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herein by reference in their entirety. BACKGROUND 1. Field of the Invention
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reduced pressure treatnent are described in, e.g., W08/ 091521,
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know edge of wound healing. Injury to body tissues results in a wound
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20 been particularly successful in treating wounds. This treatment (frequently referred to in the

99 4.

medical community as “negative pressure wound therapy,” “reduced pressure therapy,” or
“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

25  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.
The scaffold is usually bioabsorbable, leaving new tissue in its place.

[0004] Scaffolds for reduced pressure treatment are described in, e.g., WO08/091521,

30 '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

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
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various tissues begin to diverge as tinme passes, with the invol venent of
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20  colonization. To date nearly all scaffolds have been designed with the idea that 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 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
25  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 less than functional tissue regeneration at the injury site.
[0007] It would therefore be advantageous to provide additional systems for the repair

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



descri bed herein provide active gui dance of nerve tissue repair and

regenerati on through an i nplanted manifold and nerve conduit. In one
enbodi ment© 28H/YBHar at us for providing reduced pressurePCRASIHNY/0SHE

facilitating gromh of nerve tissue in glg tient is provided that includes
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a support surface incl Liglﬁg a second portion of the surface, of the
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first end wall surface and the fluid contact surface. A support structure according to the
invention may comprise a generally tubular shape for enclosing the support surface, a first end
portion for coupling the first end wall surface to the reduced-pressure source, and a second end
portion for coupling the manifold to the nerve conduit in a generally radial direction with

25  respect to the luminal wall.

[0010] 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 an apparatus including a nerve conduit, manifold
and support structure adaptable for implantation at the tissue site, where the manifold is in

30 fluid communication with the source of reduced pressure. In a further embodiment, such a
system may further 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 embodiment, a system according to the invention further
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pressure in fluid conmuni cation with, and positioned between, the manifold
and the reduced pressure source. In still a further enbodi nent, a system
accor di ngVP31E83avent i on furtherconprises a fluid souPEE/USAP06]74

comuni cation with the manifold and t he damaged nerve tissue. [0011] In
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nerve clifaive camgoundsiindudiagdag naelimitest oaatraiHitiglicd 2RtV LetodRe. 8f t he
nerve c %ﬁ(}nermﬁgdggnégg%&tﬂ%&am fold; [0014] FIG 2 is a schematic of
r

a reduced pressure eat nent” system for repairing a severed or partially
sever ed ner v@0il2icOthdt ojeets festumescardcidivintaged o tisectostehtivaiomdbodiementsokilla

manj fold with a section of the nerve.conduyit repoved to show.the nanifold;
[ 0045] Pqcemeapparent ity pderence tgthedrawings and 6?%%%‘{1&’@0’&1?%0&{ t?aehﬁgﬂgvst em for
repairing a severed or partially severed nerve including a nerve conduit

and a third enmbodiment of a manifold with a section of the nerve conduit
renoved to show t he neBRIBFDESCRIPTINIOFTHE DRAWANGShemat i c, perspective

;/ihgwd g];ra;gg ﬁ?ﬁié}gﬁ(gﬁ%‘qﬁ iis A sgﬂegn%tic,lﬁe%spsegt?\\r’g \Plgwtol‘?% reduced prce(gsnuq*éJ . r%atrenrégé osing
system for repairing a severed (FIG. 1A) or a pinched nerve (FIG. 1B) including a nerve

20  conduit and a first embodiment of a manifold with a section of the nerve conduit removed to
show the manifold;

[0014] FIG. 2 is a schematic of a reduced pressure treatment system for repairing a
severed or partially severed nerve including a nerve conduit and a second embodiment of a
manifold with a section of the nerve conduit removed to show the manifold;

25 [0015] FIG. 3 is a schematic of a reduced pressure treatment system for repairing a
severed or partially severed nerve including a nerve conduit and a third embodiment of a
manifold with a section of the nerve conduit removed to show the manifold; and

[0016] FIG. 4 is a schematic, perspective view of the system shown in FIGS. 1-3
showing the nerve conduit enclosing the damaged nerve; and

30 [0017] FIG. 5 is a schematic view of a fluid control system for the system shown in
FIGS. 1-3.



[0017] FIG 5 is a schematic view of a fluid control systemfor the system
shown in FIGS. 1-3. DETAILED DESCRI PTION [0018] In the follow ng detail ed

descri pt i ¥R 2810/4788S{ | | ustrati ve enbodi nents, reference PSTHRAWINhe
acconpanyi ng drawi ngs that forma part hereof. These enbodi nents are
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di scl osed. The darra%lgﬁd nerve may_ have been pinched, partially di sconnected
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oh . e . gy
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(CNS) of t he[0p29] Referrinel toFIGBL AIB, uatdwed pra3sure theessy sy6RAS100efot Bsplpay System
and this caeae t he damaged ner,v?1 I.s .a pinched nerve 103 that has been
damagedredtced Miesss ayafaye see inthedady pha paticat toyepair g Hefepierugh apder paaple,

pi ncheds apasdeiaki i$ @NORSAL. OfhcRARtEE! hvERAgRRIEhEnifbaIRRdIRL Deen

conpl etely severed. The nerve nmay ranc or unbranc t he nerve
damage distomnd@8] orfereredy onparteallyaledenveajed ad 4 eiultief diseade. hEorsixampdd, éres t o a

defect | i thi ti , including, t t
I Y ectptpeed iped RHECLEG orev B artiei 02 P00 frsevedl srgrirat 104 Gudidib o
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exanpl e, reduced pressure tissue tredatment nmey be used to enhance repair or
r egr owt Iedededaxéssereriberaps system sl thisoase the fdamiagéd maree igraqundhed mexyed 08 dlaat or
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renpved to show the nerve damage site 108. The nerve conduit 110 is
20 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 disconnected or partially disconnected nerve, a degenerated or partially
degenerated nerve, and a compressed or pinched nerve. For example, reduced pressure tissue
treatment may be used to enhance repair or regrowth of existing nerve tissue or to facilitate
25  growth or grafted or transplanted nerve tissue and/or cells.
[0020] The reduced pressure therapy system 100 comprises a nerve conduit 110 that
surrounds the pinched nerve 103 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
30 proximal segment 104 and the distal segment 106 that has not been damaged. The nerve
conduit 110 has an exterior surface 113 and an inner surface 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 site 108. The reduced
5



substantially tubular in shape and cl oses the nerve damnage site 108 and a
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reduced pressure therapy is conplete. In oné enbodinent,” the manifold 120
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wi th the nerve 1N _anot her enphadi nent ere the nerve copnduit 110
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nerve coasigl 120 8xeadd adughhite Wall of tlethed2Qoh8uip ORI inl diedflaidjcan@ot witlothehe
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with a flange 122 that_is in turn cqupled to the exterior surface of the
nerd® cbitvidtheogousrwall of g gervesondwt k). a seal between the exterior surface

of the nervergaftehd midifo@N90Hs HRE LGy bt hdrls BERUERE on the type of nerve

damage, and depending on how the manifold is positioned in fluid contact with the nerve gap
114 around the nerve damage site 108. The manifold may also be coupled with a flange 122
that is in turn coupled to the exterior surface of the nerve conduit 113. The flange 122 forms a

25  seal between the exterior surface of the nerve conduit 113 and the manifold 120 to prevent
reduced pressure from being applied outside of the nerve conduit 110. The lumen of the nerve

- conduit and the nerve gap 114 may also contain a scaffold material (not shown) that provides a

structure for tissue growth and repair. The reduced pressure therapy system 100 further
comprises a canister 130 fluidly coupled between the reduced pressure source 115 and the

30 manifold 120 via the conduit 125 to collect bodily fluids such as blood or exudate that are
drawn from the nerve gap 114. In one embodiment, the reduced pressure source 115 and the

canister 130 are integrated into a single housing structure.



reduced pressure from being applied outside of the nerve conduit 110. The
lumen of the nerve conduit and the nerve gap 114 may also contain a

scaf f ol d wetefd@ksssnot shown) that provides a structurepterustésee1growt h
and repair. The reduced pressure therapy system 100 further conprises a
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si ngl e housi ng structure,. [ 0022 used herein, the term "coupled" includes
di rect f{?&hﬁﬂeisgfge@fecm mageia -c%i?ﬁﬁ?‘ﬁ&rm &oupled papy ineluglsjchemicalyeecharienl, i
"coypl grbrmal. $PIRAGH 1 .8 L : ous Wit
one. aner B B e e, R ou R RN 1 S BIGRRR WTL® e
of mat desighatedipasts orddratioms. m " coupl ed" may i nclude chenical, mechanical,

th |, i,cal coupling. FElLuid couplin ans that fluid is_in
communi cat | 4VR Th o BRLD LY PG BEdTPO RGO aESIF e BORREL of
this spegbldsaat tHabis 1eR8hdPhBlambRAY FREURE 8SStsEe sidemal idkhyjedted Brt%a%f%g?.

pressure that is |ess than the anbient pressure at a tissue site tfl i's
subj ectRmosirasese tiseduced pressorst witlddsss than the atroespbelippressig &f the Idcatien | ess

th t i.C: essure..of the . location at ich the patignt is

I oggt e%‘”ﬁ"ﬁ%ﬁ%ﬁ? ebﬁlg%c&e Aﬁglé’&‘glﬂlﬂ’fetgw VREYRE i ?I’\g]ﬂ’rc%%”svﬁrpég%w&y% Y§sed to
descri heed thelegiride sk gresiupd afilied €o the fﬁsédess_‘itu,ethé hétQal ﬁr@.@uﬁ@{pﬁﬁéd 1o'tRS Hs5ue
applied, to the tissue site may be significantly greater an the pressure

nor nal Fije Ba¥ 5¢ signHisanily greater iap the pressuranarmaliy assostatedtwithi 2 pomplicts f

nonenclat HiLe, - d o I [ r. vacuum pressure refers to
a rel aiv ?%/e r e%%%tlglt%l?\ %@?ﬁg Ssngfrt[fﬁ glggﬁ)]r%éjs?g tﬁlr?%:éa%\?\ﬁ?ﬁ %éiu%eadgpégsrs as? PR Rduced

pr essupeessure vefers tior pelatbeuredudtidhef abdodute preshat, whild N16dceaseinfedakegol ute
prg sure. The term"-lﬁéﬁanrg?ns cha ?e iin reduced pressure. As used herein,

a gr eaPEFSYF Ok Vaculg R peie anelitive Hiseasy ef ehseliie pregars. vEhgfeeR S
i.e., : i e )J . pr . e

br ecoy e GRNEEL RANANA pritobies S hardll ATRGRR 1 SRS eB i TRy o

mm Hg, inengasedsagalive/preSsuro(i-<30Qreaterdhangenialpuekismg flomh ambient prebdues). t o - 50,

-125 - 17 . d d. g nstant at__a particul ar
pr ess(tj?{(gdﬁwgg@?@g;g ﬁrg@a%begl? \%ﬁ’ﬂ‘?a@g%%‘?% rg‘?%ﬁ %f—%ﬁouréﬁ%l%i?@, Hg %%Qé@rﬁl}%s ure
may benrpphduaily antd SHORRE Mg Blcl R ERItNGt Rtk @ FPSY; H%s%-n ver tinmne.

[0024] As indicated above, a nerve damage site may be a wound of def ect
| 0@t efedured 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 -
down over time.
[0024] As indicated above, a nerve damage site may be a wound or defect located on

or within any nerve tissue including, for example, a completely severed nerve 102 having a

25  proximal segment 104 and a distal segment 106 relative to the CNS of the patient as shown in
FIG. 2. The severed nerve 102 has been damaged at a nerve damage site 108 that has been
completely severed. Another reduced pressure therapy system 200 for applying reduced
pressure at the nerve damaged site 108 comprises similar components as the reduced pressure
therapy system 100 as indicated by the same reference numerals. The reduced pressure

30  therapy 200 comprises the nerve conduit 110 that surrounds the nerve damage site 108 and the
severed ends of the severed nerve 102. The inner surface 112 of the nerve conduit 110 forms a
nerve gap 114 between the severed ends of the severed nerve 102 within the nerve damage site

108, i.e., a luminal space between the inner surface 112 of the nerve conduit 110 and the
7



or within any nerve tissue including, for exanple, a conpletely severed
nerve 102 having a proxinmal segnment 104 and a distal segnent 106 relative
to the CNBO@P1IWHE34pati ent as shown in FIG 2. The sever EETAS08/04023 has
been danaggd at a nerve danmage site 108 that has been conpletely sever ed.

Anot her suriageiekie pessiamage pids Hy Ew@@ﬁeéwswra thespnaysigy Z9R¥d pressure
at the &ﬁl@ﬁf’se%ﬁmﬁg dsizto%%ﬁ}lg 088 8?%5%% ur‘&é’irpﬂﬂiﬁ?ﬁéﬁ&&&ﬁﬁnﬁ%'uced
e

pressur er apy sys e sane reference nunerals
The r edacitd tiy esseig®p Ilhlerﬁwnﬂﬁﬂ)ld:@mnslamSpartMIymenmmedomduma thafifdldat

surroun erve da e site 108 .and the,. re t he severed
nerve 13%%%%? bavdpe %ﬁa 1%%? 2 fepsegpring,the m@ @waﬂa 21&9 spmeaoqﬁvtve gap
114 et Y‘%d%%ﬁ‘er%?s%%@&n%’é’s%h@&abﬁ@ld%ﬁ&&ﬁ&dl e Mwfike Yige Whhiedig 156 §hérerve

damage site 108, i.e., a Ilumnal space between the inner surface 112 of the
nerve coauifild 220 Compuises haaunfodztprouhsmh é251érat/extdadmg® the nervé @8p 1heTheduced

ressure t. ste 00 al so es a mapif 0 fluidl | ed
PoCthe. BRUBSARRY ai Rl profist AR ESE D o245 dopend o bF g ap
114. Thes neeit daphade 241 de@eﬁdlﬁgoﬂﬁé\b'ﬂ@é Idini€S18 iPpdratbnell ifliid cBnfaBNw Pt

chanber 221 havi ng a flange 222 for securi ng the manifold chanmber 221 to

t he nernasvegpdUidtarqursl the derye amagssitet Hi8. agge L hblommaiafseal bebvrenttee 121.

I
o5 bt IR e fered BT 3 3t 1R TR i 2o TRTbeO A B 5 "
pr ot r uspressur2Portingapelied mmﬂebyﬂﬁfneﬁiemﬁauld &0 Nl RPaidIaspdtss, thepthngé nerve

damage, and dependi ng on how the manifold is positioned in fluid cont act
with t h&2ig ﬁ%céméjiatﬁ the merye soneyits HA with wdchlﬁﬁﬁ@elv&orffoae&e@sonmpﬁ Icaliqns. o2

forns 3 and the
mani foﬁgag‘% ng% H\%%aﬁl%%e%%%%{tﬂ%g gﬁ(ﬁlrlgslsobgr{&ghpﬁgm bei gggg%p I ed outside
of the memnifed chambert221 J:@n bé rermﬁretldidm ﬁmpeate&ondlhml 10 afigaedz2d pesaeeured to

t he, nerye conduit 110 adhesi ve reover, in_sone pli.cations, the
flalr£ SUADY dS @@%péetﬁag%n?@ AREetenteaR A ?fem@d.oef A merid on tah e ¢ he
flange Ragiraadmaichold ERATISs 230 RARHAPpoSIHRY 8dihiBr HPAsNE LURNR ARG !
110 after reduced pressure therapy I1s conplete he mani fol d protrusion 225
may be fepaine@hofedacadgtressue therapy bystenn B0 fmthief mmpmesarcamstan 130 fuidbyunct i ons

as a scaff hat rowd a structure_for .tissu nd repai.t. The
e daced bl By S B BH T sl demarfugatt B ColfRias o

f1uidl yccﬁl@bllpdcﬂﬁy@lﬁéﬁd&%ﬁﬂh hdBlob& dHERRIARBA S EraSAUTHE thelierad tlhﬂ MRBhdé ol d
220 via the conduit 125 to coll ect bodi Ic%hfl uids such as b ood or exudate

t hat0 ar embpdamant; therredused prasyuse getped 11 andrthe ganigabbifl are integrated inte dyowde
pr essurﬁou%%térsgrgct%gg and the canister 130 are integrated into a single

[0025] Still another reduced pressure therapy system 300 for applying reduced

pressure at the nerve damaged site 108 is illustrated in FIG. 3. A completely severed nerve
102 is shown having a proximal segment 104 and a distal segment 106 relative to the CNS.

25  The severed nerve 102 has been damaged at a nerve damage site 108 that has been completely
severed. The reduced pressure therapy 300 comprises the nerve conduit 110 that surrounds the
nerve damage site 108 and the severed ends of the severed nerve 102. The inner surface 112
of the nerve conduit 110 forms a nerve gap 114 between the severed ends of the severed nerve
102 within the nerve damage site 108, i.e., a luminal space between the inner surface 112 of

30  the nerve conduit 110 and the surface of the nerve damage site 108. The reduced pressure
therapy system 300 also comprises a manifold 320 fluidly coupled to the pressure source 115
via the first conduit 125 and to the nerve gap 114. The manifold 320 is also partially

contained with-in manifold chambers 321 each having a flange 322 for securing the manifold
8



housi ng structure. [0025] Still another reduced pressure therapy system 300
for applying reduced pressure at the nerve damaged site 108 is illustrated

in FI G 3woAcnmrpdsst el y severed nerve 102 is shown havi pgTaspexs9vas
segnent 104 and a distal segnent 106 relative to the CNS. The severed nerve
102 haschagbersdRidgée nervecanditd 10 andighesiisethe 68me hathemsanifoddchamdepl 2t el y

severed, I r ced pre ,e,t.her ap conpr,i ses t nerve conduit 110
That suoamlo S e RoaRaY 2R e B AR s 20 RERL RS b Bareh i 5 v

sever ed]l Nedndds d&ared dnebdtin Bides Sfthé A6ee dmkiu@f 110N WRANE18 @Rstbdr 321@nd Or M a
nerve gap 114 between the severed ends of the severed nerve 102 within the

nerve dB#Rege23i ke mpgifold 320 may haygiavarietynf chanss dersadingn the fiwe ofuetvace 112
of tdhe Lt : 1AY site 108. The
Feaised e AR dn B8 AL RaBSRERoRlonk i ARESARRAR pRb il oy
coupl edl toarbinel the asisddemagesieel 081 heifking 3 2Ri fofh acedl bdivveehZBe @etidro t he
nerve gap.114, The manifqld 320 is al so parti al %é}cont ained with-in

mani f ol YRR ALEE Serys copdiih ! Bandthe manifeld sbambers 83} tasprevient sefuced pressure

i fol ' i th
mani 1 ol Ho A aEappiSToliet EuRSRNR RRHL o thtoRRE SR MAbnbBO BT 05 1
ext endssecwed tathd nehveaogduit hE0 withedhagaye. 1d dormadpplivaies, brgodsotl fitdgesi3d2s of
th duit 110 i fold mber. 321 and f 22.. T
ko1 e 498 rived 88 ety odrtis EE SR Gt J2Rend GBTRR  ner ve
damage, clanbeA§B2NUah Be bR fdie BRI O Fdl 100 8fidd @%&d 'pﬂehsglhe 'tl‘ﬂer@%ﬂ% act

with the nerve gap 114 around the nerve danmage site 8. "The flanges 322
f orm a eoapletpeiliemaniiold 320tmaay oy fosmed afmatsfialk soghatahe mavidoldwiso fid@ioands t he

mani fol d ¢ rs 321 to prevent reduced .pressur.e om.being appl.jed

ot 51 qe AP PR Ades ForBleRes Ry Rl BB e TR R e h B o o
secur edsysent 309 Mahsecoapided 4 cdldeniF0ONIAARREIMEd bétveSR IR ro@itlel Padshigds, one
or both flanaes 322 are detachably secured to the nerve conduit 110 such

t hatd t hwuraedn§apd sheapanifmd SRR miafthé eonswiiiBatg egllegphodibyrfluids sushwy blwofliobm t he
i i lete, Th ifold
550" o Kok et 6 BpE o PUEEHCRLERTHY B SIMCE RS B S plidfndan, T ©

scaf f ol utdadltl 5 pnd tied@aister 480 ud idte@rat@l intd $SiHgle BoOMAR staRBure e Mk kedudde
reduced pr essgre t her apg S)é;st em 300 further conprises a_ canister 130
f1 ui dl yPTESHIS tBerape eyiean 300 Burthsy ceraprisss adlug sousesul Wein fid eoramunisatigmvith d

o0, BBl SO 3 S Py
pr é9s urtbe floidrsverct 150 amd thdmanidiold 20 nd 8@ ere gaptldgraat attimately iscaitngd by
housi "Yhe E:a{nlfs(,:téruﬁ%'. F-ml?l ffo%&j&)}:glggh the manifold transversing the site of nerve damage 108
may help to prevent clogging of the manifold.
[0026] As indicated above, the nerve conduit 110 is shown in FIGS. 1-3 with a section
removed, but shown as completely surrounding the nerve damage sites 108 as a closed nerve
25  conduit 410 in FIG. 4. After the manifolds 120, 220, 320 are inserted in the nerve gap 114 or
attached to the nerve conduit 110 adjacent to the nerve gap 114, 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 be composed of a bioabsorbable or a bioinert material. Materials
that may be used for nerve conduits include, without limitation, polylactic acid (PLA),
30  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, polydioxanone, polyorthoesthers, polyethylene
9



pressure therapy system 300 further conprises a fluid source 150 in fluid
comuni cation with the manifold 320 via a second conduit 325. Accordingly,
in a certWPROHFEHS fluid flows fromthe fluid source 1B6T{URYWHOAY 1¢mani f ol d
320 and the nerve gap 114 and ultimately is capiured by the canister 130.
Flui d f8lBewlemoinrgmersrolahqsphaznes apkyoalivdrides PRlyaginoacds, pelviestdamage 108

may hel i f LT [ O Tal ve,
Tho nerbelbQaRefianls DoAARLAGR pd AEFRRL Blinc {RAGLAR polh G e b e
shown azcytsubptieteel ogllslose acetadesmpdtdecivatives ¢hedenfpgpdy syenes, pogviayl chlatidss ed

dui t. 410. . FIl G 4. Aft i f 2 220 .1 t ed
"o ¥ e e hipRidebalt Gtk o e et n it i el B Bt he
ner ve gﬁ&yﬂiﬁﬁ,alédh%lﬁ%ﬂ%ﬁ‘@,%ﬁ%?i&n, :Iﬁgeﬂi@l}!aﬁﬁc@,eﬁb%ida}/?]e%,i pur#ied®rone or nore

stitches 415 or any other fasfening device known in the art. The nerve
condui tre¢qrobimant) bateriatsrogrbe ufeddotm oertys optshiifs éncheding, hubnetdimiteddo ofibrin, .

Mat eri a t hat may,,be used duits include, without limtation,
pol yl ac{iﬁr@n%%nd)rféﬂ e,nlt_f)'&’ ?&?@%@fﬁm (P&, polylactide-co-glycolide
(PLGA), pol yjoopy] pere! dodadie ] 1eky 63 ph ahRokansuibspalisbaibaaaitagture fitted

pol yf umar at es, caprol actones, pol yam des, pol ysaccharides (i ncluding

al gi nat &EOA 4§D bebveicniamivsEmgl pagd diptabrrrve siPmpSHet) as dapiated BrilE dc Fyamples

pol yry d&f@ﬁ)ﬁ? k\}%{a%}igmy Rl%}ﬂéP XQ&%XP{cﬁhﬁ% " Al ErerBRIME A OKENE gﬁideﬁqgéiﬁ%é Witk hers.
pol yet hyl'énegl'ycol's,” pol oxanmers, polyphosphazenes, poFyanhydri des,

pol yani mitatorNEURA GRS B had NEUROYCHR N acilagbmatasiuitpoAyneres dvadais may also

pol yacryl ates, et hyl ene-vi nyl acetate pol yners and ot her yl substituted
cel | ul oR%lonaed foms Wi thelris pasiniored aresdatiscoppsied 9&%&@@?3 ﬁfox-ypﬁlﬁ%@

chl ori LAY s Lde, el ig S ted

Pl yol e e B o R PP Ch e Dl PR Ub ol 0E o, 1
cert ai ncandpisinsluds; witlogit tialitatien, NEUROMENBE" and NG RAWRAR )" erdlageri al s may
be ed far rve conduits including,.but not lim.ted to, fibri

£ bl e ST P gREeEs 0 et poi e Rty be mpiStaihacskloserdhe Bimeaed 110
ey be adivdIRELO KA RIRIAMRGLSH bIndiBit @EelR! §udhlaibBa f irf JoRth @fbSASBerRs AR
between a proximal and distal nerve stunp such as depicted in FIG 3.
Exanpl eservd candult neaierial anparaiepllet thengby plloweing dlugbardl protein gictoss oedifiisced to as
nerve guides,. include-w thout |jmtation NEURAGEN(r) .and NEUROFLE
ol | agotiraigh Fati® £l iRl b bR Led b B i AR i |
posi ti opeagtcride uﬁc&nﬁydif%@mmﬁﬂl@@o@duiﬁlmgg@lg.( foi@s hadhg ah atgridieliatteten s
sealed with a closure, such as a suture. eci fic exanples of wap-type

nerfe coveengetateripediameter of betwaen abawt b am a1l SONEVRMVERBOE R Hamar Ntmnﬁgp( tm
coll agesy um). Thus, when reduced pressure is applied to the interior of the conduit fluid and
proteins may be drawn to the lumen of the conduit by the pressure gradient. The skilled
artisan will recognize that the dimensions of the conduit may be adjusted for any particular
nerve application. Generally, the conduits comprise an internal diameter of less than about 6.0
25 mm, such as about 5, 4, 3, 2.5 or 2 mm.

[0028] Referring to FIG. 5, the reduced pressure therapy system 100, 200 or 300 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, 320. The system further
includes a control unit 145 electrically connected to the pressure sensor 140 and the reduced

30  pressure source 115. The pressure sensor 140 measures the reduced pressure within the nerve
gap 114, 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
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conduits. In certain aspects, the nerve conduit is nmade of a material that

encl oses the dannged nerve, so as to exclude infiltratio f _non-nerve
cells, su‘gﬁzgls()/o&?ﬁg. In some enbodi ments, the nerve conHEF&SﬁW@P%@? is

permeabl e,  thereby allowing fluid and protein factors to diffus hr ough
Dhe. cortgHlates fisreduci pressut dher iy ?&iee&_gy@@re SRedipressuy SBECe L1 i ci ent |y
smal | St‘l%rcﬁr%htﬂibﬁﬁé?édiﬂﬁittlbg_t@ﬂferrﬁ{arﬁ)ffold“sel|2b§2ld;‘§90.t he conduit lumen (e.g.,

pores having an interior diameter or average Interior dianeter of between
about 5 mm alf@2YoTkemedu@dipmesavi thdappnsystent 0003206 nu3 EDmayrplso ThmprisenhBuid

reduced pr re.i.s applied,tq the in i ar of the conduit fluid,.and
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The 5ski ddngiektéd ol th@Bord! lunit 8399 The BuidkabplyN80 thdEitsised fo &liveNgrow@nght/ér may
be adjusted for any particular nerve application. Generally, the conduits

conpr i skealing pganks tadhe pgrsedamagegite| 168 énalyding, theut Biitatien, ag gatibagieriabout 5,
4, 3, 8] .. i F 3 h
oyt em 00 el B g B0 oMl hdinotton i, o SHEEHPHGRCH Snben OF B0V

connect ddniiclliyhetie agehtsc Ahd s iterh290 20078606 Arthet bempregds adilstpabgsgne bei ng
applied to th ni fol ds 120, 220, 320 e system further includes_ a
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cont r ol PQsiioned it P%C@Pflicela‘il}lﬂ/l%ﬁﬁeﬁtf‘éldhg Howiod thydkthsrsthaough, apd 2 sop9nding t he
r edmcedva@vr@fss%tgo%ﬁ%aea fifthd kst Jﬁ@@f 5 EertRE %éa&céédﬁgggtagé%ggj fﬁ%ﬁ%ﬁ&ced

pressure wthi'n the nerve gap also may I'n her the first
condui tjui@trei tetvweanl thel Bkt woniduithl 20 aad dhie secbwet cdnddit 1192 £d conte] thEHbwoEssur e

140 a3l i f bacgk | i 14 i . | at th
¢ eduoedaiedanalienth Eratodums sty haey btEe Rt Rt SRty Isals 15
t hr oughyitdefly tbupiéa fr?])otﬁéi HahifdR3 20t Eﬂg%eg%egﬁgs@é Hla?mé.lé(%ite 21|69 viadh® sedof@ ggﬂdfu?fh €

reduced pressure therapy system1 or 300 may al so conprise a uid
suppl y 35esfreprestintedduyipe deshed linese Fhercontroloyrdul 45 is 2Berativeln cemeoted tethedui t

15 nd.operatively.co c to t control wuni.t 145. The f] uid. s ly 150
oyt Do LTl Y B T3l ito sRardng iveRp ot fined Hessiannof BEioTHR 2
site 108e o $08pRASOWMeshtibelyl 18 théiafiToldd M@ MRODIN Alrb@lireddSthe paficular
antiviral agent, antibody, a cell-growth pronotion agent, an irrigation
fluid, tberapy heipgedmpistencHyo thetnatientaddpdiyid supplyslXmay ddoer tediquslesf ur t her
conpri ses: [ I 4 .14 . o ' .0_contr ol
tho f1 otisfed pbsl. VA ak dd Bl PR ddbifoh® 20000 536 R tholeelife 7
first coddutititaledrainagsaahe sibeoff thenered dpmegsditeel 08uppl y 115 and the juncture

between the first conduit 125 and the, segond conduLt 152 to control the
f1 A of redu@8PlAsusedrsrein,the feamcmapifghd” sefersdn asHdHres O sEutwE S syst em

300, thgofiaud & SYRPIYAikelnd Rduced 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
tissue around the manifold. Examples of manifolds may include without limitation devices
25  that have structural elements arranged to form flow channels, cellular foams such as open-cell
foam, porous tissue collections, and liquids, gels and foams that include or cure to include
flow channels. A detailed description of manifolds and their use according to the invention is
provided below. In embodiments wherein the manifold protrudes into the nerve gap 114 or
extends through the nerve gap 114 manifold materials that are bioabsorbable may be employed
30 asdetailed below.
[0031] The term “scaffold” as used herein refers to a substance or structure applied to
or in a 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
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directly coupled to the manifold 320 at the nerve tissue damage site 108
via the second conduit 325 as represented by the dashed |ines. The control
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t he marhd @ﬂtld'e feme bedirestdd fliid fbmmdlag admmmokk whon whlahﬁfmdcklgnﬁmalmfcddd ed

descrlpt caffolds,and ¢ I 0 ention is

or ovi d&848 g@\?‘ St[aﬁ?fg onhe Eﬁeéjhorﬁii‘?‘l@of ﬂ Hﬁg‘ﬁ’ ?é@wdilzg%‘f"oses
et hOdSve@tﬂﬂs AR PATHAYS G fthize€ & éhahdd ﬁgteﬁeaép@bl%n bﬁ&@éllt@&%fbnﬁ’i&hbﬁr The Of
fluid flow that allow for control of patterned protein organization at a
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network with a seamless transition from the healthy tissue edges through a scaffold or tissue
site to promote a functional tissue continuum.
[0033] 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
25  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 fluid flow. Specifically, the controlled flow vectors that the manifolds provide can
be used to facilitate the directed influx of cells and proteins into a scaffold. Creation of
30  specific flow pathways within a tissue site or scaffold can lead to patterned deposition of
proteins, such as collagen and fibrin within the manifold, scaffold or tissue space.
Biochemical cues from cytokines, growth factors, and cells bound within the provisional

matrix can work in conjunction with the natural physical cues of the provisional matrix and
12



structured manifold and, optionally, a scaffold material for cellular
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[0034] To that end, this disclosure provides uni gue mani f ol di n

t ecthol ogi esl0§a6] e iof o Idpy dt dpeqdeitltys et O{JB‘HrP%ﬁIP‘? MY es
of 1 ui A0t BY nfMods!o? Wppdritusethatiftroduce changes in mechanical, chemical, and/or

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
25  embodiment, the source of flow comprises a source of reduced pressure. Systems and
apparatuses according to the invention may also comprise valves or arrays of valves that
control the application and amount of negative pressure applied to the manifold. In certain
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
30  on the amount of negative pressure that is sensed in the manifold or nerve conduit or at the site
of tissue damage.
[0037] Manifold. The flow generators are the driving force for stimulating the flow of

fluids. Manifolds are apparatuses for refining the pattern of flow between the source or
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aspects, the invention concerns a new approach to wound healing, flow (or

gradient) activated tissue engineering. In rudinentary form this approach
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in the manifold or nerve conduit or at the site of tissue 7]
Mani f ol mhintBherct bbflogener ators are the driving force for stinulating the

fl f flui ifold . fini h tt fofl
botweon 1 he 08301300 R By BRRRERAT EhdiRlcs b mishe S Nt ool o
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the pathways leads to the deposition of proteins and provisional matrix that creates an interfacial

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

25  provisional matrix provide a biochemical and physical framework that stimulates the
attachment and migration of cells along directed pathways throughout the scaffold and the
tissue space. The resulting endogenous network of proteins, growth factors, and cells provides
a foundation upon which subsequent phases of the body’s own tissue repair and regeneration
mechanisms can build.

30 [0040] When in place, the manifold works in conjunction with a flow generating
source and a scaffold, if present. Flow generating sources include, but are not limited to
generators of negative pressure; generators of positive pressure; and generators of osmotic

flow. The flow gradient established in the manifold may be further refined through the
14



mani fol d/ scaffold and, ultimately, the tissue space. The manifold may al so
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20  the path of flow from its source to the scaffold or tissue site and vice versa.

[0042] In some embodiments, the manifold comprises a physical structure in close

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

25  material. The placement of this manifold with respect to its location with regard to that of the
scaffold may be of crucial importance for facilitating controlled and directed regeneration of
specific tissue types. For example, in peripheral nerve where regeneration primarily occurs in
a unidirectional manner from the proximal to distal nerve stumps, it may be important to place
the manifold along the length of a nerve conduit more towards it distal end to help direct

30 regeneration towards 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 towards its source.
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release adhesives.

[0046] Scaffold. Biologic and synthetic scaffolds are used in the field of tissue

engineering to support protein adhesion and cellular ingrowth for tissue repair and

25  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 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 in tern integral

30 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 tissues have direct implications in the design of the scaffolds. Within

this context, scaffolds serve to refine the pathways of fluid flow within the tissue space to
16



regeneration towards that end. However, it may al so be inportant to not

pl ace the manifold at the nost distal aspect of the scaffold/conduit as

sol ubl e fHO2BID78HF| ved fromthe distal stunmp have beenPSHBRAIPHGTES

i nportant. for directing nerve regeneration towards its source.[0043]
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cel lul ar_jnar h for.tissue repair and, regeneration. The current state of
the. ar ¢ YOS, b, et BB RS ERET e, T Bl B o o
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of cells. A scaffold for use according to the invention is coupled to a
nmard® ol ePMRASEES feity 9t fag gbgive. 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
or multiple areas of the scaffold, combined noncovalently, or covalently (e.g., copolymers

25  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.

[0048] Bioactive agents

[0049] In certain aspects, the apparatuses and methods according to the invention
30  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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properties. 4 n.imting exanples of suitable scaffold materials
ol ude exi A9RIT NanbiFtg pieitifecat dnetide iovith befids fos oo angliftoms ar

fi br onggdvit hoAReheS)IH )8 bbfe Rlorpldbttedi pYoteRGBMP)GaRBd RS Srovith cisdig

bi oabsor babl e or non-‘absorbabl'e pol yners, such "as polylaclic acid (PLA),

pol ygl YEeFi0, ai& G-, rGhroblpsigydvatbifadter F6H)) gremilpcide-cFlo@Astimulating factor (G-

i lid | | act . ppl . pol yf ,
Doy BB A B 0SS AR B FERBERAS Sar Pl
cal ci ugEaFyiphadie)deived sivith Faskor, (PIYGEH) UinulirCliRCgrdwiPRlcloR YIFOXVRUHMF at e,

pol yhydr oxyval erat e, pol g{di oxanone, pol yorthoesthers, pogéetzsyl ene gl ycols,
pol oxaradashelisheiavib SasterAMEST), hepeioghiteate widastorenaitanfagior BdGESE) 0l yacet al s,

pol ycy 8%5? 1 _Ral ryl at e-vinyl acetate
pol yrre?rg an yrldt e?r%eggcis}g;%ﬁé{]??ﬁﬁgdgcoé%é?ﬁlle%%mg@%?@{ @é@zd derivatives

t hereof, pol[00s2Yy Nemestisspotepyir Ad endih@iinge Thp apyaratayds ahll updtéredisclosed

pol (vil?n [im g}%zoléa%s,é chl or osul phonat ed pol yol ef i ns, pol yet hyl ene oxi de,
poﬁfvi eingaadiarsed wamergtissue shyr Ald eginerHBe Yryarioys gorigrs cdwlingibsr i se
ceram ¢§sHadN as hydroxyapatite, coralline apatite, calcium phosphate,

cal cium sul fate, calciumcarbonate or other carbonates, bioglass,

al | ografts, [6053pRepdit snd reeamyataint of lod eisaiel W gereraor dfifksuamy bercombinedsi t es

Cor oyl PR St A RS ae: S B e b BRI
pol yl agbmpRnGfddud &, e sSuBL-1E8Y frod tRAMMHE ﬁﬁ;j&gpﬁn & Pﬂr}{é%&?%ﬁéf E&TS s an
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hydroxyapatite, or a polytherylene glycol. the sc ol d can
codPri &g cimigstionor euteinphunggistase), cantheded wrregmemtarating thalrsstheds; suaffolds,

oD ah o AT Oheareas, 8t BFaRSAIGRL, RERIRRASNINS R Rl 1o ©"

regenerate.

[0054] 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

25  tissue such as occurs, e.g., in autoimmune disease.

[0055] 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 flow to the tissue and to control

30  waste removal from the tissue.

[0056] 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,
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such as a pol yet hyl ene oxi de- pol ypropyl ene gl ycol bl ock copol yners, or

t er pol ymaggo1af7s54@nbi nations thereof. Suitable matrix lif@trﬁfsh@)bﬁm@ﬁ@
di scussed in, for exarrpl e, Ma and Elisseeff, 2005, and Saltznman, 2004

0046] BBy BSL A Bt B ELAILPoBROR, o N ARBR AR, o0

agent s {ikghes Wﬁer‘é@ﬁ&m@ﬁ@l&ﬁ;suéﬂ@ahﬁ@(lﬁ pesdat @d dekite@ct |y onto a manifold or
scaffold material (i.e., to_generate a bioactive nmanifold and/qr scaffold).

For exanpl e, [#gdhascaleration glisspe farmation.s HReRFaiRF B SAWHNZD cHmhipRdWEh
fibrin 'f?@ %&89&05&01(1@(&?5&%[6%@%6(} i eg%sde%ﬂnﬁloﬂ%'ﬂ{lf?h%aﬁfal%@ﬂm | d

mat eri al. ew se, 1 n applications errant 1 nmune response need be
avoi Sledrdsporge, Thé amtiedgy mlffsl)is imamifodds; 8gwisatuees, agé systerssicitha mveafpanypey n  may

be inco ted into manifold or scaffal d.structufes In further
aspect s{)g%ﬁdﬁP%ceéﬁrﬁtsélﬁwegraﬁmys%&gﬁnﬂag fWHB%BéBméﬁS Oéilagﬁn%‘té 6% ti ssue
damage gaem&ﬁ & s%blé E@sﬁéﬂaﬁg 08 Qe lmecrhhﬁéﬂteof%n@m thOtisR¥ apRkee,

mani f ein id com‘rum catl on W t h a source and a bi oactl ve

agent may be[O(}SB} Stioubadi ags.t Ae mani f ol d

[ | l 200) e
and dama d Jner tiss nli.mitin exa S of bi,oactive growth
factors® fg(ﬂ’g Eﬁecﬁ’%‘g ﬁg’“ﬁl’? ?‘3@& ﬂ%/]%rr ﬁgﬁ%ﬁ a%‘lmuég‘sg‘h
nor mogaﬂ&&éﬁlaﬁéﬂbﬁy&n(@w&r othéxaplﬁﬁwtéﬂtragllgﬁwgﬁacﬁf@qﬁ@a 8. Applicajon o TG b,
a fibroblast growh factor (FGF), %r anul ocyt e-col ony st rrul ating factor

(Gch) ﬂgwarsmgdg??@lhﬁd@ﬂ@pﬁﬁdgém@l hlis Sewsonuges emgl fyatemsrof {hgvnyssiion may
W {
Chsurt nof sl ol ot BEEIER ool BhEEC LA O rosRE bR B

(VEGF), tibepapaeyte growh factor/scatter factor (HGH/ SF) an interl eukin,
tunmor necrosis factor- a(TNF a) or nerve growth factor (NGF) [ 0052] Nerve
ti ssue repai 10039 [troduging proigins TRz seells or phamaceuticalsintofac i ®i¥0 osed herein
can,be n 1594t ext's
et tar ot R skferklol B Bal iR b ARSI HebIEld: AntBEABIRD 2N
gener at atrodhicd ¢x@genmg gi)@wﬁﬁ'attbfseﬂrdmmsb calim bf phadma@aw/cairagsn:taﬁﬂto lthebstisswe di r ect

the regeneration of |ost tissue at  a SI g{#r or conprom sed
funct i oBPACEIQ FYgEReNt GETUCHERAN, (S2SDRFALOT, an PHWmt @%ry, burns, or other

causes (e.g. l[%degi @,%atmg ng{tq@égtzﬁ 'vim}‘f%? irHhBR@AE irF3P0. PR gbftalof of RIR WRlyee
usi ng the ne scalrfo mani S, Oow sources and systens o
i nvent i oombiaad etithanadifolds and/(trlssafﬁdds ® fd¢ititatt fodmation of matrices i vifro that may

20  subsequently be used for in vivo transplantation.

[0061] 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 environment. This can be applied to autograft, allograft, or xenograft transplants.

[0062] Directing extracellular matrix (ECM) deposition and orientation in vitro. A

25  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 layers and tissues.
[0063] References
30 U.S. Patent No. 4,787,906
U.S. Patent No. 6,103,255
U.S. Patent No. 6,135,116

U.S. Patent No. 6,365,146
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regenerate. [0054] Retard the progression of a tissue disease state. A
generator of flow may be conbined with mani folds and/or scaffolds to retard
di sease pwogoagwsns of an affected nerve tissue such aspotaisPen9/0697@3, in
aut oi rmune dﬂégﬁgse.t&LOOSS Mai nt enance of tissue viability. A generator of
fl ow may be PIRRIN N & #P3%%3i f ol ds and/ or scaffolds to maintain the

viability ofyexphemties ¢ésssgs either for in vitro study, ex vivo scaffold
or inplant preparation, 'or in vivo transplant. A generator of flow conbined

with a mani fGISdPatenyt Ne 6/&5B3o provide nutrient flow to the tissue and to
control waste .r val. fromthe tissue. [0056] Expansion of tissue. A
gener at or of&ﬁ E%ngyoéreﬁéeﬂél ned with mani folds and/or scaffolds to
promot e the @RPRRSHNL. Hf 85gogt i ng tissues. The net hods,

scaf fol ds, mani fol ds, flow Sources and systens of the invention can be used

to direct tHéSgPamiNG6,236480es where additional tissue quantity is needed

or desired. -‘B-gg‘g’a\%}qtﬁ‘?qﬁﬁlrﬁ%ﬁShm of tissue formation. A generator of flow

may be conbine s and/or scaffolds to accelerate the rate of

ti ssue for miLBoPatwittNG. ® ®4m@bur al heal i ng response. The methods, scaffolds,
mani f ol ds, flow sources, and systens of the invention nmay be used to
accel erate t4-SsRateniNan7iW04P15ugnenti ng formati on of provisional matrices,

fagplitati ngj_gﬁpatéft%g;sg]oggt%l?%oni ng, and aiding in recruitnment of cells to

the tissue space. lating the differentiation of stemcells

al ong; specil.B.cPapait N y97783generator of flow may be conbined with

mani fol ds a é scﬁfol ds to stimulate the differentiation of stemcells
or other pl 3;(% 0c 41108683t o specific lineages. Application of flow
using the mefdaddsen: fgakf1gh4dgs nanifolds, flow sources and systens of the
invention may be used to difect pluripotent cells into specific cell

| i neages neéd®Pateant Nos7dB6gdéow h in the tissue space. [0059] Introducing

pr ot ei ns, i I r_pharmaceuticals into the in vivo environnent. A
ge ger at or gﬁ#l%’(ﬁ"ﬁrﬁ{? g’glg’gprﬁi ned with mani folds and/or scaffolds to

i ntroduce expgeRRsNG’ PWtbgiactors, proteins, cells, or pharmaceuti cal
agents into the tissue space to augnment tissue repair, regeneration, and/or

mai nt enanceU.$.0060] Nor 831 6,682 matrices in vitro for inplantation in vivo. A
Paci 11 tate o EAEROL 4GB coc i h vitro that may o oo oee e
U.S. Patent No. 7,351,250
20 U.S. Patent No. 7,384,786
U.S. Patent Publn. 2003/0225347
U.S. Patent Publn. 2005/0260189
U.S. Patent Publn. 2007/0123895
U.S. Patent Publn. 2008/0033324
25 U.S. Patent Publn. 2008/0208358
U.S. Provisional Patent Appln. 61/142,053
U.S. Provisional Patent Appln. 61/142,065
Anderson et al., Tissue Eng., 13:2525-38, 2007.
Brody et al., J. Biomed. Mater. Res. B: Appl. Biomater., 83:16-43, 2007.
30 Gemmiti et al., Tissue Eng., 12:469-79, 2006.
Lago et al., IEEE Trans. Biomed. Eng., 54:1129-37, 2007.
Ma et al., Scaffolding in Tissue Engineering, 2005.

Manwaring et al., Biomaterials, 22:3155-3168, 2001.
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subsequently be used for in vivo transplantation. [0061] Pronoting
integration of transplanted tissue. A generator of flow may be conbi ned
wi t h maniwol2dey@ssisor scaffolds to pronote integration etrtusamwepbemns ed
tissue into the host environnent. This can be applied to autograft,
allograft, oMa&‘QW‘a‘W Bmmédhtﬁ 3P0G63, W0rtect i ng extracel lular matrix

(ECM deposi R:ﬂ:r 9[ %ZO’% llad?sg? 1%3/ %gezogﬂ(gs fl ow generator may be conbi ned

wi th mani f ol ds an sca ‘di rect ed deposition and

orientation MikoE@lee,x}DBﬁﬁmdA@zyerCijf 7a18d-189s300s. The directed orientation
of ECM has ﬁ{? i npact | n organi zi ng _and di recti ng the attachnment and
col oni zat i onNYM38 ek qlranbBioperEnga 3a4i89-19462906ssues. [ 0063] Ref erences U. S.

Patgnt No. 4p@BRo3A6wkbG0/Ratens No. 6,103,255 U S. Patent No. 6,135,116
U.S. Patent No. %’8365 2993 ‘%tent No. 6 695 823 U.S. Patent No.

6, 696, 575 UIKT P@pban(N@O/GGZG@AZI 334 U.S. Patent No. 6,814,079 U.S. Patent
Pai ent No. & GbARHS NS B/BIIMWIZ No. 7, 004, 915 U S, Patent No. 7,070, 584
U S. Patent p@r Ap 917w@@g/0@2§20,@t ent No. 7,108,683 U. S. Patent No.
7,160, 553 U. S. ?ent . 186, 244 U. S. Patent No. 7,214,202 U. S. Patent
No. 7,279, 6 ELCT Appln WO 04/060148A2
10 PCT Appln. WO 04/105576A2
PCT Appin. WO 05/009488A2
PCT Appln. WO 05/033273A2
PCT Appln. WO 06/004951
PCT Appln. WO 06/127853
15 PCT Appln. WO 07/067685A2
PCT Appln. WO 07/092397A2
PCT Appln. WO 07/106589A2
PCT Appln. WO 07/106590A2
PCT Appln. WO 07/106591A2
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PCT Appln. WO 07/143060A2
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U S Patent No. 7,316,672 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.
Pat ent PW¥DR010208850260189 U. S. Patent Publn. 2007/ 012389%/US2@®9/0PH1&nt

Publ n. 2008/0033324 U.S. Patent Publn. 2008/0208358 U.S. Provisional Patent
Appl n. 61/ 143altzgmny Tissuedinginestiogiaknginaesing Prinsiphes fon theDestpmof Repglcenentet  al |

Ti ssue 2007. Brody et al., J. Bioned. Mater. Res. B:
e AR R TR, i

Appl . 43, 2007. Genmiti et al. , Tissue Eng., 12:469-79,

2006. Lago eSachlos et hERFe/FomtdarBisn9e4D, 280%. , 54: 1129-37, 2007. Ma et al,
2005. Manvvarl ng et al Bi omater ials,

Soos 156, 39 SRViohgeah, Sl e Ray B dobldlane/ar B 85349, 50088, 2004
Mergj er et aé,hlmﬁb%@i ng’%’%ﬁ"&ﬁE) %5531{% B?%&r?ﬁer '\4'%9135 %‘i 8ppsd- Bi onmed.

Mater. Ref, 27:183-18 fman e 34: 89- 101,
2006. PCT ApPikahase/0d] BeB7BE54663PTE, 2806 n. WD 00/ 61206A1 PCT Appl n. WD

VO 04/ 1055768 ek g 41700105/ 80886 PCT Appi n. WD 05/ 03327342 PCT
Appl n. WO 061049 1Biochem. Biophys. Res. Comm., 369:1150-1154, 2008.

Walsh et al., Tissue Eng., 11:1085-1094, 2005.

10 Wen et al., Handbook of Nanostructured Biomaterials and Their Applications in
Nanobiotechnology, 1-23, 2005.

[0064] 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
by the authors and no admission is made that any reference constitutes prior art. Applicants

15 reserve the right to challenge the accuracy and pertinence of the cited references.

[0065] 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
that all matter contained in the above description and shown in the accompanying drawings

20  shall be interpreted as illustrative and not in a limiting sense.
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07/ 133555A2 PCT Appln. WD 07/133556A2 PCT Appln. WO 07/1 43060A2 PCT Appl n.
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Appl n. w108 036359A2 PCT Appln. WO 08/ 036361A2 PCT Appln. WO 08/ 04248 1A2
PCT Appln. WD 08/091 521A2 Pfister et al, Neurosurgery, 60:137-41,

2007. Sal t zman, Ti ssue Engi neering: Engineering Principles for the Design of
Repl acenent Organs and Ti ssues, 2004. Sachlos etal, Cells and Mat, 5:29-40,
2003. vi.ch et al., J. Bioned.. Mater. Res. B:; Appl. Biomater.,

84B: 34@-9 d: 200802 ﬂﬁk‘ﬁ?‘&tpf%‘flfhng TP R R e 4 fRducedepresapts] Souxse dorat er |
5, 31 et 800%0ud AUATASRI, the PBbarustBRpBGRR76, 2006. Tmeetal ., Bone.
41: 745-751, 2007. Tan et al., Biochem Biophys. Res. Comm, 369:1 150-1

154, 2008. W séveeonduit havingesgeseiBy tubular shape0BSing vadl$,ind0dibg avextesor al .
anont o ohnor oost S 4! & GRS AR the BELE s Coffald ANs Within a
luminal space between the tissue site and the luminal wall;
a manifold having a generally cylindrical body having surfaces including a side wall
10 surface and two end wall surfaces, a first end wall surface of the two end
wall surfaces for receiving reduced pressure, a fluid contact surface
including a first portion of the surfaces of the cylindrical body other than the
first end wall surface for fluid communication with the luminal space, and a
support surface including a second portion of the surface of the cylindrical
15 body other than the first end wall surface and the fluid contact surface; and
a first support structure having a generally tubular shape for enclosing the support
surface, a first end portion for coupling the first end wall surface to the
reduced-pressure source, and a second end portion for coupling the manifold

to the nerve conduit in a generally radial direction with respect to the

20 luminal wall.

Claim 2. The apparatus of claim 1, wherein the fluid contact surface comprises a second
end wall surface of the two end wall surfaces positioned adjacent the luminal wall to

fluidly communicate with the luminal space.

Claim 3. The apparatus of claim 2, wherein the nerve conduit comprises a material

25 generally impermeable to fluids from tissue surrounding the nerve conduit.
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[0064] Al references cited in this specification are hereby incorporated
by reference. The discussion of the references herein is intended nerely to
sunmar i zeVPRB104588Pt i ons made by the aut hors and no adniP§I(USRAdHe t hat

any reference constitutes prior art. Applicants reserve the right to

chal | epﬁlfg% e achh%va@ﬁf egé}a@mdewél;remﬂl@rmélvguwe@nmfp@r?ﬁ@epéthe[fbo@?] In
view o ; gﬁ nvention are
achi eved aﬁl(ljt ({Sm)z(iﬂntsasgegecat?f(?%ll&rle%T1 \?g)r }q%lr}g%c grYngaelsstllcoﬁ d be nade in

t he abovepmitid)lmdsadmelnt(ther@asmdm sorfacen fithe tniérvel epaduiti to dluidip somhhenaepatiof t he
i nvention LS. intended that all ter contained in the above

descri pti lemaéﬁmﬁq?fﬁu%‘h@eé@é%gﬁwww Wfngs shall be interpreted as
illustrative and not in a limting sense.CLAIMS W claim Caiml. An
appar atUisinh 8r pr OMieUHp@Qrahi%dﬂ CREM R QhSrieihb h@ﬁe%oﬁ&ﬁﬂ%ﬁpr&"e?é Bfgiafource to
a defect at a tissue site of a nerve, the apparatus conprising: a nerve

condui t hasnanglysinypsrreeable ip luidafram tl§hmm®andlngthﬁaier‘@ ¢omdhitdi ng an exterior
wall and a lum nal wall surrounding the tissue site to contain fl UI ds

W t hin nal LSsu um n

mani ol S8 ng. FRABRRRITEDh lar el ol ey e FBrerdNetng o

si de wal | esdiwhieefaRdfthwiwershdwedll susfatés@s poxtidr 68the 6idd wadllsurfael f ace of
the two end wall surfaces for receiving reduced pressure, a fluid contact
surface i AYreraE Hg sgeandread vk surfape @ftertd(%eg Fomfthe Benipal Waibméwhﬁ heminghl  body
ot hgr thap,f.he first end waII surface for fluid comunication with the

| um nal space, and a support surface including a second portion of the
surface of the cylindrical body other than the first end wall surface and

t he fl (Cldintdnt act Theiafmecays offdaim T,iwlsteis ﬂpz@xid cefitacicurfaee dm\pr'rsgs ap@elner ally

t ubul ar sh ncl osing the po a first end. portiaon for
coupl i ng f’ﬁ Fidgé"fa%e%’ﬂp ’?‘ %CE’P%?IS‘E‘ %rs{“ﬁ e?é@‘ﬁgz 6’r H}r%u@c}e unaln g 5
second engphaREtd 4 BRoh@Eide 8 Rl 1ﬂﬁniah€vanadﬂdfap§eeoﬂd)eﬁdh€alﬂﬁfrfé%e SPﬂh@ Wb ehdﬂ a
generally radial direction with respect to the lum nal wal Claim 2. The

appar at us well setfadeafar reqdieing a dlui&oml afleid sowrce,ghe mpaf@tuefuuhmmqmmlg second

FB%SY@: | WZH f %gs%cc())r];d stu%Soxtt V\Prucerur% h\{a\{\a/fnlg asgue;lgr% %ub%?asrlsflape or enc%s%?getlﬂt the

support surface adjacent the second end wall surface, a first end portion for
coupling the second end wall surface to the fluid source, and a second end

portion for coupling the manifold to the nerve conduit.

Claim 8. The apparatus of claim 1, wherein the defect is a severed, partially severed,
20 pinched, or degenerated nerve.
Claim 9. The apparatus of claim 1, wherein the second end portion of the support

structure comprises a flange.

Claim 10. The apparatus of claim 1, wherein the second end portion of the support

structure provides a detachable coupling of the manifold to the nerve conduit.
25
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fluidly communicate with the |um nal space. Caim3. The apparatus of claim
2, wherein the nerve conduit conprises a material generally inperneable to
fluids fr¥mM21%888¥Ssurroundi ng the nerve conduit.d aim ECT%@O&@&%YF%H us of
claim1l ,wh?r ein _the nerve (};on.duit is porous and the fluiid contact surface
conpri daimy [k ¢ o fthe @npargs of glaim A cwheseinithe sqeppd endipeitipn of thersuprast posi ti oned
adj acent i r : I i .Lcomruni cat e

M Uh the T e oy T G SR kb e R 67 e
apparatus of claim4, wherein the nerve conduit conprises a materi al

gener alCGlginm hher nddblagparatus bficldan fl y whereingbeimasifoldmonygirises d perousstmetucondui t .

Claim6. The apparatus of ai 1 rein the,fLuid contact surface
Comrl ses iee BB hSktTres pitoBis ML pA Sl R tinbaf s mptliodos
portion of the side wall surface adjacent the second end wall surface

ext endiQlginf 1M t Melapparamk ofvallaim il NvRerbinghé thiahiteld ssRRE 8s a §dadfold that The
apparatus_of claim1l, wherein the fluid contact surface conprises a portion

of the sifi'élh\’iﬁ?ﬂtls%‘?g@é‘éh@kfeéﬁwmg froma first side of the lum nal wall

t hrough the lum nal space to a second side of the lumnal wall, and a
second | f : . ASS . LV fluid
froma c}ﬁ%ig} 1élw}sourqg% ,aﬁ? f’%ﬁgé’gg@%% ‘Sf;wﬁél;frgltn‘#g% hg‘%ﬁ%{»l SI né)gl{bglsésg@g%sdﬂlg%égort

st r uct ur esufficiemly smajberxaludy thadntyaf celiwine theduremal gaeeag t he support
surface adjacent the second end wall surface, a first end portion for

coupl i the secaond end wal l. surface ta the flujid source, and a sgcond end
porti OEH‘T”B} Iescoupl i GPPHRUNQhFlREY &g’t‘ghfirﬁg thisperes Rapyigdaitpteriey %p%etgyo he

appar at usp@fvedd Mokt 4 umMIRI | (! he defect is a severed, partially severed,
pi nched, or degenerated nerve. Claim9. The apparatus of claim1, wherein
the second end portion of the support structure conprises a flange. Claim
10. Th&kippHr at udheepparaiupel claigh dr whereinibe menideld iepesitenedionthodistahsidg uppor t
structure i |i.ng of the manifold to the nerve
condui t. d@ﬁ%ﬁﬁ?%ﬂ:ﬂdgﬂ%}%@ﬁ?g%@eggéﬁglsg?_m 1, wherein the second end portion
of the support structure conprises an adhesive for coupling the manifold
and t h€laer V& coffiaiapparfusbficliizn 1 keraipphd mahifoldfprevidésteducedipedsairs t he

mani fold co %F%?%?ﬁ%tructure wherein the pore size is sufficiently

smal |t o RRErendally g he i dhe REGVE 1ekatiyg ¢ thstigsue site.

15 Claim 18. The apparatus of claim 1, wherein the manifold or nerve conduit is composed

of a bioinert material.

Claim 19. The apparatus of claim 1, wherein the manifold or nerve conduit is composed

of a bioabsorbable material.

Claim 20. The apparatus of claim 1, wherein the luminal space of the nerve conduit
20 comprises a scaffold that facilitates tissue growth or regrowth.
Claim 21. The apparatus of claim 20, wherein the scaffold is formed from a foam or gel
material.
Claim 22. The apparatus of claim 20, wherein the scaffold is biological material selected

from fibrin or collagen.

25  Claim 23. The apparatus of claim 22, wherein the scaffold material comprises a bioactive

agent.
25



Claim13. The apparatus of claim1l, wherein the manifold serves as a
scaffold that facilitates tissue gromh or regromh. Caim14. The

appar at us\VOfZOUW(H834ﬁ1 wherein the nerve conduit conpri s@TASR@S/0697a3 ar e
suffici smal ] to exclude the entry of cells into the |lum nal space.
Claim1 @ éé peieAPRaragss of| chilfmzﬁ.flwb@m@rtb@ hioapiévergentsis ableastane pfigrer i or

di anet er tond & ‘?@1 . mm Claim 16. The apparatus of claim
1, mhereln t e nanl i's p oned on the distal side of the nerve
conduit relative to the tissue site. Gaim1l7. The apparatus of claim1l,
wher ei rClatme 2pmani f"ﬂiechppanauisdné‘slaﬁmdﬂcwﬁelﬁrnahsbfoactWeﬁgeﬁt?ghig%]\b& Hoﬁnbﬁkii‘ di s]E al
side of t erve relative to the fissue site I m eapara us o
claimi, \Eﬁlé[?éql Bong mo epg}ccprg'gmqqé}l\(;g) Gigpsfosmping grovghiactere 6F quésl Bi nert
mat gr i al I nerve
congwt |g @(fgﬁn?ofibgebﬁﬁ%r&gﬁggﬁgggba %‘Jaﬁﬁl& P ciﬂ‘f&ﬁ%‘?ﬁﬁufa? & q}%her (gpgar atus of
claim1, ﬁméulépﬁemmpbﬁg%ad)lospmmaﬁng faetoméG%CSB)]cépldemdrgmowﬂﬂéctar

oy ot s U, PR AP elon R i BER S B R e TeRgP O ol gl
mat eri al . efdodticiaPowlinRichR PREEFY, She?ﬁtoéﬂlt@ gmvaﬁ ,famcsﬁ& thdtsr &f@lf‘/%PL%' S

bi ol ogical material selected fromiibrin or | agen. Cd aim 23
appar at usinggriegkia; mmor negyesis dagtor ¢ EINE-ad ﬁbn@V%toe\ﬁhéactQIdhiﬁH)ses a bioactive
agent.C aim24. The apparatus of claim 23, wherein the bioactive agent is

at jhea of I i Qt e Gy, - ' rowth factor. ai.m 25.

Thtalbap;(g?%?gg of qgﬂeg{ﬁh%r%ﬁtomlanﬁ‘ﬂ %B %ﬂepjcb{ﬂ%g%{egsgn gecﬁ)lmp THe3a échﬁ?%gng none
(GH), a bbngthmﬁammpemr@meewy thBNEve coiidiis dhplaN@bR Byl thaGiE - a
(TGF-a), a,  TG:-Db, aI robl ast growh factor (FGF), granul ocyte-col ony
stimul at i ﬁbe q“&é??:l?bf' or gnogx Glogrg edemanés: ophage- col ony sti nul at i ng

factor (GM CSF), epidermal growth factor (EGF), platelet derived growth
factor (3D, | Systdm fdrljsﬁoxgﬂt g‘rgﬁlfcé&%&?mﬁé & % def¥@SE Yk ue%ﬁg% E&&f/vglz) |

growt h factor (VEGF), hepatocy gr owmt actor/scatter tactor
the system comprising:

an

15 a pressure source for supplying the reduced pressure;
a nerve conduit having a generally tubular shape having walls including an exterior
wall and a luminal wall surrounding the tissue site to contain fluids within a
luminal space between the tissue site and the luminal wall;
a manifold having a generally cylindrical body having surfaces including a side wall
20 surface and two end wall surfaces, a first end wall surface of the two end
wall surfaces in fluid communication with the pressure source, a fluid
contact surface including a first portion of the surfaces of the cylindrical
body other than the first end wall surface for fluid communication with the
luminal space, and a support surface including a second portion of the
25 surface of the cylindrical body other than the first end wall surface and the
fluid contact surface; and
a first support structure having a generally tubular shape for enclosing the support
surface, a first end portion for coupling the first end wall surface to the
reduced-pressure source, and a second end portion for coupling the manifold
30 to the nerve conduit in a generally radial direction with respect to the

luminal wall.
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i nterleukin, tunor necrosis factor-a(TNF-a) or nerve growth factor (NGF).
Claim 26. The apparatus of claim1l, wherein the nerve conduit conprises a
slice al owg20te78EBgt h t hat forms an openi ng whereby thecmarsy@ooeyydsiit i s
i npl ant abl e _around the tissue site and sealable with one or nore cl osure
el enentdaing?&i m The spstepanfstaih@?, Prriber chimprisiegafeid sonessufleidt o a def ect at

ti ' f th t I Si.ng: [ f
suppl yi ng" T HE eThecslob M helpe Tor Sorieint o id 1 e WHELgEner al 1y t ubul ar

shape having walls including an exterior wall and a |lum nal wall

sur r ourtdaing29.he (Thesyserniof elai 20pWhéeren th Buliiscontdehiifae bobARs aSBaHR
between the, ti fjsui%ﬁ%lf’%@ and the lum nal wall; a manifold having a generally

cyl i ndri cEid Babspr edwprend aallisyepersipasitianes adiaogal the buninalwalhted t wo end
wal k surfﬁﬁggmxﬁnﬁ&ﬁéﬁegmﬂtm@h&ﬁﬁﬁgpgﬁp of the two end wall surfaces in
fluid conmuni'cation wth the pressufe Source, a fluid contact surface
including a first portion of the surfaces of the cylindrical body other

t han t kdaifi 3Gt  eddewpdt¢m ofickain 89§ wherkinthenervenomiuitaioprised 4 atekial | uni nal
space, and_a support surface.jncluding a second portion of the surface of
the cyli mrs By BWeéﬁ%é?%Piﬁi Tqu, HSSUF Sugroging fie new@ cpadt and the f1 uid
contact surface; and a first support structure having a generally tubul ar
shape for enclosing the support surface, a first end portion for coupling

t he fir?t end wal| surface to the reduced-pressure source, and a second end
por t i o3B3 lcoupilhpgysise ofalain 87 gvheseinibe newe eorsvitdsiporous amd Gedlmidl | y

ragpal di i i l.um nal |l.Cdaim28. The system of
Ci oY m 27, Feil B Eb RSkl SIS o1 i oL BRI 1 on w th the
mani f ol d fdositiosepadjyéenythe ektetiiof siréact BE tHeudveadondBia&Llui@lydioMmnicAb fidy St em
of claim27. wherein the fluid contact surface conprises a second end wall
surface dfe tumunglspacathrapgh thewriseide priee eonsiiild adj acent the | uminal wal |
to fluidly comrunicate with the |um nal space. C aim 30. The system of

cl ai m 2%imwer ei Mg g,gta@waaﬁm,%ﬁeraﬁm féaee;c RS ﬁ'sesgae@g{eflgﬂ y

i npermeabl e to fl ui fromtissue surroundin € nerve con
generally impermeable to fluids from tissue surrounding the nerve conduit.

15  Claim 33. The system of claim 27, wherein the fluid contact surface comprises a second
end wall surface of the two end wall surfaces and a portion of the side wall surface

adjacent the second end wall surface extending from the luminal wall into the luminal

space.
Claim 34. The system of claim 27, wherein the fluid contact surface comprises a portion
20 of the side wall surface extending from a first side of the luminal wall through the luminal

space to a second side of the luminal wall, and a second end wall surface of the two end
wall surfaces for receiving a fluid from a fluid source, the apparatus further comprising:
a second support structure having a generally tubular shape for enclosing the
support surface adjacent the second end wall surface, a first end portion for
25 coupling the second end wall surface to the fluid source, and a second end

portion for coupling the manifold to the nerve conduit.
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Claim31. The system of claim 27, wherein the nerve conduit is porous and
the fluid contact surface conprises a second end wall surface of the two
end wal | wonbawesssposi tioned adj acent the exterior surfacewshomhemerve
conduit to flui dl¥ conmuni cate with the |um nal space through the walls of
t he ner&BigdAdui t Theatystem @t‘zzlauthiy sfeteimtieideficaism Btcrediymrtidlly seheredier ve
conduit c enerally inperneable to fluids fromtissue
surroundi ﬁm%&;%?lg? egg%:agﬁf eq Claim 33. The system of claim 27, wherein
the fluid contact surface corrprl ses a second end wall surface of the two
end wal ClaimB6ac esTlenys@mpeft dlaioy2 Q) fwHekein tedecomdldnd F)Uftfo%(‘{ﬁ‘ tl@éﬁu%?@ﬂ%trﬁ&@re
second end wal.l surface extending fromthe lumnal wall into the | um nal
space. O SPRPE¥S a%[i’é‘g§yst em of claim27, wherein the fluid contact surface
conprises a portion of the side wall surface extending froma first side of
the 3 urcrah 398l | R GYGH I9ailr 77, WlrehPRE Seddhaad §EARM oHiflPabok Mpudip na!
wal I, and a second end wall surface of the two end wall sur

r ecei vi ngpevidesiadlefachahleicdupling of thermanifoldi thppervatosduitur t her conprising: a
second support structure having a generally tubular shape for enclosing the
suppor t- ce acent t wal I surface, first end portion

f or couplﬁﬁllri]égt hea@{e SR ?%?Mﬁgvg‘?'fegb@elsf)c (gn@ Pﬂft’(?né’éﬁ}?ec%lpp%a ryctygcond
end porti eompides anudhdsig fbh@%ﬁﬁgt&lrﬂaﬁlmmﬁim%rméﬁe%ﬁ&lﬂtt G aim35. The
system of claim 27, wherein e defect is a severed, partially severed,

pi nched,. or gegener ated nerve. G aim 36. The system of claim 27, wherein
the seddAEn 3%d p(gl,?helsaﬁe@fo tchrma2 o Bibereins the meanifolsl coommises @ porous btawgere O ai m
37.10The s OI‘th of t support
ot 1ot ur oV are S BOLARIE b RRNE Sl A8 AR R Rl e reb TR 2
conduit. Caim38. The systemof claim 27 wherein the second end portion
of the Qaipp#.t stThecystem afccimmﬂewhenemﬁibmvfeldfs&rve@@mplsd:affﬂ)ld that mani fol d
and the nga Hogeln aim 39 The system of claim27, wherein the

mani f ol d 8%??%%%5“% QLTI ure wherein the pore size is sufficiently
smal | to exclude cells fromentering the manifold. Caim40. The system of
clai m ZlainfiET i MHeRGstBRYcRlid 25 heRiPHe e RbARICodntitsed fGks taplgS t1ssue

growth or regrow h.
suffiCiently small to exclude the entry of cells into the luminal space.

15 Claim 42. The system of claim 41, wherein the pores have an interior diameter of between

about 5 um and 50 pm.

Claim 43. The system of claim 27, wherein the manifold is positioned on the distal side of

the nerve conduit relative to the tissue site.

Claim 44. The system of claim 27, whetein the manifold provides reduced pressure
20 preferentially to the distal side of the nerve relative to the tissue site.
Claim 45. The system of claim 27, wherein the manifold or nerve conduit is composed of

a bioinert material.

Claim 46. The system of claim 27, wherein the manifold or nerve conduit is composed of

a bioabsorbable material.

25  Claim 47. The system of claim 27, wherein the luminal space of the nerve conduit

comprises a scaffold that facilitates tissue growth or regrowth.
28



Claim4l. The systemof claim 27, wherein the nerve conduit conprises pores
that are sufficiently snmall to exclude the entry of cells into the | um nal
space. Clwomddrsiie system of claim4 1, wherein the peceashavocans
interior diameter of between about 5 mmand 50 nm C aim 43. The system of
cl ai m Fhaimyher ei T helestermmif elaing 47swhersintthe seadfolshistfranadi fsorala fearer gél t he
nerve Conﬂﬂfe{-i lrel ative to the tissue site. Caimd44. The systemof claim
27, wherein Ae manifol d provi des reduced pressure preferentially to the

di stal side of the nerve relative to the tissue site. Caim45. The system
of cl aiGhi#i/49. whe Thk Rydtéra ofelairh dl7 dwhereinghy sca¢fohtlidibiolbgicalanmnesd deloéted

bi oi nert gatgri.al ) aim46. The system of claim 27, wherein the manifold
or nerve TR qreollagelosed of a bi oabsorbabl e material. daim47. The
sysgem of claim 27, wherein the |lum nal space of the nerve conduit
conprises a scaffold that facilitates tissue gromh or regrowth. C ai m 48.
The system of claim47, wherein the scaffold is forned froma foamor gel
mat er i &laimGiGi m 4de sytem of slasmidf whdreinrthel Foaffatdemeferiak doepsises 4 biodctive

bi ol ogi cal mat erial selected fromfibrin or collagen. C aimb50. The system
of clali m%g?fl'\/\her ein the scaffold material conprises a bioactive agent.
Claim51. The systemof claimb50, wherein the bioactive agent is at |east
one of Climefiti bi The gysten ofblairh 6Jywhétdinah@biowbtivelagehtas at Iehstofe §2an The system
of claimb5l1, wherein_the bioactive agent is a growh hornone (GH), a bone
mor phogerdtibiotisy a4t antipodpim a grovdhdacemi ng growt h factor-a(TGF-a), a TG b,
a fibroblast growth factor (FGF), granul ocyte-colony stinulating factor

( Flolaigy nul o r ; I [ f. =
(o GSr e ) oy, SLaB6LEOANS 0L O LML Al PR R
i nsul i n- |4 bamegnaphdgeheiit protein BYIP) uemsiokmingerowtthatioad (FGHVNa TEFLByra
(VEGF) , tocyte grow h tor/scatter factor (HGE/ SF), an_interleukin,
t unor ne%&@tfgﬁ%‘f@rfggﬁ'@) grgpulﬁgytg-é;o@,ngﬂ%u%a;gg&ctqr,ﬁ@:?_SFb ai m 53. The
syst em of grehabdPredmhacPRERLEDISH)ERRN NG LARIHIGEMCOSPY, ESifsmf Shdvinf rakgng i ts
(EGF), platelet derived growth factor (PDGF), insulin-like growth factor (IGF), vascular
15 endothelial growth factor (VEGF), hepatocyte growth factor/scatter factor (HGF/SF), an

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

Claim 53. The system of claim 27, wherein the nerve conduit comprises a slice along its
length that forms an opening whereby the nerve conduit is implantable around the tissue

site and sealable with one or more closure elements.
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| ength that fornms an openi ng whereby the nerve conduit is inplantable
around the tissue site and sealable with one or nore closure elenents.C aim
54. A netwodofoarrsasovi di ng reduced pressure to a def ect patr/s2d0om6ure3 Site of
a nerve, the nmethod conprising: inplanting a nerve conduit having a

gener al &%/Mtqggul ar shape having walls including an exterior wall and a

| uni nal P4 seaf imfghedhior periding erducrd praysyTaia ardefect piastissus siteofianarvmt ai n
fluids W i Bethb& cdid lﬁﬁ% space between the tissue site and the | um nal
wal | ; inplanting a nanitold and a support structure at the tissue site
wher ei n t he neiniplaitidghasre @adeit Ahtiyg & genedalty wahlabsithye having oaiy idch@ass
including a side wall surface and twp end wall surfaces, a first end wall
surface of the two %tmrlwwéééglqagwauécei ving reduced pressure, a
fluisd contact slifeahe nbRe!cBAdIParBuld fhetis itk ctHtgih i %ift}?}fi% dl%iﬁaﬁ‘e
cylindrical body other than the first end wall Surtace tor ui

conmmuni cati on W t h sphee baiweenathe sipnesite amdithe lsmpbwallsur f ace i ncl udi ng a

second portion _of t.he surf of the indrical body .other than the first
end wal | surf grcné’i% 14e taﬁ%anﬁﬁ’fffﬂmjcaoﬂip%‘%éﬁaﬁ@éaﬁ?ﬁ&fs ey Rerein %‘E?ﬁ‘ﬁg?lfi
structure has a gengsalgeierblipuylaidrieNaR@y having Befaes Melidife 2 %RPNall surf ace,
a first end portion for coupling the first end wall surface to the

reduced- pressure sdUfaee angritvoend seadirrurfaess, pbirst iend wal sufecepifithgtwahendnani f ol d
t o ffhhe nerve conduif ;i I radi al, directign. wt espect to the
Iunl1bnal wal I ; and a‘%ﬁ g}‘lﬂralaégsre@gEe%giﬁn&rrgglécueflé)r?sﬁ?r(guﬁﬁultdtfém%ﬁ%?ulr%f“%l to the

ti ssue site. O ai mibGudihpe firetgoadorodf tht airfacdof thbeygidRich MY Ythd?Ghah the
mani fol d and supporfl- structure_at the tissue site conprises attaching the
second end porti on {55t sdevall ssiaee fardluid eqmmunigationswith therlngminahspacesidiehe
nerve conduit. d ai g, 3 : b e i n efect at
a tissue site of a nglr§0 vré,ﬁuﬁé%ﬁ%a %%ﬁ%l‘? P g’?%ﬁ%ﬁr?p%%%%th%g%lgr}cenéalconduit
havi ng a gener al | y bodpother tishapefibasidgaliveirfse iand thedluid camacostughdeamdwal |

anﬂ a lumnal wall; sealing the nerve conduit around the tissue site to
cortPain fluids wi t WA WRPoF SruGaredana ecrsar y Whuler shape for anglosing thne
lum nal wal | ; support surface, a first end portion for coupling the first end wall surface to

the reduced-pressure source, and a second end portion for coupling the
manifold to the nerve conduit in a generally radial direction with respect to
the luminal wall; and

20 applying reduced pressure through the manifold to the tissue site.

Claim 55. The method of claim 54, wherein implanting a manifold and support structure
at the tissue site comprises attaching the second end portion of the support structure to the

exterior wall of the nerve conduit.
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inplanting a mani fold and a support structure at the tissue site wherein
the manifold has a generally cylindrical body having surfaces including a
si de wal lweunfoazesand two end wal | surfaces, a first enecwalskowusdrase of
the two end wall surfaces for receiving reduced pressure, a fluid contact
surface_including a first portion of the surfaces of the cylindrical body
ot her &M %#e f i4y Betheddongepairiag of eegenerating 3 dafect@bntistiesite Pbmneivethe he

| um nal s .2 support surface including a second portion of the
surface o@ggﬁgcg@ f‘%&gl cal body other than the first end wall surface and

the fluid contmplantng & aewe aoativitteiviign gdneradly patailir shbpetedviigewhidsindlugiager al |y
t ubul ar shape for encl osi ng’ ﬁhe sglg_lpl)_ort surface, a first end portion for
coupling the first 2BgyteHar Vall and a limingl walk r educed- pressure source, and a

secgnd end pors&a'u&g tﬁ@ﬁer@é’é'&iduﬁ%r&ﬂﬁ RO Eﬁigqioh% il iﬁg\gﬁi@ﬁp%gg%i;nﬁl a

generally radial direction wth respect to um na g

reduced pressure tlspapgadhtwdee tiatiishiobitk and théibintinalswal;si t e; and wherein the
?Egl idg?tei:'? n Oﬁmlrnl%g{'i'r?ge g n2htfold an afs%fo:ﬁclr{t gt%}c%usre %tht e rtig u%lsgte %vrhe;e?rg t gei\rrlg[i o(I)dn of
has a generally cylindrical body having surfaces including a side wall
surface and two end wall surfaces, a first end wall surface of the two end
10 wall surfaces for receiving reduced pressure, a fluid contact surface
including a first portion of the surfaces of the cylindrical body other than the
first end wall surface for fluid communication with the luminal space, and a
support surface including a second portion of the surface of the cylindrical
body other than the first end wall surface and the fluid contact surface and
15 wherein the support structure has a generally tubular shape for enclosing the
support surface, a first end portion for coupling the first end wall surface to
the reduced-pressure source, and a second end portion for coupling the
manifold to the nerve conduit in a generally radial direction with respect to
the luminal wall;
20 applying reduced pressure through the manifold to the tissue site; and
wherein the application of reduced pressure facilitates the repair or regeneration of

the defect.
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