PATENT APPLI CATI ON SYSTEMS FOR PROVI DI NG FLUI D FLOW TO TI SSUES

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clainms the
benefit okoWoteo783s8Vvi si onal Application No. 61/234, 692, ptirhgdoodagesss 18,
2009, U.S. Provisional Application No. 61/142,053, filed Decenmber 31, 2008,
and U.S. Provisional Application No. 61/142,065, filed Decenber 31, 2008,
all of which are hereby i nCORXTENTFAPBLICAFI@ONce. BACKGROUND OF THE

| NVENTION 1. Field of the Invention [0002] The present application relates
generally to tissue engineering and in particular to systens and scaffol ds
sui table for usegySTHMSIFERPROVIDESGFLEID PEOAW POARSPESE! ated Art
[0003] dinical studies and practice have shown that providing a reduced
pressure in proximty to a tissue site augnents and accel erates the growth
of pew tissue at the.t,| ite ' ' f ' enonmenon are
nuner ous, but appli cﬁiﬁoﬁfgﬁﬁ@%ﬁ%@g‘éﬁﬁlﬁ@ﬁéﬁt@%u| arly
successful in treating wounds. This treatnent (frequently referred to in

the nedi cal [(pT¥RisbypRtion 88RhE R BRASHIHTES BYPRichheABRYeation NedUCed

pressure therapy,” or "vacuum therapy”) provides a nunber of benefits,
i ncl udbhg34,692,dlechAngush§8,2009; UE: Pasesiodab Appticasiondfo. Gl 443)048; ledt i ssue.

o1 ot hREXRIE R A0RGERET BV daiERsnd e, G4 A AR Ao Capabie
of 161l shO0F N oPFhiAHIE REtebY RREMPofatdPbY REerbhcesue and channeling fluids that

are drawn fromthe tissue. Thé porous pad often is incorporated into a
dressi ng having ot her conponents that facilitate treatnent. A scaffold can

al so be placed into a d i into the defect. The
scaffold is usually bi omgﬁﬁ’W@vﬁEmﬁ@@g inits place. [0004]
Scaffolds for reduced pressure treatnent are described in, e.g.,

W08/ 091521, W007/ 092397, W07/ 196590, WO07/106594. The adequacy of current
scaf folds f Bield efthedapentionire treat ment can be eval uated in |ight of
cugent know edge of wound healing. Injury to body tissues results in a
wound heal i ng response with sequential stages of healing that include
henost asi s [962pThs pteserty Qplé’ﬁdaﬁﬁh mélhasrg&idrr]ﬂgy (ohiyﬁms ﬁﬁgljn@ailylg)a?d E]le pa}tibulé.ﬂ ays
to weeks), and re in eks to nmonths).. A hig evel o onol ogy

exi st sPOSIFEES aﬁﬁé&&’i&sﬂga@%‘é@sﬁﬂHe%tg’@g‘r‘tfélsﬁ‘%?-the early phases of the
wound heal i ng process. However, the stages of healing for various tissues

begin to diverge as tine passes, wth the invol venent of different types of
2. Description of Related Art

20
[0003] Clinical studies and practice have shown that providing a reduced pressure in
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

99 &<,

25 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
distributing reduced pressure to the tissue and channeling fluids that are drawn from the tissue.

30  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., W0O08/091521,
WO007/092397, WO07/196590, WO07/106594. The adequacy of current scaffolds for reduced
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grow h factors, cytokines, and cells. The | ater stages of the wound healing
response are dependent upon the previous stages, with increasing conplexity
in the tewpeoalo7pstt erni ng of and interrel ati onshi ps bepogas2@ob7epnponent
of the response. [0005] Strategies to facilitate normal repair,
regeneration, and restoration of function for danaged ti ssues have focused
on et pocsuredresmpmbcan banel abuatpdein tlightoft duerehsitnostledae ofividuing hedling. Hgjaty 19
response specially the |atter aspects 051§i§t. To this d,. growth factors,
cyt oki ??8@,' %§£‘F? ﬁeé‘élit%/ Vi I}e?[lnﬁ EEERASE M4 g‘}ené‘ﬁloﬁ%ﬁ‘?éﬂgﬂ?ﬁéqngél}até?ﬂu‘iﬁari ous
scaf f olhgidstalis (REUAR I BSuER WA RGRRIARRbLS o #y3NSetir (dRyCRTRIRSL b Wi th one
anot her. Al t.hoSdgah sone | evel of su%:cgss has ngnelgé(i:rhq e sgtg uselﬁﬁgbﬁjui S

appr oacéemodading (weeksdy nuinghs).eAdugh lewelaifihomobegyrexists adnedsineost Eissus tyfeawithhe

tinmn nd, coor di nat ed i nfl.uence of each cytokjine an row h_factor, within
t he® ot AR s b e enBRE oSt FlobevED etk B bekipgtor
ex ogen@uﬁoﬁsacsrs@ésaaegm tb kieveRgORaimé paBes2Mikhithe fEIvERERESdiaRRTypAtdroN

pattern. The introduction of exogenous cells also faces additional
conpl i €Wbfactensecyiekingsepnd eadlse dihe dter stagen ofjdaiveiung haalingskspoase atef f i cul ti es

corp! | EYH avoiung heglingskipaase aie { | oul t
peen utRroe R the AR it MBSt PRSI ot BrPalndiiningol* "

endogeand interedlhticaikhips bemren eathPoalpogent ot e§jonsd.zat i on. To date nearly all
sc?{%fol ds have been designed with the idea that they can be made to work
wi th i n si t d000ShSEgieLicrtatactitein aprmaal senain, eresperaiiem abd sstasationfifunation r el y

on the | s f 1Ns, ' . tors,
and col [ etEt ikt e g 1o ARER T AR RIS N Epd R an Hb AL e g e W

col oni tas healingfresponsegespecially did lattérrkspectshe is CBS thid ¢hdi, growthifdcests,ytdkires,

di stance a fromv | ar el enents, whjch proyide nutrient support wthin
a di {1 GETERIERRTLY )g@éqgso?&ge?%@&féﬂqsegg V@?OWiSﬁ%f@édwﬁ@hnpﬁg@adi tion,
the ScAbiObeA apaRliaR: & ih bhbRRbITHIAMERGG! AIRIREA LROM ! Gopp0RE | hat
| eads to an el ohgated repair process an ormati on of a fi1brous capsule

ar ddind hatbeeenmphiaved usiisgddrs appgetrheseyerhhayehalenges comtdimnOne amirmtHallewgds t 0

| ess than.functional ti.ssue.regeneration at.the injury site, [0007] |

woul d ?ﬁé@&ﬁ%ﬁ?@%&%&%&%&é&ﬁ&%Og?%gica@kgmnfligea ‘ﬁtf:“ fagter withinithe ygpndyer

di r ect hbgmli afccdnhsiRHR (HE il to hRg i | | ;
Oyt o e RPARCCIRARYR (HE Ml 10 PB IREARGH b A6 HRRrPAAK fRPeSHES |

net hod8ndin the gorr¢at geerdimatioe pattevnd The mtroduegbardflssdgdneneiellsploviacks acti ve

gui dange;. i regeneration through an inpl.anted . scaf.fold. Ln one
ambodr s fond <M ERE AR B bGP bRl dmaedii f P BBty W ng
f a2 | i hafdtaigingroelMvinbility! i ssue at a tissue site of a patient is provided

that includes a scaffold adaptable for inplantation
[0006] Synthetic and biologic scaffolds have been utilized to provide three-

dimensional frameworks for augmenting endogenous cell attachment, migration, and
colonization. To date nearly all scaffolds have been designed with the idea that they can be
made to work with in situ biology. Traditional scaffolding technologies, however, rely on the
25  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
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
30  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 to further

direct healing and tissue growth. The present invention provides such systems.



at the tissue site, where the scaffold provides a structural matrix for the
gromh of the tissue and having a lum nal surface, and a gel or liquid
conposi tiwp 20icapessed on at | east a portion of the | um nacTased@oney72t he gel
or liquid conposition adapted to include m crobubbles. [0009] In another
enbodi nent, a systemfor providing reduced pressure therapy and
facilitating growm h of BREGESUMMARY OGRTHE INVENEHQONti ent is provi ded
that includ urce reduced sure. for, supplying reduc essure,
a scaffold S@L@J jg‘Féc%fgﬁd% Apitemt ] ethags efsae il esmibdimpms eseﬁ o

scaf f olygd e @%bﬁ@%c@v@ did&dcH ro@hss‘ﬁ@trégeﬁetfaﬁf)n HRSudl &Vﬁrgylﬁfte& Q@ffél‘ds IH gn@n d has
a | um nal face or liquidTonposition depo on at | east

portio rwmbbdlntﬁmt Iammppa‘aus dorf proeidingtredwret tpeesgarb tlwrapyi apdi facititatipg giawtb nf is

ada l ude

e o he S e B ot BERbeht i ByRedi BeLeEe bOTERL adebReTe R il °

condui fat fheftisRieQiite Wvhske ftl‘lélslcﬂffBIél Hé‘saé SRR RAMRER 618 BRIV th OF ﬁleaei‘sguet he
source of reduced pressure. In a further enbodiment, a nmethod of

provi diang hadage dumipakbguface amd@@byr leqvad cqupcbsutucm disppsgd onetHeat apogpnefat a
tissue site.of a ent vi ded.t hat Iude t a scaffold at
R T Y A
growt h of t 009 38 u@otmmaﬂﬁélﬁe@ sydte@iefor Qeovidigp réle @ PRSIud BRrap and | um nal
surface, where the gel or UId conposition is adapted to include

m P obididslitang aomitly pﬁgssn@an%wug pidesalig patient ispeovddest thall includes wurscedt i ng a
subst a

soa f ore pbBRRorSiod iR SR BRRGS, & St Ao it it B ablhe

r educedispresits,uvitert ey sepffoldpaovfides Stﬁﬁtﬂrzlilgngﬁﬁ\ﬂbﬂtheérd\mh 9l ¢heaisswe dnddmse site

of a patient_ is prOV|ded that includes a scaffold adaptabl e for .
i npl angdimB! srface.a gl 9% liguidicompogifien derased Qu alrlewt 4 psfttsm of dae lyminal et ur al

matriXx g I e

ot er AT AR P HighlR B ien ANMAFRTRS [ fieiEiRlbieE B AN

matl&r i adjadfag rtlwdscafjolﬁawhene thdrmaniféld dsdtobutys t&iegafcbldecbpresm 'e;rthalscatfﬁold andra
channels in the sc for the transfer of a fl and a nifold for
pr ovi diCH@A%‘%ae@arﬂﬁ e fuff orpimsiopd Bapresn e eI R e of refueA de
fluid caeyri cation between the manifold and the tissue site. [0012] In a
further enbodi ment, a systemfor coupling nerve tissue and a microchip
assenbly is [y iImthmbmbndﬂmmhaa raetlaodmﬁyoai‘dinga@dw@d mesemsuh@rap)aand

bi oco atlb e con ada | e f rve t ue, where
Phe® conaiptine SRR ol A58 B PRirRe 5% AR SRRLE A UG BRln PSSRy

M 0 0CRE4FFoA® b tivsudisROOsIRGe Hie shﬂeola@Mdés,a Sl meAHE 86t tRE gﬁﬁun gf fheom t he

source of reduced pressure facilitates gromh of the nerve tissue to
oper abltigsusenA semprisestagel of Bqwd kpppagitiembn ¢ luminal surface, where the gel or liquid

composition is adapted to include microbubbles, applying reduced pressure to the scaffold,

and disrupting a substantial portion of the microbubbles to induce fluid flow to the scaffold.
[0011] In an additional embodiment, an apparatus for providing reduced pressure
25  therapy and facilitating growth of tissue at a tissue site of a patient is provided that includes a
scaffold adaptable for implantation at the tissue site, where the scaffold provides a structural
matrix for the growth of the tissue and comprises a slowly degradable material, and a quickly
degradable material, the quickly degradable material degrading faster than the slowly
degradable material to form channels in the scaffold for the transfer of a fluid, and a manifold
30 for providing reduced pressure to the scaffold, where the channels provide fluid
communication between the manifold and the tissue site.
[0012] In a further embodiment, a system for coupling nerve tissue and a microchip
assembly is provided that includes a source of reduced pressure, a biocompatible conduit

adaptable for disposing adjacent nerve tissue, where the conduit is fluidly coupled to the
3



[0013] O her objects, features, and advantages of the illustrative

enbodi nents will becone apparent with reference to the draw ngs and

det ai | ed weeotoqmsisen that foll ow. BRI EF DESCRI PTI ON OF PHE/USRAWINGS: [ 0014]
FIG 1 is a system shown in partial cross-section, for applying reduced
pressure therapy to a tissue site of a patient; [0015] FIG IAis a

cr oss- sewre ofirediiced présstiveasd/s mderocfip Bdsemblly disposad ontht kenduit) evhbrlrdduck§016]
FI GS. 2A-2C shows the scaffold in the. system of Fl 1 at different points
i nErSPER P e e0tise pLred e pra R A BrOWHh offthe tersieut o pegskly o

t her apwomﬂroahyﬁliéraclﬁ?ggge%me with an illustrative enbodinent; [0018]
FIG 3A is a cross-sectional view of the apparatus of FIG 3 taken on the
| i ne 3A-3A; [6H3] (Waxobjectscieatires andhadvantages off the 8lustrhida enebrdiroéntawily st em f or

congpecti [ [ Ssue. Wi th m,crochip a l.y. TALL SCRI PTI ON OF
TH PREﬁ%%ﬁE%p é%ﬁbﬁ?tﬁéﬁfref’ﬁ%%a?e AFyifes Eﬁ"éill ﬁ%%ﬁé‘xﬁé‘ggw gﬁ%g)éggh ption of
the illustrative enbodinents, reference is nade to the acconpanyi ng

drawi ngs that forma part hereof. These enbodi nents are described in

sufficient detail to EFDEREGRIPIRON QF THE(DRANINGS practice the

i nvention, § S 0 t of | i t ilized and
t hat | ogi caiimgit4 , Eédg'ulr %ﬁ%ﬁ%&hgﬁq‘%ﬁ;ﬁp@ﬁﬁ%g%?gﬁgngﬁ) aﬁ%&ﬁ%&a&%@ianges may
be maderassurb therapyapartissuwegsiferofmpatientspi rit or scope of the invention. To
avoj.d detail cessary to enable those skilled in the art to practice
thed enbodi né(mqgi Eg‘gc% BeiCiRe-EicHon Visw Qfdhe sysiam ehtiehyl taken oncibe dine BAS

i nf or mgiai.on known to those skilled in the art. The follow ng detail ed
description is, therefore, not to be taken in a limting sense, and the
scope of th¢0016] HEGS.aXA-2E shotys theneaffsldan eéhedwybiemest kit ¥ abgifferent ppiparided
clainms,., [0021] Referring to FIGS. 1 and 2A-2C, a reduced pressure therapy

systemtl ® for applying reduced pressure to a tissue site 102 of a patient

103 i ncl ude @7; ey ced aRfr@s%sééEﬁorfaPWe%f]a%dﬁdéétpre%HﬂQ|tﬁ<§%p)f_ iRr essure,
a manifold 108 Tluidly coupled to the pressuresource 106 via a conduit 110,
and> a gecordapree withanjilustiativelembedimentat i on with the manifold 108. In this

T the. ti apRBEFRF. P L dRe-Bubher iy aife bt dBs e PR e o B ling oo™

pressuBa-3A; dnde scaffold 112 that is inplanted within the wound 105 of the
bone 104. The scaffold 112 may have_ a variety of shapes depending on the
type of wouHWI9hKEG 4 it pp dllestistve smbodiment af egystear fosrgpaecting nerve tissue

with a microchip assembly.

20
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0020] In the following detailed description of the illustrative embodiments, reference
is made to the accompanying drawings that form a part hereof. These embodiments are
25 described in sufficient detail to enable those skilled in the art to practice the invention, and it is
understood that other embodiments may be utilized and that logical structural, mechanical,
electrical, and 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
30  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.
[0021] Referring to FIGS. 1 and 2A-2C, a reduced pressure therapy system 100 for
applying reduced pressure to a tissue site 102 of a patient 103 includes a reduced pressure

source 106 that supplies reduced pressure, a manifold 108 fluidly coupled to the pressure
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to fill the gap or wound 105 within the bone 104. The tubular scaffold 112
has a single lunen or flow channel 124 extending axially through the
scaf f ol d Wd20mndsizavi ng a | um nal surface 114. The scaf polrarsidodopmy2 al so
have a substantially cylindrical shape having a plurality of |unens as
necessary for growing new tissue within the wound 105. Utimately, the
scaf f glodrce 196 iver aaindnit 10, dmd acehffelddid imfnidi conpnutiedtion wittathe iamifolak | mari |y

f the intranmedul | ary..spac. of th 104 th the fl h |
194" 0B LD bERERple S8 Fl s rhonn g R Gae piveuad Bt e Wt | <
[ 0022]didhgsik Uhitedons 404.aTRe Ahdifoll 108 erafisrafsHRd fdtded ﬂg§ssﬁfé%% Watthlda

chem cal substance 116 having a solid, gelatinous, |1 quid formthat

cont ailA2 thatdy imnlaed withinghe mound hotef the Phre t9fe T hesdcatfoldsl12meay Have amay

I ngl udqe_-the -3 l.es 1 hat .are pre-forned {n.the chem cal substance
118 whaRe S B e PR oo R B pmbyinhy BTG e B8 |

ot her tefitiate pgNérSwourdel 05heithis #e ot 0N The hibRI1ABYAfEAIPI2 B BsifgBRASL | On
that forps the nicrobubbles 118 after bei ng aﬁ)l ied to the lum nal surface
114 ofordie® ¢hapoel dk4 suiending axiglly shrpughithe seatiodd L 17 anbhayiing s bmainalmueface

subst e 14 1l ' vl . hase

Crans: o el iATLE kAP LRd Kbt  oFhRERY Sy RISR shhohaih AERERPo£1G°T 1

i's i npluastsed necdskany fohgrowinguebwl O&sue twhithimmhe maluat H0&s UltlBatelye thdissaffiglied as
framthe_ intramedul | ary space 122,

f th h i nd fluid fl )
F APough 2o lpmgs icali and T peptsing Wt Ao 2Bmer DY ROM LS Heramegiary Pl by
ar r ows 2326 thel AR 3b4 &R %@ flo% Hand19%4 ti&f‘es?fr%é E@é&éﬁ%ﬁéﬂh& Hé%a}‘r;i%m cal

substance 116 at three different points in ows e scaffold
112 arpdessime oc lothei stthulsubst ance 116 di sposed on the |uminal surface 114

bef ore the i ubbl es 118 are, fornmed fore the inductiaon of a
gaseous phzl@(}afz[] ?@3‘?5@?%11?“ C@il?ﬁ%?%éﬁ%f?‘ﬂ&é?iﬁe‘iﬂa@glw%% AMEY syggance
cont ainé lhﬁvfhE@ sBli& RRiIABLE Dr fidAdiba tHaBEShtahS SRIYLILDIER WG hbRh].1 al | Y
applied to the lumnal surfacé 114, or were fornmed after application upon

i Aductlihgshernical spbstaness] srmeeinchugadhe mismobubhbies il 8 tlui atstyiregorhicd intlye be f or ned

by a varl i L. such..a or _exapl uthlixzi ng a 1 cal

subor SR lubbaled (M ndiihibdio 8 iR e 10! br (PLS0efed 158 Fen
exposiotigr em@odinedits te chulidabfndRtahdd1 1OMEY 6bmplisd DsbpuditionaHsEomhLHet O
create the m crobubbles either before or after the chem cal substance 116
is di é“ﬁi@%"gk}b@?ﬁ } FReattey beinglapphigd tadhe minalpepesplidmidbe flow chagnebi 2base f or med

by o Ryl o 1 i S i TR o S PLAYL SR i rpel, source
s 2D nulgatdoosn phdsd BradditidM én rdshenseite actimnhis@s cdtay siarLfiq@rtre saffokd] iist he
chem (ir%lplaﬁye S\’E’lﬁl?l(‘l: Sa1e1v%(t>3u’nd 105, the microbubbles 118 are disrupted as part of the therapy to
induce fluid flow from the intramedullary space 122, through the flow channel 124 and into
the scaffold 112 as identified by arrows 126.
[0023] FIGS. 2A to 2C show the scaffold 112 and the chemical substance 116 at three
25  different points in time. FIG. 2A shows the scaffold 112 and the chemical substance 116
disposed on the luminal surface 114 before the microbubbles 118 are formed and before the
induction of a gaseous phase transition. FIG. 2B shows the chemical substance 116 containing
the microbubbles 118 that were already formed when initially applied to the luminal surface
114, or were formed after application upon induction of a gaseous phase transition. The
30  microbubbles 118 may be formed by a variety of stimuli such as, for example, by utilizing a
chemical substance 116 that is responsive to high-frequency ultrasound and then exposing the
chemical substance 116 to such ultrasound frequencies to create the microbubbles either
before or after the chemical substance 116 is disposed on the luminal surface 114.

Microbubbles 118 may also be formed by other stimuli including, for example, heat provided
5



I npl antation and the consequential heating of the scaffold 112 to body
tenperature may increase the size of pre-forned m crobubbles 118 as

descri bedworoWd78386/ 12753. Wien the microbubbl es 118 areTnsbtooonssror ned,

t he gaseous phase transition of the chem cal substance 116 may be i nduced
by a tenperature increase resulting frominplanting the scaffold 112 into

t he wolbydnk@&Emdlisolres er the badyitsdi lighioshgrdye meehiamical stimblatisgroe cherhiedi ment s,

t he che{n' c?l. substance 116 has a conposition that induces the gaseous phase
transi tPBH P he body tenperature of the manmal (e.g., 37 C for humans).

I n ot her entoghisaphsh tht MAcIBIRKILS] IRNAS Brel forilsd Ifd;)t?vg ?H@}Micglesuib&gﬁb%elq cPy sound

waves or ultrasonic waves having a relatively requency wthin' the
range émplpttion and thexonsequersial hendglofithe soaffelddip te bodsheempptature mayavel engt h

forcan Lheul ar chem cal, subst ance 6 can.be.d r.m utine
expgr! )r{r%dg%% |hlc?ns.1 %\&ﬂﬁ){ee'\gg’ ef%é?lﬁ'f? ugl? 3 h%ﬁ&g?{lheg lﬁiﬁ,z%gﬁgéﬂe@ﬁgn PRase
transi miobobbledE! 8 46 U6Este Foinhia, tlié%%@écﬁs BhasditfaBitibABE BRIAEMRAI Qfbstal&
scaffol d., The m crobubbles 118 nmay be formed by a gaseous conponent of the

cheni cal6 gy dedndused by aderaperagire ingreaseagsitieg frpmrifriplantiog ¢t seatfoldddriap or

decafl g%ﬁ ]% F T ' | es. 118 are bubbles.that .are | ess
t han ag%[J‘? O%m# I'n %i ar%e %Hr% ?b{;&rf f;e%%gggur ’08} TRt %Igb(f(ﬁ%leﬂtisttp?)ﬁ@%f’%ls 118
are betulstmcalbbdeihasla compositibinah@tieducas theasesus phaseansitich arme 8bdy [ 0025] Any
bi {):o atible g)gs may be used_in the formation of the mcrobubbles 118,

in

ud TP R dhe MBI (-2 c 3f Podordumangle Inpiher sbadiments, thergasepas (e. g.
hel i u s r; | ;
noxaf | Dart dapisiutRReg boindlokbbp Sunduits b ot HE Lo vt g BMY I0w o
di met hyileqidnanavithin thewamge! of @bbatr2 0 gtotabbytcdi00ddibfon esample aShaoptrhigane, a

cycl oal kane al kene, an et her ket one, an ester, a_hal ogenated | ow
nol ecul‘@?’%@ﬁ?f Wd’ragl’f’éffaﬁﬁ emjgal %‘%Wetﬂrlé 8h bg dgtegpined by roRtEoi ng. I n some

enbodi gRfrEnentd®nd IPhdiSRE rﬂe@h&d%ﬂ“fh&d&ﬁomscﬁsg?}{ﬁé) gifs??%%[?lagg {fﬁﬁsjit%cﬁlscahlbgo rine

atons, e.g., bronochlorodifluoromethane, chloro onet hane,
di £hl otslgcdd eithenheforeaaraftebinoplantaiién ofithe setffodh eTheciniaomibbids| 148 meaysiehane,

hi t af | th di ch trafl t ,
chl or oR T oS AT EhEpoiet 8F BechpnisaLsubSERGH 1T ok s foserample.
hexaf | peflud@pediade msi?lz?l of a&lahasRbaite (&I J) U ThO GAEBBISHIeS! 13- are bubbles that

per fl uor gpr opane, ngrf uor obut anes and perfl uoropentanes. [0026] Th
ni cr obaisdess shamabon]0emiin diggetasy Inbonaembodjmentsothe mictobpbhles! tdwe i s a gas

at bod re, : W Iphilic c und or a surfactant. See,
e.g., Eﬁ%&@ﬁﬁﬁ%f“@%‘??@ﬂ%&% E?fgé%r}%ﬁar‘ U S. Patent Application
Publ i cat i on[0025PABSHRRODIAb]e @At thaiy b6 @sd0IhAhE brdYtibebEMhe MsiCrobilbilesLIgf act ant
I n the, cpem’ cal substance 116 used to formthem crobubbles 118 may conpri se

a si ngiEWHEIEIAGE s PX¥ERersPoREIOSINe Jy deeappoumiastt gas (e.g., helium, argon, kenon
or krypton), a sulfur fluoride (e.g., sulfur hexafluoride), an optionally halogenated silane such
as methylsilane or dimethylsilane, a low molecular weight hydrocarbon such as an alkane, a
cycloalkane, an alkene, an ether, a ketone, an ester, a halogenated low molecular weight
25  hydrocarbon, or a mixture of any of the foregoing. In some embodiments, the gas used to
form the microbubbles 118 comprises fluorine atoms, e.g., bromochlorodifluoromethane,
chlorodifluoromethane, dichlorodifluoromethane, bromotrifluoromethane,
chlorotrifluoromethane, chloropentafluoroethane, dichlorotetrafluoroethane,
chlorotrifluoroethylene, fluoroethylene, ethylfluoride, sulfur hexafluoride, 1,1-difluoroethane
30  and perfluorocarbons, e.g., perfluoropropane, perfluorobutanes and perfluoropentanes.
[0026] The microbubbles 118 may be formed by mixing a gas, or a compound that is a
gas at body temperature, with an amphiphilic compound or a surfactant. See, e.g., PCT Patent
Publication WO 2006/127853 and U.S. Patent Application Publication US 2005/0260189,

both incorporated by reference. The surfactant in the chemical substance 116 used to form the
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Exanpl es of useful surfactants include |ipids, including sterols,
hydr ocarbons, fatty acids and derivatives, am nes, esters, sphingolipids,

and t hi olwbi2piodgs3sbl ock copol yners of pol yoxypropyl ene; ppoluseoyetdrgt ene;
sugar esters; fatty al cohols, aliphatic am ne oxides; hyal uronic acid
al i phatic esters and salts thereof, dodecyl poly-(ethyleneoxy) ethanol;
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surfactants; pol yoxyet hél ene fatty acids including” pol yoxyet
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fatt |, es . . pol yet ne gl veol oxys rate. glycerol
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surfactants. In sone enbodi nents, the anphiphilic substance is a block

copbl yfhistearoyiphogshatidylehqips gicds phpsehatidindcisls) phsispbatidybthenolamies, de) )
PEGPH;(@) 2t h | =l P o nY VA I onpe) ), or Pluronic

I(D- 105.7 I'n gﬁgﬂs}%ﬁ&f ghfsﬁgatgﬁ}rléi g%:etr%llrgﬁf?l ?%p}pdgltd ﬁlél(rr\()%géféh%g&ﬁg l)n%je i ncor por at ed

wi t hi nsphingoatyebiog)sngtiasie saffadtdres aicknk palyosydisylanspol#dGprépitdneagent s i ncl ude

conventional vi scol§lit .nodj.fiers, buffer? such as phosphate buffers or

ot her BT Sriad ‘i)%%ﬁaﬁfsép%lﬁ?ﬁ@ﬂy & fatty agifswecludipenpbraxyethilene as

act ds AearhB590lycRTamlLhe MIGUCHE ANALINIAG LHOLAN Silikn INPRIASIBLAT| LY. OF

hyfosrml arity). £ n Some enbo chem cal ance’ 116 may
f Uk heglyewnipalpethylens glacolioxgstegetet ghpbérohpatpsthylencgint dirivixblasitd, lbthoxylard

m cr obubbl es .118, er,e the bioactiv nt is rel eased when th

m or opinBrau el sPaTiRe seve Prind i BGBepredr R 8 Ve reia e sarel ¢ ne

bi oact inieniag@iictadi. A s6aR Hﬁh&f@%}%;ﬁﬁ%ﬁ Ii ein the
m crobubblles 1108 are o?i srupt gd as descri egﬂgg%ﬁ%ﬁ@%%@@ﬂi%omﬁéfhe

bi oact fov exapla(Painiptiallens dxedepbiaskmolydtinitive) HPECRBRL )| pody(bthylene oxidld)
e e Il M R G
WQ 004yl B Blodpordied sithin therb@sbot® phase of e dab@as! subBtaRee D16, | Suchgditt i bi oti ¢
or a gromh factor. Nonlimting exanples of useful bioactive growh factors
for vaPflydeconventional viscosity modlgers, buffers such as phosphate buffers or other
conventional biocompatible buffers or pH adjusting agents such as acids or bases, osmotic
agents (to provide isotonicity, hyperosmolarity, or hyposmolarity).
[0027] In some embodiments, the chemical substance 116 may further comprise a
25  bioactive agent which may be contained within the microbubbles 118, where the bioactive
agent is released when the microbubbles 118 are disrupted. The microbubbles 118 may
encapsulate the bioactive agent which can be released depending on the therapy wherein the
microbubbles 118 are disrupted as described below in more detail. The bioactive agent may
also be present within the chemical substance 116 outside of the microbubbles 118, such as in
30 solution or encapsulated in micelles of the surfactant, where the agent is slowly released (See,
e.g., WO 2006/127853). In some embodiments, the bioactive agent is an antibiotic or a
growth factor. Nonlimiting examples of useful bioactive growth factors for various

applications are growth hormone (GH), a bone morphogenetic protein (BMP), transforming

growth factor-o. (TGF-a), a TGF-B, a fibroblast growth factor (FGF), granulocyte-colony
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applications are growh hornone (GH), a bone norphogenetic protein (BW),
transformng gromh factor-a (TG--a), a TG--b, a fibroblast growh factor
(FGF), grwoubomayssscol onystinul ating factor (G CSF), PCT/US2009/069722

gr anul ocyt e/ macr ophage- col ony stimulating factor (GW CSF), epidermal growh
factor (EGF), platelet derived growh factor (PDGF), insulin-like growh
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thesflg%ggannel 124 and the chem cal substance 116 into the scaffold 112
as described above. The m crobubbles 118 may be disrupted by a variety of
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frequency ultrasound having a frequency in the ranagyof about 1 to
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about snbigsed tpjastigpysdhatgtistupis the wicspluibblesd 18 s@that torsenvicaliapse o t he

chem cag] .. [ de an. i a ea for i d 0 occupy
and t hgaJtCﬂ%lgﬁg@&?é%%p%%gétggég\@eoarn V}’iscil %&ftbgotuéﬁ&egﬂo%ﬁ %{WSI #54 ?q%l.}*‘l% fl ow as
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Suf(?l aﬁedf,l uid flow fromthe wound 105. In sone enbodinents, the direction
of u

disyugigd byt Yasiesoek stsmylesich ps.denewmplea by sgpesies theanistabibbles 11818 i n

di fferg | D ' e ' t rd a

or edet En gL W buld B iIPTHE Mor Bl RELE Wifhe bERROR 1VEGTD abh S MR

di r ect Domgitiohlofthe raicecthébbized 1B yredies bpaiihgintthechentcal Bubdes 114 Ghat
sequentially across,contigyays segnents of the scaffold 112 to create

di r ect PN A HBKEASE] frea (R iy focP B ABat meoalsy Tormepaseiess fos dubigiee as
used hgf&ihindi QNER | kg f or the
growt h of celnﬁgsﬁgiﬁdf}dg\r’ Qstc?ﬂéeéglﬁﬁor mat ygﬁﬁg%@ﬁ%ﬁggseguiggffd% d%‘{@s ' {igﬁlda t hree
di Hensflewahchpasrfbug flowr fuemdhewotrat 10fayintsemi embsdunenits, the dimeatien ofiflail flosr

conpri sed. of | rowth factors, e a . ul matri X copponents,
ot r1 efpeopfald . Sghhidhndinlico Ghnl ATy it phions G BRCRomRal
scaf f ofubsaace 118 dccidw asied hg&é&&rﬁinea PRt SHthe R4k £ 115 itk oW
through the matrix. The scaffold 112 may have a variety of shapes

i ncl udpnbpdiments Jiepsional flgvsisisalaneed by Hisrupging iy micaobubbbosd 18 sedvensially condui t

201! S0 OSBGPTSR T BT hEA 1S

61200142]2¥%5. The scaffold 112 can be used in any tissue engineering
application that could benefit fromdirected flow Such scaffolds are
useful for W9AALTRe terma“seattoldirasgisedihergingetssie a substance 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 that may be infused with, coated with, or comprised of
cells, growth factors, extracellular matrix components, nutrients, integrins, or other substances
25  to promote cell growth. A scaffold can take on characteristics of a manifold by directing flow
through the matrix. The scaffold 112 may have a variety of shapes including, for example, a
substantially cylindrical shape such as a conduit fabricated for generating nerve fibers. An
example of such a scaffold is described in U.S. Provisional Patent Applications 61/142,053
and 61/142,065. The scaffold 112 can be used in any tissue engineering application that could
30  benefit from directed flow. Such scaffolds are useful for example, for encouraging long bone
growth or for nerve regeneration, as discussed in U.S. Provisional Patent Application
61/142,053.
[0030] Nonlimiting examples of suitable scaffold 112 materials include extracellular

matrix proteins such as fibrin, collagen, or fibronectin, and synthetic or naturally occurring
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grow h or for nerve regeneration, as discussed in U S. Provisional Patent
Application 61/142,053. [0030] Nonlimting exanples of suitable scaffold
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shown hytesioR)@theN iR pirate £ERTEHELRalfTIAE 1PESUGRbIRBETHb Pal&UBL M 300
conprises a scaffold 312 in fluid conmunication with the manifold 108

havi ngeoyplently eomhined &4 & Fepalysers sughas apadyetiayleneiaxiderpelypiopalene slygel

i ncl udy | I, 1] | OR, el ok, £l.ow nnel .324 having a
i pog 08k e 45, ' Fpbrcht) ofh b s R poSui R GO A AR i "
chzm cdibcussdasihafoe exabiifle (Matand Biivsepffc2005ahm Sltziag) D004bbl es 118 as descri bed
above. The Sﬁgffol d 312 ma%/ be forned from bi oabsorbabl e materi al s that

o

degrade at @0PHeRefgrmegonstoJG. gy anather embadizrent p{ia gpduced pressure therapy

system 300 having components similar to the reduced pressure therapy system 100 as shown
by common numeric references. The reduced pressure system 300 comprises a scaffold 312 in
fluid communication with the manifold 108 having all the characteristics of the scaffold 112
25  described above including, without limitation, a single lumen or flow channel 324 having a
luminal surface 314. The luminal surface 314 may also be coated with a chemical substance
116 (not shown) containing microbubbles 118 as described above. The scaffold 312 may be
formed from bioabsorbable materials that degrade at different rates to further enhance fluid
flow through the scaffold 312. For example, the scaffold may be formed primarily from a first
30  material or structural material 328 that may be degradable and a second material that degrades
more quickly than the first material, i.e., degradable material such as, for example, a
hydrocolloid that degrades in less than a day or two. The second material that degrades more
quickly than the structural material 328 may be fabricated in the form of a channel 330

extending generally radially from the luminal surface 314 to the manifold 108. When the
9



fl ow through the scaffold 312. For exanple, the scaffold may be forned
primarily froma first material or structural material 328 that nay be

degr adablwoaoth@sszsecond materi al that degrades nore qui ekirystéanedbe first
material, i.e., degradable material such as, for exanple, a hydrocolloid
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scaffol d 31 t he Tgockets 334 of degradable naterial dissolve e pores
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the I n ace 1 ation e scaffold
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heal i négt and tissye engineering can benefit from changing flow patterns
ructural material 328"and the channel passages 332 may be a permeable matrix of material

after degradation having a permeability selected to control the rate at which the scaffold 312
absorbs such fluids. In other embodiments, the pores in the structural material 328 may be
substantially void, and the channel passages 332 may also be substantially void or narrow, to
25  further enhance the flow of fluid through the scaffold 312 and into the manifold 108.
[0034] Wound healing and tissue engineering can benefit from changing flow patterns
as healing or tissue production/remodeling proceeds. Further, clogging of pores in the scaffold
312 and the channel passages 332 can cause flow through the scaffold 312 to decrease over
time if no flow adjustments are made. Thus, therapy for treating the wound 105 can change
30 overtime. For example, based on the sequential stages of healing, i.e., hemostasis (seconds to
hours), inflammation (hours to days), repair (days to weeks), and remodeling (weeks to
months), a fresh wound (e.g., post surgery) would benefit from the provision of an agent that
encourages hemostasis (e.g., platelet-activating factor, PAF) only if that agent were provided

when healing first commenced, and would not be beneficial if only provided days after the
10



as healing or tissue production/renodeling proceeds. Further, clogging of
pores in the scaffold 312 and the channel passages 332 can cause fl ow
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and st 3,80l sehhfild. es@laBle chemically modified polysaccharides include
carboxymethylcellulose gels, hydroxyethyl cellulose gels, hydroxy-propyl methyl cellulose

gels, chitosan, low-methoxy pectins, cross-linked dextran and starch-acrylonitrile graft

25 copolymer, starch sodium polyacrylate, and mixtures thereof. Suitable natural polysaccharides
include alginic acid and its salts, pectins, galactomannans such as xanthan gum or guar gum
locust bean gum, gum karaya, gum arable, hyaluronic acid and its salts, starches, and mixtures
thereof. Suitable synthetic hydrocolloids include high molecular weight polyethylene glycols
and polypropylene glycols, polymers of methyl vinyl ether and maleic acid and derivatives;

30  polyvinyl pyrrolidone, polyethylene glycols, polypropylene glycols, metal and/or ammonium
salts of polyacrylic acid and/or its copolymers, metal or ammonium salts of polystyrene
sulfonic acid, and mixtures thereof.

[0037] The degradable material of the channels 330 and the pockets 334, as well as the

structural material 328 to the extent degradable, may further comprise a bioactive agent, such
11



copol ynmer, starch sodi um pol yacrylate, and m xtures thereof. Suitable
nat ural pol ysaccharides include alginic acid and its salts, pectins,

gal act omanoanR/@essd as xant han gum or guar gum | ocust beamgeen/ogum kar aya,
gum arabl e, hyaluronic acid and its salts, starches, and m xtures thereof.
Sui tabl e synthetic hydrocol |l oids include high nolecul ar wei ght pol yethyl ene

gl Iycpl 8s amjmtibdﬂtgcmr(a_pgrbwﬂefagdoy,dmlﬂﬁdipg ﬂ}dﬁﬂﬁfsb‘us{sé% givey IIn ?}ﬁrﬂé’ thédiﬁéntF o€ I
mal ei ¢ aci erivatives; polyvinyl pyrrolidaone,  polyet ene col s,
pol ypr HWF%fﬁ‘gggllgéé? sharnpels 33004/ the P%’ﬁ%@rﬁ%n@%‘m as the Sﬁwt%ﬁmenélg i d

and/ or 14 s cERRANSIRESIe, AR} Al ra(fmﬁsn fRpi ¢

acid, and r% xtures tahg’r eo%'. c[ 0837 T elﬂé?ggﬂé%‘szﬁr%%ﬁ%{ﬁ%?@h&@ annel s

330 anexanipe,poatkmals theBdsgradse atgwd differedteatss touwntrobthe pattans af fldid Elowofor he
uchasg an

degrad furthet ] bi i
ant 1 bi PRSI BE canc oSSRl blogFiv SRR hgrocRi5EaTH SEULAR e BFEEpY s o
enbodi a@finsstértd {0 e pa@dnt 209 Bdroxalple, etaMARhets S clofBLkottBEIRPGKRLSE (R34, as

well as the structural material 328 to the extent degradable, ‘may include

nor e t helie ¥danay/prefosmed efmatesipl thandageades fasten thtandhe cliannele 230rpi the cendereofi al s

t hat dggr, Ifferent. yates,to.control, the patterns of fluid.flow

for delSsrifld s A Pactilerat Al 1R pb@ I nS saoresy RRCLFHRE 485 henliblt

pat t er thefvasuntin@st her apy bei ng adm ni stered to the patient 103. For exanpl e,
t he channel s 330 closest to the diaphysis of the bone 104 may be forned of

ma{%][i al t hit038kgs nfieateduahoxe. waﬁ hepling e tirsna ermueering che bershit Erpmof the
accel or apEes (RPRER 3RS R Al B BB ARde CBRBECYS wouna

heal i nporesioh the seufifel &hifl aekthe oarmahpaserpes B32 éanamushundiflogy fhrcuyhpké t erns as

heal i n fissue oducti on/.remdel.i n roceeds. Clogging of the pores in

t he sc%ﬂ?@dﬂflg\%%% Tﬁpr?{icrteﬁﬁ %Waﬁwﬁwggw%é@smtwﬁ ngaéigg gflopgqg]ju@ltm, ﬁwpt hr ough

the scahfllddNAldsd helfeEfRed I\é‘§§t1r$ bl’iﬁnﬁe{rs Uy &h%&ﬂé&ﬁ%&ﬁ‘u@%?@ rade.
y ed pressure a

Consequent |y, the scaffold 312 al so 1 nclude reduc ers
341 t hstimwlate thepllow ofi fledlis@nd puptios eldng tlesimeld pathwaye 341 towand a fobntiad sedanet

roteins along desityed_ path 41 _toward a central redyced pressure
E our cePSUYF Sé)g'“‘teﬁélc}rlrﬁﬁhpfg&‘%“\l\%}ég! &r@?égff’wrﬁﬁ%’é% Wli?ﬁ%\%e“rag bgng aan be of
any shgiage Suthhisafor ekhpleXPpBli] 0P BINBLiéAaIndoneid 4 ]S’Itebsﬁﬁé thaPRIoWANh&Y el

pressure that is lower than the anbient pressure Wthin the scaffold 312.
The praBkigntpressuesyvithiajtmscaifoldadd2wiThiipressire is aufigierntts lovewthiarthelovd40 so

that t a fuarther, i nduc uh,d fl.ow frqmthe iniramedullary
space ﬁ%?%%%ﬁgﬁseo ?’P%\%eghae{ﬂnﬁeé? %(gh"f{hﬁﬁﬂld}l?ﬁ%ula:ﬁd’“f ﬁ?‘?}[}é‘ﬁ the scaffold
3120 whigrainbéulRippsiee $ 23 4B8roudh the fova 0EhnBEIR4, IREink@MIThesEH R shAfoRers 340
are al so useful for _uncloggi ng pores in the scaffold 312 and the channel

Y

passag¥hemths chynbegs 340 rupterernd ppert. | Big low pressure chambers 340 are also useful for
unclogging pores in the scaffold 312 and the channel passages 332 to facilitate fluid flow

through the scaffold 312 as a flow adjustment during the therapy period for treating the wound
105.

25 [0039] The wound 105 may be an injury or defect, such as a fracture, located on or
within any tissue site 102, including but not limited to, bone tissue, adipose tissue, muscle
tissue, neural tissue, dermal tissue, vascular tissue, connective tissue, cartilage, tendons or
ligaments. For example, the wound 105 can include burns, incisional wounds, excisional
wounds, ulcers, traumatic wounds, and chronic open wounds. The wound 105 may also be

30  any tissue that is not necessarily injured or defected, but instead is an area in which it is
desired to add or promote growth of additional tissue, such as bone tissue. For example,
reduced pressure tissue treatment may be used in certain tissue areas to grow additional tissue
that may be harvested and transplanted to another tissue location. The tissue site 102 may also

include sites for in vitro and in vivo maintenance of endogenous or exogenous grafts, and
12



through the scaffold 312 as a flow adjustment during the therapy period for
treating the wound 105. [0039] The wound 105 may be an injury or defect,

such as avbramyersms3 | ocated on or within any tissue sitect@R2o09n6d7egi ng but
not limted to, bone tissue, adipose tissue, muscle tissue, neural tissue,
dermal tissue, vascul ar tissue, connective tissue, cartilage, tendons or

| i ganmestgsportiar scaffaldp fer, subsguestimglah@iios ato itcpatidst 103! MEhe gafiehtsion 'ﬁ?dg peounds,
exci si onal wounds, ul cers, traunatic wounds, and chronic open wounds. The

wound FOSTHEYIY Yi5h AR 2 MAYse:irais tAbDIHeR: dog, eforrimaedsdadineumansr ed or .
def ected, Dbygo4oD$4 BREhEXPOE tﬁfssﬁsﬁﬁéiﬁcé’f%hc{ﬁe idrrd ‘%e(‘ﬂﬁ%g &?eg)s(lgrgrﬁsgéggra?fg &gfgésd

grow h of additional tissue, as bohe ti ssue.
pr essutea piessuethat sdessehdn e pmbéent predsuraatcetigsat sitet thatsis sulsje@ed tot teeagh@it!

additional tissue.that be harvested and transpl anted to another tissue
| ocat i EI?]moﬁthcgs‘?SP ng?elﬁg}/ris@i‘reﬁﬁ‘;l bfflslgﬁ thafe E&En%ﬁpg%%" PrS?SHFenW]{}‘?r_F e and in
Vi VO Mphtin® ABERe® | ARRCQUGROHSMO Fv RN A9e BRY SndPaa{d ﬁmﬁs%PéiﬁHQWé fidey§o, scaf fol ds
for subsequent inplantation into the patient "103." The patient 1 may be

any maﬁ‘ﬂ%l’lbe theghessureappliedto, the tissuesiigshe actead ipressiorg appliedatoithatisspe kigﬁnhuy(zjii ng
humans n_t ont.ext of this ecificati.gn, the term"reduce
pressu Pg ng@%lélrltgi FY Qt?%ﬁ’&? ihet BB Bt Iéoé?ﬁﬁg AR eﬁé” lﬁb% gorflﬁlﬁ?‘? R Bhi ent

pr essuiCensibtest Witls thitensihdrRlduita] arl et i8¢ Rkded PrebitBebrPituuml fed¥BRtrefeRSES,
this reduced pressure will be |less than the atnospheric pressure where the

p | ) .
pat? ento 3 eelatiys sedugtionpt shsaljie pressure whileadeersasd ingadiced pressire or pravgsur e nay

be use ' r lied to the tissue site, the actual
pressu reets§5%| | eék(?grﬁglﬁgveﬁ%%é%% ogiaﬁ gﬁlrlrtﬁfrebs%mgi &%ﬁi qe@gﬁ?srsg,reér}egtﬂe than the
pr essutypicatly applies radired ipadsade i IShnﬁlng)tﬂJJS@t) enri 3 Widre GRSl SS w@omﬁ:? t hi f
nonmencl ature,  an increase_ in reduce ressure or vacuum pressure refers to
arela 'gv’élcﬁ‘éﬂlggi“itﬁﬂt]é)‘f"t%?o'lSQ{'ézé’r(&s WremiEi | e a decrease in reduced

ressure or S fer r ' ' f te
o csour 6. FNRELAR RoEC IO CE uied Rrlnahanty BB KRR BRa BPRRAHNE, . o
e Lm0 o P The. £ e PO 2
imted to.- -, , .Or - nmm e |
her ei nﬂﬁlélﬁgiog}tl'hﬁtﬁs%egﬂtg 102 i‘gg H@gﬁg@%mlgﬂyﬁflﬁflii P'I&E:l‘tjfo%ﬂ%m ded to
assi st ch ' ; : vi ng
i ul o e B B AL IR PR S e hbihctie HeBfc LE70)
pl ur al proyndthefmanifotth Hth elnone il lystrativegrabediment itet fidvb channtls wr gsthprpyarded t o

and repopved fromthe tissue.si.te 2 .around the manifold 108. In o
T ust el b SRtk Eor g avalgiof b migsy B Pt RieciRect ed
t 020 NPTHY Masifsldriod uﬁag% Dbiotdribb]mantiddaas chBRVSTbeldhdedsn tbitgye site
102. The manifold 108 nmay be a bioconpatible material that is capable of
bei ng Pithdletisspe sintQRcand distributing reduced pressure to the tissue site 102. Examples of
manifolds 108 may include, for example, without limitation, devices that have structural
elements arranged to form flow channels, such as, for example, cellular foams, open-cell
foams, porous tissue collections, liquids, gels, and foams that include, or cure to include, flow
25  channels. The manifold 108 may be porous and may be made from foam, gauze, felted mat, or
any other material suited to a particular biological application. In one embodiment, the

manifold 108 is a porous foam and includes a plurality of interconnected cells or pores that act

as flow channels. The porous foam may be a polyurethane, open-cell, reticulated foam such as

GranuFoam®

, manufactured by Kinetic Concepts, Inc. of San Antonio, Texas. Other

30 embodiments might include “closed cells.” These closed-cell portions of the manifold may
contain a plurality of cells, the majority of which are not fluidly connected to adjacent cells.
The closed cells may be selectively disposed in the manifold 108 to prevent transmission of
fluids through perimeter surfaces of the manifold 108. In some situations, the manifold 108

may also be used to distribute fluids such as medications, antibacterials, growth factors, and
13



with the tissue site 102 and distributing reduced pressure to the tissue
site 102. Exanples of manifolds 108 may include, for exanple, wthout
limtati owp208mMi7883 t hat have structural el ements arranged/useoobossms | ow
channel s, such as, for exanple, cellular foans, open-cell foans, porous
tissue collections, liquids, gels, and foans that include, or cure to

i ncl udearibbsselutivas reths woliné 108N Ofladr dayt8maple neluded disr @nitic mamifbll 108¢de from
foam gayze, .felted nmat, or_ any other terial suited.to a particul ar

bi ol ogi%H?L;h asahseTpHYs maiprialsyw ge‘ﬁﬁ@ﬁﬁlﬁggidfogeﬁsehﬁ%ﬁph&%n@magsa@ por ous

f oam angddioBailiddeieal®! Uurality of interconnected cells or pores that act as
fl ow channels. The porous foam nmay be a pol yuret hane, open-cell,

reticul at ed [0@RiInAsudtsherited @bave) Branrinded pressurk dodrapyesysteyn Kihatplies fedneept s,

I nc. of _San Antonio as.. ,& he di nent. 1ght include.'¢closed cells.™
Thedoeroams KB Vi 19 Sict ey e ARy bR osieh the SR 1135 Gnt
celI's, sbie efb@imenis, e sORIfIR ddfEo UGS refihdeld Prasser@ @E@Gﬁ%oh@ly@ﬁyoﬁ%?ﬂfe cells.
The cl osed cells ngly be sel ectively disposed in the manifdold 108 to prevent

t r ansmiseaffodds U2 and3ild sather tham beipg distriuged inisomasoiforn fashontherebyotmati@sa | n

sonme Si ' ifold 1 | so_be used di stribute fl.uids
such asnlzdr{rlgé‘li @Iél'? slu(r)éngr?idfa%ﬁf'i ﬁboéceg %ng ger gﬁ%%ﬁ%ﬁ Rrepy grrgoft (aglr\‘ff\?%f{ %ﬁ’?n&’owatai ons
t o t he sitglensbirdt@burce} drania b pligility G83hldre along b Uicest fldw Passage, bhersmnid ol d 108,
su:‘Ih as absorptive materials, w cki nlgflolrrat erials, b&{idr ogel s, hydrophobic
ma

Qr i sbstantially hompesnerrs distsibuton mpgifoldo du sqmeembedimentsethe esdviged prepsire

reduce 3 : e [ educ . wound
105 wh FLREE S S A AR R T BER i Eeh RN GPARE FRANGR 46- i, (L0
enbodi i@ensasuenthe tiecaidoedprefisetergraliéres mag dvar dhrptugssn (e wiowreorisi nuous| y

t hrough the scaffolds, 112 and 3 rather than being.distriputed in sone
uni f o?m fas i@lﬁﬁi fA’n%rlaé‘ﬁf}t ‘éﬁléeaﬁaferféz%a‘?@dtf@éﬁ VBH %H}Ng“‘ij‘ll qeendity in gdditioda | e,

the reduggsi Me%%?&fn%lddiﬁqr%‘%thgﬁq HRARA b‘iBiJg?d’ gﬂfmeﬂﬂ's,ath@ﬁeh fggécﬁerﬂﬁiel&nﬁgg ree,

or via a plurality of ets along a fIne ow passage,  or throug
subst agtadaintsy niagnetipegrediasts dibeti¢ab gtadomtsyanpdsitdi. pressusogradiembodherent s, t he

mgn ¢ RABLOGH OB asEl ik ool 109 R o} iy @b eaiiel b1 shivite SRERRTE® fest our e
gr adi egiter PRYiQAE Shbradtdli 8 hReferddpeoWaERd] AQRd 3084 kadp B! adineifolF1dghe rate

of change of any variable physical quantity in addition fo reduced pressure
i ncl udiendthescafiidds 113 arid Hi2i roay, disiributegieduagrd pedssure gradi¢nss and/orgrieldgient s,

el ectrical i ent.s netic gradi s, chem.,cal gradients, .or positive
o ocsueiiont Adh Rk pIRAIE LR 62 Sk orenmst e Rt 3b iR i8Ry be
deg0 gndetail and bsturthetid e cGbalinaN B SPioR1sidnAPB et AYilicRitorsi 6171 4200%3raadt er i sti cs.
Referrig/g to FIGS. I A and 3A, for exanple, the manifold 108 and the

scaf f oP#d42.905.aiclzare heespydnenrpormied dyrelstaneel Pheeisewaferpntiti ssaffeldantl or
bi ol 09k 312 draw fluid radially from the intramedullary space 122 of the bone 104 (not shown)

through their respective flow channels 124 and 324 in response to the reduced pressure or
other stimuli, but in a discontinuous fashion to create gradients to further promote tissue
25  growth and/or tissue healing. Thus, the methods and systems of the present invention provide
a means for active guidance of tissue regeneration through the implanted scaffolds 112 and
312 or within a compromised site, such as wound 105, to promote functional recovery
utilizing these physical gradients. As such, these methods and systems provide an active
mechanism by which to promote the endogenous deposition of proteins and organization of
30  the provisional matrix with biochemical and physical cues to direct cellular colonization of the
scaffolds 112 and 312 or tissue space within the wound 105.
[0044] Referring to FIG. 4, an illustrative embodiment of a system 436 for coupling
nerve tissue 438 to a microchip assembly 440 is shown. The nerve tissue 438 of this

embodiment may have been damaged as a result of trauma so that only one severed end 439
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gradients as indicated by the arrows 126 and 326, respectively, as

descri bed above in nore detail and as further described in U S. Provisional
Pat ent Apwbi2eani7e3ss 61/ 142, 053 and 61/ 142, 065, whi ch ar echarsedg/069722

i ncorporated by reference. The circunferential scaffolds 112 and 312 draw
fluid radially fromthe intramedul | ary space 122 of the bone 104 (not
shown) rénminsighs tdediheraig shetrmVeoddlaly indladesahdirec? dowghitlg I24a saparabsplage t o

t he reduced, pressure or.other stipuli, but in a discontinuous fashion to
creat o 3 AR Sirecs CoURtinge L B (R t-auPled S BRNORARSSER VG P FIOUS GBS ng.
Thus, e aRRbhgRoudRSHR 6Py %ﬂ?ﬁe%’f@a‘&’ﬁﬂh@é’cﬁﬁﬁdn@ﬂts%ﬁl‘g' fdandd fi5aNs for

active guidance of tissue regeneration through the inplanted scaffolds 112
and 31thegamgipidrenf matariabr Akos the terint Ecoupledhmay invdudecchensical troeghanioali e

fungtignal recqgver.y .utilizing these.physica adi.ents. As .such, these
e hoadRanet 86 S¥afar bt " e PUBE hE RS e R M Pen S RE e
endogemsgﬁaeg'ﬁaﬁg)& 18éatinot ei ns and organi zati on of the provisional
matri x with biochem cal and physical cues to direct cellular col onization

of the scaf {H4a5 The miergehip pssearbly 4G end the severed endi43 drof dheranyritissgs 43§ 0044]

Referr iau%%o%ﬁioﬁl: iflin aaﬁlggé%lﬁﬁfbﬁe%ér&? cﬁ{gﬂﬁqi4ﬁ}?% llsgéeilgﬁﬁx% éﬁghgpﬁrfor

COUp| I ng ‘-nerve t1Sssue a mcrochnlp asse S Sno e nerve

t i ssuerebdBimf aridnseslirgnthe derve Missured3 S vae bebandddssrd & aadnauit esdwall 943 & auma
SO q&hat on]y one fever ed .end 439renmains. As used herein, the term "coupl ed"
i n&¥ uddhe qtbiriend & femiuminal space 443 bsarespdhotsvered eadhd37 Ak thedervedispusc43s

coupl i ' T Jefelpyek:! t r nents that
are co% %{go&‘ég&ﬁ%%‘gﬁg@%ﬁhgph%&g%&@ﬂt ueﬁglﬁge{l\ggag?nt eﬁ%ﬁ%@ﬁent s being

f or medpbsitonedhadjasantehpseverdahd 489 end &l elecilicably cohgled &r an Electrpliecintrobynit

i nclud hem cal , ical, th |, el | ling. F|ui
coupl | A48 HBdommieubRAnd e st oD pobde o el TR BormediopadSuiotoar «
or | ocafebieglly &Qﬂ)‘l’e?,]éh@_ O8ctRirkE QGHioP uR® 388R) the MiCrotMiE abRebIL S0 Ry BRA39 Of

the nerve tissue 438 are positioned within a bioconpatible nerve conduit
4495 t haxamplegpelrpad-atiteconneatioaror iarwisthess eofimactiom c Ehe/¢lagiramecicarml imig44he nerve

ti 438. at. d. duit _end wall 4 t.he oth d
o T or Atk Asgripslife SRty SaERa T e Braetiuhs s sy FVRBe T seue
438 angorrRetis MU Tt siitd vehhdefidsod thRCodth eHeQddtidnRSPARBI Mhid4YB Agha@ cont act

surface 441 positioned adjacent the severed end 439 and is electrically
coupl ehattesy 4p0 a1ag be infagtetedorith e migtochipsgsepmbly 44¢ withiscthe dyminabspapad4y uns

t hr oug i |1 443. The connection 449 that electrically
coupl ets}lstdéghegﬁée}ggf%rh@@q‘é\gﬁtrol unit 448 to the mcrochip assenbly 440 may

be20 f or exa((Ui46] The heatve cohdudt 4£42118 €aidlp BouPpledtoVs re@h@d Hreoiaeclncons6 v
el ectronic.control unit 448 may_also include a battery 450 for providing

pover AU 3Yiand 8 wmitolt 438 bt diszibuiss sedued pressure from the reduced pressure

source 456 to the luminal space 445. The reduced pressure in the luminal space 445 provides
a flow pattern to the severed end 439 of the nerve tissue 438 and its interface with the contact
surface 441 of the microchip assembly 440 to promote growth and/or regeneration of the nerve
25  tissue 438. More specifically, the reduced pressure causes the fibers in the nerve tissue 438 to
grow and operatively connect to the contact surface 441 of the microchip assembly 440. The
manifold 458 may be bioresorbable to facilitate removal of the conduit 459 after the nerve
tissue 438 has operatively connected to the contact surface 441 of the microchip assembly 440.
The nerve conduit 442 itself may also be bioresorbable after sufficient healing of the nerve
30 tissue 438 so that it does not need to be removed to avoid disrupting the operative connection
between the severed end 439 of the nerve tissue 438 and the contact surface 441 of the
microchip assembly 440.
{0047] The electronic control unit 448 controls a prosthetic or orthotic device (not

shown) such as an artificial hand. To control the prosthetic or orthotic device, the electronic
15



connection 449. It should be understood that both the el ectronic control
unit 448 and the battery 450 may be integrated with the mcrochip assenbly
440 wit hiwot2omyd7ssssnal space 445 inside the nerve conduiptTA%2000[00046] The
nerve conduit 442 is fluidly coupled to a reduced pressure source 456 via a
conduit 459 and a manifold 458 that distributes reduced pressure fromthe

r educedomprdsmitrdd 8 swayrineludd6 rddio froquenoy{REY tradpes eer48Ssending ridiol vigasls s essur e
j end 439 of

in the | umnal. 44 d fl Q) tt toth .
the nefdFePPRESiseirAsmbotindeTies fnatbarmbedimens. Hifceleasioniscsongal WewSmay by t he
M cr oCRbiaes %‘ﬂ&irythéf)gbsﬂfétiglrog Bﬁ{aﬁéﬂ}eg/%rggla&%cﬂ cBﬁQ&ﬂﬁ%ﬁ{&vgﬁﬁﬁf "J_{hEe nerve

ti ssue 438. More specifical d pressure causes the fibers in
t he nercorneriienbeiwedBthe serpredheraivB opfererte tisstiey4 Ioandethe cardadt erfaedd of tlsur f ace

441, of t.he i crochi nbl 40, The nifold 4578 be bi.oresorbable to
fact |1 PP e PR RO BT RIS pilient tesgnispt B verpeat B v SR IR BOAE-

oper at cytilled @8R IIrefE dsQntifiut §Atha edgepsthfed ervddissif 438M8a {He%ﬁfd%hfjﬁ assenbl y
440. The nerve conduit 442 itself may al so be bioresorbable afte

suf fi cresgmbhieddl. nheatystemed 30amapebe ised as an Bgerfasetdauice tq redioesmatar comtedd t o be
id di i h t tion bet th d
ena-asgtemeiiakebn, B Plsudboh B ERRLAL Koy GRARRSLAOR ool S mpReES < ©

m cr ocldeyicassenbl y 440. [0047] The el ectronic control unit 448 controls a
prosthetic or orthotic device (not shown) such as an artificial hand. To
control the[%“gkgﬁml&%r orthotic device, the electroniccontrol unit 448

may i nclude a radi Y @5%5@ Y sending radio signals to
the prosthetic o%ng?{sﬁlgﬁ?gp%é\;{iﬁ%@ Eb%'aiot' er5 gﬁ%@@?)ﬁent s, the electronic
control unit 448AmdyrsbeEfand TateddLKj Thiue Edpe 18126252688 (2007).0rt hoti ¢ devi ce

for directly controllin venent. The connection between the severed end
439 of nerve ti sb&é‘lm%@gdaﬁ%dﬂ% Tclgivmed Malgr ReB Appl Bigmatere 8331 6143 (ROGY)-

asserbl y 440 al | oumnfRAY b&D bulBeRRE! PheTRIRITRIcOT s devi ces using
t hought control | ed nervle fi r(?nél ase an ’|np?Jt T %&gQ?ggene ated nerve tissue

438 via the mi crbego N eags B TrdnQ Bidined Fimt 641123%B3M63009¢ used as an

i nterface device est ar.e tor. contrql after nerve traung, to

est abl i sh nerve- Marope%f‘l@‘aj%hﬁ% Jc%gfﬁéf"lg’fnge’(ﬂ ke P%leemngp@&eﬁiwc devi ce.
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[0049] 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

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

[0050] 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

30  shall be interpreted as illustrative and not in a limiting sense.
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U S Patent 6,103,255. U S. Patent 6,365,146. U S. Patent 6,696,575. U S
Patent 7,160,553. U S. Patent 7,384,786. U.S. Provisional Patent

Appl i cat iwo 20ib/0b8333053. U. S. Provi sional Patent Appli catcensedbbdZD65.
[0049] Al references cited in this specification are hereby incorporated
by reference. The discussion of the references herein is intended nerely to
summari ze the assertions nade by tiGLAINMISBOrs and no adm ssion is made that
any reference constitutes prior art. Applicants reserve the right to

chal | enge the accuracy and pertinence of the cited references. [0050] In

vi ew ofydtdpgpabove, it will be seen that the advantages of the invention are
achi eved and ot her advantages attained. As various changes could be nade in
t he above net hods and conpositions wi thout departing fromthe scope of the
invention, it is intended that all matter contained in the above
descriplaiod. and 4Anepparitus firereddingpeduged gredsueiangworindiati a tissugé sitesandr et ed as

illustrative and not, ip.a limting sense, CLAI W claim Claiml. An

app%r at u;fécfllgt?g%% %R?F’élil ﬂgtl?sgﬁun%l& &Oélﬂa’eth? Bp%?rl\%ﬂﬁﬁ%n@?s%g‘ti ssue site and
facilitating gscaffold fof ihplastdBod the wouhe, thostatkold fevRIMAs Shitturé @hE S NY: a
scaffold for inplantation in the wound, the scaffold providing a structure

for the growth of gmwth pkihgaissednd doving aghannghtherein inefeidcommunication

comuni cation wt :dﬂg] a chem cal substance covering at |east a
portion of the chgvﬁﬁgﬁie\é\ﬁ aving a conposition adaptable to contain

m cr obubbl es;a érthical abstidmet doferingt dasich pgtidbh ef the dhiaed] pidhstingea t o t he
scaffold. Claim2. The apparatus of claim1, wherein the chem cal substance
i slaopr e-formed wi t CAPROSHORAIARIARIE éQ contpug myerpbulibles; 88dar at us of claim 1,

wherein the chg) '@ahfm{,ﬁm‘g&%% B& ARlsrd @ thOER\ LT Obubbl es in response

to a stinmulus I nducing a gas phase transition in the chenical
substance. Caim4. The apparatus of claim1l, wherein the scaffold is a
subst a@laimPl y t ubhd apparatus of claim 1, wherein the chemical substance is pre-formed with

the microbubbles.

Claim 3. The apparatus of claim 1, wherein the chemical substance is operable to form
15 microbubbles in response to a stimulus inducing a gaseous phase transition in the chemical

substance.

Claim 4. The apparatus of claim 1, wherein the scaffold is a substantially tubular in

shape having a luminal surface forming the channel.

Claim 5. The apparatus of claim 1, wherein the scaffold is a substantially cylindrical
20 shape having a plurality of channels in fluid communication with the wound, a portion of

the channels at least partially covered with the chemical substance.

Claim 6. The apparatus of claim 1, wherein the chemical substance comprises a

perfluorocarbon.

Claim 7. The apparatus of claim 6, wherein the perfluorocarbon is one of a

25 perfluoropentane (CsFj,) or decafluorobutane (C4Fg).

Claim 8. The apparatus of claim 1, wherein the chemical substance further comprises an

amphiphilic substance.

Claim 9. The apparatus of claim 8, wherein the amphiphilic substance is a block
18



shape having a lum nal surface form ng the channel. daimb5. The apparatus
of claim1, wherein the scaffold is a substantially cylindrical shape

havi ng a wbuoaldi7gssof channels in fluid comuni cati on wpth/ush@owerms, a
portion of the channels at |east partially covered with the chem cal
substance. Caim6. The apparatus of claim1l, wherein the chem cal

subst ancecopolymerses a perfluorocarbon. Caim7. The apparatus of claim 6,
wherein the perfluorocarbon is one of a perfluoropentane (C5F12) or

decaf | yor.o ane { CAF10). . aim8., The aratus,of claim]l erein the
cheni cal *8ubst angée FRRA 70%5?118}”?’5 TR t@eﬁ@ﬂflb?ﬁgoily&n%r%&o%@y ®faim 9. The
appar at usoxdde)dleukipady(1\Maet &) (PHRPRIAY) M(Hh?le‘ﬁb' BgideNBRckS @

bl ockcopol yner. Claim 10. The apparatus of claim9, wherein the bl ock

copol ynerpd x(cm@layt@@@)hwr@%@rom@ilgg()i-b| ock- pol y(L-lactide)) (PEG PLLA),

pol y(et hyl ene oxi de) - bl ockpol y( caprol actone)), or Pluronic P-105. daim

corr | SLEREA, 7 TP A PeigE e i GRELS Sy BitR EET chlbh SR, o

t he bi oadiibactivaggsnit. i S at | east one of an antibiotic and a growh factor.
Claim13. The apparatus of claim 11, wherein the bioactive agent is growh

hor none,, (. , a ne norphogenetjic protein (BMP), transform ng growth

fact or ﬁgﬁ%_ a) &Baam_@@tﬁé Ogﬁwﬁbl b oThessin gieipdstih aeest 1y atdgast orte of an

gr anul ocy@bfofk @AY a BHdWiIAitbNg factor (G CSF), _

gr anul ocyt e/ macr ophage-col ony stimulating factor (GW CSF), epidermal growh

factorciEg:j), platel et derived growh factor (PDG-), insulin-like growh
f act or aieHp; vadbehpparansief dain bl, vdeosin thefbieactive axaGE) growdpherompee gr owt h

fagtor/s e ctor  (HGEL.SF) .. .anni pherl ewkin, tunpr .necrosi

f agcé or - a?@ﬁ'—)i %B’é%r&lﬁ poge g#lg\#q%eliazléw)’t( g %ﬁog&l?&%(’s@sﬁs%%’f‘or

provi di narGegs 68radlRs slekeh fRtct (RGRY Grafulstytd-cotoy stinhGat@ipdfat@e (Gids)i ng
grow h of tissue within the wound, the system co a pressure source

] I rising:
for supplSadeaykémaegnbags-qolaystimaating fagipr C-CHF) enifermedgranth &aetoron wit h
said pre o) r ] ' e site;
27 scar ol eleEBerkial bl DR NS BEHAERPERIHERGAICEE g
reduced endothelial growth factor (VEGF), hepatocyte growth factor/scatter factor (HGF/SF), an
15 interleukin, tumor necrosis factor-o. (TNF-a) or nerve growth factor (NGF).

Claim 14. A system for providing reduced pressure to a wound at a tissue site and
facilitating growth of tissue within the wound, the system comprising:

a pressure source for supplying the reduced pressure;

a manifold in fluid communication with said pressure source for providing the

20 reduced pressure to the tissue site;

a scaffold in fluid communication with the manifold for delivering the reduced
pressure to the wound, said scaffold having a structure to support the growth
of tissue within the wound and at least one channel within the structure in
fluid communication with the wound, the channel having a luminal surface;

25 and

a chemical substance covering at least a portion of the luminal surface and

containing microbubbles adaptable to facilitate a flow of fluid from the

wound through the at least one channel within said scaffold.

Claim 15. The system of claim 14, wherein the chemical substance is pre-formed with the
30 microbubbles.
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pressure to the wound, said scaffold having a structure to support the
gromh of tissue within the wound and at | east one channel within the

st ruct ur ewonofdrgzssconmuni cati on with the wound, the chaomals2f@wsirg: a

| um nal surface; and a chem cal substance covering at |east a portion of
the lum nal surface and contai ning m crobubbles adaptable to facilitate a
fl ow ofClainul@ f r dihetshigtemmd ebiithHApwhéreinthe aherhiealsubsiagcedhapsiable v fofinn sai d
scaf fol d. CI 5. The s tem of . clajm 14, vvherelhn t he chem cal substance
is pre-foliad l{ﬁb % 17 ﬁeép?ﬁ %Bﬁ%}l]é’é UGN, A gASCOps & Shasrransition ie theichemical
wherei n taimsigheyn cal substance is operable to form m crobubbles in response
to a stinulus inducing a gaseous phase transition in the chem cal

substance. Claim17. The systemof claim 14, wherein said scaffold is a
subst astlaig 1%t udlie aystemn ob elaim Jinyhereia S@hbmnﬁoldllﬁa‘Sllﬂmaulltleﬂyrtulmlacaluap@n with

h d ffold
tsugs}t,\gg?:jha[ ﬁﬁ cyli %%r}e;f?g é%é%’gﬁ é%aglﬁgwg}hg}ﬁﬁwgw ;I (r)]fsglhanﬁg?s ion f: 3ig

comuni cation with the wound, a portion of the channels having a | um nal

sur f ac€latm 1&ast Tﬂmrsyste:hloy claﬁnengdhmmhaﬁladcdffclhem SulstHubBY aylaRlricsl ai m 19.
The system of cl.aim ?r ein the chem cal substance conprises a
per f | uor ot @PHBI &R B “Fﬁlﬁbo shaanels & Bwd somanupication withihe sioyng.peportion of

perfl uor %@Eﬂaﬁﬁels%a%‘l aq{lrnﬁlaﬂ)gﬁrff%cgg %B&%%%ﬂﬁ%%@g T i saféihc(h@lfnll robut ane

(C4F10) . daim?2 e systemo al m ereirnt em cal substance
further cmbptan@es an arrphl philic substance. Claim22. The systemof claim
21, wherein the anphiphilic substance is a block copolyner. Caim23. The

o S TE L ™ 5 S AT SRECh BN ROt e o)

oxi de) - bl mefuqreéarb&apr ol actone)), or Pluronic P-105. daim 24. The system
of claim 14 wherein the chem cal substance further conprises a bioactive

agent . m 25. _The system of claim 24, wherein the bioactive agent is at
| east moi.}O an The systém of claim 19, wherein the perfluorocarbon is one of a

perfluoropentane (CsF1) or decafluorobutane (C4F1).

Claim 21. The system of claim 14, wherein the chemical substance further comprises an

15 amphiphilic substance.

Claim 22. The system of claim 21, wherein the amphiphilic substance is a block

copolymer.

Claim 23. The system of claim 22, wherein the block copolymer is (poly(ethylene oxide)-

block-poly(L-lactide)) (PEG-PLLA), poly(ethylene oxide)-block-poly(caprolactone)), or
20 Pluronic P-105.

Claim 24. The system of claim 14, wherein the chemical substance further comprises a

bioactive agent.

Claim 25. The system of claim 24, wherein the bioactive agent is at least one of an

antibiotic and a growth factor.

25  Claim 26. The system of claim 24, wherein the bioactive agent is growth hormone (GH), a
bone morphogenetic protein (BMP), transforming growth factor-o, (TGF-o), a TGF-p, a
fibroblast growth factor (FGF), granulocyte-colony stimulating factor (G-CSF),

grgnulocyte/macrophage-colony stimulating factor (GM-CSF), epidermal growth factor
20



antibiotic and a growth factor. C aim26. The system of claim 24, wherein

t he bi oactive agent is growh hornone (GH), a bone norphogenetic protein
(BMP), trwobmworeszsg growt h factor-a(TGF-a), a TG b, a Pchrmsbéeste7gr owt h
factor (FGF), granul ocyte-colony stimulating factor (G CSF),

gr anul ocyt e/ macr ophage-col ony stimulating factor (GW CSF), epidermal growh
f act or ( EGEGF)phlatelet derivbdrgroeth fgctonk D GBY irsulig-ARSE)owth figatdr (DGF), k@scglagwt h

o R B B el e RAT 5
fact or - a(iffdfiedin, P BEMEsiPFRW: 1Y, (TRALEY), of NGR gro_qrtﬁifafgt@F(N(‘}ﬂg? syst em of

claim 14, wherein said scaffold is pre-formed™wth | ow pressure chanbers.
Claim28. A nethod for providing reduced pressure to a wound at a tissue
site akéPimadi | i t Ahe pyptagn ofielainof 4t whesein seidtshafifold hepradomekd witk laveptessiire
conpri si rl\(ﬂamﬂéﬂ lizing a scaffold having at | east one channel within the
structure ih TTuid conmunication with the wound wherein the channel is at
| east partially covered by a chem cal substance containing m crobubbl es;

i npl anClany 28he saAahéthbd forprovidingeedided presqurow Alivdandati tisdad siteantior t he
growt h of_ t.he .ti ssue ggd provi ding the reduced pressure to the tissue site;

appl yi ng.fﬁégﬁegﬂg‘ﬁﬂ"’&‘ FléS“Finf%t@é’éQ‘F’é} @'eé?f‘dh‘t DB and disrupting a
Substantal Dokt lybheyss AL RSk BndNENEE LAV, Ad b1 v LR

the scaffold, there acilirtating t growt h tissue wthin the wound.
d ai m 29. The net hcemmiinch@emwiB thenkeurel whertinlthe ¢hagnéllieatdeast patidlly ncl udes

using a chem cal substance erahl e to form m crobubbl in response to a
st (Eul us i nduci ng 80"65%&81&%%% SP"%WFP@H‘WW@%ME%&:M subst ance.

Cl ai m 30. Thejmmihat B sGiRidindl d Edrprovidiihn| %iﬂaﬁlree{ fRf %szi]d udes
using a chem ggi? sg%sta?\ce p(ej-f%r med vvlr?)rr\ tlhlegm'scr%bubofes.gr al rfr?gél. The
met hod of cl ai m 28tissugandprovidingthegeduged predsive tigtha tigaeetes phase transition

in the chem cal ;substance to fo t he . cropubbl es_ after inplanting the
scaffold. d a?%lgﬁgrefﬁlge(ﬁ%rteﬂ%lﬂe%’ﬁhw%f é@&ﬁﬁ&o&f‘qv a\nﬂduci ng the gaseous
phase transi t disfuptifig b REbsEAIRHA Fettios BPHeAMERHLUPBIELBAEIREARSTIHE of PRidsheni cal
substance to the body tenperature of the patient.

15 within the scaffold, thereby facilitating the growth of tissue within the

wound.

Claim 29. The method of claim 28, wherein utilizing the scaffold includes using a
chemical substance operable to form microbubbles in response to a stimulus inducing a

gaseous phase transition in the chemical substance.

20  Claim 30. The method of claim 28, wherein utilizing the scaffold includes using a

chemical substance pre-formed with the microbubbles.

Claim 31. The method of claim 28, further comprising:
inducing a gaseous phase transition in the chemical substance to form the

microbubbles after implanting the scaffold.

25  Claim 32. The method of claim 31, wherein inducing the gaseous phase transition in the
chemical substance includes exposing the chemical substance to the body temperature of

the patient.

Claim 33. The method of claim 28, wherein disrupting a substantial portion of the

microbubbles includes inducing gradients in the reduced pressure.
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Claim 33. The nethod of claim 28, wherein disrupting a substantial portion

of the m crobubbles includes inducing gradients in the reduced

pr essur e.Wbab1wi3dsssThe net hod of clai m 28, wherein di srppiriusgood/osarhst anti al

portion of the m crobubbles includes inducing directional changes in the

reduced pressure by sequentially disrupting the m crobubbl es across

cont i glitaim Fegneihs nm’thddh:f chaimf 280 dherelil disrpBhg a Sutestantithpuitiod ofthai m 28,
m.cr opubbl es i ncl udes

wherei n di sr a.s ntial. portion of th
exposi ng m%%b@?&ﬂluf@ ngdineftionel ¢hy E%@d&?ﬁ RSP Y6, The net hod
of clai mg8uenthifty @is&;ﬁh%rthﬁ)ﬁﬁd?gmﬁ)bféé lﬁéﬁo@@&drﬁﬂlguw debRienRlof & AR ObUDDI es

i ncl udes exposing the chem cal substance to I'ight energy. Caim37. The
met hod of claim 28, wherein utilizing the scaffold includes using a

scaf f olCdeimulSst aniThemeghad tfislaim 38 whireiredivapting 2 aubstantinkportom péibe f or mi ng
e _net 28, .wh ut|I|Z|ngthe

scatfot o TiscotiBle HicRus” SFa g R i St o DSR2l a0 an

apparatus for providing reduced pressure to a wound at a ti ssue site and
faci | i Cadimrgp. gr obhe nethdd clmvas; hihsreirhdisttinga stseantipbporeonst ionpri si ng: a
scaffold for lnggl aptatjon in the wound to provide a structure for growh of

the ti ssuBicrg Yieg ewsmg th%PlPF‘é’éfC@fsuBStheé? light@ergt and havi ng
channel s forned therein conprising a second material that degrades in

r esponggit3 7 he MREHERh USRI, whBRiPutii Oéﬂ’ilegcszﬁﬂd H{cmeeghaagw@affo@@uced

pressure to the scaffold, whereby the second material degrades to form
passages stubstemttvélrydeblﬂamndhapedwvfngcaﬂummlmﬁm formping thet ¢hanselaf f ol d. O ai m
40. The apparat us of cl ai m39 wherein the first material is degradable and

th ter e tef ster..than.the f.irst material.
aom C 36 Pl SRR, v Bl BE NG BRH RS PPE Be- Conpr | ces

a hydroccfohﬁudlovq)l@gmélamnﬂ@es apparatus of claim4l, wherein the

hydrocol | oi d conprises a polysaccharide. Caim43. The apparatus of claim

39, wherein the scaffold is adapted for .inplantation at a wound in a
bone. CCaim b4, THE appparist %Pfevldéfl%eﬁ’ﬂ@d Dregewiedp A yad gbe Herye e aid al

further tctﬁ@iﬂf)a'nﬁg%{&rtﬂ'o?%é %%tlﬂﬂt%l{ﬁl ﬂdatﬂé‘ %g?raé[ﬂ%of?ﬁlﬂ%gl us of claim 44,

wher ei n Ive agen 1S a one
a scaffold for implantation in the wound to provide a structure for growth of the

15 tissue, the scaffold being formed of a first material and having channels
formed therein comprising a second material that degrades in response to the
reduced pressure; and

a manifold for providing the reduced pressure to the scaffold, whereby the second
material degrades to form passages to enhance fluid flow from the wound

20 within the scaffold.

Claim 40. The apparatus of claim 39, wherein the first material is degradable and the

second material is degradable at a rate faster than the first material.

Claim 41. The apparatus of claim 39, wherein the second material comprises a

hydrocolloid.

25 Claim 42. The apparatus of claim 41, wherein the hydrocolloid comprises a

polysaccharide.

Claim 43. The apparatus of claim 39, wherein the scaffold is adapted for implantation at a

wound in a bone.
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growm h factor and an antibiotic. Caim46. The apparatus of claim 44,
wherein the bioactive agent is growmh hornone (GH), a bone norphogenetic
protein (WbRp1o/d7sm8sforming growh factor-a(TGF-a), a TeEThus2@ofsdnpbl ast
grow h factor (FGF), granul ocyte-colony stinmulating factor (G CSF),

gr anul ocyt e/ macr ophage-col ony stimulating factor (GW CSF), epidermal growh
fact or (ql&@Hg4. pl dhelapparat@s of elding 8 9Wiiteréia dlicosecoiRDbbderial fusthibrt donhprises gr owt h
factor (I GF% vascul ar endot helial growth factor (VEGF), hepatocyte growth
fact or / scHP#VeRAERor (HGF/ SF), an interleukin, tunor necrosis
factor-a(TNF-a), or nerve growth factor (NGF). Claim47. A systemfor

coupl i RgaiResse t ITHE USpANs Bf Halrh @@m}&raﬁmwoﬁv%!agelﬁmtq@as@ef@&fasi ng: a
source of reduced pressure; a bioconpatible conduit adaptable for disposing

adj acent gremitefagcios sudan anfibietimduit flui dly coupled to the source of reduced
pressure; and a m crochip assenbly di sposed in the conduit, wherein reduced

. th urce of .r.educed pressure facilitates gromh of the
er e bl & " IuE AR b B 7 SR T ol g b i ol R Bt e s ™ he
syst em of (GH)Rh Bode movhependiic tphsteiaqBUP); trmfmﬁggMa@o@or-ammﬂ% The

systemof _claim47, further conprising: an interface for fluidly coupling

t he sour cEGBM: adlrrbiast gravdh dpcord FG ) resanueryts-eolony stimulating fagtor §G<Em of
i mar . . . . .
cont ol RANE6EH O L ASPARREIY Hotbb (GOMELPH bRl SHEEEANNE

assenbl y (EGR)oplpleked deriveal growet faetor PIOGF )Y instihilike gtdvethrtaéids (IGHE vayalem of
. . , " Shin th quit
cl % m 47, en oﬁlre 1e|11r2gr£[>vt}t% f[;gtlé)}/ ?V]Iié}ls*‘)s, lflgpalltgcyté gr%(\)n%}(la gac\{gr}scét{]er fac?orc((I)-InGFu/ISF ), an

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

Claim 47. A system for coupling nerve tissue and a microchip assembly, the system
comprising:
a source of reduced pressure;
15 a biocompatible conduit adaptable for disposing adjacent nerve tissue, the conduit
fluidly coupled to the source of reduced pressure; and
a microchip assembly disposed in the conduit,
wherein reduced pressure from the source of reduced pressure facilitates growth of

the nerve tissue to operably connect to the microchip assembly.
20  Claim 48. The system of claim 47, wherein the conduit is bioresorbable.

Claim 49. The system of claim 47, further comprising:

an interface for fluidly coupling the source of reduced pressure and the conduit.

Claim 50. The system of claim 47, wherein the microchip assembly is coupled to an

electronic control unit.

25 Claim 51. The system of claim 47, wherein the microchip assembly is coupled to a

prosthetic or orthotic.

Claim 52. The system of claim 47, wherein the nerve tissue is disposed within the conduit.
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