can be housed within the coaxial sheath 114 as the coaxial sheath pierces, for
example, and organ. The elongated member 101 can subsequently be advanced
through coaxial sheath 114 to the tissue collection site and tissue removed and
collected. The elongated member 101 can be retracted within coaxial sheath upon
completion of the sampling procedure and the device withdrawn from the collection

site.

In another embodiment, the device is in the form of a core needle biopsy
device. In this embodiment, the basic general features, (e.g. dimensions, geometry,
etc.) of the device can be in accordance with conventional core needle biopsy devices.
In one embodiment, the device includes a elongated member 101 having sampling
portion(s) 110, including barbs 108 located thereon as discussed generally herein.
The elongated member 101 can have a sharpened distal end 104 to assist in inserting
the device through the skin and into the tissue site as déscribed with relation to the

fine needle biopsy device. In another embodiment, the device can include a coaxial
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sheath 114 in which the elongated member 101 is received as described with relation
to the fine needle biopsy device. The general use of the core biopsy device is similar
to that described with relation to the fine needle biopsy device. The core needle

biopsy device, like the fine needle biopsy device, can be used with aspiration.

Methods of forming the present devices can include molding processes,
wherein the various parts are machined and molded into their desired shape. In some
embodiments, the barbs 108 are fabricated from an elongated member by skiving or
cutting the barbs 108 from the body of the elongated member. As or after the barbs
108 are skived or cut, they can be lifted up and away from the elongated member,
thereby forming spaces 109. If the elongated member is hollow, and the barbs are cut
a full wall thickness of the elongated member, openings 112 are formed as the barbs
are lifted up and away from the elongate member. Openings can also be formed
and/or further éhaped and sized after the barbs are lifted up and away from a hollow
elongated member. In some embodiments, the sharpness of the barbs can be
enhanced by various mechanical or manual sharpening methods or by chemical etch

or similar procedures.

Methods of the present invention comprise obtaining a tissue sample from a

desired body site using the device of the present invention.

In one embodiment, a method involves taking a biopsy from a patient's throat.
The physician grasps the device, for example, by a hand piece 122 or a proximal end
of elongated member 101, inserts the elongated member 101 through the mouth, and
advances the sampling portion 110 to the sampling site. The barbs 108 are then
placed in contact with the sampling site and moved relative to the sampling site to
engage, sever, and remove tissue. The device can be repositioned to obtain additional

sample if desired.

In some embodiments, wherein the device includes a coaxial sheath 114, prior
to inserting the elongated member 101 through the mouth, the barbs 108 can be
withdrawn inside of coaxial sheath 114. The elongated member 101 can be locked
into place using locking mechanism to prevent movement of barbs 108 outside of

sheath 114 as the device is handled and the device advanced to the sampling site.
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Once the sampling portion of the device is at or near the biopsy site, the barbs 108 are
extended outside of sheath 114, first unlocking any locking mechanism. The
elongated member 101 can then be locked into place with respect to sheath 114 to
prevent inadvertent movement or withdrawal of sampling portion 101 back inside of

sheath 114 as the device is manipulated.

After the barbs 108 engage, sever, and remove tissue, the device can be
removed from the biopsy site and the tissue sample collected from space 109 and/or
openings 112. In other embodiments, the device is connected to an aspiration
mechanism and, after the barbs 108 engage, sever, and remove tissue, the aspiration
mechanism is actuated to suction the tissue through the elongated member 101.
Additional sample can then be collected, if desired. In another embodiment, the
device is connected to an aspiration mechanism and, after the barbs 108 engage,
sever, and remove tissue, the barbs 108 are withdrawn inside of sheath 114 and the
tissue suctioned through elc.)ngated member using an aspiration mechanism. In some
embodiments, as the barbs 108 are withdrawn into sheath 114, the barbs 108 are
directed towards the outer surface 106 so as to direct and/or push tissue into openings
110. The barbs 108 can then be extended outside of sheath 114 to collect additional

tissue, if desired.

One skilled in the art will realize the invention may be embodied in other
specific forms without departing from the spirit or essential characteristics thereof.,
The foregoing embodiments are therefore to be considered in all respects illustrative

rather than limiting of the invention described herein.

What is claimed is:
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CLAIMS

1. An device for obtaining tissue samples from a site within a body of a patient,
comprising:

an elongated member defining an interior passage and including a tissue
sampling portion, the tissue sampling portion comprising a plurality of barbs for
severing and removing a plurality of tissue samples from the site, the tissue sampling
portion defining a plurality of openings for receiving the tissue samples and being in
communication with the interior passage, the tissue sampling portion being movable

to engage, sever, and remove the plurality of tissue samples from the site.

2. The device of claim 1 further comprising an aspiration mechanism in
connection with the elongated member for aspirating at least some of the plurality of

tissue samples from the openings and through the interior passage.

3. The device of c‘:laim 1 further comprising a coaxial sheath, the tissue sampling
portion being slidably disposable between a housed position with the plurality of
barbs disposed inside the sheath and a deployed Iz;osition with the plurality of barbs
disposed outside of the sheath.

4, The device of claim 3 wherein the plurality of barbs extend away from the
elongated member when the tissue sampling portion is in the deployed position, and
wherein the plurality of barbs are pressed down toward the plurality of openings when

the tissue sampling portion is in the housed position.

5. The device of claim 1 wherein the sampling portion contains at least two barbs

located at a first cross section of the sampling portion.

6. The device of claim 7 wherein the sampling portion contains at least two barbs

located at a second cross section of the sampling portion.

7. The device of claim 6 wherein the sampling portion contains at least two barbs

located at a third cross section of the sampling portion.
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8. The device of claim 7 wherein the sampling portion contains at least two barbs

located at a fourth cross section of the sampling portion.

9. The device of claim 5 wherein the first cross section comprises four

equidistantly spaced barbs.

10. The device of claim 6 wherein the first cross.section and second cross section

each comprise four equidistantly spaced barbs.

11. The device of claim 7 wherein the first cross section, second cross section, and
third cross section each comprise four equidistantly spaced barbs.

J
12. The device of claim 8 wherein the first cross section, second cross section,
third cross section, and fourth cross section each comprise four equidistantly spaced

barbs

13. The device of claim 1 wherein the sampling portion has a length of

approximately 10-20 mm.

14. The device of claim 16 wherein the elongated member has a length of

approximately 5-150 cm.

15. The device of claim 1 wherein the elongated member and sampling portion are
fabricated of a material selected from surgical grade stainless steel, anodized

aluminum, alloys of nickel and titanium, and polymeric materials and composites.

16. The device of claim 1 wherein at least a portion of the elongated member is
flexible.
17. The device of claim 1 further comprising a handle at the proximal end of

elongated member.

18. The device of claim 1 wherein the distal end of the elongated member is

sharpened for insertion of the elongated member into and through the site.
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19. The device of claim 18 wherein the distal end of the elongated member is

sharpened for insertion of the elongated member into and through the skin.

20. The device of claim 3, wherein the distal end of the coaxial sheath is

sharpened for insertion of the sheath into the site.

21. The device of claim 20, wherein the distal end of the coaxial sheath is

sharpened for insertion of the sheath into and through the skin.

22, A method of obtaining a plurality of tissue samples from a site within a body
of a patient, comprising:

advancing a device for obtaining the plurality of tissue samples to the site, the
device comprising an elongated member including a proximal end, a distal end, and a
plurality of barbs at the distal end;

contacting with site with at least two of the barbs;

severing and removing the plurality of tissue samples from the site with the at
least two barbs;

withdrawing the device from the site.

23. The method of claim 22 wherein the elongated member defines an interior
passage and a plurality of openings for receiving the plurality of tissue samples and
being in communication with the interior passage, and wherein the method further
comprises, after severing and removing the plurality of tissue samples from the site,
allowing the plurality of tissue samples to enter the interior passage through the

openings.

24, The method of claim 23 further comprising providing aspiration through the
elongated member to pull the plurality of tissue samples through the elongated

member from the site.

25. The method of claim 22 wherein the device further comprises a coaxial sheath
in which the elongated member is slidably disposable between a housed position with

the plurality of barbs disposed inside the sheath and a deployed position with the

24



WO 2007/106170 PCT/US2006/048977

10

15

20

25

plurality of barbs disposed outside of the sheath, and the method further comprises
disposing the elongated member in a housed position prior to advancing the device to
the site, and, after the device is advanced to the site, disposing the elongated member

in a deployed position.

26. The method of claim 25 further comprising, after severing and removing the
plurality of tissue samples from the site, disposing the elongated member in a housed

position.

27. The method of claim 26 further comprising, after disposing the elongated
member in a housed position, providing aspiration through the elongated member to

pull the tissue through the elongated member from the site

28. The method of claim 27 further comprising, after providing aspiration through
the elongated member, disposing the elongated member in a deployed position,
contacting with site with at least two of the barbs, and severing and removing a

plurality of tissue samples from the site with the at least two barbs.

29. A method of forming a device for obtaining a plurality of tissue samples from
a site within a body of a patient comprising;:
providing an elongated member and skiving a plurality of portions of the

elongated member and lifting the skived portions to form a plurality of barbs.

30. The method of claim 29 further comprising, after skiving and lifting, using
chemical etch to sharpen the plurality of barbs.
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