GRAFT MATERI ALS FOR SURG CAL BREAST PROCEDURES [ 0001] This

application clains priority to United States Patent Application No.

12/ 506, 8390 2ohiaammas filed on July 21, 2009, and is hererruseooonysos at ed by

reference inits entirety. BACKGROUND [0002] Gaft materials can be

used in a wide_ r I ent _Lissue or repair or
~ . . ] FROCEDURES  he field of

cosnetic and reconstructive surgical breast procedures, a field in which

graft materials are typically provided to surgeons as a sheet or sheet-Ilike

mat er i al No W1/606 B39, wHIcBeeas filed criuly @1t Reodesid stheseindnesrpordtag dybef or e
i nplantation. Gaft materials can be very expensive and can pose chal |l enges

for attai.p nf ormance to underlying features of the
R oSy

i npl ant at’ion Accordingly, there is a need for inproved graft
mat eri al s. SUVMMARY [ 0004] According to certain enbodi nents, a graft

material for surgical breast progg@kﬁﬁd!g!ﬂi scl osed that includes a sanple

of bioconpatible material wth a and a second edge. The first
edge has a c It | rv r d the
second edge ?@ésg] @gﬁfﬁl’éf??edﬁ??ai&%’ﬁ*&? hd;gt% d?ﬁ%{sdegfm%agg? rf %ﬁﬁ?i% P éi(ga?turggge.
[ 0005] Accordi n% to certain enbodi rﬁnt S, agg aft. mat er. a%. for surgical
breast pPOGMSHPELISSYS g Sepas BLORTaE tosbs RIS ORfARPGAteR BLaRac bl o
material with a set of perforations that forman arcuate pattern across at
| east a atariaimisdhetflield ebeqsirectist amd rroomsttCliNeesyrgicat Pegast procedures, a

field in which the number of procedures performed each year continues to

increase. Some graft materials are typically provided to surgeons as a sheet or

sheet-like material, which the surgeon can cut to the desired size and shape

before implantation. Graft materials can be very expensive and can pose

challenges for attaining adequate conformance to underlying features of the

implantation site.

[0003] Accordingly, there is a need for improved graft materials.

SUMMARY

[0004] According to certain embodiments, a graft material for surgical
breast procedures is disclosed that includes a sample of biocompatible material
with a first edge and a second edge. The first edge has a convex portion that
curves away from the second edge, and the second edge has a convex portion
that curves away from the first edge.

[0005] According to certain embodiments, a graft material for surgical
breast procedures is disclosed that includes a sample of biocompatible material
with a set of perforations that form an arcuate pattern across at least a portion of

the sample of biocompatible material.



[ 0006] According to certain enbodi nents, a nmethod of naking one or nore

graft devices is disclosed. The nethod includes cutting one or nore sanpl es
from a shwetzoofoiideconpati bl e material such that the sarpras2aopisrzed and
shaped for conformng to a portion of a surface of a breast inplant. BRI EF

DESCRI PTI ON DRAW N . 0Q07] .Figure 1 is a perspective view of
one exenpl ar %Qm%ﬁ\%gﬁ C&“@F‘a?mkﬂg‘f'ééqt%vl . method OFWEP GO RO s a
perspective view of one exenplary enbodi ment of a graft material.

[ 0009] Furgiirdeviesds disslasege ckhe/methashinghudes eullinenpnenpy mene sammpas from a
graft material. [0010] Figure 4 is a perspective view of one

exenpl ary shedtosfiiesumpdtitde gratétialrmicarthal the sample$ a@fd sireffiagdrahapedfora
perspective view of one exenplary enbodi nent of a graft material,

i ['] ust r agiffoinfing @b atpdttioh of 8 shiFfaas lof bitkastimplant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 is a perspective view of one exemplary embodiment of a
graft material.

[0008] Figure 2 is a perspective view of one exemplary embodiment of a
graft material.

[0009] Figure 3 is a perspective view of one exemplary embodiment of a
graft material.

[0010] Figure 4 is a perspective view of one exemplary embodiment of a
graft material.

[0011] Figure 5 is a perspective view of one exemplary embodiment of a
graft material, illustrated in relation to a breast implant.

[0012] Figure 6 is a perspective view of one exemplary embodiment of a
graft material.

[0013] Figure 7 is a perspective view of one exemplary embodiment of a
graft material.

[0014] Figure 8 is a perspective view of one exemplary embodiment of a
graft material.

[0015] Figure 9 is a perspective view of one exemplary embodiment of a
graft material.

[0016] Figure 10 is a perspective view of one exemplary embodiment of a

graft material.



[0012] Figure 6 is a perspective view of one exenplary enbodi nent of a
graft materi al. [0013] Figure 7 is a perspective view of one
exenpl ar ywertbadiin®at of a graft material. [ 0014] PCyarseo1d/ounzs7a
perspective view of one exenplary enbodi nent of a graft material.

[0015] Figure 9 is a perspective view of one exenpl ary enbodi nent, of a
graft materi dP017]Figure Goead pﬁsga%vqwerﬂfsof@%@@E!Be*@r%@rf\bpgwwt e
exenpl ary enbodi nent of a graft material. [0017] Figure 11 is a
per spectdgratt materialbbf one exenpl ary enbodi nent of a graft material.

[0018] Figure 12 is a perspective view of one exenplary enbodi nent of a
graft materi g0018]Figure 12 is a perspective view of one exemplary embodiment of a

graft material.

[0019] Figure 13 is a perspective view of one exemplary embodiment of a
graft material.

[0020] Figure 14 is a detailed view of a set of perforations consistent with

one exemplary embodiment of a graft material.

DETAILED DESCRIPTION

[0021] Reference will now be made in detail to the present embodiments
(exemplary embodiments) of the invention, examples of which are illustrated in the
accompanying drawings. Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like parts.

[0022] In this application, the use of the singular includes the plural unless
specifically stated otherwise. In this application, the use of “or” means “and/or”
unless stated otherwise. Furthermore, the use of the term “including,” as well as
other forms, such as “includes” and “included,” is not limiting. Also, terms such as
“element” or “component” encompass both elements and components comprising
one unit and elements and components that comprise more than one subunit,
unless specifically stated otherwise. Also, the use of the term “portion” may
include part of a moiety or the entire moiety.

[0023] The section headings used herein are for organizational purposes
only and are not to be construed as limiting the subject matter described. All

documents, or portions of documents, cited in this application, including but not



[0019] Figure 13 is a perspective view of one exenplary enbodi nent of a
graft material. [0020] Figure 14 is a detailed view of a set of
per f or at iwo0tiansivggt ent with one exenpl ary enbodi nent ofca/use@bto42sas eri al .
DETAI LED DESCRI PTI ON [0021] Ref erence vvi Il now be made in detail to

the present enbodi nents (exe ry emho of t he. i nventjon, exanples
of whi cHinifed tq P%F%P@Eﬁ&tﬁpp t@%‘éo%ﬁ%ﬁnﬁ diRatisgRere ReTeRYs si g}) e,

t he sane reference nunbers will be used throughout the drawings to refer to
t he sameexpressikinoospersted by referqroedntheinentiety s Ny wrPese. the use of the
singul ar includes the plural unless specifically stated otherwise. In this
appl i cation, [0D24]iBee wrm'"‘graft metesal,"asdised hemrlirg genstallyadfers heaw se.
Furtherm)re the use of the term"including," as well as other fornms, such

as "I ncl pdesial 306h ab el ddsshple, 't@s@é’tprbbgéééd“ﬁbsu@ 6PsytRENEs thd€Badbe
"el ement" or "corrponent " enconpass both el enments and conponents conpri sing

one un|t sgetrge{&ce%g&p?]% Eg that conpri se nore than one subunit,

unl ess speC| |ca Al so, the use of the term"portion"
may include p ntire Joiet

a, noi ety oy, e :

section headi @825ﬁbé%lteﬁmseisﬁe§tr & F‘ﬁ%‘?tglgﬂ?’ 74 V%‘%dahe'ﬁﬂ ;ﬂ?é%@g’ rh[ﬂd are
not to be construed as limting the subject matter described. Al I
docunent 8 bread, gelativelk dhipf Sm@h‘ﬁyef ef @ gpteral puchgiaste san JHEMRET udi ng
but not limted to patents, patent applications, articles, books, and
treati sesot, beeelaévelb;ﬂeﬂbbﬂﬁ,@wl ipay hedighor angdrmyn tre¢knesa os nnay varyiin entirety
for any purpose.

thickness across their surface.

[0026] The terms “breast implant” and “implant,” as used herein, generally

refer to medical devices that are implanted either under breast tissue or under the

chest muscle for breast augmentation or reconstruction. Such implants can

include saline filled or silicone gel implants, or other implants that provide volume

for breast augmentation.

[0027] The present disclosure relates to graft materials and methods of

using graft materials in breast or other plastic surgery procedures. The graft

materials can be used for tissue augmentation, repair or regeneration of damaged

tissue, and/or correction of tissue defects. As such, the graft material and

methods discussed herein may be suitable for a wide range of surgical

applications. In various embodiments, the graft materials and methods discussed

herein may be suitable for various types of surgical breast procedures, such as,

for example, aesthetic surgery associated with mastectomy or lumpectomy, breast

reconstruction, breast augmentation, breast enhancement, breast reduction,

mastopexy, and revisionary breast surgeries.



[0024] The term"graft material," as used herein, generally refers to a

mat eri al such as, for exanple, tissue, processed tissue, or synthetics that
can be atwechadii®4or inserted into a bodily part. PCT[IBO@6J043Bhe t er ns
"sheet" and "sheet-like," as used herein, generally refer to a broad,
relatively thin, surface or | ayer of a_materjal. Such sheets can, but may
not, be rel atlPQ28Varicusigsneodigientsal ol mﬁtﬁﬂa&d'ﬁﬂﬁﬁ?ﬂ qrﬁmt'HP'b'Eﬁ@ss or may
vary in thickness across their surface. ~[0026] The terns "breast

i mpl ant "saamgle of bjsicampatiblesmatesial hén spme eyebediglans, resapplefnedi cal devi ces
that are inplanted either under breast tissue or under the chest nuscle for
breast aigesmpatible materialananderaftat sheet Susheetdikedntfsrnc.aA samspladé sal i ne
filled or silicone gel inplants, or other inplants that provide volune for

breast a}igo&npakitIe taterial may ﬁ:@%’-iﬂng@hﬁy@f &s@Rl bdi meltioayédr ahabase to graft
materials and nethods of using graft nmaterialS in breast or other plastic

surgery gﬁ&ﬂ%’n@ ‘a Jé]ﬁp%r@fft}iocgggrb AL ?‘né{}@ﬂal%a&z’%%% frerd e

. | .
augnent at'l repdir orregene on O anmaged t1ssue, and/or correction

of tissuye defects. As such, th af t teri and t hod i scussed herein
mmy be. daPlEFS T EsCRaA AN angedh roran R TR o Ui var § ous

enbodi nents, the graft materials and net hods di scussed herein nay be

sui t abl edawrlbedrhegm, qsyigis epoodimgnts gangpelide aprarelylar dssug Mmaiss, for
exanpl e, aesthetic surgery associated with mastectony or |unpectony, breast
reconst r((ATM3n, breast augmentation, breast enhancenment, breast reduction,
mast opexy, and revisionary breast surgeries. [ 0028] Vari ous

enbodi ments qDOgORFIG. MBhRNidRsS ﬂé%ﬁééﬁ@vib@fﬁidhé aamplaneembopingerdfof

bi oconpatible material. In sone enbodi nents, a sanple of bioconpatible

material, Retéidi !f&fsxfrrg@%tbl%raﬁ Rekdlide THe fRIMmateriRARyecdthprise a

bi oconpat e materia e a single layer of may be nmulti-layered. In

R R I S ) o et Sk A
e o 3 S e 4 o BB SR RSB b e o

one exenpl ary enbodi rent of a graft material for surgical breast

pr ocedur @NVERheurying awanfrem sgcansyedampra s Sirailarhma ROTEEN Bf seerRThed s e
material 13a. Sanple of bioconpatible material 13a can have a first edge
15a and #7seaobe cetgex ldaving gvaayt from fobt édgest Sadde depicteadmn bES cbrfirek,
curving away from second edge 17a. Simlarly, a portion of second edge 17a

can be cadyetsa GHE\WekBna\wlgel 17anbl both Bdgabitatiafis coepxs ts makingG 1,
first edge 15a and second edge 17a may both be substantially convex, thus

g and edge 172 m i nvex. ¢
00307 15 BRE Bk FEPERG LAl U oy LR R I I Coe. 150 and

second edge 1 be substantially.par Lcly r t he
curvature of @gﬁ?%a%%gx%rﬂaﬁ%Fﬁ]}aoﬁlgﬁ@nf%ﬂbéﬂw b@g fi{%ged(g%;ﬁaéln%@dfromthe
focus to the vertex_of each parabola. For exanpl e, depicted in FIG 1,
first edwq@aecéﬂﬁﬂ%W&%Eﬁ@tﬁﬁﬁalg‘a‘%ﬁrﬁéoﬁbgﬁ%’ﬁpi gfst ?ucgh%&%&‘fv@lnifecur ved,
wi th the parabolic curve of second edge 17a having a greater distance from
i ts focusf each maywer charactiesred Hatpast byithe distanee frea. thedeeureionheeaeriex
certain enbodi nents, sanple of bioconpatible material 13a may be inpl anted

acr oss bokesdh parsbom. of orcexzmhplends sapictachimt FIG. ris firstdgige 1S arsd pesind oned
| ateral and inferior to first edge 17a, and such that a

edge 17a may be substantially parabolicly curved, with the parabolic curve of

second edge 17a having a greater distance from its focus to its vertex than that of
first edge 15a. Furthermore, in certain embodiments, sample of biocompatible
material 13a may be implanted across breast tissue of a patient such that first

edge 15a is positioned lateral and inferior to first edge 17a, and such that a



| ongi tudi nal axis y of sanple of bioconpatible material 13a is at about a
45 angle with respect to the transverse plane of the patient. [ 0031]
First edgwolba/amd4second edge 17a nay join at an apex. pDepsadiongsoh t he
needs of the procedure, the apex can be configured in nunerous shapes, such
as, for exappl.e, a.pointed ex .19a.  as depicted, in FIG 1 >ounded apex
Tob, ' oo GRGNEIE i EoEsampiE st hibcdnaAle Iuehah L4 s Agle ale A G 5.
Further, first edge 15a and second edge 17a nay be joined at nore than one
apex, andtheeaspesptodhediansverseaplane of thepalignty. "Sinilarly, sanple of

bi oconpati ble material 13a nmay be symretrical, for exanple about an axis X,
as depi ct ed i[A0B1)Eirst edge Hayambsecarwl edgritha awyljipm ategn gpexi in FI G 4.
[0032] In sonme exenplary enbodi nents, the edges of a sanple of

bi oconpapépéiingbartheneesy dﬂmeeﬁambahfé, eheapéx ean bei ddnfigarad ing degr ees of
curvature, including, for exanple, nonconvex, straight, or concave

portion i i ti i ’ I i i FIG 4,
B Sanpl & PO eRE, htPac 10y PlorRlls, MRRinbartemR, 8o RRCIFIC

second egdge l7hb [,0in t i % d.an e . Flrst
edge 15b ﬁ%&f’%@\?@ af%ﬁh@oﬁ%e‘%%%&? ?}gﬁ@? o&??dg%lgacrgﬁé?’gggggi%%%ér;?t{dave a
nonconvex ri 1. The noncaonve ortions of_ first edge 15b and second
Cge 17oMEG. Boruitch, TS ehgs 580 SHoent 29 V7 way e AMEGE dnelnt o

sanpl e of bioconpatible material 13b nmay be inplanted across breast tissue
of a patthentonewrpex had essbapexapay beshaped shissrentyne §imiaryasaeme Phferior to
first apex 19d, and such that a longitudinal axis y of sanple of

bi oconpatibbbpatiblemateriaBib3a snapt babgmmeatridd, fongkampid bbowtsgreaxis xpas he
transverse plane of the patient. Further, in some enbodi nents, the

nonconvegeGeiiRMGOT, of a§mpdafRal Juchnd FRraasicRddn FIGb4may be
substantially straight. [0033] Since graft materials may be

provided in s r =1 f : i f ures of the

i npl antati on @i@? g] lgrse o?tg g%.'n'p ?ﬁ%&gaﬂg?r‘m?ﬁ %é%%gyg%eétgggﬁpl]@?f may be
difficult. to attain adeqguate confaornpance between the graft mterial and the
under | yi*?fac?‘gaﬁfls‘&‘?a%ﬁ'%gm@é{d"aa’s '@H&B[ée% i'ﬂas iwﬁthswpgg%gf)‘?%saéf pr ocedures,
where the desired outcone involves unique aesthetic and stryctural demands.
Speci f i cgHvgture.tingladinge fefi axanirle NeREORYEX aSiAARls OF EaNGAVERITHYN R P er
inplanting a sheet of graft material over a rounded breast nound and/or
breast iagditien to agosuene portiosu fearaaxeenle paeaiowg imblC bk asdeplaebl e because
it may be perceptible by pal pation and/or it may negatively affect cell

i nt egr at biovompatibikei rhaterial 98b niyovavh adirstéeigeatsh angppaecohd edgentt7adi n br east
shape and projection and to mnimze or avoid eventual ptosis, or sagging,

of the bpfrsfatthfirstbpex A9darhakbenafapdn158TFireEask MBhnsay BaRS 4 material s
i ncorporating edge configurations, as described herein, may inprove surface

fors i ical iy3pl ant ed
e pacTINPriR GRS A HRAEI] Ag0 1 TE AT  HERCHh R dRln TF " ©
bi ible material 13b b ifically sized and shaped t f
Lo a por [hoRoBronas Rytian of st a8 355, ans Groh docCIANmaY e et U0 < 2o

and shape may be derived by nodeling the | ower Pole,of a breast inplant in
its propdie sscoadtapexolPan ncariaipembodinghisy sayiplepicRipernpatible materigl shows a
nodel ed Style 410 Anatom cal Inplant (Allergan, Inc. (Santa Barbara, CA))
21 in a V3 maydbe onplantest 2ansahceast siasys of afpabieoaumbathabsecarat apéxal 13b
havi ng a shape produced by nodel i ng bi oconpati ble material covering 50% of

i mpl ant  ?de susdsititradd SRl andfinferioc afiat apée 108} &nd slich 8iat seigngieudioalder ed
by the inframammary fold, the lateral fold, and the inferior edge of the

pect or al his PR fAanBIE o BidMdfibatibRl Adt&ithi 1Bbas BREDEMH a 45N afGRBNBTRADEEENT S,
tailoring ?%dsi gﬁemand lshar\ggbof the graft nmaterial to a bgeast i mpl ant

to the transverse plane of the patient. Further, in some embodiments, the

nonconvex portions of first edge 15b and second edge 17b may be substantially

straight.



can provide better conformance of the graft material to the inplant and/or
surroundi ng tissue and may reduce the frequency of pleating. [ 0035]
Current | ywogoafdtiizvaterial is typically provided to surgecmaSasiophses s or
sheet-1i ke devices, and the surgeon nay cut the material to the desired
size and shape befgore inplantation. VWile providing flexihility to

sur geons, thi[Qoﬁe‘]zﬁ‘P‘Fecgr aterials Hlaydhe iy _ln@h[eghpr §ﬁ?ét‘%ﬁtf¥'§ﬁ]3’anounts
of the graft material can be wasted. For exanple, surgeons may inaccurately
est i mat @ndibegingerlgingtfaatudes ot thensuwdentiatien site are olier seungad orgrregdlady sposi ng
of the unused portion of an unnecessarily |arge device, or underestimating
and necepaptd] it neayt bediffiani togattzin adeguatedcopéarkeyee ktweer thesSgit wast e can
add substantial costs to procedures, as graft materials are often very

expensi \Ra@Rd| ARY teumdd Aty RAFE@sOTHidBad BBWHallShgiRG i suRicd] Bedaled.
Furthernore, it may be difficult for surgeons to accurately cut the

materi al {)é R0 dvhSiethd ose%(;?r%*ifd[tﬁcé?ﬂ iim&h@paue aestheticlaAd3luctdtaporre

enbodi men réady- 1 0- use, e-shelf gra materi al s can be nmade t hat
are designed to gonformtq breast..inplants. of variqu ecifications. For
exanpl e,%w%ggﬁﬁﬁq&eﬁﬁép%f é’gwgﬁéoéfloﬁoﬂac/ﬁfﬂgﬁipi?%ij%? fial can be
specifically sized and shaped to conformto a particular type of breast

i mpl ant ,IMplATRingsa shest of gaals Matedal over agqunded bf‘?ﬁﬁr‘id“@%”%‘ﬁ%%@ﬁf’@%sfcont our,
formstable or nonformstable, and snooth or textured inplants.

Al t er natimpédnt. dm saohdi cifcanastancesa pieatipgemay beiwesitablelliasaneae drmay bean be
specifically sized and shaped to conformto breast inplants of a

pr edet ergdregstinie bypaipdtion adiopk enayoneddtivent sfféclcell daeglationate from a
sanpl e of biocornpatible nmaterial sized and shaped specifically for common

breast IiApkafbn v PreVIER ua?ésu;%%r’t"ﬁﬁ’ﬁaﬁﬁﬁwbrég@t SHipet bropaiiopubi ¢

centi neters, between agout 50 and about 400 cubic centinmeterS, between

b 250 5 i i | bi
cont | motai L et o S d UataIbigRR. S Saofhe, Shibeteas ent bisgpe £ €
soeciT1cal L apaped, o conlgrmio brgast gz o gt cular rar e

shown in FIGS. 6 and 7. Sanple of bioconpatible material 13c nay be better
sui ted feanfiguraipasase dgperihedhengi,dnay URPIOYeSHIGCE OVERUsbat i bl e
material 13d nmay be better suited for a high profile inplant. Providing
graft madanfomhancepecirfderlyirigyasatoadcal fiebtshegppetien implantéabsin @ ppliemt s of
particul ar specifications (e.g., volume, surface area, surface texture,

material, prgDoBe)InrReRaBkERbId @PesddiRehtsTeYMpieTBl Biosompatibletrhaterial
uncertainty associated with a surgeon attenpting to estimte the opti nal

size and;ghapg s%éﬁé&%lgﬁsﬁféd &hd 885588t d Q5nfBrrRds bi foHiah ofHIsUfale of Bi S i N

turn, may reduce the of graft material that Iis sonetines wasted due

L1y ngbteaet oG ralitp. S Rte S SreGai A Er B SRR AN

trimmng/resjzing during, su ry ma educe the duratjon of. the surgery,
whi ch camogeling K IPMeép%lﬁ)?‘{fggfgastt I‘%p{?@gﬂ'& BEOHBHQr'EQ{q?'QHtW'ghE?SPSFt t%educi ng
the cost of the surgery. [0037] In other exenplary enbodi nents, the
sanpl e ofranitpcdepardingly Mk & shawsamaedeled iSgyie 41 Ocveatemical Imgiaati ve to the
nodel ed size and shape. Slight oversizing can allow the graft material to
accommodgiilerdaredsct. (SeptaaBaard, GA) 2t ena vprtichi besntatididiahd ensdrhple ein
identified size and shape can be slightly oversized in some portions to

nmake t hepigkaipatiBleahbriagesshaling $¥RaEs pidticedBychoasling Bibcempanble, sanpl e
of bioconpatible material 13a. ile this may result in small excesses in

mat eri al m%f@rialtcmlérirgfgg% d@j iﬁ%{\rﬁ rrzﬁlg%@ﬁgfha?%%ﬂ BQbibE%rﬁ\g?FgI@grﬁ Yial O

identify a particul positioned ne aterally.

13b may be bordered by the inframammary fold, the lateral fold, and the inferior
edge of the pectoralis major muscle when implanted in a patient. In some

embodiments, tailoring the size and shape of the graft material to a breast implant



[0038] In sone enbodi nents, the graft material described herein can be used
to assist in treating patients in whomconplications related to breast

i npl ant s Wewveliani®an. Such conplications can include nalPpodisteion4ises g. ,
infranmary fold mal position, |ateral mal position, symmstia), stretch

deformty, coverage issues (e.g., winkling an i pplin nd capsul ar
cont r actG@drProgge Q%E@ﬁﬁp@f%rﬁ"%‘%%l?émﬁrg@g‘ W@gﬁr?} gq{h? '&%?rﬁ)éﬂiﬁ%rri al descri bed
herein may be used to help control the breast pocket size and |ocation, act
as an "isweundingdissuetanchory rediece thel frequeneymfadeatingupport fol d repairs,
support the inplant to reduce the pressure and tension on patient's own

ti ssue, and/ qOOPB|urcenthyn geaftiivaterisdlis typyeaily fpoovided ¢o agmeohstaseshestsd ant .

[ 0039] Exenpl ary enbodi nents may further include one or nore sets of

per f or atd,QipeecffikO88viaks, fRPheARgESN BihyOduttthe nsBRAItoAhe BesROdBREI bl €
material. Perforations can be forned in the sanple of bioconpatible

mat er | a'ar%vs@éebré §§I>Peam§aﬂt%&iaﬂd:wﬁaég§@?dr;%@ ‘ﬂéxiﬁﬁiﬂgﬁ ﬁgﬁggﬁs&w ing, |aser

drilling, Wwa cuttrng, skin hi'ng, incision (e.qg.,

with a scalpel). In so exenpl ary., enbodi ment such et rforations
can be uachGhasaRuTal TROLEORF o etk sBr Bate AP RS e besth aBfil
material to anatom cal structures and/or a breast inplant, Faor exanple, as
depi ct eFambepestes. ketexdmpler syggens mRAvBacaRtely eslimatathe siee opie er n
across sanpl e of bioconpatible material 13e. In sone exenplary enbodi nents,
t he ar cudawicepacedad) eithar ovgrestimating fandrdispesing ofjthef unusedepartion of 8nr ounded
structures, such as, for exanple, breast tissue. In certain enbodi nents,
set of paifeerataipsardealavive, ofF aatieradtimegingpaid wedesshatingethebdmhisepbaat i on
and/ or expansi on of portions of bioconpatible material 13e such that

porti Onssé?:fong'd'é%ﬂggé‘& bBlRe MR Bhste3anBK SebtaniceskitoGRyssduias) ar ger
surface areas. I n sSone exenplary enbodi nents, one or nore sets of
perforatjo I ri i atible

mat er i aléﬁ%@ﬁégesr%ésa%%eemv% i 3?%% ﬁ’g 69nigc'fqgﬁibc%a gfao%gesreﬂ(grg of the sanple
of bioconpatible and/or affect_tjissue ingrowh. .. . 0040] In various
erbod; mepouN RN aEabingRidefic Fitinees af M be difiasd PPhaJBRBR&RRa T nt o
graft material in nunerous configurations depending on the structure of the
ti ssue c@camnaiely euidhgmaterialdteghand into a speeific ppligwieghapet ype of breast

i npl ant bei ng used. For exanple, a set of perforations 23a can be included
on sanpl es of[0PB6lorguame bhdadirnenisatearfy-tanyseal eff-theeshetifagraft rsatehalsscarf or
exanple, semcircular (13e, 130 (including semcircular with a portion

renoved, p@fmairpthat 8& désigihéd tPcoriforrmas biemd anplats ahadrivliscspedfrations, such
as, for exanple, the nipple-areola conplex), rectangular (13g), or

cust om z€ SearflolB! FAImé BRImEeARD b scfpIdRF DA RPROAIMY Pralidhiglicapnsy detail.

The set perforations may be uniformor irregular in shape and spacing. A

set of perf i Qns Ine L ngj Vi I > I . ar cuat e,
i vi doae e Ao PRERCERLA b 108 b GRe e M BRS¢
pattern, or a conbinatjon of bqgth, de endir?% on the {eat res of the

i mpl ant a$49ha% JPF XMPlen gel PiaRAiINS ERYSH ot ARFIeMICAY CRRIAUS fop-siable qrt s
circul ar apertures, or any other shape. Furthernore, set of perforations
23a can henfprmacséablacand smeetheat texturedrimatantss Alpsativpitonadditenadlyi al 13g,
as depicted in FIG 10, or sinply a portion of a surface of bioconpatible
mat er i al sdrigle afvicepnpatide inmateli@ cadrlbe ispedifidally sipediahd shapedd 4o cenform
conformance characteristics across different portions of the sanple of

bi oconmpafy treasiiRantdl of B3sredStefiined Voluate. dedi etfaplengffGnalstialgioan i pl e

sets of perforations 23b, 23c can be included on a single sanple of

s . . X ncl ded on anpl
char act 07 ?Ifdfés%a@?ﬁé?ﬁee‘?‘i@%@@%I’@‘%Ifﬁ%%‘#éﬁ%‘?%? S PapraveciRan? [0041)
I ' ' in FlG, 14 '

per f or at GG PRt ABPENL dpl Bl Rl AR pefieer dao g oDl Bty T,

have a generally uniformlength L, adjacent slits nay be separated

| ongi t udFWRIF IW”%’)T/'GE?IQ&I@W&PF‘WQP{Wfzéprﬁ"@afﬂPQHtétOQr@@'%Fe%tIme@é‘ffaﬁ%W?eBar al | el
slits may be separated by a generally uniform horizontal separation

di st ancealoutl2b0sambabaetnfiacybie wbotimeterssor lesadtan abowh2dbclde ween about
0.1 and about 20 mllimeters, gap distance g nay be between about 0.1 and
about 20 mllimeters, and horizontal separation distance d may be between
about 0.1 and about 20 millinmeters. Further, in sone exenplary enbodi nents,
| ength L nay be between about 4 and abgut 8 mllimeters, gap distance g may
be between about 2 and about 6 mllineters, and horizontal separation

di stance d may be between about 2 and about 6 mllineters. In sone

exenpl ary enbodi nents, adjacent parallel slits nmay be offset |longitudinally

M o N L ey e~



[0042] In sone enbodi nents, the sanples of bioconpatible material can
conprise any suitable synthetic or biologic material, such as, for exanple,
medi cal - gvade11gilidseon, aut ol ogous or cadaveric tissue, aoa/useotoiossasrices,
such as, for exanple, ATM [ 0043] As used herein, ATMrefers to a
tissue-derived bigmatrix structure that ¢can be made fromany of a w de
range ofceRBMelRjen FabhER hPAHPIS %éQl@%orBVaV@ﬁﬁWtﬁ@ag‘F?r} B%Ppgﬁ'ﬁg?l&nti ally all,
viable cells and all detectable subcellular conponents and/or debris

gener at shapgd itd cbnfegmdeltireastAmplards of erpsirticulamprafilg, Istelk @R gfor sxBawiti al | y
all viable cells" is an ATMin which the concentration of viable cells is

| ess t haanidted ef biocompatiblehaateridl 13¢ aldOiBY, ab sBOMinFIGE0 6%nd D. 00001% or
0. 000001% of that in the tissue or organ from which the ATM was made.

[0044] ALhsietdidiod@nSoaibié Adtridionacungy ibe BetrRURSE fér &l rfselepateiprofile] ude
t hose that contain, lack, or substantially lack, an epithelial basenent

ey ang, A5 Y3e DAL bR ATMHRAESHISIEAhAP LWL RE Kaiied orePhigheL i @!

basenen rane€ s 'an acellultar tissue matri x ctontal ni ng 1 ess 5%

(e.qg., less than: 3% 2% 19 .0.5%. 0.25%. 0., 1% .01%, 0.001% or_.even

| ess thﬁoﬁ'?d@@%%t' ﬁroY'ﬂ%‘gﬁﬁﬁl{@?ﬁ%P%ﬁ%‘?«gﬁgﬁ”y ﬁ%ﬁgr%g*}ﬁpfggf%%ﬁeﬂ t he
correspondi ng unprocessed tissue fromwhich the acellular_ tissue matriXx was
der i ved.implants of padisplanspepificairnsaie. Ha¥alwef, SHEREE &fea.i UrACeHeNUEheet of
extracel lular material contiguous with the basilar aspect of epithelial

cel | s. Sheterial, girofilggmegharidalepiopbdlash mayetensovieosomerof &pg unegrtainty Thus, for
exanple, the epitheliumof skin is called the epiderms, and the skin

epi t hel igjsobrsed@ith d@lr;rgé@ﬂ%ﬁbhﬁﬁin@&b\&ﬁmaﬁ@ﬂﬁ&OMﬂﬁarTiiSe and shapeddrmi s. The
epi thelial basenent nenbrane is a specialized extracellular matrix that

Eralow de réﬁpﬁét,%?{n%éoﬁeégﬂo?ﬁ @ilc@ar %@@ﬁh”’?ﬁi_& if Wirhaffayfreius@ihdel i al - 1ike

| s; 'rsgowever not ‘contri buté& any significant structural or

bi omechani 0 rd yi ' : . j - nents of
epi thol 1 OB kbR HBER st fubs PER Sute reRERA estRERRICCL" Ve
VI, and_ni dogen. The tepporal, K and atjal organizatipns of .the epjthelial
basenent I He AALAIE0 df W%@\% rged to pq,rgcﬁ{n ININgige 12 Hﬁ&‘%@(@ﬁé@%ﬁ@ ar
mat ri x. ) [ 0046] Accordingly, in some non-limting enbodi ments, the
ATMs suidufifigesyraenusivaigingemprisgéasizagsturngusugenninay redysa hel i al  basenent
menbrane. In other non-limting enbodi ments, ATM may | ack or substantially
| ack epiduratiombf tressurgaty, neidiy aave be beneficial both for the health of the patient

and for reducing the cost of the surgery.

[0037] In other exemplary embodiments, the sample of biocompatible

material can be slightly oversized relative to the modeled size and shape. Slight

oversizing can allow the graft material to accommodate breast implants of

different profiles. Additionally, an identified size and shape can be slightly

oversized in some portions to make the graft material generally symmetrical, such

as, for example, sample of biocompatible material 13a. While this may result in

small excesses in material use, this could aid the surgeon by making it

unnecessary to identify a particular side that must be positioned medially or

laterally.



[0047] ATM s suitable for use in the present disclosure may, for exanple,
retain certain biological functions, such as cell recognition, cell

bi ndi ng, wbeonbiliissy to support cell spreading, cell precrfise@bioes;s
cellular in-growth and ceII differenti ation. Such functions may be

provi ded, for I ndenat col | ageno tej ns type |

col I agen) and® §§@ Ll?ﬂf’r‘(“ fjsl 9@5%”‘%@? @iaﬁg%&teé! rbere‘rb?%? Bfns t hat
serve as |ligands for elther nol ecul es such as integrin receptors, nolecul es
wi th hi gisediaragsist snteatingspalicrds iywhesseemaligativns nelated 19 breﬁwm&'a'htén) or
prot eogl ycans, or other adhesins). In sone enbodi nents, the ATM s may
retain devearisest rSudhucahplications cas,incluadé uthipositieri (&.gnaﬁcamm‘amfdd ol ogi cal
architecture and mai ntenance of the three-di nmensional array of the tissue's

CO”pone%ﬁlpogﬁl@nAngr%l kst s ﬁfn%éllazfﬁétre’itﬁ defdr@iity csvEphge isexBE DI t
desi reabl e physical characteristics such as strength, elasticity, and

dur abi | KEFV \%Iwklggdarﬁfﬂ?ﬁﬁ@é aﬁd‘%ﬁﬁﬁlﬁ%érﬂ%cﬁ%n%r% li§Some

[ 0048] "sul't e present I'scl osure y be crosslinked

or uncross]inked The effi |en f ctions
of an’ RS de gratimatgrel fESribed REF iudlhe P%@*OO bR EHeAE

support cell proliferation. | n sone ennpdlnen s of t nt, .di scl osur e,
the ATM igRstpeckehsizeanstlosatign, @chas ag Migday | fasd% Oég%o vtﬁ/@ntga% 90%
95% 98% 99% 99.5% 100% or nore than 100% of that of the native tissue
or or garplacamupioctfoldepalrs) supperdide implant tp oediole the pyeasurerfisHiensivnNs, t he
graft material is anenable to being renodeled by infiltrating cells such as
di f f er endn Fbﬁéht&eé\,lns tisdud, mdie mroaide droadditiossluayersoeooweerhys of tieh as
mesenchymal stemcells, or progenitor cells. This may be acconplished, for
exanpleqpﬁy ahtormng the grafted matrix material fromtissue that is
identical 'to the surroundi ng host tissue, but such identity is not

necessary. [003 g@ hla?i %%|d5 ni@%afoun r(?r%l GIeBKetJF‘?n&Q%é‘?SQFSC“bed

ATM conponent rom e sur ost tissue (such as

cyt oki nes racel | uI ar ent s chani ¢ sti and

bi oel ectﬁ"?'ﬁ%(?hg?? agioss at ll—%ﬁ'stt g%?ﬂw S @e(ﬁﬁo%qm%@%% %ﬁ?l stemcells
in the bone marrow and the peripheral ci rcuI ation has bee docurrent ed in
the |it ePafferdionsgasheiarmed intitneanple of RIaEeEPFtRIe MAHEERLYDIRYE et al

tissues [Caplan (1991) J. Othop. Res. 9:641-650; Cap Iagﬂaﬁ1994) cin.

Pl ast . Ssuitable neti2®d, 436N asntbrceaqalnmieedleajuttn(glm)r agilling grgpt cutting,

342: 254-269]. Additionally, the graft nust provide sonme degree (greater

t han t hr ggheksh nshirenor hearard invisior ¢hgnivatd a staipedt hn doniengkdrhplanenodel i ng
process. [ 0052] ATM in accordance with the present disclosure nay be

manuf aCté‘@%@d mérts 8s ci?ﬂr & 8EY oferfRHi6Rs Eéﬁ §é%ed"fgﬁm9?@@th@ coffddigiebe

produced rom any col l'agen-containing soft tissue and nuscul ar skel eton

car o he' 08 vanPd PfeaBal iRt fv*ﬁé@%}f’””p%'.%@ﬁ*&f% Pir B8R 021 ns
retor PANERL O PATDAE AaRoPr B o, Fael AR AU Ote kB %

properties are retained by the matrix. Mreover, the tissues in WhICh ATM
graft ma@ksupte paiternmciessiSample eidrioermpalbleinaiedal hag busPPe XEmMt@Yed by
invading or infiltrating cells. Non-limting exanples of such tissues

i ncl ude embbdiraénts| heumsustegiatisn lcandmpoave corfgemandgahgraftonateriads to, and
tendon. OQther tissues in which any of the above grafts can be pl aced

i ncl ude, rdiRided> iRt fres Skidh adifgb¥ampYU besast¥isses. dircertala s aliments ue,

neural tissue, striat ed rruscl e, snmooth nuscle, bladder wall, ureter tissue,
intestin dSH reateames[h%rn%tlé%a%rbﬂ é@ﬁoﬁ’%nﬂﬁﬁe from
one or m?ﬁr e&iq%dl Vi ﬁaz he sane species as the reci pe%ent of the ATM

graft, t Q)'(bsar'\sslor? 8% po 1(5%3%?5 mpa%b?ea%%tenal 13e such that portions of
biocompatible material 13e may be capable of covering larger surface areas. In

some exemplary embodiments, one or more sets of perforations across at least a
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Thus, for exanple, an ATM may be made from porcine tissue and inplanted in
a human patient. Species that can serve as recipients of ATM and donors of
ti ssues owoanganssior the production of the ATM i ncl udePCriushawiod2575
limtation, humans, nonhuman prinmates (e.g., nonkeys, baboons, or

chi npanzees), porcine, bavine, horses, goats, sheep, dogs, cats, rabbits,
gui nea [POgoN g&hmaénplﬁmcz@pg}pat@!%ma@ﬂ%w a‘@%ﬁa‘ﬁ‘?"%@lrﬁiﬁ‘l’%ﬁ‘@r est as
donors are animals (e.g., pigs) that have been genetically engineered to

| ack t henechariicedlprepertiesof theesaropletof bigunmpritde apdiosaéfeot tissyer opri at e

animal s see co-pending U S. Application Serial No. 10/896,594 and U.S.

Pat ent Magrotid.66, 288, the disclosures of all of which are incorporated
herein by reference in their entirety. [ 0054] As an exanpl e of

sui t abl e por gpHenidgakEds EhibdfineARNohé Br dle SERNbf Setfdratiomsiea®be

STRATTI CETm "whi ch is a porcine dermal tissue produced by Lifecell

Cor por at.j : I X i rom por ci ne
ski b by PEABOREE TR i pliteria MR MSTPUE PG rALSTR o iy Bfitne

subst ant i al intact. In so epbodi gents,. th or.ci ne-derivyed tjssue

e geldei i fissud o8 ekl Tartip bR M Siten of MBS T ent s own
cells. In other enbodinents, the material can include a collagenous matri x
deri ved treash impent beinmysed.skphexamgle, aisebofErsrforations 28rIcatdsor at i on
(Branchburg, NJ)) that has been processed to renove both the epiderms and
cel I's. includedl 0053mples sbbimcempatibleembterial of Ary fesisehshalias cushb@sgfora freeze
dried ATMis produced from human derm s by the LifeCell Corporation

( Br anc hbiyagnpldserpistcimrf kE3eed 3nNindhedihg sehfidircuna witts B geirsorase bl EISMO.

Such sheets are nmarketed by the LifeCell Corporation as rectangul ar sheets
W th theydiqegs f SR Atdtorhic RatdfNstich @) o &Xaihpgém  5cm x
et g% PG, 2 tg A<2h cm é%?e cryopl)rot ectant used f e

10cm 4cm'X cm fand’ cmx . or freezing and
et byl endF Simeated 8 Roided) [aRgudnlt ordRioRzR IR ARR MRt ont ai ns

about 60% by wei ght ATM and . about 40% by i ght _.mal.todextrin. The LifeCell
Cor por at(i1§H%£SsQ?Sr?HP§ abRVE PR ‘ifr”‘@-dﬁ‘% S%é(%p??fﬁr ({{'BB?&‘%b‘aer ms

(desi gnat ed XENC_DERI\/[b having the sanme proportions of ATM and maltodextrin
as ALLODEHuon or irregular gosimperandiapadingr Aasetvad pesforationg reax incedeeti cal |y
engi neered animal s as donors, appropriate tissues and organs can be

t r eat ed,inbiefduat perfordtioas thiscak lant@ate zmdividyal petforatiomsdhatyare straight but

a- gal act osi dase, which renoves term nal a-gal actose (a-gal) noieties from

sacchar i glearfdtdl iRSarParcub® pStEAPbEa combHRicH &f Bsth, ddidirtisg oh the eat i ng
tissue wth a-gal actosi dase to renove these noieties are described in, for

exanpl €. e ros BRtRNmAEntaflor $hrfdce. Iﬁcﬁ\ﬁdgél%‘%rggggfnél)%aﬁ"ﬁé $émhed hecor por at ed

herein by reference in its entirety. an i npl enent ati on,
either before or after the soft . tissue cell [ ill i A t he

col | agersLoSHIAr ABeRHEET PhEY otrBReed YT iout 1 SpgHeldtBncara ne

col l agen-containing material with_one or. nore glycosidases, and .

par t i cul G be glacssiasspemarentig syrface %f-@ﬁ?%?%@‘?'éé@%@”?h%%bﬁsi @%H'%PS’ a- gal
epitopes are elimnated by enzymatic treatnment w th a-gal act osi dases.

[0058] ThdIR 46eoysimmlpaqarien pkaisdifase of biospmpabble matariahddgnds mal | y
expressed on human and mammualian cells and thus are not imrunogenic. The in
vitro didssittednin GF1Gt he, indriagenaciaicadesirgl cmifermancachdragieyistics dases may
be acconplished by various nethods. For exanple, the collagen-containing

mat er i al 3 Ga8s BEferORRIHIGHs bNlRlgslei ot biodyhptibls Aaiéiifin 3gonSipiRkgg
gl ycosi dase. Alternatively, a buffer solution containing the glycosidase

can be for ﬁggc{'é%diﬂrﬂ@. 935 HufidI @ 58te! S SHRILAGR 2 S YR Qe IRIRIdPbn Wi 2 @
pul satil e I'avage process:
single sample of biocompatible material to attain a desired variation of

conformance characteristics across the sample of biocompatible material.
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[0059] Elimnation of the a-gal epitopes fromthe coll agen-containing

mat eri al may di mnish the i nmune response agai nst the col | agen-cont ai ni ng
mat er i al .wOhel1izigmh epitope is expressed i n non-pri nmat e Poaroyad19/08a35ds i N New
Worl d nonkeys (nonkeys of South America) as 1x106 - 35x106 epitopes per

cell, as well as on macronol ecul es such as proteogl yc f the.

ext racel | ul arlOBHHIB SRS ExeMpPiasy ?mbOBtm%mt.S; g“?] gdeg;c?gd?lm@g%mq@gg{mfgw%
(1988). This epitope is absent in Od Wrld primtes (nonkeys of Asia and
Af ri ca et ohpedpraiings maninsludesnesies of paraiiglslityadd. Eachisiv?esayrkave oduced
in humans and prinmates as a result of an inmune response to a-gal epitope
car bohydy géeratly uaiforme fergrth gaatjacent it eyl béoaeparated lobigitadihally bea al . |
Infect. Immun. 56: 1730 (1988); R M Hamadeh et al., J. din. Invest. 89:
1223 (19fherally uniforirp@&&his%r;bt%ggz,% Adjh ot IramBTRlis rth Be seplagstbdpiyoduce

a-gal epitopes, xenotrtanspla ion by injection of collagen-containing

mat eri al I i n t.S Al j ection
because SPEitaIl ol HBRzo e teh AEl ST uRTad 0] EStE'Achiias
col | agen- cont.ai ni.n rial. The binding,results, in e .destruction of the
col | agerPrEBR BN ndeRihdr iy b Pewisn it O 2ad AbRiAd o) TRl Sobeg
dependent cell cytotoxicity. U @lili et al., I mmunology Today 14: 480
(1993) : Nstagspernay de batweepabeout Rigiand abawt 20saillimetess gand herzpntalogs) : H.
CGood et al., Transplant. Proc. 24: 559 (1992); B. H Collins et al., J.

| mrunol . sefBatiGbdistaqnteabinayrhe bétweenrabout Onbandabplb2® millimeterssul ts i n

maj or activation of the i mmune systemto produce increased anounts of high
af fi ni t YF@tdr; Badorasekbagilay erfissdimentyg length hemaybettmtivesh abbutd matli on of
a-gal epitopes fromcells and fromextracellular conponents of the

col I agens e QRieAniliMetciBigdd @starRBY MG HY StRRlehUbdk 2rARIKABARY On of

cellul ar a-gal epitopes can dimnish the I mune response against the
col | agen- i Qi L erl.al i at. it j - t] inding to
o gal o BPeRS! At AR s RS g o B e BB Ao S il

di scl osure e ovi ded in variqus forns dependjn n t tissue or

o gan 1 rRUR TS HEsome s emninatpaplethedad ppa el HiS ise,
organ, and the nature of the damage or defect in the recipient tissue or
organ. Terisffsetdpnaifugipally with reapegkia gaeh eihemas depigied imflfe tanSHeh Brovi ded
as a whole valve, as small sheets or strips, or as pieces cut into any of a
vari ety adnfighegtes afralselr ofgarakel slitsemappeo\dda dreptoveppianfemancAT™apr oduced
fromany of the above-listed tissues and organs. In sone enbodi nents, the
ATM i s nedifipler sTPiGcdrAgsatitie RtaterigwhikostiinaamtAinpesUfficéntesupport strdrif#.2]

ATM s suitable for use in the present disclosure can be produced by a
variety of cﬁﬁﬂ AR IhePSAABIRS dbid&tibatiblé dtBlidlice@s W th

t he above-drerg[p;b?g@g %ﬁ% %g?’ca gn%’ gtruct Eral _ pr‘opertél es. As non-limting
Goacri be RS dnf pidY SPuEieR Huo g th@Rab SuFHER. B Sl 2067 | o

Pat ent plication Publication Nos. US 2003/ 003584 ,and US 2005/0028228
A Cal | BRiga-GrdE S50 Gyelpde i OHEAAVR TGy SUS oA B EDIRATHERS, SORT 1 ot y.
[0063] In general, the steps involved in the production of an ATM i ncl ude
har vest i &g fohexampleuédTiM.om a donor (e.g., a human cadaver or any of the
above-listed mammal s), chemical treatnment so as to stabilize the tissue and
avoi d bi ochenj004B] Asdiset hecdiny ATMiedeadata iissueodmEiveelrbiamalrjx sirudtotd owed by,
cell removal under conditions which simlarly preserve biological and

struct urgat bRk RBde Aohany BPEAEE raRFPY¥REoIRIgefeshtAIRMgissus & cel |

conponents that nmay cause inflanmnmation as well as any bioi nconpati bl e

cel | -remmyabvig il or sudiFartRAy ', GBBIPCaI R Sfladletite SL¥GARRREr vat | on
agent and cryopreserved and, " optionally,
components and/or debris generated by killing cells. As used herein, an ATM
lacking “substantially all viable cells” is an ATM in which the concentration of

viable cells is less than 1% (e.g., less than: 0.1%; 0.01%; 0.001%; 0.0001%;
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freeze dried, again under conditions necessary to maintain the described
bi ol ogi cal and structural properties of the matrix. After freeze drying,
t he ti sswocan/o1oti onal |y, be pul verized or m croni zed PCoO/UysSe@des7R
particul ate ATM under simlar function-preserving conditions. After
cryopreservation or freeze-dryin and optionally pul yerizat] or

i ¢r oni 2500QH%: ore 0RSIFE% of ihal iadhertisstie; eiprdna o whisBed Mes Al
steps are generally carried out under aseptic, preferably sterile,

condi t i anade. [0064] The initial stabilizing solution arrests and
prevents osnotic, hypoxic, autolytic, and proteolytic degradation, protects
agai nst m cr qo04d] Aivitsathiahate suitablnfbrusdus ¢ise prsseabdisalosdesningidehat can
occur with tissues that contain, for exanple, snpboth muscle conponents

(e.g9.. hhoadinsreentai, ladh&rsudBidntiaihckOhtebARe TR Y aSeMeAt herbraRe! opri at e
buffer, one or nore antioxidants, one or nore oncotic agents, one or nore

muscl o 31 yaf e, JPATMEREE AR IR an RN I RREA . Cessing

| ution t ve Vi Ils (e g, epitheli J dot hel j.al cells,
oot b SRPERR I oGl rsyRirae €icon P g e S nais ey INEh thout

damagi ng t he basement menbrane conpl ex or the biol ogi cal and structura

i ntegri t3%0R%; H&:cbb Ve §etb Ml li%:. %ﬁ%iﬁr%@é@h@%ﬁéﬁﬁw BRP0dantefi n an
appropriate buffer, salt, an antibiotic, one or nore detergents (ek?.

Tr i t on- xhé&@pjthelalinasedent yudmbi@ne, pqsskegssy by lyd eormes@D)ding ubprogasse
nono-ol eate), one or nore agents to prevent cross-linking, one or nore

pr ot eas &jgdshBiffinrh Wiich BRAAHIIuRIGIsSle MitAx Qasyd@BedThe tissue is then treated
Wi th a processing solution containing active agents, and for a time period

such that thﬁoéhé}&&ﬁ BpRhelldl b8EEMEYt Membtand®s hitkin! shedRoNEA@dular
atively, the t

[ 0066] Alter I ssue can be cryopreserved prior to undergoing
wat er replace . | f ft . | gri j. h 1.8S i's i ncubated
o o yEpRELEOh g s, e A Bp Bebed) G lerfRendbes I BIERE®, Lot "one
cryoprotectant to minimze ice crystal .da e to the structur trix that
Cou ! oiadreRtet Ry tnelaLaals 1Se ST PLGDe s SrimerTes Bedba i o

solution may al so contain at |east one dry-protective conponents, to

mi ni m zeofsikiniistealigd the episerans.iang theskinvepitheliphbaseneniqaembianslieat i on of
an organi c solvent and water which undergoes neither expansion nor

cont r act betwegurthe gpfdezsis agd thhdernigodihet epitheliel kastnoent-rpembeans Bea agent s
may be the sane. If the tissue is not going to be freeze dried, it can be

frozen bypddiaea®Extiactilametel iHat f)ﬂﬁ/i@é&lé dahgsr)fuhttich &f¢anettaghmapout
-80C, or by plunging it into sterile liquid nitrogen, and then storing at a

tenper at éﬁl?a}&eﬂoﬁ)@/g%%%@-ﬁ(é' %ilé;.Hb%s?eveT,D?d&%i RUEcSHRABLER igkifitgned prior

to use by, tor ex I'mrersing a steri non- per neab Vessel (see

e
bel ow) cqgntai ning, the sanple in wat er, . oyt r by allow ng
the ti ss%éu‘ﬁﬁraé8ﬂ8'%e$@%£é%égél?%Pﬁd%ﬁﬁé&t'§%$geng"ggﬁﬁsﬁ ions.

[0067] If the tissue is to be frozen apd freeze drjed, follqw ng incubation
in the cﬁzgmoe@emt%weg@hQasemﬁnttm@ngr%én%geb r&éem&eﬁaﬁn Mde a
sterile vessel that is permeable to water vapor zet i npermeabl e to

bact er i agoliaggn, type Wit snd wigagenpethatemneorpbant spaliajiarganizations aithg
non-limting exanple, one side of the pouch may include nedical grade

por ous TépitH€(in) basurhertraenranadatmgiet ipiradyetg. ohelidPoal exivageioiarof

Wl mngton, DE. This nenbrane is porous to water vapor and inpervious to
bact eri apgfgk dust. The TYVEK nenbrane is heat sealed to an inperneable

pol yet hyl ene | am nate sheet, |eaving one side open, thus formng a

t wo- si ded pougihaat S~ St el k] o hatad i to use.
The t1ssue | o edShREARfNE M EBreal Bk P Bmar AT BlSIe, 2 e

pouch. T]%? use in the present disclosure contain epithelial basement membrane. In other

non-limiting embodiments, ATM may lack or substantially lack epithelial basement

membrane.
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open side is then aseptically heat sealed to close the pouch. The packaged
tissue is henceforth protected from m crobial contam nation throughout
subsequenwvopnooas®ing st eps. [ 0068] The vessel comCcaius2og/osisesti ssue
is cooled to a low tenperature at a specified rate which is conpatible with
the specific crlopr otectant formulation to mnimze the f eezi% damage.
See U.S. Pat é084 R4\ TM saiabledfor yse iipilla presentSeeamis wayJier £33 iate
cooling protocols. The tissue is then dried at a | ow tenperature under
vacuum cetadh tesais biglagicat huactions, suchasoreli receanitiorcalldijodingi e 3bility om each
ice crystal phase. [0069] At the conpletion of the drying of the
sanpl es tbRuppert\wall epracriey, dedirprekifetationessitllar inkgrowdicandcefl the freeze
drying apparatus is reversed with a dry inert gas such as nitrogen, helium

or ar gonyirhtisidiei 8achRindiBhaashy Pe bRsvidedBotasanpie, Bpuntienakréd t he
sem pernmeabl e vessel 1s placed inside an inpervious (i.e., inperneable to

wat er v 1 Gr i I . ichis
Further @aapEiotEbipéing 2 BLIPPEFENBITRE) SRI varidly 8f nofbMbol" 201 & v
frozen and drjed in a glass vial, the vial_is.sealed under vacuumw th an
appr oprirHP\?CPkéﬂﬁ-gsthB ?SQT?GSFH‘@ %ﬁ%ﬁ%fprleﬂéeb ??é‘?easp?)léc?ﬁa?%s reversed
with an inert gas prior to unloading. In either case, the final product is
her et i dalelgyingeaeriars, mncaﬁcmlﬁéwthglagg@b@rgﬁ dergityesush as [0070] After
rehydration of the ATM (see bel ow), histocornpatible, viable cells can be
r est or edylyenganeindgivtans (@9 hyalusomar) raapeoteloglysanemreathgr adibesingt ey be
renodel ed by the host. In one enbodi nent, histoconpatible viable cells may

be addedsdrRe EhthdBhENGEOXTHM REFBtdin ceithinostasdtlirat isictibns i indutimghni ques
prior to transplantation, or by in vivo repopul ation follow ng

{ranspl il ihoel o Ak RAIERIRHBELRD FAmBRaridBY MR UGBOL s oun ool IS

mgrating rnto t Infusing or Injecting cells obtained fromthe

reci pi ent. or histocg ible ce n e ' : in situ.
[0071] gxe(pglqnaﬁ 9{53@?“6354&%3%60% J:(?'Bééﬁé?t‘tlgt (jihlléo/'rr\lﬂg‘g&ygésedﬁ@tr?g %ér%g%rﬁ;eq ature of
the tissue or organ to which the ATMis bejng renpdel ed. For exanple, the
reconst i 380 foh eégmplﬂv Ie-xf‘?l?i"é%%§§b@@|\{lws\ﬁa? ﬁhﬁ%’c %?'815 SURN taécﬁﬁﬁepgg”t he
i oot | yelngiintn ABd CHraicIe I pee AN IR QlOTAUEBIIERUEE e an ATM and
irec € an an
the resulting conposition grafted to the recipient in the formof a meshed
split-skin gr@b4s] ATMersuitbblechoy use in the peeséatdistlogoesmay kel ¢rogelinked) cel | s
can be added to the ATM Such cells can be, for exanple, grown under

st andar dogt i s&HSsIguEeur e conditions and then added to the ATM In anot her
enbodi ment, the cells can be grown in and/or on an ATMin tissue culture.

i rect Py 11 ol GRS e B o T e BFent Tor o
al | ogenel ¢ OO dor L alhSY. SRt Ay R he Wit to QUG8 b8 blokRlEEH! e 1

some embodiments of the present disclosure, the ATM exhibits at least 50% (e.g.,

at least: 50%: 60%:; 70%; 80%; 90%; 95%; 98%; 99%; 99.5%; 100%; or more

than 100%) of that of the native tissue or organ from which the ATM is made.

[0050] In some embodiments, the graft material is amenable to being
remodeled by infiltrating cells such as differentiated cells of the relevant host
tissue, stem cells such as mesenchymal stem cells, or progenitor cells. This may

be accomplished, for example, by forming the grafted matrix material from tissue

that is identical to the surrounding host tissue, but such identity is not necessary.
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[0072] The endothelial cell is inportant for the reconstitution of heart
val ves and vascul ar conduits. Such cells line the inner surface of the

ti ssue, awmo20myib®4expanded in culture. Endothelial cel lPsTrsyolaloss7dhe

dreﬂr)i ?/_ed, I for exanple, directly fromthe intended recipient patient or from
unbilical arteries or v 0073], Gt her non-li exanpl es of
cell's that mi§OpH Rﬁ@@d@tﬁ‘gr'@ébﬁﬁq'ﬁ?% Y]b‘%ﬁ%"% e?‘Fﬂ?e[S’réJg gt di ;n(::)l osure

i nclude fibroblasts, enbryonic stemcells (ESC), adult or embryonic

mes enc hyooatpastents ord signasoym the sulvonddipigl ast gssum (vshas adekines,
chondrocytes, pro-osteoblasts, osteocytes, osteoclasts, nonocytes,

pro-car @M@Mléﬁh’&iﬁ)@@dmwt\@ﬁs, biantEchayichl stirhali, muoemmaysmuu)gi ngi val

epithelial cells, or periodontal liganment stemcells. Naturally, the ATM
can be FRROBK éﬂé ?ré&ar%é”&' RatéRhyntd] st e fh R bne inadrow dhiee, four,
five, six, seven, nine, or ten) of these cell-types. [0074]

Reagent Stp%&%gﬁﬁégéggﬁ?%lgg%ﬁ ﬂé@()' Qg o%%n@nlted e%\%ﬁf?é(r%tlﬁ%ea?@ Hdw prn in the

art. Sui are descr exanple, U S.

B ol LSRRI ek R

specification and practice of the invention disclosed herein.
i nt ended®:6A%B50nEaplreci10PEhClianPlast Suranpl 42985 andirnian ehal é3< | ary

only, with a true scope and spirit of the invention being indicated by the
f ol | owi nglirc Oaihop. 34NBBE4-269].CAALNEBDalNG:the graft must provide some degree

(greater than threshold) of tensile and biomechanical strength during the
remodeling process.

[0052] ATM in accordance with the present disclosure may be
manufactured from a variety of source tissues. For example, ATM may be
produced from any collagen-containing soft tissue and muscular skeleton (e.g.,
dermis, fascia, pericardium, dura, umbilical cords, placentae, cardiac valves,
ligaments, tendons, vascular tissue (arteries and veins such as saphenous veins),
neural connective tissue, urinary bladder tissue, ureter tissue, or intestinal tissue),
as long as the above-described properties are retained by the matrix. Moreover,
the tissues in which ATM graft material are placed may include any tissue that can
be remodeled by invading or infiltrating cells. Non-limiting examples of such
tissues include skeletal tissues such as bone, cartilage, ligaments, fascia, and
tendon. Other tissues in which any of the above grafts can be placed include, for
example, skin, gingiva, dura, myocardium, vascular tissue, neural tissue, striated
muscle, smooth muscle, bladder wall, ureter tissue, intestine, and urethra tissue.

[0053] While an ATM may be made from one or more individuals of the

same species as the recipient of the ATM graft, this is not necessarily the case.
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1. A nedical device for surgical breast procedures, conprising: a sanple of
bi oconpati ble material (13), wherein the sanple of bioconpatible materi al
(13) inclwdestiaiiisast edge (15) and a second edge (17), pamaSadieneisnst he
first edge (15) includes a convex portion that curves away fromthe second
edge (17) and the second e%ge (17) includes a convex portion that curves
away frohhushéorexaspledge ATMEMay be mage frrrpinossingdispe agd IMPANERALIN fher ei n
the sanpl e of bioconpatible material (13) is biconvex in shape. 3. The
medi cal hiewac eatiéntc| Spenids thah carisaniehas feaigientsdyfA M Bndidoroudef anti al | y
parabolicly curved. 4. The nedical device of claim1, wherein the second
edge (17hissues ulosgaiy forlkhey praiuehion bEthe ATMviadiude, without limitation,

humans, nonhuman primates (e.g., monkeys, baboons, or chimpanzees), porcine,

bovine, horses, goats, sheep, dogs, cats, rabbits, guinea pigs, gerbils, hamsters,

rats, or mice. Of particular interest as donors are animals (e.g., pigs) that have

been genetically engineered to lack the terminal a-galactose moiety. For

descriptions of appropriate animals see co-pending U.S. Application Serial No.

10/896,594 and U.S. Patent No. 6,166,288, the disclosures of all of which are

incorporated herein by reference in their entirety.

[0054] As an example of suitable porcine-derived tissue, non-limiting

mention is made of STRATTICE™, which is a porcine dermal tissue produced by

Lifecell Corporation (Branchburg, NJ). The tissue matrix may be derived from

porcine skin by removing the epidermis while leaving the dermal matrix

substantially intact. In some embodiments, the porcine-derived tissue matrix may

facilitate tissue ingrowth and remodeling with the patient’s own cells. In other

embodiments, the material can include a collagenous matrix derived from human

cadaver skin (e.g. ALLODERM®, Lifecell Corporation (Branchburg, NJ)) that has

been processed to remove both the epidermis and celis.

[0055] In some embodiments of the present disclosure, a freeze dried ATM

is produced from human dermis by the LifeCell Corporation (Branchburg, NJ) and

marketed in the form of small sheets as ALLODERM®. Such sheets are

marketed by the LifeCell Corporation as rectangular sheets with the dimensions

of, for example, 1cm x 2cm, 3cm x 7cm, 4cm x 8cm, 5cm x 10cm, 4cm x 12cm,

and 6¢cm x 12cm. The cryoprotectant used for freezing and drying ALLODERM®
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5. The medi cal device of claim1l, wherein the first edge (15) further

I ncl udes a nonconvex portion (29). 6. The nedical device of claim1l,
wherei n twe 28acamd4edge (17) further includes a nonconvexTmsetlioomsysl). 7.
The medi cal device of claim1, wherein the second edge (17) further

I ncludes a substantially strail orti 8. The nedi cal Vv, f claim
1, wher df R $heticfeeioiriodbgioderinn fﬂm[f f 9@}’\? ﬁmlma@'r@a%%af@t%r@?ﬁ@-

Thus, the final dried product contains about 60% by weight ATM and about 40%
by weight maltodextrin. The LifeCell Corporation also makes an analogous
product made from porcine dermis (designated XENODERM) having the same
proportions of ATM and maltodextrin as ALLODERM®.

[0056] As an alternative to using such genetically engineered animals as
donors, appropriate tissues and organs can be treated, before or after
decellularization, with the enzyme a-galactosidase, which removes terminal a-
galactose (a-gal) moieties from saccharide chains on, for example, glycoproteins.
Methods of treating tissue with a-galactosidase to remove these moieties are
described in, for example, U.S. Patent No. 6,331,319, the disclosure of which is
incorporated herein by reference in its entirety.

[0057] In an implementation, either before or after the soft tissue cells are
killed in the ATM, the collagen-containing material is subjected to in vitro digestion
of the collagen-containing material with one or more glycosidases, and particularly
galactosidases, such as a-galactosidase. In particular, a-gal epitopes are
eliminated by enzymatic treatment with a-galactosidases.

[0058] The N-acetylactosamine residues are epitopes that are normally
expressed on human and mammalian cells and thus are not immunogenic. The in
vitro digestion of the collagen-containing material with glycosidases may be
accomplished by various methods. For example, the collagen-containing material
can be soaked or incubated in a buffer solution containing glycosidase.
Alternatively, a buffer solution containing the glycosidase can be forced under

pressure into the collagen-containing material via a pulsatile lavage process.
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9. The nedical device of claiml1l, wherein the first edge (15) and the
second edge (17) are joined at an apex (19). 10. The nedi cal device of
claim9, wberaimiidhe apex (19) is rounded. 11. The nedipcalusdavioes7df claim
9, wherein the apex (19) is squared. WD 2011/011394PCT/US2010/ 042575 12.
The nedical device of claiml, wherein the sanple of bioconpatible nmateri al

(13) is symméPrUdlinipatien af theksal epitorss;from the co hefteliNYevi ce of
claim1l1, wherein the sanple of bioconpatible material (13) is asynmetrical.
material may diminish the immune response against the collagen-containing
material. The a-gal epitope is expressed in non-primate mammais and in New
World monkeys (monkeys of South America) as 1x106 — 35x106 epitopes per cell,
as well as on macromolecules such as proteoglycans of the extracellular
components. U. Galiliet al., J. Biol. Chem. 263: 17755 (1988). This epitope is
absent in Old World primates (monkeys of Asia and Africa and apes) and humans,
however. Id. Anti-gal antibodies are produced in humans and primates as a result
of an immune response to a-gal epitope carbohydrate structures on
gastrointestinal bacteria. U. Galili et al., Infect. Immun. 56: 1730 (1988); R. M.
Hamadeh et al., J. Clin. Invest. 89: 1223 (1992).

[0060] Since non-primate mammals (e.g., pigs) produce a-gal epitopes,
xenotransplantation by injection of collagen-containing material from these
mammals into primates often results in rejection because of primate anti-Gal
binding to these epitopes on the collagen-containing material. The binding results
in the destruction of the collagen-containing material by complement fixation and
by antibody dependent cell cytotoxicity. U. Galili et al., Immunology Today 14:
480 (1993); M. Sandrin et al., Proc. Natl. Acad. Sci. USA 90: 11391 (1993); H.
Good et al., Transplant. Proc. 24: 559 (1992); B. H. Collins et al., J. Immunol. 154:
5500 (1995). Furthermore, xenotransplantation results in major activation of the
immune system to produce increased amounts of high affinity anti-gal antibodies.
Accordingly, the substantial elimination of a-gal epitopes from cells and from

extracellular components of the collagen-containing material, and the prevention

of reexpression of cellular a-gal epitopes can diminish the immune response
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14. The nedi cal device of claim1, wherein: the first edge (15) is
substantially parabolicly curved, having a focus and a vertex separated by
a first |wogbhy011394 t he second edge (17) is substanti aCiryuspaoalstis cl y
curved, having a focus and a vertex separat ed by a second length; the

second Iength I's greater than the fjrst th; and edge (15) and
t he sec@9@nNsd g"?ﬂeﬁﬁwtﬁm'maﬁﬁﬂ%@éﬁp‘é{%@%m 384 93??@“*"’%@ ﬂ&ﬂgt(:al :
devi ce of cl al m 1, wherein: the first edge (15) and the second edge

(17) ar éojaegaieaﬂ)itapea first apex (19) and a second apex (19);

[0061] ATMs suitable for use in the present disclosure may be provided in
various forms depending on the tissue or organ from which it is derived, the nature
of the recipient tissue or organ, and the nature of the damage or defect in the
recipient tissue or organ. Thus, for example, a ATM derived from a heart valve
can be provided as a whole valve, as small sheets or strips, or as pieces cut into
any of a variety of shapes and/or sizes. The same concept applies to ATM
produced from any of the above-listed tissues and organs. In some embodiments,
the ATM is made from a recipient’'s own collagen-based tissue.

[0062] ATM's suitable for use in the present disclosure can be produced by
a variety of methods, so long as their production results in matrices with the
above-described biological and structural properties. As non-limiting examples of
such production methods, mention is made of the methods described in U.S.
Patent Nos.: 4,865,871; 5,366,616, and 6,933,326, U.S. Patent Application
Publication Nos. US 2003/0035843 A1, and US 2005/0028228 A1, all of which are
incorporated herein by reference in their entirety.

[0063] In general, the steps involved in the production of an ATM include
harvesting the tissue from a donor (e.g., a human cadaver or any of the above-
listed mammals), chemical treatment so as to stabilize the tissue and avoid
biochemical and structural degradation together with, or followed by, cell removal
under conditions which similarly preserve biological and structural function. After
thorough removal of dead and/or lysed cell components that may cause
inflammation as well as any bioincompatible cell-removal agents, the matrix can

be treated with a cryopreservation agent and cryopreserved and, optionally,
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the convex portion of the first edge (15) and the convex portion of the
second edge (17) are joined at the first apex (19); the first edge (15) has
a nonconwe® 2pardiida (29); the second edge (17) has a noRCTMSRNI0PEISTF on
(31); and t he nonconvex portion (29) of the first edge (15) and the

(10 Tec2 et aba ey ceBapnararar IR AIINAN e GapPedor
bi oconpati bl e material (13) conprises an acellular tissue matrix. WO
2011/ 01 bigagical aispstrastorsl praperiigs of e madie AAftefierze dying, hediaBie wher ei n
the acellular tissue matrix conprises a decellularized coll agen-contai ni ng
ti ssue manr optiémallyy be paienizad oamioednized to produce a particulate ATM under

similar function-preserving conditions. After cryopreservation or freeze-drying

(and optionally pulverization or micronization), the ATM can be thawed or

rehydrated, respectively. All steps are generally carried out under aseptic,

preferably sterile, conditions.

[0064] The initial stabilizing solution arrests and prevents osmotic, hypoxic,

autolytic, and proteolytic degradation, protects against microbial contamination,

and reduces mechanical damage that can occur with tissues that contain, for

example, smooth muscle components (e.g., blood vessels). The stabilizing

solution may contain an appropriate buffer, one or more antioxidants, one or more

oncotic agents, one or more antibiotics, one or more protease inhibitors, and in

some cases, a smooth muscle relaxant.

[0065] The tissue is then placed in a processing solution to remove viable

cells (e.g., epithelial cells, endothelial cells, smooth muscle cells, and fibroblasts)

from the structural matrix without damaging the basement membrane complex or

the biological and structural integrity of the collagen matrix. The processing

solution may contain an appropriate buffer, salt, an antibiotic, one or more

detergents (e.g., Triton-x-100, sodium deoxycholate, polyoxyethylene (20)

sorbitan mono-oleate), one or more agents to prevent cross-linking, one or more

protease inhibitors, and/or one or more enzymes. The tissue is then treated with

a processing solution containing active agents, and for a time period such that the

structural integrity of the matrix is maintained.
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18. The nedi cal device of claim 16, wherein the acellular tissue matrix

| acks or substantially |acks epithelial basenent nenbrane. 19. The nedi cal
devi ce ofwolaimii®4 wherein the acellular tissue natri xPCI/s2ddennEmlsti ssue
rzratri;(]. 28. The nedi cal device of claim1l7, wherein the animal is a pig.
1. The nedical device of claim 17, wherein the anijmal is neti.call

modi fi ed suc Ho%%]t/‘\'iqf@%ih‘(%y,itﬁett'ﬁéu%ﬁﬁ qr&e@r,esswe&mgqréwﬂﬁﬁfqp"r%c k?/

gal actose a-1, 3- gal actose epitopes. 22. A nedical device for surgical
breast praieedeplacementrpf bei &lgi.f@@Hﬁbrléaﬂﬂnyﬁmwmtsi'BP@%@@F Ral (13) and
a set of perforations (23) formng an arcuate pattern across at |east a
porti on @jopreeesaitiphaohitiobi oitdspalutibhenaptentaal a(l&83t one2@yoptadectadt twal

device of claim 22, wherein the set of perforations (23) is arranged in a

sem cir CrHIr%iz}éaibé‘Z%g‘stal Pmadde HditAatuderiatex Hat ebaidoctar dutiagei n the set

of perforations ( creates a nesh pattern. 25. The nedi cal device of

cl ai m Z%re%%l‘i‘r{f@e'{fg% !Elg%flegls BloePFELAL @it Nhe GofkichIBY H‘s;@/ﬁclﬂ@ﬁrdt «f

parallel” 3 rern the's S 'have a genera ormlength, a

RARRACNE AR I T NP I e L
parallel mzllyiirgguéezg)dombination of an organic solvent and water which undergoes

neither expansion nor contraction during freezing. The cryoprotective and dry-

protective agents may be the same. If the tissue is not going to be freeze dried, it

can be frozen by placing it (in a sterilized container) in a freezer at about -80°C, or

by plunging it into sterile liquid nitrogen, and then storing at a temperature below -

160°C until use. The tissue sample can be thawed prior to use by, for example,

immersing a sterile non-permeable vessel (see below) containing the sample in a

water bath at about 37°C or by allowing the tissue to come to room temperature

under ambient conditions.

[0067] If the tissue is to be frozen and freeze dried, following incubation in
the cryopreservation solution, the tissue may be packaged inside a sterile vessel
that is permeable to water vapor yet impermeable to bacteria, e.g., a water vapor
permeable pouch or glass vial. As a non-limiting example, one side of the pouch
may include medical grade porous TYVEK® membrane, a trademarked product of
DuPont Company of Wilmington, DE. This membrane is porous to water vapor
and impervious to bacteria and dust. The TYVEK membrane is heat sealed to an
impermeable polyethylene laminate sheet, leaving one side open, thus forming a

two-sided pouch. The open pouch is sterilized by irradiation prior to use. The

tissue is aseptically placed (through the open side) into the sterile pouch. The
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26. The nedical device of claim?25, wherein the length is between 0.1 and
20 mMm 27. The nedical device of claim?25, wherein the length is between
4 and 8 mwo 202@1136he nedi cal device of claim25, wherei rRCThS2ap42d75t ance
is between 0.1 and 20 mﬂ 29. The medi cal device of claim 25 wherein the
gap distance i s between 2 and 30. The nedic evi c cl ai m 25,

wher ei n QRS ide |'SzWaﬁse§85%‘FYa"(‘$%r§e@ieﬁ torclese the e > pa eﬁ’dsrﬁ"r'le 31.

The nedi cal device of claim25, wherein the horizont aI separation di stance
i s bet waehencaiodh@ratectedironmhicrokidl centaéation thfougheulsasseauest ei n
adj acent parallel slits (25) are offset longitudinally with respect to each
ot her. processing steps.

[0068] The vessel containing the tissue is cooled to a low temperature at a
specified rate which is compatible with the specific cryoprotectant formulation to
minimize the freezing damage. See U.S. Patent No. 5,336,616 for non-limiting
examples of appropriate cooling protocols. The tissue is then dried at a low
temperature under vacuum conditions, such that water vapor is removed
sequentially from each ice crystal phase.

[0069] At the completion of the drying of the samples in the water vapor
permeable vessel, the vacuum of the freeze drying apparatus is reversed with a
dry inert gas such as nitrogen, helium or argon. While being maintained in the
same gaseous environment, the semipermeable vessel is placed inside an
impervious (i.e., impermeable to water vapor as well as microorganisms) vessel
(e.g., a pouch) which is further sealed, e.g., by heat and/or pressure. Where the
tissue sample was frozen and dried in a glass vial, the vial is sealed under
vacuum with an appropriate inert stopper and the vacuum of the drying apparatus
reversed with an inert gas prior to unloading. In either case, the final product is
hermetically sealed in an inert gaseous atmosphere.

[0070] After rehydration of the ATM (see below), histocompatible, viable
cells can be restored to the ATM to produce a permanently accepted graft that
may be remodeled by the host. In one embodiment, histocompatible viable cells
may be added to the matrices by standard in vitro cell coculturing techniques prior

to transplantation, or by in vivo repopulation following transplantation. In vivo

repopulation can be by the recipient's own cells migrating into the ATM or by
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33. The nedical device of claim22, wherein the individual perforations
(23) are arcuate. 34. The nedical device of claim?22, wherein the sanple
of bi ocompatntlmaivat eri al (13) conprises an acel |l ul ar tipsTos20maonists  35.
The nedi cal device of claim 34, wherein the acellular tissue matrix
conprises_a, decel]ul arized col |l agen-cont ai nj n? tissue matri x fro

af histogo

nonhumardnN&igingedr injegting egks phiRined fra@ihedeeipied Mpaite ﬁe'ﬂ%go'%cel | ul ar
tissue matrix | acks, or substantially |acks, epithelial basenent nenbrane.
37. The ansdiheradordevntogheATdW an sitB4, wherein the acellular tissue matrix is
a dermal tissue matrix. 38. The nedical device of claim35, wherein the
animal is a [J0g71] e 28lipes thedEidrus2distitiitbiay depend on the nature of

the tissue or organ to which the ATM is being remodeled. For example, the

reconstitution of full-thickness skin with an ATM often requires the restoration of

epidermal cells or keratinocytes. Thus, cells derived directly from the intended

recipient can be used to reconstitute an ATM and the resulting composition

grafted to the recipient in the form of a meshed split-skin graft. Alternatively,

cultured (autologous or allogeneic) cells can be added to the ATM. Such cells can

be, for example, grown under standard tissue culture conditions and then added

to the ATM. In another embodiment, the cells can be grown in and/or on an ATM

in tissue culture. Cells grown in and/or on an ATM in tissue culture can have been

obtained directly from an appropriate donor (e.g., the intended recipient or an

allogeneic donor) or they can have been first grown in tissue culture in the

absence of the ATM.

[0072] The endothelial cell is important for the reconstitution of heart valves

and vascular conduits. Such cells line the inner surface of the tissue, and may be

expanded in culture. Endothelial cells may also be derived, for example, directly

from the intended recipient patient or from umbilical arteries or veins.

[0073] Other non-limiting examples of cells that may be used to reconstitute

the ATMs of the present disclosure include fibroblasts, embryonic stem cells

(ESC), adult or embryonic mesenchymal stem cells (MSC), prochondroblasts,

chondroblasts, chondrocytes, pro-osteoblasts, osteocytes, osteoclasts,

monocytes, pro-cardiomyoblasts, pericytes, cardiomyoblasts, cardiomyocytes,

gingival epithelial cells, or periodontal ligament stem cells. Naturally, the ATM can
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39. The nedical device of claim35, wherein the animal is genetically

nodi fi ed such that tissues in the animl |ack, or substantially |ack,

gal act osewe-201131139al act ose epitopes. 40. A nmethod of nekirng2@0e41305 nor e
graft devices, conprising: providing a sheet of bioconpatible material and

tti I f t bi t]bl terial (13) that
i zod SP ERABMEIE IR GRIERF IS o SHOPBPEE (G oMe: (B K™ BYE 3%y cast —

i npl ant (21) having a predeterm ned volune. 41. The nmethod of claim 40,

wher ei n seenceight, mipes 9 ten) ofdhese aalbhesconpri ses creating a first edge
(15) and a second edge (17) in the bioconpatible material (13) such that
the first edde074jRedgeritsidrd neetbods éor qaonyingout dlbtheabovesstepgmgref r om t he
second edge (17) and the second edge (17) includes a convex portion that

curves awrf ihaAe bt Siitsble fslifonts Bhd metRodd e tBSdHb@dGh, for @xample, furt her
conprising formng a set of perforations (23) such that the set forns an

ar cuat e \pat Hhha¢S g%%G%Mgast a portion of the one or nore graft devices.
[0075] Other embodiments of the invention will be apparent to those skilled
in the art from consideration of the specification and practice of the invention
disclosed herein. Itis intended that the specification and examples be considered
as exemplary only, with a true scope and spirit of the invention being indicated by

the following claims.
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43. The nethod of claim40, wherein the breast inplant (21) is a round

inmplant. 44. The nethod of claim40, wherein the breast inplant (21)

anat on cawvoiomlanio4

br east

IS an

45. The met hod of cl ai m 40, wher ei rCThis2molounses of t he

i mplant (21) is between 400 and 550 cc. 46. The nethod of clai m 40,
wherein the volune of the breast inplant (21) is between 250 and 400 cc.
47. The \rm_s'&l_lo?sof claim40, wherein the volune of the breast inplant (21)
S

CLAIMED IS:

1. A medical device for surgical breast procedures, comprising: a sample of
biocompatible material (13), wherein the sample of biocompatible material (13)
includes a first edge (15) and a second edge (17), and wherein the first edge (15)
includes a convex portion that curves away from the second edge (17) and the
second edge (17) includes a convex portion that curves away from the first edge
(15).

2. The medical device of claim 1, wherein the sample of biocompatible
material (13) is biconvex in shape.

3. The medical device of claim 1, wherein the first edge (15) is substantially
parabolicly curved.

4. The medical device of claim 1, wherein the second edge (17) is
substantially parabolicly curved.

5. The medical device of claim 1, wherein the first edge (15) further includes a
nonconvex portion (29).

6. The medical device of claim 1, wherein the second edge (17) further
includes a nonconvex portion (31).

7. The medical device of claim 1, wherein the second edge (17) further
includes a substantially straight portion.

8. The medical device of claim 1, wherein the second edge (17) further
includes a concave portion.

9. The medical device of claim 1, wherein the first edge (15) and the second
edge (17) are joined at an apex (19).

10.  The medical device of claim 9, wherein the apex (19) is rounded.

11.  The medical device of claim 9, wherein the apex (19) is squared.
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bet ween 100 and 250 cc. WD 2011/ 011394PCT/ US2010/ 042575 48. The net hod of
claim40, wherein the providing a sheet of bioconpatible materi al

conpri seswopoovildiong a col | agen-contai ning ti ssue from acmarshanommsani mal ;
and processing the tissue so as to render the tissue acellular and | acking,
or substantially |acking, an epithelial basement nmenbrane, the process
resul ting2in TRe Medicrldavine oficlaim Acwheig@inthe saysple ofdaieeompatifle The met hod
of claim 48, wherein the animal is a pig. 50. The nethod of claim48,

wher ei n miadenadl {$3)asisynuheetnical about at least one axis.

13.  The medical device of claim 1, wherein the sample of biocompatible
material (13) is asymmetrical.
14. The medical device of claim 1, wherein:

the first edge (15) is substantially parabolicly curved, having a focus and a
vertex separated by a first length;

the second edge (17) is substantially parabolicly curved, having a focus
and a vertex separated by a second length;

the second length is greater than the first length; and

the first edge (15) and the second edge (17) join at two pointed apexes
(19).
15.  The medical device of claim 1, wherein:

the first edge (15) and the second edge (17) are joined at a first apex (19)
and a second apex (19);

the convex portion of the first edge (15) and the convex portion of the
second edge (17) are joined at the first apex (19);

the first edge (15) has a nonconvex portion (29);

the second edge (17) has a nonconvex portion (31); and

the nonconvex portion (29) of the first edge (15) and the nonconvex portion
(31) of the  second edge (17) converge at the second apex (19).
16.  The medical device of claim 1, wherein the sample of biocompatible

material (13) comprises an acellular tissue matrix.
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51. The nethod of claim48, wherein the animal is genetically nodified so
that tissues in the aninmal |ack, or substantially |ack, gal actose

a- 1, 3- galwotos1epPut opes. 52. A nmethod of treating tisPOE/USROMPNIETH]:

provi ding a sanpl e of bioconpatible material (13), wherein the sanple of
bloconpatlble material (13) includes a first edge (15) and a second edge
(17), and’/whefBemedigals Q*/:‘ﬁe fodain 16) whersinthesaceledantisgugenatiisn t hat curves
away fromthe second edge (17) and the second edge (17) includes a convex
portion comprises ackecalldigrizedopolidgentiortainadpissubahatrixer@ntd ngnkurhassue site
of interest; and appl yi ng the sanple of bioconpatible material (13)
to the thaipwe. site of interest. 53. The nethod of claimb52, further
conprising suturing the sanple of bioconpatible material (13) to the tissue

site of hgterent medifal d@%@&%&e@%\?h@g’ﬂoﬁ% zr\(‘fg]ﬁ:ﬁf i@spur t%hﬁé’&ssd te of

interest I's breast tissue conpri sing:

suturi hgsﬁbﬁgﬁﬁélmaazs é;?%eha géseenqgr?t r‘m%n?brér?e.a lateral fold of the breast

t1ssue;

19.  The medical device of claim 16, wherein the acellular tissue matrix is a
dermal tissue matrix.

20.  The medical device of claim 17, wherein the animal is a pig.

21.  The medical device of claim 17, wherein the animal is genetically modified
such that tissues in the animal lack, or substantially lack, galactose a-1,3-
galactose epitopes.

22. A medical device for surgical breast procedures, comprising: a sample of
biocompatible material (13) and a set of perforations (23) forming an arcuate
pattern across at least a portion of the sample of biocompatible material (13).

23.  The medical device of claim 22, wherein the set of perforations (23) is
arranged in a semicircular pattern.

24.  The medical device of claim 22, wherein the set of perforations (23) creates
a mesh pattern.

25.  The medical device of claim 22, wherein the set of perforations (23)
comprises a series of parallel slits (25), wherein the slits have a generally uniform
length, a generally uniform gap distance longitudinally separates adjacent slits,
and a generally uniform horizontal separation distance separates adjacent parallel
slits (25).

26.  The medical device of claim 25, wherein the length is between 0.1 and 20

mm.
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suturing a portion of the first edge (15) to an inframamary fold of the
breast tissue; and suturing a portion of the second edge (17) to an
i nferi or wogeliafiiz4pectoralis maj or nuscle. 56. Use of pChaSeedioes’s devi ce
of any of clains 1-39 for treatnment of breast tissue. 57. The use of claim
56 for breast_enhancenent., 58. The use of claim56 for breast
reconst r 4ét i ohhe medicaligevigeeofgziaig 3bnwberein thepleagth isrhatween grand 8nmThe use
of claimb56 for revisionary breast surgeries.

28.  The medical device of claim 25, wherein the gap distance is between 0.1

and 20 mm.

29.  The medical device of claim 25, wherein the gap distance is between 2 and
6 mm.

30.  The medical device of claim 25, wherein the horizontal separation distance
is between 0.1 and 20 mm.

31.  The medical device of claim 25, wherein the horizontal separation distance
is between 2 and 6 mm.

32.  The medical device of claim 25, wherein adjacent paralle! slits (25) are
offset longitudinally with respect to each other.

33.  The medical device of claim 22, wherein the individual perforations (23) are
arcuate.

34. The medical device of claim 22, wherein the sample of biocompatible
material (13) comprises an acellular tissue matrix.

35.  The medical device of claim 34, wherein the acellular tissue matrix
comprises a decellularized collagen-containing tissue matrix from a nonhuman
animal.

36. The medical device of claim 34, wherein the acellular tissue matrix lacks, or
substantially lacks, epithelial basement membrane.

37.  The medical device of claim 34, wherein the acellular tissue matrix is a
dermal tissue matrix.

38.  The medical device of claim 35, wherein the animal is a pig.
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61. The use of claim56 for nastopexy. 62. The use of claim56 for
mast ect ony.
WO 2011/011394 PCT/US2010/042575

39. The medical device of claim 35, wherein the animal is genetically modified
such that tissues in the animal lack, or substantially lack, galactose a-1,3-
galactose epitopes.

40. A method of making one or more graft devices, comprising: providing a
sheet of biocompatible material and cutting one or more samples from the
biocompatible material (13) that are sized and shaped for conforming to a portion
of a surface of a breast implant (21) having a predetermined volume.

41.  The method of claim 40, wherein the cutting one or more samples
comprises creating a first edge (15) and a second edge (17) in the biocompatible
material (13) such that the first edge (15) includes a convex portion that curves
away from the second edge (17) and the second edge (17) includes a convex
portion that curves away from the first edge (15).

42.  The method of claim 40, further comprising forming a set of perforations
(23) such that the set forms an arcuate pattern across at least a portion of the one
or more graft devices.

43.  The method of claim 40, wherein the breast implant (21) is a round implant.
44.  The method of claim 40, wherein the breast implant (21) is an anatomical
implant.

45. The method of claim 40, wherein the volume of the breast implant (21) is
between 400 and 550 cc.

46.  The method of claim 40, wherein the volume of the breast implant (21) is
between 250 and 400 cc.

47.  The method of claim 40, wherein the volume of the breast implant (21) is

between 100 and 250 cc.
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48. The method of claim 40, wherein the providing a sheet of biocompatible
material comprises:
providing a collagen-containing tissue from a nonhuman animal; and
processing the tissue so as to render the tissue acellular and lacking, or
substantially lacking, an epithelial basement membrane, the process resulting in
the production of an acellular tissue matrix.
49. The method of claim 48, wherein the animal is a pig.
50.  The method of claim 48, wherein the tissue is dermis.
51.  The method of claim 48, wherein the animal is genetically modified so that
tissues in the animal lack, or substantially lack, galactose a-1,3-galactose
epitopes.
52. A method of treating tissue comprising:
providing a sample of biocompatible material (13), wherein the sample of
biocompatible material (13) includes a first edge (15) and a second edge (17), and
wherein the first edge (15) includes a convex portion that curves away from the
second edge (17) and the second edge (17) includes a convex portion that curves
away from the first edge (15);
selecting a tissue site of interest; and
applying the sample of biocompatible material (13) to the tissue site of
interest.
53.  The method of claim 52, further comprising suturing the sample of
biocompatible material (13) to the tissue site of interest.
54. The method of claim 52, wherein the tissue site of interest is breast tissue.
55.  The method of claim 54, further comprising:

suturing a portion of the first edge (15) to a lateral fold of the breast tissue;
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suturing a portion of the first edge (15) to an inframammary fold of the
breast tissue; and

suturing a portion of the second edge (17) to an inferior edge of a pectoralis
major muscle.
56. Use of the medical device of any of claims 1-39 for treatment of breast
tissue.
57.  The use of claim 56 for breast enhancement.
58.  The use of claim 56 for breast reconstruction.
59.  The use of claim 56 for breast reduction.
60. The use of claim 56 for revisionary breast surgeries.
61.  The use of claim 56 for mastopexy.

62. The use of claim 56 for mastectomy.
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