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METHOD AND APPARATUS FOR TISSUE HARVESTING

£ ø ) The prese application relates to and claims priority from U.S. Provisional

Pate t Application Serial No. 61/682.969 filed August 4, 0 12, the disclosure o f which s

incorporated herein by reference i its entirety

TECHNICAL FIELD

[0002] The present disclosure relates to method and apparatus for fluid-assisted

harvesting of small tissue specimens from a donor site.

BACKGROUND INFORMATION

| 03| Various approaches to tissue copying and grafting are bein developed,, in

which small columns of tissue (microscopic tissue columns, or MTCs) removed from a

donor site and can be used in various procedures such as, e.g., being introduced into a

recipient site, implanted in a matrix, etc. Such approaches are described, e.g.. in International

Patent Publication No. WO 2009/146068.

[ j The MTCs are typically less than about i m diameter and their removal is

well-tolerated by the donor site or example, the holes formed in a donor site by removal of

MTCs can heal rapidly with little or no visibie sca or marking fomjed because of the small

size of the holes and their being surrounded by healthy tissue. These columns of living tissue

can nucleate and/or stimulate growth of ne tissue. The small size of the MTCs favors their

survival in various environments.

ΘΘΘ5 ) The MTCs can be harvested using hollow needle. However, they tend to be

fragile tissue samples that can be adversely affected by their surroundings and handling, e.g.,

they may be contaminated or mechanically stressed a fter being cut. or otherwise separated and

then removed from the donor site.. Accordingly, it is desirable to provide a method and

apparatus for harvesting MTCs that facilitates their rapid extraction from a donor site and

subsequent retrieval and storage without damaging them.

ΘΘ0 ] Accordingly, there may be a need to address and/or overcome a least some of

the issues indicated herein above.



SUMMARY OF EXEMPLARY EMBODIMENTS

[0007} According to exemplary embodiments of the present disclosure, method and

apparatus can be provided for harvesting small samples of biological tissue (e.g. microscopic

tissue columns, or MTCs) (hat are typically less tha about 1 mm in width, and may be longer

in length. The removal of such small MTCs ca be well-tolerated by the donor site. For

example, the small regions of damage in donor site caused by removal of the tissue

samples (e.g., MTCs) hea! rapidly with little or no formation of visible scars.

[ΘΘ 8 n certain exemplary embodiments of the present disclosure, t e method and

apparatus can facilitate harvesting MTCs that uses one or more hollow needles to extract the

MTCs from a tissue donor site. For example, an apparatus can be provided that includes one

or more hollow harvesting or 'coring' needles, preferably extending from a housing. The

distal end of the needle is configured to penetrate the tissue, so mat a portion o f tissue (an

MTC) will be cut away from the surrounding tissue by the needle tip and walls, and located

in a distal portion of the hollo w lumen of the needle. The MTC can be removed from the

surrounding tissue and remain in the lumen of the needle when the needle is withdrawn. An

inner diameter of the hollo needle ca be less than about 1 mm in diameter, e.g., between

about 0. mm and 0.5 mm, for cosmetic treatments involving skin n further exemplary

embodiments, larger diameters may be used to harvest samples from other tissues or organs

that may be more tolerant of damage and/or for which visible scarring is not problematic.

f 9j A conduit can be provided i the apparatus thai is configured o circulate a

fluid past a proximal end of each coring needle. lumen of the hollow need le can be in

fluid communication with the conduit. The flowing fluid helps to draw the MTC up through

the lumen of the needle and into the fluid path after the MTC is separated from surrounding

tissue, where the MTC can then be surrounded by a protective fiuid environment.

0] A filter arrangement that can include, e.g., a filter element, a mesh basket, or

the like, can he provided in the flow path of the circulating fluid such that the harvested

MTCs within the flowing fluid can then be trapped in the filter arrangement while the fluid

passes through. In certain exemplary embodiments of the present disclosure the filter

arrangement can be provided in a chamber, and a cap or cover ca be provided to facilitate

access to the harvested MTCs. A vent can optionally be provided to release air that may be

entrained in the fluid during harvesting of the MTCs.



|θθ ] According to further exemplary embodiments of the present disclosure, the

fluid containing entrained MTCs can be directed by a delivery arrange ent onto porous

dressing or substrate external to the site. For exampie, MTCs can be deposited directly from

the flowing liquid onto a porous dressing, and the dressing with MTCs can then be applied

directly to a wound site. The delivery arrangement and substrate can be moved relative to

one another such that MTCs are deposited over a particular region of t e dressing/substrate

d ring the harvesting procedure. In still farther exemplary embodiments of the present

disclosure, the porous dressing can be provided as part of the filler arrangement.

| 0 The fluid characteristics can be selected to provide a gentle environment for

the MTCs, to prevent contamination, and/or to promote their viability and growth. The fluid

can be temperature-controlled using conventional thermal control systems. The fluid can

contain a variety of substances, including saline, growth factors, buffers, etc . Various sensors

and controllers can optionally be provided, e.g., to monitor and/or control such parameters as

fluid temperature and flow rate, fluid composition, pressure a various locations within the

apparatus, etc.

|ΘΘΙ 3 | An. actuator such a a solenoid, a motor with a ro tary/linear converter, or the

like ca be provided to direct the needles into the donor tissue and then withdraw them. Such

actuators can be controlled using a conventional power source and controller arrangement,

. 014 According to additional exemplary embodiments of the present disclosure, a

lower portion of the exemplary apparatus can be shaped to create a recess between the tissue

surface and a lower surface of the apparatus. One or more ducts ca e provided in

communication with this enclosed space, and a source of low pressure can be connected to

the ducts to ul the tissue surface upward, thereby stretching and stabilising the tissue to

facilitate penetration by the needles. An elevated pressure can optionally be connected to the

ducts after penetration by the needles to push the tissue back down. In certain embodiments,

the needles can be held stationary with respect to the lower surface of the apparatus, and an

alternating low and high pressure can be applied to pu the tissue ont the needles and then

pull it away from them,

ΘΘΊ 5 } These and other objects, features and advantages of the present disclosure will

become apparent upon reading the following detailed description of exemplary embodiments

of the present disclosure, when taken in conjunction with the appended drawings and

appended claims.



BRIEF DESCRIPTION OF THE DRAWINGS

Θ Further objects, features and advantages of the disclosure will become

apparent from he following detailed description taken i conjunction with the accompanying

figures showing illustrative embodiments, results and/or features of the exemplary

embodiments of the present disclosure, in which:

[0017] F G. is an illustration of an exemplary harvesting needle that can be use d

with exemplary embodiments of the present disclosure:

(00 8) F G. B is an illustration of the tip region of an exemplary harvesting needle:

(0019] F G. 2 is a cross-sectional view of a diagram of an exemplary apparatus for

harvesting tissue samples in accordance with exemplary embodiments of the present

disclosure;

20 FIG . 3A is a cross-sectional view of a diagram of the exemplary apparatus for

harvesting tissue samples in accordance with further exemplary embodiments of the present

disclosure, in one exemplary operation;

[002 i ] FIG. 3 is a cross-sectional view of a diagram of the exemplary apparatus for

harvesting tissue samples i accordance with yet further exemplary embodiments of the

present disclosure in another exemplary operation; and

| 22| FIGS. 4A and 4 8 are cross-sectional views of diagrams of an exemplary

apparatus for harvesting tissue samples in operation in accordance with still further

exemplary embodiments of the present disclosure, performing further exemplary operations.

f 23| Throughout the drawings, the same reference numerals and characters, unless

otherwise stated, are used t denote like features, elements, components, or portions of the

illustrated embodiments. Similar features may thus be described by the same reference

numerals, which indicate to the skilled reader that exchanges of features between different

embodiments ca be done unless otherwise explicitly stated. Moreover, while the present

disclosure will now be described in detail with reference to the figures, it is done so in

connection with the illustrative embodiments and is not limited by the particular

embodiments illustrated in the figures t is intended thai changes and modifications can be

made to the described embodiments without departing from the true scope and spirit of the

present disclosure as defi ned by the appended claims.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

(0024] The present disclosure relates to a method a d apparatus for harvesting

microscopic tissue columns (MTCs) that uses one or more hollow needles to extract the

MTCs from a tissue donor site. An apparatus can be provided that includes one or more

hollow harvesting or 'coring' needles.

[0 2 An illustration of a side perspective view of an exemplary hollow harvesting

needle 0 s provided in FIG. A. The inner diameter of the needle 00 can be selected to

approximately correspond to a particular diameter of a tissue sample or MTC to be removed

from the donor site as described herein. For example, , or 20 gauge biopsy needles

(e.g., having an inner diameter of 0.838 mm, 0.686 m and 0.564 m, respectively) or the

like can be used to form the tube. n general, needles having a gauge size between 18 and 30

or the equivalent can be used for cosmetic applications such as skin resurfacing n general

the inner diameter of such needle 0 (e.g., the diameter of the central lumen) can be, e.g.,

between about 1 mm and about 0. mm, or preferably between about 0.5 mm and 0, mm,

Such smaller inner diameters can be used to separate and remove MTCs having a similar

width from surrounding tissue MTCs having such sm all widths may exhibit desirable

viability, for example, because nutrients can more readily be transported directly to more

ceils in the MTC from surrounding envi ronment A hollow needle or tube 1 0 having a

slightly larger or smaller inner diameter can also be used in further embodiments, e.g. based

on the type of tissue being harvested, if larger or smaller MTCs are desired. For example,

larger diameters may be used to harvest samples from tissues or organs other than skin that

may be more tolerant of damage and/or for which visible scarring is not problematic.

(6026} The harvesting needle 0 shown in F G. 1 A includes a distal end that can he

formed as a plurali t of piercing arrangements (e.g., including points) 105 A ide view of a

distal end of the needle 0 is shown in FIG. . For example, the two exemplary points 5

shown in FIG. can be formed by grinding flat bevels on opposite sides of the needle 1 0

at an angle a relative to the long axis of the needle. as shown in FIG. B. The angle a can be,

e.g., between about ° and about 25°, or between about 1 ° and 20". Such narrow tip angles

can facilitate penetration of the needle 100 into tissue and a severing of tissue within the

lumen of the needle 0 from adjacent tissue as the needle 0 is advanced in further

exemplary embodiments, the distal end of the harvesting needle 100 can be provided with

three or more poi ts 5, e.g., by forming three or more angled flat bevels at different

orientations, and optionally at different angles.



[0027] The exemplary points 1OS arid associated beveled edges can facilitate insertion

of the distal end of the needle KM) into donor-site tissue and removal of MTCs therefrom.

For example, the distal end o f the harvesting eedle 0 can be con figured to penetrate the

tissue, so that a portioo of tissue (an MTC) will he cot away from the surrounding tissue by

the needle tips 5 and adjacent beveled edges, such th at t e MTC will he located in the

hollow lumen of the needle 100. The needle 1 can be formed of metai or another

structurally rigid materia!, e.g.. hypodermic stainless steel tubing or the like. For example,

d e needles 1 0 cm be formed fr o a s all biopsy needle or a similar structure. A portion of

the needle 100 can optionally be coated with a lubricant or low-friction material, such as

Teflon®, to further facilitate passage of the needle 10 through the donor site tissue

certain exemplary embodiments of the present disclosure, a rotating motion can be appl ied

around the longitudinal axis of th needle 1 0 during insertion to facilitate penetration of the

needle 00 into the tissue and/or separation and removal of an MTC from the surrounding

tissue.

[ 28 } Exemplary har vest g needles 0 were formed by grinding angled bevels into

opposite sides of a surgical steel hypodermic needle to form two points, as illustrated

schematically in FIGS, A and . The bevel angle was about 2°. Thin wall hypodermic

needles of and 22 gauge, and regular-wall needles of 25 and 30 gauge were used. These

exemplary needles 1 0 were inserted into samples of pig and huma skin tissue to a depth of

the subcutaneous fat layer, and the penetration force was measured. The width of the

resulting harvested MTCs was also measured. Data for this study -summarized in Table I

below.

Table 1; Mean diameter, D, of harvested ST and harvesting penetration force,
F, for needles of different gauges: regular wall (RW), thin wall (TW), outer
diameter (od), inner diameter (id). Mean force was obtained from two users and
four independent measurements per user. Mean diameter was obtained from five
independent measurements. Standard deviation of the mean is i parenthesis.

22TW Tl 0 510 20 (4 ) 8 .- S 1.58) 4.8 ( , 15)
25 W 5 10 250 380 84) 8.24 ( ??8 4.8 { 86)
30RW 3 1 1 0 4.3 .3 5 -

| Θ2 | in general, the width o f a harvested MTC was observed to correspond closely

with the inner (lumen) diameter of the harvesting needle 00 . Insertion force of any needle



into human tissue was about 50-60% of the force needed to i sert the same needle i to pig

skin tissue. For typical needle sizes that may be used to harvest skin tissue in humans, the

force measured to insert a single needle 00 was about 5-6 . f a plurality of needles 1 0

a e inserted simultaneously, the total force required would, to a first approximation be about

5. multiplied by the number of needles MX) being inserted. Such force dat can be used,

e.g., to estimate the force requirements for devices having a plurality of harvesting needles

100, and can also set limits on bow ma y such needles 00 can be inserted using a reasonable

degree of force.

|003 A cross-sectional view of a diagram of an apparatus 200 in accordance with

certain exemplary embodiments of the present disclosure is show i FIG. 2 The exemplary

apparatus 200 shown in FIG, 2 can include a housing 220 with a fluid conduit 225 provided

therein. One or ore harvesting needles 0 can be coupled to the housing 220. The fluid

conduit 225 can be provided with at least one fluid inlet 230 and at least one fluid outlet 235.

The fluid conduit 225 can be configured or structured such thai a fluid can flow therethrough;

e.g., the direction of fluid flow is indicated by th arrows in FIG 2 . A proximal end of ihe

needle lumen can be in a fluid communication with the conduit 225. For example, the fluid

can flow past a proximal end of the harvesting needle 0, as shown in FIG. 2 .

j 3 j In one exemplary procedure to harvest MTCs 0 from a donor tissue 2 , as

illustrated in FIG 2, the exemplary apparatus 200 can be manipulated such that the distal end

of one or more of the harvesting needles 100 penetrate the tissue 2.12 to a particular depth

The depth can be selected and/or controlled, e.g., by providing or adjusting a particular

distance between the bottom of t e bousing 220 and the distal end of the one or more needles

0. For example, a penetration depth can be selected that extends the distal end of one or

ore of the harvesting needles 0 through the entire loca thickness of the dermis to about

the depth of the subcutaneous iat layer, or optionally slightly into this fat layer. Inserting the

needles 0 through the entire thickness of the dermis can provide an MTC 210 that has the

full length of the dermis. Further, such exemplary depth can facilitate a separation of the

MTC 210 from the surrounding tissue, because the proximal end of the needle 0 can cut

the MTC 2 away from the adjacent dermal tissue, and the MTC 0 can then be fully

detached by tearing a small amount of subcutaneous fat at the bottom of the MTC 21 . Such

fatty tissue ay be more easily separable than denser dermal tissue. After the needle 100 is

withdrawn from the donor site tissue 2, an MTC that was separated front the surrounding

tissue 212 can remain wi thin the lumen of the needle 100



[ Θ32] The fluid flowing through ihe conduit 225 can reduce pressure at the proximal

e d of the needle 00 , which c a rs facilitate removal of the MTC 0 from the lumen of ihe

needle 100. The MTC 0 can be entrained in the o n liquid, and carried through the

cond it 225 and into a chamber 240. The flowing -fluid can be -withdrawn from the fluid

outlet 235, which can be provided as part of the chamber 240. MTCs that have been

harvested as described herein can remain n the chamber 240. One or more optional vents

237 can be provided in an upper portion of the chamber 240 (or conduit 225, if no chamber is

provided) to allow any air entrained during the harvesting procedure to escape from the

conduit pathway, e.g., to prevent the chamber 240 from filling with air. For example, a small

amount of air may be sucked in through the needle 100 along with an MTC 0 when the

needle 100 is withdrawn from the donor tissue 2 ,

| t) 33 .some exemplary embodiments of the present disclosure, the conduit 225

can form a closed loop for the fluid flow or otherwise recirculate fluid flowing through the

apparatus 200. For example, the fluid inlet 230 and outlet 235 show in FIG. 2 can be

connected to the outlet and inlet, respectively,, of a fluid pump arrangement (not shown) or

the like.

[0034] The pump arrangement can be or include an external pump or similar device

configured to circulate fluid through the conduit 225. The fluid can be provided from one or

more reservoirs, and the pump arrangement and the conduit 225 can be configured, connected

or structured such tha the fluid leaving the chamber 24 via the outlet 235 can be discarded.

n further exemplar}' embodiments o f h e present disclosure, the fluid exiting the outlet 235

can be recirculated through the conduit: 225, e.g., in a closed-loop configuration. O n or

more sensors (e.g. pressure or flow rate sensors - not shown) can optionally be provided in

the apparatus to facilitate control o f the circulating fl uid h certain exemplary embodiments

of the present disclosure, the pu p arrangement can he or include a peristaltic pump. The

flowing fluid can facilitate the removal of the MTCs 2 0 through the hollow needle 100 and

into the fluid path, where the MTCs 210 are surrounded by gentle fluid environment.

ΘΘ35] A "trap" or filter arrangement 250 can be provided in the apparatus to remove

harvested MTCs 1 from the circulating fluid and ho d them for subsequent transfer or

further processing. For example, an optional filter arrangement 250 can be provided in the

chamber 240, e.g., near the outlet 235, to retain harvested MTCs within the chamber during

the exemplary tissue harvesting procedure, as shown n FIG. 2 . The f ter arrangement 2

can include, e.g., a chamber or an enlarged region provided in the fluid circulation path of the



conduit 225. The filler arrangement 250 can also include a permeable filter element, e.g. a

mesh, woven or porous material., basket, trap, or the like such that th circulating fluid flows

at least partially through the chamber 240 and the filter element.

|ΘΘ36] A pore size or permeability of the filter arrangement 50 can be selected to

facilitate the fluid flow therethrough while preventing the MTCs 2 from doing so. or

example, the pore size can be less than about 200 microns, e.g., about 1 0 microns or less.

Such exemplary pore sizes can facilitate the f ow of the circulating fluid through the filter

arrangement 250 w th a relatively little restriction, while being small enough to trap and

retain the MTCs 0 tha can be suspended in the flowing fluid. Accordingly, the harvested

MTCs 0 can be retained in the trap while the fluid can flow therethrough, and. ex t from the

filter arrangement 250, e.g., through ihe outlet 235.

f0037| According to certain exemplary embodiments of the present disclosure, the

filter arrangement 250 can include a porous dressing with holes or pores sufficiently small to

trap MTCs 10 while facilitating or allowing the fluid to flow through it The dressing can be

'populated' with MTCs after th exemplary harvesting procedure, and can be removed

fro the apparatus and applied directly onto a wound site. Such dressing a the filter element

can be used with any of the various embodiments described herein .

[ 38] in certain exemplary' embodiments of the present disclosure, a source of low-

pressure (not shown) ca optionally be provided in communication with the conduit 225, e.g.,

to reduce pressure in the fluid conduit 225 and further facilitate fluid flow and/or removal of

MTCs 2 from the harvesting needle 100. For example, the chamber 240 ca be configured

or structured to provide a headspace for a gas, such as air, above the filter arrangement 250.

The source o f low pressure can include, e.g., a vacuum pump, a low-pressure line or the like.

The low-pressure source can be "in fluid communication with this headspace, e.g., via a tube

or hose connected to an opening in the chamber 240, such as the vent 237 shown in F G, 2 .

Other similar or equivalent exemplary configurations ca also be provided to generate a

reduced pressure in the conduit 225 according to further exemplary embodiments of the

present disclosure.

According to further exemplary embodiments of the present disclosure, the

exemplary apparatus 200 can include on or more control arrangements (not shown). For

example, a pressure sensor can be provided a one or more locations within the apparatus 200

to detect, e.g., the pressure within the fluid conduit 225 near the harvesting needle 100 or a



pressure differentia! across the filter arrangement 250 to ascertain i f the filter arrangement

250 is clogged and ma be impeding fluid flow. Such exemplary sensors can be provided in

communication with, e.g., a fluid pump arrangement and/or a» optional low-pressure source

as described herein, to control or s the operation of such components and maintain

preferred conditions for the apparatus 200 during the exemplary operation. Other exemplary

sensors that can be provided and can include, for example, temperature sensors to monitor

and optionally control the fluid temperature, an optical sensor adjacent to or within the

conduit 225 to detect a presence of MTCs 2 flowing theremough, and/or one or more

sensors configured to monitor characteristics of the fluid flowing through the apparatus 200.

in further embodiments, a locat n sensor can be provided on or next to the needle 0 or

within the apparatus 20 to detect a position of the needle 0 relative to the bottom surface

of the housing 220, e.g., t track or monitor the penetration depth of the needle 00 during

use. Such exemplary sensors and control arrangements, and/or a low-pressure source, can be

used with any of the various embodiments described herein, including those embodiments

illustrated in FIGS. 3 and 4.

| 04 n st ill further exemplary embodiments of the present disclosure, a cauterizing

arrangement can be pro vided on one or more needles 00. For examp , RF current can be

provided to one or more of the harvesting needles 0 in the apparatus 200. The cauterizing

arrangement can be used to reduce or prevent bleeding during or after the harvesting

procedure. For example, RF current can be applied to one or more of the eed es 0 alter

the MTCs have been withdrawn from ihe eedl lume s an before the needles 1 0 are

fully withdrawn from the tissue 2 to avoid damaging the MTCs 210 while cauterizing the

area around the removed volume of tissue.

[ 4 According to yet further exemplary embodiments of the present disclosure,

one or more control valves (not shown) can optionally be provided at one or more locations

in the conduit 225. For example, a valve 260 can be provided between the proximal end of

the coring needle 100 and the chamber 240 and/or filter arrangement 250, as shown in FIG. 2.

The valve 260 can be kept open during harvesting of tissue columns 210, to allow and/or

facilitate fluid containing such MTCs 2 to flo therethrough. The valve 260 can be

periodically and/or momentarily closed while fluid is circulating, e.g., while the needle 0 is

not located within the tissue of tire donor site 2 , which can direct some fl ui entering the

inlet 230 through the coring needle 00 and out of the distal end thereof, which can clean

and/or unblock the lumen of the needle 0.



[ΘΘ42] The id can be selected to provide a ge tle environment for the MTCs 210,

e.g.. to prevent mechanical damage or con.taraina.tion, and/or to promote their viability

growth. The fluid can be temperature-controlled using conventional thermal control systems.

For example, the fluid can be provided from a source reservoir or container, and the

temperature and/or other conditions of the fluid reservoir can be controlled using

conventional control systems. The fluid can contain a variety of substances including, for

example, saline, growth factors, buffers, etc. For example, the fluid can contain supplemental

nutrients such as, e.g., amino acids, glucose, electrolytes, and or oxygen to promote or help

maintain viability of the harvested MTCs 0 . The fluid can also include or comprise a

conventional tissue culture medium, such as Dulbecco's Modified Eag e Medium, F , or the

like. Antibiotics (e.g., penicillin, streptomycin, or the like) and/or antifungal agents (e.g.,

amphotericin or fluconazole) can optionally be provided in the .fluid to help disinfect the

MTCs 0 after they are removed from the donor site 2 .

(ΘΘ43] n the various exemplary embodiments described herein, the MTCs 2 0 can be

maintained in a controlled fluid environment from the time the are pulled up from the

harvesting needlefs) 0 and flow through the conduit 225 until they are captured or

deposited on th filter arrangement 250, which can also be maintained within the fluid.

Accordingly, the MTCs are less likely to be damaged or contaminated as compared to,

e.g., other tissue removal devices that may expose removed tissue samples to air and/or other

non-sterile surfaces,

| ΘΘ44) F G, 3 shows a cross-sectional vie of a diagram of an apparatus 300 n

accordance with further exemplary embodiments of the present disclosure. The apparatus

300 shown in FIG. 3A can be operated manually, and it has many features similar to those

shown and described for the apparatus 200 in F G. 2, e.g., but not limited to, the housing 220

with the fluid conduit 225, the harvesting ueedle(s) 100, the fluid inlet 230, the outlet 235 the

upper chamber 240, the optional vent 237, an the filter arrangement 250. Certain

differences between the exemplary embodiments of the apparatus 200 illustrated in FIG. 2

and the apparatus shown in FIG. A are described herein,

ΘΘ45] For example, one or more of the harvesting needles 0 can be attached or

affixed to a hub . The hub ca be provided, e.g., as a shaped disc or in another

geometry with one or more harvesting needles 0 affixed to it. The hub 310 can be

configured such that it ca n fit into a shaped recess in the housing 2:20, t facilitate removal

and replacement of th harvesting needlef s) during or between harvesting procedures. A



protrusion distance of the harvesting eed! (s 100 beyo d the bottom surface of the

apparatus 300, which ca correspond to a penetration depth of the needle(s) 00 into tissue,

ca be adjusted using an adjusting arrangement such as, e.g., a threaded screw couples-

provided in d e bousing or the ike In certain embodiments, one or more needles 0 can be

provided with a hub 3 , where a desired penetration depth of the needles 0 into the tissue

of the do or site can be determined or selected based on a predetermined distance between

the hub 3 and ihe distal end of the need e s 00. A hub 3 0 such as that shown FIG.

3A, which can include one or more of the needles 100, can be used w th any o the various

exemplary embodiments described herein.

| 4 6 Th chamber 24 can be provided w ith a removable cap 320, or the like, to

facilitate access to the interior of the chamber and removal of MTCs 2 that may be trapped

or retained by the filter arrangement 250. For example, the exemplary apparatus 300 can

include the filter arrangement 250 provided in the chamber 240, where the filter arrangement

250 can be located between an end of the conduit 225 and the fluid outlet 235. Such

configuration facilitates the flo of fluid containing the harvested MTCs 210 through the

filter arrangement 250 and out of the outlet 235, where the MTCs 2 10 can be reta ined by the

filter arrangement 250, Access to the MTCs 2 ί 0 after they are harvested and trapped can be

achieved, e.g., by removing the cap 320 from the chamber 240.

| )() 47| According to additional exemplary embodiments of the present disclosure, the

filter arrangement 250 and optionally the cap 320 can be provided, for example as a sterile

cartridge that can be inserted into the chamber 240 before harvesting MTCs 2 1 , and can

later b removed with the liarvested MTCs 0. In still further exemplary embodiments of

the present disclosure, the filter arrangement 250 can be provided as a removable "basket" or

the like that can be inserted into the chamber 240, a d removed with trapped MTCs 2 0 alter

the ha e ti g procedure is completed.

| 4 ] n an exemplary operation, similar to the exemplary operation of the

exemplary apparatus 200 described herein, the exemplary apparatus 300 can be pressed onto

a donor tissue site, such that the distal end of the harvesting needle 0 pierces the tissue a d

separates an MTC 0 from the surrounding tissue. The fluid flowing through the conduit

225 can facilitate withdrawal of the MTC 210 from the proximal end of the harvesting needle

0 such that it flows with the -fluid through the conduit 225. The Slowing fluid can transport

the MTC 2 50 to the filter arrangement 250, where the MTC can be retained by mesh or

other filter element, while the fluid flows through the filter arrangement 250 and exits the



outlet 235, where ca optionally be recirculated. The apparatos 300 cao be withdrawn trora

the donor site, and inserted into another location to harvest a further MTC 2 0. This process

can be repeated a plurality of times to harvest a number of MTCs 0 from the donor site.

After a sufficient number of MTCs 0 have been harvested, the filter arrangement 250 or a

portion thereof) containing the MTCs 0 can be removed from the apparatus 300 for further

handling or processing.

|0049) Another exemplary apparatus 350 is shown in FIG. 3B that can include several

features in common with the other exemplary apparatuses 200, 300 e.g., the housing 220

with the fluid conduit 225, the harvesting iieedle(s) 0, and the fluid inlet 230. Th

exemplar apparatus 350 illustrated in F G. 3 ca be provided with a delivery arrangement

360 configured to direct at least a portion of the fluid flowing from the inlet 230 and through

the condu 225 onto a receiving substrate 3 0 (which ca be or act as a filter arrangement).

The delivery arrangement 360 ca include rigid and/or flexible tubing, or the like, which can

be connected to the conduit 22 .

| 5 ] The receiving substrate 370 can be or include, e.g., a filter element that can

trap MTCs 21.0 while allowing fluid frora the conduit 225 to flow through or off of the

substrate 370. in further exemplary embodiments of the present disclosure, the substrate 370

can be or include permeable or porous dressing material, which can act as a filter element to

trap MTCs 210 thereon while allowing the fluid to pass through or flow off of the substrate

370. in this exemplary manner, harvested MTCs 210 can he directly deposited onto a

dressing or the like, and such dressing with the MTCs 2 0 can then be transported or applied

directly to a wound site.

(0051] The distal end of the delivery arrangement 360 cart be positionable such that it

traverses predetermined region of the substrate 37 during the harvesting procedure, e .g.,

while fluid containing MTCs 2 0 flows through the conduit 225 and ou of the distal en of

the delivery arrangement 360. For example, at least a portion of the delivery arrangement

360 can be flexible such that the distal end thereof can be positioned and/or moved over the

substrate 370 while the housing 220 containing the needle (s) 100 can be advanced and

withdraw over multiple locations of the donor site to harvest MTCs 0.

(0052] n a further exemplary embodiment of the present disclosure, the distal end of

d e delivery arrangement 360 can be held or maintained in a stationary posi ion, and the



substrate 370 can be c ntf ab y moved or translated relative t this distal end such to

MTCs 0 are deposited over a predetermined area of the substrate .

[0 3 The translation of the distal e d of the delivery arrangement 360 relative to the

substrate 370 (or vice versa) ca be performed, e.g., using an ne of various translation

arrangements known i the art. Such positional translators can include, e.g., one or ore

motors or actuators, various arms, supports, clamps, pivots, or the like, along w th any

sensors and or controllers that ay be used to control a rate and/or direction of motion, limits

of motion or displacement, etc. For example, the relative motion of the distal end of the

delivery arrangement 36 and the substrate 370 can be selected and/or performed such that

MTCs 0 are deposited a predetermined spacing, pattern or density on the substrate 370 .

The deposition geometry can be estimated in a straightforward manner based on the

frequency at which the needle 0 is inserted into tissue to obtai a new MFC 2 0, together

with the speed and direction of the relative motion between the distal end of the delivery

arrangement 360 and the substrate 0.

[ΘΘ54] According to a furthe exemplary embodiment of the present disclosure,

another exemplary apparatus ca be provided, is shown in FIGS. 4A 4.8 that can include

the harvesting ueedle(s) 100 secured to the hub 3 , The apparatus 400 shown in FIGS,

and 4B has many features similar to those shown and described for the apparatus 200, 300

and/or 350 shown in FIG. 2, FIG. 3A and FIG. 3B, respectively. These features include, e.g.,

the housing 220 with the fluid conduit 225, the harvesting needlef s) 00, the fluid inlet 230

and the outlet 235, the upper chamber 240, the optional vent 237, and the filter arrangement

250. One or more harvesting needles 0 can he attached or affixed to the hub 3 .

(0055} The exemplary apparatus 400 can include a base 420 that can be s idabi

engaged with the housing 220, e.g., such that the housing 22 can move u and down over a

particular distance relative to the base 420, One or more solenoid coils 430 can be coupled or

affixed to the base 420, and a solenoid core 435 ca be located at least partially within the

solenoid coil 430 and mechanically coupled to the housing 220. With such exemplary

configuration, the solenoid(s) 430 can be configured to move the housing 220 and the

attached needles 0 up and down reiaiive to the base 420, thereby inserting and withdrawing

the needles 5 00 fro the donor tissue 2 . One or more rmgs or similar sealing

arrangements can be provided to maintain a fluid-tight sea! between the housing 200 and the

hub 0, and also between the housing 220 and the base 420 when the housing 220 is

translated during operation of the apparatus 400. A linear bearing ca optionally be pro vided



to maintain support and alignment of the housing 220 within the base 420 during operation of

the apparatus 400

j0056j For example, the apparatus 400 of FIG. 4A shows the solenoids 430 which are

not activated n this exemplary state, the harvesting needles 0 are retracted so that they

are close to but not protruding from, a lower surface of the base 420. n operation, the base

420 can be placed on the surface of the donor site tissue 2 to be harvested, with the

solenoids 430 off, as shown in F G. 4A , A pump arrangement or the like (not shown) can b

activated to supply fluid to the inlet 230 and circulate it through the conduit 225, as described

herein.

[0057] The solenoids 43 can then be activated, such tha the cores 435 are drawn

downward, such that the housing 220 with mechanically coupled needles ί are also pulled

downward with respect to the base 420, as shown in F G. 4B. This exemplary motion can

result in the harvesting needles 0 protruding beyond a lower surface of the base 420,

causing the needles 10 to pierce the tissue 2 2 of the donor site and separate MTCs 210

from the surrounding tissue 212, as described herein. The MTCs 21 can then be withdrawn

from the needles 100 such that they flow through the conduit 225 with the fluid and can be

deposited in the filter arrangement 250 The solenoids 430 can then be deactivated, such that

the housing 220 rises relative to the base 420 (e.g., using springs or the like to return the

housing to a raised position) and the needles 1 0 are withdrawn from the donor site 2 and

back into the base 420, as shown in FIG. 4A. This exemplary procedure can be repeated at

different locations on the donor s te 2 . to harvest additional MTCs 210. an exemplary

operation, such apparatus 400 can be used to harvest the MTCs 210 at a frequency between

about 0.5 and about 2 Hz, e.g., with a time interval between successive penetrations of about

0.5 to 2 seconds. Cert ain exemplary modifications ay be developed t allow faster

harvesting rates, and slower rates can also be used if desired.

[ 058 An adjusting arrangement such as, e.g., a screw-type adjuster or a spacer that

ca be attached to the base 420, can be provided to control the maximum protrusion length of

the needles 0 from a lower surface of the base 420 (thereby controlling a corresponding

maximum penetration depth of th needles 0 into the donor site tissue .

[0059] In further exemplary embodiments of the present disclosure, other types of

actuators can be used instead of or in addition to the solenoids 430. For example, one or

more motors can be provided with a rotary/linear converter to convert rotary motion to a



linear motion of the housing 220 relative to the base 420, e.g., at a controlled frequency

and/or particular excursion distance. Other types of linear actuators can also be used to

extend and withdraw the needles 00 from the tissue 2 beneath the apparatus 400.

|ΘΘ6 ] The base 420 of the exemplary apparatus 400 can be structured to include a

recess 450 that can form an enclosed volume between the tissue surface 2 and a lower

surface of the base 420 adjacent to the needles 100, as shown in IG. 4A. S ch exemplary

recess 450 can be formed, e.g., by providing the base 420 with a rim or edge that can rest on

the donor site tissue 212 while a lower surface of the base 420 remains a small distance above

the tissue surface. One or more vacuum ducts 4 0 can e provided in communication with

the enclosed volume. Application of a low-pressure or vacuum source (no shown) to the

vacuum duct(s) 4 10 can cause the surface of the donor site tissue 2 .12 to be pulled up into the

recess 450, as shown n F1G.4B.

[0061] This exemplary deformation can stre tch the surface and provide tension,

which may provide several benefits. For example, stretching the tissue surface can

mechanically stabilize it such that the needles 00 can penetrate the stretched tissue 2 12 more

easily than they may penetrate unstretched, resilient tissue. Further, puling the tissue surface

upward using low pressure such that it contacts a lower surface of the base 420, as shown in

FIG. 4B, can facilitate accurate insertion depth of the needles 0 , n certain

embodiments, the needles 1 0 ca be in a fixed position relative to the base 420 such that

they remain protruding a smal distance fr om the lower surface, as shown in FIG. 4B.

| 62] Instead of forcing the needles 0 into the tissue 212, as described herein, the

tissue can be pulled u onto the needles 1 0 such that th pierce the tissue , as

shown in FIG. 4B, The ow pressure can then be released to allow the tissue 212 to relax and

fal off the needles 10, optionally assisted with a positi ve pressure being applied to the

vacuum ducts . An exemplary application of low (and/or optionally high) pressure to the

vacuum ducts 0 can he done, for example, using a conventional pump arrangement or other

source(s) of low and high pressure, together with an appropriate valve arrangements to

control the application and release of pressure differences in the ducts 4 , The timing of

such pressure cycles can be coordinated with the ac ivation deac vation of the solenoids 430.

Such exemplary chamber 450 wit the vacuum ducts 0 can also b used with any of the

other exemplary embodiments described herein.



[ 6 3 } According to still further exemplary embodiments of me present disclosure,

the surface of the do or s e t su !2 can be stretched or stabi ized usin other procedures,

e.g., by manually stretching the surface with fingertips be ore inserting die needles KM). In

yet farther exemplary embodiments of the present disclosure, the donor site tissue 2 can be

pre-cooled or partially frozen prior to insertion of the harvesting needles 0, e.g. , using

convective or conductive techniques such as a cryospray or contact with a cooled object. The

exemplary cooling of the donor site tissue 2 can make it more rigid and facilitate insertion

of the harvesting needles 1.00. In stil further embodiments mechanica l surface clamp or

spreader can be applied around the donor site region to stretch the tissoe 2 before inserting

the needles 0. Such procedures can be performed with any of he exemplary devices and

methods described herein.

[0064] The exemplary apparatuses 200, 300, 350, 00 can be provided with various

numbers of the harvesting needles 100 . Fo example, in addition to a single one of the

needles 0, arrays of 4, 6, S, 9, or more of the needles 0 can be used, and they can be

affixed to a hub to facilitate insertion and removal of the needles 0 fr om the exemplary

apparatuses 200, 300, 350, 00 as a group. The needles 1 0 can be provided in various

geometrical arrangements such as, e.g., a square or triangular pattern. Providing a hub with a

larger number of needles can increase the efficiency and speed of harvesting MTCs 210, as

more MTCs 0 (one per needle 100) can be harvested with each insertion-arid- withdrawal

cycle of the needles 100 However, a very large number of needles 0 can increase the

force required to advance all of the needles 100 into the donor site tissue 2 2 simultaneously,

and can increase the complexity of manufacturing the hub-needle component. According still

add. Liona l exemplary embodiments of the present disclosure, the hob arrangements can have

between about 4 and 25 needles coupled thereto.

[0 0 ] The needles 100 can be spaced apart a appropriate distance to facilitate

harvesting of a large number of the MTCs 2 from donor site 2 2 while maintaining

health tissue between the removed tissue samples 2 to promote rapid healing of the donor

site 1 , prevent formation of scars or markings, etc. For example, the spacing between

adjacent needles 100 can be about 1-2 m ., or up to abou 5 ram. Larger spacings can be

used in certain embodiments, bu this can require a correspondingly larger width of the

overall apparatus to accommodate the larger hub. The MTCs 2 can be harvested over a

larger area oftissue 212 by moving the exemplary apparatuses 200, 300, 350, 00 to different

locations before each needle insertion procedure.



[ΘΘ6 6 The exemplary embodiments described herein can include the fluid conduit

225 tha i substantially vertical. n further exemplary embodiments of the present

disclosure, other orientations of the conduit 225 can be provided. For example, the conduit

can be substantially horizontal, with he inlet 230 and the outlet 235 can be provided at

opposing ends of such a conduit 225, and the proximal ends of the needles 1 0 protruding

into the conduit 225 such that the liquid flows past this end of the needles 1 0 Such an

exemplary configuration can also provide a simpler e.g. linear, conduit geometry that may be

easier to manufacture and/or clean, ay result in fewer pressure drops along the fluid path,

etc. Other exemplar} orientations of the conduit 225 or shapes thereof, such as carved

conduit, can also be provided in still further exemplary embodiments of the present

disclosure

|t) 7 According to still additional exemplary embodiments of the present disclosure,

at least two of the needles 100 can be separately actuated, e.g., such tha they pierce the tissue

212 at different times. For example, two or more actuators can be coupled to different ones

of the needles. Alternati vely, a singular actuator can be provided tha is configured to

advance different ones of the needles a different times. Such 'staggering' of penetrations

can reduce the maximum force needed to advance the needles into the tissue.

j 6 Other needle cross-sectional shapes can be used with the various embodiments

described herein to harvest the MTCs 210 having different geometric characteristics.

Although circular cross-sections are most common, needles 100 having oval, square, or

triangular cross-sections, or combinations thereof in multi-needle devices, can also be used.

| | in further embodiments of the present disclosure, the methods and apparatus

described herein can be applied to other tissues besides skin tissue. Thus, the MTCs 2 ca

be harvested from a variety of organs or tissue structures, which can facilitate rapid healing of

a donor site while providing microscopic graft tissue suitable for placement at recipient sites,

on scaffolds, within biocompatible matrices, etc.

701 ft will thus be appreciated that those skilled in the art will be able to devise

numerous systems, arrangements a d methods which, although not explicitly shown or

described herein, embody the principles of the present disclosure and are thus with in the

spirit and scope of the present disclosure. In addition, all publications, patents, and patent

applications referenced herein a incorporated herein by reference in their entireties.



WHAT IS CLAIMED IS:

. A« apparatus for obtaining at least one portion of a biological tissue, comprising:

at least one ho ow tube;

a conduit configured to facilitate flow of a fluid therethrough, wherein a proximal

end of the at leas one hollow tube is in communication with the conduit; and

a filter arrangement provided at least partially in a path of the fluid,

wherein an inner diameter of the at least one tube is less than abou 1 mm,

wherein a distal portion of the at least hollow tube is structured to be inserted into the at

east one biological tissue to remove the at least one portion therefrom when the at least one

tube is withdrawn from the biological tissue, and

wherein, in operation, the fluid flows through the conduit so to remove the at leas

one portion from the at least one holiow tube, and transport the at least one portion to the

filter arrangement.

2. The apparatus of clai 1, wherein the at least one hollow tube comprise at least two

piercing arrangements provided at a distal end thereof, and wherein an angle formed by at

least one of the piercing arrangement is between abou ten degrees a d about 20 degrees.

3 The apparatus of claim i , wherein the inner diameter of the at least one tub is less than

about 0.5 mm.

4. The apparatus of claim \ , wherein the inner diameter of the at least one tube is between

about 0 1 mm and 0.5 mm.

5. The apparatus of claim wherein the filter arrangement comprises at least one filter

element configured to remove the at least one portion of the tissue from the apparatus.

6. The apparatus of claim , further comprising a chamber provided in communication with

the conduit, wherein at leas one portion of the filter arrangement is located within the

chamber.

7. The apparatus of claim wherein the at least one hollow tube is a plurality of holiow

tubes.



8 . The apparatus of claim 1>further comprising a housing, wherein the conduit passes at least

partially through the housing, and wherein t e at least one hollow needle is coupled to the

housing

9. 'The apparatus of claim 8, further comprising an inlet and a outlet provided in fluid

communication with the conduit, wherein the .fluid is introduced into the in et and withdrawn

fro the outlet to provide the flow through the conduit.

10. The apparatus of claim 9, further comprising a valve arrangement provided in the

conduit, wherein the valve arrangement is configured to produce a flow of the fluid from the

proximal e d of the at least one hollow tube to the distal end thereof when the valve

arrangement is closed.

. The apparatus of claim 8, further comprising a base configured to be placed on a surface

of the biological tissue

2 . The apparatus of claim , wherein the base comprises at eas one duct and is

configured to form an enclosed volume above a surface of the biological tissue, wherein the

surface of the tissue can b stretched when a low pressure source is connected to the a least

one duct to produce a reduced pressure within the enclosed volume.

. The apparatus of claim , wherein the base is movably coupled to the housing alo g an

axis, wherein the base is configured to be placed on a surface of the biological tissue, and

wherein the housing is configured to insert and withdraw the at least one hollow tube from

the biological tissue when the housing is translated bac and forth along the axis relative to

the base.

14. Th apparatus of claim 3 , further comprising an actuator arrangement configured to

translate the housing relative to the base.

15. The apparatus of claim 4, wherein the actuator arrangement comprises at least one of a

solenoid or a linear actuator.



. The apparaius of l i further comprising a deli very arrangement configured to direct

at least a portion of the fluid in the conduit onto the filter arrangement.

17. The apparatus of claim 1, wherein the filter arrangement comprises a wound dressi ng

material.

18. Th apparatus of claim , further comprising at least one vent provided in fluid

communication with the conduit, wherein the at least one vent is configured to facilitate a

removal of a gas from the fluid,

. The apparaius of claim 18, wherein the vent is structured to provide a low-pressure

environment in the conduit when a . source of low pressure s provided in communication with

the vent.

19. A method for obtaining a t least one portion of a biological tissue, comprising:

inserting a distal portion of at least one hollo tube into the biological tissue;

withdrawing the at least one hollow tube from the biological tissue to retain the at

least one portion of tissue within a lumen of the at least one hollow tube;

providing a Slow of a fl id adjacent to a proximal end of the at least one hollow

tube to cause a removal of the at least one portion from the proximal end thereof; and

separating th at least one portion of the tissue from the liquid using a filter

arrangement,

wherein an inner diameter of th at least one hollow tube is less than about 1 mm.

20. The method of claim 19, wherein an inner diameter of the at least one hollow tube is

between about 0.1 mm and 0.5 mm.

. The method of claim 9 , wherein the at least one hollow tube is a plurality of hollow

tubes.

22. The method of claim 19 wherein the biological tissue is skin, and wherein the at least

one hollow tube is inserted t at least a depth of a subcutaneous fat layer below the skin.
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