SYSTEM FOR PROVIDING FLUID FLOW TO NERVE TISSUES CROSS-REFERENCED TO

RELATED APPLICATIONS [00011 This application claims priority to U.S. Provisional Application Nos.
61/142,053 and 561/142,065, each filed on December 31, 2008. This application also claims priority to
U.S. Provisional Application No. 61/234,692, filed on August 18, 2009 and U.S. Provisional Application
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application relates generally to tissue engineering and in particular to apparatuses and systems

suitable for use in treataga Of\7v %ﬁﬁﬁw\ﬁﬁskﬁ%ﬁﬁﬁf@?ﬂﬁ m6 Art 15100031 Clinical
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proximity to a tissue site augments and accelerates the growth 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

20 “vacuum therapy”) provides a number of benefits, including faster healing and increased
formation of granulation tissue. Typically, reduced pressure has been applied to tissue through
a porous pad or other manifolding device. The porous pad contains pores that are capable of
distributing reduced pressure to the tissue and channeling fluids that are drawn from the tissue.
The porous pad often is incorporated into a dressing having other components that facilitate

25  treatment. A scaffold can also be placed into a defect to support tissue growth into the defect.
The scaffold is usually bioabsorbable, leaving new tissue in its place.
[0004] Scaffolds for reduced pressure treatment are described in, e.g., W008/091521,
WO007/092397, WO07/196590, WO07/106594. The adequacy of current scaffolds for reduced
pressure treatment can be evaluated in light of current knowledge of wound healing. Injury to

30  body tissues results in a wound healing response with sequential stages of healing that include
hemostasis (seconds to hours), inflammation (hours to days), repair (days to weeks), and
remodeling (weeks to months). A high level of homology exists across most tissue types with
regards to the early phases of the wound healing process. However, the stages of healing for

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

1



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. [0005] Strategies to facilitate normal
repair, regeneration, and restoration of function for 5 damaged tissues have focused on methods to
support and augment particular steps withj tT healing response ecially the latter aspects of it.
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implantq{&ﬂ}%ﬁl &%ﬁ‘(ﬁgg ﬂﬁ%%&%‘@es&%ﬁ%tﬂ‘%ﬂ&éﬂfﬁlgt they can be made to work with the

biology. Traditional scaffolding technologies, however, rely on the passive influx of
endogenous proteins, cytokines, growth factors, and cells into the interstitium of the porous

20  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 lead to

25  less than functional tissue regeneration at the injury site. '
[0007] It would therefore be advantageous to provide additional systems for the repair and

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



provides and distributes reduced pressure at the site of damaged nerve tissue. A manifold according
to the invention may also be coupled to a scaffold material which further distributes reduced pressure
and provides a structural matrix for growth of the tissue. 10 [0009] In another embodiment, a system
for providing reduced pressure therapy and facilitating grovvth of nerve tissue in a patient is provided
that comprises a source of reduced pressureéﬁj g reduced pressure and a manifold nested in
a nerve conduit adaptable for implantation at Issue S|te where the manifold is in fluid
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ShOWingembodiment, a system according to the invention further comprises a fluid source in fluid

20  communication with the manifold and the damaged nerve tissue.
[0010] In a further embodiment, a method of providing reduced pressure therapy and
facilitating growth of nerve tissue at a site of nerve tissue damage in a patient is provided that
includes implanting a nerve conduit and nested manifold at the tissue site, where the manifold
provides a reduced pressure to the damaged nerve tissue. The manifold may also be coupled

25  to a scaffold material, wherein the scaffold material provides a structural matrix for the growth
of the nerve tissue. In certain embodiments, the method further comprises providing a
manifold in fluid communication with a fluid source, wherein the fluid source may be used to
deliver a fluid to the manifold and the damaged nerve tissue. In yet a further embodiment, the
fluid source may comprise a fluid comprising one or more bioactive compounds including, but

30 not limited to, an antibiotic, an antiviral, a cytokine, a chemokine, an antibody, and a growth
factor.

[0011] Other objects, features, and advantages of the illustrative embodiments will become

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



the nerve conduit enclosing the damaged nerve; and [0016] FIG. 5 is a schematic view of a fluid
control system for the system shown in FIGS. 1 and 2. 15DETAILED DESCRIPTION [0017] In the
following detailed description of the illustrative embodiments, reference is made to the accompanying
drawings that form a part hereof These embodiments are described in sufficient detail to enable those
skilled in the art to practic¢=,\ﬁ{;pe(§i1@i i gﬁrgt ' r@e%ﬂgt her embodiments may be utilized
and that logical structural, i@ﬁ%@ [ j:l&gl 2 V@ﬁgﬁ&es may be made without
departi{@p12inFiGe bjxrtchacafie, pkispenientien. dia disidedataid potRacespacmtifoe Rghiitgose skilled
in the art to pragtice the bodiments desgcribed, hetein, trE escription may_.omit certain information
known §d’ %H%?éeedcékl 15 Iilﬁ?rgéngrﬁ %ef(gﬂ{}\()ﬁff‘\tgm&%?aﬁé% Hage Bﬂﬁ?fp%fo?ﬁﬁ?&g?@] Wyt BEHSRen in a
limitingefehs acard-tnesic opraicth® iBhistvalivenanifoddjments are defined only by the appended claims.
25[001 jpgyto FIG, 1, a reduced pressure therapy system 1QO0 for applying reduced pressure at
a ti[:’gsuf1 éﬁeﬁ I?lIELt?e (1)Sd2§/5(5:¥l 5%%%&6{89%%%‘? Xl%l‘@f%rce? 3%%%1%, (#EIF% Qﬁ?ﬁl@?‘g%%fgﬂ %d nerve is
discloseppairive daseraged meevedmviaging venbsercpintiiieshdasiadydistentiariachOr semarsm or partially
degene‘{]%heg asares l of disease. F.?r examgle, the dajmg‘ga%ifnﬁﬁve in FIG. 1 is a pinched nerve 102
having a proxima segmgﬁ%emﬁcgﬁlgué AREPQVsE LIRS Sifve to the central nervous system
(CNS) piohd Facedtisthecheneitad perspectiog iasvifartidainagedi ahennef enttantaldersitesd @8 that has

been pjpched or partially. d e a%%? but has not been completely severed. The pinched nerve 102
may be{pberS % %15) Sgirolmglr%ﬁgﬁgd Ea herve damage site 108. The term "nerve damage site" as used

hédein [00¢] 10 G.Wasnddredefict porpadiaavdewihihessearshdissie FIGlIdiagd buhaetitipited to, a
disconr&claec}legv (é)rc&fa]}rtli1 ; I nccii(s)(szﬁlnn[gctgd ner\ge a degenerated or partially degenerated nerve, and a
Lumptessea or plnghe nerve. oFe>?§nn%§F ,f%S%YSc pressure tissue treatment may be used to
enhand80BaiGr feigrosdiieniadxisiing oaftuiibsostol tydailifatalgroystbrosheaficsd BIGasplanted
nerve tjs and/or cells. 5[0019] The reduced pressure therapy system 100 comprises a nerve
condui ‘that surrounds the pinched 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
tykular in shape and closes the nervgéifx ' g, rtion of the proximal segment 104 and
tlﬁig distal segment 106 that has not een@%@g@?%ﬁ r@glﬁ)onduit 110 has an inner surface 10112
that for§9&1d]nlarthe dalolvidgdthailee] slesatstioh tbftheillestatagertitel idSits aefarbnzinahsprce
betwee[n H?ee i@c%% Salf{faced%\%i%f tht%r,g ve cond g{[ 110 a?%the Slt(raf?ce of the ré%rve.geaﬁlage site 108.
The reducsd prossir the (LAY Bas Kl {3t eisEed Bers STROLIPERIS #te S55FERCLE for
providisufcienh el e ssable dnska skitladatoti? Arfltogisacietpibel itortheipresstiteisandesstbbd via a first
conduit, 125.. The manifold 120 is gengrally tubular in shape and 15 positioned wijthin the neyve gap
114 su{rl}%%%tgﬁ gert%%()aogb%%% 0 ?ﬁgenueur{}%eé%%%h ts%glf%gs.tmcmrai hethanical, clectrical, and

20  chemical changes may be made without departing from the spirit or scope of the invention. To

avoid detail not necessary to enable those skilled in the art to practice the embodiments
described herein, the description may omit certain information known to those skilled in the
art. The following detailed description is, therefore, not to be taken in a limiting sense, and the
scope of the illustrative embodiments are defined only by the appended claims.

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

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

to a wound or defect located on or within any nerve tissue, including, but not limited to, a
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The manifold 120 may have a variety of shapes depending on the type of nerve damage, and in this
particular embodiment has a tubular shape to occupy a portion of the nerve gap 114 around the nerve
damage site 108. The manifold 120 may also be coupled to a scaffold material or contain scaffold
material (not shown) that provides a structure for tissue growth 20 and repair. The reduced pressure

therapy stem further rises a cgnister 130 fluidl upled between the reduced pressure
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pressurg).'gt[t)‘g ﬁrﬁngmﬁi—%g? H)(gmm ced o‘r')gsusu %ﬁyfg% ﬁ#@?ﬁﬁﬂﬁ%ﬂ% %h RS to -50,
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having g.Qr ent 04 an dIS | segment 206 re tive to.the CNS of patient as
shown ?r}rl% %hfah}eglgeg\%?e Nerve 2 d? tg 0&%8@&189 198 QL e APLY B 8P gg8 that has been

compIemémmmmgemcwp@&smmtﬁﬂmmsmteﬂsa% toupledlyingscadieted pressure at
the ner e 208 rises ilar, compgnents as the reduced pressure therapy system
100. ThY(I-:-? ?Bc?g%%ﬁé%lusr%afﬁgg%y SyS fe{E 56160 cor)?talrai éeﬁ&é‘g%c&r& PrUB R A W Hounds 20
th@ner%%mgeﬁlte;@h&edtﬂrﬁsmﬂmmmemb 108 fmﬁeedamepsvie@&?fca"ﬁhﬁemm gufd@ﬁe 112 of
the ner 214 bet eve of the sev re nerve 202
within tﬁg %ér](\f/ig ‘ir%r%ge sit (ﬁé%eé{ eSSl u?ﬁ’.‘hrﬁfs\f; gﬁ?ﬁ/ ﬁﬁ)dé‘? 2§ r& c‘ié)’i W Pnerve
condurtcmﬂgcahddihe Rudasechiah elned\m dandageisite20f ahhemaduhedgresgpe thetaphsystem 200
also Co%&ﬁﬁl&@ﬁ{yfl%l&ggg J'r‘é's%'&’re? cs)gl?rlgedlt&the %Scsa%%ter 130 are integrated into a single

housing structure.

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

30  locations.

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

which the patient is located. Although the terms “vacuum” and “negative pressure” may be
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25source 115 via the first conduit 125 and positioned within the nerve gap 214 leaving nerve gaps
214a and 214b between each of the severed ends of the severed nerve 202. The manifold 220 may be
generally tubular in shape to enhance fluid flow within the nerve gap 214. The manifold 220 may also
be generally cylindrical in shape and function additionally as a scaffold material (not shown) that

he s v?red 30 ends.of the e¥ered nerve

provides a structure.far.fissue growth and repair.between
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manifolp@2sumayites tsedeloti sevatedinaviatisshag presauenervledadeanassiia 2@RicEthe core portion
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in fluid %8@935‘&{%%%{‘ with the eV&d surfaces of flhe core{porgion %22 of tIBe manifold 320 and the other

end extenélng axiafly thererrom within e nerve 8na%eslg Aand 3140 at tﬁgtr%?%urdﬁ mage site 208.

Any nurRsdnefdpasssotd nednBD5 typiyably applics sadmait edctsntbetre> gronkly heriétissudig,

Furthermore, t%le anifald, 220 may include.manifold rods 325 extending from only qne of its end
surfacegh(?%tu Baéﬁo:/gvrftl% g%ﬁé}%alg%érrlg%%lr n%é]ftngan&/l é%osi@or?gég %jﬁgﬁ(ﬁﬁisml or proximal
entlof tiedimethpredsner veagitee 208stiieahaamiftithlady SRerenaydb ergany taly aubd @reintshape and
formed gf the s material as the ather,manif Ig; 120, 220 as described above so that they are in
i cor L TR e P S e R S B Bl s
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the manlibideve2e] ae0raRd2hahbeen dscagedtelyesverdamaipegited 08 that dasizge siemplt68y 208 as a
closed ondui in F y ifolds re inserted.in the nerye, damage
Sites 108 e b R e e 415
or any cibwiefdatenged o308 komprises fimbat. chnepnaeuts oo tickitdu@dap6rb¢hetappogsdmf a

bioabso[%bl? r a pioiner rj terial used for nerve.c its include. without
limitation, p'olyPacﬁ%ﬁ%g%l&L %%gp@%/rg co |%:%aﬁé:g%@%p?§) @Ttaﬁgtln 3809%?98%%?@(%‘68&0“%
polvinyimynesiidslasgeslyite 20l and the, ssokredrbntsané theosdy tuedareaes 202prbtedtore spfabgamides,
polysacghar ??f?e(f{é?l}édéﬁ%ﬁé‘%'{‘?é A%sgar% 'Ce'“ﬁr{“ 3'94”@&?%%?145%“&‘%%‘%‘5‘3 ’ﬁ%}ﬁ%"gfﬂ%‘éc Gty
polyhydroxybutyrate, polyhydroxyvalerate, pg fdloxanone, po yor?hoest ers, po ye% yeiene glycols,
poloxanserss BOR/phthep e aewys, Grohzanisid2ss 1. polyduminmbspdss petyaenttis ipulysyefacacrylates,
polyuretpfa{lgis H%%Xﬂp I trwl inyl acet olymers_ and other,aeyl-substituted cellulose
acetates and éerivativgeé t 8eﬁri(ta(fl) , pﬁﬁ%é?r%%? %§I§w%ﬁ¥ chior; ea}ggoﬁil\e/i%??fll}zﬁr?drgéuceg
poly(vinptiessdeeztiesarohsystanl 200 a ke dopybyisksims)qpolyt 22 Aeidkydeupbidiin thafrestiteTeflon(r),
angknylq ceEtain S.hi [ e g., purified or.recombinant) materials may be used form
nerve coﬁ gﬁs ﬁc?u%%%pgﬂ%tttgr%qé\%g E%#t%%g@f%%ﬁ rl? ,e%&gﬁlglc i or Col I%%g%q(@aavgé &?&KXATRIXTM).

gaps 214a and 214b between each of the severed ends of the severed nerve 202. The manifold

220 may be generally tubular in shape to enhance fluid flow within the nerve gap 214. The

manifold 220 may also be generally cylindrical in shape and function additionally as a scaffold

material (not shown) that provides a structure for tissue growth and repair between the severed

30  ends of the severed nerve 202.

[0023] The manifolds 120, 220 shown in FIGS. 1 and 2 create flow patterns and gradients in

the nerve gaps 114 and 214 within the nerve damage sites 108 and 208, respectively, which

can be further modified to enhance nerve tissue growth. Referring to FIG. 3, a manifold 320

having a core portion 322 with a generally cylindrical shape similar to the other manifolds
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[0025] A nerve conduit 110 may be an unbroken substantially tubular structure fitted across a 5 gap
between a proximal and distal nerve stump such as depicted in FIG. 4. Examples of such substantially
tubular nerve conduits, also referred to as nerve guides, include without limitation NEURAGEN(r) and
NEUROFLEXTM collagen conduits. A nerve conduit may also be formed from a wrap that is

positioned.arpund g disconnected .or ed (e.q., pinched) nerve and sealed with a closure, such
o n st S A R e AR & R T GBS e
NEUR Od4imhie Fite 208. NEid Rar\ v hN 220d fithemeonfidid S 2 roeyt alsod s plicks athex s o mingduit is
made °f32§%"§‘&erkﬁ'flrtgh%ét%v“e%r?ﬁé’e'OSESsﬁ?Faéj%@F&%dcé‘r%%‘?n%%%?i"(aeﬁ‘ecle% st %ﬁé’"? ] s‘ffcg‘w% nerve
cells such as gla. Irfrsome embodimeénts, the nerve conduit matérial IS permeable; thereby allowing
fluid andgrotemifmditesatpidifiedeneinve e b. tnerveddmitge citet 8t plhetheapidodd 33 Gfnghee conduit may
be 15sufficiently small sp.as {o lude the entry of cells into the.conduit lumen (e.g.,.pores having an
inetior SHPAES ah R 1546 2% S e T o i e R S BORR 0er or
10 um aswif2@pof)thelvoss pirtionSQostipresmifelds32fplietitbe tikeintedexhtlisgaridilit fluid and
proteins,may-be drayn to the lumen of the ¢ it by the pressure aradie he skilled.artisan will
recoani I T e R e o B S o
Generalhyanifeldondsiig toraphsaeised s ecnuirdifoctes of fpewthanrsd tins 8.0 nrtheoshathabout 5, 4,
3,250r A Referring to ElG. 5, t uced.pr e ther e rther
comprisg%n%@gsggrge%gﬁs%hﬁ rg%rgrg qf%%ﬁsn%g é%: 51 %%%ﬁéis{% 8@%%%/103?%06%2321&% fggé}educed
pré8surehosiny sepplitthecctne poctiifo ik 124, B2 positiensystdiacdtiadistaliocprdstnzkendrof 25unit

145 el ical 5.Th
pressurd S T A e S h e W AR BT B, oy
indicatefometdef the Sasteonattniell2Ghe otiuiuvadifplds 12,0230 eshdastiobily dhave sT aaptiasysure sensor
140 al | | unit 14 i bei
apled B T g b R S A BRI 5. 220,
The reduest tissssuidettnesdby wysifotd T00srA2§ misoademisrioabshukhblepol yhab thégdéynocepted to the
fi I j it I A t it 145. The fluid
el T B e R R I e 108, 208
including\lteitedivelimitatioantinld mod 32t rdyacenprise anonduit stpsad at ooli-epdwnd Brodivtion agent,

erioafion flui : ) ¢ , st val
o poa R e B B R b P L B B cond vaive
156 posin@tniéfddrmﬁéﬁﬁsmmﬁmdumb@twemq&é%duoeglpﬂéﬁsuﬁlaes@;pplm‘niara?r@théthmcture
between, N6 Ai§tSR NI 2 AR HE SRR MAHE I 645 G99 RlthS flow of reduced

20 [0024] The nerve conduit 110 is shown in FIGS. 1 and 2 with a section removed to show the
manifolds 120, 220 and is shown as completely surrounding the nerve damage sites 108, 208
as a closed nerve conduit 310 in FIG. 4. After the manifolds 120, 220 are inserted in the nerve
damage sites 108, 208, respectively, the nerve conduit 110 may be sealed by utilizing one or
more stitches 415 or any other fastening device known in the art. The nerve conduit 110 may

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

30 polydioxanone, polyorthoesthers, polyethylene glycols, poloxamers, polyphosphazenes,
polyanhydrides, polyamino acids, polyacetals, polycyanoacrylates, polyurethanes,
polyacrylates, ethylene-vinyl acetate polymers and other acyl substituted cellulose acetates and
derivatives thereof, polystyrenes, polyvinyl chloride, polyvinyl fluoride, poly(vinylimidazole),
chlorosulphonated polyolefins, polyethylene oxide, polyvinyl alcohol, Teflon®, and nylon. In
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5pressure. The control unit 145 is operatively connected to the first and second valves 154, 156 to
control the delivery of reduced pressure and/or fluid from the fluid supply 150, 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 hea{Eﬁng, ag\d.fagiéitate draénadge at theB':.ite the nerve 10 gamagefsite r119~§ 208. As
used he?gfﬁa,l?haesgg? RS e PE Y R T SR S I E S T perg\sl? ed10 8&si&t in directing
reducedcpraustsrimdtnding et ace thotdSiatedrtoe filow) 6 bronsc fioor adikgiea 6tg., A manifold can include a

pluralityBW'&%w%@gr pathways that are interconnected to improve distribution of fluids provided
rom the

to and remove rea of tissue around the manifold. Examples of manifolds may include,

without [j6624]icx peevdcendisi tHathay bstmiohimaketesnbsttmtialintpbalto sonmtiimfithdansss gellular
foams such.,as open-cell foam, porous tissue collections, and liquids pﬁgs nd foams that include or
curé to iﬁ%ﬁ’u%e S SRERH ﬁﬂggéj?l StFelél %fé’gcsgrmﬁ r?uc;l] A H%Biéle(fjm t eiff‘ %xamgﬂ eaiO?S

ow chaninels. al Ip of manitolds and r'use according t5 the
inventiosulsspraiatie dubalann¢da2onthé spatyo sxfaffoliibas nepa erdds, iefdudd¢ovitlsmidstance or

structure. applied fﬁ)E% ¥ou té&ahpr ides a structural matrix for the growth of cells
and/or tﬁlénp olpar{rlr?éltlon o#g%%gé& Aag@%%fé%%en a tﬁ(%{g%‘lnm%)ﬁlé{l%ﬁ%il §or}8rl]/§ g?rrﬁ%lﬁljre. hggggcaffold
can be ibéufoenheditihomoatechpvitiat or puxitiorise drofinélisdigrondhctadtor slaexdgrddiigammebed)

components, nutrients, integrins, or other substances ramote cell growth. A scaffold can take on
e R R A h AT e TR R e B e o o the
scaffold amduissireludeheitontehtofatiey MEEURESUIN B EA amd hETIR AWRioM Caollagen fluid
communication wjth th scaffol%. detailed description of scaffolds .and their use Ing to the
oot B oS Bt U R s SF el il B AR
apparatdsesfod comeginagsdelkichtie/eifiitst dmpattemneafviide lSoncthat glouldnestonefor control of

patterned 30 protein grganization at.a microSCopic. NANESGORIC, O NESOSCONI menable to
provide g'Stic u?lelé’r%ﬁagn?%lv gr?a(,?%lp |oa}1%1ﬁ§,l la?g(e:rarﬁte) (]‘f?reﬁait%e%%}?gr cg?%%aﬁﬁlgg%a%? ﬁ(?tgllﬁerentiation,
and like fastoaviordiffoss tangufr thsotiohat.rdpevsaatin, ti¢ipstassinia wovpesisbntmalidpassive nature
of fie currant Stale RIAhe L VI SORIYR 0 HRsHEJSRAATAL EaRNAIAliRD, e maihads, Agafolds.
manlfolcf, 6w sources and systems disc o0sed herein provide an active mechanism by which to
promoteathmteridodemoetsrdepositign migiotelmsmatat of heticaticribobtheluprenibhammEdrawitid
biochemjgal and sical s to\direct cellular colonizati f ffold op tissue. The present
invention T Sy A T A PR o,
providingeadrnikivbakdiperteivisiokaydbd elsaymrivathiédias & arf ths cafidiait hawcpugsonrergrataend. of the

biology yade e nfkenceal duid v o vaelors and PR iRt io eahapeg protei
deposition and cellular colonization. The systems provided herein are designed to promote
estblisipartntlef aquvevipidivatioratrenetallykheitoaduita ciogyisaasitivarhalditnstes alfhgssidsue edges

through &Sﬁ?g@' t&ﬁ%ﬁfssl}ﬁoﬂﬁ g’rg_maoti@ éygqﬂgpal tissue continuum. 10[0029] Thus, the

apparatuses, methods and systems’disclosed herein provide a means for
[0026] Referring to FIG. 5, the reduced pressure therapy system 100 may further comprise a

pressure sensor 140 operably connected to the first conduit 125 to measure the reduced
pressure being applied to the manifolds 120, 220. The system 100 further includes a control

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

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

an antibacterial agent, an antiviral agent, a cell-growth promotion agent, an irrigation fluid, or
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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 controlled fluid flow, which
can be used to initiate or augment the early stages of the body's own natural healing process; a
manifold can provide the active guidance necessary to create a controlled 15fluid flow. Specifically,

the contrg]led flow.vectors that the magifolds proyide.can be used to fagilitate, the directed influx of
cells ané)qpregt%i énllﬁaﬁ%%&gﬁoqg?%sr‘e%ﬁ%sftg'ﬁle}é%cf?l%ﬁ?rp%‘fﬁwwgs\ﬁiﬁ’ﬁﬁ é{aﬁ‘égdg‘gﬁgsgfoé’@&ffold can
lead to pattkersecoddposaifidn 2o teinsobtie flasvesd g tianethitoighy khiatbe ondnimid, Imffold or

tissue space. Biochemical cues frg okines, growth factors, and cell nd within the provisional
matrix cgrqs\}e\;[/lé)r efﬁlﬁéﬁ] co r11rjsu%nc(? ion %ﬁhgﬂgﬂ}ﬁgeﬁﬁ gf’ceéi RAgaGt ?HBPAS}’clﬁgi i\lltﬁ‘?dfﬁ%t&ﬁ%
extracellbtavennthie firgyeiselthel 25keehe st coigtzbatuif E5Ringesntd el dvpigethe¢dpair stages of

healing. These cues act as a fa f.track that emanate m.the healthy tissues and ses through
the gcaf%lecﬁsnugre()r |sesﬁ(e)rlzi,}fp?alféltlallt{(;11 #;gc%ﬁt%'?grgthv&s{iﬁﬁ%esc%gigoaﬂlt?e%ﬁgtﬁ{)\g ?8?%%%&??610&??5&1%
regeneratioon26] X33 1Rethaf exthhcthi priissinsand/ prdlidEfomichecidnifpiplin g 36 chisplatiesydesigned

for specifig biological n sed upon principles of fluid flow. In certain aspects, the. invention
concern%'soza?h ﬁe%ma%&?%%czéi?gv%ﬁ%ﬁﬁ%éﬁ%y W@ggﬁ? igﬁ{fﬁ%&?&?&&?@% i Bng. In
rudimentatieforiththfuapprpelyhl i/ olee sldiserithe lapugénas ddicatdioab dhef batma padsadigiveior

controlled moyement it enous or, expgenous. fluids into,. out of, or through a 30 tissue
space foarniﬁzé t\({)lsg%lﬁflzlef%(j%e{g)dé%%%qgfpﬁ%?&tﬁshg%@ ragggﬁ% lg% céﬁﬂlgﬁgﬁ%%%ﬂ&(ﬂ?&ea?\edvﬁrowth
fadifrs, ddthagelbsedd8nf 68:nvasiosedfhardire chioraty ‘Griemfetiprefisicoal substancthe sipsttarspace

being defined here includes, but is not.limited to, the region spyrrounding a_site of nerve fissue damage.
[0031] I%I&?d AW in c?,& t Orglsjs’giﬁ,lgr(%rt?tc éP %g%r%revde it Suugest a&féﬁhvaeﬁ‘%%ﬁléfﬂ?e%&%de&ﬂ%% through the

inclusionlofdadtitivadisstersiéntsAtanthefeld taimiindiukting hnatiitfy kv i snaleltipathkagobedinated
elements of te e designed.to create fl rameters, pathways, a atterns sufficiently
e T R e B RS R R R RS e
organizatisnecfrovaidisheamdifolaini Howoples xbtiani fifldp ewifidmdldypeithtndiliiditati ete devitssof the
system llows. 2] Source or Genegator fFIq‘w. Flow is.nduged into, through, or out of the
ne?\gli ti?ég%ﬁgggég%%ur[}ggt%gl&é%? 3%6%%85%@‘{%’{??%8 tce %h%%lguegrinoﬁnr%sc %Criﬁc?gl?%ﬁﬁe'ﬁ'ﬁ@al, and/or
electricaoputepriales Tinseoidsntiansysmf figuidsy geid ereltfiens gratieciude archaageincidepotential
e A O O B e B e Bl 1
generator or Its extension elemen ﬁ ., manirold or scaifold). In"'ohe embodiment, the source of flow
comprispsidedibedont. reduced pressure. Systems and apparatuses according to the invention may

also coryieg Yalyea ar-auan o eiNes ARORIER! 55 SRRlGRUOD, AR Ameup RLRRIRI e prossure
applied to the manitold. In certain
20 wound or defect that provides a structural matrix for the growth of cells and/or the formation
of tissue. A scaffold is often a three dimensional porous structure. The scaffold can be
infused with, coated with, or comprised of cells, growth factors, extracellular matrix
components, nutrients, integrins, or other substances to promote cell growth. A scaffold can
take on characteristics of a manifold by directing flow through the matrix. A manifold can
25  transmit flow to the scaffold and tissue; in the context of reduced pressure treatment, the
manifold can be in fluid communication with the scaffold. A detailed description of scaffolds
and their use according to the invention is provided below.
[0028] As such, the invention disclosed here discloses methods and apparatuses for
controlling cellular-level based patterns of fluid flow that would allow for control of patterned
30  protein organization at a microscopic, nanoscopic, or mesoscopic scale amenable to provide a
structured manifold and, optionally, a scaffold material for cellular migration, differentiation,
and like behavior necessary for functional regeneration of tissues. In comparison to the
passive nature of the current state of the art with regards to tissue repair and regeneration, the

methods, scaffolds, manifolds, flow sources and systems disclosed herein provide an active
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15 aspects, nerve conduits and/or manifolds described herein comprise a pressure sensor. Thus, in
some embodiments, the amount of negative pressure applied by a source is regulated based on the
amount of negative pressure that is sensed in the manifold or nerve conduit or at the site of tissue
damage. [0033] Manifold. The flow generators are the driving force for stimulating the flow of fluids. 20
Manlfolds S qle a 1alxrat ses for refinin the ttern off{low betwe n the source or generator of flow and

the tissUS Space. The ThaarSsREeLs, o‘f’ ALl 812 VA ﬂﬁ@&%ﬂlﬂf%ﬁﬁ?ﬁ&?for directed

localizateptovissingl enptrintwittidbfo¢heraital ahdeleglivelyyrestidiect peihikfebEatiign ditiation sites
for micros%:fetll% fI(r)\{vsg)athwae \Lﬂlhln the manlfold/s\c)éffold and, ultimately, the tlss e space.. The

manifold Tay also Serve as a condureTa TRECPU Ao CURTSRT 5 Eﬁéfg%ré%r the
deliveryhefaesiog domesofl didscted: fiaitis§o. qnae&h{@%ﬁ]aﬁd%ﬁtfalsbg evtathl o eisis @ ampbiiical

subBstance or structure that ser es to as t| .a latin nical,.chemical,
elegctncaglﬁer s%lrgrlg erat|8ns m?o cﬁcgngﬁ1 ﬂE‘gg?fllbg q]ﬁ W&gﬁ%@ﬂﬁgﬁé&tﬁ@movement of
liquids, wgakes and qbaiﬁvm}deﬁmrmﬂtzled Hubs]hanoepretmh @pﬁﬁietnsn@eﬂﬁum(iélﬂiﬁidtkﬁmw&tleS- As
such, t S|cal e 30 includes a.sin nt or 0|nts for th ress or evacuation
of press lgfsrtg UII)dS an rem %stgj?ﬂsé ned g gn?ego GRS i’ﬁhﬁ‘%@ BPERYLHP R ffB %in a scaffold, as
definechetyork. Witbhsawanﬂet;s denbitios frotilithithdaithjthizsoeredigstibrongRxogaffols Jadiste such as
cells an %/e ern%dé:tl%m%%tlg%mto the %caffold through the lumen or plurality of lumens present in

the ma ition, as use 1?1ere|n a'manifold includes a single point or plurality of points for the
inlg}ess[WZﬂlrﬁhumtihn @ﬁmmmmmmmmtmwseﬂtbemmpmde&QﬁéhincﬁBOBS] Flow

distribu man ld can direct the move ent .of ogeno roteins, growth fagtors,
cytoklné‘?c,t(flvagn%5 cells ¥ro ltﬁ%?rrg Sit rak ocatior Mh%%ﬁgéftﬁﬁh@%?&@% & ISR SHE A ffold in an
organizedmeinfimcticnalastabviisiniEns et floeveaidagcthesaipativmais neatiartdieodepasiityd of proteins
and pr that creat .80 interfacial endo network ctin the hostt the
scaffolgiﬂgd)ﬁ(ﬁt%g} %ﬁnsbr%g (14 c%tlnn tlea Sstabiehsd Eﬁw t@@ﬁ%ﬁﬁ?ﬁr}&i}h %‘fgb%télrﬁ sitioning
of the rheatifggritwessn matanmfettbeaw;nmﬂuw m@muuagm«hﬁoédmges@sggmcrﬁhe QiganiaRedprotein
depositipl afﬂg';t atnx I abloche al framework that |mulates the
attachme%lt an g?git?gn t ells acgg ﬁdad eCt r?/vays Lﬁrh}lstﬁﬁt%ové F678 SRyt fssue
space. ffméltﬂéeﬂm@rmtddgdmmsﬁmkdqutmmnmogmmﬂfdhﬂ@&m oelipqaiivilessa foundation
upon V\t?iﬁhﬁ 4 the issue repair and r. ation mechanising can
build 15 [003 ]Pé&iherﬁ2 %&%iéeg errrsl%%tﬁt%ilj‘y %‘%n %tjtﬁncetclligcri?%oﬁt il %/\rfpr gt%tﬁ?ﬁi%rce and a
scaffoldoiageasust ﬁbinmgldmardtmgmfuﬂesqm&bld@,r tissee spaot liBimdth¢mpeahenatdismf negative
pressug %%g u ner tors of osmotic flow. The flow gradient
establlsﬁt int h%@% %%} cl}ﬁr%h%gru Plafh%% r%u hot/hsélosncaa%?cfvfoc%m%r?anﬂow gradient to the
sé@ffol o wstionrwitiothe matugh phesicalftoles af thequied famt erpariticand ek Gadefhdbr Matyxabthe
embodjmants, disglos e manifolds cap ftran atl changes i gssur nd the like
into co%[[El % moverﬁg rllttﬁ{ﬁ# gnooptlonaﬁyrtﬂrougLFS(a %lcaﬁ c%aetlfltro%a g%r?ﬁép Pﬁ)seglzetg?dlrected
tissue ?@gen@rasi@rfofl’heﬁﬁmbbatlmmnateaérgmmmﬂig/aﬁ]hgcnﬁmbsﬁmnd pastisulaoaphlihation in the
regenesaliph £ i gre not limited toa rtlcular ssue therein. .25 0037 In order to
realize the goaltf%? é@%ﬂ%ﬁﬁ@gtﬁ% e?agt?p%%reugt‘l?ss e regen tﬂt ny AR A
aforenfegeizadomechanical, chemical, or electrical |mpetus must be translated from the singular

9£§d'eﬁ669§11 §3 IRuyaue ad%*éyaﬁk%%ﬁﬁﬁ? A Sci‘gfﬂo'%’né%l SRR RS e hanges, R protein
adsorptio atrix organization, ce ratl on and oth
specific biological needs based upon principles of fluid flow. In certain aspects, the invention
concerns a new approach to wound healing, flow (or gradient) activated tissue engineering. In
rudimentary form, this approach involves a source or generator of flow that forms a gradient
for controlled movement of either endogenous or exogenous fluids into, out of, or through a
30 tissue space for the organized deposition of proteins and/or spatial concentration of cytokines
and growth factors, with subsequent formation of a directionally oriented provisional matrix.

The tissue space being defined here includes, but is not limited to, the region surrounding a

site of nerve tissue damage.
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tissue regeneration-related behaviors. These alterations are multivariate in nature and can 30 include
mechanical changes that elicit a physical change in pressure applied to the scaffold as applied to the
site of the wound or desired site of tissue regeneration, chemical changes that elicit a gradient in
protein and/or ion concentrations, which result in the creation of osmotic gradients capable of inducing
flow, or ical nges.that create a gradient of current/ion excha ergjow'n oJ. propagation of
electricﬁ’ E%lﬁ“ﬁq;ﬁﬁ"?fné“&ﬁ{%%%mg ﬁh@oo ee%‘ﬁﬁ&%%%%f%&ﬁ%ngﬁ é‘fetd@gﬁipéﬁ%%tg are not
bound Blranghgheticulasiorechadditivthl elayhentsithtiy agitaisiackidivnig fAanitldssadistvantageous
results i ﬁﬁ BT air or growth. In order to advantageously.transmit these gradients to the tissue, a
physica%légewce is nee &rjg %%?rge% etrﬁgnpsaﬂﬁ tgfffgév{?ro%ﬁté% C‘?‘S&{ﬁ@%@g&%ﬁﬂ&ﬂ%&ﬁe site and
vice venrsh®ie38)drpsitenss snfliomimignistaite] inawcitddcanbpriddsta piflrined atid diveet ihelose

appositig ithin.the contents of g scaffold and serves to propagate an alteration in a physical
pa%aome(tzg?l,ﬁ%ﬁét aegrg i Eorrﬁgcﬁg%tleclgﬁ’c ee(r)ﬁﬁzae{]ll,zgafleoé}r?ca N ?’é’o?ﬂ%??‘n‘%ﬂ”&ﬁﬁ% I%ﬂjﬂ?ﬁgﬂ?r%? or the
means spadifactiel) tirese bikimpleslfedemistpofithssusterarthas Soliffalsling material. The placement of

this magy ith respegt to its location with regard to that of the scaffold may. 10be of ctucial
importawgg’ gl)vg i REC R GRIY ?ﬁe"é@é lrrécéuecﬁlér%lt%l)%n Bp gﬁ%tﬂ’fcoﬁéé}é RYCESF Sample, in
periphespdeechyanstherds regpperatiices thiah aritp dicewrkamgastinisieehtinical, rteeanienly and/dre proximal to
distal NEVE & it. nay-he important to e the manifgld along the length of a nerve conduit more
towards gtﬁfs%gﬁr%%%n{olgﬂsglp e er%egrgqr%?aoﬁloﬁr%) ORErdS A Eh .g@(()f\ll%él\t/gﬁ%ﬁ%?%glbe important to
ndOplagei¢ndiahdreifohesitcahresaostididtahdegacusiohexsgeafinid ftoidd i te phokieefactors derived
from the dist SiHP shown 10 .be impartant for directin rve r eration towards its
source.‘B[OOS Mamf%?%%ﬁ%oégrrn%so%}g ng%oép Ec?ljga eé%?ﬁ%b eacﬂ%mr%r?r#ﬁ?%@?ali%%%ples include
non-bickibbodibabie, thaterials sfdvuscomaplitet grsue silidorduselypessymeSyistepslyuinylchloride

(PVO), %ﬂgg ' rbable palymers such as collagen, 20 polylactic acid (PLA),
polyglycolic a%l%%ggﬁE£S§§%§§t§§8v€8tb?ygc%ﬁ easlal flg f&‘RSJ r gep\(f)aé/\é%sc%ﬁ]%rﬁ#es’ %ﬁ]’?qa'r%s%lgbatite, ora
polyethgtatreldheeppbicebontind tomsutitertodgative aisssuecuppdic® corthennaniffdtts drecattdm mix of
nQR-big i rbable materials. In eral material used for a scaffold may also be
PR G R e S SR S A
manifoldl seanertabedinsmis ieanozsinthedeterhimhsyoid dppdiedrbios rowrayvisddyoiabzbpsiah

propertigeORFBLACH RIS, Mot ALY Ielic siplh alsuasd e doig e

ug en&ineering
to support protein ad nan ar ingrowth for tissue repair and regeneration. The

. edtfent state
of the &t tisstsadfstirgechnology relies upon the inherent characteristics of the surrounding tissue space

coupied S e S R T R O % e e,
c%tiné@é@i@@f@ﬁﬂﬁ%ﬁ@rﬁm@mﬁm@mmm effbesivetprsteihs sndtaetisgeaspoatively, which
e R el O g
gradierittiiaged & dapetastiogadization to a single point or to a plurality of selectively positioned
points for creating initiation sites for microscale flow pathways within the manifold/scaffold
and, ultimately, the tissue space. The manifold may also serve as a conduit for the removal of
25  fluids from and as an apparatus for the delivery of exogenous fluids to the tissue space.
[0034] A manifold generally refers to a physical substance or structure that serves to assist in
applying and translating a mechanical, chemical, electrical or similar alterations into changes
in the flow of a fluid, herein defined as the movement of liquids, gases, and other deformable
substances such as proteins, cells, and other like moieties. As such, this physical device
30  includes a single point or plurality of points for the egress or evacuation of pressure, fluids,
and like substances capable of translating the movement of fluids in a scaffold, as defined
above. This can include, but is not limited to, the introduction of exogenous factors such as
cells and/or therapeutic moieties into the scaffold through the lumen or plurality of lumens

present in the manifold. In addition, as used herein, a manifold includes a single point or
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tissues have direct implications into the design of the scaffolds. Within 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 conjunction with a manifold for refinement of 5the flow pathways within the tissue
site. In certain aspects, a.scaffold is a reticulated structyre comprising hi oid fraction for improved
bioabso}%ﬂroa# t&op@?ff&éﬁf)%‘fl‘f%gﬁﬁi% irllwéoé%ttrlr?&g&sl% lgﬁg‘tﬁélﬁgcaﬁ% C}nac i%’l%’?ﬁ%fﬁ%%
extracelpdartswairée pfdteims such as fibrin, collagen or fibronectin, and synthetic or naturally occurring

polymers, ing hioahsorbable or non:zbigabsarbable polymers, such as polylactic,acid (PLA), 10
polyglycmlngg [ ?géﬂ?l%g%ga%ﬁgé?cmo%g%gi% fé&%%%%%%ﬁ%y?%ﬁgﬁ%?p%ﬁfggberlgfactone,
polycartgmathsfapmiys ryaikites, end wmibc fomasheioyasidoe do eolyas cdkirdhke Kost hodingtBkyieates (e.g.,
calcium alginate) a hitosan), hyaluronic acid..pol roxybutyrate. pglyhydroxyvalerate,
pol?diox?r%%g,r %%éi)&g)t]iay%% %q%%lézs?ﬂ OloXAM grrsl?e p%@éﬁ%spﬁézé@%%%é%%’%%géé%agﬁ/amino
acids, pddgdstiuatiestemstiddypactpatseitponliqrancimyl aasip dgticethenes, iptsfaciglates, ethylene-vinyl
acetate polymers and, other acyl substjtuted cellulose tat nd. derivatjves thereof, polystyrenes,
ptviny B g B e e B s S TR oy ethyiene
oxide, pefyabhighedcattbin Tedlecefloldritimykinscldn ve affsidoninmg alf the onapifebd dbranmitasiooh as
hydroxyapatite..cgralline apatite, calci osphate,,calcium sulfate, calcium.carbonate or 20other
carbona?ggf B‘i‘é&ggg, %ﬁ%&%ﬁﬁg Sgl%g)gré%g e%ﬁ%%’rz‘ﬂ‘si AELEIfSi &%fglﬂs&s;e ggfgoorncaonr%aposites of any of
thd @boveoisivaxt]lcuidrie provilme hischim bed Hoftpbysigi Sesreoliadathapstiphatsie ssibiel (PLA),
polyglycgli id (P .nolylactide-co-glycolide (PLGA). a polyurethane, a pol charide, an
oy cron e e B A UNE e ORI e of any
two, thrésswespacs mkheress]toithendngompasatet R ok of protehis, graffdldfastarsmbihedl s pricodedently, or
covalently, (60, G W%Jl%aﬁjg{?béé %@?:@!ﬁé%‘é/s'%@%h%%gﬁfs‘?&%‘{?s%'eenl%ﬁi}’rco'ﬂ‘%g‘én%%% mers, or
terpolymers), or combinations t ereat. Suitable matrix materials are discusse In, f6r example, Ma and
Elisseeffnededismsicgabuaiihn, 2004. [0042] Bioactive agents 30 [0043] In certain aspects, the
apparat ceardi ipvention.congern b ive agents. Bi ve nts may,
R QU R S R o R ok
bioactivecaffelidold pmstiot. SclaffogEndratingsonydes mgbnts, indtadizoiltlienitedute geoerdiossiof as collagen

or fibrin ﬁ%@XtR/@ 8{'@@&5%; generators of positive pressure; and generators of osmotic flow. The flow

gradient established in the manifold may be further refined through the scaffold, to deliver a
flow gradient to the scaffold to optimize flow through the scaffold as needed for the particular

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

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

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

exchange allowing for propagation of electrical signals from the point source. It is to be
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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 tapamycin

may be incorporated into manifold or scaffold structures. [0044] In further aspects soluble bioactive

agents may be introduced at a site of tissue damage by virtue of the flow through the tissue site. For

example, a manif I%Oma be im}1 id 5 communicatio, wit# a fluid souyrce and g bigactive agent may be
ot EoReh Bt AOAPRIIGER S FS 9L PRRA S S P A P e oo

introduce |en 0 ﬁ1é SBurca
Nonlimitiigob@maiitessaihdsbiid Hivadtidewgradviinfagions fesulariausapplipationscasetromtbriermone

(Gil), a bone marphogenetic protein (BMP), transforming growth factar-a (TGF-a), @ TGE-P, a
fibroblatsB? Sﬁ%’v‘v‘%%a%%%?y(g‘ : btr%lr?ﬁ%o%ryat(g?gé 38y &iﬁﬁ%&?iﬁgf}%&gf] vigg ’ég‘ff)‘,iea to direct
granulotieratiacfdphvademakssyetintd atie geteittbt §GHidsGSse epdddumatgeowth factor (EGF), platelet
derived factor (PDGE.). insulin-like th factor (IGF), vascular endathelial growth.factor
(VES\CI5 F), epﬁ&@?@n 8%(@?%%?&%5%%@%&% ?ﬂ?ﬁf'/%elg)a %%*meé |%ta&%?ﬁ,“ﬁﬁﬂ8e}%8 % or-a
(INF-a) tor eremithigr thettofeetts (RGIEpffolUg)d\servestisgre papaé and tengliioadringphiisizdpparatuses

and systems disclosed herein can, 15be used for ,neyve tissue repair,and engjneering in various
contexti’%ﬁ%ﬁ%’g‘@g Sﬁét\?vbuﬁé"? %%T%e%gﬁ%’% ?éeé%rﬁ%aiaﬁéﬁog??é@{lﬁs% .aﬁlaéﬁ%'%’otgﬁf flow may
be comiimeveanthofidintfsidg theséahsngéofdsndtdipenittharegentkasionffofdingt tigseiéaht dgite of injury
or comprpmised.fupgtion. Ti s Ipst from tra tic injury., .surgery, byrns, or othef, causes (e.g.,
infectiorﬁg 1%rr&a%u glt m ﬁ%lnsem |S§§§£§V(I:%nr%sg ?8%{?&%?;@’ 8?1%?{5{%%6% it g%}ét%%élﬁ 88%5%8%#8?@ 59 manifolds,
flol0 solhe et andayistpmtané¢Herifaslitvingraonttidied| amerdidissd ecige détati@dddspegifitceriasae [0048]
Retard r jon of a tissue disease state. A generator of flow.may be combined with manifolds
and/or égg??dl sfggg%la?%d% S5 ehperrggflgg?ovr‘{hcﬁr G aHeCed hBRE rlls?]u%é%‘bréﬁ%% occurs, e.g., in
autoimrnuiterelitionsbm2s{eo 4@nthinteozincd of stalamerabiitympsgit meagios i flartam &y gleceombined
with magi &gﬁ/ Ids ta maintain the viahility of explanted, tissues, eithey fqr in vitro study, ex
Vivo sczgﬁ%%;%r mpﬁafﬁ% i%%g‘?%ﬁ%’n?%? n r\yl%cfrrlgﬁgplfgér{ i f&“;%%%rﬁa%olch% o%\i/v?%glr%fgi%er%c\t/vith a manifold
may beregettatiorotovandstheneiidicHovevertictispatsabe tmomtdn tovastplem theatfmifoliattissue. 30

[0050] lo t] ner f flow.may be,gombined.with manifolds lor scaffolds to
oo R e R TR S TR P ane
systemdafethecimshooriche ibwogent oudiesttthe nrowtiegrnisaties twiverdsatiditional tissue quantity is
needed i SisHeHiAHaS A GAREOR AT HeHi3 IRUNHAR o S RRIFIRL LR AN g combined with

include non-bioabsorbable materials such as medical grade silicone polymers, metals,

polyvinylchloride (PVC), and polyurethane. Bioabsorbable polymers such as collagen,

20  polylactic acid (PLA), polyglycolic acid (PGA), polylactide-co-glycolide (PLGA), a
polysaccharide, a hydroxyapatite, or a polyethylene glycol, or combinations thereof, can also
be used. Some manifolds are also a mix of non-bioresorbable and bioresorbable materials. In
general material used for a scaffold may also be used to compose a manifold and such
materials are further detailed below. In certain aspects, manifold materials are structured to

25  include a high void fraction for improved bioabsorption properties.

[0040] Scaffold. Biologic and synthetic scaffolds are used in the field of tissue engineering to
support protein adhesion and cellular ingrowth for tissue repair and regeneration. The current
state of the art in scaffold technology relies upon the inherent characteristics of the
surrounding tissue space for the adsorption of proteins and migration of cells. A scaffold for

30  use according to the invention is coupled to a manifold, provides physical guidance to direct
the pathway of fluid flow in the tissue site, creating avenues for the movement and migration
of adhesive proteins and cells, respectively, which are integral to the establishment of a
provisional matrix in predetermined patterns of organization within the tissue space. The

methods and apparatuses described for fluid flow-induced and gradient-induced generation of
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manifolds and/of scaffolds to accelerate the rate of tissue formation within a natural healing response.
The methods, scaffolds, manifolds, flow sources and systems of the invention may be used to
accelerate tissue growth by augmenting formation of provisional matrices, 5facilitating its stable
positioning, and aiding in recruitment of cells to the tissue space. [0052] Stimulating the differentiation

of stem cells alpn ecific pathways. A generator of flow may be compined with manifolds and/or
scaffoldgl%uscﬁ rﬁ%‘fggt%?%cé Hﬂ%i%&?ﬁﬁdﬂ%ﬁﬁ%?&?ﬁt@|8%P%ﬁﬁé%ﬁﬁp8@mfb§ﬂ§ fRStetsrtitideages.
Applicatiemeftiaefinsitig thehwesbodShsidaitoldsimantioldssiayaseusceasiang l'é%@meﬁistg@ﬂﬂr\]/e ntion
Hoaue SH L EHOS S RET D Rl B e oSO HHRREPODY
environmeaticterjetierafer mbfifoldrebbestobiiden suvitjumsiiiokdthanctor fsafeldefiadmsadsice
exogen%gﬁrowth actors %ﬁteggs.cells,.or armageutical a%ent Into the tissu ace to augment

T FETLANS NV IER A5 HisShrain B CHEBORRPE A ?%%eﬁﬁc\‘}%éa&ﬁ?ﬁ%taﬁon in

tissue repair, regen n, i .
vivo. A gengpetin@hifvwoidiftdeionfdineprevtd biasbitsianpiapsaaséolds to facilitate formation of

matrices i yjtrQ-that may subsequently be used for in vivo trans tation. [0055] Promoting
integraltisg)br?}‘ciﬁir%{r(w)rsﬁgI RiRe GRS %}]e%‘ilétraa rSS?ﬁéw m%&%@sc B?r’?e?i(mé?lg‘fﬁ} ifBRiand/or
scaffoldprotginsrnatl astibriatiool it os fiardectisswuedisjattie  osh 2041V 0 bEasivig Pols e be

p LU G TN e
to lideribiyglyeatieddidyPsitonmiglarietatioryeb EGMPEGEs poly bingisoliddirsues. The directed
cubseqU N G S R T AR e B0 e P R NG PSS DG S
subsequent ¢ ayers‘and tissues. C S Pate i wd s -5 nt No.
6,103,2%bicluding alginates (e.g., calcium alginate) and chitosan), hyaluronic acid,
polyhydroxybutyrate, polyhydroxyvalerate, polydioxanone, polyethylene glycols, poloxamers,
polyphosphazenes, polyanhydrides, polyamino acids, polyortho esters, polyacetals,
15 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. The scaffold can also comprise ceramics such as
hydroxyapatite, coralline apatite, calcium phosphate, calcium sulfate, calcium carbonate or
20  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-glycolide (PLGA), a
polyurethane, a polysaccharide, an hydroxyapatite, or a polytherylene glycol. Additionally,
the scaffold can comprise combinations of any two, three or more materials, either in separate
25  areas of the scaffold, or combined noncovalently, or covalently (e.g., copolymers such as a
polyethylene oxide-polypropylene glycol block copolymers, or terpolymers), or combinations
thereof. Suitable matrix materials are discussed in, for example, Ma and Elisseeff, 2005, and
Saltzman, 2004.
[0042] Bioactive agents

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

incorporated onto or into a manifold or scaffold material. Likewise, in applications where
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U.S. Patent No. 6,135,116 30 U.S. Patent No. 6,365,146 U.S. Patent No. 6,695,823 U.S. Patent No.
6,696,575 U.S. Patent No. 6,767,334 U.S. Patent No. 6,814,079 U.S. Patent No. 6,856,821 U.S.
Patent No. 6,936,037 U.S. Patent No. 6,951,553 U.S. Patent No. 6,994,702 5 U.S. Patent No.
7,004,915 U.S. Patent No. 7,070,584 U.S. Patent No. 7,077,832 U.S. Patent No. 7,108,683 U.S.
Patent N No. 7,214,202 U.S. Patent No.

. 7,160,553 10 U.S. Patent No. %8(16"644 U.S. Patent N

7270600 UL (5 B0 59 ) & B (3 P SAES BN e p SR P Ee i 23580 ..
Patent Nis.rapafyaidGridySheRatenpdralethinZ0 aibital et séaffol P startizehIn. 2005/0260189 U.S. Patent
Publin. 2007 3895 20U.S. Patent Publn. 2008/0033324 U.S. Patenf Publn. 2008/0208358 U.S.
Provisioﬂ&@ﬁlﬂﬁ%ﬁnﬁgiﬂﬁﬁﬁ%&e lﬁ?%é%y&\ﬁ&%ﬁ%ft&gt R (.:%fﬁiﬁfﬁ%%&_ ASREdomasgeat,
Tissue Erygvirhid: 2525 382 Gdugh Brodysat sitel Blomsdmlelernidafo R Appbdliomadter., 83:16-43,
2007. Gemmiti et al.. Tis easﬁn , 12:469-79,.2006. Lago et at, IEEE Trans. Biomed. Eng.,
54: 129(-?8 7,200 ?.%h%ngg ﬁa}# c%%oﬁ HESiA i%SQIBaE%‘é?r%SHH‘g"F% g_ntroglucedBlnto fic uild

source and thereby into the manifold and damaged nerve tissue.

[0045] Nonlimiting examples of useful bioactive growth factors for various applications are

growth hormone (GH), a bone morphogenetic protein (BMP), transforming growth factor-a.

(TGF-a), a TGF-B, a fibroblast growth factor (FGF), granulocyte-colony stimulating factor (G-

10 CSF), granulocyte/macrophage-colony stimulating factor (GM-CSF), epidermal growth factor
(EGF), platelet derived growth factor (PDGF), insulin-like growth factor (IGF), vascular
endothelial growth factor (VEGF), hepatocyte growth factor/scatter factor (HGF/SF), an
interleukin, tumor necrosis factor-o. (TNF-a) or nerve growth factor (NGF).

[0046] Nerve tissue repair and rngineering. The apparatuses and systems disclosed herein can

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

[0047] 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.

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

with manifolds and/or scaffolds to retard disease progression of an affected nerve tissue such
as occurs, e.g., in autoimmune disease.

25  [0049] Maintenance of tissue viability. A generator of flow may be combined with manifolds

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

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

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

additional tissue quantity is needed or desired
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Manwaring et at, Biomaterials, 22:3155-3168, 2001. 30Manwaring et at, Biomaterials, 25:3631-3638,
2004. Mercier et at, Biomaterials, 26:1945-1952, 2005. Mikos et aL, J. Biomed. Mater Ref, 27:183-189,
2004. Norman et at, Ann Biomed Eng., 34:89-101, 2006. PCT Appin. WO 00/38755A2 PCT Appin.
WO 00/61206A1 PCT Appin. WO 03/018098A2 PCT Appin. WO 03/092620A2 PCT Appin. WO

04/0601 5PCT, Appin. WO 04/105576A2 PCT Appin. WO 05/009488A2 PCT Appin. WO
05/0332 i]%?%&%n?%%é%%é%%ﬁﬁﬁﬂﬁ@%&fd Yomsy De sambinad ith wo

07/067 68BAZARE Endlimi scARfOl BAUDIRRDFAR mefaﬁmiﬁsm&ﬂmm&agtﬁmﬁeaw%
07/1065 C i n Q7/ 91 15 PCT Appin. WO 07/106592A2 PCT. Appin.
07/1065%%%1%(:}@%%%%6 %c?flf] 5‘%&‘2“5@% ﬁﬁ AOVIRSSGPA 558BA S SRoinR Bitonney
07/143060p2 @ GPCTeppntissie QrﬂWﬁﬁBﬁ@d@ﬁEnﬁp@ifhrWéﬁcﬁB&fb%&ﬁ%ﬁa?&Itgmgn- \_/VOWO
08/Q361 CT. Appin. WO.08/036359A2.PCT Appin, WO 08/036361A2 25 PCT Appin.
08/§424%%%%@%5%@6%‘8%%@?%&?%%F%f%‘ﬁ%&b?fﬁf&et&]?}%?i%‘ﬁﬁﬁﬁ%m.
Saltzmal905&sGtrin atineetlin gti ferginizeine Psiotipkds ot e sigrpahRaphcepen:R6eaps and
Tissuesﬂ%%éfa%%%%gm%%ng %itg?rlltasm ofldévl aarllthOSr: gga_f gldzsc’)tg %'timulate the differentiation of stem

cells or other pluripotent cells into specific lineages. Application of flow using the methods,

scaffolds, manifolds, flow sources and systems of the invention may be used to direct
10 pluripotent cells into specific cell lineages needed to foster growth in the tissue space.

[0053] 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 [0054] 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.

[0055] Promoting integration of transplanted tissue. A generator of flow may be combined

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

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

generator may be combined with manifolds and/or scaffolds to guide the directed deposition
and orientation of ECM expressed by cells and tissues. The directed orientation of ECM has
an impact in organizing and directing the attachment and colonization of subsequent cell
25  layers and tissues.
[0057] References
U.S. Patent No. 4,787,906
U.S. Patent No. 6,103,255
U.S. Patent No. 6,135,116
30 U.S. Patent No. 6,365,146
U.S. Patent No. 6,695,823
U.S. Patent No. 6,696,575
U.S. Patent No. 6,767,334
U.S. Patent No. 6,814,079
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Segvich et al, J Biomed. Mater. Res. B: AppL Biomater., 84B:340-349, 2008. Shimko et at, J Biomed
Mater. Res. B: Appl. Biomater., 73:315-24, 2005. Takahashi et at, Cell, 126:663-76, 2006. Tan et al.,
Bone, 41:745-751, 2007. Tan et aL, Biochem. Biophys. Res. Comm., 369:1150-1154,2008.

\Vialsh,Tissue mg i, A 1. 10854094, 2005. Wen et al., Handbook of Nanostructured Biomaterials

and Their Applicagi in. Nanahj § ology, 1-23, 2005. 5[0058] All references cited in this
specification ar@%ﬁ%@nltn%%rg#gﬁg l{;y reference. The discussion of the references herein is intended

merely to sumnthizBatkeat déseftitits03iade by the authors and no admission is made that any reference

constitutes pri t icant erye the right to challenge the accuracy and pertinence of the cited
references. [O(())Q§ 'Iﬁ%f?ﬁvﬁ?’tﬁé%%égg, it will be seen that the advantages of the invention are

achieved 10 and.Sthatead Memtagpod.afiained. As various changes could be made in the above methods

andé:ompositiot}ssbwf';ggu{ ﬁgpar&i@gﬁ%m the scope of the invention, it is intended that all matter
confained in the above description and shown in the accompanying drawings shall be interpreted as

illustrative and bot.iRadinifiog7s@H5884CLAIMS We claim: 5Claim 1.An apparatus for providing
reduced press%estci,atgetfﬁct a,t@ﬂsgée site of a nerve, the apparatus comprising: a nerve conduit
having a generally tu Utar s%‘arie having walls including a luminal wall surrounding the tissue site to
contain fluids wittinEatemhiNal 3d&8e6B2tween the tissue site and the luminal wall; and 10a manifold

having a poroua%q%tggmgsﬁ%%t%gioinert material and a connector
10 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
U.S. Patent No. 7,346,945
15 U.S. Patent No. 7,351,250
U.S. Patent No. 7,384,786
U.S. Patent Publn. 2003/0225347
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U.S. Patent Publn. 2007/0123895
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25 Brody et al., J. Biomed. Mater. Res. B: Appl. Biomater., 83:16-43, 2007.
Gemmiti et al., Tissue Eng., 12:469-79, 2006.
Lago et al., IEEE Trans. Biomed. Eng., 54:1129-37, 2007.
Ma et al., Scaffolding in Tissue Engineering, 2005.
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for receiving reduced pressure, and positioned within the luminal space adjacent the tissue site to
distribute the reduced pressure to the defect. Claim 2.The apparatus of claim 1, wherein the defect is a
severed, partially severed, pinched, or degenerated nerve. 15Claim 3.The apparatus of claim 1,
wherein the manifold is positioned on the distal side of the nerve relative to the tissue site. Claim 4.The
apparatus of claijm 1, whergin.t g Id provides reduced pressure to the distal side of the nerve
relative to the ti% ueAé%P&‘cmBg@%B aratus of claim 1, wherein the manifold is composed of a
bioabsorbable POmiatephl. WeidsAT@o8pRaratus of claim 1, wherein a portion of the manifold
includes a scaf that facilitates ti rowth. Claim 7.The apparatus of claim 6, wherein the
scaffold is forme roﬁpzfil%g}g %?gé?ggg?é ial. 25Claim 8.The apparatus of claim 6, wherein the
scaffold is a bidlaicapphatdvial GEE48H@M fibrin or collagen. Claim 9.The apparatus of claim 6,
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agent. Claim 10.The apparatus of claim 9, wherein the bioactive agent is at least one of an antibiotic,

an antibody and a growth factor. 5Claim 11. The apparatus of claim 10, 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), granulocyte-colony stimulating factor (G-CSE),

GranulocytelmagiaBhagersolaDn SHpIRANRecion i e eRidarmgygrowth factor (FGP), platelet
insulin-li actor (J

derived growth factor (FfDGE), insuli e growth , vascular 10endothelial growth factor
(VEGF), hepatd¥ptehgiorlinliatte dasattel: 188l (4O RSE), an interleukin, tumor necrosis factor-a

(TNF-a) or nerig growih TACiNHOde by Naios 46nh 08 W@Wﬁlyfaﬁ%ﬁ%@l r\éy/{%?(%gi?. the manifold is

substantially cylindrical in shape with a longitudinal axis extending g ﬁﬁréﬁgh the luminal
space. Ganabiaerfaciegarkitd 8P8faim 12, wherein the defect is a severed nerve having severed

Loesds wesshamaridikecstienadhewent oLl R)docaidd vl ieraRalatipof claim 13

wherein the manifold having end surfaces further comprises’at least one man rod having a first
end fluidiresiineetshsrelernreshrrein iinendedwerciyfonamentizscberassenibex wadiry therefrom

into the kisial 5k a iAok sT S RRRA O AR dshuiete) iM%ma§§r%lﬁcHh?%% gjge at least

one 20manifold rod extending only from one end surface. Claim 16. The ap tus of claim 14,
whereinthsdighfda sheHengrifiecacksac ashnsirenes efithsatitsortefbrencesterial. Claim 17.The

apparatyigosbe!aividg .o SH RS AERSE QG AR 9&%%5%9 dewR ﬁ%ﬁ&?&jﬁ% 5@

f%%gas tissue
growth. 25Claim 18.The apparatus of claim 14, wherein the at Teast one manifold is tubular in shape

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 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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with porous walls in fluid communication with the luminal space. Claim 19. The apparatus of claim 12,
wherein the manifold having end surfaces further comprises an opening extending between the end
surfaces along the longitudinal axis of the manifold. 30 Claim 20.The apparatus of claim 19, wherein
the defect is a pinched nerve extending through the opening of the manifold. Claim 21.The apparatus
of claim 20, wherein the manifold further comprSga p{isast one manifold rod having a first end
fluidly coupled to one of the end surfaces of the 5manifold and a second end extending therefrom into
the luminal space. Claim 22.The apparatus of claim 21, wherein the manifold includes the at least one
manifold rod extending only from one end surface. Claim 23. The apparatus of claim 21, wherein the at
least oneynagiipiek rod is composed of a bioabsorbable material. 10Claim 24.The apparatus of claim
21, wherein the at least one manifold rod includes a scaffold that facilitates tissue growth. Claim
25.The apparatus of claim 1, wherein the wall of the nerve conduit includes a slice along the length of
the nerve conduit that forms an opening whereby the nerve conduit is implantable around the tissue
site and $8&i%ble witH SnaPBRIHYFe Qo RERY dRenisicetspiesire dor Actsfssh AtdstsF Waite 1°T iherein
the nerve conduitisikoippases ebmpirinert material. Claim 27. The apparatus of claim 1, wherein the
nerve conduit is composed of a bioabsorbable material. i . . ]
a nerve conduit having a generally tubular shape having walls including a luminal
wall surrounding the tissue site to contain fluids within a luminal space
between the tissue site and the luminal wall; and
10 a manifold having a porous body composed of a bioinert material and a connector
for receiving reduced pressure, and positioned within the luminal space adjacent

the tissue site to distribute the reduced pressure to the defect.

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

pinched, or degenerated nerve.

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

of the nerve relative to the tissue site.

Claim 4. The apparatus of claim 1, wherein the manifold provides reduced pressure to

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

Claim 5. The apparatus of claim 1, wherein the manifold is composed of a bioabsorbable
20 material.
Claim 6. The apparatus of claim 1, wherein a portion of the manifold includes a scaffold

that facilitates tissue growth.

Claim 7. The apparatus of claim 6, wherein the scaffold is formed from a foam or gel
material.
25  Claim 8. The apparatus of claim 6, wherein the scaffold is a biological material selected

from fibrin or collagen.
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Claim 28. The apparatus of claim 27, wherein the nerve conduit is composed of collagen. 20Claim
29.The apparatus of claim 1, wherein the nerve conduit comprises pores. Claim 30. The apparatus of
claim 29, wherein the walls of the nerve conduit comprises pores sufficiently small to exclude cells
from tissue surrounding the nerve conduit from entering into the luminal space. Claim 31.The

apparatugf:6laim 30phgysinthespIsshaUerRIntai dimeteief AReiyean abidiRm and 50

Rm. Claim 32.A system for providing reduced pressure to a defect at a tissue site of a nerve, the
system compﬂ'gﬁ?\'g: a pressure source for supplying the reduced pressure; a nerve conduit
having aéenerally tubular shape having walls including a 5luminal wall surrounding the tissue site to

contain fiGldéWwithin allfarRepsc shimednthergiadhe Rineihg asstimatdrivan et & manifold

composed of adppaeramatatalinatidid eprwmuRigation with the pressure source and positioned within
the luminal space adjacent the tissue 10site to distribute the reduced pressure to the defect. Claim

33.The syst@m of. claimna2ppakies eproRiiaiNg avwkiebso e ibddick corpmunigation witivieneanifold
for supplying a fluid to the luminal space. Claim 34.The system of claim 32, wherein the defect is a

severed, parfithyséveBe PRRRESH 6 dyelidttBY Reryansiorming 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
(EGF), platelet derived growth factor (PDGF), insulin-like growth factor (IGF), vascular
10 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 12.  The apparatus of claim 1, wherein the manifold is substantially cylindrical in

shape with a longitudinal axis extending generally axially through the luminal space.

Claim 13.  The apparatus of claim 12, wherein the defect is a severed nerve having severed

15 ends with the manifold positioned between the severed ends.

Claim 14.  The apparatus of claim 13, wherein the manifold having end surfaces further
comprises at least one manifold rod having a first end fluidly coupled to one of the end

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

Claim 15.  The apparatus of claim 14, wherein the manifold includes the at least one

20 manifold rod extending only from one end surface.

Claim 16.  The apparatus of claim 14, wherein the at least one manifold rod is composed

of a bioabsorbable material.

Claim 17.  The apparatus of claim 14, wherein the at least one manifold rod includes a

scaffold that facilitates tissue growth.

25 Claim 18.  The apparatus of claim 14, wherein the at least one manifold is tubular in shape

with porous walls in fluid communication with the luminal space.

Claim 19.  The apparatus of claim 12, wherein the manifold having end surfaces further
comprises an opening extending between the end surfaces along the longitudinal axis of

the manifold.

30
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15Claim 35.The system of claim 32, wherein the manifold is positioned on the distal side of the nerve
relative to the tissue site. Claim 36. The system of claim 32, wherein the manifold provides reduced
pressure to the distal side of the nerve relative to the tissue site.  Claim 37. The system of claim 32,
wherein the manifold is composed of a bioabsorbable 20material. Claim 38.The system of claim 32,

wherein g p@iiiop. of thgesmapilald Jreledas aneatialdiat iRediates finsHedHawd b xdaimg9. The

system of claim 38, wherein the scaffold is formed from a foam or gel material. 25Claim 40.The system
of claim 38, vihransh PreansRitsiPldhs A material selected from fibrin or collagen. Claim 41.The
system of claim 32, wherein the manifold is substantjalg tubular in shape having a luminal surface

forming 4-&HAhAY in AlERRATER RatGHWH: thbeadette mapiiald Wsthen saupaises of &ainoas,

wherein the dgfaalosl 2oainehRG AemMe @xiengding dlihugh ik chanarl aidhesnaniield. Claim 43. The
system of claim 32, wherein the defect is a severed nerve and the manifold is substantially cylindrical

in shiape havilgaipid Ay seemmshmdd S dcdinsg gerarmta ha i ghedfe manifold in fluid

communicatjon with each end of the severed nerve. Claim 44.The system of claim 38, wherein the

scaffold fstRidPcompPsaRPARIES AfivLaBa gtV kaigim the AR Qi wies fima e aizin the

bioactive agenhisfaldeagtei@@hadnly from one end surface.

Claim 23.  The apparatus of claim 21, wherein the at least one manifold rod is composed

of a bioabsorbable material.

10 Claim 24. The apparatus of claim 21, wherein the at least one manifold rod includes a

scaffold that facilitates tissue growth.

Claim 25.  The apparatus of claim 1, wherein the wall of the nerve conduit includes a slice
along the length of the nerve conduit that forms an opening whereby the nerve conduit is

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

15 Claim 26.  The apparatus of claim 1 , wherein the nerve conduit is composed of a bioinert

material.

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

bioabsorbable material.
Claim 28.  The apparatus of claim 27, wherein the nerve conduit is composed of collagen.
20 Claim29. The apparatus of claim 1, wherein the nerve conduit comprises pores.
Claim 30.  The apparatus of claim 29, wherein the walls of the nerve conduit comprises

pores sufficiently small to exclude cells from tissue surrounding the nerve conduit from

entering into the luminal space.

Claim 31.  The apparatus of claim 30, wherein the pores have an interior diameter of

25 between about 5 um and 50 pm.
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antibiotic, an antibody and a growth factor. Claim 46. The system of claim 45, wherein the bioactive
agent is a growth hormone (OH), a bone morphogenetic protein (BMP), transforming growth factor-a
(TOE-a), a TOE-13, a 10 fibroblast growth factor (FOE), granulocyte-colony stimulating factor
(G-CSE), granulocyte/macrophage-colony stimulating factor (GM-CSF), epidermal growth factor

(EGF), pleigigt sierived gravinirgividiaerelibsubreisaarowifaatar {15 viaseplangpdothelial

growth factor (VEGF), hepatocyte growth factor/scatter factor (HOE/SE), an interleukin, tumor necrosis
factor-a (TNFIS) P REHEGPERE actor (NGF). 15Claim 47.The system of claim 32, wherein the wall of

the nerve conduit inclugrsaslicsirlona the penathid tauceiva&enryit that forms an opening whereby
the nerve conduit is implantable around the tissue site and sealable with one or more closure

elements. Claim 48. PhBSEVStSMISHEIRMIRS dvieteiindthige psuta¥iBgmydseioldiBibinert
mateyial. 20 Claimy4@naihe system of claim 32, wherein the nerve conduit is composed of a
bioabsorbable material. Claim 50. The system of claim 49, wherein the nerve conduit is composed of

collagen. Claim 51.The sy&@inPgeeRdinsse isdietitHe Aera BRI BHRLERIAY &RAC aim 52. The

system of claim 51, whergisweenyadsifuthe eeneenddiheomprised 25poressufficiently small to
exclude cells from tissue surrounding the nerve conduit from entering into the luminal space. Claim 53.

The system of claim 8304 FIRE S BRIQIAF i RAISIAGIAHEIE COMBRIRSAHORp LR s&m and 50

Rm. pressure source and positioned within the luminal space adjacent the tissue

10 site to distribute the reduced pressure to the defect.

Claim 33.  The system of claim 32, further comprising a fluid source in fluid

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

Claim 34.  The system of claim 32, wherein the defect is a severed, partially severed,

pinched, or degenerated nerve.

15 Claim 35. The system of claim 32, wherein the manifold is positioned on the distal side

of the nerve relative to the tissue site.

Claim 36.  The system of claim 32, wherein the manifold provides reduced pressure to the

distal side of the nerve relative to the tissue site.
Claim 37.  The system of claim 32, wherein the manifold is composed of a bioabsorbable
20 material.
Claim 38.  The system of claim 32, wherein a portion of the manifold includes a scaffold

that facilitates tissue growth.

Claim 39.  The system of claim 38, wherein the scaffold is formed from a foam or gel

material.

25 Claim 40. The system of claim 38, wherein the scaffold is a biological material selected

from fibrin or collagen.

Claim 41.  The system of claim 32, wherein the manifold is substantially tubular in shape

having a luminal surface forming a channel in fluid communication with the defect.

Claim 42.  The system of claim 41, wherein the defect is a pinched nerve extending

30 through the channel of the manifold.
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Claim 43.  The system of claim 32, wherein the defect is a severed nerve and the manifold
is substantially cylindrical in shape having a plurality of channels extending generally

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

Claim 44.  The system of claim 38, wherein the scaffold material comprises a bioactive

agent.

Claim 45.  The system of claim 44, wherein the bioactive agent is at least one of an

antibiotic, an antibody and a growth factor.

Claim 46.  The system of claim 45, wherein the bioactive agent is a growth hormone (GH),
a bone morphogenetic protein (BMP), transforming growth factor-a (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 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 47.  The system of claim 32, wherein the wall of the nerve conduit includes a slice
along the length of the nerve conduit that forms an opening whereby the nerve conduit is

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

Claim 48.  The system of claim 32, wherein the nerve conduit is composed of a bioinert

material.

Claim 49.  The system of claim 32, wherein the nerve conduit is composed of a

bioabsorbable material.
Claim 50.  The system of claim 49, wherein the nerve conduit is composed of collagen.
Claim 51.  The system of claim 32, wherein the nerve conduit comprises pores.

Claim 52.  The system of claim 51, wherein the walls of the nerve conduit comprises
pores sufficiently small to exclude cells from tissue surrounding the nerve conduit from

entering into the luminal space.

Claim 53.  The system of claim 52, wherein the pores have an interior diameter of between

about 5 um and 50 pm.
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