SYSTEM FOR PROVI DI NG FLU D FLOW TO NERVE TI SSUES [0001] This application
clainms priority to U.S. Provisional Application Nos. 61/142,053 and

61/ 142, 06850 2ea0hsis7l ed on Decenber 31, 2008. This appli eatritsmlosaris! ai ns
priority to U. S. Provisional Application No. 61/234,692, filed on August
18, 2009, and U.S. Provisional Application No. 61/238,770, filed on

Sept ember 1, 2GOSTENMCROR PROYVIDINEUPLUEIDHIDW RO NERVE TISSUESOr ated
herein by reference in their entirety. BACKGROUND 1. Field of the Invention

[ 0002] The present application relates generally to tissue engineering and

in particul aingk [ e far ] reatment of
damaged ner\?{?O?ﬁg@ESﬁﬁ@&%@Zgu pt@%ﬁﬁgﬁgﬁg&g@lﬁrﬁl %[pgggﬁionék}sm cal studies
and pr a&l/14%033aand 6d hichZrDoSheech filed/ordDagengber 81,2068, Thessspplieation aﬂHoQXaiigilsty to a
tissue sit ts.and accel erates t h of new tjissue at the tissue
site. ﬁ{éorg%&uﬁgg?f(&ﬁsém&ﬁﬂtpﬁ lga_‘tbﬂﬁ‘éﬁ(bﬁé&gﬁ%é?x\gﬁlﬁﬁﬁﬁ%ﬁ %EO%aMEJaS-i on of
[ educechraUigRSAT ApSIRBUALRD. GRVAS P, BdorSUERESSE | 2000, (ERAGERE PRUBAS. Thi s
treatment (frequently referred to in the redical community as "negative

pr essuraPpligatiods isHaeapyrated heeain b defprepssinrtkeit eeireyy, " or "vacuum t her apy")
provi des a nunber of benefits, including faster healing and increased
formation of granulation tissue. Typically, reduced pressure has been
applied to tissue through a por opn@rREREOUNDher nmani fol di ng device. The

porous pad contains pores that are capable of distributing reduced pressure
t o tohe ki ss@e@dﬁtbhﬁh‘f@mng fluids that are drawn fromthe tissue. The

Phat a1 0@, 1 prEERt AMELES, el duflfy B Ou RER ARG EPRRRIET 1

suppor ttoapsaatesgrandishstems suitabie fdetiedh tredtheens 6£ddndgdd insrvesisald. y
bi oabsoy babl e, | eavi n? new tissue in its place. [0004] Scaffolds for
r educed pr ed2srEiptipn 8f Reltedy Akt described in, e.g., W08/ 091521,

WO07/ 092397’[OU@Z@M@Q%&die@gékgﬁéﬁéavegﬂwﬂﬁgH?oﬁszc}iﬁ%%f&%?gdg%re?s ifnOI ds

for reduced pr ure treatnent can eval uated"| “curren
kndW edygexioiityo artidsuvesiteiangments pnd yecelerdiedfie pieatief newsighiesat itie ssuosid

AT M IR A TR NN R
?rggt r S{ngﬁg&?%gig?%ﬁéﬁumﬁ Rrehtfig wéhrdds 9T his@¥alm@ft (HOTRhAP YetErtibioSn @RS 0SS
medical community as “negative pressure wound therapy,” “reduced pressure therapy,” or
“vacuum therapy”) provides a number of benefits, including faster healing and increased
20  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
treatment. A scaffold can also be placed into a defect to support tissue growth into the defect.
25  The scaffold is usually bioabsorbable, leaving new tissue in its place.
[0004] Scaffolds for reduced pressure treatment are described in, e.g., WO08/091521,
W007/092397, 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
body tissues results in a wound healing response with sequential stages of healing that include
30 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
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regards to the early phases of the wound healing process. However, the
stages of healing for various tissues begin to diverge as tinme passes, wth
t he i nvolwermemno7eds7di fferent types ofgrowth factors, cytwrghiusesooaevdscells.
The | ater stages of the wound healing response are dependent upon the

previ ous stages, with increasing conplexity in the tenporal patterning of
and i ntgowdl fatioom shtogmependeelts. e"HmHakenstpmeﬁtthwWomﬂdehaahng)mspmse f¥005]

Strategies to, faci hltate nor nmal e[']fpalr en a.tlonh and restorajion of
funct i oTFPPFRIeNUPANFAG PISVAS Staghs, yit 1898%%%9 Holdhs i PTG Ahugment
parti CLﬂrﬂrmt%h@ﬁﬁoﬂﬂhlﬂ%'%t&@n%a&?@érhﬁ&eh@&ﬂ%ﬁ@%porﬁsépec' ally the latter
aspects of it. To this end, growth factors, cytokines, extracellular matrix

(ECM anal od@ooﬁxﬁmwo(fe¢lllﬁtmmhnepmusemfaﬁmhmestm@hm bbHipinetsorhave

b li.ed a i t] th t h t h | evel
of - Suc ol B E%%Lhe%skq R B hy RO SR e el Y T e ges
r emai n. thigRalid fes liysthé hader 4dpecth bmtanam eﬁd) ) Qi Sk i &frs] ngtblaﬁégce of

each cytokine an rovvt factor within the wound heal]i ngmr esponse
conpl i cfaittréCétlhléaIalkﬂtnx (5CM) anelaes, wupsangussellexodandens scaffalding t@qlmohelepr oper

tinme ar}?avE 'B?ér{}g)gﬁa d : Eo?ﬂllocg 1?41 {3 1%6& %theghg thgﬁ%ho ele elo Suc%')e(scs)genous

cells also |ona I ca |ons poten

i Munodesibeért achiesedvabihg dsis dplfrf)adhl,l bdviees keyclimliengedirambig. Clelmath %hallejngU is
[ 0006] hetic and bi gl ogic scaffqgl ds have been utilized to_provide

t Do ey e FYdauarRe] méluengsheach rckapeidyberoth tstar vthintsreypd
m grat 'Hé‘ﬁhn?fé@}g(ﬁde% I@gxhgﬁédhé){he aEHltgi’Hfd ﬁ@lrvi afa&ogg\lgcﬁ{(f UGS apﬂﬁé%[g Fﬂme

desi gned w t hey can wth't ogy.
Tr adi t i amdah thecmirect @Drrgnatmmlmnbmngés 1nﬂmnimtlem of exeiggnaan cehealpafsese i nfl ux

of endoggnous ei ns t ines, gromh factors, cell.s i.nto the
|t or stRAIORAO léa%%ﬁ% rfnﬂtedl%aﬁ&%&gemeﬁ% s BE LS SbrgHeT
endogenghsita@ithd Scli vikBilitne scaffold is limted by the distance away from

vascul ar el enments, which provide nutrient support within a diffusion limt
of lbhe scaf f[60¢6] S}@@mtldlaeébmkbglc sedloblsthape bedntdidad td providetigescaf f ol ds can

al so elj.cit .an,i.nmuno c or farei bod S e that Ieads 0 an
el ongatde“ale?sé%%l fraBIFBVé’ ggsgflo%mgr?e ﬁ@qgeg? ﬁagtfl‘gﬂ"% nd the
i npl antcolokidaéion! T8 lateedearly ansalfmmdv@ %Eérpﬂb%lgh@ﬂ' wathl thé ﬁi%d tﬁa@ tﬂe@%ﬁn bban
functional tissue regeneration at the injury site. [0007] It would

t her ef ghaderfe wedk sithdbebietogye Tspditipend S@afﬁaldmg trghnelogies howewer, raheon dsai r and
e MR Bl S PG S B A e
i | 120st reftthe/gorendxsedifolntsss such, the colon1zat1on 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
25  lead to 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.



descri bed herein provide active gui dance of nerve tissue repair and
regeneration through an inplanted mani fold and nerve conduit. In one
enbodi menvo 2arv/@gar at us for providing reduced pressur epcharsagmy/osevas
facilitating gromh of nerve tissue in a patient is provided that includes
a nerve conduit and nested manifold adaptable for inplantation at a danmaged
nerve site, wherein the mani fold pSGMMARYNd di stributes reduced pressure

at the site ed nerve tissue., A i fo] d.according to the invention
may al so be [@@qﬁﬁg’g%@r&%‘?&?ﬁ&n& %P&t%?tﬁg% ‘?/f/rd"?:_ uFtEﬁt{Vi‘?&mql‘]’Fig’E‘?m%ut es
r educediefrRes UERIARBYIAE A HeSuidantt bIRLVE aksue%gamnﬁ%%&e&%ﬂ tRbudHn {1 ssue.

[ 0009] In another 'embodi ment, a systemfor providing Teduced pressure
t her apymakateigaanifoldandyesryg ewdhitofn e smebadimentearn aprargtes foe ptovidingr ovi ded

that c i urce of Jeduced presspre for supplying.reduge [essure
b Aok Bl MR, R4 AERIARE T B iup RinR PR it ol SRV wRl or "t he
ti ssue ifdlides ameereecohtigit B hdseddinarifoldaddpeibie fop MplALGALN 8 Ynidpell Rerveour ce
of reduced pressure. Such a system may al so conprise a scaffold nmateri al

coupl edite-ovherain themarifeld pravidestand distibutesseduasd pesssure dtbe ditppbdanagged and
id i % h i . furth
P rod: nry? b A ol roRRlcbbetieth it A s 1s 060 StpldadF Wgptidla el o

and/ or vehistefuvther distribotes ratucaf presslieadl o eided Snicturhl MatdixFoNgRaRiicat then Wit h,
anq posj ti oned between, the manifold and the reduced pressure source. In
stilPl &5%4rt her embodi ment, a system according to the invention further

conprises a j i I j I; i i d the
damaged ner \;(fédqtg:] gré ﬁ@iﬁfr%(%%b]dyﬁﬂtga %%EHE (bgér%%{g? ﬁ%&rﬁl’? ?& &% %ﬁ?ﬂ%&&%ﬁ a%@ovi di ng
r educedaqilitetingigrowith of agrye tismie ime phtidnafs prgvidedthiahcarfiprizes wsourcs sfredadeda Site

of nerve tissue danmage i.n atient .is provjded that includes nplanting a
nerve. ST SHE B S s Ao 2ad o aHBHDIiSddn A aeTvRieEPEn: MEDRUIRIPDI q
provi despRnfafioh 6EHe BERBSHE Swhdde R ARRORAN PRIV SonkhSSiES on W TRRbHRL l@f may

al so be coupled to a scaffold materi al, .whereln the scaffold materi a
pr &vi deedugedpressarasr Suchraesysiesn may alsh eompoise discaffoldatagaloeupled suthe | n certain

enbodi t he hod. further .conpri ses ovidin manifold i n fluid
com‘runirl]iigagﬁf?)l(%ln“’f\?\ﬁc}t1 ﬁ@rgae]r gfflr ué%?lf?@éc,e er e ﬁg‘i R’é)vf(ieﬁ%&%g%tﬁﬁ:ai Elaﬂi’aﬁﬁlh’ﬁg‘%sed to
del i vergr@wthlofiihekvk @iséee IHB Tl @ndodinidhe sdeh BRIt elaySuithGTefprikflayet a
further enbodinment, the fluid source may conprise a fluid conprising one or

mor e bicigter e flaishisotiie snd/ace velvair controlmbreduced prdsuroin Awid saminbinisefion  an
antivi R«ﬂ!h; afl 5&@5&3&%& %etv@eeﬁ,}}ﬁ%ﬁgl’d ad tﬁen}ehg&%ypres%gr% Qulte? Y\I"tl g’[ill a further

20  embodiment, a system according to the invention further comprises a fluid source in fluid
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

25  provides a reduced pressure to the damaged nerve tissue. The manifold may also be coupled
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

30  {fluid source may comprise a fluid comprising one or more bioactive compounds including, but
not limited to, an antibiotic, an antiviral, a cytokine, a chemokine, an antibody, and a growth

factor.



factor.[0011] O her objects, features, and advantages of the illustrative
enbodi nents will becone apparent with reference to the draw ngs and

det ai | ed we0toqsison that foll ow. BRI EF DESCRI PTI ON OF PHE/USRANWNGS [ 0012]
FIG 1 is a schematic, perspective view of a reduced-pressure systemfor
repairing a severed nerve including a nerve conduit and a first enbodi nent
of a mani f ol [A0H] DthesayédigIfehtinay;iand alvdnergeg uf e sllwsitrativeaembatiments efillt he
nerve conduit rempved to show the manifold and scaffold; [0013] FIG 2 is a
schemat eﬁ?mf)@p?ﬁ%gt‘\“ egﬁr"é}ﬁ%‘?h‘gdlr%%‘ﬁ&%ﬂl eé%lgérdés%r%lpéﬁh%ffou%‘- repairing a
severed nerve including a nerve conduit and a second enbodi nent of a

mani fol d and scaffold having fiber guides with a section of the nerve
conduit renoved to shBRIEIEDIESCRIFTION OF EHEMDRAVWINGSa schemati c,

per gpective (¥4 he scaffold and fiber i des of the reduced-pressure
systens shombfz\x@{:' B alscilﬁ‘&‘a © pfff@i‘gﬂvef—"lle(‘i'g 3 FeQUGE A IR ?yét,ené&’ae vi ew of
three eshididesdveradinelReintiubRl adierdeonaMioWd 4 Ardt bitbodimehPOdLhatitSid and hS @
schematic, perspective view of a fourth enbodi nent of the fiber guides
shown isfaffaldhagng fiberguideswath & s¢osion of theawaiei condyibrespied itw show the ninifokde
system,ig 5{@1 1 and 2 showi ng the nerve conduit enclosing the danmaged
nerve, ané '8] FIG 7 is a schematic view of a fluid control systemfor

the system Jo@id) HIG. FisEschdmatie] prspectitte iy BESIRLENH- sRb0180&Ren] 6 fohe
follow ng.detail ed description of the illustrative enbodi nents, reference

i s e dd° R e RS YERGMTRIRINAY e dvichFcopAut anbs rrcandampodigieabel a marikdd
ebodi RE SerRIPHAGREfibGhidd vt d dceliafbe ehaivk hRENARIG A ROSEuKL! ! ed 1 n

the art to practicet nvention, and it I'S unders at” ot her
enbodi memifoldyay be utilized and that |ogical structural, nechanical,

el ectrical, i cal changes may be nade_ w t hoyut departing fromthe
spirit or S(@B@] Eﬁl&%?"rﬁg‘gﬁ?'%ﬁ’?m UYE v %ty is?afﬁﬁ‘ii a@é@ﬂi‘gﬁ’s?gﬂ’énabl e

t hose skduck®fresdird BRtdhd sHownBh3FERCEaddre enbodi nent s descri bed herein, the
description may omt certain Information known to those skilled in the art.

Thé5f ol | owi hPIEEFEG 4 akwbematie, isisle viey of thevestnttrodjmerds of thefibet aikides i n a
limti rgﬂowninFIGJ;

[0016] FIG. S is a schematic, perspective view of a fourth embodiment of the fiber
guides shown in FIG. 3;
[0017] FIG. 6 is a schematic, perspective view of the system in FIGS. 1 and 2 showing
20  the nerve conduit enclosing the damaged nerve; and

[0018] FIG. 7 is a schematic view of a fluid control system for the system shown in
FIGS. 1 and 2.



sense, and the scope of the illustrative enbodi nents are defined only by

t he appended clains. [0020] Referring to FIG 1, a reduced pressure therapy
syst em 108o0f010/@pgabyi ng reduced pressure at a tissue sitrerius2ddomedresly of a
patient to repair a defect such as, for exanple, a danaged nerve is

di scl osed. The damaged nerve may have been pinched, partially di sconnected
or severed, or partially degbEdIAdIED BESCRIPIION of di sease. For exanpl e,

t he damaged i.n G .1l is.a.severed nerve 102 havi .a proxi mal

segment 104 [Qﬁ?\]’gn ersggf’wgﬁg‘#iaﬁgdfﬁ%cquf’%?f@@ 1igstratiue E‘@E‘?ql%gﬁeﬁefﬁé%esyst em
(CNS)  af mabetdxat aminpama% LeMANETHBEIONE aLfd MRS D EREIARARHAL @ NErve
damage site 108 that has been severed or ‘degenerated. The severed nerve 102

may be dspaibed dnswificigninieiaikiosnable thase skiled in tha pride pricties the gavemtien, tand ihi8 ner ve

d e i f t Q. d t | gcated
i t By BbSiool Bl B BEEGH MR il oe iR B heflog FnnliRedimiab e ed or
par ti alelegtritial and olesthiesl dhanyess may tagaierald dopar@ad froml thy spiEoeNRbAS sTheer ve,

and a conpr.essed or, pi nched nerve. For_ exanple, reduced pressure tissue
t r eat neRtenHay e aveid detey nehpegsssary wpmpble shose skilledimthsfartd psactiegjthaer ve

tissue bbb - - : rve tissue

and/ or ec gopg}énf%%éfﬁﬁ#ﬁlg%g’%gg CB%‘ZHS%‘?’E Oﬁte%egg@%gﬁ’?@éﬁq&l@%‘%‘o‘%@% es a
nerve chiliddir the k. tThatfolbewingdetified Gescapti@r Bhthaefore, iAo bé takbeinneliMRinganage
Si 108 mﬁ%%dg sectigngg t he ner%e_conduit 110 renpoved to show t he nerve
darrtge SEMPeA0fJ8C SCPRE © ustpty e prbediments asg defingdonky byythe gpprnded Flaimhape
and cl oses : i L mpl  segnment
104 and t het[‘gigs0 g(leYegrgg%EEH;tEl%igGE?%dg?@c}g’g%ngt m%feagkggse{%égg%%gwﬁ ve conduit
110 hagedused pressurs airdf tagsee ditintthabodyorfraspatiemtan vepaiyapdeldot sudht 43, fhexanplbace of

t he nervge _da e sit 08, i,e.,, a l.um nal space between the jnner surface
115 of AREAEE 0 E ried ghm ey EnrmEEh e FePiRERssl PeiAYe site 108.
The 1 edueeshepfcd s BéwRrdd) 6f pivially S8 RARARE a8 hT&uRYTRA LIRS Rt @%ﬂg@@,%@r essure
source 115 for providing a reduced pressure and a manifold 1 fluidly

cotipl edamagadnerveigJded 1 py @ sevigred nsover 2 hayig prosinfal segment i 6diand 4 distal The

mani f ol i ar._aor. cyli i&Lalk ,in shap see, e.0., the
ran 1 or e P BRI e ot Byl S NS B i bR T aferedbave

i ncor panahesbderdeinagdyatiaafeeveditoe 316l 1 PO Hat hRMREn WviehidoridegeredtyE PP 114.
The mani fold 120 may have a variety of shapes depending on the type of

nerve deYrEggEern)2 may he Bragghad rambranghad sy itheenervandamagersit d0&r Thtvieps t o

occupy « ' ”» 4 i f . nt ai n
cca ol ArrReiaha B b0caiekéh (6 1 € ollf of Bibes Mook b TGl AR 8% e ¢
The0r etissedinphidimgube roh Envtey t&ystiwonddfed orrpattilly disconnected nerve, a

degenerated or partially degenerated nerve, and a compressed or pinched nerve. For example,

reduced pressure tissue treatment may be used to enhance repair or regrowth of existing nerve
tissue or to facilitate growth or grafted or transplanted nerve tissue and/or cells.
[0021] The reduced pressure therapy system 100 comprises a nerve conduit 110 that
25 surrounds the severed nerve 102 at the nerve damage site 108 with a section of the nerve
conduit 110 removed to show the nerve damage site 108. The nerve conduit 110 is
substantially tubular in shape and closes the nerve damage site 108 and a portion of the
proximal segment 104 and the distal segment 106 that has not been damaged. The nerve
conduit 110 has an inner surface 112 that forms a nerve gap 114 with the surface of the nerve
30  damage site 108, i.e., a luminal space between the inner surface 112 of the nerve conduit 110
and the surface of the nerve damage site 108. The reduced pressure therapy system 100 also
comprises a reduced pressure source 115 for providing a reduced pressure and a manifold 120

fluidly coupled to the reduced pressure source 115 via a first conduit 125. The manifold 120
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conprises a canister 130 fluidly coupled between the reduced pressure
source 115 and the manifold 120 via the conduit 125 to collect bodily

flui ds swwb208/085m0d or exudate that are drawn from t hepszafsbabadeds3st and
the nerve gap 114. In one enbodi ment, the reduced pressure source 115 and
the canister 130 are integrated into a single housing structure. [0022] A
f ur t heris gedeoallyntahtlaodr eylindrcat éolstppe $seuy g Sthe neami R0Ddisd osddaoopanding®.S2 and

i's substanti al i m .the redyced- pressure system, 100. The reduced
press ufﬁé‘tﬁrﬁ épglﬂyﬂ‘iwﬂ)é%ﬁ%g 1&%%9f?@ailel§lfh@f TeRsied and pasitgoned avithintheounds
t he se rnye ' 1k i f the
norve. e The ol DO R R 1Bk Bl Sorp R REC

condui tnetviedanzage dndtin this phritigulaudubadiment el apebwardhapowescupyea pative ofihenge

ite 108 and ' i mal 104 di st al t
065 ndtriierndf” dbe Fradnid U Rardsh e R Serte faiers! b tanPeRie or
sur f acestrhid@refod tisdhe igh6\eth BHERGE ﬂﬁe%ea&%zei phREUFE t&;é}ﬁ[s\y@ceﬁﬁﬂ)o%ﬂhw th the

surface of the nerve danmage site 108, i. a lum nal "space between the
i nner sopfPaises agapistdr 13Adludly geuplehbietiveen the reduged hressue seuree b5 atdshaer ve

damage sj.t: . z pressus.e em 200 al so,conpri a _reduced
or ool P80 i e AN 565 B EORY! S LRI e o 20 AEBIRR TR 22
f1 ui dl ydrgww flogckht ecdffoéd P3essiihe ns®digas 114.5mvdrk etboldirhéntCBe %Hubecﬂs-ﬁéssuird”'e
mani fol d 220 gsee t he mani fol d di sclosed in copending U S. Patent

e.g., 1 . .
AppPn. sRBree 13 a%f,h&%{%ﬁehé%@ perinies@taddnieiasingle heysirgyHSIure.s cont ai ned

within a manj {ﬁﬂﬁ.%g . i {4l i GO nd of
t he mani f ol Hb{):%alﬂ%er %P%%ﬁlg@ﬁﬁ?%&@geﬁeﬁﬁ%ﬁ{eﬁﬁg%@ggéﬁ%&l to’?%@gnerve
condui tis $ulBtanfialéy Ktoller toethel raafucédipressund §ycteth t0tMiey red@cedippessaenketh®d to t he
first conduit 125 so that the manifold 220 is held in fluid communication

with t RSP0 OB 2 ASpEe copdutid R tha sereundiihsrseyered neiye 82 abihs mPlYEt ed of
any bi Qﬁﬁﬂ?é‘&i‘t@i@ With 8 sblontofate ﬁe?véébl?ﬂgﬁriflb?édlé’\re'cir{lu’%c{{}?ﬁ@r{%r&eo%ﬁia% erve
the mani fold's 220 fluid 14 a

. communi cati on between the nerve gap 1 t he
finst ctad08.t TheservdbendwitnilOads substaatitléy tub@lar insshapeandecloges theeernedaneageondui t

L0, a8 M B L 2L

108, bWeed@shidedNqlle Abkv@icdRdaf 110 s X R ridRRurfstd 118 And & IRePsABREGIS the
flange 222 is secured to the nerve conduit 110 with an adhesive. Moreover,

i n sondhas gonmses nesvisgan he witl thyesupface ofshelnerac Haibhge sitecidBetk. t oluntinalspacee
conu b e Bl 1 ADO5oA 2208 TRTLIShe P RRER b
conpl etsite 1081 Theredudradbra®nte systeeth 2RO SnpEA0s 8 XddRDEBplebyudd Burdde svwet |
providing a reduced pressure and a manifold 220 fluidly coupled to the pressure source 115
via a first conduit 125. The manifold 220 (see, e.g., the manifold disclosed in copending U.S.
Patent Appln. No. 12/648,458, incorporated herein by reference) is contained within a
manifold chamber 221 having a flange 222 extending from one end of the manifold chamber
25 221 for securing the manifold chamber 221 to the nerve conduit 110. The other end of the
manifold chamber 221 is connected to the first conduit 125 so that the manifold 220 is held in
fluid communication with the first conduit 125. The manifold chamber 221 may be
constructed of any biocompatible material that is substantially impermeable to preserve the
manifold’s 220 fluid communication between the nerve gap 114 and the first conduit 125. The
30 manifold chamber 221 is secured to the nerve conduit 110 by the flange 222 such that the
manifold 220 is in fluid communication with the nerve gap 114 surrounding the surface of the
nerve damage site 108, but positioned outside of the nerve gap 114. In certain aspects the

flange 222 is secured to the nerve conduit 110 with an adhesive. Moreover, in some
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of the nerve conduit 110 in direct fluid contact with the nerve gap 114. In
anot her enbodi nent, where the nerve conduit 110 is porous, the flange 222

i s secur edot201didressext erior surface 113 of the nerve conduirtusi@doseris hat the
mani fold 220 is positioned adjacent to the exterior surface 113 to be in
fluid conmunication with the nerve gap 114 via the porous wall of the nerve
condui t applidatiqudQB8 Flakge 2226eid dbiaciebly; sectredtie tho neeveugohddit 11 Melchdes ted flage

56 entonndaBiladpniber L b hismoned Coe aPhe oA A Rrdthe
anot her]i)@yqué ﬂlﬁﬁ?ﬁﬁc&qﬁﬁ&gpin SREerrIRABR S Iﬁdéé’lﬁfgﬁpﬁd ﬁd@ﬁgﬁ Q:\&%‘ﬁe of

material. Also, e term"coupled” may inclu chem cal, nechani cal’,
t her mal of the neve gendudtal 1 0dp dprétrftpid Fonsaad vathuhe nenye gemh 4.t lnanofteni d is in

ni Len wth designated rts.or |ocations. 024] I n the context of
comnt SRt4 et HoA5RL A0 B0 S SE D0 G 25205 R B shRE
pressursurfabal 13 of the asrve RBAdUINE (adth&he RAEFSHNE0H pitidned Ujaddr & thBat 1S
subjected to treatnment. In nost cases, this reduced pressure will be |ess

t han t hexterorsariacer il tpbe i flrid communication atithathe aervaigae h14 ve thaporens wiald

| ocat ed 3 ernms "vacuum’ and "negative pressure” may be used to
descri b%ftﬁ%]%é}gggg%%ﬁ:“gbpl led to the tissue site, the actual pressure

applied to t[0023] Asusddictein, thytcha “ab@lé&”iiﬁaﬁﬂésydi_@bﬁ@ﬁ@ﬁng Bﬂﬁhdirb& pressure
nor nal I%/Rugfsoc,i ated with ,a conplete vacuum Consistent with this
| 1

nomenc B Viard SePRIpie diectnTheigne e eoyplesk eloenspmpassenimopresear e refers to
a rel atdoperdnerty flak R LhtfRE lvH#hZor{%ra?lﬁﬁl‘éf Gy vittll 0P e2pAHGhE @o%ﬁgdngg{ssggﬁfegd

pressure or vacuum pressure refers to a relative Increase _
pr essurizom Theesamer piede-dimiatentdn Alsh dregerni fcouptbdt ethyindadaiciemids, meddniel ei n,

a greater (i.e. re negati - Jreans increased, negative pressure

(i e , tﬁ%ﬁ%ﬁéiﬂ%ﬁ?&ﬁ&&l&lﬁ%f@@Eﬁ%hflz giﬁaaﬁ@labﬁwdﬁ Bscommynicagon ity

pr essur@sighg@l PRid ol WRAtfoRk! Y applies reduced pressure at -5 mmHg to -500
mnm Hg, nore usually -5 to -300 nmHg, including but not limted to -50,

-125 or - 1790824]Hg. thReahtied of priespeaifeatien thectenn fstlaced messareaenérally sefers
ressure | evel may bg varied.over tinme, Eor exanple, reduged pressure

. be. st ooy et syt Garsbyas o Athg e Ut rsubleita sBument no.

[ 0025] IRehest taseq thid rédue®d presshraill bORsEMah (R AS0dARria prbsdal of fel16CkibNe! Y as

mani fold 20 for ease of explanation, the systens 100 and 200 further

conpri s& whidythe pafignt i locatedir Alth@igh the terms “vacuum” and “negative pressure” may be

used to describe the pressure applied to the tissue site, the actual pressure applied to the tissue
20  site may be significantly greater than the pressure normally associated with a complete
vacuum. Consistent with this nomenclature, an increase in reduced pressure or vacuum
pressure refers to a relative reduction of absolute pressure, while a decrease in reduced
pressure or vacuum pressure refers to a relative increase of absolute pressure. The term “-Ap”
means change in reduced pressure. As used herein, a greater (i.e., more negative) -Ap means
25  increased negative pressure (i.e., a greater change in pressure from ambient pressure).
Reduced pressure treatment typically applies reduced pressure at -5 mm Hg to -500 mm Hg,
more usually -5 to -300 mm Hg, including but not limited to -50, -125 or -175 mm Hg.
Reduced pressure may be constant at a particular pressure level or may be varied over time.
For example, reduced pressure may be applied and stopped periodically or ramped-up or -
30  down over time.
[0025] Referring to FIGS. 1-3 and the manifolds 120 and 220 collectively as manifold
20 for ease of explanation, the systems 100 and 200 further comprise a scaffold structure 134

including one or more scaffold guides positioned within the nerve gap 114 in fluid

7



including one or nore scaffold guides positioned within the nerve gap 114
in fluidcomunication with the manifold 20 on one or both sides of the
mani f ol d WO 28wahsks, for exanple, scaffold guide 135. TireTasadbob1gui de
135 has a generally frusto-tubular shape with a base opening 136 at the
base end of the frustumand a vertex opening 137 at the other end of the
f r ust ungonithenisa wifvoikttithg umaéfoki3X) drsomEomi Hotlosides dMhdé MAnifeld 26 sgétpas] f# and

[ ' . h 137 i it d cl _to the
e 1 of TG, ReAEoRh iRl 3o bAoA B et oo aeenralle pposte shagmui 104
when t hebase bbéning® PRatEe Babé chd oPthelthRtu 3d Atk (Ha%nﬁ)l% é%l??xts {Hg %'t]{eg Loy 6f or

faces the distal segnent 106 when the vertex opening ‘ e drstal
si de ofthe frastian Fhelsdaffeld gnisted 38 pepositianad iy thetnkevempflfl dladd stiented thereid 84 of

h X rise.six.scaffold gui. nly four shaown in FIGS.
12" 20T pelh PR GAPT it SGiRiabe 38 S e lT 20 B t&%g%seaﬁan&&é%

(col | ecwhivleFates the praambf Sgthegt!i Glestion ﬂ‘i@@_é@éxrbﬂehﬁlﬁsl@qfii &h %egﬂbﬂﬁr%l didoof 141,
and 143 are positioned on the proxi mal side of the manifold 20 so that
their By PeRITRld29i s dacen the distakssement 10@avhearthe wertexxpeningr 37 fiwon thoalsstal

P vent (et Rl mp 89 20° NS SbIERcHS HE Wttt saten¥ U5 SRR HERE Y0 200 o
gui des .coﬁmrilse’sip(smffoi@ bili,dei tomlys foat fledveh QUWIASS 1 3482) ikdihdindndaid cdldRs
posi ti d, on e di | side of the manifold 20 so _that their vertex
opetli nglgga}‘ghélﬁgslé% f‘{tﬁl Pﬁ‘ilg%@ioﬂwﬂ’eb’ﬁh? ﬁ%ﬁffﬁmwde@@s‘@h@%ﬁhmgﬁfﬂlﬁ ff:hI 1; ace
[ : ' ; S 0
fabr | ¢ Ses AT, akdfs okp BoSBGIcUtn DS TR, oting PaliBélah Bl BekCon o ¢
rings 13gex eprhingstase didgds to the meartifodd Z(Eﬂiandﬂldmhsﬁs'f ¢ opdrtingsolh igl@ fﬁe?@lﬂ ﬁeﬁirr(ljalt ]
[ ithin th .gap.114 r protein absorption an e
Pnici aneeRenRiod eleiobnd o o iaRiGhmavrRe B EOeSeck 2 bk Scart ol o

gui des @dr&ﬂof&s@dfﬁ)l@@ﬁlidéi.r@&&&p%&ﬂ‘%l?})ﬂ’lé E&ffo'l&'%ﬁdé!@ 4y gﬁ,*&ﬁgﬁ@g\!& gap 114
fromthe base opening 136 toward the vertex opening 137 ’an the source of
t hdr ePQeitigngst ensthg distaliside of thermanifold 26 kel R0 theFhertex apdnings ayeicldss torthe be

conpos | Qc atible material, buf is prefergbly a hjgabsorbable
macor; arenoelb b AERIRES bt fee b iy Brere iR, Mo reridt eaes or

nor e f inkgrbegfoirfieboflHddafrsldefablidfate Do w1 Ak Riatc®] PPRMN iNASrAld Kp@h of the
scaffold gui des fromthe proxi mal segnment 104 to the distal segrent 106 of

the seVeREdiitaings 1362 andrribs $3%eIn githerembpdimentythe seafifokd guibes fubctivlas 162

' ' t d.the dist ment 106
ol ud haciein B MR T 61PN oSSR ool Bk A oo BB 60, The
fiBer domntitionlEhe steyctare s tHeeschifolid Huides ABO wickRadaeenslow-aRvRgathid 0 t he

i mal, nt 104 . .
proxi rr%&lflth?r? (%ren?lerve gap 114 from the base opening 136 toward the vertex opening 137 and the

source of the reduced pressure, i.e., the manifold 20. The scaffold guides may be composed of
any biocompatible material, but is preferably a bioabsorbable material.
[0026] The scaffold structure 134 may further comprise one or more fiber guides 160
25  extending through the vertex openings of each of the scaffold guides from the proximal
segment 104 to the distal segment 106 of the severed nerve 102. The fiber guides 160 may
form a fiber bundle 162 also extending between the proximal segment 104 and the distal
segment 106 including, but not limited to, as many as one hundred fiber guides 160. The fiber
guides 160 may also be fluidly and/or mechanically coupled to the proximal segment 104
30 and/or the distal segment 106 of the severed nerve 102. Additionally, the fiber guide 160 may
be fluidly and/or mechanically coupled to the manifold 20. When fibril formation commences
as described above, the scaffold guides wick and direct fluid toward the vertex openings of the

scaffold guides and the fiber guides 160 which facilitate fibril formation between the scaffold
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and/ or the distal segment 106 of the severed nerve 102. Additionally, the
fi ber guide 160 may be fluidly and/or nechanically coupled to the manifold
20. When wohkwido7mat i on commences as descri bed above, pthass@afofohsl gui des
wi ck and direct fluid toward the vertex openings of the scaffold guides and
the fiber guides 160 which facilitate fibril formation between the

scaf f ol gludasded uhhniatdbftektmdmg)bem&eamlmh rege bpdniwgsrof tleschffokl guiduo] Rg&r@xflg t he
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gui des -aindx @h&ﬂﬂgstd’f%é( écﬁﬁblcﬂ%ild@%na QRn@thd F%r%ﬁfd%g 160 ad 11331051‘5 gsthél'l?ger.& hat

grow along the path created by the fiber guidées 160

const i thtldhaticrevs ploge dhe et arshteddy thodibdrigardes éﬁQ;hThﬁsﬁlms lﬁlbmaty icondtidge t o
fibrin, or ¢ ul ar ed stryctures
such aselt?\lgllré/ggﬁ{&g‘%lrrggto%%ﬁ%gﬁ P%/@% fllmfty%}eosﬁbr‘\’h@oﬁ?gf\l}? ﬁr%tﬁ y?‘?&ts’r and
cel | ul damhased céll e thsebytrideureleduck @singive ﬂﬁérsfof Qﬁp@ﬁﬁmn%shcﬁié sour ces,

or fromthe i nt roducti on of exogenous fl uid fibril formation increases

t he der@?‘ﬂ?oﬁ? n@aﬁ’éx e eslnlardasediihgrs may be ﬁmvedrﬁltbﬁrp@imwémemuﬂm;t bet ween
the b a%%}l&,gg o % g&l‘lﬁu@ﬂ’&{ (ﬁioéxg Y5 RS As I %I‘ﬁ%{lg%( d‘[cré)agé Sipd 23-

Utimtely et ween e Sca de<® havi ng
vert ex depsity (rfghe ﬁhﬂs hel, eﬁhrﬁ farintaeion eﬁp@ds oﬁmi-dly) Ibeltv@ieh d&Sba‘SSEpémﬁgsMﬁ;e The

scaPr ol GPLgi gt & gl by by ok 3c SRl ootk S BEGRFBEIREoeR LS | ol
such a%cgffélafgai%@ﬁm}?é M@J hﬁgf falcfhgﬁe%gljis i, ;é%?,%éafféltigl @F?§55 %;O%Is are

conposed of a bi ol ogical er| gen or _
Ref errilig ﬁb@mgmdeﬂmcm gndle &ll mlgrﬁmnemicgdtbwmrthmugh the emmre/sz:aﬁu]dde 160 with

fluid fl dlrectlon i ndi cated b e dash rro e shown
i ng : udi Hg%feg]ezjr a&ﬁ NN oY of%‘ﬁ %%&lﬂc@gypaﬁ Hn%?n 3 [fBe *Fst?\ef\gloé?f le162
164, angatd®f. LOeaRtakBeasss, Shd fhg rgﬁfde§ h&%n%&e%lrdf@blblegicb!ﬂh%nﬂrs%ﬁ %'i' ons for

bi ndi ng of proteins and cells om the slownoving Tluid wthin e nerve
gaﬂ511&0i1@geﬁlat§ﬁlbrlnat e fibril formation. Mre specifically, fiber guides 162

d 164 I arb ext endi.n romthe st s of the
fibril gLPSJH&% rhing 8480 FR05 T e P IS HEROGREnly "r%|ad§ﬁ”a¢rﬁi“‘5fgagq%n‘§ f1uid
flow, rfﬁﬁcpﬂﬁwtviﬂgﬁhyi du«éaﬁxﬁﬂﬂdmgteumnhé hehéd a6 IWirk Bhdwi hRludgigBhegap 114.
Al ternativel the fib pﬁ%gl de 166 i ncl udes Erotrum ons in the shape of

hooks E#vdes égl% bt 4r1da1t6é h of thedibstgwigesatd, il ¢4 tand il 66 pomprisssa gitand oy i |
e 98 U NS DL OISR Bl
1620 16hud wnﬂ:ilniliﬁé’ neray gap $ b4 toefacititatnfiggl foﬂnﬂldﬂll deitei specifically, fiber guides
162 and 164 include small barbs 163 and 165 extending from the strands of the fibril guides
162 and 164 in a direction with fluid flow and against fluid flow, respectively, depending upon
the fluidics within the nerve gap 114. Alternatively, the fiber guide 166 includes protrusions
in the shape of hooks 167 to facilitate protein binding and initiation sites of fibril formation
25  through the nerve gap 114 without being aligned against fluid flow as are the barbs 165 of the
fiber guide 164. The fiber protrusions 163, 165, and 167 may also be oriented in a direction
extending either toward the proximal segment 104 or the distal segment 106 of the severed
nerve 102 as may be required by the fluidics within the nerve gap 114. In general, the fiber
guides 162, 164, and 166 including their fiber protrusions 163, 165, and 167, respectively, are
30  composed of the same materials described for use in other scaffold materials such as, for
example, collagen or fibrin. Referring to FIG. 5, a fiber guide 160 may comprise a strand of
fiber material that has a form other than the linear form described above and shown in FIG. 4.

For example, the strand of a fiber guide 168 is shaped in the form of a spiral having a
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extending either toward the proxi mal segnent 104 or the distal segnment 106
of the severed nerve 102 as may be required by the fluidics within the
nerve gapwbdbdio/d7gsageneral , the fiber guides 162, 164, ardtABBodoned7usli ng
their fiber protrusions 163, 165, and 167, respectively, are conposed of
the sane materials described for use in other scaffold materials such as,
for exalmpgimdirtabaXiagtmstantiamjr parilhel t&etfeeftavi olfldid tIE'bﬁ‘gh the narvieidapr 1gus de 160 may
rm ot her. than the |inear

i b h
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substantially parallel to the flow of fluid through gap
i ndi cat@édephp2dashed arrow 161. The fiber guide 168 may al so have

f t. d e, barbs 169 which
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condui tshdv/Ghd Masilislua120) 280 a&l iskhawl ag camm@te«ﬁy SRfuh@Rg HRTRYGLddrRatRAY t he

mani fol ds 120, 220 and is_shown as conpletel’y surroundi ng the nerve damage

sites 108 aa3 closed peyselconsduitet LOGREIG 6. 4ABer the ma@f01(§512@,t2é10 armmsmdundteds 120,
dui t..41
220,21 el ARGRAE ) IOREHSEXE SATRRE CHLF B M RSl S L Lahd ™

deV| ce 4Hﬁanwany mhemstamhg ddviee kesweirchaditi Thé herveRyndift £1OREBE cthpdred
Waterial s that nmay be used for nerve

gust%—if g%m@ﬁﬁfaéab%ﬂ %E@Eenrqtfﬁ fﬁngttﬁgé Ir g\lﬂaterﬁ%lﬁ thahmay be ysgdifor petay comMitsgl ycol i ¢
SSI yoapralde, PanpAfAlent BILMER. S8 B gBROH A AT DOl ARBe oo - i s,
SR A St ey @"““’”gla"“’“"p“’“"“ﬁmﬁg"éf‘?x"%ﬁ;’?i‘?é?e
(p:)ol ydi Sﬁéﬁ‘?@ﬁ ne%é’PG’&W‘?ﬁﬁ lﬂg’r‘;%ﬁ/ar G’é%/H‘y‘Péﬁ “Ej’IteS?c%ﬁlgg C%‘II]SB’I%%/&?@FE‘% and
BSI B RS BurchR W?&%ﬁﬁ%&“&”@?%@?é@“ HEELREne, et ate

poll rrerPQIYQﬁHOQSth%T pakygthytenb giycolst Bdoxahttrsglpmiwhas;ﬂiamres mhvhntedridess i ves

th f l. yst I chl r|de | . fluoride

pol y( PR RTIRESSE B Sacdie AL mneirtadi BobBHRFREolpEb Pt Ehlrac sitwhe,
pol yvi Iayétata eBRARrs ankedtheHcy) sub&ﬂdte@)éleﬁﬁlosé Jbefh?erstaﬁﬂ ReAPRRRS fherddir0! 0Qi cal
(e.g., pur| ied or reconbinant) naterials may be used to form nerve

condui P8 WW&Q@&H@@’WI chleride, palywaylifyoriflg, moﬂy(vmbfhmndmelcb ichlagesuémiiohatge n
(2,3,  PEATEICc DOR2 A DEEG SOROH®, A8 o3t ok
di 80 al bivdogieal £¢ gpusfiehorascaingitpshatefiakifay K& used to form nerve conduits
including but not limited to, fibrin, fibronectin or collagen (e.g, DURAMATRIX™).
[0029] A nerve conduit 110, 410 may be an unbroken substantially tubular structure
fitted across a gap between a proximal and distal nerve stump such as depicted in FIG. 6.
Examples of such substantially tubular nerve conduits, also referred to as nerve guides, include
25  without limitation NEURAGEN® and NEUROFLEX™ collagen conduits. A nerve conduit
may also be formed from a wrap that is positioned around a disconnected or damaged (e.g.,
pinched) nerve and sealed with a closure, such as a suture. Specific examples of wrap-type
nerve conduits include, without limitation, NEUROMEND™ and NEURAWRAP™ collagen
conduits. In certain aspects, the nerve conduit is made of a material that encloses the damaged
30 nerve, so as to exclude infiltration of non-nerve cells such as glia. In some embodiments, the
nerve conduit material is permeable, thereby allowing fluid and protein factors to diffuse
through the conduit. For example, the pores in a nerve conduit may be sufficiently small so as

to exclude the entry of cells into the conduit lumen (e.g., pores having an interior diameter or
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Exanpl es of such substantially tubular nerve conduits, also referred to as
nerve guides, include without |imtation NEURAGEN (r) and NEURCFLEX(tmnm)

col | agen wondwitss47A nerve conduit may al so be forned frommwewaphat is
positioned around a di sconnected or danaged (e.g., pinched) nerve and
sealed with a closure, such as a suture. Specific exanples of wap-type
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CGener alegycet] |pﬁes§tﬁ6 @umg&ppmmltﬁemamfmm ez(n a0 diraesfstsmO100, 266, 70bammyabout
6.0 mm _such as_about 0030] Referrin to FIG 7, the

or
r ed@cediphedaglpde %9@%&#@11865 elze@walhogmﬁw tﬁlﬁ@resegﬁﬁﬁmsgre #ddheur e
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 euced AkeaBriallXomon TEE! Phe bildulfechidrapSORRIEL ko a ﬁ%ﬁ’éé&l%%s 100,
200, 70be nmye gap { Weand alsd mdy iralicatewhethenthe first 46n<.’e1|1te1(25rls oadlidedonitinslobéd t o
t he press sqr,.. 740 and t he red d.pressure.s e 115. The essure
sensor OF R Badiy duids. 211? er&a%léﬂseﬁé%rssﬁ A proRdss ferdhas F%or@r&bu&lizf nd al so
may i ndigah ?egﬂ’[b%shﬁé rddQ€ed presshre AR Belﬁgé phlRed 5 Ghé fgcod d%@ssﬁ%@ébﬁr&rllgt her

bodi 'y fluids. The pressure sensor provi des feedback to contro
unils 74bBrongh dte firsieandnied 23 ethe srhuifollsg20.s220x ér henedmcpg' phesiurg spsiprhs E@0,by t he

reduce ure ource 115 throu rst 0 t 5t mani f ol ds
150, 5790 TREREaRR bRt abd Bhh 250 Tty Souied Bobe fE Sardir BS v T se
fluid sipsldyconait 7521asH dpesiiRlyesbnhecttd® thé Esdtrdt QAE YIS, Tﬁ@ﬂﬁidasuﬁr])_lz%gnd_
conduit 752 and operatlvelé connected to the control unit 745 e fluid

suppl y m&0barased e delived grapvt @nd/%heaémé\%mamhg petye dlalinﬁge sitpekit8sneladinge nerve
a5 1 G e 0 BRI S BT
ant20bodirggition flaid) edititsiessioe atley chahicyey agies Tagentg' hﬁhés}&@ieﬁﬁsl 000200,200, 700
further comprises a first valve 754 positioned in the second conduit 752 to control the flow of
fluid therethrough, and a second valve 756 positioned in the first conduit 125 between the
reduced pressure supply 115 and the juncture between the first conduit 125 and the second
conduit 752 to control the flow of reduced pressure. The control unit 745 is operatively
25  connected to the first and second valves 754, 756 to control the delivery of reduced pressure
and/or fluid from the fluid supply 750, respectively, to the manifolds 120, 220 as required by
the particular therapy being administered to the patient. The fluid supply 150 may deliver the
liquids as indicated above, but may also deliver air to the manifolds 120, 220 to promote
healing and facilitate drainage at the site of the nerve damage site 108.
30 [0031] As used herein, the term “manifold” refers to a substance or structure that is
provided to assist in directing reduced pressure to, delivering fluids to, or removing fluids
from a tissue site. A manifold can include a plurality of flow channels or pathways that are

interconnected to improve distribution of fluids provided to and removed from the area of
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further conprises a first valve 754 positioned in the second conduit 752 to
control the flow of fluid therethrough, and a second val ve 756 positioned
in the fiwetomanssart 125 between the reduced pressure sepplus2ddbeemsl t he
juncture between the first conduit 125 and the second conduit 752 to
control the flow of reduced pressure. The control unit 745 is operatively
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fact or sind i @e akédtiRk t@%rlh%rﬁlgﬁﬁé)ﬁi%{lfdéd bOldy i ents, integrins, or other
substances to pronote cell growth. ‘A scaffold can take on charact eristics

of 1a mani f oll8033} Al suebstheinvenden dibelosegthetehdisaieses imethods aad a}bpmlra:tusea[ﬁort ransmit

fl t cont ex educe sure

tr oat oSt AE CHL PP Saled s of i B M Nou Bl ot b ernfilaT BekYel . A
det ai | qﬁotém&ﬁgarﬁidn@ﬂ a4k nﬁ@x@ﬁd‘o@idjﬁarﬁﬁé’oﬁ@@rEndd§§:o§i%%@él€| andtle i olia¥gnt i on
I's provided beI ow, [0033] 'As such, the invention disclosed here discloses

met hodStrisigred spanitold ands OPB‘Pnaélﬁm segfioldmaterinl for eﬁlluﬂaarmgra@asediffpmnumm of
fluid fah@‘ﬁk& Ba{avmlﬁegesgirkqw ﬂlﬁ%t%o%gmegs%eéa%o pgﬁgfe%ers‘e (({j{ﬁ]{)ag{sgg ani zat | on

at a microscoplc, nanoscopic, 8w de a
20  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
mechanism by which to promote the endogenous deposition of proteins and organization of
the provisional matrix with biochemical and physical cues to direct cellular colonization of a
scaffold or tissue space. The present invention thus enhances current technology by exploiting
25 the active force of directed fluid flow, providing a framework upon which to design manifolds
and scaffolds based upon the need of the biology under the influence of fluid flow. Flow
vectors and pathways are utilized to enhance protein deposition and cellular colonization. The
systems provided herein are designed to promote establishment of a provisional matrix
network with a seamless transition from the healthy tissue edges through a scaffold or tissue
30 site to promote a functional tissue continuum.
[0034] Thus, the apparatuses, methods and systems disclosed herein provide a means
for active guidance of tissue regeneration through an implanted scaffold or within a tissue site

to promote functional recovery. This active guidance occurs through mechanisms of
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structured manifold and, optionally, a scaffold material for cellular
mgration, differentiation, and |i ke behavi or necessary for functional

r egener atwononfo7gisssues. I n conpari son to the passive natuwrs2@b/otdves current
state of the art with regards to tissue repair and regeneration, the

met hods, scaffolds, manifolds, flow sources and systens disclosed herein
provi decoatrobed flwid flowc dnéhseantbe uskd hinttateuranpment the eatydsiges off hed@desi t i on
of protejns an? or.gani zat i on e provisional. matri x with bi ochem cal and

f
physi cal VL {ural healing proeess, Pﬂ%ﬁ?%ﬁowg%’%’ﬁ?‘élé? thgctye gpidance pgeegsagy iq ¢reaiga
space. cbAGoREESEE oW VSHRLIRAILY, IHS cAMORBE BSwWaMEIR that BE RIAA BRI EM@%O! ting

the active force of directed fluid flow, providing a framework upon which
to desitfrisads fesilitaie thedlissetad influxsofisgeend groteinstintorewadffolfl. ttreathaifogy under
t he 4 nf ' Low, ..Fl aw..vect o nd .pat hways are utilized to

enhgncegpg(?g?gf)g’fpﬁg%vgd i t‘){lljﬁh(rgln A5FvEStT O %ﬁah??gjlac il%gttf)é’ﬁ.e iggi%‘tt@ﬂﬁ?pr ovi ded

her ei n mokindesicyaechliaged badiiben gthinbihe SO, Sfaffdld6Alsk&d Gag, matrix
network with a seanjess transition fromthe healthy tissue edges through a

scaf f ol Bjoghentisal cies Eomeytokings groweh factorm and entlsibound withincibe pravisienal [ 0034]
Thus, t : : : . Chi el n provide. a nmeans
folrJ act@%gﬁggl?{gg%@%gp J@?&Qﬁ%ﬁ??&k&}?y&l{l nlcgkcﬁlgégﬁ%gﬁ p(%rlr%?réar%?%agm%%df fold or
Wi t hi n extra¢edlolee neitteto guide testiesctusnt igradbn oLamiegenous THisdikitierepsic dance
occlprs iahrou% H&g‘h isnms ofcontrolled fluid flow, which can be used to

i ni'ti at®@eGT OHGBat T PHE CBEFIY %8S digh eb}ql%’écqésa@tﬂgmamaheavwms froautheng

Pr 0Ces Siealthy WRés0dnd fagdds B{rQI.Y%IPt’ﬁe Hﬁh;fo?@h%\éﬁﬁgﬂé gfalzggo ﬁ%ﬁﬁ&é%fc&ﬁ&oﬁ eate a

controlledfluid flow Specifica contr ow vectors that the
mani f olgéapeopatiieay fom obganized dissue regaietatipat e t he directed influx of cells

and protei ng 4 scaffol d,. eation, of specifigc flow pathways within a
ti ssge si teig(?%i gré)faq'?)tl ecﬁldc%ff Jigs %suf%prﬁ?ﬁd%}‘ﬁgﬂe H’@B’g%lﬁfquﬁaﬁpp%i‘%tdéﬁﬁg‘?d such
as col Ifaggecifio ®idlogealmevds Bhsed hfvh praRidiQ o auie abkols Q% i.} gsi;%b'@ pace.

Bi ocheni cal cues from cytokines, growh factors, and ce bound within the
prdvi silBYPAHORBRNCESNS @neWRnDROdCh te Biojuhbealing, fiw Kortdradient) actidatedhissiecal cues

of the .8].0 I nd gextracel lular matrix to quide t sybsequent
nm gr at ieggﬁ%‘#rﬁigh ggg%%%%éfa@eﬁng’ %ﬁsr ?pl%oatch o ‘begiarsogﬁcgﬁéggrlffgﬂ'é %H“aﬁ'hese
cues adornist gradiaix fos borarddicd napiesdht SRRNhEMeAdBRANdAS oLERDBEAS i@ nid)suheal t hy
ti ssues .and passes through the scaffolding or tissue space to facilitate a

cont i nO&E tyarEhmBEsus sPARRAYT the oraanizad iderasitiansef psoteiag endensatial [ 0035] To
R T T
cel0ai mriastpeé ptoayjsidiabmatrix. The tissue space being defined here includes, but is not limited
to, the region surrounding a site of nerve tissue damage.
[0036] Fluid flow into, through, or out of the nerve tissue space can be refined and
directed through the inclusion of additional elements to the system including manifolds and/or
scaffolds. The coordinated elements of the system are designed to create flow parameters,
25  pathways, and patterns sufficiently detailed in scale as to be able to influence and direct the
controlled adsorption of proteins, the organization of matrix, and organized colonization of

specific cell types. Individual elements of the system are as follows.

[0037] Source or Generator of Flow. Flow is induced into, through, or out of the nerve

tissue space by methods or apparatuses that introduce changes in mechanical, chemical, and/or
30 electrical potentials. These generators of flow provide either a gradient or a change in

potential from the site or reservoir of endogenous or exogenous fluids to the placement

position of the flow generator or its extension element (i.e., manifold or scaffold). In one

embodiment, the source of flow comprises a source of reduced pressure. Systems and
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i nvention concerns a new approach to wound healing, flow (or gradient)
activated tissue engineering. In rudinmentary form this approach involves a
source orwoensvesnw of flow that fornms a gradient for ceotrrské®adesmoyenent
of either endogenous or exogenous fluids into, out of, or through a tissue
space for the organi zed deposition of proteins and/or spatial concentration
of cyt cippatsesatcgrdovg o thaotventson may alss vdxapdseealves or amiyswf vafveathat

matri x. The tissye spa bei ng defi ned

di ti | i.ent.ed i Si |
0oL S B B et BB EonBarSe B S
nerve tdsp&sis nedeROAduilsQHSRE nfahlibMs HE&YYbéJ‘B&eint(Bfﬁﬁ)t‘r'i%@a ip%@flﬂl:’ SerRbr, ]E"ﬂﬁls,ner ve

ti ssue space can be refined and directed throug e clusion o
addi t i dR&Pme embeditentso thetncamts ofmgativd prdssuce apphied by dsoamelisoegdstat badeds. The

coordi nat I t f the systemare designed.to create fl| ow paraneters,
pat ey 2 6 afo AT uBeR Ao Y BT T e thinRR rud of i3k SonduBlbr 36116 s

i nf | uerufeisardiadiagect the controll ed adsorption of proteins, the

organi zation _of matrix, and organi zed col oni zati on of specific cell types.

| ndi vi dual dP@HAanifglds hhe Bowigsneratoes arg thepiriving for¢cds vimslating thedtow of

o i M ol |t t of th
{1 osue Shse i i b SR PSBR: RERT P SR s elitR T

mec hanigeat¢ratoc béflowalnd tlentivsoe spcecThé matropel€lRiélalf Slowlid @&ﬁl@@ﬂﬁ%ﬁé&iﬂ[z&d of

fl g@l pr OVi'%fd ei ther .a gradi g;t .or_a change in potentjal fromthe site or

r esér vahgt Sé’rﬁ’ﬁl‘@&“«[-:ﬁ% egied dcatieationdo r pimglesoiny of fea plusslityehselestivelyi on of
the fl QysBBR&I SOiRs (X crdifeGNitian SHRMscAl ARDAsQihinescaf fol d) .
In oneqjgrsrt')odi nlz(%ts fhe sotlrce o?d %]F}S\?VJ)corrg(;rsfélggﬁg’%our%}jesq)lgﬁufr?éh(fuced

pr ess umeanifeldscaffoldeandaplpiarattly ghs tissne opate nTht mahifeld maysesito ssrvermya edraloit

conpri al ves or .arrays of valves that coptraol the_ applicatjon and anount
of negZﬁ \Y}gredp%vsaiaf uigS GO 45 ARePsFas fon t ?daWeE‘)é?ffeéioﬂe%’ﬁé@%‘gs,toﬁ&'ve
condui tfgsw@ph&. mani fol ds described herein conprise a pressure sensor.
Thus, in sone enbodi nents, the anount of negative pressure applied by a
sodPce is rd80A%emapifeldeneraliyecfenrtan physicah egimtanve opstesaue ¢hat batesits sensed

in the I: or nerve.conduit .or.a he. site of tissue damage. [ 0038]
Mani fo|ag§a1“fr’1§g’@¥‘8&/a6§ 5{8?%?8}%3‘ ‘3?%113?}‘?8}’8 picAly Cleetrical ‘Fé}mﬁ%fi aﬁﬁfﬁﬁ% 4 he

f I ow ofchirgel ithe Wlami §fal Hhsid FcRein MBARRE SRS noQémERIdf ligiids e abd sthbr Of 1 ow
bet ween the source or generator of flow and the tissue space. The

macr os dgfosmplls spbsiances ghias praseingeallhypnd pther Hké meittion i s wikighistphysieadd f or
0 rectSEenalivieh 9D RUAL, BB Bl B bbbty v
palbwaykiidsi ard liket 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 plurality of points for the ingress or introduction of fluid from the scaffold back toward the
25  point source of flow.
[0040] Flow distributed by the manifold can direct the movement of endogenous
proteins, growth factors, cytokines, and cells from their resident locations within the host to
the tissue space or scaffold in an organized manner. The establishment of flow along these
pathways leads to the deposition of proteins and provisional matrix that creates an interfacial
30  endogenous network connecting the host to the scaffold. Extensions of this matrix can be
established within the scaffold through selective positioning of the manifold flow initiation

sites with flow promoting scaffolding designs. The organized protein deposition and

provisional matrix provide a biochemical and physical framework that stimulates the
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mani fol d/ scaffold and, ultimately, the tissue space. The manifold may al so
serve as a conduit for the renoval of fluids fromand as an apparatus for

t he del i weoyonfo7esdogenous fluids to the tissue space. [ @03Qjs2dmewvins ol d
generally refers to a physical substance or structure that serves to assi st
in applying and translating a nechanical, chemcal, electrical or simlar

al ter atattacmnémand nﬁgmtjexs of cells hlongldirected pathfvays throughowti the skafffohdkeahdahe t he
novene I|q ses, . and ot her ornable supst ances such as

or ot e rissiaprd T s JRREFIdRRIP R OPRIrb O PR B B LR e PR et

i ncl Ud%sfoﬁncfa!tﬂaﬁ Hlﬁo@%ﬂih sﬂbsdﬁhéﬁt%hsie){ onhe%H?*s%erﬁ'issﬁé‘ﬁep@ig BRE FeglherBiGFUAt 1 ON
of pressure, fluids, and |iKe substances capable of translating the

mov enmermechpnisms casbuild. a scaf f ol d, as defined above. This can include, but
is npot limt the i.ntroeducti of .exogenous. facrors such as cells
andPor ¢ hor AR mE e, B AE B VenG R SFRSTo Y eV et

pl ur al iso¥rcetind WRRITHIPiLHREENt.I RlofbWgenbRifing Sbitces iRcladslibut &8 noBEmits@th herein, a
mani f ol d |ncludes a_ single point or plurality of p0|nts for the ingress or

i nt r odEERPIBIPrOYL HoEali P BretsHTS; Benasaiansfad pasib e Rresoveirad ghrergiorsmf oswatiee of

flow [HQ4 | c ment of

endogenfg)(&\éoip;r O{l@%@’ﬁgdd%nrt e%%ﬂ ac%{lottrn aHﬁpfdkrgéfb ﬁﬁ]thgll %gﬁ%%{h?&&@q ﬁ%ei r

reSI dentaffeldabidetiseral ﬂdw graﬁhﬂt toahe sct@folch’tb dptissizeflspageugh thecaiffallids i n an
The. est bI i shren fl ow al ong.these pat hways Ieads to

ni zed ner.
%deﬂlﬁg‘?qr‘ﬁghg’ﬁfpa’ﬁ%} aéid ctaganst @ffﬁh% F@haqhm%atSrdls@lqsra@lbe@%aa@ aniplds

I nterf Qanegt
Extensf’e%%a?l%? e SO B R R e, g
sel ect ioptiopallyi thiowgh agph@ﬁcal Iseaffddii foothe pulpmaes ofi diteated (DllSSLEI regemendtioh. These

ronotin caffol din si gn he organi zed .protei 05| tjon _and
Br oVvi Si Bﬁ)é?a PGS 7§ 8 5‘?%3‘?36@%8%@9}@%%@%%&?&}11&%IE er]e mfllé)ftsli’&ﬂﬁc
sti mul Qisﬁﬁastﬁlﬁﬁ?etlﬁﬁﬂiﬁﬁféﬁt@ﬂ%aﬂicﬁfa@hés‘ﬂ@t@relﬁm I's along directed pathways
t hr oughout the scaffold and the tissue space. The resulti ng endogenous

netlwor k of [10@#2diln Qrdeg towahze the goalof indvdingdldvs quﬂm/pldpsseaofftlwwd ation upon

ochani SR AR RE ss pRGHBRonSh P SRR ror RieR SRRSO

conj unghusd Be whitdtated frb@Whe Singtlat iiadieBOWLER taWardd S5afchhMstrdté oP§@SBRtto FI ow
generati, ngt) sources i nclude, but are not limted to generators of negative
cit gal

pr essuredl Heardlewsl shasrgep i profeim agsoentions Bairineigepraiion ealkmigtationgend ¢ f | ow.
The T | Q80 0hentRltiBR IRA Dehdlidd® THRY d@l:HofiPire AfuibirtREfh daflrl S

t hr oug
20 can 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

25 understood, however, that the applicants are not bound by any particular mechanism through
which gradients and fluid flow induce advantageous results in tissue repair or growth. In order
to advantageously transmit these gradients to the tissue, a physical device is needed to direct
the path of flow from its source to the scaffold or tissue site and vice versa.

[0043] In some embodiments, the manifold comprises a physical structure in close

30  apposition to or within the contents of a scaffold and serves to propagate an alteration in a
physical parameter, whether it be mechanical, chemical, electrical, or something similar in
nature, for the means of directing these changes from its point source to the scaffolding

material. The placement of this manifold with respect to its location with regard to that of the
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scaffold, to deliver a flow gradient to the scaffold to optim ze flow

t hrough the scaffold as needed for the particular defect. Many of the
enbodi nrenwe 2igknised herein are nmani fol ds capabl e of t pamalsadoongrehanges
in pressure and the like into controlled novenent of fluids, optionally

t hrough a physical scaffold, for the purposes of directed tissue

r egenersabffald majttese cewdid dinpenirke dorefagititating lcbitrslfedGinfl idedctb d fegangatidn 6ful ar
applicatiaqn i.n the regeneration of specific tissues, but are not linted to
a part isea@ﬁ? tusjug LYReSt et efample, dp Refphernl seiye Whers regenaration iEng iy po@Ks n

| nduci ngyfihiawibedl rﬁe[?)‘ﬁelpHiSIHQﬁﬁ%B&irﬁd[ﬁé HiStell RESE Stuitlls 4 ma lb%?ﬁlﬁhﬁﬁﬂ%o bfdcd he

af orenenti oned nechanical, chemcal, or electrical inpetus st be

t r ans| ahenhafifolthaldng thé leggthaf agreadi eontluis oore ®waodi dikta eplyshapldirsetbst rat e or

scaffold to elicit | Lul ar-| evel changes .in protein adsorption,.mtrix

or gani Z8RBiraop et Sod oHOVRYE: &S EdBBoR R ap GRIFLF BTAATEH o

behavi qhe modth B8l AhéR bR tHeQBSfAHRoAM L ds\BUbRL Rctols vl Erofle @Rl lsRpdg de
mechani cal changes that elicit a physical change in pressure applied to the

scaf f olldvabeeshbwado be impertant far doectingnemamegensratibmgpwen it sogreef ti ssue

regeneratio . cal ;changes that elicit.a gradient.i rot ei n_and/or ion
Concent rat | dALENRRGRI CORPBE Fohiihea BF b BloefriEurBbineH gbiiia BuBBRsR o
of i ndugéloge fidebioatsorRbRhitefiadk sedhaRgRsli¢d giads sBRbEe Polgmat SdtalOf
current/ion exchange all OW}E}% for propagation of electri cal s gnhal s from

t hd Opoinetyvénieideridg Vi), angd prlywrathanes t Bisabsorkahia ralymensstch ascollegen, cant s are

not bo . (AN j t ' I a0 nd fluid

D ow t HeiRic 30 PRI, S Al JTREURIERA QOTHERIOL BRBBRARERIA) B7C Lt £
advgn'([]I @@&g&ihyridief, agﬁdidxyﬁﬂ)m?@foiga@d{cyeﬂiyknb(gl}tcbﬁ ot b@rﬁbﬁatﬁ@sﬁh@iﬂ)i@?éél deyvice is
needed .to direct the path o ow fromits source to the scaffold or tissue
site af¥ %?ief%? gl&mf?@@amalw w50 nomrRiaesrRalle apd, piorssarbrblegnaterials-i Mes a

Physi cajen&hf MadeHbiSskd f6 OR8RIRRAS HEPHE 4R ¢ '@&w Iﬁﬂ'ﬁfoﬁc@ﬁ}lcﬁﬁfcﬁ of a
scaffold and serves to propagate "an alteration in a physical paraneter,

whdbthemaiteriddeaneduttlzaridetiled bélewi dakertaih especiscmbnifald nserelharagtraétoiedas i n
nat ure,. flo(i tﬁghne%gé §1f0 l recti ng t hese changes fromits point source to
the scaff Bt H§" materiar™ ' Fhe OIBHOR RIOPCHigHi fol d wi th respect to
its | ocationogy fSub]E&@r Mahfoldtabp&t sttesedfshel 45 IRYniR§ld @haribdtGhdlor

i mportance for facilitating controlled and directed regeneration of
speci f iftange gwpide compesedmdany reasplable hipcopepakipleanateriale Ay sipphgstructargemidr at i on

primari{,. ur.s in a.unidirectiopal r fromthe proximal to distal
ner ve SUURDS. 5 PRI i Fo Lt e et sq i Pl Bl BB wE®  ength of
a 12erve conqoo46] mopertiof\WatHE suppstt, shéll asefardgR, ffipRsdhe R6HIf6518 AR BeAHetRN
toward that end. However, it may also be inportant to not place the
mani f olc@ngyit. In certain aspects, a flange is attached to the exterior surface of a nerve conduit with

an adhesive such as a fibrin glue, cyanoacrylate, or other biologically derived adhesive. A

support may also be connected to a nerve conduit via reversible mechanisms other than an

adhesive, such as chemical, thermal, osmotic, mechanical (snap or other interference fit,

25  threaded, etc), magnetic, and electrostatic mechanisms. The manifold may be used to deliver
agents that reverse the action of the binding mechanism in order to detach the support from the
nerve conduit (e.g., upon completion of therapy). For example, electrostatic binding may be
released through introduction of salt solutions or biocompatible solvents may be used to
release adhesives.

30 [0047] 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
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the nost distal aspect of the scaffold/conduit as sol uble factors derived
fromthe distal stunp have been shown to be inportant for directing nerve
r egener atwonotopmessd its source. [0044] Manifol ds nmay bepcongsessdewis a

bi oabsorbabl e or bioinert material. Exanples include non-bi oabsorbabl e
materials such as nedi cal grade silicone polyners, netals,

pol yvi neells hAcrcaffidd fe\GEE acamding od ;tmnmdnaums dBuplet soa hesifeldp prowides phgsicah as

|1 | yi ' P | d (
ol y1 scidgBee gt e PalbvaseRyia A% yi@e#ﬁsﬂ?ﬁ%eatglgm)a?wf%a@. te, or a
pol yet hﬁb%’fénﬂhﬂfp&igraﬁn SRR Ibl‘afé'ﬁlstaﬂﬁ rc@H’J respadivalys Whitg dgégﬁ% A0 %he

mani fol ds are al so a m x of non-bi oresor babl e and b| or esor mat eri al s.
I n gen@@bllmm phd pm@dorfabmatwsmam@mmnmﬂ paitsws bforgseidatian withindlse a

manlfol rral s, are furt ed bel o cert |n aspects,
manif ol §° p%??ghjs T‘E‘ éﬁ APRPEESY Sﬁrél? o@rg lﬂfgﬂ’f"vﬁ 864]?1510?? % or
i npr ovédddvied gé&&@dﬁtﬂinl dMisRica mavd (ﬂl@éi:t ithSIRARINsIHRNAE Hesi o the sehffoldD OWithin
structures, such as a mani fold chanber and/or flange may be conposed of any

accept dBiS&oBEYe &‘@ﬁf‘@idswﬁleﬁﬁf@"méhe pa&hwwprfrﬂuléﬂmwﬂn@tmnssueé gplei:ect@l ly be
I ] o) ressure.
[ Obao] Chtir ROS RUED h (MR & o BTN bl B Pl To7 ' e

t he nermmlﬁ)dﬂldAllstaffdldhmagrehﬁiodyahﬁe@téﬁstlcaofh ﬁmgffolld&mtetcaﬁllbﬁﬂdﬁ@ the exterior
sur,face of a.nerye cond H with an adheswe such as _a_fibrin glue

cy aoadPiiuastion with g msmifold for Ef‘@n@ﬁ’lepﬁp dbe flowpatyreys witdin the %W&Ftﬁ Fay al so
be conngphifdspelisla fﬂ)?d fsorﬁg’d% lat¥&1 riciie rcﬁfn?hﬁ ng‘ﬁ@a\ml& RIS ih 30

adhesi ve, such a$ c em cal erma osnot sna or ot%er
i nt er f dieabserpfion prophtiesded, et c), magnet ic, and el ectrostati c nechani sns.

Th i fol d to, deliver aentsthat reverse the action of the

bi ﬁdi”ﬁg' ﬁcﬂgﬂ%ﬁﬁgﬁﬁ?w 35 CBIE’\c/PéléW Wélogﬁsbﬁmew ?ﬁCflh%@P h%?wuelmu' t

(e.9., MURRDGABPIRLAIRA o8fdes NESARYMpld RInEXA IR sGna ?ogafiléc't?h él&g nmay
P

be reI eased thr ough int roduct lon of salt solutio | oconpat i
sollventasdieninigretierselicells or grovdb dactathetd sitesaf r{eﬁmplagc aIrf swintk: caBesy mmpie and

synt he oId d | the field of .tissue en eerin upport
pr ot ei Lﬂngn&ﬁgm oh and g’e‘? I%lSJSa? ﬁ@?%%ﬁ\”t??l guidss e ¢ ?ﬁﬁg Eis?ag%’ifgegat i on.
The curfug gsitahry ek cbh@o@ddtoﬂarhyﬂfﬁfhf)&kdnatt@% RAH AEY b@%‘léa%%l‘ﬁ%l@ sb B€to

I nherent characteristics of the surrounding tissue space for the adsorption

of protdeeride anRPTYe Gsae Brvsonteehe site of the agivedampgs. Kunaebguidesdnasgelsobe he
e AR O LB B TP RPN PSRBT
20 guides may also have bioabsorption properties that dlffer from the narrow to the wide end of
the funnel guide. For instance, the narrow end of the funnel guide may be absorbed at a faster
rate so that the aperture of the narrow end becomes wider as tissue regrowth occurs. Likewise,
in aspects where multiple funnel guides are comprised in a scaffold, funnel guides closer to the
proximal end of the nerve damage site may be composed of a material that is absorbed at a
25  faster rate so that funnel structures closer to the proximal end of a nerve damage site are
absorbed more rapidly.

[0049] Fiber guides in scaffolds may also be composed of bioabsorbable material such
that the guides are absorbed as tissue growth or regrowth occurs. As detailed above, fiber
guides may comprise protrusions (e.g., barbs) or hook structures and may be essentially linear

30  or form a spiral as they extend through the scaffold at the nerve damage site. In certain
aspects, the fiber guides and associated structures (e.g., fiber protrusions and hooks) direct cell
growth or migration at the site of nerve damage. In some embodiments, the fiber structures

comprise bioactive molecules as part of their structure. For example, fiber structures may
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novenent and migration of adhesive proteins and cells, respectively, which
are integral to the establishnent of a provisional matrix in predeterm ned
patt er ns wo 201oggsdszati on within the tissue space. The meChasse@ne71s _
appar atuses described for fluid flowinduced and gradi enti nduced generation
of tissues have direct inplications into the design of the scaffolds.
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o\ .8;}3 %‘g&g gc.lg.Eol‘ﬁvdwe@!e}ﬂmt@mfvfhélﬂrogmi%@ten_ﬁ«;/lyauowqm?v@lmt?ﬁmr ptio n
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' Ve CRIRR9 ed at a
1[] ggrgr Q?Igg@%?lit“ﬁgt fl,?%ﬁa strg%?gfrﬂeagalg ’osg{rrb%il)p @ﬁgﬁ’%? gg?irg?ig’end of a nerve

dardge poiyethylane oxisteopelavingbaleohohgiedlon®, 4ndowbin. Filleescafolil des also carmpfifeol ds nay

also b osed o | oabsor bable material, such that the.gquides are

absor bg"alcag{sipstsiuggﬁ fl{f&fﬁﬁﬁ?aﬁﬁc’ ?OéﬁlﬁBWW%%%fﬁlF’s‘m EEOSBE?tﬁ’i qagzd SBNES, £ per

gui des caRjung CarBonBEoNGtRE dafhdRBfkes {Bodlass, AR, MitoNARYK Rhosakyr es and may be
essentially linear or forma spiral as they extend through the scaffold at

t he nerdgecliglarizgd tissues or campesiteaphanisefdhe sbovendn partievlayembletimants, thesoci at ed
Struct UEgs1d Sodprises icgﬁigeﬂ,r }S)él;'lld(%tiic()&%d aitdA)t] 8&l§§1)ycc()jl|1<:r &858 (15\(?,“, polylactide-co-
20  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 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
25  example, Ma and Elisseeff, 2005, and Saltzman, 2004.
[0051] Bioactive agents

[0052] 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
30  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
aberrant immune response need be avoided (e.g., tissue grafts) immune regulator agents such

as rapamycin may be incorporated into manifold or scaffold structures.
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fiber structures conprise bioactive nolecules as part of their structure.
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Sal t zman, 2004. %@051 Bi oactive agents [0052] In certain aspect the

appar atcaBwEomisel] Fastiorn sTiasies last frgmt teaunipdic iimwen surgeryc buros rar otiep amists/ e
ggent S ‘(e .E.', %ﬁ&!‘tio\ﬁ r%g%nmﬁlunmeiﬁisease) S Be 168 regenbe%‘até: ﬁs(,;lgé ﬁl%rxﬁétﬁd sd Iscra 0 cisy onto
20 manifolds, flow sources and systems of the invention. Functional nerve tissue is directed to
regenerate.

[0057] 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 [0058] 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 fluid flow to the tissue and to control waste
removal from the tissue.

30 [0059] 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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[0064] Promoting integration of transplanted tissue. A generator of flow may be

combined with manifolds and/or scaffolds to promote integration of transplanted tissue into
20  the host environment. This can be applied to autograft, allograft, or xenograft transplants.

[0065] Directing extracellular matrix (ECM) deposition and orientation in 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
25  cell layers and tissues.
[0066] 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
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mani f ol ds and/or scaffolds to maintain the viability of explanted tissues
either for in vitro study, ex vivo scaffold or inplant preparation, or in
vi vo tranwpl2anto7sAzgenerator of flow conbined with a namcialsdooomyo7he used
to provide fluid flowto the tissue and to control waste renoval fromthe
tissue. [0059] Expansion of tissue. A generator of flow may be conbi ned
with mani f ol dS. BaehioNo. 58f4@Iods t o pronpte the expansi on of existing
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mani f ol ds, flow sources and systens of the invention may be used to direct
pl Ui pot ent @&t PatentNe sK96156i ¢ cel | |ineages needed to foster growth in

the tissue C r,oduci ng proteins, matrix, cells, or
phar maceut i gg'ﬁ's??tﬁ%téw?ﬁﬂél%q’?% vo environnent. A generator of flow may be

conbi ned wi th.SoBatedtdNaly, 2dgl0@r scaffol ds to i ntroduce exogenous grow h
factors, prolhgi ns, cells, or pharmaceutical agents into the tissue space to
augnent ti ssur 'P@B‘%ﬁN?- 7|s%7g§eﬂ@r ation, and/or maintenance. [00631 Creating

matrices in yiktphefiag .?@'6 ation in vivo. A generator of flow may be
conbi ned with mam  fol d a?nd@}tlzor scaffolds to facilitate formation of

matldi ces i n W.iSt Paentidd. 7pddp, Bidbsequent |y be used for in vivo

t ranspl ant at.i gn 0Q64] gmting integration of transplanted tissue. A
gener at or owagi B#Wg‘gogé%ﬁ| ned with mani fol ds and/or scaffolds to
pronot e int qggapien N, AIganpgl anted tissue into the host environment. This

can be applied to aut o?nr aff, allograft, or xenograft transplants. [0065]
Di recting eX{.SalaentHubn. 2803/02253@M deposition and orientation in vitro. A

L: ?\évcgggeratﬁg. paqgm%bfnq%bgs%d%bh mani f ol ds and/ or scaffolds to guide the

20 U.S. Patent Publn. 2007/0123895
U.S. Patent Publn. 2008/0033324
U.S. Patent Publn. 2008/0208358
U.S. Provisional Patent Appln. 61/142,053
U.S. Provisional Patent Appin. 61/142,065

25 Anderson et al., Tissue Eng., 13:2525-38, 2007.
Brody et al., J. Biomed. Mater. Res. B: Appl. Biomater., 83:16-43, 2007.
Gemmniti 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.

30 Manwaring et al., Biomaterials, 22:3155-3168, 2001.
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.
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deposition and orientation of ECM expressed by cells and tissues. The
directed orientation of ECM has an inpact in organizing and directing the
at t achnmenwoanth/zedsoni zati on of subsequent cell |ayers amdTiisseu®sa71§ 0066]
Ref erences U.S. Patent No. 4,787,906 U. S. Patent No. 6,103,255 U. S. Patent
No. 6,135,116 U. S. Patent No. 6,365,146 U.S. Patent No. 6,695,823 U S

Pat ent No. N&G@Gn%75l U5 BidatedingNG4:80;10872@%4U. S. Patent No. 6,814, 079

U S. Patent 6, 856, atent No. 6,936,037 U S. Patent No.
6, 951, 553 U%ﬁé’?&%%ﬁag@% 702 U. S. Patent No. 7,004,915 U.S. Patent
No. 7,070, 5813b1:JA§ hPW@fOb/d‘ﬂQ%Xl 077,832 U S. Patent No. 7,108,683 U.S.

Patent No. E U S. Patent No. 7,186,244 U.S. Patent No. 7,214, 202
U. S. Patent R%TA'PPIZﬂ@V@_ﬂZ/QBSQ%A%tent No. 7,316,672 U. S. Patent No.

e SR s U S I, 190 T8 S e
PCT Appln. WO 04/060148A2
PCT Appln. WO 04/105576A2
PCT Appln. WO 05/009488A2
PCT Appln. WO 05/033273A2
10 PCT Appln. WO 06/004951
PCT Appln. WO 06/127853
PCT Appln. WO 07/067685A2
PCT Appln. WO 07/092397A2
PCT Appln. WO 07/106589A2
15 PCT Appln. WO 07/106590A2
PCT Appln. WO 07/106591A2
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PCT Appln. WO 07/143060A2
PCT Appln. WO 07/196590
PCT Appln. WO 08/013896A2
PCT Appln. WO 08/036162A2
25 PCT Appln. WO 08/036359A2
PCT Appln. WO 08/036361A2
PCT Appln. WO 08/042481A2
PCT Appln. WO 08/091521A2
Pfister et al., Neurosurgery, 60:137-41, 2007.
30 Saltzman, Tissue Engineering: Engineering Principles for the Design of Replacement
Organs and Tissues, 2004.
Sachlos et al., Cells and Mat., 5:29-40, 2003.
Segvich et al., J. Biomed. Mater. Res. B: Appl. Biomater., 84B:340-349, 2008.
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Provi si onwb 2Paiiegd47Appl n. 61/ 142, 065 Anderson et al, Ti pewarsk®ng69715

13: 2525-38, 2007. Brody et al., J. Bionmed. Mater. Res. B: Appl. Biomater.,
83:16-43, 2007. Genmmti et al, Tissue Eng., 12:469-79, 2006. Lago et al,

| EEE Trans. Biimked: alEngBipmed Matar28e3B; AﬁpDBz’oMere,t73a31,5-Bbat)t)5JI ding in

Ti ssue Engl 0 Bi omaterials, 22:3155-3168,
2001. Manwar ﬁ@j‘aégi%ﬂ“? %F@?g%m&ﬁa?gﬁgg 3631-3638, 2004. Mercier et al,

Bi omat eri al sTan® al 98nel 95245280200M kos et al, J. Bioned. Mater. Ref,
27:183-189, 2004. Norman et al, Ann Bi onedEng., 34:89-101, 2006. PCT Appl n.

VO 00/ 38755 Abanmewl. ABigrhem. \mmdweli@oémmneﬁ9,dp§0ﬂ15%@003101 8098A2 PCT

s 48A2 PCT Appln. O 04/ 105576A2
mi prl n. W@ﬁ%ﬁ&%ﬁ%ﬁf\ﬁ@l%ﬁ@%s 3273A2AlngTnAppI n. WD 06/ 00495
1 PCT Appl n.WéDeOd/, Hamwo KEE N o iictur @ Biorh 6ri 68 ahd TREF APPRtdionY\R
07/ 092397 T Appl n. WO 07/ 1 06590A2 PCT Appl n.
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[0067] All references cited in this specification are hereby incorporated by reference.

The discussion of the references herein is intended merely to summarize the assertions made
10 by the authors and no admission is made that any reference constitutes prior art. Applicants
reserve the right to challenge the accuracy and pertinence of the cited references.

[0068] In view of the above, it will be seen that the advantages of the invention are
achieved and other advantages attained. As various changes could be made in the above
methods and compositions without departing from the scope of the invention, it is intended

15  that all matter contained in the above description and shown in the accompanying drawings

shall be interpreted as illustrative and not in a limiting sense.
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Ti ssue Engi neering: Engineering Pri@GEApPMSs for the Design of Replacenent
Organs (gnd, Ti ssues, 2004. Sachlos et al, Cells and Mat, 5:29-40, 2003.
Segvi ch'etd™ J. Bioned. Mater. Res. B: Appl Biomater., 84B:340- 349,

2008. Shinko et al., JBionmedvater. Res. B: Appl. Biomater., 73:315-24, 2005.
Takahaghaint 1./ ., @el dppaﬁb&@f@ﬁﬁro@ﬁﬁngzﬁgﬁcedg&s&“e t8h defecBRNRissde die0Fa- 75 1,
2007. Tan et al, Biochem Biophys. Res. mm, 369:1 150-1 154, 2008. Wal sh
et al, TiRk&Ve apparaius cppysisingo4, 2005. Wen et al, Handbook

723 %2005, 1 006 Eper ahdhge Bt Dbl et R LLPBRIRAE REr o6, "

i ncorporated by rebatengiing the eisslieSite 55 carai flutdi avifteh 8 enBeBspaes BitWedrs
intended nerely to sumarize the assertions nmade by the authors and no
adni ssion is nade tHefssugsiteranddhehsrnadarkitutes prior art. Applicants

oo e | AR A PR PSR ARl
advant ages of the ratlneed pressuae ® the efesteahdand ot her advant ages attai ned. As
varlb ous ¢ hangg%cé‘f%fcll gonqgrisr{gg gt lief?st torrlle(:3 sc%?f%i/deguide having a generally frusto-tubular
shape with a base opening at one end and a vertex opening at the other end
wherein the at least one scaffold guide is positioned within the luminal space
in fluid communication with the manifold and oriented therein with the
vertex opening positioned closer to the manifold than the base opening;
15 whereby the at least one scaffold guide facilitates tissue growth at the tissue site by
organizing matrix deposition, promoting cell binding, or guiding the

migration of cells through the luminal space.

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

Claim 3. The apparatus of claim 1, wherein the defect is a pinched, partially severed, or
20 degenerative nerve extending through the vertex opening of the at least one scaffold guide.

Claim 4. The apparatus of claim 1, wherein the at least one scaffold guide is

substantially non-porous.

Claim 5. The apparatus of claim 1, wherein the at least one scaffold guide comprises

pores that are sufficiently small to collect cells.
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met hods and conpositions wi thout departing fromthe scope of the invention,
it is intended that all matter contained in the above description and shown
in the acworrprnysg drawi ngs shall be interpreted as il lpgstusasoorwe7and not
inalimting sense. CLAIMS W claim Caim1l. An apparatus for providing
reduced pressure to a defect at a tissue site of a nerve, the apparatus
conprising: a nerve conduit having a generally tubular shape and having a

| um naflamal6. f or Thaappatates ofgldimel , whesuethsiat Eastone seafhild ghidaideompastd n a

| um nal %@aﬁﬁ beh en Ehe tissue site and the lumnal wall; a manifold
having a %8AMEOPEOF B2l ei ving reduced pressure to distribute the reduced
pressure to the defect; and a scaffold conprising at |east one scaffold

gui de CawhITy a gEReiataud dfusdior I, wWhdteid theRaglifiithed cHRBAsBRERafi®nat one
end and a_vertex opening at the other end wherein the at | east one scaffold
gui de i s fbsseuide peendipg generallydongitidinally dhraugh the leminalispasepribe yertenh wit h

t hes mani f ri kn.w.th the vertex opening positioned closer
toeét he né)ﬁgﬂﬁg?gﬁhﬁgkfe?%}goﬂgtgghgfog% w}ﬁ‘%g; whereby the at | east one scaffold
guide facilitates tissue growmh at the tissue site by organizing matrix
deposi €laom,8. pr onblé appacaddd oftelaiahi ) gvherrin theiadleagt dnkdiber guide isan flwid cel | s
through the |lum nal s e, Cai mt2 The apparatus of claim1l, wherein the
def ect i §°WPB’&IWN£‘%@%¥ISW§¢WSt.he%e'appar atus of claim1, wherein the
defect is a pinched, partially severed, or degenerative nerve extendi ng

t hr ougQlaihi®. ver texe %ﬂﬁfﬂtﬁk@of%ﬁaiﬁlh@ vwerdii€BStat RAG cheHHePLEdOW iHeidl ai m 4. The
apparatus of claim 1, wherein the at |east one scaffold guide is

subst ant icammpnigtiopvithibe menidplthagd theras lespipenescafdoldigusieai m 1, wherein the at
| east one scaffold guide conprises pores that are sufficiently small to

cold ectqeelihs. O a4 e r | ai L one
ot fof i 0Ge | TRk UHARRE FBnE ulof\icone HIRE Elifle blfnfiles fERSS

appar at uprafusitnaiertedinghreo eheluiriveal spakf ol d further conprises at |east one
fi ber guide extending generally longitudinally through the |um nal space

and th er.t ex
&a\l/m 1t1. The apparatus of claim 7, wherein the at least one fiber guide is generally

linear.
Claim 12. The apparatus of claim 7, wherein the at least one fiber guide is bioabsorbable.
15 Claim 13. The apparatus of claim 12, wherein the at least one fiber guide is comprised of

collagen or fibrin.

Claim 14. The apparatus of claim 1, wherein the manifold is positioned adjacent the distal

side of the nerve.

Claim 15. The apparatus of claim 1, wherein the manifold provides reduced pressure
20 preferentially to the distal side of the nerve.
Claim 16. The apparatus of claim 1, wherein the manifold is composed of a bioinert or

bioabsorbable material.

Claim 17. The apparatus of claim 1, wherein the manifold is substantially tubular or

cylindrical in shape and positioned within the luminal space of the nerve conduit.

25 Claim 18. The apparatus of claim 1, wherein the manifold extends through the wall of the
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opening of the at | east one scaffold guide. Caim8. The apparatus of claim
7, wherein the at | east one fiber guide is in fluid comunication wth the
ti ssue siwe 20fo/d7gm7nerve. Caim9. The apparatus of claipor/is20beseisn t he at
| east one fiber guide is in fluid comunication with the manifold and the
at | east one scaffold guide. Claim10. The apparatus of claim7, wherein

t he at | essve cmeluitii@nidgpondeurdcationivedsthe lbminalssppesot r usi ons ext ending i nto
the lum nal space. Claim11l. The apparatus of claim7, wherein the at | east
one fi ber. i de i enerally linear, Claiml The a atus of claim?7,
oher oi RPABIY | e ABRRES: phapi i Wherrin e Reafiot s s BE Hal oo edle

appar at usmaferigl. ai m 12, wherein the at |east one fiber guide is conprised of
collagen or fibrin. Claim114. The apparatus of claim1l, wherein the

mani fold is doosi ti oned adjacent the distal side of the nerve, Claim15. The
appar atidddmi0.c| ailhe appagptas ef dlainné, wWaseindheisogteld coaprisegbiodcteassul e

preferentially to the distal side of the nerve. Caim16. The apparatus of

cl akm Jgyy4 ein ' ' Q?ﬁ’e‘? -0k ti0k QL AR E 'I%%@rbabl e
mat eri al ?M%ﬁ%i m f%‘eg%%gﬂé‘%ggg?ﬁ%&o c?g?hrﬁog f?&\}\ﬁ?g?%%}ﬁltﬁgéarsrg&r)u fold is
subst ant i @itibjoticutubraibody and & gredvth dadtori N shape and positioned within the
| um nal space of the nerve conduit. C aim 18. The apparatus of claiml,

wher ei n, t.h i ol d ds th h Il of th it influid
CommuniCUaE B wi L RGP RGP ke eV RS S P ORI m 1
wher ei n t(@ﬁiﬁﬁ%ﬁ@in@rﬂh\%ﬁéﬁi@%téihQM)f RANRMiBELroWRk Blckdle (1G@bMNa20. The

apparatus of claim1, erein the scaffold conprises a bioactive agent.
C ai m 2 1TGlfe adibpebhlast geoveh faoteri (FGED, gramdecyiancalpey Hinvalating factey éGtCSB, at

| eggt one tibiotic n ant i;hod n h .f.act or. im22. The
appar at use SRR R ol ERRR AR MEERY P BT s R Rione
(&), a b@GF)plaehwdenaid gowrttofacion (KBHP), insulianikt efdWih Fad@db00GH), vascular
factor-a(TGF-al,, a TG--b, a fibroblast growh factor (EGF),

gr anul ocysnéotslighgrowth facont Y RGE). Aepasecytcziontl factor/scatter factor (HGF/SF), an

interleukin, tumor necrosis factor-a (TNF-a) or nerve growth factor (INGF).

Claim 23. The apparatus of claim 1, wherein the nerve conduit comprises a slice along its
15 length that forms an opening whereby the nerve conduit is implantable around the tissue

site and sealable with one or more closure elements.

Claim 24. The apparatus of claim 1, wherein the nerve conduit is composed of a bioinert
material.
Claim 25. The apparatus of claim 1, wherein the nerve conduit is composed of a
20 bioabsorbable material.
Claim 26. The apparatus of claim 25, wherein the nerve conduit is composed of collagen.
Claim 27. The apparatus of claim 1, wherein the nerve conduit comprises pores.
Claim 28. The apparatus of claim 27, wherein the pores are sufficiently small to exclude

the entry of cells from tissue surrounding the nerve conduit into the luminal space.

25  Claim 29. The apparatus of claim 28, wherein the pores have a diameter of between about

5 um and about 50 um.
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gr anul ocyt e/ macr ophage-col ony stimulating factor (GW CSF), epidermal growh
factor (EGF), platelet derived growmh factor (PDGF), insulin-like growh
factor (I1vB)2p1massal ar endot helial growh factor (VEGF) pcrapasooydzes gr owt h
factor/scatter factor (HG-/ SF), an interleukin, tunor necrosis factor-a
(TNF-a) or nerve growh factor (NGF). Caim 23. The apparatus of claiml,
wher ei Glaith80ner vA systemiifot provitprg educed peé¢ssure tah def@ei dta tiseuegite of haerviepr ms an
openi ng ereby the nerve conduit is inplantable around the tissue site and
seal abl e "W 97 CFPYST€ ¢l osure el ements. O aim24. The apparatus of
claim1l, whergplsdub@sdiéc/or Wﬁ%tﬁeqemwgﬁggﬂ&f a bioinert material.

Cl aim 25. The apparatus of claim1l, wherein the nerve conduit is conposed
of a bi oabsorbaBvecensduitiaging ageatnally e1bult shanspad dnvisg efluminal wal2%or wher ei n

h duit | ; . Of |l . .Ql 7. JIh f clai
0 Sner o1 n e ner Vi EBRRERE i ARe 30 B BR SSPRE Bl o™

claim 27, wherein thBeisfiersis add theduthfnativent | y small to exclude the entry of
cells fromtissue surroundi nq t he nerve conduit jnto the [umnal space.

O ai m 29. The? Bapielddlyadlycownled to thepreginee equice tealisiibute theapduced presmireer of
bet ween about 5 mm.apdiabqui,£0 M C aim 30. A system for providing reduced
pressure to a defect at a tissue site of a nerve, the apparatus conprising:
a pressure sauscaffoldorongurisplgydt st die scaffold gdide hasing nejeneralie frustoaahdat t

havi ng a general ly _tubul ar shage and havi];? a lumnal wall for surrounding
t

tissue site toSheB‘ﬁY“atﬁﬁhaF‘h RFQURg & o end anda Yeitex psniag BethgoteT epb ti ssue
site and the | um ngheu@lthe 10 Bhd afrofd Hiigl ; £l :
source to distribut eert he er% Sced prgs(s)uréeul(?éol\élpﬁgemg%f ec%tf;antén ug{ngﬁcgﬁcgl d
conprising at | easin fhnécaumihichtiomerith ¢hehraanifodd andyenertad thyrefrr with ¢het ubul ar
shape with a base openi ng%iat one end.and ahvertif\fx1 ogagln%\ at the other end
wherein the at |eaStof@ .E%P?%‘il?}le lfilq)sgrqog SBEnolg WP CRIGPPERES] uni nal
space in fl uiwhGerymsiacRhitQRe Wedfold badeaRilfiaksignd Igﬁfvlnﬁra%ﬁfétfsa%s@ﬂe%yw th
the vertex opening positioned closer to the manifol'd than the base 0peni ng;
15 organizing matrix deposition, promoting cell binding, or guiding the

migration of cells through the luminal space.
Claim 31. The system of claim 30, wherein the defect is a severed nerve.

Claim 32. The system of claim 30, wherein the defect is a pinched, partially severed, or

degenerative nerve extending through the vertex opening of the at least one scaffold guide.

20  Claim 33. The system of claim 30, wherein the at least one scaffold guide is substantially
non-porous.
Claim 34. The system of claim 30, wherein the at least one scaffold guide comprises pores

that are sufficiently small to collect the cells.

Claim 35. The system of claim 30, wherein the at least one scaffold guide is composed of
25 a hydrophobic material.
Claim 36. The system of claim 30, wherein the scaffold further comprises at least one

fiber guide extending generally longitudinally through the luminal space and the vertex

opening of the at least one scaffold guide.

Claim 37. The system of claim 36, wherein the at least one fiber guide is in fluid
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whereby the at | east one scaffold guide facilitates tissue gromh at the
tissue site by organi zing matri x deposition, pronoting cell binding, or

gui di ng twe 2mogrreds7on of cells through the |um nal spacect@sasgosdis The
system of claim 30, wherein the defect is a severed nerve. C aim 32. The
system of claim 30, wherein the defect is a pinched, partially severed, or
degener at caremnarictforewitke tiei tisgud diteaifglie didrec.vert ex opening of the at | east one
scaffold guide. C aim 33. The system of claim 30, wherein the at |east one

scaffol d guigde i substantl 0 C ai 4. The system of claim
300 wndrafhi e, cHEIESeR ARBITAe NOPRTIr BH Rt ABs FoTE A est ML ar o

suf fi ci enédrﬁrnﬁﬁﬁ%ﬁtﬁoﬂ@ﬂl@ﬂie‘rﬁ&hf&l@@n&ﬁk yPteadfof Watfia Fige Syst em of clai m 30,
wherein the at | east one scaffold guide 1s conposed of a hydrophobic
material . C aim 36. The system of claim 30, wherein the scaffold further
conpr i $daimp39.| eadthegrstemi qfélallgl}ﬁd@/h@rﬁmeth@l aﬂgaajg enefibéd grideoraninrises filttoy

t hr ugh t ertex opening of the at |east one

sca foI d I%H%égﬁlteéd?@gﬁt (s%flys 26¥ claim 36, wherein the at |east one
fiber guide is in flui dcom*rum catlon with the tissue site of the nerve.

A ai m 3dainTé@ sy sthenysémaif alaim 36, whireincthe at lesst ahe fibasduiduie gbndisity linbatle i s
influid comruni cation wwth the manifold and the at |east one scaffold

gui de. .ai he syst of .clajm 36 erein e at st one fi ber

gui de éﬁjwm. es fj;-l;ﬁrséﬁﬂémpﬁ’?glaﬂrﬂéﬁow ergipthe af st PRE @B%rrgénclq} ivgbsaspable. a aim
40. The systemof claim 36, wherein the at [east one fiber guide is

gener aldyin 4near Th@'s%t@ﬂm‘bf%lalrﬁm ﬁrlriéx"eﬁﬂhé’ﬁt 1%55%{1& ABer MRS 1§'c@mPH§ed‘%tf | east
one fi berquw de is bioabsorbable. Caim42. The system of clalm4l, wherein
t he at lagemer fittber gui de is conprised of collagen or fibrin. Caim43.
The system of claim 30, wherein the manifold is p05| tioned adjacent the

di spal e pf t ) 4 he, s of .cl

rra?ubfolcgélglr%é\zl dets:ﬁl r ggﬁ%lgé)fglragﬂslgb g’h%r-rgeedel?}eéln | ]Id 1§/p?s ta?l}?g glag%'\fﬂ%h ﬁhatéf of the
nerve. C di¢wethe ndive. syst em of cl ai m 30, wher ein the manifold is conposed
of a bioinert or

Claim 44. The system of claim 30, wherein the manifold provides reduced pressure

preferentially to the distal side of the nerve.

Claim 45. The system of claim 30, wherein the manifold is composed of a bioinert or
15 bioabsorbable material.
Claim 46. The system of claim 30, wherein the manifold is substantially tubular or

cylindrical in shape and positioned within the luminal space of the nerve conduit.

Claim 47. The system of claim 30, wherein the manifold extends through the wall of the

nerve conduit in fluid communication with the luminal space.

20 Claim 48. The system of claim 30, wherein the scaffold is formed from a foam or gel
material.
Claim 49. The system of claim 30, wherein the scaffold comprises a bioactive agent.
Claim 50. The system of claim 49, wherein the bioactive agent is at least one of an

antibiotic, an antibody and a growth factor.

25  Claim 51. The system of claim 49, wherein the bioactive agent is a growth hormone (GH),
28



bi oabsorbable material. O aim46. The system of claim 30, wherein the

mani fold i s substantially tubular or cylindrical in shape and positioned

wi t hi n t hwol2emiineds7space of the nerve conduit. C ai m 47 pcThe2@ystEms of

cl aim 30, wherein the manifold extends through the wall of the nerve
conduit in fluid communication with the Ium nal space. C aim48. The system
of cl ai m 8bonesnerphbgenetie peweifi(BMP)j warfstrmatg growth fecfooaniTaiF-gsh TigH-Brd al .

Claim49. .The syste f claim 30, erein the scaff C rises a

bi oact i veﬁgré’g}?ﬁglgr@”g]? %Cg’é (ﬁtf g?s}’é‘ifé’g?ﬁebcp?%yassmu {ng%‘g?re&g%h bi oacti ve
agent is hieast/meophhgABolaRY sthh@lhiiky fa81dr fOM-OSH), cpiderfal PreWthiTadt@ct or .

d ai m 51. gl%ﬁe gﬁstem (%h %I ai mﬁ%lQ, vmgr;geiar] {gdg bi oa%:/te?ve agg?]t isaa growt h
hor none (&HE)ap detygshergetiefactor (RIDEGE), inqubivdike grovithshaonilGy).gremmld
factor-a (TChR-a), - i-br,obl o] factor (F )

(actor” 2, CETsl FTihs PRGBSl B el BB s,

gr anul ocyinedrieaking fuinagerecrobie MctGtd (MR bondrae powth BdEINGEF)epi der mal  growt h
factor (EGF), platelet derived growh factor (PDGF), insulin-like growh
factor (IGF), vasgul ar endot helial growh factor (VEGF), hepatocyte growth
f act or /&% %%r f dOESYSIEH FEﬁ)i}Oawh?rﬁthQt@P BEAYP AONQUIROMATISES palics along its
fact or - a( ENGhahat 5 rmelnV. ; | f claim
30, wher e}%lﬁt ﬁeatggr ve cﬁ)ﬁggﬁ%}%ﬂ%ﬁ?ggg&ggﬁ%@é% gP?r?gé Hes enétﬁ%ﬁﬁ%gt forns
an openi ngjtedndrsedlgble vathnmevoe nowe digstreielenems. ant abl e around the tissue site
and seal able with one or nore closure elenents. Caimb53. The system of

cl aiym . rei n,the nerve conduit i s conmposed of .a bioinert. mat.erjal .

G 20 hinkRE" 2\ T NP QY SR Wi e St comBhR re Tifbecd of
a bi oabsombebke material. C aim55. The system of claim54, wherein the
nerve conduit is conposed of collagen. Caimb56. The system of clai m 30,
wherein _the nerve conduit conprises pores. Caimb57. The systemof claim
56, whérlaihi4-he Jhesystamofslaimidg; whereip haaerve conduics gerapesed ofatry of cells
fromtiss ] t he nerve conduit into the |Ium nal space. C aim58.
The systebr%%%%gf:qagl%%qgtggal\hher ein the pores have a dianeter of between about
5 mm and about 50 mm

Claim 55. The system of claim 54, wherein the nerve conduit is composed of collagen.
15  Claim 56. The system of claim 30, wherein the nerve conduit comprises pores.
Claim 57. The system of claim 56, wherein the pores are sufficiently small to exclude the

entry of cells from tissue surrounding the nerve conduit into the luminal space.

Claim 58. The system of claim 57, wherein the pores have a diameter of between about 5

pum and about 50 um.

20  Claim 59. A method for providing reduced pressure to a defect at a tissue site of a nerve,
the method comprising:
implanting a nerve conduit having a generally tubular shape and having a luminal
wall for surrounding the tissue site to contain fluids within a luminal space
between the tissue site and the luminal wall;
25 implanting a manifold for receiving reduced pressure and in fluid communication
with the luminal space to distribute the reduced pressure to the defect;
implanting a scaffold comprising at least one scaffold guide having a generally

frusto-tubular shape with a base opening at one end and a vertex opening at
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Claim59. A nethod for providing reduced pressure to a defect at a tissue
site of a nerve, the nethod conprising: inplanting a nerve conduit having a
gener al | ywoubwesssshape and having a lumnal wall for swecraspaivng7tihe
tissue site to contain fluids within a |um nal space between the tissue
site and the lumnal wall; inplanting a manifold for receiving reduced
pressure and in f| whaotbemmdnwheatin dre atil¢ast edesscaffiotd galdesppostioneddiigtin tHeut e

t he reduced pressure to, the defect: inplantin scaff.ql.d conpr.i sing.at
| east one scgffol dhétﬂin&]esmﬁ?/}“rémgcg@ﬂgﬁ a‘&’“?"’%ﬂi@%’-"?ﬁ‘ﬁ‘ﬂﬁ&? gﬁgﬁafme?qma
base opening at ongyififle #BFexPoptideSosRRAN APscdtd R MidiRld #ad ke n the at

| east one scaffold guide is positioned within the |um nal space in fluid
comuni cation wit hoppngani fold and oriented therein with the vertex

Chenorve. condibEiofE el il fisle HRER ol ARG BERR) BRIRERL "

| um nal space; andspqel yidig reduced pressure through the nmanifold to the
tissue site. Claim60. A method for repairing or regenerating a defect at a
tissue site oﬁpﬁyﬁ@rfwce@lﬁéesﬁ‘tf?Hgéuﬁbﬁhﬁma@ifﬁgi:toiﬂmﬂl%ﬁ? By a nerve conduit
having a generally tubul ar shape and having a |lum nal wall for surroundi ng
the ti jte to I LH T ! : t tissue
Si'te andt bl unt ool A P ESy Pebittu ¢ KR, o BRACTOEHIERDe B

pr essur e mpithod nompusidg:communi cation with the | um nal space to distribute

t he,reduced pressure to the defect; inplantin scaffold conpr.i sing at
| 048t “one. sc i TEPHIGR? BEVREORTY ey PG SOERAAT R ORAIE A o
base opening at ongafNer ARFbURIME theNssAP SR t'%_g:o%faiﬂ A9 WiGIn £Rthivhigpslen the

at | east one scaffold guide is positioned within the |umnal space in fluid
communi cati on wi t h betveeendhs tisshelsitranddhé imina wallerein with the vertex
openi ng positi.oned.cl oser

oPM 10, 2051 RGAEL RRG A 5T A R B B R i
| um nal with the luminal space to distribute the reduced pressure to the defect;

15 implanting a scaffold comprising at least one scaffold guide having a generally
frusto-tubular shape with a base opening at one end and a vertex opening at
the other end wherein the at least one scaffold guide is positioned within the
luminal space in fluid communication with the manifold and oriented therein
with the vertex opening positioned closer to the manifold than the base

20 opening;

sealing the nerve conduit around the tissue site to contain fluids within the luminal
space;
applying reduced pressure through the manifold to the tissue site; and
wherein the application of reduced pressure facilitates the repair or regeneration of
25 the defect.
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space; applying reduced pressure through the manifold to the tissue site;
and wherein the application of reduced pressure facilitates the repair or

r egener atwononfo7sdae defect.Cl aim 61. An apparatus for proviudeangosedsiced
pressure to a defect at a tissue site of a nerve, the apparatus conpri sing:
a nerve conduit having a lum nal wall for surrounding the tissue site and
form n%da | um nal space between the tissue site and the lumnal wall; a
mani f ol(daife@l-ng Ancappaweasder povidingrerysed pressurgde d dsfeeka gritssucsigiafar | but e

t he reduc I I 0 .fJefect; and a scaffold having a generally

t ubul ar f‘?%%%ﬁ%sﬁ’ﬁ%éﬁse?@%éﬂlg bet ween a base opening at one end and a
vertex openi n@ netvetdoaduit haringa thiminhlewslt fofr badrelindéigthe pssictsite amdifomning an t he

| um nal space with the vertex openi n%, oriented closer to the manifold.

O aim62. The appat@rinel space betiesihe tigphsrsite and the lpmmalvalls 5 severed nerve.
d asm 63. The aeﬂ?agﬁfo‘?& Hé:vixgéa%lﬁfe&‘op?or r%ﬁfiﬁ%fédﬁg@ &shfel toldBstAburé fiehed,
partially severed, or degenerative nerve extending through the vertex

openi ng of the scafrédiced psairertocthe ddfeet; apbar at us of cl ai m 61, wherein the

scaffold is subst ially non-porous alm65. The ratus of claim6l,
wher e n the SCAPHONY heuibeEeRebls bdler Fut g AR afBRBrehaPhc o b na
cells and proteins.p&high B §R endfd ARRAERD NI at thPdtHeGehd, IR REATAN bbiag
scaffold is conposed of "a hydr og@hobl.c or a hydrophilic material. C arm 67.
The apparatus of clpabitipgad withiorthe linting spacsfwidh e vartehepeningngrtantedcleser | east
one fiber guide extteﬂ%i n%j.{,orl\(?lough the Ium nal space and the vertex opening
of Phe scaffol d. C'Ar»BE" e apparatus of claim®67, wherein the at | east
one fiber guide is in fluid comrunication with the tissue site of the
nerve. (lhigi 62.69. Theeppdrhms af tlaindt] olvinireinGle dofbeiea sevieled mive. east one fi ber
guide is in fluid comunication with the manifold and the scaffold.C aim

70. The_apparatus_of claim 7, . rein the at | east, one, fibe ui de
conpr i <dant 63 ousThs2eP3ARS 82%1385%\/\,23*1‘8 g0 thg @ef?‘ﬁés?HWF ed: p%’égggevéfeé]i’ M7 1.

The appar giddfeQfivehd dtGéndififlGlgh th Gerdx dpeARE 0P Bfe dchiteld. gui de i's

general ly

Claim 64. The apparatus of claim 61, wherein the scaffold is substantially non-porous.

15 Claim 65. The apparatus of claim 61, wherein the scaffold comprises pores that are

sufficiently small to bind cells and proteins.

Claim 66. The apparatus of claim 61, wherein the scaffold is composed of a hydrophobic

or a hydrophilic material.

Claim 67. The apparatus of claim 61, wherein the scaffold further comprises at least one
20 fiber guide extending through the luminal space and the vertex opening of the scaffold.
Claim 68. The apparatus of claim 67, wherein the at least one fiber guide is in fluid

communication with the tissue site of the nerve.

Claim 69. The apparatus of claim 67, wherein the at least one fiber guide is in fluid

communication with the manifold and the scaffold.
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linear. Claim72. The apparatus of claim67, wherein the at |east one fiber
gui de i s bioabsorbable. Caim73. The apparatus of claim 72, wherein the at
| east onewbizbawo7gsarde i s conprised of collagen or fibrircT@saso9modsyis The
apparatus of claim61l, wherein the manifold is positioned adjacent the

di stal side of the nerve. Caim75. The apparatus of claim61l, wherein the
mani fol d provides reduced pressure preferentially to the distal side of the
nerve. Cimi’® 76. Tiihaprappies eff dlaimo7, stheiain 81k at Igastrapefibehguide adrhptiss i s
conposed gf Loinert or 'hioa rhable material. Claim77. The appar at us
of claim r(l‘% p\l%/ﬂté?sé?nns etxﬁeéldﬁlﬁrﬁl éﬁ%lp nglLfBg‘ieanti ally tubular or cylindrical
in shape and positioned within the lum nal space. Caim 78. The apparatus
of cl aChifil1. wheTh¢ appafeugieiuldinl 67, ehicfsitltheta feastdinetiiber paitie isafentalty ner ve
conduit in fluid comunication with the lum nal space. Caim79. The

appar at usi®#- c| ai m 61, wherein the scaffold is fornmed froma foam or gel
material. Caim80. The apparatus of claim6l, wherein the scaffold

COMPr i BR§m&2D1 0a%hd ¥SHaBHRNGE cl&hPé T vihbreid (e a@[bgﬁt_rcﬁire%ep uifié %‘lﬁ% orbdBier €i n

t he bioactive agent i's at | east one of an antibiotic, an antibody and a
gromh factor. Caim82. The apparatus of claim 80, wherein the bioactive
agent {him 7gr owt Rhérapnamaies ¢iE)im B, vdereimtheph bgstraeifibepgwde isrcoaBuised of
transforni rowwh factor-a(TG-a), a TG--b, a fibroblast growh factor
(FGF), grcgﬂ%egcofi Sl ony stinulating factor

(G CSF), granul ocyt e/ macr ophage-col ony stinulating factor (GW CSF),

epi der Celimgiowt hThaggparkatidsiclaimPd 1@ indlefin tRmAER]DisPobilioh&ridicehBer) |
insulin-ljke growh factor (1G), vascul ar endothelial growth factor
(VEGF), Weslssleafdhepasyg-n fact or/scatter factor (HGF/ SF), an interleukin,
tumor necrosis factor-a(TNF-a) or nerve growh factor (NGF). Caim83. The
apgr a cl a4 i1 04 dve (eTalel0) .l i al ong

i tlg}al egléh?rﬁqzshat ngr %%%{)@%@ﬁlg&ﬁh@rgfee\gﬂ%he ngﬁ%gﬁg@ﬁgﬁﬁ%ﬁc?d |érrsp ant abl e
around t Ipecfeicatally withedatatisideaf thielnervei t h one or nore cl osure el enents.
Claim 84. The apparatus of claim61, wherein the nerve conduit is conposed

of a bb%‘inqqé The apparatus of claim 61, wherein the manifold is composed of a bioinert or

bioabsorbable material.

Claim 77. The apparatus of claim 61, wherein the manifold is substantially tubular or

15 cylindrical in shape and positioned within the luminal space.

Claim 78. The apparatus of claim 61, wherein the manifold extends through the wall of

the nerve conduit in fluid communication with the luminal space.

Claim 79. The apparatus of claim 61, wherein the scaffold is formed from a foam or gel
material.
20 Claim 80. The apparatus of claim 61, wherein the scaffold comprises a bioactive agent.
Claim 81. The apparatus of claim 80, wherein the bioactive agent is at least one of an

antibiotic, an antibody and a growth factor.

Claim 82. The apparatus of claim 80, wherein the bioactive agent is a growth hormone
(GH), a bone morphogenetic protein (BMP), transforming growth factor-o. (TGF-0), a
25 TGF-B, a fibroblast growth factor (FGF), granulocyte-colony stimulating factor (G-CSF),
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material. Claim85. The apparatus of claim61l, wherein the nerve conduit is
conposed of a bi oabsorbable material. C aim86. The apparatus of claim 85,
wher ei n twe 20ayoresqgonduit i s conposed of collagen. J ai rc8is2000pcappar at us
of claim6 1, wherein the nerve conduit conprises pores. Claim88. The
apparatus of claim87, wherein the pores are sufficiently small to exclude
t he ent r grasfilosgte/sadrophagt-icsmug ssmnlatiug dicoay (GM-CGSE) vepideomdigrowtinfactor he

| um nal : i m.89. The ar of ¢l ai.m 88, er ei he res have
el SRR L e o PR B S bR S R B
of ﬂ a: (Teﬁd&theli&h BFoRR fAdist (VEITHH) OhehatoByte Trd il fHct6 N SBAHE fstot GIGIMSEY dnhe
scaff ol d.
interleukin, tumor necrosis factor-o. (TNF-a) or nerve growth factor (NGF).
5 Claim 83. The apparatus of claim 61, wherein the nerve conduit comprises a slice along

its length that forms an opening whereby the nerve conduit is implantable around the tissue

site and sealable with one or more closure elements.

Claim 84. The apparatus of claim 61, wherein the nerve conduit is composed of a bioinert
material.
10 Claim 85. The apparatus of claim 61, wherein the nerve conduit is composed of a

bioabsorbable material.

Claim 86. The apparatus of claim 85, wherein the nerve conduit is composed of collagen.

Claim 87. The apparatus of claim 61, wherein the nerve conduit comprises pores.

Claim 88. The apparatus of claim 87, wherein the pores are sufficiently small to exclude
15 the entry of cells from tissue surrounding the nerve conduit into the luminal space.

Claim 89. The apparatus of claim 88, wherein the pores have a diameter of between about

5 um and about 50 pm.

Claim 90. The apparatus of claim 61, wherein the manifold is in fluid communication
with the scaffold.
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