SYSTEM FOR PROVI DI NG FLU D FLOW TO NERVE Tl SSUES CROSS- REFERENCED TO
RELATEQ ,%.PPJ_JACAII ONS [0001] This application clainms priority to U S

Provi si érwb 2ppi7exat i on Nos. 61/ 142,053 and 61/ 142, 065, peaafs2dovloediion
Decenber 31, 2008. This application also clains priority to U S.

Provi sional Application No. 61/234,692, filed on August 18, 2009 and U.S.
Pr ovi si onal A@S%MWRWONIDZH&FIZUIDMILQW TO NERVEBESSUES2009. Each of
the foregoing applications is incorporated herein by reference in their
entirety. BACKGROUND 1. Field of the Invention [0002] The present

appl i cation rel atEROFSREFERENCED FOUCEEATRIFAPPITCANIONS particular to
appar at uses _and systens suitable for use in treatnent of damaged nerve

t i ssuel0091] ‘Bais applination clgimyptiorits do WS- Prodsisnal dnphicetion New @ild42903 apd act i ce
have s r o d C r re. in proxiymty to.a ti.gsue site
augﬁen@@ﬁ%@tg‘%e 1gl\régtg {égg t %8{)%?%\7\? ﬁo%fﬁﬁgg rﬁllc%tsl%rgalg? C%Wéy?r?oggﬁéo gﬁs'e. The
appl i cBﬂoivtsimabAppll’rdaﬁopMEIGWQM),@AHHed\m:m:ugm ,18mao9§malU.saPﬂgenid1@tﬁ1 reduced
pressure has been Lcul arly successful in treating wounds. This
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provi d%l?l?@%%%?&%??%gfﬁgp??%&ﬁ?iﬁ8 urgtﬁl?]g faster healing and increased
formati on of granulation tissue. Typically, reduced pressure has been

applied to tissue through a porqu (. other manifol ding device. The
porous pad contains pores that %‘éc ép@%f di stributing reduced pressure
to thepti sspRiPsthe MaVdRion"9 fluids that are drawn fromthe tissue. The

porous pad often is incorporated into a dressing having other conponents
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support tissue growh into the.defect. The scaffold is usually
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reducez] prepéedeription DX REBiikd are described in, e.g., W08/ 091521,

W07/ 092397 7/ 196590, WO07/1 06594. The adequacy of current scaffolds
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and been particularly successful in treating wounds. This treatment (frequently referred to in the
medical community as “negative pressure wound therapy,” “reduced pressure therapy,” or
20 “vacuum therapy”) provides a number of benefits, including faster healing and increased
formation of granulation tissue. Typically, reduced pressure has been applied to tissue through
a porous pad or other manifolding device. The porous pad contains pores that are capable of
distributing reduced pressure to the tissue and channeling fluids that are drawn from the tissue.
The porous pad often is incorporated into a dressing having other components that facilitate
25  treatment. A scaffold can also be placed into a defect to support tissue growth into the defect.
The scaffold is usually bioabsorbable, leaving new tissue in its place.
[0004] Scaffolds for reduced pressure treatment are described in, e.g., W008/091521,
WO007/092397, WO07/196590, WO07/106594. The adequacy of current scaffolds for reduced
pressure treatment can be evaluated in light of current knowledge of wound healing. Injury to
30  body tissues results in a wound healing response with sequential stages of healing that include
hemostasis (seconds to hours), inflammation (hours to days), repair (days to weeks), and
remodeling (weeks to months). A high level of homology exists across most tissue types with

regards to the early phases of the wound healing process. However, the stages of healing for

various tissues begin to diverge as time passes, with the involvement of different types of

1



renodel i ng (weeks to nonths). A high I evel of honol ogy exists across nost
tissue types with regards to the early phases of the wound heal i ng process.
Homeve}/fqﬁ)rba()ﬁmﬂgm of healing for various tissues begi rctrajsdiovesger as ti nme
passes, with the involvenent of different types ofgrowh factors,

cytokines, and cells. The later stages of the wound healing response are
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cells jnﬁfn@alﬁlhgcél[]{zﬁbﬁﬁytl um of the porous scaffold. As such, the
col oni zati on of endog)ygous cells into the scaffold is Ii mted by the
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a diffusion Li ffold ega ess .of ,.tiss ad|t|on
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repair an I a I'zed tissues. The present “inventi
pravi dmffslalc hASSgush,ethB cdibMiﬁtEﬁh of endogenous cells into the scaffold is limited by the
distance away from vascular elements, which provide nutrient support within a diffusion limit
of the scaffold, regardless of tissue type. In addition, the scaffolds can also elicit an
immunogenic or foreign body response that leads to an elongated repair process and formation
of a fibrous capsule around the implant. Taken together, these complications can all lead to
25  less than functional tissue regeneration at the injury site. '

[0007] It would therefore be advantageous to provide additional systems for the repair and

remodeling of specialized tissues. The present invention provides such systems.



[ 0008] The apparatuses, systens and nethods of the illustrative enbodi nents
descrigggwheretn,provide active guidance of nerve tissue repair and
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20  communication with the manifold and the damaged nerve tissue.

[0010] In a further embodiment, a method of providing reduced pressure therapy and
facilitating growth of nerve tissue at a site of nerve tissue damage in a patient is provided that
includes implanting a nerve conduit and nested manifold at the tissue site, where the manifold
provides a reduced pressure to the damaged nerve tissue. The manifold may also be coupled
25  to a scaffold material, wherein the scaffold material provides a structural matrix for the growth
of the nerve tissue. In certain embodiments, the method further comprises providing a
manifold in fluid communication with a fluid source, wherein the fluid source may be used to
deliver a fluid to the manifold and the damaged nerve tissue. In yet a further embodiment, the
fluid source may comprise a fluid comprising one or more bioactive compounds including, but
30 not limited to, an antibiotic, an antiviral, a cytokine, a chemokine, an antibody, and a growth
factor.
[0011] Other objects, features, and advantages of the illustrative embodiments will become

apparent with reference to the drawings and detailed description that follow.



factor. [0011]] O her objects, features, and advantages of the illustrative
enbodvre s wWll becone apparent with reference to the draw ngs and
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FIG 1 is a schematic, perspective view of a first reduced-pressure system
for repairing a pinched nerve including a nerve conduit and a first
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The fol]ow ng detail ed description is, therefore, not to be taken in a
limt 'sense, and the scope of the illustrative enbodi nents are defined
only by the appended clains. [0018] Referring to FIG 1, a reduced pressure
t herapy system 100 for applying reduced pressure at a tissue site in the
bbdy of a patient to repai DETABLEDIDESERIRFIONor exanpl e, a damaged nerve

IR T NN TN T N
For  ewahi®b&onipafying drawmgs that form a part hereof. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention, and it is understood
that other embodiments may be utilized and that logical structural, mechanical, electrical, and

20  chemical changes may be made without departing from the spirit or scope of the invention. To
avoid detail not necessary to enable those skilled in the art to practice the embodiments
described herein, the description may omit certain information known to those skilled in the
art. The following detailed description is, therefore, not to be taken in a limiting sense, and the
scope of the illustrative embodiments are defined only by the appended claims.

25  [0018] Referring to FIG. 1, a reduced pressure therapy system 100 for applying reduced
pressure at a tissue site in the body of a patient to repair a defect such as, for example, a
damaged nerve is disclosed. The damaged nerve may have been pinched, partially
disconnected or severed, or partially degenerated as a result of disease. For example, the
damaged nerve in FIG. 1 is a pinched nerve 102 having a proximal segment 104 and a distal

30  segment 106 relative to the central nervous system (CNS) of the patient. The pinched nerve
102 has been damaged at a nerve damage site 108 that has been pinched or partially
degenerated, but has not been completely severed. The pinched nerve 102 may be branched or
unbranched at the nerve damage site 108. The term “nerve damage site” as used herein refers

to a wound or defect located on or within any nerve tissue, including, but not limited to, a
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damaged nerve in FIG 1 is a pinched nerve 102 having a proxinmal segnent
104 ang di stal. segnment 106 relative to the central nervous system (CNS)
of the ég-wbanm/oﬁhe pi nched nerve 102 has been damaged atTaSh@OMEI7Id@NBgE
site 108 that has been pinched or partially degenerated, but has not been
conpletely severed. The pinched nerve 102 may be branched or unbranched at
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20 and repair. The reduced pressure therapy system 100 further comprises a canister 130 fluidly
coupled between the reduced pressure source 115 and the manifold 120 via the conduit 125 to
collect bodily fluids such as blood or exudate that are drawn from the nerve gap 114. In one
embodiment, the reduced pressure source 114 and the canister 130 are integrated into a single
housing structure.

25 [0020] As used herein, the term “coupled” includes direct coupling or indirect coupling via a
separate object. The term “coupled” also encompasses two or more components that are
continuous with one another by virtue of each of the components formed from the same piece
of material. Also, the term “coupled” may include chemical, mechanical, thermal, or electrical
coupling. Fluid coupling means that fluid is in communication with designated parts or

30  locations.

[0021] In the context of this specification, the term “reduced pressure” generally refers to a
pressure that is less than the ambient pressure at a tissue site that is subjected to treatment. In
most cases, this reduced pressure will be less than the atmospheric pressure of the location at

which the patient is located. Although the terms “vacuum” and “negative pressure” may be
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[0020] As used herein, the term"coupled" includes direct coupling or
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and the severe ere e i nner s
20  the nerve damage site 208 and the severed ends of the severed nerve 202. The inner surface

112 of the nerve conduit 110 forms a nerve gap 214 between the severed ends of the severed
nerve 202 within the nerve damage site 208, i.e., a luminal space between the inner surface
112 of the nerve conduit 110 and the surface of the nerve damage site 208. The reduced
pressure therapy system 200 also comprises a manifold 220 fluidly coupled to the pressure

25  source 115 via the first conduit 125 and positioned within the nerve gap 214 leaving nerve
gaps 214a and 214b between each of the severed ends of the severed nerve 202. The manifold
220 may be generally tubular in shape to enhance fluid flow within the nerve gap 214. The
manifold 220 may also be generally cylindrical in shape and function additionally as a scaffold
material (not shown) that provides a structure for tissue growth and repair between the severed

30  ends of the severed nerve 202.
[0023] The manifolds 120, 220 shown in FIGS. 1 and 2 create flow patterns and gradients in
the nerve gaps 114 and 214 within the nerve damage sites 108 and 208, respectively, which
can be further modified to enhance nerve tissue growth. Referring to FIG. 3, a manifold 320

having a core portion 322 with a generally cylindrical shape similar to the other manifolds
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112 of the nerve conduit 110 forns a nerve gap 214 between the severed ends
of the vered _nerve 202 wthin the nerve danage site 208, i.e., a lumna
space ¥ enidrgssenner surface 112 of the nerve condui PctAB2anded7he
surface of the nerve danage site 208. The reduced pressure therapy system
200 al so conprises a manifold 220 fluidly coupled to the pressure source
115 vi 80, B20 fsishewnc dhd mmifmmwnda)pbsmsedMVwed nervetdamagaeve, ngaye 214

| i f . d ends of th
sover cupmiER st 85T et BAMioBi 42 23 GleagTint® 2 il HGR Sk SBrtlpe [
enhance ¥ dxdidd wusvidnt the Bnd BRfdees ¥ethe8dre pbtion322 (BBOEAPifade G2 8howa) SO be

general ly cylindrical in shape and function additionally as a scaffold

mat er | 9l acemmémm)n@h@meryﬁmg desgsvedamnagesitarl@8 5 dhe masdold FOdwrtherand repair
bet h e | ds

12 Se?gﬁﬁﬁﬁal§§9i¥96m%‘§mcrea g?FOM/ﬁ%I erns an%la?a |eﬁ$&LPn t he

nerve gmmesldféthe%&e Pdioni 120iof tharifyld 820 athe ostiel €8d dxi8ndingl a:daidy
respectively, which can be further nodifjed to_enhance nerve tissue grow h.

Ref er rthpigfrog witkdn the nevergansi i and §l4haatithgnegve daragsoitei208. 29y nymbgr
gener 1fcﬁéf kéd%ckrzp gﬁdgz%é\?s@& ag kéa‘&lsrg% fo%r?hé 12§ rBH}F erPBALLQ! ﬁﬁ&ﬁé}mo?@ bhel 5

shown. mani f o or se ere nerve damage rve
damag emamfcéd 208 may heclod mamcﬁcrld msh; m&xmfndmgefromnnh’y(dnd o318 emdayurﬁdcssa(nbncl ude
an aX|§@ Eenln? 323 ext end] gmeen th su ac%i of helc05e portion
328 ( ofhevan o Lt thy careROItiah dminay CBB%B %P“? iskbar raxipal epd gt - nerve
damagegidhfiadderdGieTRA! iRk dnatfidid 4al bos nﬁ?%@bﬁ&ﬁl}nﬁm{lfa&? LfkHagelnB25, each
one having ohe end in fluid communication withthe end surfaces of the core
por t i oferBe@obthe stree matsirfad heiths 2thea nehnifhisls dﬂh,enoas desoxibed db(ng sathatithey

therefrom it.hin the nerve s 314a t the nerv site 208.
e e My ColentBeaioh s BB Reng SAptl g e etio B GraRR aRY, S
nerve fdrosStifue. FHEARS IHEBhAITII RodIBOE hilyth] AU B1Babsbibabeds tha Mdr®lsthoredd 325
extendlng from onl one of its end surfaces (not shown) so that the core

pokX i ofe reReverlpmadiep vevwvieniedisseadpeginsforming inf tI@rVecgapﬁ)ﬂb‘kRIﬁfh?l‘lend of the
damage g, 0gl e Siih Erd1a T8 TRRLL Obohodee 2R TRPe densrabhyidipul ar in

shape and e sane Fenl T o 220 as

descri &w@leah@we e pdirﬁanQB)bfﬂfeQnamfoid BQ(ﬂatQHém‘tﬁBﬂ &l iTie willshftie nerve gaps
114 and 214 to pronote the fornation of new nerve tissue. Hence, the

mani f omanifeld sodb3ks may ingluds lw@swma& 826 Hpechswhich she qasepertion 333 ofithed t o
renove %ulﬁ M 3hé ﬁ{uw}f{yﬁﬁﬁwﬁ @g%@,@%ﬁgg i, d 4t he nerve gaps 114 and

214. ernatively, e nmani conprise a conduit closed at
oz en[@024]dTlid nerdé yonduit 110 is shown in FIGS. 1 and 2 with a section removed to show the
manifolds 120, 220 and is shown as completely surrounding the nerve damage sites 108, 208
as a closed nerve conduit 310 in FIG. 4. After the manifolds 120, 220 are inserted in the nerve
damage sites 108, 208, respectively, the nerve conduit 110 may be sealed by utilizing one or
more stitches 415 or any other fastening device known in the art. The nerve conduit 110 may

25  be composed of a bioabsorbable or a bioinert material. Materials that may be used for nerve
conduits include, without limitation, polylactic acid (PLA), polyglycolic acid (PGA),
polylactide-co-glycolide (PLGA), polyvinylpyrrolidone, polycaprolactone, polycarbonates,
polyfumarates, caprolactones, polyamides, polysaccharides (including alginates (e.g., calcium
alginate) and chitosan), hyaluronic acid, polyhydroxybutyrate, polyhydroxyvalerate,

30 polydioxanone, polyorthoesthers, polyethylene glycols, poloxamers, polyphosphazenes,
polyanhydrides, polyamino acids, polyacetals, polycyanoacrylates, polyurethanes,
polyacrylates, ethylene-vinyl acetate polymers and other acyl substituted cellulose acetates and
derivatives thereof, polystyrenes, polyvinyl chloride, polyvinyl fluoride, poly(vinylimidazole),
chlorosulphonated polyolefins, polyethylene oxide, polyvinyl alcohol, Teflon®, and nylon. In
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coupled to the core portion 322 of the manifold 320 at the other end. The
walls of this manifold rod 325 may include holes or pores 326 through which
the coVé&4yorbionsA22 of the manifold 320 fluidly comunipcatussoosiotsmin t he
nerve gaps 114 and 124. [0024] The nerve conduit 110 is shown in FIGS. 1
and 2 with a section renoved to show the mani folds 120, 220 and is shown as
conpl eteetain aspectobiothgical (hg, penificel atasegebisantppatefisls nydbeased fahoxedke ner ve
conduit 310 jn EIG, 4. After .t nifalds 120, 220 are inserted in the
morve. (PIRHGBIGIE bt it Gmiled e dfin, Bbiprectibon oot Gt ¢ 170 mmy b
Sea|6dD@MUHM%hTQXW$%0ne or nore stitches 415 or any other fastening device

known in the art. e nerve conduit 110 may be conposed of a bi oabsorbabl e
or a bl092fleAtnernstconduait 110vmag be ah smbioken subptaptiallisebiulan stryséyre ditled aerabs &

i ncl ude, without |imtatiqgn olylactic aci .PL I colic |, d
(P Sy ol 3 51 Bt oo Jerinloly PR G or B
pol ycaftelaagdiBnabulBheto@ESuat Sso BRImel toRY Alres guiday ilaktwiftest pol yam des,
pol ysaccharides (including alginates fe.g., calcium alginate) and
chi t oshmyjtatiopNEL 'ENa@ngNEpBg%%IyEXoxy%lgngyn serduitso AR epnpyi mayAw,
ol ydi 0, thoe . t hy:
oo B RRE B VBl 180 LB ALY ML B Y 6Pl 24 SR
pol ycyndroaaid/dealed syitpotlphure] Suahasa sytatey Bpeyifiateramplet bfiveapetype ngrive acet at e

P S RS abn A CH ST 55 SR B St o

pol y(vj Mgl ale) RS oxi de,
pol yvi %{/}?dhg%nc oa%ﬁ%lﬁ'laesP fcggﬁ?? ; , aﬁéﬂhﬁgﬁ gsﬁl.ng?én%% I’?lgt:eﬂﬁlatg gﬁe)ié%ﬂ ?E%égﬁgg? cal

(e. g., dpnageflined/epso asgo ertludainfiitratmnerfinahmermeycelesuched gliar n stameve condui ts

i ncludin ut are not limted taq, fibrin, fibronectin or .collagen (e.qg.,
DURAVATRIOG Ry . (B8 coRiEma sl Bgecabieo ey BN E ff R Arbtein | © 9
subst apiord dovdifrbdeithRiugh i ndtR. Fbi &x@hphs g@s%r@s Eig%e?@t MRt (maﬁrt{éXi mal and

di stal nerve stunp such as depicted in FI : anpl es of suc _
subst asuffieicht)y salliseas toexlade thedmiry of cellssiotorthe epnduit lnmen ée. gepares haiiegs,

incl ude wi thout |jmitation NEURAGEN NEU |
condui B oeh e s auAes A ar donseios PR Abms trapt AR T8 e s onea

ar ound3@ushl aoNAe ahEY0 Ain) dTRBE Sheh @edhiced PreBiReb)appRéY® the thtisesloEthen th a
cl osure, such as a suture. Specific exanples of wra,p-t%pe nerve conduits

i ncl udeondpitihvidiand praeinsmanbe AEWROVERDEDER ohths REGRAYRAREreyuEETRdgn
condul ¥, sﬂiﬂe{%géaglgﬂgggegc?@ie i1 BRifSioRo0E E%oh&i@?fPQ%djﬁst@@?&% | that

and encl 0Ses erve, SO aS 10O exclude In ation o -nherve
cerl s partibulasnegid @pplicaicn®enerally, the conduits comprise an internal diameter of less than

about 6.0 mm, such as about 5,4,3,2.5 or 2 mm.
[0026] Referring to FIG. 5, the reduced pressure therapy system 100 may further comprise a
pressure sensor 140 operably connected to the first conduit 125 to measure the reduced
pressure being applied to the manifolds 120, 220. The system 100 further includes a control

25  unit 145 electrically connected to the pressure sensor 140 and the reduced pressure source 115.
The pressure sensor 140 measures the reduced pressure within the nerve gap 114, 214 and also
may indicate whether the first conduit 125 is occluded with blood or other bodily fluids. The
pressure sensor 140 also provides feedback to control unit 145 which regulates the reduced
pressure therapy being applied by the reduced pressure source 115 through the first conduit

30 125 to the manifolds 120, 220. The reduced pressure therapy system 100 may also comprise a
fluid supply 150 fluidly coupled to the first conduit 125 via a second conduit 152 and
operatively connected to the control unit 145. The fluid supply 150 may be used to deliver
growth and/or healing agents to the nerve damage site 108, 208 including, without limitation,

an antibacterial agent, an antiviral agent, a cell-growth promotion agent, an irrigation fluid, or
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enbodi nents, the nerve conduit material is perneable, thereby allow ng
fluid gﬁd protein factors to diffuse through the conduit. For exanple, the
por es Vi wonermesziendui t may be sufficiently small so agctraseoolosaeo t he
entry of cells into the conduit |lunen (e.g., pores having an interior

di aneter or average interior dianeter of between about 5 mmand 50 nm 10
mm ando®®r ehrenueallyOactive agehts2 Ol lrergystefbhl08), fumtherrcongiisesalfifst eslsel &4 pssitigaeli ed to

the interior of the.conduit flujd_.and _profeins nay be drawn to the |unmen of
e A T I N € M T N A
that t pesielbd®ans HRMrsQdontilie 189 B&Wekn ﬂﬁ%e&lﬁze&gfééﬁrg gunélﬂ’ﬁ IPS‘XanIPtzlE hfckirgr nerve

application. Generally, the conduits conprise an internal ter of |ess
t han abeweesthe fivsh cosdwih 1 2B anhiba se®nd ¢ondyit 250 epntRolithe 1peaEddduRed erring to

Fi 5 he reduce re e thera syst 100 furthe omr.i. s

pr e%s suP Iéetsssug?i s@?e C.L%gmglﬁ%lf ?ﬁ-f Ve O@SWH@%@BX?%%B% %ﬁ tﬁrrg{artd;sr?ﬁ?ﬁ‘{ Vai‘f@%él’ asur e
the reguemtopthesislivey betdddcastbssatt 4nd/drTRid B 1k d8idlstPply2309, reIfEs&tism,t em
100 further includes a control unit 145 electrically connected to thé

pr essufothe araiplds 480,229 asriequitsd by dbe partewan therapy being adBinigtersd te tesur e

sensor . . Wi thi.n nerve, gap 114...214 and

oF oo R (PR SpbTE 156 S RiPLAREHA R Bllaled Spl VELABDASAHNGES o

ot her hioeh thy nidnifotls. 120/ E2 000 g86HoR eeligoind 0 liaksdaphgy hdas siteetthagkveo
whi ch regul ates the reduced pressure therapy being applied

coptrol, unit. 14 .
byﬁi hed3BRASSHE 138&& e UG hgrsim the term Swawfqlﬁgreffﬁrm a geharce O StBIctwE t he

mani f o : : . r ﬁ}g?ﬁ 0 SO

conprighg§g%d? suaps)% gn?gg& ufﬁ{c%a?(&;é&%ﬁgg&tdgﬁ%{?{e |Lrﬁ§%tjoé§$1 N £25 via a

secondflgidnéhoint a tie ainel A meandfol d/ednyinclodne plueality of flow chaimieldr pativayd 4t The
Y;

fluid supply 150 .be used to deliver growth and/or heal]ng agents to the
nerve ?fﬁﬁ’%@%’og‘?etcée fé%‘f‘pwg%i‘%lwﬂ’dﬁnr?é Huidsieyifed torandgemeved Fom ks #eaef er i al

agent , tigfe aRfuhd tHethaASRA! Exampied be SLAWM18s REP IRIGRNMWAZER imiRfioh! fdvg@ki on
fluid, orother chemcally active agents. The system 100 further conprises a

filst that have sBuctprsd elemsnisdiriangedite feme Sow chemahls, el ar foems suthr asl opehreell | ow of

fluid eret hrough, and a second val ve 156. posi,tion in the first conduit
195 beltEh Rohe il Bt pS S5 e Ant A oBE bt RERs o clibdo wistisen t no
first flowdHiinek2 andildd@ss@ERMb GRS ahd 2hdiPusebs@ingthehd inowth i§ educed
pressure. The control unit 145 is operatively connected to the first and

secondPip¥ldgdselony 156 to control the deliver y of reduced pressure and/or
L 0 e PR SRR G TSR 43R5, 220,
f120 d wopml or debédt thay pebeides arstridt@ral ittt for @ige grodiicat @ils ah@vetheToimaiRY al so
del ve(r)f tissue. A scaffold is often a three dimensional porous structure. The scaffold can be
infused with, coated with, or comprised of cells, growth factors, extracellular matrix
components, nutrients, integrins, or other substances to promote cell growth. A scaffold can
take on characteristics of a manifold by directing flow through the matrix. A manifold can
25  transmit flow to the scaffold and tissue; in the context of reduced pressure treatment, the
manifold can be in fluid communication with the scaffold. A detailed description of scaffolds
and their use according to the invention is provided below.
[0028] As such, the invention disclosed here discloses methods and apparatuses for
controlling cellular-level based patterns of fluid flow that would allow for control of patterned
30  protein organization at a microscopic, nanoscopic, or mesoscopic scale amenable to provide a
structured manifold and, optionally, a scaffold material for cellular migration, differentiation,
and like behavior necessary for functional regeneration of tissues. In comparison to the

passive nature of the current state of the art with regards to tissue repair and regeneration, the

methods, scaffolds, manifolds, flow sources and systems disclosed herein provide an active
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air to the manifolds 120, 220 to pronote healing and facilitate drai nage at

t he Si\}d‘f of .the nerve damage site 108, 208. As used herein, the term

" mani 1'6MdWonefearssso a substance or structure that is prroYiuseaotne7assi st in

directing reduced pressure to, delivering fluids to, or renoving fluids

froma tissue site. A nmanifold can include a plurality of flow channels or

pat hwayeshathisth bavéhi¢hntogremntecth¢ extioigendusplepositiahi ot proteitisiand ogfanfatiblss pr ovi ded

to and renmoved fromthe area af tissue around the mapifold. Exanpl es of

mani 1 ORI RRPIRL TRt erath, o psticslapd phYSicHh custdo e celluler prlowzaion Ry al

el energFfoM bPE08 spae | Thébics QW iRRARAEILS: ked ;cel |
e T ook T b R A

foam porous tissue collections, and |1 qui | ude
or cuthe actve frateeleditdcted fhd Anwl provilinges frineworkegmmi itk to ddsigmanadifolds and

their ndi to.the i.nyenti.on i s provi ded bel . Q027].. The term

" sgaf f’%f gqaﬁgg&g&%%egﬁwg Péﬁtlehn?egfo\é?lée i fg’ﬁy é‘ﬂ@?gléen usvceﬁ%%‘i 8?\?-% ied to or
in a wedod add pathiags arelidilized @venH@sceprétbinttiehbdiBbn BRE Edldldr @blohiYatis oy of
cells and/or the formation of tissue. A scaffold is often a three

di men8YSHHRY PeBided Sersity are davignedta projuett eetpblishmenbef 4 proyistmhalvngtrix coat ed
wth, [ f I xtracel{ ul ar trij.x
conpoRancHe Wb R fs Bl MR ekl B TEHRRREh A5PRIR bl iue

gr owt kite t& prombfecl filnctivhal fidsae oontiamact eri stics of a manifold by directing
f:l w i&rgﬂg}g the matrix. A manjfold can transmt flowto the scaffold and
t 145 ud029}, Thys, thepppasetusgs, methpdsaad sydems disclpsed-herpin providea meaisifor d can be

in flyi | ' | f.al: | | pi.l.on.. of
scaf f o S GNTHES GRS Aol Bl it Rh oo oIS AL ERETA B,
[ 0028profwotes fimktionah eecomenyn tTihisnactivs ghidame deens tidioagh pReltanigpthefdtonasited

appar gtuses far. controlling. cellular-level based patterns of fluid flow
Chat  BOTIPv TR 0t bectset RoniiAte BEAUesient e sAY sRACTHGHR Pt F o 2etugal

i Cr ORIk HroddsN A HERRlotd c ki r0M

structure %ﬁ%ni f old ar(l)d, © op%rgﬁﬁg?(feﬁa hge g@ﬁ%ﬁgﬁﬁg‘%&%&?‘? g{éa%oar%ggﬁlﬁq ar

m Yr aflpigflovdi $pesifenatly athe oontralled flovkescherh that the manifeddsapryvitle carf bagel omal
regengr.at i of- tissugs. An.,conparison to th ssive nature_of the current
st at eﬁdgﬁﬁ%tggl eaérl{ec{[/ﬁ%tlﬂﬁ?’%%é?egg a{ln%p‘foltes}gﬁfé‘%or %ﬁcﬁfﬁ‘)ﬁgn cPRYENE 5eifig Alov he _

met hopahwaysakitgh dgissiediicld?lséiifold LaWeBOW SRR UcpOHiGTS HbRAIOSRA aber ei n
provi de an actjivenmechani sm by which to pronote the endogenous deposition of

pr ot ef9ikagamandtibrimpithin the menifpldesqaffold e tissud spase.r Biochgmisakives from cal and
caffold or tissue

oS! el B AnAAS b R BB PU Fo PSS T o 355501 g
t2e acdrjwetibnmdth thé naturad ehysical budsbfithowovisionw) @tig aad ek aARIRIK mMapdhtonhi ch
to deglili en thrgasg' sfea{lgnst migration of endogenous cells during the repair stages of healing. These
cues act as a form of track that emanates from the healthy tissues and passes through the
scaffolding or tissue space to facilitate a continuous guidance pathway for organized tissue
regeneration.
25 [0030] To that end, this disclosure provides unique manifolding technologies designed for
specific biological needs based upon principles of fluid flow. In certain aspects, the invention
concerns a new approach to wound healing, flow (or gradient) activated tissue engineering. In
rudimentary form, this approach involves a source or generator of flow that forms a gradient
for controlled movement of either endogenous or exogenous fluids into, out of, or through a
30 tissue space for the organized deposition of proteins and/or spatial concentration of cytokines
and growth factors, with subsequent formation of a directionally oriented provisional matrix.
The tissue space being defined here includes, but is not limited to, the region surrounding a

site of nerve tissue damage.
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and scaffol ds based upon the need of the biology under the influence of
fluid fA w.. .Flow vectors and pathways are utilized to enhance protein
deposin oanth/oedsbul ar col oni zation. The systenms provi eed/usessiony7as e
designed to pronote establishnment of a provisional matrix network with a
seanl ess transition fromthe healthy tissue edges through a scaffold or
t i ssud083k]d'luid flomointe, ghraughyroe birbofzhe hérss tissue apadercan be r¢fRRAAhd Thesed t he

us met.hads and..systens di scl.osed herei n provi a neans for
R LR T T RN ) S
Wt hi ise#@ffé1i$ ST &dotdinited BIeRRREsf iMNGEleRNBE dESSRURS Yreafd g ?&ttahl\é‘t:erégu' dance
occurs through nechanisns of controlled fluid flow, which tan be used to

i ni ti dethveys.angmerierns peffisiently detaiderbin sodletahito broahje to infinenvatand diredtelad i ng

pr Qcess; i . n provi.de the active gui dance necessary Lo create a
co?n rcs)cI% %@1“ uf%’%?%\gvfp@g%@%’ hllecoéng,a%fjﬂé’ %ﬁ?’f”&flﬁi 8{}%@}28&,06,188%6?@1? at the
mani f ebetdfipeelViyges. cadividuatislehentd of &fidykttatae bhplidsect ed influx of cells

and pr8é3{ei ns into a scaffaold. Creation of specific flow pathways within a

ti ssud0Q3Z Soyreeox Srengnator of Klaws aHlopgis fnduced inéel teropglsior puthofdghe perye tisswe, such

I | ri it by . [ . ti space.
B ocheRret diods ebabhseh ol SRl iRHBLAC. el BB IR N T 1 ¢ e
provi slestréal peteutials. CHreswgereratarsod fjownsrbvida eithdria gridiemalr archhngdliyisi cal cues

of .the pravisional .matrix and extracellular matrix to gquide the subsequent
mitgr aolstigh o 5 st Leserionof gndogeaonher exegenaus duidsde %@rplar@_a}ephg. Thgse
cues itids ofithe ; 1,0 3 : i gsyjgs an
passegﬁﬁlhlralgggh ?Thoéw %%:ng%?ol ilfr?tgé%erng??g%h%ﬁg{;aeée%itngl%%d;@ﬁc%{ﬁgfi% glcglgntl nuous
gui dasobogimenivibe sawceoffiow eedptises aseunce grednedd massufed BBjemEanthat  end,
this disclosure (grr ovig S i%g%gue mani f ol di ng technol ogi es desi gned for

speci PPRAAIETS sPuding g Iﬁ%’oar]nsop‘ﬂnmf?sﬁlvé €S Pr PSP VRYGE theh certain

aspecicntrdliBe ApplieAidrOMdCRRKRE BEndaltPVbrRARECASNcl B MR RER! tBrtaih! oW (o
gradient) activated tissue engineering. In rudinmentary form this approach

i AVol werects, Butie eenduits gedier manifolds déscribed teatin compsisaa greaslire sensérorThment r ol | ed

' r_endogenou r _exogenous fl ui Into, out qf, or through
2t o ah ot bl en E e ATy e RTINS pppHed Pt Shiee Bibrdaed Betta
concemhtiad amoum bf fygdatke PRSs1ae thad isushdrdfiR BlehsnifoM bPn&Vb SSHIMAN: of @eRALT On Of
a directionally oriented provisional matrix. The tissue space being defined

here PhEFYESaMAZRt s not |inited to, the region surrounding a site of
{‘?;\S’E’éﬁdggg‘wfan%mig@leg 12 i #lean réltgtf%é% J%h%\(’:&[rf.evgﬁgoforée%? &%ﬁla&rﬁg Bt of fiGadier Ve
20  Manifolds are apparatuses for refining the pattern of flow between the source or generator of
flow and the tissue space. The macroscale level of flow is refined by specialized manifolds
utilized for directed localization to a single point or to a plurality of selectively positioned
points for creating initiation sites for microscale flow pathways within the manifold/scaffold
and, ultimately, the tissue space. The manifold may also serve as a conduit for the removal of
25  fluids from and as an apparatus for the delivery of exogenous fluids to the tissue space.
[0034] A manifold generally refers to a physical substance or structure that serves to assist in
applying and translating a mechanical, chemical, electrical or similar alterations into changes
in the flow of a fluid, herein defined as the movement of liquids, gases, and other deformable
substances such as proteins, cells, and other like moieties. As such, this physical device
30  includes a single point or plurality of points for the egress or evacuation of pressure, fluids,
and like substances capable of translating the movement of fluids in a scaffold, as defined
above. This can include, but is not limited to, the introduction of exogenous factors such as

cells and/or therapeutic moieties into the scaffold through the lumen or plurality of lumens

present in the manifold. In addition, as used herein, a manifold includes a single point or
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t hrough the inclusion of additional elements to the system i ncl uding

mani fo&g-. and/ar_ scaffolds. The coordinated el enents of the systemare
desi gnéd'wo 20rommsz2f | ow paraneters, pat hways, and patt epos/usadbiosizent | y
detailed in scale as to be able to influence and direct the controlled
adsorption of proteins, the organization of matrix, and organi zed
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the pattern of flow between the source ‘or génerat ow an e tissue
space. tisshe spaer dbe edseltingeadogehotd matwork of pirotaind, drywipfacioad, aad dellsgmoviddsds
utilized faor.directed |ocalization t I ngl e int or.to.a plurality of
el ect ? OMPRISTLER otideh SRt e by R Fv St aotait e rBintirlionodcal o
fl ow pabktn@RkmsWah Bundt he mani fol d/ scaffold and, ultinmately, the tissue
space. The manifold may al so serve as a conduit for the renoval of fluids

f r Bm alf36k When applaca thesmprifold eorkiein opaiupciidn with g dlesugenerating sogree avba t i ssue

space. nifold generally refer 0, .a physical, substance. or

b uct SPEORh LRl Ju8 e HEARAE ated i, bt e POV R BB RRE B oo
chen cadgati®d prebdulrd; Fenrtitosd 6ff positivelpk@b@t] MAzchérators SbGk@RSic fTovh. MEhd flew of a
fluid, herein defined as the novenent of |iquids, gases, and ot her

def or neiBfientetdlishden themanifald praythei mghéréeﬁn9®,thma shenwaffpidio debivena es. As
such, ﬂ@wgrﬂ?éﬁi Pl SBAYE % bARLHITDWAnRUBAE: PRI Rnelded!BH b palouRlP N S

for the egress or evacuatio pressure,
20  defect. Many of the embodiments disclosed herein are manifolds capable of translating

changes in pressure and the like into controlled movement of fluids, optionally through a
physical scaffold, for the purposes of directed tissue regeneration. These embodiments are
generally specified for a particular application in the regeneration of specific tissues, but are
not limited to a particular tissue therein.

25  [0037] In order to realize the goal of inducing flow for the purpose of tissue regeneration,
alterations in the aforementioned mechanical, chemical, or electrical impetus must be
translated from the singular gradient source toward a physical substrate or scaffold to elicit
cellular-level changes in protein adsorption, matrix organization, cell migration, and other
tissue regeneration-related behaviors. These alterations are multivariate in nature and can

30  include mechanical changes that elicit a physical change in pressure applied to the scaffold as
applied to the site of the wound or desired site of tissue regeneration, chemical changes that
elicit a gradient in protein and/or ion concentrations, which result in the creation of osmotic
gradients capable of inducing flow, or electrical changes that create a gradient of current/ion

exchange allowing for propagation of electrical signals from the point source. It is to be
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and |ike substances capable of translating the novenent of fluids in a
scaffo - as__defined above. This can include, but is not limted to, the
introd voromio7esdegenous factors such as cells and/ or Prhensp@atse100i eti es
into the scaffold through the lumen or plurality of lumens present in the
mani fold. In addition, as used herein, a manifold includes a single point
or pl uraidetsyoodf hpwever.shétahe spydicamy rres®rt dboundity agyeiticitarahechhnitg thioagh t he

ffol d .1 . i, nt of flow [0035] Flow distributed by
A R L M D W
fact or®,ad¢atalecoa$ radfit GRke Sralilepid tb AR fissh %lp@lgmeallde%fe O dYd {o**tg{%d he host

to the tissue space or scaffold in an organi zed manner. The establishnment
of f1 ofic apthed flomelsem pistshurgg to theacaffald or tissud sitoarid vionversa. pr ot ei ns and

rQVvi sy I rix.t reates . i nter.faci al .endogenous network. .
(F:) o%n eclltﬁl9 IR %gltﬂﬁc? é}bo? %ﬁ?rﬁsé eclgﬁ?lg(fqgi COBRYER &, pg‘?f?c%fsggﬁ%e_ Wé‘_?‘?sf' RPROFHIGTe
est abl toshedthin theicontehite of & atdfR)1d abdsepvgho pRIpASAtE ¥R aRQSHSA IH piFsRhEI t he
mani fold flow initiation sites with flow pronoting scaffol ding designs. The

or gani RAEMeIel Whiether i be snacharical neheprienls elecsiieal, orsempthing smilaeinpapiradbeni cal

d ' ' . t nd _nm gr ati.on of
ol | 5 W bisahe of TR theld ChnBls 00 86 B3irk Sl L0 Mo ARG nlctlal D8 s pace.
The r gladenientofthisanarifold withtregpekt 1ofits fédatien Réth reggeatdthbesthe scafoldmeg! | S

ravi des a fouyndation on whi ch subsequent phases of the body's own tissue
" S’e&ﬁd?ﬂ%c é‘ﬁ@?%%l}csEgrréemaﬂngﬁen*é%l}?%@amdérﬁct[ﬂ@mpe%@wf spepifig dissuet Pfe y
mani f | ] | ' | :e_and a scaffold,
SR e S S S S A i S R S A

gener amiditectibnal eganenfromp tesproxenal ge distahherve stafnpeois irtaly \be ippesauteplasnd

jc,flow.,. The fl di tablished in th ifold
ooy bany tieitel SR e ey i agti e SondeBRcss Ervards taRIs) nd & AR ac ent ¢ o
t he S%%Jr@fa@ioh@o»@ﬁﬁé fHat énd. | @YW E T VAR bIRE b3 ¢RPSUA t@BotRadeHe hBhits10S

particular defect. Many of the embodinents disclosed herein are mam%ol ds
c dpablthe most digtalaspedt of thetsaaffield/condyit esswlubde faatdrs dreivied feni theaigarstunap | ed

roversle S S s OEEN b EHE S RANBLSRl Sk dout®r P
speci f[063D] Msniol@amby belbahpadelof @ BidaBsorbablé BELibBRANRAEGAIOEx@hpRReCi fi C
tissues, but are not limted to a particular tissue therein. E:OQB7] I'n
or der ipguderan-bigabseebaglsanatsrials suicasgedicad gradgsilichae pelypesemstals,i ssue
;Fgg?ﬁ{ogyi&?%gi%eg(%@?&ﬁd 1 plylelhal CBRTBL AN RERAE & coBET €21+ O
20  polylactic acid (PLA), polyglycolic acid (PGA), polylactide-co-glycolide (PLGA), a
polysaccharide, a hydroxyapatite, or a polyethylene glycol, or combinations thereof, can also
be used. Some manifolds are also a mix of non-bioresorbable and bioresorbable materials. In
general material used for a scaffold may also be used to compose a manifold and such
materials are further detailed below. In certain aspects, manifold materials are structured to
25  include a high void fraction for improved bioabsorption properties.
[0040] Scaffold. Biologic and synthetic scaffolds are used in the field of tissue engineering to
support protein adhesion and cellular ingrowth for tissue repair and regeneration. The current
state of the art in scaffold technology relies upon the inherent characteristics of the
surrounding tissue space for the adsorption of proteins and migration of cells. A scaffold for
30  use according to the invention is coupled to a manifold, provides physical guidance to direct
the pathway of fluid flow in the tissue site, creating avenues for the movement and migration
of adhesive proteins and cells, respectively, which are integral to the establishment of a

provisional matrix in predetermined patterns of organization within the tissue space. The

methods and apparatuses described for fluid flow-induced and gradient-induced generation of
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transl ated fromthe singular gradient source toward a physical substrate or
scaffold to elicit cellular-level changes in protein adsorption, matrix
or gani 2dtwornpiomebis2ni gration, and other tissue regener aPCouse@atEd
behavi ors. These alterations are nmultivariate in nature and can incl ude
mechani cal changes that elicit a physical change in pressure applied to the
scaf f otissuas hayeplitcedintpdicttinsdntoeh®desidgneofithe sudffoldsd aFitliiadhis comeaf sdafforlde
regeneration, .chem cal changes fhat .elicit a gradient_in protein and/or ion
concenff¥g [oi5kne &%‘?iﬁ?ﬁ“ﬁ‘aé@ 8?8“1 PR RILRE tistiespacsdaseildagleyelipafieras &apabl e
of I ndygl ; ' Hhan . a '

tHel MAd 56RYS toQhe E{)lﬁ%)!’d%w i ﬁ‘ﬁ%mﬂﬁﬁ‘ihe%?ﬁfo?d. A%F;%i‘g(}lﬁs'ﬁlﬁa&/%rllbsodh om

current/ion exchange allowing for propagation of electr
t he pofharacieristiceof 4 mapidolder be goubirst dodonjlrmtien avith 4 maniféld doapfihémantos ar e

not . boyndy b arti.cyl ar _mechani sm t.hrough whi radi ents and fluid
f1 oW i ﬁ’ﬁ&k’é’y 3%5%?%36‘&13831’9 é%sﬂ? P cgpglg&épe%gpg§ga%§ql<9&rmlﬁqlatp SEIERE t o
advant agfprisihy high 30 RIrictiol Fo€inrédtidibabsbiPptibh Brdpefide, a physical device is
needed to direct the path of fllow fromits source to the scaffold or tissue

site aH94}] Menlmiting expmpBsiof syitabbmssatfpldoviatenials sncludeextracellubir chatopr i ses a
hysi I i ti. t i £ hi t t.ent f
Centt ot i AER UL ki g, SARASICR Wiy Bhstit prallnslly oFoBHTE R yRere:

whet heinchidirpebioatsbbablealr nofiibestbesrbable helfers; 8hoh Arposaadichicip(PeiAy | ar in
for the neans of directing these changes fromits point source to

LSS C e SR it AL polyiaeadn radbyesas GLAAL sohpumABIToldTR ' ospect (o
i scaplvepepls espe
oo (Bt b bBERABohAS, BBty el llS, AHRIARAEL TN BR8] pElcRides

speci f (includiag akpinayesds.g., lealcivax algiiate) and chitssap)) yallirod&y ackd,Wwher e regenerati on

primarily ogccurs in a I di rectjonal manpner fromthe proxinmal to distal
nerve B¢l oXybutyrate, %ﬁ%ﬁ%@?ﬁv&hat%d’obf%@nf’% palygthyisng ghiceksgpelpeamangt h of

a nerv I?ﬁng ' r m@,ﬁ | | d LT eneration
t owar dgo at Hﬂéatr%gf.mi—g(\z\lgve ,Hia%é’ h%féh‘??@oac e P ﬁg%&@a%tt&% ’Jﬁ) ??E)atCE%ﬁéce t he
mali f opayepanodreylatsstpolywethinesspagacrylhtes hehy et finyicemrdpolymars and bthat e

f act ' th istal, st h b h to, b . t f
di v ect TG SiniGied Blnsr St il dHrEn e el bRy pROSy oW hadoemy be.
conposgslyahylefirie DSy Q@B ni@szok Pém&ﬁgulﬁﬁclgrﬁfédﬁiolyo@(fﬁ}ﬁpf)@@eth%hé’gﬁde,

non- bi oabsor babl e materjals such)as medi cal grade siliconé polyners,
net al spolpanyhalephobHiedlondeandmyln. Thedcaitold gar alsanempiiceanich aixhaspol yer s

such n, . ctic id (PL po |l ycalic acid (PG,

such, a0 BRI B%bAE P B YRS SRl ee o &

pal(y et bibredacbaplhates Hiogless, SISHRAM kit B ik NenBSfafts, (ROeIA]1&zca isiik8r Some

mani fol ds are al so a m x of non-bi oresorbabl e and bi oresorbabl e material s.

In composites of any of the above. In particular embodiments, the scaffold comprises collagen,
polylactic acid (PLA), polyglycolic acid (PGA), polylactide-co-glycolide (PLGA), a
polyurethane, a polysaccharide, an hydroxyapatite, or a polytherylene glycol. Additionally,
the scaffold can comprise combinations of any two, three or more materials, either in separate

25  areas of the scaffold, or combined noncovalently, or covalently (e.g., copolymers such as a

polyethylene oxide-polypropylene glycol block copolymers, or terpolymers), or combinations
thereof. Suitable matrix materials are discussed in, for example, Ma and Elisseeff, 2005, and

Saltzman, 2004.
[0042] Bioactive agents

30 [0043] In certain aspects, the apparatuses and methods according to the invention concern
bioactive agents. Bioactive agents may, in some cases, be incorporated directly onto a
manifold or scaffold material (i.e., to generate a bioactive manifold and/or scaffold). For
example, agents that facilitate tissue growth such as collagen or fibrin may be directly

incorporated onto or into a manifold or scaffold material. Likewise, in applications where
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general material used for a scaffold may al so be used to conpose a nmanifold
and such materials are further detailed below In certain aspects, manifold
nat eri adl'sweneioatrsuet ured to include a high void fracti orcrarseospserred

bi oabsorption properties. [0040] Scaffold. Biologic and synthetic scaffolds
are used in the field of tissue engineering to support protein adhesion and
cel | ul aberfanyingwine fegponise aeadeberaazpa:led (apd tiseg eraftspimmnne fogalatorragems ssdhat e of

the art in scaffold t.echnol o relie he i nherent characteristics of
t he suf$GHHTYHE MY, dBC%IB%r@? BtP I?%fsé‘gg‘(ﬁcﬁﬁfi)]@r? UYEtuESot ei ns and nigration
of cel F(Rl44]°\lr§ﬁ@tfhf:1oésgeét§’§olﬂ§l€ bRV Al tstiayt %n&r@ﬂ&f@:ﬁ'a@ sftéoiet?%?% &eﬂlaﬁg%l i

mani fol d, provi des physical guidance to di'rect the pathway o
the ti B uitugiof ¢he ftove Hirpugh @v@m&té oFonmnmmmnfobdumayrbgumﬂmdn of

ad Si ¥ | ns whi ch are he
es?sgbl I's ms\(]l(')']tcg i Wﬁﬁ?é@‘n‘i?"&ﬁ%ﬁ \{]lvﬁ BEH Ay erhttedpe ‘i t‘éﬂﬁ’ ‘Bﬁﬁ

or gani §(ﬂﬁ‘¢eﬁiﬂld\/ﬂiérh(;nlrﬂ@ﬂletrhﬁﬁm &Rﬁi‘&iwg@&ﬁex%%@ﬁ@s and appar at uses descri bed
for fluid flowinduced and gradi ent-i nduced generati on ofti ssues have

di r ect [4043) Neakimiing eixmne o5 o ugrbel bipacoive grvavth dadtdrs fotsvaripins spphicetivrs am)nt ext

ff t fl th h
:g:c eoé%%%gﬁﬁgﬁﬁfoa eve 9‘%‘&‘?@ ﬁgé%}l\ré@?rﬁlfoﬁgm H; Pg tgaéﬁ @\é\ﬁqgoér?’ﬁ’g] %8 0ﬁtOL( s) of
f | ow i (TGE-a),iaCPGRvp; hifibrabitest prwith Gctbr (AGEY, agfrirﬁil&ytaayoleﬁgt)gduulamg faslog(Gsti cs
ned in conjunction with a manifold for refinenent

fold r be conbj
1‘fh Q bt ﬁ% @aWOPh@%? -qohnst ﬁt@@{}@n&a fagior (Gﬂ\/lcﬁﬁ)amda@wé@r@mhefa@@raf fol d
|s ar u oved
bi oabsggr%?l i())n g‘?ggfel{r,ﬁéeﬂd{\ﬁt gdgﬁ;ﬁlb?lg?? Hlﬁ&égo‘whl eétbg{IGszlva's %r scaffold
mat er i eridstlietial grdwthefattoa (E€EGH),depaat yte grqmbtfmanmsmrfamr (H®F/SR), agol | agen or

fib tin,. d t het |1 I ncl udi
bi oaboBrblstiia’ Binat SRS SSTEVE oS ot Jerss grovab e dNdy  act 1 ¢ aci 39( PLA)
pol ygl oak) Nede tidsde?eiir ainkin@6lindl eTiteds ;%la?éﬁﬁlsé %ﬁl sé&e%)msc os]gd herei

pol yvi nyl pyrrolidone, pol ycapr ol act one, ycar umara
kgol beoused der, nepyes t}@m thpsir apd Ieyga@arimgnn cresoysi contentsi mguduhg nlneaﬁoﬁsw{rg g ,

Sg: ;L;@bﬁ]gknateg 1and chi tosigiI hﬁal r%%g%%z%chg &P@E%F gl(; O@%&‘ﬁ&yﬁéate

pol yphesghadensor pafras h))/&ifdcﬂﬁl%megé%béﬁ@h RP1REH S amélbeqrftdﬁ%eéﬁ ers,
pol yacet al s, polycyanoacrylates pol yur et hanes, pol yacryl ates,

et hy| esnsaRpjaed Sanstian e Tisstgpiestdromm ragmatey injury, susgens thurns, edlotber daubass e

t at
T v @k LG SRRk e B 38 FERR R e th DRl Sebfiftie
pAlly et iyiéuids, fhoidourdes biyd sysymsd fabh tiventlg!. | RMCfidnal abde MghRNs ditbRedwal f ol d

can al so conprise ceram cs such as
regenerate.

[0048] Retard the progression of a tissue disease state. A generator of flow may be combined

with manifolds and/or scaffolds to retard disease progression of an affected nerve tissue such

as occurs, e.g., in autoimmune disease.

25  [0049] Maintenance of tissue viability. A generator of flow may be combined with manifolds
and/or scaffolds to maintain the viability of explanted tissues either for in vitro study, ex vivo
scaffold or implant preparation, or in vivo transplant. A generator of flow combined with a
manifold may be used to provide nutrient fluid flow to the tissue and to control waste removal
from the tissue.

30  [0050] Expansion of tissue. A generator of flow may be combined with manifolds and/or

scaffolds to promote the expansion of existing tissues. The methods, scaffolds, manifolds,
flow sources and systems of the invention can be used to direct the growth of tissues where

additional tissue quantity is needed or desired
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hydroxyapatite, coralline apatite, calcium phosphate, calciumsulfate,

cal ciup . carbonate or other carbonates, bioglass, allografts, autografts,
xenogr fAtwodemmkjul arized tissues, or conposites of anpceofustéeoaizove. | n
particul ar enbodi nents, the scaffol d conprises collagen, polylactic acid
(PLA), Olg,f;gl ycolic acid (P&), polylactide-co-glycolide (PL&GA), a

pol yur AWJMMMBMHNW“IGWY apflbiwtreay I89 comtiaddwhir yl ene

| ycol h can ri se conbinations of any two,
? h?/ee oraﬁﬁ%dlf1 resfc}/’gf’fg %%?‘ECE{?W? ﬂle§ @tﬁé’& &ggleafP’é%&’flOBfW ithip 2 patwral eelingor
conbi nﬁﬁi)ms c W@hﬁﬂ{ddh’ scOffoldQ \RAR I dsY 16 - sgurcesC s g}!ﬂéﬁfs%f %leclﬂv 1oﬁ

pol yet hyl ene oxi de- pol ypropyl ene gl ycol block yners, erpo aiymers)
or conb? nedite Aecelerate dsfue gopnvihaly augmenting foreaton af srosismndi malmmesed in, for

200 and Sal t 0Q42] Bioactive
agent sﬁfggﬁg%qﬁns Elé) (Ilae? thorfa%gg?gldnlghl@ PP LZEPS‘%LP; gl?%\‘i‘?&{‘?‘rﬁsﬂ'} dRa%ccording to
t he i nf0®82] Stimalriae fe daffa@ﬁﬁatm TSR Solls %ld?&csbbéiﬁc HUBNaTs. nR%enéero? 8
cases, _be incorporated dlrec;f[gli/lga@dv{qva mani fol'd or scaffold material {i.e.

to gen@?‘é{tnéayab%oﬁ%lﬂqdv‘élthrmﬂp seffeldate Siirdl)llateFtbﬂ: diffeaemtibbon afyeerhs t hat
facil
| noor pemsr e HargbRAf S RD B SPAAREE Riyicelih B Y uife fioBibeds.

appl i cseaffolds, mhmfcéd&)ﬂbmmhrdeﬁrﬁhmgystdﬁﬁspﬁnﬁemﬁeﬁfbrhﬁaﬁy@hﬂﬁdo (Red. ., tissue

grafts), i.mMmune ul at or_ ag nts such as rapamyci n _may be |ncorporat ed into
fﬂf IB“B‘FC’%%"QL‘? gHt%lsléf’P%f ridgagesmoedey tp fosterrarowth indhsstissue spscaib] e

bi oact jg d by virtue of
the 11 oo racaicifiEoind NS oF bhnalbbfclls o3 IV BRBoeltl 4 D &
commungengratasof ilowhmay bé u¢1dbmed|mth raamifokdshindac séaffoldge ﬁhtrcmiijte dgeﬁtnﬁdeCEd

into thefvgbp % sour.ce an er into, the mani {lol d and damaged nerve

ti ssue® OO ARG ?IH?’tCie 0(5)? ageutispl ageats INtoy g Hesup FRACS 1o AREMITE EisBies f or
vari ou@pﬁppé%&altahgﬂsanay&ngﬁl@t@ﬁa{hcgorm)ne (G&H), a bone norphogenetic protein
(BMP) tran orm ng growth factor-a (TGF a) a TG--b, a fibroblast growth

f alét or[00F fematrises insviiro ferimnpdantationgt . Aagdnerat@r@@Fow may be

I ' ti fact or CSF),. epidernmal growh
Dot o T BRRRSES 58080, %Cflﬁ%leé?m( it it HEP/ e Teout
f act orsubtdBntlvsesl &t Rnaothekblahiagsiwt h factor (VEGF), hepatocyte growth

fact or{/acatter f.act or (HGF/ SF) an |nt erl eukin, tunor necrosis
fact orl® fromroting integrs splanied s G:genetanm‘ztﬁ]ﬂq\demgbelcemhmedepal r

and 1 nGINEGRINEs add)6r &Bﬂgfdgttéjgl%%o?&ntesggt}o%n% tldall’lgp L RE e e, TSt

20 environment. This can be applied to autograft, allograft, or xenograft transplants.

[0056] Directing extracellular matrix (ECM) deposition and orientation iz vitro. A flow

generator may be combined with manifolds and/or scaffolds to guide the directed deposition
and orientation of ECM expressed by cells and tissues. The directed orientation of ECM has
an impact in organizing and directing the attachment and colonization of subsequent cell
25  layers and tissues.
[0057] References
U.S. Patent No. 4,787,906
U.S. Patent No. 6,103,255
U.S. Patent No. 6,135,116
30 U.S. Patent No. 6,365,146
U.S. Patent No. 6,695,823
U.S. Patent No. 6,696,575
U.S. Patent No. 6,767,334
U.S. Patent No. 6,814,079
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be used for nerve tissue repair and engineering in various contexts

i ncluding the faollow ng. [0047] Repair and regeneration of |ost tissue. A
gener at (ﬁ‘wofzofol/msvsmay be conbi ned with nmani fol ds and/ or pecafsb@dssi® direct
the regeneration of lost tissue at a site of injury or conprom sed
function. Tissues lost fromtraumatic injury, surgery, burns, or other
causes (e. gU.S.iBafantNoon,866,83lt oi mune di sease) can be led to regenerate

usi ng the af f mani f ol ds, flow sources and systens of the
i nvention. "Ettﬁ}gﬂta?é&ﬁgl%' ﬁ@%@?. ssue is directed to regenerate. [0048] Retard

t he progressiQpagdt Vot 6951858 sease state. A generator of flow nmay be
conbined with mani folds and/or scaffolds to retard di sease progression of
an af f ect edUneRatent Nos6294.40% as occurs, e.g., in autoi mune disease.

[ 0049] Main i viability. A generator of flow may be conbi ned
w th mani fopgs;eyaa?\egl}go' 289?‘?3? ds to maintain the viability of explanted

ti ssues eit es. Mawht No. 7j070,884t udy, ex vivo scaffold or inplant preparation,
or in vivo transplant. A?enerator of flow conbined with a manifold may be
used to proWidud et Noeh077882d flow to the tissue and to control waste

removal fro L RSUS. 0] Expansion of tissue. A generator of flow
may be commh%gﬁﬁ%ﬁ%hg’r%?%’g?gs and/ or scaffolds to pronote the expansi on of

exi sting tiEsudatenTNe. ip60,668%, scaffolds, manifolds, flow sources and
syst ens of i nvent i n be used to direct the growth of tissues where
adfjéti onal wggﬁ‘?nﬁﬂfgn?ﬁ?;%% needed or desired[0051] Accel eration of
tissue forngtd PtenfNgeneiabes of flow may be conbined with manifolds and/or

scaffolds to accelerate the rate of tissue formation within a natural
heal i ng r espohdatenTNe. ABTHO6HS, scaffol ds, manifolds, flow sources and

systens of j v i be used to accelerate tissue growh by
augnent i ng pg#gfqngﬂltoo?ﬂb&g%; sional matrices, facilitating its stable
posi ti oni ngU Spdtcat Mong3umonscrui tment of cells to the tissue space. [0052]

Stimulating the differentiation of stemcells along specific pathways. A
geh®rat or oV.§.|Petentrdlp. B85t3dhi ned with manifol ds and/or scaffolds to

stinulate t .1 f Nt L aj | of stemcells or other pluripotent cells into
specific li {r;jgsagjgtsep?fﬁgpf’:‘;g%??@n of flow using the nethods, scaffolds,

mani f ol ds, Ul)WatauPalsia. 2003/®2s8€ns of the invention may be used to direct
pluripotent_cells into specific cell lineages needed to foster growh in

the tissue Spndatent Boys]2003(@2681&3 ng proteins, matrix, cells, or
phar maceut i gad $aldit PubilS2doR/MYgo£nVi ronment. A

20 U.S. Patent Publn. 2008/0033324
U.S. Patent Publn. 2008/0208358
U.S. Provisional Patent Appln. 61/142,053
U.S. Provisional Patent Appln. 61/142,065
Anderson et al., Tissue Eng., 13:2525-38, 2007.

25 Brody et al., J. Biomed. Mater. Res. B: Appl. Biomater., 83:16-43, 2007.
Gemmiti et al., Tissue Eng., 12:469-79, 2006.
Lago et al., IEEE Trans. Biomed. Eng., 54:1129-37, 2007.
Ma et al., Scaffolding in Tissue Engineering, 2005.
Manwaring et al., Biomaterials, 22:3155-3168, 2001.

30 Manwaring et al., Biomaterials, 25:3631-3638, 2004.
Mercier et al., Biomaterials, 26:1945-1952, 2005.
Mikos et al., J. Biomed. Mater. Ref., 27:183-189, 2004.
Norman et al., Ann Biomed Eng., 34:89-101, 2006.
PCT Appln. WO 00/38755A2
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generator of flow may be conbined with manifolds and/or scaffolds to
intronI e exogenous grow h factors, proteins, cells, or pharnaceuti cal
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interpreted as illustrative and not in a limiting sense.
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€ dpparatus comprising:

a nerve conduit having a generally tubular shape having walls including a luminal
wall surrounding the tissue site to contain fluids within a luminal space
between the tissue site and the luminal wall; and

a manifold having a porous body and a connector for receiving reduced pressure,

and positioned within the luminal space adjacent the tissue site to distribute

the reduced pressure to the defect.

Claim 2.  The apparatus of claim 1, wherein the defect is a severed, partially severed,

pinched, or degenerated nerve.

Claim 3.  The apparatus of claim 1, wherein the manifold is positioned on the distal side

15

of the nerve relative to the tissue site.

Claim4.  The apparatus of claim 1, wherein the manifold provides reduced pressure to

the distal side of the nerve relative to the tissue site.

Claim 5.  The apparatus of claim 1, wherein the manifold is composed of a bioinert

material.

20 Claim 6.  The apparatus of claim 1, wherein the manifold is composed of a bioabsorbable

material.

Claim 7.  The apparatus of claim 1, wherein a portion of the manifold includes a scaffold

that facilitates tissue growth.

Claim 8.  The apparatus of claim 7, wherein the scaffold is formed from a foam or gel

25

material.

Claim 9.  The apparatus of claim 7, wherein the scaffold is a biological material selected

from fibrin or collagen.
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Takahashi /., Cell, 126:663-76, 2006. Tan et al. , Bone, 41:745-75 1,
2007. Tan et al, Biochem Biophys. Res. Comm, 369:1 150-1 154, 2008. Wl sh
et al, woueloings42 11: 1085- 1094, 2005. Wen et al, Handlpowhis2009/069710

of Nanostructured Biomaterials and Their Applications in Nanobi ot echnol ogy,
1-23, 2005. [0058] All references cited in this specification are hereby

i ncor pordaiedl by iThé epramates ofi¢tieind? sehessinoire whffokiematefidroempeisesebioadtivies
intended nerely to summari ze the assertions nade by the authors and no
adni ssi on ¥&Mhmade that any reference constitutes prior art. Applicants
reserve the right to chall enge the accuracy and pertinence of the cited
ref er enc@gim [ 005%he hpparat@¥oOdlaitd) 0, 32RYER tHelbivhdtive BEert 8LA 184306nd dTen

advant ages of .the invention are achieved and ot her advantages attained. As
vari ous chabidiceanpriitedy gada srawthtectetbove met hods and conpositions without
departing fromthe scope of the invention, it is intended that all matter

chat 1 p& a3, CC TGS EE AR P, vAREL(R R odcfive Eent S BROR O BE A\ £V
claim O afGh}1 afbAne amnﬁfogbmahicfpmteM(Mlﬂ)i, transfeshing droprth Ssuteren (m%agliaf ﬁCt ~at

t rve, the a ratus caonpri si ng: nerve condul avin
3 gener al | JORtbaittbro s Biow R et SSTAPAI-REIORY FURGHRE FSIF (St $undi ng

the tissue,si L i dS: Wit A A X tissue
Si'te and {Ra e S B O B G e 4G
connect or (BSOF); platelet idagvedegloweddfaptoe SRIDGE), imsutingikeigrowthefdctor (GFY vabaldrum nal
space adj acent t.he tigsue si di stribute e reduce re to the
defor st EptsSion HECER Hepdbhitg Erammb Ao eHE Ui G S8 SBver ed,
partial ly SeyRuRH, tubldd 9B&Dsis BctAEHENEr-ah 8£nd1oE gﬁwtﬁjfa%'téf‘(ﬁGFI.he appar at us of
claim1l1, wherein the manifold is positioned onthe distal side of the nerve
relative to the tissue site, Qaim4. The apparatus of claim 1, wherein the
nani f ol &lgirold-dedhe appsers of daigul.evhesein e mprifeld issubstantiallyylindricadin el at i ve
to

the ti Sﬁl‘dﬁe witilecrlongitudinal axis extending generally axially through the luminal space.

Claim 14.  The apparatus of claim 13, wherein the defect is a severed nerve having severed

15 ends with the manifold positioned between the severed ends.

Claim 15.  The apparatus of claim 14, wherein the manifold having end surfaces further
comprises at least one manifold rod having a first end fluidly coupled to one of the end

surfaces of the manifold and a second end extending therefrom into the luminal space.

Claim 16.  The apparatus of claim 15, wherein the manifold includes the at least one

20 manifold rod extending only from one end surface.

Claim 17.  The apparatus of claim 15, wherein the at least one manifold rod is composed

of a bioabsorbable material.

Claim 18.  The apparatus of claim 15, wherein the at least one manifold rod includes a

scaffold that facilitates tissue growth.

25 Claim 19.  The apparatus of claim 15, wherein the at least one manifold is tubular in shape

with porous walls in fluid communication with the luminal space.
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Claimb5. The apparatus of claim1l, wherein the manifold is conposed of a
bi oi ne material. Claim®6. The apparatus of claim1, wherein the manifold
i s compdbwa 20fomstazoabsorbabl e material. Caim7. The appanatem/oed7iel ai m 1,
wherein a portion of the manifold includes a scaffold that facilitates
tissue growh. Caim8. The apparatus of claim7, wherein the scaffold is
f ormed fCleim 20.f odiee @ppayatus nficlemn 48, wiGirein thedmariifdd Apyiag abdisurfices fuathar 7,
wherein the scaffold is a hiol.ogjcal teri,al selected fromfjbrin o

ol | agen. CrTHALE i PRttng ppoHiRe beeet ey Suuffies Bfone thedoBelida alsdF e i 2
conprises tebhfifoldve agent. Caim1l. The apparatus of claim 10, wherein
the bioactive agent is at |east one of an antibiotic, an anti body and a
grom h factor. Caim 12. The apparatus of claim 11, wherein the bioactive

agent | LlainyZbwt Thaeppasatas pfripim 20 suhescinshedaiesd iva Piachedesyhextendmg
tragsform , a TGF-b, a fibroblast growh factor
(FG), graﬂ%?%&p%%%ﬁ%%gﬂg ?n:r;uﬁﬁg@ ng factor (GC!SF), °

gr anul ocyt e/ macr ophage-col ony stimulating factor (GW CSF), epidermal growh
factor (Eah) 22.pl dhelapparates of dding 2 bywleréia cheomarfiRINGR)rther oempriseslat leastgmowt h

factor (I1GF),..vascul ar, endot helial growth factor. (VEGF),. hepatocyte owt h
{2t of / ScalRBIORTE BV pERERSRN TRLY FOBS AR O 51 SRS 0f e Manifold

factor-a( T @Qec@ﬁd&?déé&clﬁfiﬁg"@h@reff@ﬁ{ o &%‘%ina@;ﬁkéﬂ 13. The apparatus of
claim1l1, wherein the manifold is substantially cylindrical in shape with a

| ongi tudi nal axis extending generally axially through the |um nal space.

d ai m 14 laimha3.apdée apparatus of tlainn2,3yhentio tles manifeld decedes thesatdeasbansr ed nerve
haibng severeL} nd& v¥| tc? t he ;Fani fold positioned between the severed ends.
c arm 15. %%@63 ST 18$°8]Iy [ 28° RHEYECH t he mani fol d havi ng end
surfaces further conprises at |east one manifold rod having a first end
f1uidly Claipbed Theapgarsfus bheland2 swlidréig else ffledshendmanifelll dodizdompssdond end
extending therefrominto the |um nal space. Caim16. The apparatus of

clai m 15, ohebiepbsorbbleymaierial d i ncl udes the at |east one manifold rod
extending only fromone end surface.

Claim 25. The apparatus of claim 22, wherein the at least one manifold rod includes a

scaffold that facilitates tissue growth.

15 Claim 26.  The apparatus of claim 1, wherein the wall of the nerve conduit includes a slice
along the length of the nerve conduit that forms an opening whereby the nerve conduit is

implantable around the tissue site and sealable with one or more closure elements.

Claim 27. The apparatus of claim 1, wherein the nerve conduit is composed of a bioinert

material.

20 Claim 28.  The apparatus of claim 1, wherein the nerve conduit is composed of a

bioabsorbable material.
Claim 29. The apparatus of claim 28, wherein the nerve conduit is composed of collagen.

Claim 30.  The apparatus of claim 1, wherein the nerve conduit comprises pores.
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Caim17. The apparatus of claim 15, wherein the at |east one manifold rod
i's corrg/osed of a bi oabsorbable material. C aim 18. The apparatus of claim
15, whesvo btwm7eds2| east one manifol d rod includes a scatialsdomedr1o
facilitates tissue growh. Caim19. The apparatus of claim 15, wherein the
at least one manifold is tubular in shape with porous walls in fluid
conmuni cdbinodl.wi fThe tppardtusohahbins pAoehei@iaithn Rélls oftike agrpacaidust cofnpeikes m 13,

wherein the manif.ol d havi en urfaces further conprises an qpeni ng
oxt endi ng BUERSLHCERY SHel B SehELeLTBRE thte fhyReaB e 0 IR fore
mani fol d.  Gli&iikp Ad thMenRBP&asd us of claim 20, wherein the defect is a
pi nched nerve extending through the opening of the manifold. Caim22. The

apparatus of claim21, wherein the manifold further conprises at |east one
mani f ol dlaigy3havilhg apparatns of daign B 1.uvktrsin dagsireschave apmetenér digrmetenefl sur f aces

of the manjf ol n econg, end extending therefrominto the | um nal
spa%:e. d ailj%%ﬁ%. &P?fégé%baat}dgﬁ)u%mbf claim22, wherein the manifold includes
the at | east one nmanifold rod extending only fromone end surface. Claim

24. The Glpipa3Rat ug\ gkteal foir prad2dinghalueedprebsirato d ddisdt abadssueRité of gindroel i s
conposed of a bi oabsorbable material. C aim25. The apparatus of claim 22,
wher ei n t hBeSYSiPBLOMPESBEani fol d rod includes a scaffold that facilitates

ti ssue growt ha-}’%@?‘hg‘sgﬁ‘:e} %gﬂlﬁgﬁf%%é"%d%ﬁd?fg.tsﬁ}el’ wherein the wall of the

nerve conduit udes a sli ng the n o0f the nerve conduit that
forns an openamgrvelvendibt/havineg mgeneeallyomblulat shape hapih@awhHbinelwding mdntild ti ssue
Si and seal able with one or re closure elenents.. Caim27, The

apbir atus of ol at miall Sueiasihe a9 o Seind H wisRBALBRIS 8% o ner
material . O ai m 28peliRen ARABLA E Ml thd Rinfhd wathgh@i N the nerve conduit is
conposed of a bioabsorbable material. C aim29. The apparatus of claim 28,

wher ei n t he nemeaaifobhigfluid cempunisegeniwith thropressyrasouiesanchpsitioMdsewidlpar at us
of claim1l, wherein the.nerve cqndui,t, conpri.ses res. daim 31. The

oppar at us of o1t misg AT e SREH G D AEiGRe Idlaffitt pnsife dae
pores sufficientlygep@®idctto exclude cells fromtissue surroundi ng the nerve
conduit from

15 Claim 34.  The system of claim 33, further comprising a fluid source in fluid

communication with the manifold for supplying a fluid to the luminal space.

Claim 35.  The system of claim 33, wherein the defect is a severed, partially severed,

pinched, or degenerated nerve.

Claim 36.  The system of claim 33, wherein the manifold is positioned on the distal side of

20 the nerve relative to the tissue site.

Claim 37.  The system of claim 33, wherein the manifold provides reduced pressure to the

distal side of the nerve relative to the tissue site.

Claim 38.  The system of claim 33, wherein the manifold is composed of a bioinert

material.

25 Claim 39.  The system of claim 33, wherein the manifold is composed of a bioabsorbable

material.
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entering into the um nal space. O aim32. The apparatus of claim 31,
wherei n the pores have an interior dianmeter of between about 5 nm and 50
mm C]Xﬁrﬁw@&mommmtemfor provi di ng reduced pressure teca/uwedootorat a
tissue site of a nerve, the systemconprising: a pressure source for
supplying the reduced pressure; a nerve conduit having a generally tubul ar
shape h&laimgOnal The systenudf ¢lgina33, wheneih awaltionsafithomavifold indudesiassaféoldi t e t o
contain fIHidis. 'tthin a lum.nal space between the tissue site and the

st aciftetey tg

| uni nal  wél Y $8P®in fluid comunication with the pressure

source and positioned within the |um nal space adjacent the tissue site to

di stribgigmidie reRISREENPHLEBM £0,wherdlf titedcaffdld iSterndd 3bm 4 feans ysgedm of
claim 33, further conmprising a fluid source in fluid communication with the

mani f ol d foateBdppl ying a fluid to the luninal space. Oaim35. The system
of claim 33, wherein the defect is a severed, partially severed, pinched,

or gdegeperat n E I, L gl j
man'?f ol gﬁ %lf’sil %gsi ?lﬁ%%esg}%ﬁf%%%?’st araéﬁltggg%ggkdﬁégﬁemrl%ca}le a%r?d\}geltké(;t&% he
ti ssue si tfeom@bainrar 8dllagkhe syst em of claim 33, wherein the manifold

provi des reduced pressure to the distal side of the nerve relative to the
tissue sjte. Caim38 The systemof .claim 33, . wherein.the nifold is

conpos e?l‘ﬁfn ‘}f’ bi Ef‘n‘?‘l @ﬁenhgfglp%hffi V@eé?lﬁ]twaﬁ*ﬁ%d é@%‘@’étﬁ{l%fflgctpg'i%m W3aRher ei n
the mani fqla@ir{% RaRA384a fofmB AaPaRi D AbH8id BRI atich VifA the deftbe system

of claim 33, erein a portion of the manifold includes a scaffold that
facilitates tissue gromh. Caim4l. The system of claim40, wherein the

scaf f ol §laim 44r ndbe systam af ¢laiant drvhpseinihe defecilis a pinghed nppve pHendiRgs t em of
cl Ed m 40, N 8 rﬁiﬂ?e éhgﬁneﬁ%?ftﬁeoﬁagm%oﬁda bi ol ogi cal material selected from
fibr ’

in or colfagen:

Claim 45.  The system of claim 33, wherein the defect is a severed nerve and the manifold
is substantially cylindrical in shape having a plurality of channels extending generally

axially through the manifold in fluid communication with each end of the severed nerve.

Claim 46. The system of claim 40, wherein the scaffold material comprises a bioactive

15 agent.

Claim 47. The system of claim 46, wherein the bioactive agent is at least one of an

antibiotic, an antibody and a growth factor.

Claim 48.  The system of claim 47, wherein the bioactive agent is a growth hormone (GH),
a bone morphogenetic protein (BMP), transforming growth factor-o (TGF-0)), a TGF-B, a
20 fibroblast growth factor (FGF), granulocyte-colony stimulating factor (G-CSF),
granulocyte/macrophage-colony stimulating factor (GM-CSF), epidermal growth factor
(EGF), platelet derived growth factor (PDGF), insulin-like growth factor (IGF), vascular
endothelial growth factor (VEGF), hepatocyte growth factor/scatter factor (HGF/SF), an
interleukin, tumor necrosis factor-o, (TNF-a) or nerve growth factor (NGF).

25
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Claim43. The systemof claim 33, wherein the manifold is substantially

t ubul ak, i n.shape.having a |um nal surface formng a channel in fluid
conmuni oamwi7gdxzt he defect. C aim 44. The system of elcaiuseeb8ocovher ei n
the defect is a pinched nerve extending through the channel of the

mani fol d. C aim45. The system of claim 33, wherein the defect is a severed
nerve afdaithdd.madhe systerh of slabs 83amvherkingthe whil oftheartve dondhiaprlutey b 8hicea

plurality el t endi n eperally axially through the manifold in
Fluia comtan BRIGRAG o Fibe 236 BTl iuhs B bPrimuiveby Gearrrersnizhs
system of i arodhe tie) tisstdsitealstabble FRHESdedr nfRE ISR S 1dndkoact i ve
agent. Claim47. The system of claim46, wherein the bioactive agent is at

| east ong .of _an antibiotic, an_antibody and a growh factor. Caim48. The
syst em of ¥} %1(? m i e sy¥an ef plaiom a3 pivhrseinithenerge pendug iscempesed ofiabivimest (GH), a
bong norphggepstic protein (BWMP), transformng growh factor-a (TG--a), a
TGF-b, a fibroblast growh factor (FGF), granul ocyte-colony stinulating
factor (G CSF), granul ocyte/ macrophage-colony stinulating factor (Gw CSF),
epi der mbllaigr Dt h Thasystem £ 3l elteetiathedesrie eshdglt et dmpaed of a ( PDGF)

insulin-like .qgr factqr (1 GF), vascul ar endothelial growth factor
( VEGF) , hebdg?l%8 V\%{éd’f‘%ﬁﬁ“ﬁ factor/scatter factor (HGF/SF), an interleukin,

tumor necrosis factor-a(TNF-a) or nerve growh factor (NGF).C aim49. The

syst em Qflaigl 8. M BBe syshed 6 Elafnd§1, Wllereif fihd My IR SO dsed B%Ag@g% a slice

along the length of the nerve conduit that forns an opening t he
nerve conduit is_inplantable around the tissue site and seal able with one
or nor eClBNF e Enewsianof cpim #3,5eherain éhesyesveeenndtiit chmipris@orasher ei n t he
nerve conduit is conposed of a bioinert material. C aimb51. The system of

L T N

material. C aim e stemdf C

conposed ochffoadrtygerll tCleaclmi&aells Tren sysie satrodndin@ihimdse coh@riefrimt he nerve
conduit conprises Qﬁrﬁ%ﬂ (fl ai m54. The system of claim53, wherein the
wal |'s of tHERENE ROIHINE. se#itpr i ses pores sufficiently small to exclude
cells fromtissue surrounding the nerve conduit fromentering into the

l'um nal CE@®3.  The system of claim 54, wherein the pores have an interior diameter of between

about 5 pm and 50 pm.

15 Claim 56. A method for providing reduced pressure to a defect at a tissue site of a nerve,
the method comprising:
implanting a manifold at the tissue site for receiving the reduced pressure;
implanting a nerve conduit having a luminal wall to surround the tissue site and the
manifold for creating a luminal space between the luminal wall and the tissue site;
20 sealing the nerve conduit around the tissue site to contain fluids within the luminal
space; and

applying reduced pressure through the manifold to the tissue site.
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Claim55. The system of claim 54, wherein the pores have an interior

di amet&r of . between about 5 mmand 50 nm Caim56. A nethod for providing
reduce pre&sumﬂsao a defect at a tissue site of a nervecTidseooumsivog
conprising: inplanting a manifold at the tissue site for receiving the
reduced pressure; inplanting a nerve conduit having a lumnal wall to

sur r ounlaine57.i sédunethpd éorapphitingormeaeferdtihgfaodefent eba tissye aité ofd mave,space
between the Lumi nal .wall and the tissue site; sealing the nerve conduit
around t he™f} gglﬁ%mgf1§18gto contain fluids within the luninal space; and
appl yi ng r egusiestiny £manifeldabheuRbud e fomRtditing thoreiheedipresuR; si te. O ai m 57.
A nethod for repairing or regenerating a defect at a tissue site of a
nerve, the HeRlRiNeORIYe eondyit hawmse adumingl wakkie pyrotunddhe tissue sitsandghei t e f or

recegi ving: o ' . hV, It having a | um nal
wal Tt BRSS! SORES BRSSO SellL Al R R RENRSRO L 8 2°) i e
space bet wesalihféhel neavea@indwia htouad thd tssud sigsto@oftairefluideaithingthé heéninglr ve
conduit around the tissue site to contain fluids within the |lum nal space;
appl yi fRf°f-educed pressure through the manifold to the tissue site; and
\rﬂggreﬁ'epat CafiRfink fahi PRk MG RE ARANER ob A ddshelif? ahre repalr or
wherein the applicatiofl of reduced pressure facilitates the repair or regeneration of the

10  defect.
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