SYSTEM FOR PROVIDING FLUID FLOW TO NERVE TISSUES 100011 This application claims
priority to U.S. Provisional Application Nos. 61/142,053 and 61/142,065, each filed on December 31,
2008. This application also claims 5 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 September 1, 2009. Each

of the foregoing applac{%'oéls IS incor%orated herein by reference in their entirety. BACKGROUND
101.Field of the InvartdhEM Qa5 ﬁ)ﬁgw&%lﬁ c%%&Wéfé?e@%Bﬁ@éﬁ UESue engineering

and in particular to apparatuses and systems suitable for use in treatment of damaged nerve tissue.

2.Description of Related Art [0003] Clinjcal studies and practice have shown that providing a reduced
pressure in 15p|l€;§|(ﬁjt>j:J fis %%ﬁ%!lgﬁé”ﬁff&ﬁ%rﬁﬁggﬁa HE%BPéPé(ﬂé‘é’ﬂ%@PBRﬁﬁt M tissue at the

tissue sité17142,6fphedtEiisad 065 phenpiResnDasenibtn 810060 PUTARPYGHQRI6h el catharessure
has Qeen particularl cessful in treating wQunds. This treatment (frequently referred to in the
medical c?g AR a§ Li%%gﬁ%agé@iﬁ%? d ﬁ@%‘b?gz’ @ﬁgc‘gﬂ‘%‘t‘&%h]rg’ %A §F-Byvacuum
therapy”)RreowsitembApphicaionl Menefits 8(iodied aatsefemed RIEDOCBasEdLAAOfFRetinALOS

granulation tissue. Typically, reduced pressure has been applied to tissue through a porous pad or
other ma%ﬂ%qll ﬁ?lgo lase{;é%@?égﬁtgfgﬁ%r%%’%6?%{%?)8}&]%6{5S?W%apable 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 C(r)ﬁ?éiﬁg{%éhat facilitate treatment. A scaffold can also be
placed into a defect to support tissue growt Do5The scaffold is usually bioabsorbable,
leavitig neéw tissBielid éfsthteheventid004] Scaffolds for reduced pressure treatment are described in,
e.g., WOO8/09]@% 07/092397, W007/196590, W007/106594. The adequacy of current scaffolds
for reduced pressuré treXtREHe S BACBUSN Bl T BROFRLY dastHacReinstyResd dRRarHeWhg. Injury
to body tissamgmraasttsandssysasmsl satabiofoe see s erauiihcae g datinkstbgas Ofikarling that include 30
hemostaiis (seconds.t .houreﬂ( ip‘frka mation (hours to days), repair (days to weeks), and remodeling
(weeks td"mont sﬁsﬁ\rW%'ﬂlfe({f § 8%%gy exists across most tissue types with regards to the early
phases of the wid@0d]ehitinglpndéssand pretize Haecsihgrs dpadindiiar ¥ asiudsdipaatgerbagin to
divqgge a& (‘gi}g\n% atsse§, with the involv?me t of qiﬁerenl'hteyges of . . .

y 10 a {1ssu€ site augments and accelerates t rowth of new tissue at the tissue site.

The applications of this phenomenon are numerous, but application of reduced pressure has
been particularly successful in treating wounds. This treatment (frequently referred to in the
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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growth factors, cytokines, and cells. The later stages of the wound healing response are dependent
upon the previous stages, with increasing complexity in the temporal patterning of and
interrelationships between each component of the response. 10005] Strategies to facilitate normal
repair, regeneration, and restoration of function 5 for damaged tissues have focused on methods to
support and a nt particular ste ithin.this healing response, especially the latter aspects of it.
To this e’ G%Q\t:?tpﬁ%sac s()?l%?%kﬁﬁ@z?\éi tr%ﬂ-ﬁ I%’ItgF Fﬁ%ﬁ%&o(%gﬂy %‘f@%’ﬁgﬁ,lgg&i@sé’r%ﬁ% E&lls and
various sdefkaldéng) ipchtindquissdis\stabes withpiliertalimige: omiplesam it aenyyithad peteadies Although
some level &)fnﬁucc Ss hahsﬁéaeﬁeq achieve us}ié%%this aﬁ%roach, several key challenges remain. One
main chaﬁ%ngee’llér ORAEAR LA m‘?ﬁgerzlaﬁ%ccg R AR FER YIS ach cytokine and growth factor
within the wound0i@4]irtgracesiensefadiitpticateniabrapality rtp addatichy shdilragtonos fanitos at the
proper time and in the correct coprdination pattern. The introduction of exogenous cells alsa faces
addit?onﬁogo%r%%]ﬁggﬁl(?ﬁgu&ae(eﬁ%get %?P%eéstgﬁtlaFf}rlr?rgﬁJWosélgﬁ%ﬁﬁ Weirgy é’ﬁ(ﬁﬁ‘f#’erssiﬁpﬁn ning cell
viability. i GeekhSsastivetic, anpebielygihedaatfoidpdeaveflie ehoutiliz enkdiqpravicidtuisee dokiziesjonal
frameworks for augmentin enqus cell attachment, migration, an nization. To. date nearly
it 2 G e R i e T
Traditionhbsebifahdingliethhwie gien, duontéwationelyithroteeapatbsiveAithougit endegsrbus pretsins,
cytokinesh a%rgv\&lh J%clte% gsqgl c&l{g int(% (;[Q&int%[cstaiﬁi#@ 28 (I)gthe Jorous S(@ffold..Ashs f:h, the
colonization of endogenous caIs P IReECatold s Tiited e)?ﬁ%er ‘S8 hce 3&%%0%%5%6%
elerH&ntsthathioh tpronvgoiend etréed st ol weitioinod efifflu sidokinzitanfl tie wia faithr reihinl kesafuigsue

type. In addition. the scaffolds, can also glicit an immupogenic or foreign.body response that leads to
an elongafll%ieeagl I?gpr)éasf %r}g%g%rsnglﬁc E%rmea %L&Xf %?%narérﬁé}%%%gt 8% %rtlJor]T% ﬁ(ég?r%pﬁ%?%’ Rré)lggﬁ%f)ngeether,
these comrplivatieneuaat aiv @slimat do pessthahtfenciohalttss uf cageneratieh saltocfacpsry site.

10007] It gl%t erefare be advantaggous tg provide additional. systems for }}gr ir.and remodeling
of spetial e e B BB 0 R B R0 e
apparatusespeystegslhnthbikbthods of the illustrative embodiments described herein provide active

guidance of nerygti repair and.regenerati
ontg gmbodimern?ogr? Z\%%nﬁpe%c bl&oé}ﬁgscg?%j

rough.an implanted manifold,and nerve conduit. In
aratus for provi e @%glagﬁr‘é%%%}‘ﬁ L Zg(r?a%)}) 5%Vdc?%%}|]ﬁ?aefing growth of
nerve tissliménsiopalifamisvysnds dechtim éntingl esda gemmes cel dttidchnanig stégtatianjfaid adaptable for

mplantaef g & AAMAGSAASIvE: ) WIRIR Ins ianiold providesand distpuiee teduced pressure
at the site 0 amaged nerve tissue. A manifo othel

d according nvention may a so?ecgréupled toa
scaffold mmatisrial wdrichvith therbivdogyutEsadbtond d@ifskling totinulogideshawervartuedy wrathi for growth
of the passive influx of endogenous proteins, cytokines, growth factors, and cells into the interstitium
20  of the porous scaffold. As such, the colonization 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.



10tissue. [0009] In another embodiment, a system for providing reduced pressure therapy and
facilitating growth of nerve tissue in a patient is provided that comprises a source of reduced pressure
for supplying reduced pressure and a manifold nested in a nerve conduit adaptable for implantation at
the tissue site, where the manifold is in fluid communication with the source of 15 reduced pressure.
Such a system may also comprise a scaffold Wled to the manifold which further distributes
reduced pressure and provides a structural m?t | growth of nerve tissue. In a further

embodiment, sUORM8k ¥ teappamtdsethersconspiisense tadistether flust sni wiataddiames valve for control
of reduce&zeu%;l ss(ﬂ’le in fluid com unicatjgn with and%)ositioned .betv(ieen, the mar%g(lld nd the

1B e SIS HRTYS SPEIE AN ERRTATHRY ftion further

C Créin provi clive gu
reduced pressure SOt I ShIPETFRES
comprisesalfivietlsoancfe lid shd chevmoondidatibnontleiiite dasifglshappihaud dorggedidiap e tissue.

[0019] In a further embodiment, a mgthod of provid educed pressure therapy and facilitating
growgt)h o¥%1gf\?§ Igeésggrgggeg?@f ik gé%\‘/’éﬁt%én 8}~n‘€§§>etr fherg%gﬁgufﬁli% %Pg\%hﬂgdg\égﬁ‘ﬂ‘f]c% implanting
a nerve coclddésanutnestedduianifd neatethmisisolel aileptablerfottimphaniiode 2bapdavises assduced

pressure_to the damaged nerve tissue, The ifold may.alsq be coupled.to a sc gold magerial,
wherein tg%’s%qé?fgfa%ﬁ% e?%]lfé?r%glr SLdgss régcﬁjg}éﬁ%r%tgfrfg%ﬁ%@ r&;swgaghﬁg%e?% aﬁgg%‘g]t In certain
embodinments, tikmen eAhodnfifioiderccoriingsesipravwedinipa mynietobie dbuipl €b torm ek €talid mutit=a fluid
source, wherein. the flui rce may he used to deliver.a fluid to the manifold. and the damaged nerve
osue. B A R e A R Ee A L RER MG BB o rnore
biod@tivetissmapounds including, but not limited to, an antibiotic, an antiviral, a cytokine, a chemokine,
an antibody, an th factor, .[0011] Other abjects,.features, and advantages of t
illustrative emb d@%ﬁﬁ%ﬁ %c%nrwéng){begr%é%tswi H}g élr%rr?é}é 4 ﬁee%zirceen‘}v%rgegsgﬁedt atated escription
that follofecBiRiEE PEFORIPFIONISRCTIHE PRAMNGES HRDHA] Ed@ptisesa sohamaficchretspective
view of - m, for repairing.a seveted nerye.including a neyve conduit and a first
embodi%gg%%?igﬁgﬁﬁ%%?ééﬁgﬁgga old %5?/%%1 [ Ig?rélg(lg Pegev%l?ﬁl a'setion ot g%zac%@%ég lit
removedinepbintetitnetitbeiistdeasitt sehtis dh¢00adfeHiGs thifleidchematidaperspéttithe srcobi
reduced- r mQf for 10 repairing a severed nerve including a perve condyit and a second
em odim%ﬁ%%gp fﬁ%ﬁ%l a%%asggaﬁ%%lﬁgﬁ%of%&%rﬁ? &SWi oaclij gé%%cr)lﬁpgp #Peler((li)etf)vﬁl%onduit removed
to show thenifeldifwhdch furfbed diskiButesisduset gueasicepad pentides\aesstrat tha scaffaltbatic fiber
guides o Q\?Itﬁe Jyessure syglems sh%v(\)/giin FJ[GS. 1 and 2; 15[%0 5],FIG. 4 is.a schematic, side
f the es

view of three embodiments of the fiber %ruel tment, Such a systetn m fier comprise’a
canister for fluid capture and/or a valve for control of reduced pressure in fluid communication
with, and positioned between, the manifold and the reduced pressure source. In still 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.



shown in FIG. 3; [0016] FIG. 5 is a schematic, perspective view of a fourth embodiment of the fiber
guides shown in FIG. 3; Ntra jl n.j. io a avuvanaus,5 pc"pckaivc vicw vi inc systvin 111 fik.JD. 1 CUBA
L snowing 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. DETAILED DESCRIPTION

[0019] In the fol(kta i tailed. description oé%&fe iJlustrative boﬂ-ilmen,ts, reference is made to the
accompanying rg\;\zgéﬁ?ﬁﬁf’ Eé?ﬁIiSa iR #Vé'é‘éag?ﬁ@f SRt B smbsRSAtS Silkient detail
to enablebticose ahipeerinwih acfdrmracde thawigntod dendddiddsaipipistaadmiather
embodiments may be utilized and that logical structural, mechanical, electrical, and chemical changes
may be made without departing from the spirit or scope of the invention. To avoid detail not necessary

to enable those skilled in the BRIEP BESERIPHIODOOMEHE BRAWENGSrein, the description may

omitcertain inf I wn to those skilled in the art. The follpwing detailed description is,
therg?ore, not t?&ﬁf@r@ﬂ A A O %Y?hvée&é8§86 SNBSS SR fhents are

defined ompatningesapereddedvel rniading {@02@] Hathiitagda Fi6 e daeasesf pressifsidhampy
system 100Q lying.reduced pressure at a tissue site in the hody of a patient to.repair. fect
chch as, T A e e S TR S E R Ra  Bt e
partially distecaffadtbd or severed, or partially degenerated as a result of disease. For example, the 15
damaged nerveyj ~J-1S4a severed nerve 102 having a proximal segment 104 and a_distal segment
106 relative to t @?’eﬁfra 'r?e%\slgussg%%/%l glr%’ Péﬁ%e)cgyﬁw‘é%ﬁ’gﬁgﬁﬂ%gegé%fgﬁéﬁrﬁ8?[\%6'{‘0% s been
darhdgedepabingvecuaerhgersitént Dl ithas has/beendsivaidd sscdadensiedadedihe sevaiidlgerve 102
may be t%rﬁp h r.unbranghed at.the nerve dama ite 108. The term "nerye Agin- site" as used
herein re ersg%?go v%olﬁarYén grqggeefre%]ful%%sa el(t?l SrooF Wﬂrﬁﬁ@%f}%@?fé’%@ﬁé§ﬂ@9ﬁ’1€§/ﬁ8%%ﬁfenot limited to,
a disconnwardoldyr partially disconnected nerve, a degenerated or partially degenerated nerve, and a
compressed or pi e. For.example, reduced pressure tissye treat t may be ysed to
enhance repair@ggfrﬁlv\t}t%%F &g |%I§artlle€ eé Iilsggﬁ{éivgr‘@lg‘?/a%%lllﬁ%ﬁescélro(&)/\iiﬁagg] eﬁ&il}élf’ ?r%% lanted
nerve tisssuicaddpoessatis sT00RS sibven nadti€es) presblre therapy system 100 comprises a nerve
conauit 110 thaf0015] FIG. 4 is a schematic, side view of three embodiments of the fiber guides

shown in FIG. 3;

[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.



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 th r 2123 ' , I.e., a luminal space between the
inner surface 112 of the nerve conduitﬁﬁgéﬁﬁiﬁq s@gégj%ﬁﬁ%gnerve damage site 108. The reduced
pressure therapi@i3ldmti® toliseingrigtrided deserdpiien ¢ drsillessativeehbodong@myidiseaceeduced
pressure,and ifald 120 fluidly coupled to the reduced pressure source 115 via a first conduit 125.
The manﬁfflda (%rgoaﬁlg S‘é%oérrlgﬁ?%% a{?‘cﬁn Slt?ﬁ‘éﬂg"a it aﬁp@e@%?g,@ R IS Bf€closed in
copendindgigribep et e ditail 18 /614 6Ro sackitbad ataitidaretin gractide thadeyandnesidoned within
the nerv he manifold 120 may have a variety of shapes depending.on the t of nerve
dam%ege, an f%gt?ﬂc}st%éer?%ﬁ a?%?ﬁ%gﬁﬁ%%ﬁ? ada’ h}c)zﬁ?}i)é%(gwt}&g E[)%gbcggg G lrtfgﬁgg?%% nerve gap
114. Theetaetrifeldabd@mmicalschengesimachéfolddnatthialtipdttgfordée spivittorsdasctisbihe growth
and repaf' Ihe re e e therapy system 1 rther. prises a canistey. 130 fluidly coupled
between t;R/e @e%’ggg %98’;&51‘%Zg§o%":1c‘éefi¥§agx§°t %aﬁ%ﬁﬁ%ﬁa ﬁ:@%é %Eee %ntgl.ﬁfafﬁg%%gollect bodily
fluids sucimbediinendsotessmibieddhdneinathedieneripiommiag sonffoietdiB4ndonhtitéonduvesgaro flibse In one
embodinlﬁm & e re.10squrece 115 and the canister 130 are,integrated into.a single
housing strugtéf}reﬁg(%{%]cizE %ﬁ?)tﬂé\rvénrﬁgg%lr%gn Fa r%o Lce -%ﬁ%%g?jrréog/{%t%%%ﬁ 18 %E%nv%/ Y% FIG. 2
and s sutssssnand yhsisvitmetoftthe iHusteatiip cesbodorsyssene defindhenigdycte pppeaded thenapy system
200 comprises gyasgYRenduis 11 surrqunds the severed nerve 10 e nerve damage site
108 with a secti@n of],tz{ég r‘%r{\}){g g%ﬁggi?flfdere%%vgmgug c{?lvsrﬁ?g REVe d%aorané;greafggﬂgglo& The nerve
conduit Teduiecd pinetsurgaitya titruasite shihpeady alagetitne toeepaidanefget sitehlB3 fanexampition of the
proximal sg, 04 194, %d | §§ I ment 106 that has not been damaged. The,nerve conduit 110
has an exj[e%{cl)ar%sur ace 1l gﬂgﬁl agréalrﬁ]ﬁegr sur eg ﬂg?hrgﬁoﬂr?ﬁlg Eleﬁrel lgcﬁslgf?f %Gil% the surface of
the nerveigeonaesiedier $68:1:d, oa partinll dpgaeaidd asA. resiiie ofidiscassefdéer ttghailthéhaerve
WKL 0 21 e LY Y. Y LY DENG 4363708, 20015 108, The sedupedapiessuyg system 200
also comprises a reduced pressure source for providing ‘a reduce %ressure and a manifold 220
fluidly cotggiaaniol iferplaibs e tho wasdralizewaus fystero GGNS L a6t mteahifOle 3et:(séacere., the
manifold gis¢lasgd.] i | 48,458, incorporated herei reference)
1Y HSEELANGARSAA I, R
is contained within a man%ld charfc%,é: 1%%%%81 g§ f%r%%%fﬁ%lx g\l’/le ﬁl&gofrrc?ﬁ’%%%eéaé%({]d of the
manifoldseretetheeree 102 moy hedoranghetcomentifoltlutthat Her R2tctdamegrenite bdhdlilelitfm The other
end of the, tpanjfald chambey. 22 cli%éi%ﬂ{‘ ged o t first conguil that the manifold 220 is held
in fluid cqmmunicatign with t?]e f%rs_t condl%t 15%5 %r%%ﬁgnoﬁo%qg#am %é%rgz%%gf/t %Qé‘%}’]&er{}’&ed of any
bioédmphsitie ineletingtbat roslivzitedtially dispennestdd enpastiedlyrdsthenededokivs220 fluid

communicati I irst it;125.T manifold champer 221 is
Rl S o S e R RS R i P S
commuriiediind wiesstHe hstuetepatient map bandadterakantacepaittioe 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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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 applications, the flange 222
is detachably secured to the nerve conduit 110 such that the flange 222 and manifold chamber 221
can be removed from the nerve conduit 110 after reduced pressure therapy is complete. In one

embodiment, the. manjfold 220 extends thrqugh the wall of the negve conduit 110 in direct fluid contact
with the reREGARH Ul GhSHIEESALD ﬁsmge sw&wé@oﬁlafﬂ?ﬂdw%%@gﬁt%ange
222 is sePatad Kpjie. dldetiod8/daseiddapirthedianen aneiidididd )senthpd st neariigichaRe is

itioned adjacent. to the exterigr surface 113 to be in fluid communication with the nerve gap 114 via
Fhoesklgpoinse%éalg(%ﬁm? ﬁ?e%%&]ﬁi%%’ﬂ% 810 YRS Y AP TR & 5RF L’&%BBIE‘W'%[? es direct

coupling nerivdirentdd) aabiplitgssa m‘aﬂ@aﬁﬁtbodbiﬁﬁg H&e,ftemmae@fu@ieﬁa aftfm@nswﬁ@ss?iﬁwo ocz
more. components that are conti ith one another rtue of ea e components forme
fromthe ga%%%’%ﬁ%fﬁ‘ﬁt@ﬁﬁf?&%ﬁ?%%ﬁﬁoéz(?afﬁgbs‘yﬁ%( Mﬁ’éa@ﬂgﬂgﬁtpﬁ?&ﬁ%ical, thermal,
f)r electris&hcnmplfm‘lytifillmécgﬁwﬂdim%lmh' s fh}aé fkiddcaiipr?gnmmu{aéf@tygymm designaied ﬁartsfor t
ocations, 15[0024] In the cantex of this specification, the term "reduced pressure” generally refers to
a pressure a{%ﬁ%ﬁg%‘{}%eﬁ(éﬁé? g{’f%iﬂé’n(io E&%&Féﬁ??é&%ﬂ%@ﬁ%&tﬂﬁ?ﬁ%’%gﬁ%&% ent. In most
cases, thisarethldd@@rés shiseoniduie]l 2S5 sotbalicthdadihofphisriug asdlse dbtkeddertibatatavhich the
patient is Jocated. Although the terms 'vacuum” and_"negative pressure" may be ysed to describe the
pressuredarf:l)‘ﬁlﬁle(glotrcl)l fﬁ% %%Eﬁoé((?slftge‘} ials ﬁ?m‘?e%?a}i ‘gpﬁh88%8@83?&?}&’3&3%%%%‘{/1’685%%ificantly
gredfer thanrthd pressuie canisteiy 38 apeintegrutih iatocmhigleh&a&imgmﬁeﬂnsésteTt t\_/vith this ; f
nomenclature, gpincrease in reduced pressure or vacuum pressure refers.to a relativ uction o
absolute pressﬁrﬂqu\ﬁw ﬂ%%ﬁo%egr%%%lgg (?H%%n uoge%r%ﬁl«ggg 'Per%lé)\lfgcﬁyﬁﬁ%g@sﬁr@?&&?@ﬁ%l%@e
increase isfsabstehitallyreissilaetolthe tedorddip'esseany sthmnt(dinTedtekd g pssustee Artaped herein, a
greater (L_e,, mgre negative) -Ap means,.25increased negatjve pressure (i.e., eater change in
pressuresﬁstﬁtr%maamb(éig% Flesseél?rre%r ﬁecé)l?gélg? gr?éstsﬁﬁfes%%oa?[‘ﬁ#é%% i\(’%ﬁ§ éﬁlﬁllfe?s&r/ré%g&?w&sure at -5
mm Hg tdam@gersite HIR widlauem;aliyeﬁﬂmwﬁemmdﬁg;llrmlmjm élUtldmidimﬁhedléﬁvdehmhg_ d5 or -%75
m 9. Reduced-pressure ma nstant at rticular pressure leyve] or m e varied over time.
m SE TS CRIE ARG coné{ultel(fg is subﬁg%a{rff é‘%ﬁg’é %%?88%&%7 8?%@%&8%%%‘&3% down

For exambﬁ-:-, reduc&f’pressure may be applie
over timesite 1080@%hRefamingf thepeaSimaBsapmh¢ne It nifo e dRMbsekRR6tddletdtivdlysanimanifold 20
for ease f explanatign, é}e systems 10 200 further comprise g, scaffold structure 134 jncluding
one or m%er%ns%a{ﬂao% gu—l[t gsng{'ovsﬁt?grrwle gvli?tg%l%ﬁgn n%’f‘%’ lﬁ%lf)uif%ﬁeii ]??ufl&l%f an nmer sufés 112

that forms a nerve gap 114 with the surface of the nerve 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
20  site 108. The reduced-pressure system 200 also comprises a reduced pressure source 115 for
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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communication with the manifold 20 on one or both sides of the manifold 20 such as, for example,
scaffold guide 135. The scaffold guide 135 has a generally frusto-tubular shape with a base opening
136 at the base end of the frustum and a vertex opening 137 at the other end of the frustum. The
scaffold guide 135 is positioned in the nerve gap 114 and oriented therein so 5 that the vertex opening

137 is positi clos rt the old nthe base gQpening 136 which faces the proximal
segment TP j % é;?%ﬁ% Sﬁ%ﬁ& e gt b Fo s 'tﬁﬁfaf&%%gﬂte

dlstalfse(ilﬂﬁér:nﬂlﬁﬁaxﬂﬁl‘ﬁlrd ﬂtmmeetemapsefnlrl?g koo frdhe tHistri e adihe nmedﬁfkileeaﬁcgﬂor(e o
specifically, the scaffold structur the s ms 100, 200 co e six scaffold guides (qnly four
shown in II%'F P4 Th irft%?& 855'1 IT@T?B leypanifg gf%@se’&ﬁ%d i teﬂ:%l‘i\‘:a&tlvely the

II’]CU n

"scaffold gﬁtheae)rvehmmdmmeeaaﬁm&gﬂtdéedﬁ&mahﬂmnkﬁs?e@@ nogitionedothieihe proximal side of
the nlfoldﬁ28 SO thatFtlhelr vertex o ening s.g e closer to th mam%%% 20 than their base qpenings

which face The Proxima segtrlrlteerrlt?wﬁ 15 RO H PR FORPRHES IoRe s ¥mprise 1,
2,3,4,5 sarﬁceldemﬁthemﬁetcbgdmhesl Mthsmedimwomem&fwstwesdgé&rﬁﬁ ﬂ&nd 149 are
15positioned on the dist 5! of.th nifold 20 so that.their vertex o s aJe closer to

manifold Sﬁ%han H{gg gsi,e %Stéen}hlgsu\l/vh|8h1%lé‘el(thté°8|§¥gtf;§5§Hteeh‘f %6% lr]rhg{ é&ﬁ@ﬁf‘ﬂtﬁ may be
formed obétbeaftoid tanduitidi@rial or a web-like material 139 as illustrated by the concentric rings

139a and ribs 1 |ther bodi t, the scaffold s function as nodes with' the nerve gap
114 for protcin jo&g ke ere1n fie Q ?fﬁ]rﬂgfé #brﬁ%a‘f%t? }Pﬁé’gtp\ﬁ&ﬁ% of the scaffold

sorption and the nitialization Oéllh]te
guidés alsoupitigvamd shpammstbwemdhageﬂmd‘wmbled’helmneomtaﬁské fr@oihtobase openmg 136

toward the vertex ning 137 and the urce of the r ced the manifol

scaffold géffé‘gé%m%? e{;%ﬁ]%%%le 0 Sahvsi%hlocomp e%y %at? Q%tfé%?éﬂ%?%emﬁg%? able
material. {OBREET: mﬁﬁcﬂd)ﬁtmmdzé lﬁkhwnﬂ;pﬁmhétcmmwsaammﬂndeaﬂ&ﬁﬁeﬂgmﬂﬂﬁr%ﬂ,%
extendin th vert f.each gf the scaffql from the proximal segment 104
to the d|sqta%l‘g.%!a(\;lgir?err?tfae 1c6r ot the & se\g o nge(r:\(/nelliiﬁlf’. PRETHET gﬁt‘ es 5P FATYEBE bundle 162
also extedelirgndiedyact t)héopadmmnal segment 104 and the distal segment 106 including, but not

limitad to, as m i wde 0. The fiber gui may also be fluidly and/or
meg%gmcally cétt?yﬁqg to the proxmafseg %ﬁg otF rmtgr éjlsct (% ﬁ%@% [ﬂ'teegé@ered
nerve 10% Agmsmalﬂyattiﬁeléﬂsehguthe &ﬁ&maprbssﬂw dt;@amdimrsmaﬂhmm(mﬂvyecmdm@dé@tﬂmm anifold
20. Whe | formati mences as describ ove the SC oId uides wi irect fluid
toward tr?é{ \%#%(g){%gasémg% @P%ﬁ carold gu ﬁ? e§ @ ﬁleﬂt‘%grné%slgh it E%%BF%}%&HB?"
formatiorebetvdethepatestfie IhbcgwdieAhhwgm thatielynsxXtesuling’ batd Encptiie dprssapehingstef the

scaffold res eC|f| FI 3, fibril rm tio commenc ith direct fluid flow
%Qﬁ% J%Eé?"tfért%é% éllyg 95 8 a’loh{ ehac a res %\éét [?1

toward the vertex openings of e <&R ui es an g %5’1588%3/ the
fibe?8 15 ilthatagrbv\ﬁmoﬁg:ahdjpgtbamdmnthy phessire mgrrigdly h@ﬁbcTettedi&ﬁl’saJ&)hipia;e constitute

5either P(%tﬁtﬁt‘%‘&l%&%ﬁ@&"ﬁﬁ 1shn%?nQUt npt I'm'tqgctr%g'térfﬂ rg IIa rg}woteo %/cans and laminin,

or cellular based structures such as nerve fi ers “of & suppor ve ce ypegref %?5 oM matrix and
cellular bm%m@m&y@eh&wecﬂeﬂm hﬁmhsemtegpeeﬂsu&hwhﬂemxﬁee&aee fnardtieedntroduction of

exogen d?y%etweeof\t%gq) BrESHRNREeae Rl SaRetRAR SPRIISRIR pressli! IAERBER RPN

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
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10scaffold guides as indicated by fibers 153. Ultimately, fibers 155 begin forming between_ the scgffold
guides having vertex openings facing each other, e.g., scaffold guides 135 and 145. The fiber guides
160 act to guide cell migration and growth through the entire scaffold structure 134 and may be .
composed of any biocompatible material such as a bioabsorbable material. In certain cases, the fiber

uides are composed of a piglogical material such as 15collagen or fibrin, [0027] Referring now to
G, 3 S B e ERuPIE 2 i Bkt B AeRIeh A QTARGOH 2 e Grcated by

the dashedzanpeyschbldrgutenssinthudiogfiiépglddas sLas é@én@ﬂﬂylﬁﬁs%ﬁﬁﬁibb %Ei@ﬁe{&%ﬁyides .
162, 164, and 166 comprise, a strand of fiber material including protrusions for binding of proteins an
colls ot oS BN ST e R AL A 15 AR B ot B GIRRATE Of
specificalliys fivstuguidBe: 562ffrid dif dein o iepssitdriedrstiE BevelghS B«@ﬂﬂ&ﬁﬁf@mﬁ&%iﬁtg@nds gf
the fibril gui 1 nd 164 i irection with fluid flow and against fluid flow, respectjvely, depending
upeonhptrrlleQ#fiflij |cesv\%ﬁﬁ§|§noﬁ1eg lﬁlgr:\l/e 9ap ‘15191‘?%5;‘%1%’5?&/%1 ,ﬁ%%%?ggihé{%gl%%ﬁ8geﬁ8ﬂg§ﬁ)ns in the
shape of Whisksfa®? tocfpritiiatel pepraimblidindanthinéetiepiiea®i fiid torhatgoxbih rﬂ%@ bfthe )

4 Wi eing.aligne ainst fluid flow.as are the barbs 165 of the fiber quide 164. The
Mber pros e A A e e e o RS TS et e s GhF S e
proximal sidgefaht Mehidolh2Midviisapauifitd 36 the tvaffelesedonae/ $3407 s @}&Vei?% IIQ)QQJE@@ fbg/ the
fluidi ithi rye 114, In eral, the fiber qui 162,.164, and 166 including their fiber
plrjcl)trIEZi\évgs ﬂégf%l%%,yg% @6%1’11%%5[)@@%5?#5?8 lcrzlogrrggesséoa%a éé%éﬁﬁ@%ﬁ%ﬁ%@% Efibed for use
in otAer sCHIf AWl mldiBrids, ddch as] 140 €ralieptivety Hagtseafifdidriui Re whgrén e s&fﬁ)ﬁbe_lg gCliJid S
160 may ] rand of, fiber material that has a form. other than the Ji orm_.descrj ed above
and shov§’qnﬁ ﬁq%%l%%’zﬁr—ibaﬁ%%(g‘rﬁp e OeSls{:J ?3%%06%tg‘?igré’rxg&&lé@%@i%ﬁﬁéfﬁ%%mtﬁip.ra|
having a VisteyiteRtinaigsds slbsstatatitiéynprenidtizl 20 thenfibweiobdbeidpbiingghwiienfaoestigaprd:dital
indica%edsg;%ﬁ%g ayQ t"e . The ibe[C ide 168t.maxlals have protrusions eﬁt%]giggogoin the
strand suc%as, for e'xamgfe,%dar%sgr E)gw(lgl%ﬁ are simiaris e Scftg?gf?h]e ber gurde 162.
5[0028] Brrr mengesedfiieldigtiddss SoowspimdEi@s, thaschXoliizu &sctits) tdmavdd 49 abow the oced
mangold 0 I§; a mpletel roupding the nerve damage sites 108 as a close
ner?/sef coggslfit?%?fé |0nﬁl E?&ﬁlgﬂz\f%ire tﬁ%%éﬁ?%%ﬁ 1 s% tgt%ee ]i%%ﬁeexdolﬂefﬂggrgmec 5ﬁ§§%iﬁgit.es 108,
the nervéngsialfi29than Mhelrebsectgdriiygstibiol) face the nistal stipoas 406, oFlanycaffold fasdening

materal s A R AL A R e 2
(PLA), p&RafisRiaifcringsl (PB Ay dodhyddftle lrogitheokidib ¢RinGAY, qhel;cdfﬁdmygmt_idsnﬁm_cﬁolyla?r? arlgzc(tg rg;e,
R AR O, R St el
polyBiox&praresions phipsitnobethef thesig ity enicleppislsyivhieaminbrsctp olyphospiaz Gois,
polyanhygiigi®She nerve 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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polyamino acids, polyacetals, polycyanoacrylates, polyurethanes, polyacrylates, ethylene-vinyl acetate
polymers and other acyl substituted cellulose acetates and derivatives thereof; polystyrenes, polyvinyl
chloride, polyvinyl fluoride, poly(vinylimidazole), chlorosulphonated polyolefins, polyethylene oxide,
poly-vinyl alcohol, Teflon(r), and nylon. In certain aspects, 20 biological (e.g., purified or recombinant)
materials may be used to form nerye conduits including but not limjted tq,. fj rin,iéiﬁbro ectin or collagen
(o0, DURI R BB e BE SRR e POC S Bl SAERAGHSET B ol
structure fittedisperfsnHygaFb@tdcfibrid fonxinieh aoshelistetneiteditocaflsidoioss epidastin FIG. 6.
Examples of such substapgally tupular nerve c Q(:]d%lEJ‘%S alsp referred to as nerve i%zs, inglude 25
without Ii%ﬁ#ﬁ?o%ﬁ%&%\?&#ﬁfga ﬁﬁ%ﬁ?ﬂfg_ ﬂ%ﬁgg@@ﬁl%ﬁégﬂgﬁ&lfié’ﬁ}%&c H’ﬁlﬁﬁeﬁ also be
formed frbm thetrzpwhalbiggpbsipathadcatediby thelffisannadted 60. dBheditsds(£5d. npincbastjtarrve and

G T R RO O A BRI BTEle R LA BBAR B, he

nerve colrininis, wracidl oia baseed salittaes sebhsesitreedibe sgadc Bietive, cdlagpies eTtlede infiltration of
non-nerv -glia..In e.emhqdiments, the nerve condujt material is permeable, thereby
allowing ﬁﬂ%ﬁ?@%&%#f?ﬁ%&%@%i%s‘s?g rgrﬁglﬁat%tléec(cf)éﬁ ¢ ueﬁl. ?to?}eééé)nrﬁlpﬁgfiﬂggné)gﬁégoﬁf a nerve
conduit nseyréss.qufficienthe sntraiiectias tf excpedeuthBuidiryAsf fbtis fotmatierconasitdsithen (e.g., pores

havi [pterior:di interior di ter of b bout 5 d 50 gm, .10 d
30 g or L0 G e 2 B T RS R R e A SR B B i

and proteratold gwdasrasindisated lyferesf 1h2 ddhonitdy, fibepsd SSubegimadiamnihglevedéhatieartisan
will recognj ' sions. of the conduit may be adjusted for partjicular.5 netv,
%ﬁgog%%&gﬂ%? t ggl?clp \9 n?‘e)? o%emn s(tiacmﬁ GXCI?l P%}%lrmee %él’ SCC)! @(glé Uu1des @’5 taéug'ifs

application nduits comprise an iiterna an-abou mm, such as
about 5, ¥hg b gniden$.01:8030 piRifenling i, ahdigeoreditbenl:pheths enetisy staffisd 00, 200, 700
may thrt ! e sQr. 740 operably connected to the first copduit 1 measure
the redu%glﬁllgpﬁ%%psfurea%é)i%%%zg%)I?§§{¥)c§)%ﬁ(gOﬁgﬁ%fggmtg)fﬁp%%%% é#n%sfo%,o l?)st?,%%kgemay 10
further inaleigtia. chntestaimitapds tHe dibeagyiderarestemn postiieop rebriliogisensateriaDsanh dbe reduced
pre§§urec§)%%%g &Lﬁgﬁﬁe pressure sensor 740 measures the reduced pressure within the nerve gap
114 and also Tay indicate whether the first conduit 125 is occluded with blood or other bodily fluids.
The pressure sd0@b] Referndngmovide TeSdBaukl th tontranbodifthiy bithmeyalgtédethéOradihced

the man il 520 SR e RS S Tl e R e i
supply 780iflesdig%degiceadol fife frattcofitheifibesgriales I62omt4candui6d §emaprise pestatndedf connected
Perve do e B RS R SRR
celR8rowkivigruittticheatpee, gap i@#ﬁgzﬁ@ﬂilﬁﬁtﬂﬁ@b&iﬁﬁboﬂﬁ@ismr Mber &metfimasllby ﬁbﬁvgui@t’s. The
systems 160aPRsd HRELGEAPRRES 78:7ulP1 ¥ Gefath BRRIP IR IRaHR SPARNAHA L2 10
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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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 25connected to the first and
second valves 754 756 to control the delivery of reduced pressure and/or fluid from the fluid supply

750, ti e the mani olds, 120, as.required he particular therapy being administered to
the p;?feaﬁc# tIJspSp Egé ?1153}3 gé%é’g}?ﬁgq %ngg?i{i E%%r‘fﬁﬁarﬂé)}%@o deliver air to

the manlinﬂisaleZDanébtmcbmmeﬂieaﬂhgfﬂm m&a@ dhaingige latvid protiedbtbeiendsmgamage site
108. 30[Q031]

s used herein, the term "mani sto asub ance or, structure that is provided to
assist in rec{ﬁg %rje gce pre’ssoﬁreex RigHD ﬁg 1[’3‘ BF rEMH ﬁ%%lh@r%ﬁ%‘{%@ﬁg 1. A
manifold gadadéude a plurality of flow channels or pathways that are interconnected to improve
distribution of fI |ded to and rem ed from the ft round the manifold. Examples
of mga)nlfolds malllly glu?ﬁ ARG Pdufatlo\rq l%j%[%ﬁ@ér’slfhﬁ(%%\ﬂe él?tﬁ’ﬂl LREMOREEHIPERYLY to form
flow charsheis tbemamfmnmm()mdnmmu mmmpmmum@ﬁ@ehamva?&lxgwdﬁeﬁe!s and
foams th clude or cure to |nc tailed cr manifolds and their use
accordlngbtgj?ﬁe ﬁlver%ii%erl\“fg rowde %?ﬁ %} & PR i%%l&%{)dagloé FeBRErE I Rrs to a
substanceoiestantigessitgpliet) thecnemza avadid @k@eﬁ@cbéhahlpmwgdﬁﬂﬁlaguwwmr@ﬁfa[eﬂle
growth 0%??'!)? and/%th§als rmatlgn of ti sue. A s%%ffold often athrg nS|onal orous structure.

The scaffold can be infuse coa%e Wi or comprlseg oS ?é’rge APREEHIar matrix
10 tdmpohehisabrarbahts anadgnnlexmnatmlsmdatama:leshﬂt piayrtetesed fgraetic ébﬁ&&ﬂ’ﬁs)ld can take on

characte[hsc G830 “gtﬁ% E;f%lqal% 0dlreqtl flow Ih g%ﬁgo 1c ﬁ‘“%?gg%]%%g é tﬁfé?;v to the

scaffold an tlséue In the con ex’t uce ssu
commungim@indw(ﬁ’ihﬁé\};qaﬂyﬂdnﬂpyma]iddrrdepohpnpmbib&naﬁpbiycmmbbﬁmmmnwﬂmg to the

e R O e R R TR
patternedhsterasin, byghunositceids aorlryimydwqmutymamopobfﬂmdmmmm piclgdiateanonenable to provide
: scsssmmisans et gl ants Kb disearon ond e
polyamino acids, polyacetals, polycyanoacrylates, polyurethanes, polyacrylates, ethylene-vinyl
acetate polymers and other acyl substituted cellulose acetates and derivatives thereof,
polystyrenes, polyvinyl chloride, polyvinyl fluoride, poly(vinylimidazole), chlorosulphonated
polyolefins, polyethylene oxide, polyvinyl alcohol, Teflon®, and nylon. In certain aspects,
20  biological (e.g., purified or recombinant) materials may be 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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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 res t invention thus enhances curr tech 4’&% I0|t| 5 the active force
of dlrecte%?/ﬁra‘%eﬂg 7 @W&%ﬁ&ﬁ%&%} Pﬁﬂ}&? gé@grf ?g a‘r’t‘alg At sed upon
the need 2#f ﬂme)bmlmgyvumﬁeﬂmedfmemmﬁﬂmﬂlﬁdm fhiointedotart the dqamitiivAyk] akel utilized to
enhance teln depasition and lar col atlo stems rovided he signed to
promote é)s(f abnshi %% (SII? Y prg)?/%9 lﬁgpﬁ’i’a? %Hittkﬁ 8&%? ?éﬁgﬁtléﬁl r%ﬁlﬁf e healthy
tissue edgesathmﬂbfemgn&fé&lﬁmh&sﬁu&@mtedﬁtbem&dmarﬂayMﬂnﬂghsledlfemmlpamﬁmlar [0034]

Thus, the apparatuses, m ods systems disclosed herein vude a means f ve ance of
Ml 415 e e E A R R e TR e
recovery nithjsucdtize apoutaf)ce h@ﬁrsr@mngh mechanlsms of controlled fluid flow, WhICh can be used

to initiate or aug\wﬁw e early sta s own natural heal Id can
provide the active gu %nfége nec Stesgg(gy Fea e eé&%tﬁ%ﬁt%% %Y&.*S‘ﬂ%wwé%@g &ql ﬁfrolled flow
vectors tlhattpwsma pitskiggsensde Eénoperaisigd tmdacititote theefaitactadninflas of xmﬂsumthprotelns into

a scaffold, Creation of 5specific flow pathw or scaffo atterned
deposmon(g){% p?l e, SUCH &5 €8 ?agen %néxﬁgrln@vsltlﬁz 228msgtr§ ifo %rélgfﬁg’aibbeﬁe sﬁyace
Bio¢Bem I&mﬂrcmescimim cydakiokanit Mtﬁéaﬂtmﬂymﬂmﬂsdbouhdmﬁsmmemm\mmmd thatrix can
work in cor %flon W|th the natH? p@ysqgé&ggg of the7 P(Sowsmnal {Hat“é extracellulﬁlr matrix to
guide the 8u secfuent mlgra 10N 0 enous ceis urlngn%ﬁe repalrel S age eallng These
cues act theestailisipd biciod m:ksbcrnmyl mdlmtﬂwwheﬁmﬂhaeﬁrhmﬂmtﬁéélulswddsxieé with plassles
through the %ﬁe oI Tgﬁgﬁi ace to fs%ﬁ'lg%“ﬁt@ ﬁontlhgggesque%%g(aetgath\/gcd for q@nlzed
tissue regeneratlon iSclosufe provi des unique maniordin echnologles
deS|gnedehrchpegtflatmdlwgncdwmeldssbasedmppm Ipringippedial H}Alﬂhélmduued:prmmsqoams Jligi)
15inyenti [ns g newa ga] {0 WOou adl activated tiss
engql\éeer%gr; %ﬂ%ﬁ mggrtttcaorndfcl)?r?t hth r?(%%lc?‘q%v?%\@égéngos\g%rce olrlceen%}ratsor o?#owmﬁtq@?brms a
gradient ﬁﬂ%dﬁ&mﬂadainommpnwa é]théseppig@éﬁdlmdjy eropleddosHiuinstictodoititl@f vathrough a
tissue space fqr the, or, ze |t| n of rotei d/or tial. entration f s and
growth fag(l:torsgwnrhdgbbscqﬁgan g?ﬁt%gﬁ f% %gcilgtrgalﬁ/ c?nené%ygrc?\?llglgﬁla m ngﬁe tissue
space beimay defirsed tvedelimetigiewtip ah@séandtehhn@agm),tthe tegienvsulzmagdisiged 88 énofudénge tissue
damage. uid flow in. hro or out of.the nery tissue space can be.refined and
directed tﬁrougﬁﬁ qlé%cﬁs?gna%?%% f 1(%lna % en%rén Dy lrﬁtéi %y‘z[tean%elr?éulp%‘fﬁg Pﬁ%m?gllod% %H}br
sca?|dsirfipaticndidid asatiwidiveot tiktrrhaystelly acti desggned tﬁlerﬁa;terﬂm\l\opawﬁ;é’lMS 25
pathways, fid SRS su POk dolledlin sealsania e apis g ibenee. sl diechine gontrolled
adsorption of proteins, the organiza ioh df matrx. an organize Tolonizafion of spec}hc el ?ypes
Individuafleldriertthufuple, sydtesecrmdasaioti 36 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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[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 30electrical
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 anif r_scaffqld). one bodiment, the sourc of flow comprises a
source 0 reHuce&éressur@nﬁP g(% r’?%ag?’fg }; ol Hﬁl?o‘fﬂé I JSomprise
valves orthatdwmﬁwmmlthmnmnﬁrﬁxhﬁﬁ%@ﬂ@l mﬁoﬂmd}ammmtoeﬂamabmmeasuge)ﬁ@phen to the
manifold. in c certaln aepsects Ier\gte cond /or %%iéds de I‘Ibeij %ereln comprise a pressure
sensor. Thoss POLoRs & SHhS |reﬁcelr(1)s S PSS REEBE 19 BRES is regulated
based 5aftowelzanazint of Mgﬂwdqsmq&wie dﬁataﬁlﬁﬂdsadd mhﬁieumﬁﬁfﬂﬁfgﬁerﬂﬁ aenratidofsat the
site gf tis Lﬁy % e, 100381 Manifold. The flow generators are the driving force for stimulating the
flow of fluids. Mani o?(% are apparatuses for refining the pattern of flow between the source or
generator of flo0832] tﬁhetmue“spﬁcﬁdd’l’lae usatheseialeckevetod Bobytismeliratrinnapepplizet
10manifolds utilized for djrec callza ont oint lur electively positioned
points for(l g?eatlng Ini |al{|gn?s|#e rr??f?:rosca? ow %g%%i/vé)’o I\Aﬁ%ﬁ&ﬁ@ﬁiﬁﬁg CAiTe) and,
ultlmately”pthatulssuoé Wee A h@fﬁddlfﬂ)kﬁfmmg/thme demasamalqmmﬁiuﬂtsfmdiﬂ@eremmﬁﬂwwfrom
and as a u I|v Y, of exo ids to ue s ace. 039 A manifold
generally'Bre ers T (()} Z?lpt) Cscl)ga %fance oP %I[gruc Uré l#l Oég’s? tfﬁc ﬁa%ﬁ Lr'w’fi translating a
medﬁan|Gamph3¢ntsammi'@mscaitegmmltaroahﬁfthuthohﬂ0@eselneﬁﬂlgrﬂmhof@s‘baﬂﬂolhefﬁin defined
as the mgyem fI| ase er deforma Ie s c s such as protejns,.cells, and other
like mme?%% fg such é %%yilcﬁaﬁleffc% (gre R ?’é{ffry% htnféqo‘ﬁ%e cgiCSS
ui cvatAltaursnoit MSuré,emdffnﬁkaadndddne snbheaamcaﬁ&daoeﬂtpwsslaﬂngeﬂmmoment of fluids

ina scaffﬁ{%1 ThIS can include, but is n it ntrodu.ctlo enous
factors suc lzfgﬁ(c{:jeﬁﬂ{] erapeu'tucl:l%gle |e§ﬂ|1n O tha s sca ,E %l%{tféla'l ﬁ%%rlaﬂ?éh %{Piﬁﬁ/ of
lumens m@(éélrﬁlrmsh@mdmjmthammmc)msslmedidmfbrﬂow manlfold includes a smgle point or

plurafity of poin £53,08 0L duc on, of fluid fr m] he scaff |d.bac towar the 25 point
source of flow. %6%%%‘%]%—9? \i\/%lstrl 85%%|{0I AR Gies oélsma(r)lve 813%sn 6genous

proteins C@mwﬂhlig(ﬁdiglmmhb@ednm&eﬂs ﬁﬁﬂut& dlovethdewblddadilrve fvitbimtiod dfgstttertbeé tissue
space or rgani er, The establlshment of flow algng thes thways leads to
p%‘g?é—lfl(l)(?r Cot Qaﬂcglaﬁ %.%glgll ggyggll tché)tl%,rglé{léessgsnccl)ﬁ)tleﬁama?menaglg ?0 pI‘O\ya

the deposition o eins and provision
structured manifold and, optionally, a scaffold material for cellular migration, differentiation,

and like behavior necessary for functional regeneration of tissues. In comparison to the
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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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 attachment and migration of cells along
directed hw I hout scaff Id and. the. lS ue space. The res Itlng endogenous network of
proteins, %%r%wtﬂxta c}%s%and celfs provﬁ FeS &8 W&é?l&?ﬁ?ﬁ%ﬁ%ﬁih ﬁﬁ%‘?ﬁ H%%@Q‘Bf the body's
own tissuewe painahbiead ine eatios) mahzfnldmmqambdxddhé{ﬁﬂ%h\%mmm@é@@@ryhe onedifald works
in conjungti th a fl gen rati e and a old, if pres nt Flow rating sources
include, géﬁﬁ?!%%ﬁ i ed to§ neqrga:f)l? ﬁ?en%%rg tivebr QW ¥ LG8, %{gfs ?gﬂgg TRAPRSEAR: and
generatobs uﬁ@tmtfamlﬂtaw thé difiated iaflient Batiblskdqddteiinciniaaifoldioldy Oe:fticher refined
through t ver a f Qw gl adlent to the old t timize flow through the _scaffold as
10 need gf? or tf@$&h%é%% detac ml\ﬁalssuefsth%oerr?l a%ﬁg P%ﬁéj i RAHEHTSiIACRPS éln‘?f%lds capable
of translatn@gemaﬁgésamcmb’@wendrﬁbmewuhlmmmﬁdim snsufﬁﬂmentlﬁs‘déwﬁ@cd)ptlonally through a
physical ggaffold, é of directed,tissue re tion. T es odiments are generally
specified for a pa{lrt%lﬁg%ap %é}tﬁolﬁlfﬁiih% r(g&1 }érfe;%atr on 0 sp@c%c ISt %ffé’ﬂs ited to a
particulampssdecanaveik. in3j0guagtiorordéx tbemaluzel ey gical cnfemdﬂthegrfdwmfﬁralhﬁamxmﬂe of tissue
regenera&gpac%ﬁﬁ[gt rementioned mechanical mical, or electrical i etus must be
translated from the sl?r%%gf gglf‘%nﬁt{ggg?gee %%5 %r e ysfgg s%l%sf}a]tlesz %?H:Sc 'ffgfér% e 1
celllffar-letagiesiod hgeknia. prt@mcadsappm)nstahﬂls]xacbgﬁmealmmnuelhmgmmemmﬁ:sﬂfﬂﬁn tissue
regenerafjonarelated pgﬁ&x erat| e mu tivariate in n d 20 can include
mechanical ch%ngese that gil%%seg%if } %Cr?ge in essghsrsé1 %fﬁcﬁlceec} at%l ltgga?fSPdl%gugBE)hed to the
site of tha@uidsuae patieeir dor siteanitisbtissnegegrmratiionchemical changes that elicit a gradient in
protein and/or i aneenal i sult in the creation of 0 |c |en s ¢ ble of jnducing
flow, or electrlcg?b%£1ges %Iag'zﬁ::&;etgf[% %gggfa ient %(ﬁ‘vé%ersréln SR exch Sr%é])(rl)]%e OWI %@8%55%%% of
electricaIfgtgfﬂ?a%ﬁ?dmlhglmm%t&hwdluwmpbm@ﬁlmdéfmxdcﬂowmtevmtathasﬁaetapbbcants are not
boynrd by anyRarticHiarLLs ' rouah wh| dients a d flui ﬂo uce agdvantageous
results in tissue repair or g_rg{\%/?[ﬁ% %’E %?l%o adv: g%j?é r}# RSt te: eagc:]rlé' @gst%wthe tissue, a
physical eR&mee ge &tice imehiters fhemahmapﬂmdhamdb/ammethegmfmtd of flssuhaite and
vice versg 10043115 SOMS eSAROHIRSAL, co rlses a physical str ein close
30apposition to %r within the contents 011)‘ g%ga?fw% glé{r{\]go 0 proP i 2 %‘ﬁsgfergt]i%rﬁ) in a physical
parametéf, wrbraagh dHsauecipastcil ﬂ‘r@srrg@aizgletﬂmat;cm @Em@mrm@sdmiaspmlalatu re, for the
means Oé&iE%ﬁH‘aﬂc}H%ﬁ scugr(p ure he scaf Iding.material. cement of
this manifold with respecft% its locati Wltlﬁ?é%gr% to%hq} sfc)oa #0%8?} J1re cru0|ial
impértaneersedaumvatingat oraiited hﬁﬂﬁme@r@derbgmgeiwmddfespﬁmfmus;slma tymeshﬁfmedxam ple, in
peripherg) qﬁé\@éll\g}%ﬁrfggﬁ(ﬂ gﬂep(;maqj t%%%}%rg in %unldlrectlonal manner from the proximal to
distal nerve stumps, it may be important to place the ma fold along the length of a nerve conduit more
toward it distal EH36d Hhiisldleeinto, 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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5 regeneration toward that end. However, it may also be important to not place the manifold at the
most distal aspect of the scaffold/conduit as soluble factors derived from the distal stump have been
shown to be important for directing nerve regeneration toward its source. [0044] Manifolds may be
composed of a bioabsorbable or bioinert material. Examples include non- bioabsorbable materials such
as medical age srlregc%ged X ){ grs, metals, 10 p {%/vrn Ichlorrde PVC), and p Iy i

Bioabsorbable polymere suégh 3s"Coli3Ge O%gfﬁ’a% ’iHP(r%?EAf PG IBHE
poryracnor@mmegmecammatc@/apcbapmmmﬁhegaimqamsdwyppmueomharmtmthylmee@taﬁ@pl or

combinations thereof ggndﬁt{ S an used Im én #) (Ps[i are also a.mix of non-bioresorbable and
bioresorbabla Mater gl gereral MaeHa TLed TPy %ﬁﬁt&mlﬁrs%%sﬂg&t%s%nﬁ&?
manifold mrmdmecimbbdiateris)sharanfortiiesfdetzitic pedesurdrapsiitai bpapeatse Rasfdlddatasals are

t 1 h vaid fraction for b erti [0045] Support.
s e 0 St S R A e

acceptabié tisseodapzigsie materral A support structure WI|| typicquiy uc impcinicavic allU UIIUUHU tile

111411110111 121 12Ul 1141111 046] portr of the s , such
as a flange, congbﬁi]ﬁ rm%ﬁg eelre\% ?:rgn uﬁ ‘? %@Wg[% 5%%@ §t"5’ h@at#:‘g‘é’r? d to the
exterior sﬂmfés:eraalfwédvammbamwsbsefuradﬁemgemqmtasl affifoin bhﬂ@my&]m&ﬁﬁdat& or other
biologica hesi upport may-also be conpe te nerve via revers Ible
mechani %ng%txg?ﬁgon a%rg1 (g et;irs\%) sBcﬁeasﬁ(} em%gfcﬁ'ner?ﬁlz% (%](? r??‘g% %X%]e@ﬁ]éﬁe r other
intekferemeantiolds utitizadddr din)tadblgaalizatimrie ke singkt ainmecoanisonslifyhe Belmrﬁ@klynay be used
to delive 8‘9‘?1 verse the action of the brn mechanism |n der to detach the support from
the e Sa e AR BLE e S B e B ARG may be
releaseditaw it/ smafdoldotivh ditisedtdy)utio tissue Isjmoe mphtimensfildntsyahy benrswlatom&iaase
adhesiv 301Q! C ologic and syntheti Ids, ate use: in the freld issu
engrnee?rﬁrr)g to£ s%%élo% (g{ﬁé?ﬁsiﬁ ne%ro‘r?and%ogﬁ) grﬁ%groﬂiﬁﬁ‘e e ie reB%?rngﬁ%l 8&%? on. The
current stistaos$nhesart in scaffold technology relies upon the mherent characteristics of the surrounding
tisswe space for; d rote ns.a d m| on of, ¢ A scaffold for use according to the
invention is cou?h%ﬁo‘%%rln%r%n ?og% pglr%r\a}r 68 rflsrca % zfr%gg iF&¢ rtﬂmﬁ%vﬁ TG How in the
tissue sr@sm@atmmmmnsmmm nhgmdainedxécaﬂbﬂswelmrbaelaﬂ&mmmﬂ&o

respecti éﬂx er egral esta m nt fa roVisio atrx |n edetermined patterns
o organ e R A, B TR S R SR PP

flow- |ndutﬁdramblgmdt&mmmmagmmnomdmmmmometmImmmhs thto ghesibasign of the

Scaff()ldsde\o{@ Hhcludes a single point or plurality of points for the egress or evacuation of pressure,

20 fluids, and like substances capable of translating the movement of fluids in a scaffold, as
defined above. This can include, but is not limited to, the introduction of exogenous factors
such as cells and/or therapeutic moieties into the scaffold through the lumen or plurality of
lumens present in the manifold. In addition, as used herein, a manifold includes a single point
or 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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this context, scaffolds serve to refine the pathways of fluid flow within the tissue space to cellular level
patterns from the fluid source to the point(s) of flow initiation within the manifold, A scaffold may
embody characteristics of a manifold or be combined in 10 conjunction with a manifold for refinement
of the flow pathways within the tissue site. In certain aspects, a scaffold is a reticulated structure
comprlsm h vqid fraction for i bioabsarptio %248 fé%l‘g may also
comprise %e en |or(1% sa,{lr(liJg% él%’%‘éf c&f’o Rt % rhgvﬂﬁsiﬁlié'i ‘ﬁa i E“eFor
example tissnaspgted ﬁmmgmﬂdgmeshmwoﬂﬁuﬁmﬂ:ﬁlar’gﬂﬁvﬁmfgmt@naﬁﬂ%lb progidesth
factors at asn% o{or}lervg da age In Some ﬁ}ases ?lﬁltlgle fynnel quides such as,2, 3,4, 5, 6,7, 8 or
more funne?gwaes T8 (r:lovr‘{qﬁﬁse TRSELRR ﬁlfﬂg‘?ﬁla B‘éeowﬁfoasg‘drggealﬂ%%lphoblc
material atudhmymedamhbﬂdrbable SO as to degrade as nerve tissue grows into the site of the nerve

damage. Funne a dro il SI.StII’l the directe ement of slow moving
fdesgl e.g., byw(%'lzi Iaifﬁ:lnryé aﬁ?jl egs magf/%%lso 03'2)‘%6?‘;5%?? 0 ﬂ%%‘iﬂ%{?&ﬁ?er from the

narrow tetheevadd exchifblteifymesingu Ele“Fgemmlmg:mui‘t&srmlMeebdt af¢heflintieddwide may be

absorbed at a fasteorfraete 2 ghaé S'[Quoreapertur Oog E) na {\9%’\/ §nd becorges Wld I as glssue regrowth
occurs. L%%emse In as ere m unne a)rgséor?fpar]flse%erhe 551‘? PRoHRel guides
closer to floavp r'ﬂxwrﬂahregthdxbﬂtesumhehddmmage maﬁlmaymeydmwfpnhadreﬁaemﬂﬁmghtﬁ&t is absorbed
at a 25faste e sot at funnel structur oser Fro |maI an sSite are
absorbed mgzéfapl n@? i er&gelﬂ{;%s iy 84 ds m 3}“5 & %%%err%l T § oI gg Brbable

maidYial sacxltﬁt}ﬁxrlﬂhe gantieﬂearéeﬁ:BOMad)asftths@mgodwﬂ&ms degriowved lereinrardmatéfaitizd above,
fiber gwd%%rgr% ar%ﬁgst éggrus%osr}s Ezﬁ S,upearb a? F 0k . grggtoroqsegrrlrgo%e%] S thlaIIy linear 30

or forma’s ey e & sCalo € nervé damage site ain agpects, the
fiber gmdlimamllasbmgtmnﬁtwmdrwf&bl fdnéhqop@mmwrsfalm@dﬁeﬂnks&@mgbndhgmwﬂ’hewmgratlon

at the sﬂ&ig;&%\{gngsaépe %?nelr% on%%e taofglmen l]e fibe lggc[%:rtl%et com rlsetlt%)lroaogv nﬁolecules

as part of their structure. For ex fiber stre res ma comprise gro actors enhance cell
growth atmgeﬂqé)weaqtmtflthatﬁd’bemsamattmd]mgtmreﬂme@such as antibodies) that bind cells or growth

fao s to the fﬁﬁ{ﬁiﬁ ﬁp@%@? Otpe% @ng\ﬁ}h or regr \guh .Of tlstslue 050 onllmltlng examples of
an

suitable scaffol ber materl mclude ar ma elns such as fibrin,
collagen weéimmationtin temld;i@wmdmdommmmhaglpdwhmcm;mchhgtbmmmIe or

non-bioapertie s @@g{g :)*1% e 3%0 HEASEH LRI 0"01%%79505 rg%%scaffold to

polylactide-co-glycoli one po ycapro ne, poly Sonatas
polyfu maﬁhwsw&hq!ﬁolawonbsnwyamdem pdiysatoohangteix @rganmaitjpalgmmmg(et@n,cmidium

alginate) an 010D VAR S ROV DYSLOENTRIS BOMIEI DAl alG, papioranone

polyethylenegyco oxamers po yphosphazenes, polyan ydr| es po yamlno acl s polyortho

estéps, poipdoetads, Ipd&@ymtbahaﬂg@e@qj(ﬂhwﬁeimo&abdhyagwmuﬁssﬂﬂw&mhedrugrlthced:afﬁ)bblymers
o et AR R el R Bl gPrce
elicit a grad1ent in protein and/or ion concentratlons wh1ch result 1 1n 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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15 polyethylene oxide, polyvinyl alcohol, Teflon(r), and nylon. The scaffold can also comprise ceramics
such as hydroxyapatite, coralline apatite, calcium phosphate, calcium sulfate, calcium carbonate or
other carbonates, bioglass, allografts, autografts, xenografts, decellularized tissues, or composites of
any of the above. In particular embodiments, the scaffold comprises collagen, poly-lactic acid (PLA),

poly-glycolic acid (PGA), pulylactide-co- 20 glycolide (PLGA), a polyurethane, a polysaccharide, an
hydroxya%&gf‘éf,édp%yﬁ’cﬁ %%&W&W‘R Hﬁ%ﬁ&@%"gegﬂlfﬁﬁi@ﬁﬂ g8 e IsiRiGhs of any
two, thregpecifio B suatepels Fithrainpe fansiapiaabmiteaseatflgeireasaliriachnBneaxaisatly, or
covalently (e.q., capolymers such as.a polyethylene, oxjde-polypropylene glycal block copolymers, or
terpoIyméréﬁ‘}%p@m%ﬂgrtﬁgf%&?§ﬂ?ém§iﬁ‘?af AL RS YRR SH AR RS hle, Ma
and Elissgheffn200fd atvh@ dltzlagih 200hd0@TbhBidaciive poeindst (I0RREN e Help dengcts, the
apparatuses and methods according to the invention concern bioactive agents. Bioactiv ents may,
St (R TOh 5Y B AREh e ERE o AR U JEORREIC S AHLP 0 CHE PP
bioactivetheanidsidiatatipesasialel) sEaf30/ eoauiples agebits fdeasioddiiatd fisshetgrowidl swehpas

I fikri be directly i ted ont int ifold or scaffold material. Likewise, in
oo R R A A P R B A B GTEFHIOR TS S e ragulotor

agents such as [epathixdinifodds brainbe uangtadd ibarbrvabetdhabieafbicisérv Gibta@sal. Exa@pRs] In
e R BN ST IR e uset el e damagg b v o o
a bifactiyelgganichhyite (AVa) aeatipolputentingd Booubeottnbihpotmidnieutieanesitigienand damaged
e e SOOI Bl ol RAEHS SO et e rioue aplatons
(TGF-a), polyssectiyraiéior blyldioigaputitefacopotyothygnaplyooyorwoiabinations disigifetar 4koCSF),
greneoyelRaC SHISL NN SRl e, Sl Con) P aou e o e
(VEGF), gﬁmabnm&@abm&édfﬁntardwﬁukmmyats@—lﬁE@E)pmﬁﬁ;testeglhdﬂntth@amgtdsis factor-a
(52 S FE R SRy, (OSSRl RS T e g e
various cowled¢saihighdioig fiection for improved bioabsorption properties.
[0045] Support. Manifold support structures, such as a manifold chamber and/or
flange may be composed of any acceptable biocompatible material. A support structure will
typically be impermeable and surround the manifold so as to maintain manifold pressure.
20 [0046] A portion of the support, such as a flange, couples the manifold and the nerve
conduit. 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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15following. [0056] Repair and regeneration of lost tissue. A generator of flow may be combined
with manifolds and/or scaffolds to direct the regeneration of lost tissue at a site of injury or
compromised function. Tissues lost from traumatic injury, surgery, bums, or other causes (e.g.,
infectio.. in auto...mune disease) can nu len LU icgvueidie using LIM 111CUIMIS, N.:animus, 20

manlfolds 10 SQurees, an stems of the invention. Funct al. nerve tissug, is dlre ted to
regeneraté. > 66%% fie?aru SRSITSPB LT BvSHIR S §R Efé t?tﬁt’élaﬁl%’ 8? ROV ISRy be
combineguidimoeanifitelst dndpatiscaffofduid fiarth dﬂeetmqomg,re&emgdven@ﬁef@tedenerve tissue

such as oceurs, e.d., auto mmu |sease ] Maintenance of tissue viahilit erator of
flow mayIBe com |ne(ldn rﬁ%rh tcr)]fidis %Sﬁ‘é%)rrg%é gf%q%‘aﬁ?ﬁ%?ﬁtlﬁ i%{fﬁh?) é?b%/g@e% rfé%ues
either foreistahtmhstud;pprmmmmitmmmmmﬁqwmmempm@mmﬂwgmwﬁmumgd{erator of ﬂOIW
comRined. with a mani e used to provide flui sue waste remova
fromgthe lgsueeSp%fO ]Ex%}ér%l%rrl\%oaﬁj Sls% geﬁ% a‘g\f/dﬁllﬂs\gﬁr? é\fﬁﬁ %/Jfﬁ?%amfolds
and/or saaffotdd gcmﬂmtefhmmpha%mémr;ﬂmgtamm il[feedes%h?dshsseéfﬁbmﬁh .rfW(Ijr:jH?ids,lflow
sources systems o inyention to dir rowth o es where additiona
tissue qu?ég;g ?y Eeﬁ}éesa % ees?/r%do re nfgg % ceele gt(%u |ssum}f8}r&r%t bsﬁ“%SB%%e?%tor (;]f flow
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specific Iblealmspmjppnammasf flow using the methods scaffolds manifolds, flow sources and
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degrade as nerve tissue grows into the site of the nerve damage. Funnel guides may also be
hydrophilic to assist in the directed movement of slow moving fluids e.g., by wicking. Funnel

20 guides may also have bioabsorption properties that differ 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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[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 quide the directed osition and_ prientation of ECM expresse cells and tissues. The
directed Gnentation o ﬂﬁ%ﬁs;{%gnt? aﬁ&eiﬁe&)ﬁéﬁ%‘?ﬁh %%?geﬁ%(Eﬁsg‘%%ggf:ﬁﬁéiff%fhﬂgcolonization
of subseaquenti@b@altiasanstioditissthas biA GellRafgrente fadtbfs. tb die MR 4, /GRS S. Patent
No. 6,103 2% U.S, PaterE E”\}O§6 135,116 30 U.S. Patent No. 6,365,146 U.S. Patent No. 6,695,323

U.S. Patent Ng & BEEB7A of derde f1ss

atentNo. 6,767,334 U.S. Patent No. 6,814,079 U.S. Patent No.

6,856,821 U.S. [B8&0jtNmlhiriGhe03XArpies Bétanhble sCadoldbhihng] Wrd. ftrienhi¥fak, BRude2 U.S.
Patepnt No. 7 00@11 15 U.S. Patent No. 7,070,584 U_S. Patent No. 7,077,832 U_S. Patent Na, 7,108,683
0

10 U'S. PAISSENS Ao mAEE BEOgIas ichas s, qollagen, on lbrpnsetin. ghd sysihetie orpaturally.  No.

7,279,6 1Qot:bﬁ”ilfmlelymmns,Ixﬁh&iﬁ@i%bbbﬁaa%t@ﬂhbiﬁbﬂ)ﬁﬁﬁ@dﬁé{;&yﬁ&i@ﬂid‘db a¢,351,250 U.S.
L S SRR DAY GO U
polyvinylpyrrolidone, polycaprolactone, polycarbonates, polyfumarates, caprolactones,
polyamides, polysaccharides (including alginates (e.g., calcium alginate) and chitosan),

10 hyaluronic acid, polyhydroxybutyrate, polyhydroxyvalerate, polydioxanone, polyethylene
glycols, poloxamers, polyphosphazenes, polyanhydrides, polyamino acids, polyortho esters,
polyacetals, polycyanoacrylates, polyurethanes, polyacrylates, ethylene-vinyl acetate polymers
and other acyl substituted cellulose acetates and derivatives thereof, polystyrenes, polyvinyl
chloride, polyvinyl fluoride, poly(vinylimidazole), chlorosulphonated polyolefins,

15 polyethylene oxide, polyvinyl alcohol, Teflon®, and nylon. The scaffold can also comprise
ceramics such as hydroxyapatite, coralline apatite, calcium phosphate, calcium sulfate,
calcium carbonate or other carbonates, bioglass, allografts, autografts, xenografts,
decellularized tissues, or composites of any of the above. In particular embodiments, the
scaffold comprises collagen, polylactic acid (PLA), polyglycolic acid (PGA), 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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U.S. Patent Publn. 2008/0033324 U.S. Patent PubIn. 2008/0208358 U.S. Provisional Patent Appin.
61/142,053 U.S. Provisional Patent Appin. 61/142,065 25Anderson et at, Tissue Eng., 13:2525-38,
2007. Brody et at, 1 Biomed. Mater. Res. B: Appl. Biomater., 83:16-43, 2007. Gemmiiti et aL, Tissue
Eng., 12:469-79, 2006. Lago et at, IEEE Trans. Biomed Eng., 54:1129-37, 2007. Ma et at, Scaffolding
in Tissue Engineeri égé)'gt 30Manwaring et at, Bipomaterials, 22:3155-3168, 2001, Manwaring et at,
Biomaterials, 25@%& ,hfﬁﬁﬁp%férgcﬂg%’g? &?@%Yﬁgﬁ?ﬁsﬂl%%ﬂﬂ%??@@@ﬂﬁ/ﬁé’é%‘&t, J.
Biomed. HantegeRefyi2ilid 88{80112004h thiotinar stat FdnexBiaped bagifcid BRy18din’d0@. PCT
Appin. WO 00/38755A2 RCT in. WO 00/61206A1 PCT Appin, WO 03/018098A2 5 PCT Appin.
WO 03/057B3BRE BT KIRh ARG 0UTeB8A% 8 ROBE TS A5 AP MTgsEseshB e & Apidin. wo
05/0094 88 ¢4md thppriby WO Bb/0R3X68Fahd ARG &ppénvd/Yisks/004951 PCT Appin. WO

RSN A e S

07/1065%ppRcRIbhsqrpigrow(h Rortho6598H2, B 65hdunorpho/den€ic Gidtein (BMP), transforming
growth factor-o. (TGF-a), a TGF-, a fibroblast growth factor (FGF), granulocyte-colony
stimulating factor (G-CSF), granulocyte/macrophage-colony stimulating factor (GM-CSF),
epidermal growth factor (EGF), platelet derived growth factor (PDGF), insulin-like growth

10 factor (IGF), vascular endothelial growth factor (VEGF), hepatocyte growth factor/scatter

factor (HGF/SF), an interleukin, tumor necrosis factor-o (TNF-o) or nerve growth factor
(NGF).

[0055] Nerve tissue repair and engineering. The apparatuses and systems disclosed

herein can be used for nerve tissue repair and engineering in various contexts including the
15  following.

[0056] Repair and regeneration of lost tissue. A generator of flow may be combined

with manifolds and/or scaffolds to direct the regeneration of lost tissue at a site of injury or

compromised function. Tissues lost from traumatic injury, surgery, burns, or other causes

(e.g., infection or autoimmune disease) can be led to regenerate using the methods, scaffolds,
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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l.-,.t flLJ1AJ.. vv - 20PCT Appin. WO 07/133556A2 PCT Appin. WO 07/143060A2 PCT Appin. WO
07/196590 PCT Appin. WO 08/013896A2 PCT Appin. WO 08/036162A2 25 PCT Appin. WO
08/036359A2 PCT Appin. WO 08/036361A2 PCT Appin. WO 08/042481A2 PCT Appin, WO
08/091521A2 Pfister et at, Neurosurgery, 60:137-41, 2007. 30Saltzman, Tissue Engineering:

Engineering Pri H; s for the De5|gn of Relacement Organs and Tissues, 2004. Sachlos et at, Cells
and Mat, 5:29-4 @i ' ; aloR: . geRerator Rf dlovsimaiabe comtined arifho 2008,
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made in ﬂ@lsabmw&enpthnﬂstand:ﬂdﬁﬂmpeﬂﬁwﬂmgkdep@jﬁlﬁ@ﬂ‘f@%ﬂfﬁﬁﬁ@ﬁﬁg&hﬁﬁéﬂi@%ﬂOn itis
intended 15 tained in the above de ilon and show in the accompanying
drawingsssﬁaﬂ?éé et aé?i%%&%?lﬁﬂ%’i?ﬁﬂ%%%&ﬁ%lﬂ éﬁ%ﬁ?ﬂ’ﬁﬂ%ﬁh’%@y e used to direct

10 pluripotent cells into specific cell lineages needed to foster growth in the tissue space.

[0062] Introducing proteins, matrix, cells, or pharmaceuticals into the in vivo

environment. A generator of flow may be combined with manifolds and/or scaffolds to
introduce exogenous growth factors, proteins, cells, or pharmaceutical agents into the tissue
space to augment tissue repair, regeneration, and/or maintenance.

15 [0063] Creating matrices in vitro for implantation in vivo. A generator of flow may be

combined with manifolds and/or scaffolds to facilitate formation of matrices in vitro that may
subsequently be used for in vivo transplantation.

[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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CLAIMS We claim: Claim 1.An apparatus for providing reduced pressure to a defect at a tissue site of
a nerve, the apparatus comprising: 5a nerve conduit having a generally tubular shape and having a
lumina' wall for surrounding the tissue site to contain fluids within a luminal space between the tissue
site and the lumina' wall; a manifold having a connector for receiving reduced pressure to distribute the
reduced pressu éo 1ghe defect; and 10a scaffold comprising at least one scaffold guide having a
generally frusto-tﬁl u aﬁteéﬁi\g% @%Mﬁoﬂﬂqe nperting at one end and a vertex npnning at the other end
wherein the at laast PaescHBokjsgdigelis positioned within the luminal space in fluid communication

with the manifol%a%]g,orieg%dgeﬁiéu with the vertex opening positioned closer to the manifold than
the base opening;"I Rieat Vi &2:984st one scaffold guide facilitates tissue growth at the tissue site

by organizing matgxRigaasiiare, esorssting cell binding, or guiding the migration of cells through the
luminal space. im.2.The appar. f claim 1, wherein the defect is a severed nerve. Claim 3.The
ot o ciat AR B Helb

apparatus of cl t is a pinched, partially severed, or 20degenerative nerve
extending throu@hShkavent®loop@oH91af the at least one scaffold guide. Claim 4.The apparatus of

claim 1, wherei %e t least o ;I%d guide is substantially non-porous. Claim 5.The apparatus of
claim 1, wherei[wbi élg?l Fé‘éﬁoo?g@@ d guide comprises
S

U.S. Patent No. 7,077,832
U.S. Patent No. 7,108,683
10 U.S. Patent No. 7,160,553
U.S. Patent No. 7,186,244
U.S. Patent No. 7,214,202
U.S. Patent No. 7,279,612
U.S. Patent No. 7,316,672
15 U.S. Patent No. 7,346,945
U.S. Patent No. 7,351,250
U.S. Patent No. 7,384,786
U.S. Patent Publn. 2003/0225347
U.S. Patent Publn. 2005/0260189
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.

21



pores that are sufficiently small to collect cells. Claim 6.The apparatus of claim 1, wherein the at least
one scaffold guide is composed of a hydrophobic material. Claim 7.The apparatus of claim 1, wherein
the scaffold further comprises at least one fiber guide extending generally longitudinally through
the luminal space and the vertex 5opening of the at least one scaffold guide. Claim 8.The apparatus of

claim 7, wherein the at Ieas one fiber %e IS f%ééci nication with the tissue site of the nerve.
Claim 9.The apparatil 6f & arif’rf”? %ﬁ‘i@% {g% f?g?egh er guide is in fluid communication with
the manifold an@mmpmswwewaammuude 10 Claim 10.The apparatus of claim 7, wherein the at

least one fiber trusions extending into the luminal space. Claim 11.The
apparatus of clalm ﬁeﬁh@%@%@@&ne fiber guide is generally linear. Claim 12.The apparatus

of claim 7, wherEmﬁlm@phie‘aaDmmﬁB%Me is bioabsorbable. 15Claim 13.The apparatus of claim
12, wherein the ¢e mprised of collagen or fibrin. Claim 14.The apparatus of
i P Ao aeA s -

claim 1, wherein t djacent the distal
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
PCT Appln. WO 07/106592A2
PCT Appln. WO 07/106594A2
PCT Appln. WO 07/133555A2
20 PCT Appln. WO 07/133556A2
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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side of the nerve. Claim 15.The apparatus of claim 1, wherein the manifold provides reduced pressure
20preferentially 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 ne |t 25 Claim ']ﬁE atus fclalm 1 %1 nt nifold extends
through the wall“%f%ﬂe né?vé;l%’gﬁ dui flggsp?nf%ﬂmgé?’gﬁ %th %?éj%¥%§§%ace Claim 19.The
apparatus of clail“mkaha!sheeeai tieBcadimiehbi-aedeirom a foam or gel material. Claim 20.The

apparatus of cl 1. whegein t f ?%erses a bioactive agent. 5 UHT:: 21.The apparatus of
claim 20, Wherﬁr??hét %aﬁfnvéuggz(%% gﬁf east'one of an antibiotic, an antibody and a growth factor.

Claim 22.The afjaratas,Bioklien2BjapheseReth€ binact 66 :ahEMliES4, @8th hormone (OH), a bone
mor%hogenetlc RVl ?h [B}\/I%Stra fomilpqgg)\@/gagafz‘é -a (TGF-a), a TOF-f3, a fibroblast growth
oc actor

factor (FGF), granulocyte- éolony st C
Wen et al., Handbook of Nanostructured Bzomaterials and Their Applications in

Nanobiotechnology, 1-23, 2005.

[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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10 granulocyte/macrophage-colony stimulating factor (GM-CSF), epidermal growth factor (EGF),
platelet derived growth factor (PDGF), insulin-like growth factor (IGF), vascular endothelial growth
factor (VEGF), hepatocyte growth factor/scatter factor (HGF/SF), an interleukin, tumor necrosis
factor-a (TNF-a) or nerve growth factor (NGF). Claim 23.The apparatus of claim 1, wherein the nerve
conduit comprises a slice along its 15Iengththam opening whereby the nerve conduit is
implantable around the tissue site and sealable nr mnre rinsnre element Claim 24.The
apparatuWefttlaim 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 20bioabsorbable material. Claim
26.The apRRiRis of claim g uhersihiBe SRRSO AAMBISRER! sPlaaen. Glaip 27 The
apparatus of claim 1, wherein the nerve conduit comprises pores. Claim 28.The apparatus of claim 27,
wherein the }56¥&sthecappafiiiemenepriaings exclude the entry of cells from tissue surrounding the nerve
conduit into the Iumipal SeBRGi¢ RG1RM %%%%%ﬁ%@{@%ﬁ%&éﬁ%ﬁngQ%%&E'n“f%veﬁffes have a

diameter of between about 5 pm and abo ' : .A system for providing red)lfced'pressure
to a defect at a tissue sitsUsfaRdingthe\EsappaitatiescontaiprBinds withesadnmswmlsradobstyppiying the

reduced pressure; the tissue site and the luminal wall;

a manifold having a connector for receiving reduced pressure to distribute the

reduced pressure to the defect; and

10 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 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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a nerve conduit having a generally tubular shape and having a luminal wall for Ssurrounding the tissue
site to contain fluids within a luminal space between the tissue site and the luminal wall; a manifold
fluidly coupled to the pressure source to distribute the reduced pressure to the defect; and a scaffold
comprising at least one scaffold guide having a generally frusto-tubular 10shape 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 t inal spage | ' [cafi | fol I in with the vertex
opering e e ciaL e B R ol
guide facilitefeshydsophghswmateridle tissue site by 150rganizing matrix deposition, promoting cell
binding, or guiding the migration of cells through the luminal space. Claim 31.The system of claim 30,

whereinthg defect is aReyssedietlslaim *Retia Svsiemrolactaifes Qoliprieining.deiget is a

pinched, partially severed, or degenerative nerve extending through the vertex opening of the at least

one scaffoldiBRhgsidsremdingerealstengiidinaly Seronsl theurming rpase 9nd LRarieXquide is

sub§tantialIglj@g{h%gmﬁg.aglgggm b Thgpysiamuef 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,

herein I ffold guide is composed of .
wherel étpzielrgtS.e ast O?ﬁese%iparatug op gla?m 9, Veherel% the at least one fiber guide is in fluid

communication with the tissue site of the nerve.

Claim 9. The apparatus of claim 7, wherein the at least one fiber guide is in fluid

communication with the manifold and the at least one scaffold guide.

10 Claim 10. The apparatus of claim 7, wherein the at least one fiber guide comprises fibrous

protrusions extending into the luminal space.

Claim 11. 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

25



25a 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 communication with the tissue site of the nerve. Claim 38.The system of claim

36, wherein the at le toneﬂﬂ?c?r&ﬁi%e is in fluid. unicaiiion with the manifold and the at least one
e

. HErye con t 1%Omnl . . .
scaffold gwdle.r%?lalm Jhe sy§t SFEFRIR'S RN}%? TR 3P1&Sst one fiber guide comprises

fibrous 5protrusions extending into the luminal space. Claim 40.The system of claim 36, wherein the at
least onelidiar Hide islgenpratgtiinebelabiaily wheie theseaffald dtafonas] fvbmreifotheatgdeast one
fiber guide ig bioghsorbable. Claim 42.The system of claim 41, wherein the at least one fiber guide is
comprised of collagen or fibrin. 10 Claim 43.The system of claim 30, wherein the manifold is positioned
adjacent the distal side of the nerve. Claim 44.The system of claim 30, wherein the manifold provides

reduced S}%@%aﬁe pref@?@rﬁl’-&lﬁﬁ@%lﬁ’é elrit Lindereindhgsppgold comprises a bioactive agent.
5 Claim 21. The apparatus of claim 20, wherein the bioactive agent is at least one of an

antibiotic, an antibody and a growth factor.

Claim 22. The apparatus of claim 20, wherein the bioactive agent is a growth hormone
(GH), a bone morphogenetic protein (BMP), transforming growth factor-o. (TGF-0), a
TGF-B, a fibroblast growth factor (FGF), granulocyte-colony stimulating factor (G-CSF),
10 granulocyte/macrophage-colony stimulating factor (GM-CSF), epidermal growth factor
(EGF), platelet derived growth factor (PDGF), insulin-like growth factor (IGF), vascular
endothelial growth factor (VEGF), hepatocyte growth factor/scatter factor (HGF/SF), an

interleukin, tumor necrosis factor-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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Claim 45.The system of claim 30, wherein the manifold is composed of a bioinert or 15bioabsorbable
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 ace 80 Clalé(nS wherein t caffold is formed from a foam or gel

t f |
material-Claim 49, Tha s}/'SBEemo se O X %iorﬂﬁseﬂérc?atﬁcﬁ 8%5}.&&?%‘%?&&? GEht. Claim

50.The systbeappaiafing d@npmmngtn the bloactlve agent is at least one of an antibiotic, an antibody and
a growth factor. a hone mor uf}og?netlc rotel ‘f detéansformlng growth factor-a (TOE-a), a
ocy e-

TOE-13, a fibrobla& %Srst)% ac or?f:%lg )SP &o ny él{mulatlng factor (G-CSE),

granulocyte/macrapbagescodmmtyhsiimg lagagefaliotulit e §l&pg, aayl daving| ghawithafacitirfEGF), platelet

derived growth factor (PDGF sul (o) ﬂ}ﬂ cto E), vascular 5end thelial rowth factor
(VEgCl; F), hepatocyte growl{ﬁ?gﬂé or Lépé ttésrS ac \(I)¥r 6Qtn} )%éln Sir‘l’%’(i:-str ﬁlrlllrrtlb%ﬁpr?gcf%5|seferbtor -a
(TNF-a) or nerve growththiedissud\sBe and e wRifdlerallstem of claim 30, wherein the nerve conduit

comprises a slice longt d'ﬁ”‘f& ) fcf*%é 2 oReain sW&%Eﬁbyd}Qt?%Qu VSRR Inplaptable
around the tissue site and seala one or more ciosure elements
to the defect, and
a scaffold comprising at least one scaffold guide having a generally frusto-tubular
10 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;
whereby the at least one scaffold guide facilitates tissue growth at the tissue site by
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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10 Claim 53. The system of claim 30, wherein the nerve conduit is composed of a bioinert material.
Claim 54. The system of claim 30, wherein the nerve conduit is composed of a bioabsorbable material.
Claim 55. The system of claim 54, wherein the nerve conduit is composed of collagen. 15Claim 56.The
system of claim 30, wherein the nerve conduit comprises pores. Claim 57.The system of claim 56,
wherein the %ores are s.ufficieﬂtl small to, exc}sude the entry of cells from tissue surrounding the nerve

conduit into YRETIHFAMBARED AI6iHTKE SHAQIVEBRNYS! claim 57, wherein the pores have a diameter

of between about 5 Rm and about 50 Rm. 20Claim 59.An apparatus for providing reduced pressure to
a defect 8llanisle sitd bé sysemaftbeiappéy atisrdortheriitgstone fibec@uitidtihim/hgd luminal wall for

surrounding !;1? );| e St ming & luyminal space etweenéhl?itiss e site and the luminal wall;
a manifold hévmg%;%egﬁ!r)lgggg f{)f?rgrrélgé%\%rllgjar% 3‘%:% per%sssoﬁlreesfoa 1 I ri%lﬁlf&leethe 25reduced pressure to
the defect; and a scaffold having a generally tubular frustum shape extending between a base opening

at one efd3MPe vertekhssasiery af thaimper whereindhsattfenst vamhss suisiscempisastfibriensinal

space with theuatex OReBIGhe iRl etk HRsRIaPSh4gthe manifold. Claim 60.The apparatus of claim 59,
wherein the defect is a severed nerve. Claim 61.The apparatus of claim 59, wherein the defect is a

inched, pattially severed, ) . C1 .
pinc 81%{1{1 JX T%e system of claim 36, wherein the at least one fiber guide is generally linear.

Claim 41. The system of claim 36, wherein the at least one fiber guide is bioabsorbable.

Claim 42. The system of claim 41, wherein the at least one fiber guide is comprised of

collagen or fibrin.

10  Claim 43. The system of claim 30, wherein the manifold is positioned adjacent the distal

side of the nerve.

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



or degenerative nerve extending through the vertex opening of the scaffold. 5Claim 62.The apparatus

of claim 59, wherein the scaffold Is substanti non-poraqus. Clal 3.The tus éﬁj m 59,
DAt R A e A A e W e

The apparatuﬂ)eélﬂ@ng@%twhﬁﬁeH(MCgﬁﬁtdds}@@mGﬁ?dtﬁﬁ@lf{t}{f@’(ﬁﬁﬂ’t@b(@c{i@H’)ydroph|I|c
material. 10Claim 65.The a };{)) aratus of claim 59,lwhe in thf@dggg er co nsg}s t least one
fiber guide exXRAIRGYHIBR § ferimhanspuTyaHag %CEPér fith 66.The

apparatus of @), glateleeteinviicgad iadstone (fm}nr}gu|deu$1m1fh¢|@mnﬂﬁmme(ﬂmyvublsﬂnmssue site
of the nerve. Claim 67.The apparatu 65, wherein th t le st one fiber fluid
eSO U B RO Lo SRy BTN 4D S BT A EY L S orein the
at least one fiberigulde, comprisesdibr asprat(Uisibng exiending ot thethiniNn@Fspace. Claim 69.The
apparatus of claim 65, wherein the at least one fiber guide is generally linear. 20Claim 70.The

apparatus of claim 65, wherein the at least one fiber guide is bioabsorbable. Claim 71.The apparatus
of claim Mainh&2ein thiecatyleast @idaliped(ywtierssrchmpeisectonduit 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.

10 Claim 53. The system of claim 30, wherein the nerve conduit is composed of a bioinert

material.

Claim 54.  The system of claim 30, wherein the nerve conduit is composed of a

bioabsorbable material.
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 pm.

20 Claim 59.  An apparatus for providing reduced pressure to a defect at a tissue site of a
nerve, the apparatus comprising:
a nerve conduit having a luminal wall for surrounding the tissue site and forming a
luminal space between the tissue site and the luminal wall;
a manifold having a connector for receiving reduced pressure to distribute the
25 reduced pressure to the defect; and
a scaffold having a generally tubular frustum shape extending between a base
opening at one end and a vertex opening at the other end, the scaffold being

positioned within the luminal space with the vertex opening oriented closer
29



of collagen or fibrin. Claim 72.The apparatus of claim 59, wherein the manifold is positioned adjacent
the distal side of the nerye. Claim 73. The apparatus of claim 59, wherein the manifold provides
reduced pressure pretfépéﬁmwfaihe distal side of the nerve. 5Claim 74. The apparatus of claim 59,
wherein the manifold is composed of a bioinert or bioabsorbable material. Claim 75.The apparatus of

claim 59, wherein the manifold is substantiglly tubular or cylindrical in shape and positioned within the
Luminal SHU0E! 00 ol FB A A BbRIMle or LT B4 I TE AR RO Betands through the wal
of 10the nerve conduit in fluid communication with the luminal space. Claim 77. The apparatus of claim
59, wherejn the scaffgld is formed from a faam or gel materjal. Claim 78.The apparatus of claim 59,
aihorein P Told QU APREE ISR Sy A 78 FHe b PUIEHE B ATAITN 43 ilorein the
bioactive agentdsginleastonerot axtdikhinglhobicglathanthedypsdng gfahdkdattad. Claim 80. The
apparatus of claim 78, wherein the bioactive agent is a growth hormone (OH), a bone morphogenetic
protein (BMP), transforming growth factor-a (TOE-a), a TOE-13, a fibroblast growth factor (FOE),
gransilocyikxoolhy stithellgipagafacial (@G0 SE )wheasiul deyteifialet dphagexsaddtigynstimpotating factor
(GM-CSF), epidermal growth factor 20 (EGF), platelet derived growth factor (PDGF), insulin-like
growth factor (JOE), vascular endothelial growth factor (VEGF), hepatocyte growth factor/scatter factor

(HOE/SH)l@minagerledkia appanarusedr osisfaOtoxda(dil haj @if foddve giowth factonlibiGre). Claim 81.The

apparatus of gl 59, WETE Y 1R MENE Sl gmPrises a slice along

Claim 64.  The apparatus of claim 59, wherein the scaffold is composed of a

hydrophobic or a hydrophilic material.

10 Claim 65. The apparatus of claim 59, wherein the scaffold further comprises at least one

fiber guide extending through the luminal space and the vertex opening of the scaffold.

Claim 66.  The apparatus of claim 65, wherein the at least one fiber guide is in fluid

communication with the tissue site of the nerve.

Claim 67.  The apparatus of claim 65, wherein the at least one fiber guide is in fluid

15 communication with the manifold and the scaffold.

Claim 68.  The apparatus of claim 65, wherein the at least one fiber guide comprises

fibrous protrusions extending into the luminal space.

Claim 69.  The apparatus of claim 65, wherein the at least one fiber guide is generally

linear.

20 Claim 70.  The apparatus of claim 65, wherein the at least one fiber guide is

bioabsorbable.

Claim 71.  The apparatus of claim 70, wherein the at least one fiber guide is comprised

of collagen or fibrin.
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its length that forms an opening whereby the nerve conduit is implantable around the 25tissue site and
sealable with o[? ore closure elements, Claim 82, The a ratus of clai g; ?9 wherein the nerve
sed

conduit i$-CA P%@B{i‘ﬁ%tﬂsrﬂ £ i n'ﬁ?ﬁarﬁ?}B (SR EIRRRGTIARBIRS the nerve

conduit is cortipasediobathioaliserbable material. 5Claim 84. The apparatus of clalm 83, wherein the
nerve conduit is composed of collagen. Claim 85.The apparatus of claim 59, wherein the nerve conduit
comprises pores. Claim 86.The apparatus of claim 85, wherein the pores are sufficiently small to
exclude OtentTy.of CElls dppardisswée Quiioondiigtbia teyviesdorlrsviddhe:tinddgrspace. 10 Claim
87. The apparat s of claim 8 herein the pores have a diameter of between about 5 Rm and about
50 m. Claim 8§ ?‘ﬁ’gté%%'atf)a ﬁ%\éo/lft a?frﬁe‘sg %E%Yﬁ‘the manifold is in fluid communication with the
scaffold.

5 Claim 74. The apparatus of claim 59, wherein the manifold is composed of a bioinert or

bioabsorbable material.

Claim 75.  The apparatus of claim 59, wherein the manifold is substantially tubular or

cylindrical in shape and positioned within the luminal space.

Claim 76.  The apparatus of claim 59, wherein the manifold extends through the wall of

10 the nerve conduit in fluid communication with the luminal space.

Claim 77.  The apparatus of claim 59, wherein the scaffold is formed from a foam or gel

material.

Claim 78.  The apparatus of claim 59, wherein the scaffold comprises a bioactive agent.

Claim 79.  The apparatus of claim 78, wherein the bioactive agent is at least one of an

15 antibiotic, an antibody and a growth factor.

Claim 80.  The apparatus of claim 78, wherein the bioactive agent is a growth hormone
(GH), a bone morphogenetic protein (BMP), transforming growth factor-o (TGF-a), a
TGF-B, a fibroblast growth factor (FGF), granulocyte-colony stimulating factor (G-CSF),
granulocyte/macrophage-colony stimulating factor (GM-CSF), epidermal growth factor
20 (EGF), platelet derived growth factor (PDGF), insulin-like growth factor (IGF), vascular
endothelial growth factor (VEGF), hepatocyte growth factor/scatter factor (HGF/SF), an

interleukin, tumor necrosis factor-a (TNF-a) or nerve growth factor (NGF).
Claim 81.  The apparatus of claim 59, wherein the nerve conduit comprises a slice along

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

25 tissue site and sealable with one or more closure elements.

31



10

Claim 82.  The apparatus of claim 59, wherein the nerve conduit is composed of a

bioinert material.

Claim 83.  The apparatus of claim 59, wherein the nerve conduit is composed of a

bioabsorbable material.

Claim 84.  The apparatus of claim 83, wherein the nerve conduit is composed of

collagen.

Claim 85.  The apparatus of claim 59, wherein the nerve conduit comprises pores.

Claim 86.  The apparatus of claim 85, wherein the pores are sufficiently small to exclude

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

Claim 87.  The apparatus of claim 86, wherein the pores have a diameter of between

about 5 wum and about 50 pm.

Claim 88.  The apparatus of claim 59, wherein the manifold is in fluid communication

with the scaffold.
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