ANTAGONI STS OF PROSTAGLANDI N D RECEPTORS RELATED APPLI CATI ONS [ 0001] This
application clains the benefit of U S provisional patent application no.
61/ 078, 3 Wb 2etwdosized " HETEROALKYL ANTAGONI STS OF PROSTAGCANBR9D29639
RECEPTORS" filed on July 3, 2008, mhlcqus incorporated by reference inits
entirety. FIELD OF THE | NVENTI ON |0002] Descri bed herein are conpounds,
nmet hods of mnaki ng such conpounds har maceut i cal ositions conprising
Such conpAwRddtA BHa AMPAGHEHODSE %E«éﬁl}é%ﬁﬁm”?wswmw EBa of
di agnose di seases or condltlons asng wi th prostaglandin D
BACKGROUND COF THE | NVENTI ON [ 0003] Prostagl andi ns have a di verse range of
activities and have a well recognized role in pain and inflammati on.
Prostagl andin D2 (PGD 2) is produced by nast cells, macrophages and Th2

| ynphocytes in response to |local tissue danage as well as allergic
inflagmation in diseases suchgas St NVERTIOR and atopic dermatitis.
PA2 binds to a nunber of receptors, which rnclude the thronboxane-type
prost anoi d ( TPherpeesept mwentiéﬁlmlatestgemrdiy ‘(o[al@palahscfoﬂ(mmmg abstbRfiye and

chennattracta ce or-honnlo ous re sed on Th2 cell

(ORTTr: B lants oh Sl b etestuliitiey S Ge s METrQUNPT GRG £ 800U bt BLURE el
herein a&&a@QﬁHﬁH@ﬂ&wiﬁﬁﬂﬁﬂﬁ&ﬁﬂ%ﬁ&ﬁ'mﬁﬂﬁ@ﬁ§étNBH§znﬁaﬂmﬂ@ ogtesenf or  (a)

di agnosi ng, preventing, or treat|n$ al l ergic and non- aIIerglc i nfl ammati on,

(b) i ti gardntign aelotes eapprphiss, agd baanptcthetarhder iafusingsbodd ateabedst h

i nfl t|on nd 0 nt r al ro ifer

di Soﬁgma lum recr]ImVlnngc%arrogl?errr\g iS¢ caPt rm%%mgﬁ Oq?tﬁl?mobg r%cftlvg ma%?{la;f Wwithin

i at rogeni aCbodlnyﬂMB@ la@@lo€ #r, dilatihe & bb @pRmeane 0gh&@Rdds boMbking abd 95i6@ buchand/ or
traumatic etiology. In one aspect, the nethods, conpounds, pharmaceutical
conposi t idPAgatuind medi canents descri bed herein conprise antagonists O PGD 2
receptors. In one aspect, the nethods, conpounds, pharnaceuti cal
conpositions, described herein conprise ant agoni sts O'DP2. [0005J In one
aspect provided herein are conpouBﬁSH@@RGbEﬂnla (') pharnmaceutically

acceptabl e salts, phar euticall ccep | e prodrugs, and
phar eceut | ca|ﬁt19wa@@%ﬁ”§fﬂ Vgaﬁel/%y% Sirgy ‘Hflen Wtihere lsnfgm%ablﬁ'iug? Qapf pp2,
and are Uggdmt eoddif@ld SF%HHBB f%&igérﬁ%’téa%? 5%?1@2? sJHQr ®of n?p1e dependent

conditions or diseases, Inclu ut not ast rhinitis,

al l ergi c wewj uravlgvadulaﬁy natopidoe genflaminatisn amd%omﬂllq)rob&tamot ihv edqmcbnmnar y

di sease , _pul monary. h rtension, int rstit fibrasis,

arhe i Snrags By SRRk 1R nifv ety TS bEins b & T  espi r at ory
di stress sy ndrm%xarﬁgl@caaf é@r@'—vdnﬂﬁ@%&ﬁ'rﬁ’d@r s bR S aBtaf-@loFa fafiger, wound
heal i ng, endotoxic pai n, | ammat ory conditions, eosinophilic
esoplgi taxaerienedigriagiey] fathre ou . atoefdcidjtnse dl@lymsé@@mmlt Suchografs may bCE ) ),

i di opat hi REreqsing hi ot| constri.cti nucus
seoroti o MU RERASHEAR I hE rikRF LBTE o bishan BT ER R R tel]

recrui t nemt vefn &Qﬁhdﬂ@rp@blsmay bt h&@ﬁdg&taﬂ shpleistict bstweah give eesaB, oranaiihyd axi a,

chroni ¢ cough and Churg Strauss syndro
synthetic graft. Such grafts only have a hrmted life cycle due to inflammation, thrombus

formation, and the like. Once such a graft becomes sufficiently occluded or otherwise
25  deteriorates, a new graft must be implanted at a new location for subsequent treatment.
Accordingly, apparatus and methods for removing material from aorto-venous
grafts, blood vessels, or other body lumens and/or otherwise treating body lumens would

be useful.

30 SUMMARY
The present invention is directed to apparatus for treating a body lumen of a
patient, e.g., a tubular graft, aorto-venous fistula, blood vessel, and the like. More

particularly, the present invention is directed to apparatus for infusing fluids into a body



(0006] In one aspect, provided is a conpound having the structure of
Formula (1), or pharmaceutically acceptable salt, pharnaceutically

accept ablwozolvmsss or pharnaceuti cal ly accept abl e prodirag/ushenefsss For nul a
(I') wherein, RAis HorC -C 6al kyl; RA:j'_s H, hal ogen, -CN, -OH, C -C4al kyl,
C - CAfluoroal kyl, C C fluoroal koxy, G~ C4al koxy, or C -C heteroal kyl; R6
is -NR SC=O Rl12 , -S(O NR .2) 13)., -N(R 12)(R 13) , .-C(zO)NﬁR.l_Z)(Rt
3), - NHdp=ey.NeRerpying orptherwiyr caoyioy frambus ¢frothqRbsZEtiof ORtaral withmn 1 j s
G - Csal ky, e | 4o, G Kyi : :

subst; t i el AR B aafigs BELPLAR o tormethoRIHFRBREhd 8ng s

napht hyl ,apparatissti t uted or unsubstituted 5-nenbered heteroaryl, a
substituted or unsubstituted_ 6-ne red heteroary|l, or -C-C .

4al kyl - (subst P dERHIRIe ?raggﬁmﬁwemsna%w iPgo e_-dc%arrﬁvm,g dode

het er gal Kylen that S&JplcHBICRI It rentTio dR Y pLAGHKVrioud finktBShd, rﬁ%é%jilésﬁgly

unsubsti tuted phenyl, a substituted or unsubstituted nap
subst i t utreducing thasuindti dfidestte bachmpkes durmghgirptadued for eyarsplbsthe appazatus

phenyl) - RS GRS oo b PraFinge S1a, e A S P BEHET G4RE N at om
are takemodQaah&ith kM ettBRdiN: BHeRiPetvecWirh BaNBYn 8 encditatdithal Rigfaar m a
substituted or unsubstituted - Cbhet erocycloal kyl; x is O 1 , or2. 10007]

I'n one agpletior cqmmyrintteng With dicrluare Theapramseunasaled ircddna alyeion the esent ed
0 TaBl e daaRPAIRER A ALl ACERR! BPLES AN LR RIALTRRSYRE CAl e act i ve
nmet abol i t'es,” phar maceuti calTy acc,yep‘%a e pro&rugs, an pnhar naceu ically

accept abliemspl Withethe bhiee epén, [fRQDHB}roGered antodie Rinchanddxa the putddténtaat agoni st's
O DP2. | 0009] In one aspect, provided herein are_pharnaceut] cal

conposi t i W9y TeBembavens ieaisthlgndp Stiith thel viajveerlgsed e indrasiyped 910 e dengibund of
Formul a (4)y edpan® fi%a ﬂbﬁﬁ%ﬂé&m&i@&C&Qﬁﬁdm%%%&téxm{dea%mﬂﬁbﬁ 'é?%,s conprise
at | east or?'e IFnactive pharnmaceutically acceptable I nactive I ngr dalent

sel ect ed dytindniex shapk dort dilatidg boebdtaictiameithar £ batyslume0 01 6 pulbbucdnpaifor

enbodi_ments, presented . herein are nethods for jreating a PGD2- dependent
condi'Pi oﬁé@PVl&gg%%féﬁwha@ﬁmaﬁ tiong e itk VH@CI‘% A9 fimal
ther apeutﬂl&aﬂ)é Yt &8 &S b¥éh AN dF 1 1%?1'899}67@, Qf stleRhB bhefike rddd@dal]l I'n
anot her aspect, conpounds of Fornula (1) are Used to treat or prevent

i nf | ammatoefilcdif dedsdigomnnd/enatherivosesfacilifité mmedudion istordiaticatisbadycl ude, but
are not limt ast hma i i C. obatructi ve @ul mopary
T axially

i Sense,  pul noRaPOTRD BLrTEREMEN, U opSEirar A, o RSy
at her oscl @hPsésSing AR bdlLoANSMIHS PAll0dY @8t @nfibikaks bigaRd fdRdthst r oke. [0012]
In a specific aspect, provided herein is a nmethod for treating asthma in a
manmma0  contracted condition to an expanded helical shape when axially compressed. For example,
the actuator may include an inner member within the shaft that is coupled to a distal end of
the balloon, and a helical member may extend around the inner member within the
balloon. When the inner member is directed proximally or otherwise actuated, the helical
member may be compressed and consequently expand radially outwardly, thereby
25  expanding the balloon to the expanded helical shape. The inner member may be extended
distally to extend and return the balloon back towards the contracted condition, ¢.g., after
using the balloon in the expanded helical shape to remove material within a body lumen.
In accordance with another embodiment, an apparatus is provided for treating a
body lumen that includes an elongate tubular member including a proximal end, a distal
30  end, and a first lumen extending between the proximal and distal ends; an expandable
balloon including a proximal end secured to the tubular member distal end, and a distal

end including an outlet, the balloon including an interior communicating with the first

lumen and the balloon outlet; and an elongate member slidably disposed within the first



conprising admnistering a therapeutically effective anount of a conpound
provi ded herein to the manmal in need. [0013] In another aspect, conpounds
of For mulwoQijo/msB5used to treat or prevent inmunol ogi cRCTAISS@90€r639
including, but are not limted to, allergy or to excessive or inappropriate
response to an endogenous or exogenous ‘antigen. In certain enbodinents, the
i munol ogi cal disorder that is characterized by inmune dysregul ation that

i s not agt}@ﬁ%aﬁh%@bﬁgﬂt? Arerperey sivludesonraximah cadiadipGeahte telye daembaych

di seases [ )y mal

| ocal i zatp?{.:)))ﬁl OP gﬁo}ﬁ’%&]?g?s?ag E@éﬁ%ﬁﬁ‘%ﬁﬁg{}ﬂ? hglicgogllao}gl&orﬁe %FQI& sur gi cal

pr ocedur edonghte rathber reabiadiude nds@eratting feE2s gepelideataloe fd?@aemdﬂlﬁt ed

condition or, dis aysed by surgery. [0015] In another t are

met hods fAFNIEER Pﬁ@lﬂgé%ept’a?@%@yﬁ% JoR cwinly. ccisning MeRESt an the dRAa

conpr issi g gAh iy éﬁl’ehl'BSr stlibdttb%e '%ﬁgﬁg%h w’t{h th@ﬁéﬁoo‘i’trtﬁﬁalfbﬂd% E@cﬁ%ahi’i@tl;ﬁmunt of
at | east one conpound For nul . further enbodi nent of th

aspect, tShdth@etnﬂataltomﬂuldlfbe\ase is ast hrra In a furt her errbodl ment of th| S
aspect, ther |ﬁat0{ gease |ncI %ﬁ tbut not L ‘ﬁﬁ ?

adul t respirat g ?J%Vr RsRovahlg by &ef‘:n? R PP ?Ib‘jv SSIOHRE Scd g

non-al | errﬁérﬁbe(rh@&ﬂabé‘tﬁp&“) framttheBallda WubeSRKE iRt AfidARediRa b EglAgt iR,
clinical asthma, nocturnal asthma, allergen-induced asthma,

aspirins én@pn pesscaibrangh thekellooh sutctiorcand eut thetbaHeon oulet.rang laisk¢ang nesitiana,
| socapni G, ?S TNk aﬁl' &%er ul?)lstagﬁ?arf Rk ﬁ‘%ﬁehb”%oﬁgut'lett sﬁ’&st;%%t Sy e,
cough- varl an sthid at sthima Pa- ¥ YEst hma

seasonal 1ﬁt$¢)dlféﬁdtlﬁr@@giﬁha|ﬁrs%|ldrﬁérgdzrﬁetﬁ Iftter‘balllban 1tﬁﬁﬁcﬁ‘ﬂ@bﬂ;band|tﬂleeﬂieglo6nr hinitis,
chroni c obstructive pul nonary di sease, including chronic braonchitis or
enphysema, pul ASipaely-Hhpannaeias Bay imchrdg pdrelied] ancmbgs dnclydinga figst s8¢/ or  ai r way

I nfl amtdogglsegr'&?gl%gﬁl{;]dl& hiRE@Hidtal ¢ 38?@)!898&18 end 9&#@% ﬂo'lhé‘@l%@é aSpeCt n a

conpounds ereln are use treating rhainitis in

further endolkdrmdsil cafl, ttlahshcai;menﬂapr cooqibnnhidicdity eroube thehdorgate raembeus ed for
treati_ng all.er extr|n5|c nitis, on al l.er intr rhinitis,
chrorPc ¥ ﬂﬁtlt'?esba PP BYGEH- | ﬁ‘ﬂﬁ D RIS qrglayagagwah etﬁath@ %m%nt. s,

chi I d- onsgfic hieryléﬂgﬁte AdHbd- PRSI d INHiRcHddStowRKS YRALLABRIABEM ik th Bend to

steroid-resistant rhinitis, seasonal rhinitis, perennial rhinitis,
r hi nosi nu@uta tbc; halmal mambelpml PPWSESS aXIatl@ and e)tmném@lhdtiérmawp@y, tmrebyrret hods

for treat n| c,,0bstructive di sease conprising adm ni stering
to the t &algo Ibtﬁcaeleaﬂa@fsﬁglgﬁp‘\tgh%ﬁbunt of a conmpound of Formul a

(1). In a fotIB%Eccﬁmgkaﬁi“}et @hiothdt SnlRIREE:, arCoppOnhs @ﬁ@tﬁdé@tf@ﬁ/@eamgaonary
di sease includes, but is not limted to, chronic bronchitis and/or

enphy$e n&odpthlrn@h@ﬂymws@& qwtrdnbulﬁrmmembtr in¢lading @rpgoximet o, ¢ dastadcod. ai r way
| nf | ammat] gn and, GUStL e, &L BEISIRn ¢ epr%% o) Tn AR 3P§I{dsa§1{’%ﬁér %r%b&m hods for

preventl ng IﬂCI’E&SEﬁ nmucos g SECI’E 1ron and?or e S conpri sing

admi ni st eahdﬂg dipbded wigtiivetle st lugra] ardnmexpindblcaatlbyie ing iy a ploxanatonpound
of Formul a (I éOOlQ I n anot her aspect are nethods for preventing
eosi nophiMdagayrest toghs opsr meahar/tiﬁtah@ﬁidm ftrios SPMNYETREPE Wétttt%ﬁtﬁ g/ or

L R g A S St R el
nmet h@ds foutlet, lamatarrggng)onqjasmmtsmtglganuhmrm AfHedipatahdnaver ieodun] e mdirstwinti s,

coupled to the outer member distal end and a second end coupled to the inner member

distal end, the helical member extending helically around the inner member within the

balloon interior.

The inner member may be movable relative to the outer member for deploying the
30  balloon in multiple modes. For example, the inner member may be movable from a first
position wherein the sealing member is spaced from the balloon outlet such that fluid

introduced through the first lumen passes through the balloon interior and out the balloon

outlet, and a second position wherein the sealing member substantially seals the balloon



retinitis, scleritis, uveitis, allergic conjunctivitis, vernal
keratoconjunctivitis, and papillary conjunctivitis conprising adm ni stering
to t he nmawoabioaw3izeast once an effective anmount of a comrpoarsdooefo496ey mul a
(1). [0021 1 In another aspect, conpounds of Formula (I) are used to treat
or prevent pain. [0022] In another aspect are nethods for preventing or
treating acute or chronic disorders involving recruitnent or activation of

eosi nophiquslctwrpthas iyl intradyacd thrppeiythe dirsthempmenters the ballegs inteieidoan

effecti V%X?ME bflodh. C‘Iﬁ%ﬁ&’l B oPhitdrRA R 1yA tHe! ihper Q%@%E.rﬁa!} RS NBI. AsRect are
nmet hods for treating inflanmatory responses of the skin-“conprising

adm ni st eh¢ figst positidretonmtiird positioh @ashich ticeinasr reérheatdista caduuditecodd at | east

one conpound of Formyla (1). Such inflammatory responses of the skjn

i ncl ude, WYX _Y&W%H%\ﬁﬁ%%ermheagﬁga}e Wf»‘qﬁhg,%eléqaime& BIHEPRES s,
contast deifiRd bhivirdIPGRERBy cHfhlifRhaballoBRAE ERexAHbLONS cH Sapder s, -

col | agenoses,” Kawasaki Di sease, Sjogren-Larsso Syndrone, wound healing and
scarring. |n dnetétredamms pedtstidirapothet brobedifnent, pedpwiratgs ppoovidtd or kregtingns i n
the skin, joints r.other tissues,or organs, € rigsi adm nistering to
the mamd by Tufen 8t G MEhs it e R SRR s RORE A A E D S ERT R ot ner
aspect arRiwRhResinfaPind GStdrédag tiRs&f &t infier rﬁérh_@é}%litiébl? ARpsddrvitliRiet s, or

ot her tissues or organs, conprising admnistering at Teast once to the
marmal  arfiref e and aarespandable balleemenanpresing a pormlgnd Wcurgdoozagoyter a
further a t ar t hads.. dul ate. the. | qnse ogenous or
exogafoud gt §HhE T8 b IR UUBEE S TR B e R Ak TR %oy
chroni ¢ &alles@ineludes poms@oricomeagatiog s ithuhsfianiesentdnalk tHaaiglabeemetiagest ed
such as foods (e.g., peanuts)_ or drugs (e.g., penicillin, non-steroidal

ant i - i nf I"BdneR erliyCred irough thetist lpmpgy 1 t@éi@dqaﬂpﬂn Hhoirder eppeding the t he use of
a conpou I i i ..for treating
R
at | east defieing@2y2inddcdor htlbougshapei Theiantrmémbasndyobd thevabdd poblbgy and/ or
synptqns of .the di sease or condition one enbodi nent. of this aspect, the
PED pat hvi iy &udr RUTCE MBPer 1OR Catriicbr \?gl;owptcﬂw@és SHBOLIHERP2RS this
aspect, trQ@iall?Hbﬁﬁfﬁ@%&ﬁt_}'ac%dsc%ﬁéﬁoﬁ!Eo GPOHhI QR 1RABhASSP! ratory, _

cardi ovascul ar, or proliferative diseases. [0026J "Cardi ovascul ar di sease
or conditi ons,Foreedmepls, tho appaeasery afdietstd mjictlhecbearaxtandingl hebchllyessel s or

bot h, i ncl udi but not ., limited to:, arrhythm a r,i al r,ventri | ar or
ot ;- acKRmSaEF BPss e vichE T GiiePR ety it i B s S

di st ur banfesuteMmemBeddiathl driiChg i secord dMR@eapled &) the MmRF Glch®Ri. PakhkRe or
vascul ar aneurysm vasculitis, stroke; peripheral obstructive arteriopathy

of a 20i ninnesrnesnkyans meyedsaxigllys ths; hetied endrolsir orayi bsj aomprésstd uplhoatdschem a of

(e o A TS LS80 o0 OO RS P B B,

abnor mal bl codOfic@sBItRe inBORKIMbYAROE BRI iaGtédmd 1(mBeE bxtehdige bialccmggoci at ed
with mgraines); vascular abnormality, inflammuation, insuffjci e,nci limted
to a si ngheerangyaler proxanpl ang distalionds #12-1 1QT Easg1vame & BHdyYiE: erRherrathedhtsspect s

are furthgt %ﬁﬁpﬂ{ﬂ Hfggfz)é ad ity SRy ﬁfgﬂ}de%i% l@efcfceﬁglﬁrbﬂ @Qé’:%tndqtﬁl&h eof@pound
is systemcally admmnistered to t manmmal ; and/ or the effective anount
of tRé cahpbalivdniisdapscd wsthar thrgat dbdy uineent the inmemmmdnbeandydie direytet! e
effective anount o; : . . .

one or more of the first, second, and/or third positions, as desired, to perform various

functions using the apparatus, ¢.g., without having to remove the apparatus and/or

introduce another device into the body lumen,

In accordance with another embodiment, a method is provided for treating a body
30 lumen of a patient using a balloon apparatus that includes an elongate shaft including a
first umen extending between proximal and distal ends thereof, and a balloon carried on
the distal end of the shaft that includes an outlet and an interior communicating with the

first lumen and the outlet. The distal end of the shaft may be introduced into a body lumen



t he conmpound is intravenously adm nistered to the manmal ; and/or (d) the
effective anount of the O conpound adm nistered by inhalation; and/or (e)
the ef f ecwpwelsnoesst of the conpound is adm nistered byPoadgmsR009/049639

adm ni stration; or and/or (f) the effecjtlve anount of the conpound is

adm ni stered by injection to the mamual™, and/or (g) the effective anount of
the conmpound is admnistered topically (dermal) to the mammal ; and/or (h)

the ef f ectitlyéhe o ingfcontacted apsiifiad. p a@ﬁrﬁwmeétr@ﬁfw 90 bt pterial
d f
gdm 2: :t ;\?@g{}r ecwl%?é {Qahfgf%ﬁabﬁ%ﬁ eFO?ﬁ%%P%E%%d atd?‘l %terﬁ ?I:J)Js?'fearrentl oned

aspects anz&efflalrﬁlhéallmm beatpandahpomshagprsiangh eoaditivmiosdn axphded of t he
ef fective amount of the comnpoun i ncluding further epbo i n which
(i) the &t?ﬁﬁ%&ﬁ%?% and e ce @gfhaﬁeaarafclﬁ .rl}aym%flf@eﬁﬂ?aa[ﬂhﬁa fﬂ%b%fydvlﬁlﬁgt ered to
the ”%”“E\Jntl{%%tb'a%&l ﬁl'tﬁ@éxdﬁi{%d ﬁéﬁ%alss@i@]%’b foreﬁ’iB% B@¥matédidl Hont @RGLAYAl | y; or

(iv) continuously. O In any of the aforenentioned aspects” are
further dninouli Hmwnmimﬁra hﬂlln@j shwetofph@bedhbmrnmlmanaamc@nhsl@dgmglmawmbct ive

anount of 0 i.ncl n ur.t i ments | whi ch t he
conpound FLISATT Araar d Bieduat Ghtory. FRetditeni e Rarpreter eq
tw ce daitbpmuresld. g, édg%s CREPRYNMAditRe aleént@faaﬂaat@gepa@ata%cahﬁ@reﬁmmehacﬂdiﬂe daily
admi ni stration for period of time fol g east 1 day w t hout

admi ni st rthe WeH of (he\bpdmhern@orﬂ;ﬁdaﬁ@dl the pahoan meeberrtimed tecthe sontregtedi ncl ude 5
dai | yy,adm ni;stra for a t ay that

i nel %Jﬁ ges caonccijl"%lon 151 Iaonr?w lggaur?% vgauﬁl Ithentgaodznltlmgt\%,\%gd %%alg eépat%agé toll%lg

adm ni st edxpﬁhdba%ﬁdal hlﬁapaﬂyr@ﬁoxtehﬁdﬁfoﬁﬁlaﬁﬁeﬁlalﬁﬂﬁdn asRell Sumey, 0DMEaNg t he

t r eat ment O‘PGD 2 dependent di seases or conditions are further enbodi nents
conpri si iyt maé%r@# isfgmared. dkgshallgpe mpgdierpigied tagheroniractadiernditiil t o t he
adrm ni star ti ofl by, GATPRHR NG ASALE G e Rl AR, frrfafibg 1003D) I
any of the aforenentioned aspects involving the preve tion’or treatnent of
i nf | ammatrhatia aray bt untt duec e etibadihren fisst hmnmrmm thgbal{cah inribt toraxpand the

[ ' neasuri n cho onstric nin a mammal;

i nfl t|

(c) ﬁ @8@5 tﬁ%@ﬁﬁ%&?ﬁ&%@lﬂﬁ%&%ﬁh paa a@ﬁoﬁ Bt fi%fo RE f and/ or
neutr Ophl shbaag{a% YRABEA! @O AL bélmabl%%eeex&)a%wts ORAYE ah Bo@nfERORE! : ()
noni t ori ng nmucosal “secretion in a (e) measuring nucosal edena in a
mamal . [106@Rpr @h@nsedbqae@mll Offelmbuderslulanm Abdvaditadige shaotfodyHemenrthounds,

met hods an

ol Toat ndhBafRTRERe g B iR G Ronl e Bt bolin e P B R RS Rk O et 1 he

det ai | ed déﬂ&lﬁsfelt]@é baﬂl&oﬁ%@cﬁ ﬁé@vametﬁé Eérﬁra@%@r&ﬁh&ﬁon whi l e indicating specific
enbodi nents, are given illustration only, since various changes

and @8di fi cat il6Hs appamaiug undrl.@{eg Bivielve aéwaetstéb@ball@pntﬁbreonen@gmtclq&lng@mosur e

descr i pt1ORet SR e bt BEE TS AR PP LRt o

| ust r atdlosed ex@apin€iating the@apes dSptitgaily.i dady fmkelufing ¢1Qqaé¢edlareg tHeedihve.
ustratlve exanpl es of .conpounds descri bed herein. J0O035] Fl};ures 3.

|
| ust r atMebesREREl-cs2-dp 1%@%8&%@%@%9%@@6% i for dragee%]c Pires 4.
: ustratyj ue, & %&%ﬁ&@ga{aﬁg %ggg{k?dgl cgle %ﬁ‘drgtm{e%’oég Jtofthgures 5.

ustrative exanmples. of conmpoun her el
25  cylindrical shape and/or helical shape, the distal end of the apparatus may be removed

from the body lumen and/or entirely from the patient’s body with the balloon in the
contracted condition.

Other aspects and features of the present invention will become apparent from
consideration of the following description taken in conjunction with the accompanying

30  drawings.



[0038J Figures 6. Illustrative exanples of conpounds described herein.

| 0039] Figures 7. Illustrative exanpl es of conpounds described herein.
(0040] Fiwyonrew/®3135! | ustrati ve exanpl es of conpounds de®cCTiuseadlnersas n.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [60041] Prostagl andin D2 (PG 2) is an
acidic lipid derived fromthe nmetabolism of arachidonic acid by

cycl ooxygenases and PGD synt hases. PGDZ |s roduced b mast cell s,

macr ophages and Th2 | ynphdStidsDEACREZHARE i GSue damage as wel |
as in respons i S t hma,
TRt s, and s ube Ayfeile! tﬁ{.%'ﬁltee%&nﬁ%?%%%%&ﬁ&%‘gﬁ R 3%

ai rways eiecmmlymimwn toessplone @b chipadsiaingteahbeiag plcedon dlustrataguhe vastusma.
[0042] Activation of DP 2 is assocjated.with chenotaxis and activation of
Th2 | ynmpHeesrtead f@@élfqéi(?fz)ﬂlellgu%ﬁée f4S. pPGD 2 binds to DP and nedi ates
many af its effjgct g § BaOVRR, & Qirst g{%@ﬁp’yﬁphlbghr?ﬂ’e% bPih nﬁj atails 1ﬁglﬁlhln lar
calcium |l evels and reduction of cycli ocyt es, I L5
and IL 13>aﬁ9®qurm1@amg)@lb@iy lomeay the apiswatss dparhlde eda ﬁ;st Dlede &utmmamzmg.a These

cyt oki nes_hav en i d.in. nune |oIo cal acti Iudlng,
oy of " onREF e e R aRaBtiioR O spo Tt NERT. SeF bty PSS BB e Mucous
secr et i orfuid Hﬁ!o BRH0A9 MYnén, 8E b WhitdBBHe FRQ4ddvihg rﬁalf@lamv\?thﬁl B8 Go L Nintcal
nervous system PGD2 is produced and thought to function in pain perception

and sl eep reguil@t 2ana sifle viswhelrthe pppsgaies o - il n Preddsicaeldpior pumimizing g

i mmunagl o (19E).. a ) cIIsan to a |l esser extent, in
macrggha le%é%leé)flr:h it |%1tuc§e ﬁmm&“ﬁg? ﬁtoa Ofiéfh%l yrrphocyt es and ot her

| eukocyt es. | rFIGhe mzeblble Vﬁmthéamﬁﬁltﬁ@ of FTeL abietHezecbrando dwofdy arftigtk t o ot her
downstream effectors including 12PGJ2, 9allbPG-2, 13,1 4-di hydro-

15- ket o- Py mto g hady Bukgdoxy- 1214PGD2. [0044] Mast-cel | -derived PGD is
produced in hi ONSe & lLenge.
Studies in pre}gpl %?égé; ég%g%;ﬁ%a@awggervg}dlﬁ% gﬂlg{v?ng%%l chih&?é;s when
PCD2 i s dppboed dxpanded forviemor mganatiiad mathioa bodﬁlwmrpr oduction is

eng| ered by n tic. ni pul ation: vas | at at i A eryt hena
(flar g) and p&%g i5% Plon @B’ ‘bfgh%ﬁﬂ’a( %ﬁdr% G% Egtl L’(’Sgnl%{& $8pHE s and
Th2 | ynphogyd fShe %%h%@i %QH&EH.SIH'?O Extikh ?&n&rlﬁéjﬁﬁ{e'rﬁpwnhm a bodP]I lurnen

bronchoconstricti on. Injection OPGE 2 into human skin been
shown to pr odLFdé}Sa6Aeﬁﬁgaﬂeasste|Vngzvdmﬂhefrﬁup apparpios eNbFiGH. 6-1, rsbowzi'ngect s of
ot her nedi at or.s on rat ag{leukocyte infiltration in human skin and
to enhancdCHRH¥ ]toin% rt]ﬁali’ Polyin "1t is nost likely that these

effects OF PGD FaG |7|1§<@51E1&10§:Qz &Xfa REGRS cxéape babedinRinPst A0dpakkinRSncladiagdue to
an increased blood flowto the inflaned | esion and are, therefore, nost

| i kel2f t & tpdlope firdreetings é@ldmiuﬁmt thy apparatye owrablpereeﬁr&ﬁrmodmf@mﬁ@mgt hese
b t ts O PGD ,
fhz eg‘e’lgaglﬁ{}& 1@ﬁ@§ogyﬁur%&£, &% 6de%fjg€?e}t&‘1§ atgh%%st‘fu $SUNAniEf qeeogd?/“ oh

e ce anges assocCl a

i nfl amtlumﬁnlaﬁldraahlrdjﬁ@db @oraemaeﬁlgmmﬁal Bfhin {he%a} iveah of PGD2' s
pr o- mflamratoré activity is through interaction with DP2, DP2 is a

Gor ot ei n coupl &Sy éeefi i caprg- SF%thcn;?ﬁif thsiballoen gy 2enastas eBFG. . shepving
| ynphocyt &8 ROSInOeR nczfoh:é f&@&eggﬁg@wﬁ%a PPl é@% fn?cpthfe%ﬁﬁ(?d ons to

directly activate and recruit ocytes and eosi nophi Acti vat ed
Th2 12¢nphocyt ddGpRadaiside aieey @fezcuhetiexemp&lhammbadnmemwfek|apmanumﬁichrdimma | L4,

:.ll(;tS sta P S&ah%(i} f%[y)%‘rsegﬁug %géc{]ygliu%%fl,l:‘t%épf)/grgtﬂs operab e Imag ﬁl%ft ];I{o e fglr (?Isatmg iafl P2 is
obstruction within the body lumen, and a second mode for removing material within the
body lumen.
FIGS. 9A-9G are cross-sections of a body lumen showing exemplary methods for
30  removing thrombus or other obstructive material from the body lumen and/or for dilating

an obstruction within the body lumen using the apparatus of FIG. 7 or 8.



signals through a different mechanism the effects ODP 2 are nedi at ed

t hrough G -dependent elevation in intracellular calciumlevels and

reduct i orworroiomosessel | ul ar | evel s of cyclic AMP. DP2 ac®PCraiSean/ou%s39

i mportant in eosinophil recruitnent iq,fpsponse to allergic challenge in
such tissues as nasal nucosa, bronchial® airways, and skin. The application
of either PG 2 or selective DP2 agonists both exacerbate and enhance

al l ergi ¢ respdi&es 194 100aye srogs-seetianal ppowvsgeftaligenativn crapedigieststod bakean a
crucial r i I.atd : i T f i of
pDs act 1 yAEHER EFHA PR ERBLE HFIRARSTRIC 0 MR ro Bt ARE MRk

i nf | ammatmdatyridenpome bbdpfunanf | anmat ory di seases or conditions, respiratory
di seases or conditions, allergic diseases or conditjons, such as_asthma,
rhinitis, and e ety tide Vig holthanare %%@ﬁwf[t%wra@&ﬁmﬁég 6f

For mulsa (d indiaM§e 306bshAtli D vail B bk heyiRL ikt bizk WIMER&ifferciAchPnd]

orC -C 6alkyl; R4 1s H halogen, -CN, -OH ~C -C 4al kyl, G -C 4fl uoroal kyl,
Ci - Cf | uorddahkiontlponCr C al koxy, or Ci -C 4heteroal kyl; R6 is -NR 13SC=0) 2R12,

30 SR LD N LU D s N S L 10
6hal oal kytby trédtingRhakeFieatkils.didpsiCBenals@a! tky hppatatgHOSIIG ut ed or

unsubstitutedfp enyl, a substituted or unsubstituted naphthyl, a
substituted orFlGnddisst sidaview &-aneihbes!inatet embadipent af thalbppdretus etFlsr.

st S S SRR SRS BRI s R S B e o
Cof | uor oal kyl ,FIG3: C6& yad 08B ki altednasivh $inbb dieetsasf cofl Stticltek thag ehaplvenyl , a

substituted or unsubstijtuted naphthyl, a substituted or unsubstituted
benzyl , &revided withindhe billognoipay pt the sarsatue pHEIEY $hkt-eroaryl, or -C -

C4al kyl - (substgtu . SURst ﬂﬂﬂ | )i R1 3. - l; or
R12 and R13 atf'tlg}(':[ié% at?%d%J% sarreﬁ)wﬂg?%m a%&e%%ogg{ﬁ ?déggﬁugép%ﬁt&ﬁ? ﬁg%ﬁ atom
t o whi ch dludlpomife tahtiag hbddy mnfoar tivapparbisit bperhield ima fios sndaistfott ietreding2- C

het erqcycl oal kyl: x is O, 1, or 2. [0048] Far .any and al] of .the. .
enbo&gneﬁfl%t,eﬂaﬁdﬂﬁw s hodt Wi gad ngf %ﬁ‘@?@%@ﬁs mréﬁ%ﬁgg 1} BPRCEREEPINGE ¢t he
listed al}hephdfiuMRa. 10049) For exanple, in some enbodi ments, RL is Hor

Q Qal kyl. In other enbodinents, RAis H -CH3, or -CH2CH3. In sone

enbodi nent s, RIGSs 1HA- 170060 3idE Niesord tendnpdiatesmifd1Gx 10, showinguptiatied of | N sone

e T I SR FTRRTHIE R by -
CAf | uor oabiling Gaatertdl MUQiPRbE@XimeANFIGS. 4Bl 40@XY C),| ddd SRR cODRSHIRM S, R4
is F, d, Br, -OH G -C 4alkyl, Ci-
20  dilating an obstruction within a body lumen (FIG. 11D).
FIG. 18 is a side view of a distal end of another embodiment of a balloon catheter
including a plurality of difference size balloons and a valve member for selectively
delivering inflation media to one of the balloons.
FIG. 19 is a side view of an exemplary embodiment of an apparatus for removing
25  obstructive material within a body lumen.
FIG. 20 is a detail of a handle of the apparatus of FIG. 19.
FIGS. 21A and 21B are details of a distal end of the apparatus of FIG. 19, showing
lumen clearing elements being actuated between a low profile and a large profile,
respectively.
30 FIGS. 22A-22F are cross-sectional views of a body lumen, showing a method for

removing obstructive material within the body lumen using the apparatus of FIGS. 18-

21B.



& luoroal kyl, C]-CAfl uoroal koxy, or C -C4al koxy. (0052| In sone

enbodi nents, Rl' is d-Qalkyl, G -C haloal kyl, C3-C cycloal kyl, a

substi t utwo 20r0/088bst i t ut ed phenyl, a substituted or umsuhsRéowOy®d
5-menbered heteroaryl, or -C -C4al kyl - 8(substl tuted or unsubstituted
phenyl).[0053] In sonme enbodinments, RI'"is C-C alkyl, G -C haloal kyl,
C3-Coeycl oal kyl , a substituted or unsubstltut ed phenyl, or -G -C

4al kyl - (subst i Kl e¥A4Y 2 DersRASEYS Vigherf aﬂr@@awsus fipdaute thfﬁ showe efsdh ment s,

E |h|e) Co”pgﬁtlﬁdlﬁ% agg%te@ikﬁgfa d') erﬂﬁfdlhl'éﬁ félrfc? %tuel: %grﬂfé %agﬁ@aé&s For mu| a
F CI - ClngH -KIEF22B is £eross- sec@rﬁﬂatadrof emﬁoﬁ}:ntsl of asotaey b]ﬂdjnd]nﬁegctr)mihcegé gs

In some diBdEi %@E@s%ﬁwﬁ#@ hogging of q@%@ﬁﬂe IT?FH%Yﬁﬁiéo gﬁ%mt%ﬁ ompepontss ¢ . C
al kyl 5 G -C hgge Q@A‘llé(é/ bersfdcd YRUAH dh¥ther %ﬁ)ara@@sc ¥inhiRakdihe slﬁw%lm%{ld}t uted

or unsubstl tuted phenyl, a substituted or ubstituted benzyl, or -C
C4al kyl - (5 uizdtdingis egtood exmnplbsftarmhmdﬁdetplméaylhr)dle fdl(}aﬁﬁl]atlng]ﬂ@@mparembodl ment s,

R13 i H - 3 t R 13
Brmot ot s, G 248 s $9% ot SERH ety o o0 e B Tagdle 13)
- NHK( O)d\ﬂ(FﬁG]-Zé)A R’lt:h‘?a)housm R IRH MR rddovedto shbRigeke) fndohents! N sone

enbodi ments, R6 is - N(R 12XR13), -C(OQ N(R 12XR13), -NHC(O N(R 12) (R 13),
“NRL3C( O R 12 FIGoR4C i dgal of areliepnate slides spméradntiodimerihas shwen insFIGS, O) N( R

re 1 90 NI 1 i St e i A G porit u bR ARG <

Rl 1 is G -C aqabkgba il p&spatioakiew of yat snd@ﬁdrlappére@s@ﬁmumubﬁdtlshm@dl phenyl ,
or -Ci-Cbalk I-(substltut ed or unsubstituted phenyl). In sone enbodi nents,

Rl' is CHIGcAamghding@zhiod pxgraplprygmbogingeri of pthapdly f(&racnwg%éheu appredsphenyl |
or -C -C2al ky'm@%?ﬁ&%&gg&)gé %Q@?%ﬁ%‘f&&%@&%‘a W btary &h%@%ﬁnﬁm%ghggm S,

RL 1is QC alkyl n so ment's al kyI
or C2- C Hahdlaldf¥IG. 25A st henbiag offerttand RTerho vesl t@sh@varitkmhl colrmposlem

nmb t is d-Qal kyl. | odi t l.kyl. |
one 8nbodt reril; 263 ¢ a0 BV gf%ﬁg@ggl%eq $TSGH SHEBEI TR LR s - R
13O R HEG. 7] 108 ding! arfoﬁﬂ{?g){eglgm%?ﬂ e'ﬁ?d’(‘)'fdﬁnetﬁ%%a 'h§ncﬁ% dr a%h%ﬁﬁhg the apparatus.

C3- C6eycl oal kyl, a Substi | unsubstituted phenyl, or a su stituted or
unsubsti tuted Hi@nzgrlB 1s 4 erososmstiend) ddiateh cemp&icdts of aGqu@Balckytirolen tE3-

Cbcycl oal,kyl enbodi rrent S, 00 | n sone

enbodi moribdlee P8 Fo RS S gag g psR e vt SHovw spSRRGompOoERT | ¢ 1t e
or unsubstituted phenyl, -C - CZaI Kyl - (susbtituted or unsubstituted phenyl).
Insorreenbodirrents,Rllls-Cl-lZCI-B -CH(CH 3) 2, CH )3, or

- CH2@P3. [ 0063] I@NOFRTHEu BO 1:) -CHZCH(CH
3) . -CHR2C(CH py.op} I

SUbSti t ut ed oﬂs%rﬁlgé’fo R St P %X%%ﬁi%% engS%lﬁlseuﬂgf%[ Lt od
benzyl . lappsans 1@bogédnmp asbodRludnds e-g(;l'f()ﬂdﬁ%)ﬁg ﬂul@(it&lﬁ)b%d? lumdaHAAHrCH 3) 2,
-CH2C( CH3) 3, cycl opropyl, cyclobuty cycl opentyl, cyclohexyl, or a

subst i t utfRErEOViigs l?%@@eptw&i/yr oﬁthcgm@a@ﬁhﬁb’@?wf@nah@y fugneng cH3 3,

or a subsyif 4 edo8k vedieH BSikd-LiicRd fistula, tubular graft, and the like (not shown).

25  Generally, the apparatus 10 includes a catheter, sheath, or other tubular outer member 20,

a core wire, shaft, or other elongate inner member 30, and an expandable balloon 50
carried by the inner and/or outer members 20, 30. The apparatus 10 may be operable in
multiple modes, for example, to perform various treatments or other functions within a
body lumen, e.g., to reduce or eliminate the need to exchange multiple devices during a
30  procedure within a body lumen. For example, the apparatus 10 may be operable in a first
mode for minimizing a profile of the apparatus 10, ¢.g., to facilitate introduction into a

patient’s body (FIG. 2), a second mode for infusing fluid into a body lumen (FIG. 3), and a



phenyl . In some enbodiments, R12 is -C(CH ) 3. In sone enbodinents, R12 is
a substituted or unsubstituted phenyl. In sone enbodinents, Rl2 is a
substi t utwo 2pteenoygi3s where the phenyl is substituted intreTANSp@9IOI466N. | N
sone enbodi nents, R12 is a substituted Pr unsubsti tuted phenyl, where the

substituted phenyl is susbtituted with” or 2 groups sel ected from hal ogen,
-OH, -CN, - CH3, -CH2CH3, -CF3, -OCH3, -OCH2CH3, and - OCF3. |0064] In sone
embodi merthisd nRgefay repRvng apateyaR withimm body jugnen (FIGS. domd Brscleseriieds, t he
corrpound%tt ‘%%G(;e |la (1) or Formula (11) has the structure of Forrmula (I11):
Formul a ( 'P . 065] In sonme enbodiments, R1' is -CH 2CH3, -CH(CH 3) 2,
-C(CH3) 3, or -AH2GSFSenRLPIG.SI, the@d&hiBdmber 20(ikHudBEs 3, pro GHIACEHI 22, 3)dastal

- CH2C( CH3) 3, or substituted or unsubstituted phenyl; R13 js H [0066] In
some errbé‘&ﬁr%érﬂ@a fmntrgdtiﬁ,tw@n}toﬁ@@ﬁfgfum@sr} pfirs! depep 2gdending oo ) 3; R12
IS - CCH BerdpetBech. | "Phe"é)ut&tqgéﬂR%lerb[@Or%%g]WaVl@ BRAGIIRALS un Igz@&lsﬁﬁcﬂicfh dgi e 1

have the sanme defintions as n one aspect, Is as defined in

Tabl e 1. itsrengte aspenttivaRp th@C(ﬁstrd@fdnrte@iy bawvarald| dott exdmmploreprasipett, R20 i s
as defined i.n Table 1. In,o aspect 1.1.is as defined in Table 1. [0069]
Ay conbiTigtatoat B SHREEPEELE GRLEF pitinuB By SERETE P CRIT | abil bo i s
cont enpl aideshdesicgi ¥ thd. 91515&%{?9}0 frbHﬁh@ hﬁg&l%ﬁ& RORNd/BF RdRSal %ﬂio%lb%ﬁd tuents
t hereof are chosen by one skilled in the field to provide stable noieties

and conpawdisnenyy 20| mayrbediinxille et to faghptubrad ingfanfor adyaac¢myntitiobglle, but
are t Limted t hose scri-bed . in,Table 1. Tabl e 1. APPARATUS AND
VETHORS e RER B ‘%ﬁ%%@?fa&@ TMM%L%@K% B EEBPEY THE | NVENTI ON
The pr esediibodieits, itkdouted déaberd®nasiybd forinod Appamatctisls katch dsraethl, PRistic,
obstructive material and/or other obstructions within a body |lunmen of a

pati ent, %2-gPEEKy Grlamed Ii23pandihe dikafar cogppsite paseus. 1he pucamepbeiod) vessel |
and the |j r i . i i St 400

appar at ud e Y EATEELRM Bout kD SpELRS R W MR L) | umen,
f or renpwndgnoitedtdrercrdrdetvesptaboutnig? tch2. 6 miolisnaersodndehe Hibys tunuet 16v@ayrat er i al

wi thin a body |unen, and/or for di ing.a body lumen, and to nethods for
maki r}S andVe idi‘?érleé?ft‘pr’?t‘ﬁ??ﬁzi’ﬁjﬁ’t‘ﬂéo aﬁ&é& Bl ow wi thin a bl ood vessel or

other body | UneR ihd:HhdhBerBOIBITh: SN AU AINER SBY REAQME 90Rt 11 cted or

ultimately interrupted for a variety of reasons. For exanple, a vessel nmay

gr adual | yoptianalpwnayendledd smsdcamdriumicnrs beaxtindingdetweqprtbé ploesmatliana diskal
a1 on. RSB IRY, LoEm e b SER RPN, o SLIEE ok ot e
arm of a tpakinedllgh, c.g., having a diameter between about 0.3 and 1.0 millimeter. The inner
20  member 30 is sized to be slidably received within the first lumen 26 of the outer member
20, e.g., such that an annular space is defined between the outer and inner members 20, 30
for passing one or more fluids therethrough, as described further below. The inner
member 30 may have a length relative to the outer member 20 such that the inner member
proximal end 32 is received within or extends proximally beyond the outer member
25  proximal end 22 and the inner member distal end 34 extends distally beyond the outer
member distal end 24, ¢.g., through the balloon 50, as described further below.
The balloon 50 includes a proximal end 52 coupled to the outer member distal end
24, a distal end 54 defining an outlet 58, and an interior 56 communicating with the first
lumen 26 and the outlet 58. The proximal end 52 of the balloon 50 may be attached or
30  otherwise secured to the distal end 24 of the outer member 20 to provide a fluid-tight
connection, €.g., by one or more of bonding with adhesive, interference fit, sonic welding,
fusing, engagement with a surrounding sleeve or other connector (not shown), and the

like.



experiencing kidney failure, e.g., to facilitate dialysis treatnent. Such
grafts may be a fistula fornmed directly in the patient's body, e.g.,

t hrough twe=ow/let3deen an adj acent artery and vein or ofh@mUSe@es»ei639 may be
a xenograft inplanted between two vesseé or may be a synthetic graft.
Such grafts only have a linmited life cycle due to inflanmation, thronbus
formation, and the |ike. Once such a graft becomes sufficient]ly occluded or

ot herwi se det efheglisitleand 34 oféhe gpermembei3Ogaay %?@dﬁl&lghttheadlﬁéb\qu&f‘m fion for
subs eque nt% Bélﬁ)%tn%ne Aﬁcchothgt' tH?{)Q{tiet g? 1%5%‘?1 aﬁpﬁa{ﬁe%’sg%ézsoew en Jﬁé*{i?%ﬂa[‘ 9

material from aortb enous vesse her umens
and/ or otdndrodicsehd atladn 5O ah)d)dlﬁ distatend 3wcaxflt1¢b mgerusﬁﬁlodr SOSUMMQR¥oTﬁe present

invention is directed to apparatus for treating.a |unmen of a patient,
e.g., a t%lﬁlaﬁ%gr é?ﬁu SEUBL (6iT8RS  hseincf Y Hok uveeézér i

More gar ti,C g '554 m: IQJ 15§rrktmdll'8¥ 80kt s Blutch ©8! Esddetsﬁ’ecf‘%ﬁ’érﬂﬁﬂgsoﬁ @k

infusing flurds int dyl unmen, for renoving or otherw se capturing
t hr onbus desirgt MIeecﬂfitlcmmt orvresistancertp dluidile withroaglbthe putlerten, Foaesidroplesf or

T accor dmE RGeS nehas o BRI, hefeshiid t A0 AoRne Rt Epar &t ue:

treating cﬁlﬂepswmwB@@uﬁsth@hamys1e@maﬁh{eefe!nﬂaﬁdefcﬁeﬁ@mlo€ﬁ@@?eo E)@paﬁﬁlbflod'u@h
various functions, ossi bly reducing the nunber of device exchanges

during a tbfﬁtdheﬂumd@refﬁmntlel fipvethroush thp pailci S srathey thanckprnding thhktlloon
i ncl %l ngﬁoaaéacrieos&l ﬁﬂgr’ N d| stal end sized for introduction into a body
| unen, tf er'ebet ween, and a ball oon on the distal end

havi ng an i nt exd gfomqmml tahé Hllgta‘ll\bﬁd”ﬁét bftht asdn SOhEayabPmEcialb fadicdl SO
include a valve on the distal end of the shaft that sel ectively opens or

cl oses arViguthearaie isthedithedtallagn ap {¢efinge the Hﬁﬁfm\w rﬂnﬂh@t@aﬁ%tb@pe n, fluid
Intr Oducﬁjg-ofqgéa?%ﬁ(?ﬁzeé) va iBal Ose&ior%:%z' tth nlaqg%r%llﬂﬂﬁparﬁeyond the

distal e |nto t umen nay
expand t hiasthladndo 62 5f4rmanybe moldedalﬁiberd mmmhhrtwmrfomdaﬁnommpsargdi@dlbckandi tion,

, | i ndrj cal | at obst ruct body |
grga 1Bul b% i ‘ﬁjé’(é%erfl ra)p %yn Ierfgi‘llgr"?aéllor}\ﬂl ﬁﬂl[‘?%gﬁlg%mf Eﬁﬁﬁy g %/I oﬁgﬁny
the val veco%ﬁrédns kiOgstdl StioR Egafsumatbtﬁe st 2 Baesl Bpthe%ﬁrb&hsh ﬁﬁﬁkalﬂﬁd of

the balloon, e.g., to stretch or otherw se reduce a profl e of the balloon
and/ or otiherigise sizaeid/pt stape amﬁlmbdllmmiihlslenpandadpatl ent's body. In addition

| t ti th t i al
oo ecsi ng.  RsAPEsE A £ SBRF 11 aeE ST bR aieal 1Sl 1 om
the cont n«?& efpe01d iatsbAh ol rfhgddh @% AR @Ad b¢l OpabnARaRR ddwr&naswfltné
conpr esse For exanple, the actuator may include an inner nmenber wthin

t he SRaf tbailpen 5¢ maa@t@qém@ome@rarmﬁ additionah deapires, ivez. arovring anethervisd i cal
nb I h
member - eglr%)ﬁ e[ﬂ%of’i‘tlie?g@gnaﬁ £ renﬁn %ﬂ%gn%ma%g 1“41& ?h nFEnh xa% %?%stm%:alﬁ €

i nner I'rec &P e’ act uated cal
menber mapap@chidepicelaast s&ecb @@nslﬁiwe 8¢d, ¥. g8 xsRanel 15Aghoan! iy FIGT MR knddhih or

t hereby expandi ng. the balloon to the expanded hel i cal shape. The inner
menber mﬁ?m!%i th flistaderd 54 ¢.g., attached or otherwise secured to the distal end 54, e.g., by
bonding with adhesive, interference fit, sonic welding, fusing, and the like.
25 The balloon 50 may be formed from elastic material, e.g., to provide a compliant
or semi-compliant balloon that may be expanded to a variety of sizes and/or shapes, ¢.g.,
based on the amount of fluid and/or pressure within the interior 54 of the balloon 50
and/or the relative position of the inner member 30, as described further below.
Alternatively, the balloon 50 may be formed from substantially inelastic material, e.g., to
30  provide a non-compliant balloon that expands to a predetermined size when inflated
independent of pressure (once a minimum volume and/or pressure is introduced to achieve

the predetermined size). Such a non-compliant balloon 50 may expand to the

predetermined size even if inflated to relatively high pressures, e.g., until the balloon 50



distally to extend and return the balloon back towards the contracted
condition, e.g., after using the balloon in the expanded helical shape to
renmove nmewer0aloosisshi n a body |unmen. In accordance w t hpamaiShew/ogsbodi nent ,
an apparatus is provided for treating a, body |unen that includes an

el ongate tubul ar nmenber including a proximal end, a distal end, and a first
| umen extendi ng between the proxinmal and distal ends an expandabl e bal | oon
i ncl udi nguaSthPIORhPRAISCINAtUERSe B e dt RISSSUFRS Of gbign AFMeRphess. Ry Atmespicreand a

di stal eng;{ X%%ngﬁﬁthe Héhﬁ% t he ball oon including an interior

comuni cat | |rst umen and the balloon outlet; and an el ongate
menber sli dablcyna:brspmsgdalmgtﬂnmbdrhézg iay diecamrizd. on'rfhenmblomgmber disaberd may

i ncl ude pr oxi end adjacent the bul ar nber proxi mal end, a d a
distal e é)gt’é{‘% thet tﬁ? SR ST OLH ForTeEbTRENBAIY t&e% 52]36
menber ”ﬁﬂnér’}ﬁén%? 3@9@&85@& 'e%g fi)fe@lé&ﬁélyl%@r&’ﬁhghﬂcgclésm H’eethE{ sSeF@et | ' Ve' y

openi ng and cl osing the ball ocon outl et anpl e seal 1 ng nenber on
t he di st dlalleprd5®fo pmmdelaoaatyat & dvserited fslrtlmcbetomw bﬁhmgbl@nhembeﬂﬁs)t%enual | oon

di st al ti | th t f fluid fl Th t
menbor iy BERh S0t UsEER ¢ by SURTGRY Ut el ot S al P Revper
I's spacediif@dndfsuosichhe ei@@tbhféﬂe 2 cUGHicbhdtor bitek glalstrttsr quq:@@pbbr ough

the first |unen passes through the balloon interior and out the balloon
outlet, and a fSSebﬁtsh@bep@tsFlGolna\m@trse@lmgtrh@mb@eﬂ%%a mepyrhsrseyidediys thenmnaal | y

seal S10t he é)r%‘tl)e%r% n rgﬁ%kaﬂo or o her\t)v?s%ta a]]:%llagl%t a s'e?)otnlrdogéill? I&)Iiﬂf)el‘%l% t—ﬁ'l% sf Ihrn t lumen

entersthe nrnterior

appar at usmérayer{sHGR uels 1 diqios@@ddjmﬂbzedlsuanﬁb B6loAthedniidr rnﬁ?dm&lﬂdo r@omabzed to the
tubul ar nenber distal end and a second end coupled to the elongate menber

di stal erfatendbeyend the distakiipser Tdgudistaliting SHer thearalipgaranbd cktsadBRongat e
b t t
Third posiepbtl Qi) sl (s Ohan IE o GRGR € oTRORMea oL, BRYARGC | 52

t he t ubulvaith atltgr, and ﬁtedikee{mt smwn)attts tactlitec laédzancahemmfﬂ&rapq)aramrﬂm)r ess

axi al |y and .expand radiall. eb d|n t he balloon to an
expanded ‘i 1Péé’|at1%‘}’iasg@dyl“ﬁ \Rﬁpﬁ éfst ket HsBgioreHeTVish

appar at USda ng‘WdeQﬁbB% M&l@ftmg @wﬁfamé &i@f%ﬂtqs §'§‘ba§s&C| udes an outer
t ubul ar é i ncluding a prOX|na% a distal end, and a first |unen

ext endi ng bet iBerscalirg Ipcmkq:r(niBSamy ldwstaasizeemgs putandllamnwr thetrb brges ithasabl y

di sposed w S ne, ndabl baIIo in ing a

ot o e Dot So b S baloete p Hrdnrat FaT Qe ar s itk A gt o8 s
comuni cahbwe inFid 1 g g‘ealﬁﬂsgt mbfﬂm@ 38Nk s’vpab@d aasueRtid Rl froﬂi Qné BiEhermenber
includes a di stal end extending fromthe balloon outlet, and car@glng one

or mePe sweh thaythewhtghalcad SAofdic élpomé@rtﬁefreq fipeting &stween thestcakingdmenbesed t o
e Ot CradTRREH gl SR ey 308 FreS R SR L SBE nl el Rt

di st al ellca b3t “ex 1 cal e T nner menber

Wit hin t h@gb@ erﬁlﬁbrwlﬂ;beht@Ettha' Btal 61ﬁtE.154 aﬁﬁhibeallmysmemealb{gemémba’(s)\Be to
the outer nmenber for deploying the balloon in nmultiple nodes, For exanple,
t he i nnerm#ehaystansigd HapsHs0 é%ﬂﬂéta?er%ﬁtﬂ% qriqthgr engagement by the scaling

member(s) 38 with the distal end 54.

25 For example, with additional reference to FIG. 2, the inner member 30 may be
directed distally to a first or distal position wherein the first sealing member 38a pushes or
otherwise contacts the distal end 54, and the second sealing member 38b is spaced from
the balloon outlet 58. As shown, the inner member 30 may be advanced distally to cause
the first sealing member 38a to push the distal end 54. Because the outer diameter of the

30  first sealing member 38a is larger than inner diameter of the distal end 54, the first sealing
member 38a pushes the distal end 54 of the balloon 50 away from the proximal end 52tie,
thereby stretching the balloon 50. This configuration may minimize or otherwise reduce

the profile of the balloon 50, ¢.g., to facilitate introduction into a patient’s body. In this



position wherein the sealing nenber is spaced fromthe balloon outlet such
that fluid introduced through the first |unmen passes through the ball oon

i nterior woadommo3tshe bal |l oon outlet, and a second posi t iPCM/US2@OBUHIS32 he
seal ing nember substantially seals the balloonoutlet such that fluid

i ntroduced through the first lumen enters the balloon interior to expand
the balloon. In addition or alternatively, the inner nenber na¥ be novabl e
from t he fEptrositipgsibeifisy seaing membar 38a shayi sybstanialpises] thgeutjch adralthavgler

di stal e .Sl X t ter ' to
cause ¢ haTgieely e R RE Hshter s G i Gl B LR ot o g

t he bal | doatutes tlaun abBxpanided sbek ifluéd toglaapthrodgh thecntictl dReecnmvhdn htifirdt anot her

enbodi ment, .an apparatus is provided for treating a body |unmen that
nol udes SSHREERDE Inseatpd s apshing peipsh e 1§tk Yrumen ext endi ng bet ween

proxi gel and dfghab ($PHS. 3, BRS BRE mARbdr0&hay TIRRLC L xSy adbspased within

the first |unen, a%d an expandabie bal I oon "conpri sing a proxi mal end
secur ed tmwsitioe, ©gt proxmestive thedirstt psitmndsuchnioht ahaddisthlbdnderdb febeipdlpdntS6 1@

di stal end of the inner nber. .The,balloon, jncl ydes .an i nterior

Commni cabsed e B AR s 1BE b E R bR ReHER R S B B2 0r e,

del i ver edrfuRr @udmttdcéd hedughUi®hrst RinRnt Ao MR b@eNmEMAb&T 1(0hay pdssexpandi ng
the balloon radially outwardly froma contracted condition to an expanded

condi t i orthroagh the pdpominteyica S6and it toanghothe bullSds c.ghhpleveem e baHper menber
may no I ially rel ative. out er er for Si t.h al 1 oon
1o cafior L@l b3 inst BBl Eistfehd'P M6 B oPRTREhGH ProbEHR Bl B oo
expanded hel i cad sohape FIG04, thxmnpt Gembie3(appRilas bs difested pokimtglyaohel i cal
menber extending helically around the inner nenber within the ball oon

i nt eri or,thiithgositen. G- rijosnRi fosthe s¢rgnd pogiieny v yhidhdhesgcepd prakips megmber al  end
and a se t i . I } S
moved axt oI e B By L e ot e
radi al |y foorh Warddflowy thdnethmingh diThes bnn fuidnetréddlced dmotgh thh ére hypacrd2dedtedsi cal

shape.. Opti |1y, the_jnner ne r y include second | u xt endi ng
bet ween the b Fauin %%a%%ﬁﬁ%ﬁéﬁﬁ%hﬁﬁapéﬁa|09éwa@}% & gowt BrHifedetFng 4
gui dewt 1 GhObalRS0 it Bkdandd Uy inh{in@RRATBIH, BEKrdRAAINAATRAIRMAL, g

gui dewire | oaded through the second | unen ce the ballo i's di sposed
wi t hi n a toangetefibtve yuinberar posihiens wherinrtberseondragalibg natinrbec 8 8l candinoeetoor nor e

of the first, se , [or thjrd, positions S ired, t rform

Vari ous. RCPS SRS e PhE e orRES ok Ssage Gibonalimy b HheRbe « ne
appar at UsoaReaaple] AtshoWHGE FRAAL, Rath tHe wineememiber 308 thOEhirdl poRRRdn, the
accordance with another enbodi nent, a nmethod is provided for treating a
body 20undnllesn 30 payibennflated tognellipdiceberecapipty aphesicelhepd, @ Jdedslisering ongat e
shaft inc) udj a fjrst n. .ext ing. xi Azl i .ends
thor eof | et Aot P g B PR LR TR T AR BB LB bR B e

an out | etcoaipliaft) ohd\d R ta@fc 60d0HEd CEllindgmaly b dtlieeréd m$d theumeroBstot he
outlet. The distal end of the shaft may be introduced into a body lunenwth
the bal | c&Rdthg ballpan MctoadesbetbdipmeiT and positioned rel ative to

obstructive magghigdh,d .eéfg{)eﬂcé S 10P Y ihE ARG %m& hﬂen%ggﬁ O%r i¢ fegOnce

posi ti oned adj acent t structive materral, 't on may be expanded
f r om2he proxinmadg tfedther,ahe distaband 54 afithebpbowdet (captured between the sealing

members 38) is also directed proximally, i.e., towards the proximal end 52 of the balloon
50, thereby compressing the balloon 50 axially and expanding the balloon 50 further.
As shown in FIG. 6A, the balloon 50 wall may have a substantially uniform wall
thickness between the proximal and distal ends 52, 54. Thus, when the balloon is
30  compressed, as shown in FIG. 5, the proximal and/or distal ends 52, 54 of the balloon 50
may at least partially evert into the interior 56 of the balloon 50. Thus, the wall of the
balloon 50 may fold over onto the outside of the proximal and/or distal ends 52, 54 as the

inner member 30 is directed proximally from the third position.



hel i cal shape, and the distal end of the apparatus may be directed al ong
the body lunen with the balloon in the expanded helical shape to renove the
mat eri al woemodogi3sody | umen. For exanple, the helical ®hapsS2eb/o089%e9 bal | oon
may enhance di sl odging material adhered,to a wall of the body |unen.
Optionally, the balloon may include one or nore features, e.g., edges,
grooves, and the like, to facilitate separating adherent material fromthe

wal | of the bodernatiehy as showasinfde; OBre piFlmssnOfag biloond0)pesdct o t he
tract , t dys b d
cont 1 a0t GRS, o AW OB ORI Bl iRy and

W t hi n t hecchtrdyrebion®d’ ofdhe daldadnf 30CT &htis, et egioab of the belmoreil)’ nmhtedtaadljr oon may
be returned to the contragted conditjon. Before o reno

obst r uct i EcrRas Py g dl L5BeR~ 3 b Y, BT E T %@? ¢t nt r oduced
through tdafiiresibn SOMHLANR tallsoPS 11008 mbial &liaAEr é@aﬁﬁ@@@ﬁe Jegﬁmpal | oon
fromthe contracted condition to an expanded conditiron, e.g., defining a
subst ant |1mrm6}ilatqllylad1ap¢malhe whapel afthéisbabidsda, rﬁaﬂyntaerwspahﬂjwdlobo @il ate an
obstruction,. | esi ot her setr at a wall, of th

dilating % ﬁ%ms&ag%m o ‘Eeﬁl&rﬂ l’r‘?f%‘P&t Hla%é’BP%PdrBﬁ et %ﬁﬂﬁ?tswwaﬁ%e

bal | oon ith¢ BX1lN mquuqlgmA‘he first lunen to collapse the balloon back
towards the contracted condition. If the apparatus includes a valve

adj acent the Halfiighen aftemadyrsnihegynon FEG8s6GandibD otlie Iregionserithmbaliaon A8."wi t h
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di agnostic and/or therapeutic purposes. After expanding the balloon one or
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fromt heht%a?&pg(? ts’SHbo %ﬁglt he\ﬁg %%on I nglttﬁglq%:éghttéggcthe cond I?d(i):e%dri]e% Q her
aspects m@tﬁee‘atsapmldn‘d ih lee hmilesentaterm\]/aaat]amnnthmiﬁrd)xibmbm«bdlapp@deﬁtz “from
consi ,on t 1o Cri t gken on c wi th the
acco&g %gwaﬂ?%w ‘ﬂg"s 6Bry \éﬁ%%g@f é\*ﬁﬁ Uaemegweﬂ chwbe

appr eci attﬁgsénh@ﬁlattehgl &@ﬁaleﬁma@ﬁa%a{ {48 &P e 'lel&J]?S(ﬂf”a%@ G5y pot
necessarily drawn to scale, wth enphasis instead being placed on

i |l ust r atattaghadHe thedralloas 5@.’§’[§GDIIEE tatitt rhetatials esd ofcthode dedchibed elstvebre

enbodi nent s.. ) as .8 f a first exenplary enbodi nent of an
appar at us T %f’lttﬁémég Blﬁlbla %@) %ﬁ@a‘?ﬁ%éﬂ glbm%é@ | unen, the apparat us
operabl e in a Hdtising®aBGt Ora ﬁﬂnﬂlemr@w@oan@r&fdohgle@fto bh@th@fﬁ)&ﬁé&rlﬁb{iﬁecﬂ or
introduction into the body lunen, a second or infusing fluid into the
body 20umen, thapewxzmaliend & 2red dee quser m@nbﬁrﬂﬁge gafarmanipuipting the pher Bemper umren.
FIG 2 i e, for

m ni m zi ?g(j)ad éla%oogg § n%le %gqahaetusa par a %e%f() i avéuaél{l‘i%onrh%?{ﬁ g ’bogy | umen.

FIG 3 i Sfa@h&itdjl(ibl&lhg\am@’br hiaﬁlpamnag ﬂidh?anefe ol ﬁhd ﬁacluﬂmtghﬁe%@@ﬁiﬂ@i coredds dror
infusin
g actuators for actuating the components of the apparatus 10. For example, as shown, a pull

handle 62 may be provided adjacent the main handle 60 that is coupled to the inner

25  member 30. Thus, to move the inner member 30 to the various positions described above,
the pull handle 62 may be pushed or pulled, e.g., pushed distally to direct the inner
member 30 to the first position shown in FIG. 2, and pulled proximally to direct the inner
member 30 to the second and third (or further proximal) positions, shown in FIGS. 3-5.
Alternatively, similar to the embodiments shown in FIGS. 11 and 14, a slider actuator (not

30  shown) may be provided on the handle 60 that is coupled to the inner member 30 for
directing the inner member 30 axially relative to the handle 60 and outer member 20. In a
further alternative, a wheel or other actuator may be provided for directing the inner

member 30 axially relative to the outer member 20.



fluid into a body lunen. FIG 4 is a side view of the apparatus of FIG 1
inthe third node in which the balloon is expanded for renoving nateri al
within a wodyiiwses. FIG 5 is a side view of the appar aCmgsefoomiss® 1 and
4 in the third node, showing a size of ;jhe balloon being increased to
facilitate renoving material within a tlaody | umen. FIGS. 6A-6D are side view
details of the apparatus of FIGS. 1-5, show ng alternative configurations
for the bal | oot nldandlei6d apdr dmey meppber 3G may be hipsed OriicafyheprsBpnfrent of

an appar I; i (o) -eat | at us
oper abl easithﬁélg H?lﬁr(g%j' 2prgdﬁgg1?[23%&5%% uIIsll ﬁgsblguﬁ%dé%?t}\e?gpd?ﬁé rjﬁ%ﬁgﬁfﬁ%’rgﬁo}@g&g@cond
node for withiathelgndle GobHor eedmgn, the itnenmichdebdisnal bobinsedtodhasdcbhd d node
for renoving .materjal within the bady lunen. FI.GS. 7A-7H are cross-sections
of the bdIMBUPIGOSERE. %a&yg%e&esfﬁart@ the opher PREHPIYLIAP YEraTang thoat r uct i ons

for int e%l@érhr gfeg,( P81l th&Pinc FREBRE of AbR: ﬁﬁﬁre@?‘éé?g&ke{: | Gtcisi shga side

view of a thi enpl ary enbodi nent of an apparatus™ i ncl udsl ng a bal |l oon

f or tr eatthagka(rodshown)nemyidineetactpp &rcdback andéor ddnl releasably fecnsig timo denef or

dilating an obstr.uctiop,withi.n the y lunmen, an ec node. f or
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a body | WRmr sk RGalSXRRE Bt SABKOES . i@ I fE@MDEIuRE WiinaRBYsiss ot her .
obstructive material fromthe body umen and/or for dilating an obstruction

wi t hi n t mesibiodyalewskiavessilng furiberatigmetive shofirsFsaaling membgr Ba38ay bOA- 10D ar e
cross-secti onal ,vi f alt.ernative enbodi nt. f bal |l ool r.Uc s that
oy 0% o lipfRfed YU gt B hiBh BRI TROR BB 01 colffeiniOfh SIEMCGHRES ||

mat eri al apbhdatur 18 deeidy idttodRbtiorrdd/ord singldy spétetion ehehppnatad t@r nati ve
enbodi ment of the apparatus of FIGS. 7 or 8, including an obstruction
renoval bal | ooWithgontiyedireiernento HG, &, heitpadle A0 maprabodeudeeicoNdnE t he

bal | : 3 - I j j 5 body,
all oon r@h@'f’o &%Bﬁﬁg?%ea?ﬁﬁ&eﬁu?é%ﬁ&%% ﬁ{%aaégés(ﬂa{gxtéﬁooiucﬁ aRALLGRL of DOCY

show ng ods ing an arterio-ven al'ysi's graft using the
appar at usnfidtionl edid, la. sokatd@.of dcuusn, andlode smireswo Ddiagmostih etd/ad therapatticv e
enbodi_ment of the apparatus of FI 11, i.ncluding a dilation balloon

adj aﬂ_ém %gﬁ%tsasrﬂ%ﬂ%@ " gior PO 455 PYBohtdEPRssss %@KCSHW";E‘S%teaWELg}Gt ernative
enmbodi meny; g 10feh 26! THE %MQ}prt%& rﬁé%ﬁhclﬁﬁé’o!?@oﬁh@ﬁé‘ Qafe bk _@hd% sE&ﬁn)Q@' | oon of
any of the apparatus of FIGS. 8-I4. FIG 16 is a side view of a fourth
exenpl ar aghtatdéanphng ofic ammarspanatust fluid tathesglegobtabd, oen oflarerackat i ng a
body lunen, the apparatus operable in.a first e for r vin terial
ot i "t RRTRSSRT R e e ST & ot HISIETE STTP P eRG AR BLEPREE! on
wi t hin t hyhedysiddpsined FI GS. 17A-17D are side views of the apparatus of
FIG 10, show ng operation of the apparatus between an initial delivery
conf i2§ur at i on A& Fyr@gepr afher sopace o Buid fdshewp) may be coupled to the side port 64

to allow delivery of the fluid through the first lumen 26 into the interior 56 of the balloon
50 and/or through the outlet 58, depending upon the position of the inner member. For
example, if the inner member 30 is in the second (infusion) position, contrast material,
e.g., radiopaque, echogenic, or other fluid that facilitates observation using fluoroscopy,
25  ultrasound, or other external imaging, may be delivered through the first lumen 26 and
outlet 58 into a body lumen. Such material may facilitate monitoring the apparatus 10
during advancement through a patient’s body into a target body lumen and/or to identify
the status of treatment of a body lumen, as described further below. With the inner
member 30 in the third position, the same fluid may be delivered through the first lumen
30 26 to expand the balloon 50, or the source of contrast material may be replaced with a
source of a different fluid, e.g., a syringe of saline, to facilitate expansion and/or collapse

of the balloon 50.



removing material within a body lumen (FIGS. 11B and HC), and the second
node for dilating an obstruction within a body lumen (FIG 1ID). FIG 18 is
a side viweofo/@m3psst al end of anot her enbodi ment of a Ipalriuseewdmadshet er
including a plurality of difference s[ ﬁ_balloons and a val ve nmenber for

sel ectively delivering inflation media to one of the balloons. FIG 19 is a
side view of an exenplary enbodi nent of an apparatus for renoving
obstructive medlégrnaiively, ohiltipla perbeRay benerevidedthat zgmngunicagiaw gh Fheoﬁrsfa handl e
of the a S I istal end
of the agg%r&gt&gs %f ‘Ekgatjfgmlghfc%vﬁlsné U%Q%I%Fﬁasr%l[eﬁtlg%'%hﬁ%ﬂhggif%g act uat ed
bet ween dumow2propdndmgampdnahd dusged fimofiod. eForreaamplet b y@lrye ofFddBBast2Ada22F are

cross-sectional VI ews of a body | showi ng a et hod for VI n

obst r uct i SPBICREE &ngicoyd t%%uplﬁé%@@f?rqnumsw Aleft CRD filﬁgér&aéft grerefcs. 18-
21B. FkG 13@6%eh&en Qi%ﬁ&ﬂ%fgtﬂéﬁﬁ% M ﬁ(‘é}!lﬁgn ShERRaf ﬁ%hﬁ%erﬁh’iﬂth&ﬁ h%@m%'?@t shown
in FIG 7, incl ud ng a t exenplary enbodi nent of a hand actuating
t he apparcaange ot Itha s0pB®s.i 4ltarnetivd s -swotdcarianc demaid thofipogivpgennsydie a

rotary knab n th dl e of FI 23A S t he handl e
Ferovad guRRoR [t eifher Eup B edta e Sianieh dedislcbakifodhei ow of
anot her aaggﬁ(gtm{g,th@af%&%d}ugn{eﬁat shown in FIG 7, |ncI udi ng a second
exenpl ary "enbodi nent of a handl e for actuating the aBpar atus. FIG 24Bis a

Cross-sect | on@ptmﬁylth@hm@dﬁﬁﬂ)mmn@h&% oeile@lr m@éfr seatsn pusiingsnendrbe hshtdl e of
FI G 4A fwclzl 1&te drer? I n 108 eeout raagd‘:fn e ers P 911%/'09 sregla%k (f;f) rrponent S-

FI G 4C I's an a tern g0 <P M Hat shown
in FIGS. 12141&1 aﬂdFaﬂ&ampmlays‘lm@l Wi FHGal, amdhﬁ@%@rn‘mylhiqﬁbwﬂyd bgwaet that abl e
positions of the appar at us. FIG 25A is a perspective view of yet another

appar at usSutajapg imgrer prgmbgist 205 ABihich may guide the Wapimemgerad G s it @O@W Iy
enmbodi marfrelaﬂife H@Bgﬂe ela% %ﬁa!ﬂglet ﬂ{%&f&ﬁg% Hgﬁeglaﬁb b%EI&

cross-sectional det a| corrponents of "a rota contro on t he

handl e ofprétiGal Ae widt boﬁ 6|4g)l]nsrelbg pﬂjwdhhg a hahimﬂmaﬂﬁ fitnidetdg Ht aed hotwdentier nal
conponents. FIG. 26A| ectlve .1l anof her appar at us,

Sim 1ar (AT KB RITORSEE0 1 DieHE IRk %fr Pt fosthg VeRetitent of

a handl e §95 t1aclHaiidog t he appar atus. FlI G 26B is a cross-sectional detail
of conponents of a squeeze control on the handle of FIG 26A with a housing
of the handl e A@&imwdthewuﬁﬁxamdliedﬁénmudesarppdriéﬁtfsr reDEVIAR laEDIdORSCRIrPTI ON OF

exenpl ar P EBBAT REN G e S e NG e A ST b B R e g o

for i nfuskaehd it 136110 afrbadNe paHTEEs @mywckfo@amgeﬁfa\fhmnmh@ﬁb&smstgbj ects,
and/ or obstructive material fromwthin a body |unmen, such as a bl ood

vessél, avdtlddydhonertflpd mayancledinricar nyraseals, g & Iipanastaie s¢al Grotshown) |
General | yo | i, ARRRL BlRuet o AR IHALERVARD B risk WS fane R rift Bty 2
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of blood or other body fluids from the second lumen 136.

Optionally, the outer member 20 may include one or more additional lumens (not
shown) extending between the proximal and distal ends 22, 24, e.g., a guidewire lumen for
25  receiving a guidewire or other rail (not shown), e.g., if the inner member 30 does not
include the second lumen 36, an inflation lumen for delivering inflation media to another
balloon (not shown) on the distal end 24, and the like.
In addition or alternatively, if desired, the apparatus 10 may include one or more
markers to facilitate positioning and/or advancement of the apparatus 10 during use. For
30  example, one or more radiopaque markers may be placed on the outer member distal end
24, on the inner member 30 within or adjacent the balloon 50 or distal tip 35, on the
balloon 50, ¢.g., on the proximal and/or distal ends 52, 54, and/or on the sealing

member(s) 38. Alternatively, one or more components of the apparatus 10 may be formed



a core wire, shaft, or other elongate inner nmenber 30, and an expandabl e
bal | oon 50 carried by the inner and/or outer nenbers 20, 30. The apparatus
10 may bewoperczoBssi n nul ti pl e nodes, for exanple, to pecTas2aticeus
treatnments or other functions within a,pody lunen, e.g., to reduce or
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sho t her et hrou havi n t er between about O.
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first |ungp (g6)Qf IBQ%RHéreaﬁteHﬁﬂp@ rthezﬁateﬁalgmay 5&5 E'toh@%thﬁ{‘a ﬁ‘a[%i%ﬁi &rigd?@Cce i's
defined between the outer and i1 nner nempers 20, for passing one of nore

f1uids tHheceototberghicigsolyes ¢o bbe?dndvndtﬁimmthb@hbwt s‘l’nlwéy| nner nmenber 30 may
have a | ength nmenber 20.such that t er nmenber
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beyond t he outer nenber di stal end 24, e.g., through the balloon 50, as
descr0bed or grarple, dreintiaducehshestl, Roida cgbeten or Qﬂ@fstvé?ubf mmbar (I@hdhcs?@)coupl ed

to the outer r t 58,
and an |lr1% r]i)eg?l uceqr%%n%%getagg%t Slﬁwbﬁgﬁ#lﬁéﬁgngumn 8@{2}1 gu%l et 58.
The pr oxiin@bdieed cbawldre ihthe alitBrbodo tcnpxy)vm% adtdsaedhd p@ﬁer@Tsh@Sc\Mleﬁ@reé‘tEC ured
to the distal end 24 of the outer nenber to provide a fluid-tight

connect i gRheragsagessonyREnigHtingyyith the b%}‘nhiﬂif‘gl f the bedn dupepeis 19%%6@@ érence

fit, s On'ﬁ%ﬂﬁﬁérgf VW¥sel of the patient, a percutancous puncture or cut-down may be created using

25  aneedle or other instrument (not shown) at a peripheral location, such as a femoral artery,
carotid artery, or other entry site (also not shown), and an introducer sheath may be placed
through the puncture at the peripheral location to provide access. The apparatus 10 may
be advanced through the patient’s vasculature from the entry site, e.g., alone or with the
aid of a guide catheter, guidewire, and the like (not shown).

30 For example, to facilitate directing the apparatus 10 from an entry site to the target
body lumen, a guide catheter, micro-catheter, or other tubular body may be placed from
the entry site to the body lumen using conventional methods. In addition or alternatively,

a guidewire (not shown) may be placed from the entry site to the body lumen if desired,



fusing, engagenent with a surrounding sl eeve or other connector (not
shown), and the |ike. The distal end 34 of the inner nenber 30 nmay extend

t hrough twe 2dicgwai3send 54 of the ball oon 50, e.g., suchpChats2elbm4wae| et 58
defines an annul ar passage between the g[stal end 54 of the balloon 50 and
the distal end 34 of the inner nenber é . The size of the outlet 58 may be

substantially the sane as the size of the first lunen 26, or alternatively,
t he out | €858 theeinesanerabeySl ipgludgrdhs wcondbmand. fihedubylyrhody 261y dso Rfesi r ed,
dependi n . I.r f I.Clel ISt i ow
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fl ow, theah¢esjasitant® to fluid flow ng through the outlet 58 may be
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that the fl ui d"piRdy-eVEntsfarmse Il athy BRRgFAEH D %Yﬂ%%?g%?edr B PPARN
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shapqoas-%3§%>alloon 50 i s expanded. For exanple, the distal end 54 of the
bal | oon 5 "be sufficiently thick and/or rigid to provide a sealing ring

on the distal madxdfpleQatiopa@ld sontrhdier dihst Ahidend Bdddiveicéntbahd bty 50 may
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25  the subsequent treatment.
Turning to FIG. 4, the inner member 30 may be directed to the third position,
thereby sealing the outlet 58, and the balloon 50 may be inflated within the body lumen,
e.g., such that the balloon 50 extends substantially entirely across the body lumen. The
entire apparatus 10 may then be retracted to pull the occlusive material from the body
30  lumen, e.g., to be aspirated into guide catheter, or otherwise removed from the body
lumen. As shown in FIG. 3, if desired, the inner member 30 may be pulled to further
expand the balloon 50, e.g., to substantially engage the wall of the body lumen. The



i nner nmenber 30 is noved, e.g., for selectively opening and cl osing the
outlet 58 of the balloon 50 to provide a valve, as described further bel ow.
The seal iwQ 20evioar3§s) 38 may be fornmed from fl exi bl e maremiuska9/oe26d?, whi ch
may enhance engagenent with the baIIogT distal end 54, such as el astoneric
materials, e.g., silicone, or other plaétics, e.g., PEBAX. As best seen in
FIG 1, a first sealing nenber 38a may be provided on the inner nmenber 30
proxi nmal adgitigpalgirpespig f%@é!@ﬁ kedlepr 58 vy darblatewpriagngadhsent gkerial fenseg) i ng
menber (s) i i istal tip 35 of the inner nmenber
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pushing agpj Q%%cotngﬁurﬁ%n?g@l BEOGsPthe ﬁé{rlﬁ‘ﬁl?@zé Shal bPusdt fol I?I?fuéi{;lﬁl,e{ﬂe menber 30
may be directed axially to a second position, g.g., proximal ’to the first
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bet ween t
25 10 to other target body lumens intended for treatment.

In various alternatives, the valve created by the sealing member(s) 38 and the
outlet 58 of the balloon 50 may be provided at other locations on the apparatus 10, if
desired. For example, the configuration may be reversed such that the outlet 58 and
sealing members 38 may be located proximal to the balloon 50. For example, a sealing

30  member (not shown) may be provided on the distal end 24 of the outer member 20, and
the proximal end 52 of the balloon 50 may float adjacent the sealing member(s), with the
distal end 54 of the balloon 50 is secured to the distal end 34 of the inner member 30 (also

not shown). Thus, movement of the inner member 30 relative to the outer member 20 may



distal end 54 and inner nenber distal end 24 into the body |unen beyond the
distal tip 35. As shown in FIG 4, the inner nenber 30 may al so be directed
pr oxi mal IWwoOt20102008135r d position, e.g., proximl to the secorub2@odiBoON, in
whi ch the second sealing nenber 38b enggges the distal end 54 of the
bal | oon 50, thereby substantially sealing the outlet 58 fromfluid flow

t heret hrough. Thus, any fluid introduced through the first |unmen 26 enters
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di anmeter conpared to the balloon 50 of FIG 6A. In further alternatives,
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25  annular space is defined between the outer and inner members 120, 130 for passing one or
more fluids therethrough, also similar to the previous embodiments.

The balloon 150 includes a proximal end 152 coupled to the outer member distal
end 124, a distal end 154 defining an outlet 158, and an interior 156 communicating with
the first lumen 126 and the outlet 158. The distal end 134 of the inner member 130 may

30  extend through the distal end 154 of the balloon 150, e.g., such that the outlet 158 defines
an annular passage between the distal end 154 of the balloon 150 and the distal end 134 of
the inner member 130. As shown, the distal end 154 of the balloon 150 includes a collar

or sleeve 155 attached or otherwise secured to the distal end 154, ¢.g., by bonding with



54," while in FIG 6D, an additional |ayer of material 53 '" has been
added, which nmay be the sane material or different material than the rest
of the bawbaor/®8i35" The | ayer may be attached to the ba&Crasr00804963%i m | ar
to the materials and nethods describegzﬁ[semhere herein for attaching the
bal l oon 50'" to the outer nmenber 20. R&turning to FIG 1, a handle or hub
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shown in FIGS. 2-5, one _or npre spraggs or. ot her_ bi asing

5 e.g., b )
mechani srémpsRberesnmdrihe like: hzhemﬁéveﬂeaﬁhﬁ kallggn 166 magbsipimeed o clasier nenber
30 may b Lased..t - (1 I it hut may be directed to
t he otheﬁnﬁgﬁétﬁg%@r%gﬁgégﬁggﬁyﬁggi%§&%%g§%§w%%$%%]?Vely, t he handl e 60
may i ncl ude on@ncsr maeacilagtimemisers @38ymay pockeicd onniad mhesyerabe distel dndke ( not
shown), providing tactjle f.eedback and/or for releasably securi t he i nner
menbar 30 Hin® Snatkdrhiibe LS S r(F 1 Sftp PIOSAPIB FIA P bR ‘?%99399 A% handl e

60 may ingl Haer ABRLEN 136 faovbEUal  [SBIERESa (A0t fosfrb@}é’@t)ivelﬁoﬁenin% ghd nform the
user when the various positions are achieved. In a further alternative, the

first seallosmg tireobdet 138af theybableorl $lvi Assledvraadirsthsealfrigmemparsli3Biion
elimnated, e.9., .if there.is ) ncern.wt of.ile of the pagratus 10
Gur ng. 1 TSR i i) 18 bt )56 balan dBshayisd 80 saP 38 1% W b
cont i nuedicii@feinene& 138 delyGhavd.a stzfé,e_e.ggaddeedﬁﬁlefsmh@d is QirgdGhdidBe 0FIBarg’s 5 Nor e
ports for coupllngdone or nore fluid sources to the apparatus 10, such as a

sour ¢ ofanrimiﬂstfelten Sﬁﬁﬁtm,baaocgbhfr%%wbthav&w@@aﬁngam@mb@r 138gpuyr bstentially
di agnost 'e%ggééﬁtglg rcoﬁa'i‘eirs%ﬁ&‘/%%e 8%%?%(}{ ﬁsezt({#ﬁb% Eﬂf)o"o"ﬂ)lso g@guﬁﬁ%{lﬁiy%eaﬁ&aes hown, a

si de port comuni ca umen e si‘de port 64 may
i ncl ude angleorsgrore connectors (not shown) to facilitate coupling one or
nore sources of fluid to the side port 64, e.g., a Luer |ock connector,
and/ or one or Ipdhecxsawlay cabgdiment phoyyks thesealingapmberol 3§maveinelude ai d from

| eaking ft%’&%& Qﬁpé,iedg, APSke §%oth of its proximal and distal ends. For example, a tapered

25  shape on the proximal end of the sealing member 138 may automatically guide the sealing

member 138 into being seated in the outlet 158 of the balloon 150, ¢.g., to enhance a fluid-
tight seal therebetween. A tapered shape on the distal end of the sealing member 138 may
provide a rounded or otherwise substantially atraumatic tip for the apparatus 110.
Alternatively, a substantially atraumatic distal tip (not shown) may be provided on the
30  inner member 130 beyond the first sealing member 138, similar to the previous
embodiments.
With continued reference to FIG. 7, a handle or hub 160 may be coupled to or

otherwise provided on the proximal end 122 of the outer member 120, ¢.g., for



A syringe or other source of fluid (not shown) may be coupled to the side
port 64 to allow delivery of the fluid through the first lumen 26 into the
i nteri or 6 20f0/0BBB5bal | oon 50 and/ or through the outl et PES/USd@pON@®BNg upon
the position of the inner nenber. For Iarrpl e, if the inner nenber 30 is in
the second (infusion) position, contraSt material, e.g., radi opaque,
echogenic, or other fluid that facilitates observatlon usi ng fluoroscopy,
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a gui dew

[.8,0r all not sho t her et hr For exanple, a
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163 or by bac klhqa@hhaﬁ ot Blk@nitRRly, mlréwmearppdfasasaﬂmm ihthde Eﬁ@om&te 163
may include one or nore seals, e.g., a henostatic seal (Inot shown) ,

accoRfodanakepade Sgditefe pasifonidgwnd/er adveoergreniif theapparhisk | 69 dmwnﬁoal ri sk

of |eakagg al%ljlhb!ls w%rln%ng g@gﬁr&@le %a‘i‘{?er O 1S eBé’E't?ach% | Budd e

Opti onal 1Y, e one ‘of nor e | onal™l umens
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i f the i AREKSBjepttaghedadiacengpot the proximal end 152 and the distal end 154 of the’

balloon 150, which may facilitate monitoring the location of the balloon 150 before

25  dilating an obstruction within a body lumen. In addition or alternatively, a core wire of
the helical member 170 may be formed from radiopaque material, and/or radiopaque filler
material, BAS04, may be dispersed into plastic material used to form the helical member
170, if desired.

Unlike the previous embodiments, the apparatus 110 includes a helical member

30 170 coupled between the outer and inner members 120, 130 within the balloon interior
156. The helical member 170 may be movable from a relatively low profile, such as that
shown in FIG. 7, to an expanded helical shape, as described further below. As shown, the

helical member 170 is a wire, tube, or other filament including a first end 172 coupled to



i nclude the second lunmen 36, an inflation [umen for delivering inflation
nmedi a to anot her ball oon (not shown) on the distal end 24, and the like. In
addi ti on wo 2alovmBr3at i vely, if desired, the apparatus 10PcayuS2evolousads one or
more markers to facilitate positioning Qnd/or advancenent of the apparatus
10 during use. For exanple, one or nDre radi opaque markers may be pl aced on
the outer nenber distal end 24, on the inner nenber 30 within or adjacent
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or ot or obj ect e renoved fromthe patient's body. Optionally,
t he ﬁg ‘%ﬁﬁ&ﬁ dﬁ&‘ﬁﬁii@%ed usi ng one or nore additional instrunments

(not s hOW“) Vi‘}iefsﬁbe%w@ﬁla?%fa rQlfaU@eli)ﬂ%r?fﬂb@ ratt%dh%d kYRR IndnfiRr 8RRAT at us
10. For exanple, an introducer sheat gui de catheter, or other tubul ar

menber I( reot] léh@myemﬂy: tmdlopmtistdg lméwébd}ga,d:amongtmg widr gﬁleswe,tsemﬁner e the
body to pYOUPEEMTEEERE: fo ee gt (Briikes URSHGTal (b Bonhen Hifu patulies " °

comuni ¢ ahigBthah tHe thi® dearbted 3RO collat 155 endISEisth LerRIN 5'4&)f|tlﬁhch§h‘1166n 180, a
peripheral vessel of the patient, a percutaneous puncture or cut- down may

be crfat licrgby pigvidingestop tht ligtits anoviemsnt efitheolfandd S anbdistal end Bdyskitiyher al
ocation, glch, mé”}nﬁ W%f""\yt?e C}Eé Xleeveamtc'ﬁﬁta@{ tt@é &l of 15 ShNES: c%][%lr site
(al so not shown danin ucer sheath nmay be aced rou

punct ur e a4, thbelepeaf nﬁwma}ahoﬂ Sﬁbﬁhmt‘i!ﬂllytdbst@ﬂi@\lﬂldiﬁmamﬁQSSSager'dﬁnrﬁmadftﬁigus 10 may
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al one or ih Wetowéetaliﬁ - alguihedud sl flogiihiuughithe outlt 1hehen ke (not
shown) . R ocﬁf&@ﬁrﬂltg thelR11b&E Intdrioti86 dlAlt%ﬁ'P&’[lOﬁgy, He sl@@s%afﬂtﬂiéy ﬂeoslfaﬁ&m an entry

site to t e tar
25 substantlally seal the outlet 158 when the sleeve 178 engages the collar 155 and/or distal

end 154 of the balloon 150, similar to the other sealing members described elsewhere
herein. Optionally, during manufacturing or assembly, the collar 155 may be positioned
between the sealing member 138 and the sleeve 178 when the collar and sleeve 178 are
attached to the inner member distal end 134, i.c., before attaching the collar 155 to the

30  balloon distal end 154. The balloon distal end 154 may then be attached over the collar
155 when the balloon 154 is attached to the outer member distal end 124. If desired, the
balloon distal end 154 may be attached to the collar 155 such that a proximal section of the
collar 155 is disposed within the interior 156 of the balloon 150. If so, the proximal



body | unen, a guide catheter, mcro-catheter, or other tubular body may be
pl aced fromthe entry site to the body | unmen using conventional nethods. In
addi ti on wo 2alv@B13at i vel y, a guidewire (not shown) may peTaiSamea4desom t he

entry site to the body lunen if desir_e? e.g., if the inner nenber 30
i ncl udes the second [umen 36. The tubular body nmay al so be used for
aspiration coupled to a source of vacuum for capturing materijal
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facilitatREcyigys @ebodieiifcenent, e.g., until the balloon 50 is |ocated

beyond obst gl et Al k98T Bkl be [ETRURhrox R, Al ol B ARPaT at Us
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30 may be directed to e third position, there sealing the outlet 58,
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ot herwi se renoved fromt | unen. As shown in FI 5 if de5|red t he
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bst ant t b |
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i nt r oducetplt @f %‘?ﬁdéfrlv@e%ﬁeg afop dHetingra vianasisi lepiopeRfslar oRpaycsion, similar to
the method shown in FIGS. 9E-9G and described further below.

25 In addition or alternatively, after inflating the balloon 150 to dilate the body lumen,
a source of vacuum may be coupled to the side port 164 and the balloon 150 collapsed to a
contracted condition around the helical member 170. Alternatively, if the balloon 150 has
not been previously inflated, it may not be necessary to collapse the balloon 150 using
vacuum since the balloon 150 may already be sufficiently collapsed or otherwise remain in

30  the contracted condition.

The inner member 130 may then be directed proximally to the third position,
thereby directing the ends of the helical member 170 towards one another. This causes the

helical member 170 to expand radially outwardly as it is compressed axially, thereby



remai ning within the body lunen. If additional material is to be renoved,

the i nner nmenber back be directed to the first position, e.g., if desired

t o advanceothw/mppar at us 10 t hrough addi ti onal materi al PCo/useomwonwsed. Once
the balloon 50 is |ocated beyond the ngjerial, the process nmay be repeated
as often as desired. If desired, the obstructive material nmay be treated,
e.g., at least partially dissolved, macerated, and the |ike before, during,
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the body ﬂeﬂgeﬁ@hé’ﬂ(faarﬁ i hisical Hl%‘ﬁfﬂetzﬁ(ﬁ%g he L€l THar (%{?iongﬁl the L O at
al 'y di r rel

| east parti ssolve or separate t rmbus or ot her Ively soft

mat eri al ibedronemiizeil B¢ andopkand [do)s Ot ihey haludoone bOmarddsters (adtshowng that bmitr eat

t he wal | of.thf body quen“ Because 3 §iqgle | unen, igg., tge fﬁrst | unen
26, is udEEHBr MeYEHCRL X !ﬂ%ﬂllﬂB?’T B§mbgd 3PANCB SAMBEFSSiAg 2BE FYRAE 184S 1 uid into
the bady J,ugE15d M RRAN hem®Od: 1t7|b_e PQPEp@a'inﬁI&'IHe%toﬁ(?)hﬁQQaﬂé\ﬂ&fiﬁﬁ& of the

overall apparatus 10 may be small er than devices at” 1 ncl ude separate
i nfl at i ormembkrildf s bonulladretis theatlodrelengthl is heolugdd tohhetgesnabdut simend 36 of t he
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first lunmen 26 may be used for infusion, the guidewire may remain within

the second | unieiengembpdiowghdba halisel pebadidenatt ivee ebfficipat Batditalthay theeduci ng
e Yl AP B0l b el S e SRR IR o TR R tRRGNAt U

remarn over the g acCl e advancl ng

appar at usshdg: dsdt Btcbaiprdsagdyadialiyo dhuk, ke Aslidanirentbed] f(omay &gahd®Athoud N vari ous
alternatives, the valve created by the sealing msn‘oer(s)b 38 and the outl et
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50. For eXlarpdterclyatisdalicagnerelbdodf70 (mgtbedhioad Yo apyedbermpmod exierdedhhdlivel di st al

end of . the outer menber. 20, nd the _proxinal end 52 of the balloon 50
may f%goatSh%IEﬁ Dy ey Gerrongtzaingdg tﬁf‘ewemeéﬁé; S &i»Opf Pf‘hVéglag §§1&I tegyan BA Rt he

bal I oon 584 $75 9946 thet1R]it itk al0 S/dn 3t ifhierlAEmbRNG0 i RTREFirsBBr (@l SO not
shown). Thus, novenent of the inner nenber 30 relative to the outer nenber

20 maycauseondnwsitahs.odn therioxdrmedmizmd 30 o disicadttbwetdy terthad pogtionitkengage t he
seal i ng nber (s al.lowi ng infusion frgmthe first |unen 24 when the

ol | 0on JFORTHAR BREFSehatebigaE ot hates] TEvcdad Ty HRBEE P Sha ar 1 ow ng
bal | oon ita&,h@@itmxggmdtﬁagcgahépéon proxi mal end engages the sealing

menber (s). In another alternative, a balloon E)not shown) may be provided on

the @0stal endn2gotber aligenasive.che heligebmempepmay beritegrally fpsmpdpr otbervgee and/ or

on the distaf 4 i r i | tQ.t 1|10 50, if
dosi rod. Syfler SPe ofhe bGob e SEheel BB Ao MM & BETE Toon' mmy
be a non-seairpd toaght baldodhw it @®S sticevr) detvarh thepgximdl and distahtadsdl SLhes4ody

| umen, or_an elastic, conpliant balloon for substantially sealing the body
| umen For example, as shown in FIG. 7B and 7D, one or more helically shaped wires or fibers
157’ (e.g., one shown in FIG. 7B, two shown in FIG. 7D) may be molded, embedded, or
25  integrally formed in the wall of the balloon 150.” As the balloon 150” is compressed
axially when the inner member 130 is moved towards the third position, the fiber(s) 157’
may automatically bias the balloon 150’ towards the expanded helical shape.
Alternatively, as shown in FIG. 7C, a fiber 157 may be molded, embedded, or integrally
formed in the wall of the balloon 150” that includes a core wire or member 159,” ¢.g., a
30 radiopaque material, a biased core wire, and the like. In further alternatives, FIGS. 7E-7H
show alternate shapes and/or configurations for a fiber 157, to 157, or other stiffening

features that may be molded, embedded, or otherwise integrally formed in the wall of the

balloon 150, to 150, and extend helically between proximal and distal ends of the balloon



to isolate one or nore regions of the body |umen before infusion of fluid
therein. Turning to FIG 7, another enbodi nent of an apparatus 110 is shown
for treatwogow/desrsy | umen that generally includes an outer/usedgiosgesmenber
120, an inner nenber 130, and an expanggble bal | oon 150 carried by the

i nner and/or outer nenbers 120, 130, simlar to the previous enbodi nents.
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body | une?0e & b@@oﬁh@ ﬁb@réS)raaqi/oaﬁtrfﬁﬁnrrrggfeatﬂr%@%rleeltlrieﬁnwrtmprr tamSody | umen,
and/ or a tiepb t o] | umen,
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pr oxi mal aadd hhB2twa@ tidestfabr, entod24irisi 2edddition,iany b6thedibcoanidrdratiffelogy

| unmen, and a fir | unme 26 extendi.ng therebetween, which be
const F uetigH v g & O B SRV IAnBEUTHEHECS O FRECT g HENBRY Y280 al so

i ncl uges lé‘aspf)%hln?Emﬁ&gle&%%o advll Sfadlod ngrlﬁimgr?‘éfhel@ﬂfé baf08d P52 {307, & g@cond

| umen 136 extending between the proxi and distal ends 132, 134, e.g
si zed toteHﬁdabmﬁhn@twuhbﬁamgﬁmdeawmnealndyhmhﬂr rail (not shomm)

t her et hrough. The inner 3 o be i .d rec e ithin
the £ ree . Pumdetpsigads Fe Tt Raliur 56 deeqindi R e e oy
space is éﬂﬁﬁﬂaﬂﬁ,qm%ﬁa\&%rﬂﬂe%d%ﬂn@a Y h!uﬁ@@re JTRER&hSVlAirudBR rﬁé}érlaﬂaSSI ng

one or nore fluids therethrough, al so simlar to the previ ous enbodi nents.
The bal | dmiuc_hee S¢rﬁnllrlgd@§ul&>ntg @kbﬂmmleﬁn@pmezng adpsirend magertah &omp well pbtiser

di st 61' % na 1td det%%g(i »$Im ar:lté 4h r%ethgcﬁ n 1n3;H§]§eéA]ﬁ?ar%(ﬁ @eggrabeﬁhﬂlt‘tﬁr I or

156 connunl |rs unen e out |sta

end 134 Qa‘eldvheTmrwerthmfﬂsbrduﬁ&Q myglebtam 130raagbe tided foli isdtalil@ish, 494 of
t he bal | oon 150, such that the outlet 158 defines an annul ar passage

bet ween t%egd’re@tlarlyg\rgil PESSHUESS, OB aiv Sembbiagdon Hieryiseramowag 134 of t he
i nner neqﬁg&u% ﬁ%ﬁﬁgﬂﬁﬂlah&ﬁ’ﬂh%hal end 154 of the balloon 150 i ncl udes
a collar or s eeve attache

or otherw se secured to the distal end 154,
e.g. by bondrTLgnmrgttdnﬁmsZS\AeandrZ‘StBeraﬁepmaes111(1’ is stmwmthmrellsgemﬁgallj usi ng, and

t he I tionally, the 55 ma tend i into the
i nterlrsor Sirgﬁardf) tltqt pﬁ%"{‘luisolo1 gg{} %C?E‘C%Pﬁ ea?rIi’Ba )ﬁl f{‘SFS Yection of the

col l'ar 15p Yy &%&utﬁleﬁrt@faqtanaerv%osdnctﬁe B&&irﬁal%dQQE'e&ftH@gﬁt'ef‘ﬂém()@rl so_not
shown) , eg., to facilitate fluid passing fromthe balloon interior 156

t hr ough tIR@."oGthetllyl 88 hafille 168lihdudes BB®uhapobeng 36 netown anFKulBSthamdn al |y

I t t ., L i . . t hat d
to a predBberrHEn €l KoYRdh Fr 0 sy EERaaHb Pae friseBORy. el R
m ni mum v@by17e?2 kgrricd by ek RMinkb 762 GRH e¥ &It ® thE egehes TéNafd §'hﬁl§3)763 Such a
non- conpl i ant bal | oon 150 7é&expand to the predeternlned size even if

i nfl d0ed axtenduigrany ghojhoigh 7plessures, e.g. unt|I t he baIIoon 150 bursts
or ot herw se r tht §1§1g 781 u?éluc?ress rn‘?or %ecé‘st ’Bn%t ??et??%mﬁ%
I'rty arnosp FiPk Ioon

at nospheres, res erna

150 may halee l’oi’feldmfsheﬂmmd)taéhbw&) mat ﬁay aé con?rleﬁtleh abgctieer, ca;grearlo@gtto Qi redihsl
descri bed eIsemhere her ei n. or, nore sealing nenbers 138 may be carried
on t he i reeP (slserBelrshgpay pr@y,tée the housing 761, e.g., Secured together by mating

connectors, bonding with adhesive, sonic welding, fusing, and the like. The housing 761
25  may include a slot, track or other features (not shown) that allow the carriage 765 to slide

axially within the housing 761 without substantial lateral movement. The housing 761

and/or carriage 765 may include one or more cooperating features, ¢.g., stops (not shown)

within the housing 761 that limit axial movement of the carriage 765 relative to the

housing 761, for example, to limit movement of the inner member 130” between the first
30 position (for infusion from the outlet 158”) and the third position (where the balloon 150’

is directed to an expanded helical shape, not shown).

The housing 761 may include a side port 764, e.g., including a Luer lock or other

connector, for connecting a source of fluid to the apparatus 110.” The side port 764 may



134, e.g., such that the sealing nenber(s) 138 are novable relative to the
bal | oon 150 as the inner nenber 130 is noved, e.g., to provide a valve for
sel ecti vewg 20mand13§ and cl osing the outlet 158 of the baCIrasr002BH®63AS
shown, a first sealing nenber 138 is provided on the inner nenber 130
distal to the balloon distal end 154 afid collar 155. The sealing nmenber 138
may have a size, e.qg., outer dianmeter, that is larger than the collar 155
and di st glonspigatewih atlyaen grtpedbing thsough the optsamemper 5207 fordpliveefuid3s may

subst ant ii@ﬂo't}{e %&?ﬁ?fﬁﬂ%ﬁaﬁ%ﬁ 0 J‘.ﬁgltﬂgfig/étgg Pﬂeivﬁ]l@'em%ﬁﬂinﬂe%. of the balloon

150 to substanti a sea e out e exenplary enbodi nent
shown, the sedlherigob¥nDeraylid@udmyn outel podtora72aparedndih@peotherwgse, on one or

both of its proxinma] and distal ends. Faor exanple, a tapered shape on the
pr oxi mal eémaalgrﬁ%hsé amtﬂ\@ﬁ%%%?ghsg»ﬁ%}u%g%@%%&thﬁ‘ﬁ%@%m he seal i ng

menber 138\t OroPRioNSr S8R ?%gi 014tB8 oPHic!18bb F88 dﬁlginé Eé%, bl 4:PRRels?@n €. 9., to

enhance a fluidtight seal ebetween. A tapered Shape on the distal end

of the seHi2bmigpt eetehds axIBE aleng pficy pasage T6dandtuh the catrhage WbSeThabmtanti al | y

atraumati¢c tip,for, the apparatus 110. Alternatiyvel a substanptially

2t aunat LT e e e RS LRy lieseo BB ae s Sre R iBiber 130
beyond t hgsot| thstirapSiate (BehtiTR EPaI khdB 763 b hihl hevhént BF Bl @HfgeTR9di ment s.
Wth continued reference to FIG 7, a handle or hub 160 nay be coupled to

or ot her wise, the svokiéel way bhsulstantpvafixehakiabxreltive hethelesingrédband 120,
e.g., nfor i pul at.i he out er nb 120 and/ the entire apparatus 110,
gene#glIfﬁgﬁﬁgﬁgad?ggfEgﬁﬁﬁgyﬁgﬁggg%ggg?%&%?%PS?H% handl e 160 may i ncl ude a

pul I handl e 16PheqfroobfaEéndACIN I eHe it Phetbdr 30 T@ay pasfredBtheugh 3@ ihasr
noving the inner nmenber 130 to the various positions described below. The
handl e 16¢°FME2 s firaduelativhie the cappge Hor tEor cyymplegtdic dangs nyser 164 f or

coupling » i . y:iri.nge or
othor soufaana efPL: mid 8 SAHEE R Gyl PREBE FRHE (e pndindlopd BT T
t he i nt erscaondlfaSsagt 76 Sieadyadchoantiad camdfudicatihg oudyhhd fisst passdget 76558;.¢.,

dependi ng upon the position of the inner. neaber 130. Optionall t he handl e
160 ﬁgy ?%@B@&éﬂlﬂh@%wwwcwé igg, fypiagt @5{5?%&&%%&, Rt pegr,megtﬁ%_(% 0-ring
166, bet M6, RRd HEIRL. Adls, R0 noVBRRR 6 tH2RnerlrA0mbéhi 30N niBe QHisled tdhe

inner menber 130 as it noves axially relative to the outer” menber 130 and
handl e 160overent bf the eatvogdé A@Nt , t he i nner nenber 130 includes a section of

coupl d to tne Breki Rar Bt g Bkl SiER TRl Er RS P C Ry 131 may
provi de gyélabr GHARGhAcct@ 7685 8eduidtEl oife Ahetherl3d/ore theout@ BLENENE 1. bEsKI 1 ng
or kinking when the inner nenber 130 is directed axially. The tubing 131

may @0so kmple. & heoximpleand pd thsembulgomembeinifdaani/ar the ceprestaraidbynaye. g., i f
R L e e T
t her ebet wedding) fasiagdintdrfrenoé fiflh@mgabhiekots (idt se@sh); el tht ike. appar at us 110
may 1 nelude On”lgheot{lbqurrr%ember 763a may be slidably received in the second passage 765b
such that the tubular member 763a and connector 763b remain substantially stationary
25  relative to the housing 761 as the carriage 765 is directed axially. One or more seals, e.g.,
o-ring 766, may be provided within or around the second passage 765b that allow the
tubular member 763a to slide therethrough while providing a fluid-tight seal that prevents
fluid from leaking through the passages 765a, 765b and out of the housing 761.
During use, the knob 762 may be rotated in a first direction, thereby translating the
30  inner member 130’ distally to the first position to open the outlet 158.” Thus, fluid
delivered through the outer member 120’ may pass through the balloon 150" and exit the

outlet 158, as described above. The knob 762 may be rotated in a second opposite

direction, thereby translating the inner member 130” proximally to the second position,



markers to facilitate positioning and/ or advancenent of the apparatus 110
during use. For exanple, as shown in FIG 7, radiopaque marker bands 137
may be atwachwdoarssund the distal end 134 of the inner memSz0028»63€. g. ,
within the balloon interior 56. As shown, a marker 137 is attached adjacent
both the proxi mal end 152 and the distal end 154 of the ball oon 150, which
may facilitate nonitoring the | ocation of the balloon 150 before dilating
an obst r ticg-i WHilfha sspinsmpeler 1 3$reenls the ogefi k5tote dlovaballepn sxpapsiop, and/qior e

e of WORAISLLRATRINGE LD TR R SO adLonaquen il
materi al alses descritod mbéwe Gyeldnaty, thekindr 762 /o hodesd 7@dmaiincide viduel,

previ ous enhodi nents, the apparatus 110 in¢ludes a. helical er_170
coupl ed B¥fRERRT piher Bdteatoraigt siina el Ly dogiedin W?fmerfﬂgﬁgo?o on
i nterisor ,Lhve fagicbidd sltiomrii &/ogéﬁlg‘% R aRew VAR BodI LB Rioh & Ay | ow

profile, such as that 'shown In Fl to an expanded helical shape, as
descri bect.g.ubyt degnityednoarovAgnos kiowm) onttbe kiedti ‘&8 witle ndspect i@ dndicaters walsenott ube,

or other filapent..inc i a first end 172 coupl tothe distal end 124 of
he out erRRBER ifof i B% Secsnd b Pid Botigt By Ctbsrbiie: HPGPRWRA. 134 of
the innery 1R LpdAR: siliir BXRMPlefiout BAbOENERI nMenber 170 may be from a
core wire having a tube or sleeve fornmed or attached around the wi re (not

shown) . Bet weekirning t¢ FIs$. 2did2Hecontheepmbodiment af psandlecioRas shoain thetmber 170
ey WP N8LA&ak ot LaHId, kAP WiANKiaTRIDE ARG NGY SHRE GBS an A Shown.

the helica er ext ends ar oun out oneé and a

hal f t urress (sidwioiughGl 4By dlidable aafpply edihad &@d Hobsihg BHE daelilndls6perieading 70 may
i nclude nore or fewer turns. As shown, the first end 172 of the_ helical

t h . th
nmember 1 7PTHEE oasingBadnecacisily stopidarip ghe haadlgr/68. &pr eemple. thy haveingi®¥dal end
124 of t I Oy : i ] esi ve,
soni ¢ weF%P&g%ﬁg%pﬁ%??%ﬁ%%ﬁﬁfgf%%F%%%g |Fg%8ggﬁﬁn haygg%?%gﬂ%%gsﬁg?st end
172 one ohown) that magbe asouod tdpetiar shdmag icthide4) sloti, traekr driotiger titeeurks (et end

12, PusifgyAba e AR ESrincn Guoofia® Bt vihan R 1dla SreiBRT 170 may

be si m | af|adtd &@é}@ﬂn@\cen%nfaemrfl\r% gé;us 18fhdic? c%ﬁké‘@&?nﬂx? Sdnidsashelop the

di stal end 134 of the Inner me 130 or directly to the distal end 134.

The sl eevrort T&tumy thae limitrasdiad moweingntsifahe carubee HtStrakhedta the hhesing®@lr, menber

di stal end 134. adj acent t bal | oon di |. end 154,.e.q9... by.bondi.ng with

adhest ve ot ETOERERG At terrerBeterriop. b il Skt O SIONE ol eove
178 may heote tieouRlet €58 HisadiRb Positioh OB balRRA ihfMRionNNAH tkH RAeekitieh (Whaccol | ar
155 and/or distal end 154 of the balloon 150, thereby providing a stop that

i m 2 nobebdlpondpOt halieeted &y an ePandrd iliselshapmaotdawngl ati ve to the inner
nenber 130. t he e 78..cO ol | apd/ j | end
W]ﬁ{%]pfgx sd& grh&é fB% Sg gl%e alﬂ%@?;‘%ﬁi%}lﬁe? 8369 sﬁgs%%gég% an?CP {elaq{vg tt(?g e

154, the sleeve lﬁﬁy obStruc ular” passa
comuni cahé Bgrivgd $63, b, bytfixéig theProxémgl endsidehint hipdssddel¥6da adycsit td & 1 ow
t hrough the outl et 158 when _introduced into the balloon jnterjor_ 156.
Al t er nat idx}%F]y%ndtOﬁ ghesqagdaes 8@58f0ﬁﬁ’§ﬂ%@e’st}%6@6 wigh adhesive, sonic welding, fusing,

interference fit, mating connectors (not shown), and the like. Thus, axial movement of the
25  inner member 130’ may be coupled to movement of the carriage 865.

The hub 863 may include a hypotube or other tubular member 863a and a Luer
lock or other connector 863b secured to one another and/or to the outer housing 861. For
example, a proximal end of the tubular member 863a and/or the connector 863b may
attached to a proximal end of the housing 861, ¢.g., by bonding with adhesive, sonic

30  welding, fusing, interference fit, mating connectors (not shown), and the like.

The tubular member 863a may be slidably received in the passage 865a, ¢.g.,

adjacent a proximal end of the carriage 865, such that the tubular member 863a and

connector 863b remain stationary relative to the housing 861 (and inner member proximal



substantially seal the outlet 158 when the sleeve 178 engages the collar
155 and/or distal end 154 of the balloon 150, simlar to the other sealing
menber s owecnionwsiel sewhere herein. Optionally, during mamofSa@ouieny or
assenbly, the collar 155 may be posit[ ggd bet ween the sealing nenber 138
and the sl eeve 178 when the collar and”sleeve 178 are attached to the inner
menber distal end 134, i.e., before attachlgg the collar 155 to the ball oon

di stal erf@d182) aythe waiaeseS di direstedernllys NV yothrentubuleagmeatise 860K t he
col | af 138, é@*}ﬁégnﬁe?ﬁe&@&% R 113§é‘ Lef %&@ﬁ?ggasw E{)&ga%’ dﬁ& é*{? Singl stal end

124. esire oon Ista e collar
155 such ihdratment, [fraokibaddd theath dre mfﬁertrimlﬁmIlBa’rmijz')ﬁas'sSfredlystbﬂﬁlgH tlm thin the

interi 156 of the ball 1 | f th t f th Il
155  ray. 1MGRBRSO GBI RSB A SHOE CHBRR S0 FRGHFREAEO NG
passi B9 fdAMAAIRABBMBAE mAlihlAberi30 ) BRUGMID SOl lfa o-ARPSEf e t he

out| et I . he out I's not seal ed he 3eal’i ng nenber
138, as dﬂeﬂded)wdhmwrtarmmdbbd pnﬁsagﬂSéSa maeallqmﬂ@eublﬂslornnmbe%&m\shdﬁ e
axially r ve t he oyter or. di stal
st o et il Wt MR R et Hisne e Bokinh Hegftn B

third oréﬁggéb gaga MADftHdutARBeShown) , thereby allow ng the appar at us 110
to provide different functions for treatkﬁg a body |unen. For exa
y

the first posulmit@ard Oﬁahr@tamh@@b Hehiteerhandly n@ucfteé@tpwhbufé@a&%@n@ 138
di st II h th eal i e r a t he baIIoon
out | gt {éﬁé‘ﬁ Sm I UI cf @F(rigogt&ggg%% ?%ﬁéht rex %@% heql ugmg %gg S the outer

menber 13@clﬁ@¢/axpaaﬁgattmlou@1 atane tﬁbqidsncbntwmg@zr m@y b&ﬁl@da@mhmty Wilein ekt | et
158, e.g., into the body | unen beyond the distal tip 35, simlar to the
previ ous SaSedR n@ml%nallw asfg PV eldhe Slok 86 1%11?%)‘1%‘%6@#16 PBIORRROkELs @F Aeiented

proxi mal g ich the
seal i ng nen% f%%%%ﬁ%g%@éb%ﬁgﬁggﬁﬁ%a §§5E or dlskgvﬁéﬁ%S]%ﬁkﬂé%@

bal | oon kﬁﬂcohﬁmnﬁbymhubmfmgﬁ$6ﬂdqdnn&ahmn@xﬂhéopuibmﬁoﬂhﬁ&e@omﬂnﬁdU|d flom1

t her et hr ough. Thus, té%L|Uld troduced through the lrst | unen 126 enters

the Halloon i riPRHANBHY: fe%blélﬁ@ﬂ? RBC BLMPHoHSUE MdiqafpTsie &, 9hde, t he
bal | oon 13 {FRe g ﬁasamqﬁ@hé ﬂnann&hg&%@ewﬁe&bﬁfe%m Bhttoh € ik RdEivE@n Shape,

e.g., having a substantla 'y uniformdiameter nmain portion between tapered
end port mqmtlcullar rexkarsdél Eonadiatipbm as shvevmmilGpA4Q.itbanhafsitg#6 loady oon 150

and o dnet 6 matear S aReBETph e A AR TR el S f g gt Th

bal | oon %h& vy tb@pmqﬂttbﬁ ﬁ&ﬁl@%ﬁb@dmﬂ%hh edvat 862 aRPlicdWRE b atticalar pressure

to a wall of a body |unen, , lating a stenosis, lesion, or other
obst Plct isymbok§aiict ﬁne usey Ctah@O th@t ﬁllqcmm:r ineneGH30 GEIE esprRtivie seticwiet
further beIQ In addition or alternatively, after inflating the balloon
150 to dill ie the body |unen, a source of vacuum may be coupled to the side

port 164 and tA\g&bd@ﬁbdeﬁ@rﬂF@@@kﬂ@mmuﬁt@ %xmﬁlj‘zhﬂﬁidedtﬁ@&’lgﬁlai on around the
hel i cal nenber 170, Alternatively, if the balloon 150 has not been
pr evi ous|Sybstatially dtxed rglatingyto thy C%@a%?e%éésaéléwap §6&bslidapledatcrdypalptivote 150

gf 'hgnggce‘[}f%‘géns% '8'895" F&eexgﬁlbl O theds YA bERBLrAR SHLA 6 GALIWsERLh@PSed or
25  with the carrlage 865 and the cap 862b may be attached to the base 862a such that the cap
862b may be slid laterally, e.g., substantially perpendicular to the longitudinal axis of the
handle 860. For example, the cap 862b may be biased such that the cap 862b may
automatically slide into a pocket 861b with which the cap 862b is aligned, yet the bias
may be overcome to move the cap 862b out of the respective pocket 861b into the slot
30  861a so that the cap 862b may be slid axially into another pocket 861b. For example, a

spring or other biasing mechanism (not shown) may be provided within the cap 862b or

housing 861 that may push the cap 862b laterally from the base 862a.



the contracted condition. The inner menber 130 may then be directed
proximally to the third position, thereby directing the ends of the helical
menber 1MORowWzsBSSone anot her. This causes the helical Pogtsee09D¥4B39 0
expand radially outwardly as it is cor §§ssed axi ally, therebycausing the
bal | oon 150 also to conpress axially and expand radially into an expanded
hel i cal shape around the helical nenber 170, e. as shown in FIG 7A

Optional Iy, t HaltqrpgsielEtesatirmphdutips BohawYbe ﬁ%é@rwyeitﬁéhwmﬂee%ér mor e

stops (nat,s L, M i i . r..130 when
compr esoitHy gy sAatod bFlcimel QB oHRYRTRG pilod &2 MBI TS el

exanpl e, Wehevatdpis) thedyngtudowl atietd diver theraip 8621t dircbed put 4 edtiombt | t he
bal | oon length i .educed. to between about six and thirty m|lipeters (6-30
m), t her@ﬁgetgﬁégé{ﬁem& agipdy @ ﬁ%%@%%fpolaf SIeBRT 5 HherSe BHaYOR hel i cal
menber 1706tHPpQike: S8R0 dh @fﬁ@ﬁlterﬁenﬁieh%kgﬁ%l ar @hasihtOnd@YnibAY RoSbivhe! ent
rigidity that Fhe helical nmember 170 y sinply buckle elastically fromthe

| ow pr of ithay biewdegssh bgtdreiG2cald csirmge 865 td dirdcs theaap 863ls mitb ani rickyt. 86Thus,

t he helical 17 y expand . w t hout staptial plastic deformation
SUch ¢ hat PP RBT LGP HOTELt IR0 YHED e epab P REGRET 5 ori ginal L ow
profile shape 1handxexpaRdadbaitlcfotl-aRa@E sheRRSLRLYo thide pdRRES 8D, c.g.,
Alternatively, the helical nmenber 170 may be biased to a predeterm ned

expanded dielchasposgiapgéo thetfirptenpsivienod Histinagrieembar 1806 onovppesppidiag tasthg, | by
provi.,di n xial nsi.on. an th ds 172..174 of. hel i gal r 170 when
Phe ihorefidiosh BIoh bR Rl oRIAG i i d Balinh o P ol iR e TS e
menber 13QerhSerdi30emtd of evifirds sédoad)dithied pesitidrsothe chip 862temsy aitcdtey olre

rel eased, whereupon . the helical nenber 170 may resiliently expand towards
t he exparffadosketivathin whighdhe cap HRrtineacciypd. dhppushhatton §62 pisyibe slid geigder may
be integr 0 | Qupl i . n 150,
e.g., atﬁ%%ﬁ%&@?%?@@l é%g%ﬂ§%§%ﬁ$%? oreggﬁgkaﬁgéhﬁg%ggégﬁF%%{%g%balIoon
wal | ( notAlsdrominelsh dicteadict8o0 npryoxclordt oslgdndios tved pearkds SH3R, ¢.d. 54 thdqarsh
exanpl_e, .as s ni.n FIG 7B and ., one or nore helically shaped wires or
fi berls 19pttop ggg?s bigsed aXRYWto PRe <y‘_ﬁ7t%> PORIORSun shown in FIG 7D) may be

mol ded, enbeddghinQfsel Ak §9§1%dt%nf8%wﬁ%@Beruﬁe%d\fé@iahly%atﬁfeﬁ dRakti 0B g150. " As
t he bal |l oon 150" 1's conpressed axially when the 1 nher menber 130 'S noved

t owar ds tdgaliyhiorttic polsdatardR,” i REG f23é1, @sJ rad&ied omgapaiuedmet ¢orrspondigas t he

bal | oon 150; .towards the.expanded helical.,sh . terpatively, as.shown in
FrG 7C, TRokst B Seh e R gt D BT g e B ERa PignRRtR 1 e
wal | of tdiglebrdd OFRusL FTd ddNitreld MRloU SR theDdub® mBeribel @207 mARPRC thrdhsh thee. 9., a
radi opaque material, a biased core wire, and the like. 1n further

al t e2fat ibadeon RYGand 2Rt the ayttlotv . t asrdeaerebed nbpess Hiedyush betinrt $@umay bons for a

fiber 157(ﬁreE{%d ]0%‘57 gf s 38‘:‘;1%? bnd &1%%0%6%?&){?%%{5@%% %%%?m\%\lg;fe}ltto g‘%yi{uﬁlgatgp ‘I‘I\cll’Qd’

enbedded, or otherw s egra or e alTdon 150e to

15Ch and thxtendatsltingahd nbethw@Ber 1300ptoxdrhaland tbé sdcahd powitsorp. o hatil the
bal | oon150e to 15Ch. The fber(s@ﬁand/or stiffening features may i nclude one

or nore tSGRITE Benhrre3St pralsthe Ruidi 1 S8ne diretballoghgipagsiopn i #iditideif 150"

150", or {o0&, iR pRPhentbel 872 RA§ be directed out of the “N” pocket, axially within the
25  slot 861a, and released in the third pocket, corresponding to indicator “D,” thereby

translating the inner member 130’ to the third position, e.g., to expand the balloon 150’ to
the expanded helical shape, also as described above.

Turning to FIGS. 25A and 25B, still another embodiment of a handle 960 is shown
that includes an outer housing 961 including a side port 964 (shown in FIG. 25A), a

30  carriage (not shown) within the housing 961, and a hub 963 extending from the housing

961, generally similar to the previous embodiments. The carriage may include a rack 965
(shown in FIG. 25B) including a plurality of teeth 965a spaced apart axially along the rack
965.



and a half, two, three, four, or nore turns. In addition, any of the fibers
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or el emrerw®,200/093135t hat may be at | east partially enbed@eu/tiseag/osveval | of a
body | unmen when the balloon 150", 150" ,,0r 150e to 15Ch is inflated to
dilate an obstruction in a body | unen. 92eturni ng to FIG 7, with the

bal | oon 150 in _the expanded helical shape, the entire agepar atus 110 may be
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and the third position (where the balloon 150" is directed to an expanded
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interior of the balloon 150,' simlar to the previous enbodi nents. The knob
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inflation of the balloon 150’ and/or expanding the balloon 150’ to the expanded helical
25  shape, similar to the previous embodiments. One advantage of the rotary wheel 962 is that
the ratio of the outer wheel 962a, pinion 962b, and teeth 965 on the rack 965 may be
designed to provide a desired mechanical advantage and/or precision of movement of the
inner member 130.°
Another embodiment of a handle 1060 is shown in FIGS. 26A and 26B that may
30  Dbeincluded in any of the apparatus shown herein. Similar to the previous embodiments,
the handle 1060 includes a housing 1061 including a hub 1063 and a side port 1064. In
this embodiment, the actuator is a squeeze button 1062 that may be depressed to direct the

inner member 130’ axially. e.g., from a first position to a second position, similar to the
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handl e 7 qpeatiﬁé) h bg&?%{eﬁ’thét%nggﬁ @8 dn outer tubular member 220, an inner

25  member 230, and an expandable balloon 250, and helical member 270 carried by the inner
and/or outer members 220, 230, similar to the previous embodiments, but does not include
a valve for opening or closing an outlet in the balloon, unlike the embodiment of FIG. 7.
The apparatus 110 may be operable in a first mode for dilating an obstruction within a
body lumen, and/or a second mode for removing obstructive material within a body

30  lumen, as described further below.

As shown, the outer member 220 includes proximal and distal ends 222, 224, and a

first umen 226 extending therebetween, and the inner member 230 also includes proximal

and distal ends 232, 234, and a second lumen 236 extending therebetween. The inner



may include one or nore pieces, e.g., one or nore sets of mating hal ves or
clanshell s (not shown) that nmay be connected together and may include a

sl ot, trawk20r0/08138r features (not shown) that all ows tiR€eTABROMOAGHIB65 toO
slide axially wi thin the housing 861,_229., wi thout substantial |ateral
novenent. The housing 861 and/or carriage 865 may include one or nore
features that |limt axial novenent of the carriage 865 relative to the
housi ng 8Bamba 250 is siged toperslidadife rasatved withHethe ding dAumend ofithpoutset ween t he
first positi or i ' f t{ ' ition (for
ba T oon A TERE0) S, RIHTA bR 3G defibed Ghbon SERANF aROBREL"", §

di r ect ed rhanbrs 2X( @30k essing ahe shape, fluidd thefechwonygh, dlse simmitax itorele peevdouls32'  of
t he inner nber 130" is substantially fixed relative to the carriage 865,
e.g., by 9% dﬁﬂmF%e proxi mal end 132' in a passage 865a adjacent to a

di stals end of ARgndabf hRA%0iRy bl BupfAtRk 8thoRPBLRL iR RIBBSING engoni ©
wel ding, fusing, Interference Tit, ﬁ%tlng connectors (not shown), and the
| i ke. Thu¥2 odixlicaduteroueneant226f c.ghecludimer a pudhbandlcl@WWtheraytupr C62Mred t o

novenent of .the carriage 8 e hub 863 may incl.ude .a h e or other
Ubul ar - FRRHEF TSGREE SHasT ERRFGeR o GUHAPEbet: GroBBdh 6belr ed to one
anot her aRdpg éiR dritfor@ YIRS soBeS it Ghe@Bparatul QN 0, 9%a MR loCrinPoiWtRN I seRl 168nd  of

t he tubul ar” menber 863a and/or the connector 863b nay attached to a

proxi nal betdeanfthe petchandsinrgy raenbere2), 230ywhich tayglsgi tersimddrdsgithepregions c
meldﬁ@g,(%@ﬁhfgaﬂgnterference fit, mating connectors (not shown), and the

| i ke.” "The  tubular nenber 863a nay be slidably received in the passage 865a,
e. g., adjacentTh Hallexn P inelidcd ptokéndland 2ageodi&d tosti€ butchatmbbedittabul ar
menber 863a and connector 863b remain stationary relative to the housing

861 (and 9AREH heirisbendarhqonaicd feithegpnoy mgsnhor distd epd A3 capaptiaghaditvect ed
iallv. y . . I- .nr i d

1303 o nbihg RISl dhishBloHEA SoniERERUANT AN SR IRETRE wEREIOTRE €N

backl| oadguaetibusormiiodiments.niibe batiewh 50 h3G benfaymgabfemfsubeintiatlpimlghict he

passage 865a, .tubul ar nenber 863a,. and out .the connector 863h (or inserted
t hr oﬂgh tRECE nh B fORTOBIES A ToRteMPhaNT baHern Hehtdirndsie 3 predstenypcdiife seal s,

e.g., O-ri g i#fed ﬂﬁﬁ%é%ﬁeﬂtr PPrage Wt a{}ﬂ'eﬂla%elz,r QUBdIS I PARSPEERBPe@ t hat
al l ow the tubul ar nmenber 863 'to slide therethrough while providing a

f1 ui d-ti ghimshastic mhttialhsevintsthiclotha cibodimeatkdengiticdrebnaghetcherqpassage 865a
out of the housing 861, | nstead. of a nob 762, t hand| g ,860

"hel udes o pushibart g s mprirgat ByF R s efRy kg BB to ¢ he
carri age 360eenftBE o@¥Ril iBncrthid@nhes 32012386 Fhi@Yhd mgicMdBe@berel7omgstie sl ot
86la and the push button 862 may be slidable aX|aI£§ Wi thin the slot 861la.

Opt i @Ral Ipovakte forowriclatinedy dveprefda.auehngs thatcshawa 1o HEG of, toren exnasdedohadicaly
detents ARAR WAL ARRLHSGL MURURNRNLS PRS%A. 0. Shpb guiifERASER! Y

secure the and consequent e carri age and rnner

menber 13@st endr2 706ty holiodlen§oisdri2i70 My Bt tactivdl drivthdriB e Reduséddirddfy téray
i ncl ude one or nore visual indicators, e for identifying the position

of the i ihefisibaasbi24athe AHERTERBC AR A it Yeendgws 374 of isdiolied member
lrorg;t Fcul ag70R06K6! atBHRt orfctherf ARl Red B5thd BV chd234 & thé fter ML) N9 861

25  adjacent the balloon distal end 252.

During use, in the exemplary methods shown in FIGS. 9A-9G, the apparatus 210
may used for treating a body lumen 90, e.g., for removing obstructive material 92 and/or
dilating an obstruction 94 within a body lumen 90, ¢.g., as shown in FIG. 9A. Similar to
the previous embodiments, the target body lumen 90 may be a blood vessel, e.g., a vein or

30  artery, a graft, ¢.g., an aorto-venous fistula, tubular xenograft, or synthetic tubular graft,
and the like.

Optionally, the body lumen may be accessed using one or more additional

instruments (not shown), which may be part of a system or kit including the apparatus 210,
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25  body lumen 90. For example, the apparatus 210 may be pulled to remove the material 92
from the body lumen and into the lumen of the guide catheter, where the material 92 may
be aspirated from the patient’s body. Alternatively, the material 92 may be released in a
manner that the material 92 may be metabolized naturally by the patient’s body.
If desired, the inner member 230 may be returned to the first position to collapse
30  the balloon 250, and the apparatus 210 moved to another location within the body lumen
90. The inner member 230 may be directed between the first and second positions as often

as desired to expand the balloon 250 and separate or otherwise remove sufficient material
92.



desired, the push nenber 872 may be directed out of the "N' pocket, axially
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of such devices are disclosed in U.S. Patent No. 4,762,130.

25 For example, as shown in FIG. 10B, a balloon or tubular member 250’ is shown
that includes a first lumen 251° that receives the inner member 230 and a second lumen
253’ that receives the helical member 270 therein. When the tubular member 250 and
helical member 270 are compressed axially, the helical member 270 may expand radially
outwardly away from the inner member 230, thereby directing surface region 280 radially

30  outwardly away from the inner member 230 since the surface region 280’ is furthest from
the first lumen 251.” Thus, because the surface region 280’ is likely to contact the wall of

the body lumen when the tubular member 250’ is expanded, the construction of the tubular

wall may be varied to enhance scraping and/or other removal of obstructive material. For



Anot her enbodi ment of a handle 1060 is shown in FIGS. 26A and 26B that may
be included in any of the apparatus shown herein. Simlar to the previous
enbodi nerwe,20tde3tsandl e 1060 i ncl udes a housi ng 1061 i necCudisegomedsadh 1063
and a side port 1064. In this enbodin?ﬁ , the actuator is a squeeze button
1062 that may be depressed to direct the inner nmenber 130' axially. e.g.,
froma first position to a second position, simlar to theenbodi nents
descri bedxamg puactary o intesalir mpdgd oppdiaryibelosmad dyihe pialkalihe wbplar s

pressed IIH%@]B %0 ’le'gzl&ﬁat]egpe%a’heﬁpd%tﬁraﬁg'tﬁ%@%ufapﬁle%te} ?fby Hﬁ%%nﬁrtﬁe flattened

out, there irecti t he proxi ma r oxi ma e dista
Iink 1062banmiﬁmmﬁdsaklally relative to the hou5|ng 1061 For exanple, a

first end of the distal i 1062b_may be pjyotally to_the housing
1061 and a secfghﬂw&ﬁdnﬁ{}of@ Ithe 2 fies Bie 0" i secludiy raﬁﬁ}éo peieR¥sal 1 i nk
1062. 5A %ﬁ@t%@'w&@gdg%fs 2Ei"eth9trrﬁé<§ e hteitb Q&a%gggéhe’?@r}f n@a@eﬁa!l 'ﬁ%ﬂHh@ v@a?fl' Athy al ong

t he hou5|ng hin a slot or not shown) h the second
end of trt@rgptbndyriamem|erg< H}Oﬁ@laemwlpgedntact fotves erthehe welrlrbéthebedy luneeng by a

bl t k 1062c, b 062
v 'y, ReRgtigpR AR Pl oppas el rETER el g oo R g Ce o o
first poshisiafa dfwhd Wall REudElab cdmBet (RORAN of he@od e hitich, RISIH h@NallAF bW ng

the balloon 158" to be inflated and/ or expanded to the expanded heli cal
shape). @eradlrapssyscetianguarofilaef theHobulyr mmlylb@e%@l tecleadredyend. tAdermpgivelez e
but t 1062 RS Ot e NSel fr ca hin th| tyeen th I|nks
bt 59D 100 he R ERL PR o bR DL B AL IS o

provid ed adteitidl @ withFelafivdli éhihgs s\tamlghibﬁﬁejss (f@&h@ klﬁﬁl&} regiorg280’ tod eab\lvm/ve anu s e r
to actuate the squeeze button 1062 with their thumb, or on the bottom of

t he housithgtuboBi memder %ﬂ%mn) e.g., to allow a user to actuate the squeeze

putton 1062 W06 16, MR %tﬂ@ﬁés oL R PG ouldr HrfiSHh 46> AQROW MRt

i ncl ude one or to al e squeeze button 1062
to ber eI1ecaladadzslngseonpreduabnm@"aﬁonrgmnefamsgiondﬁ@” et adlecdrhect thavksll d062a,

1062h _are, c letely flattened, e.g., ,.al | ow [ nber 130" to be
t r ansPat dbe Boy Kimeadvhen tes %'B@%HF"%S%#Q dhexpagd aﬁ §u’f2‘€é%f§ GERVEn the

second ango{Niif B1ROID, 'aQ{ﬂﬁllatsthéﬂlﬂ)é?QSbo’ &Wbé’ﬁr%‘éld@&%ha@m%egﬁ@fré lurh®g Ni NG to
FIG 8, still another embodinent of an apparatus 210 is shown for treating

a body | Wi’ mﬁmngqymmﬂm&bMymDHcdudd@manﬁnﬁnemdum@ﬂwanhﬁambdl PO, an inner

menber 230 nd an expandabl e bal | hel j 270 carried
v I e S R Y St T e R S ot (P

enbodi menfiigw theltvad 6 Stré&tefh td NElcbtdradia¥ dlny@sioar yeQFSﬁH 'dHﬁctQﬁe Glrosk RGi@n out | et
in the balloon, unlike the enbodi nent of FIG The appar at us 10 may be

oper &1 e 28" atopvardsttherpyak of & Pody luatennr’igmrtr@tﬁsit r uctl on within a body | unen,

and/or a seco re body Iunen,
e st bed rirRETo ERG. 11T TRhatafiaati b P fRLEN Slo MhADuR, 200

proxi mal 1ﬁﬂddé§la$atoaﬂter@ﬁtdﬂ362320 aZlZﬂmeraﬁtiinl&rBBO Sdndlat R panddblc exdretid 350

t her ebet ween, and the i nner nenbe 230 al.so includes proximl and distal

ends 232, canisg O%Eahe@éé%cﬁ%@éﬁw g a8d iR g et b ¢ usEpilar tp ghe

'O][‘”ﬂ]gegﬁat‘?évrl&%oedﬁoﬁﬂl&ﬂg bRIPER HARRINenfiRGfhAR (MY LB AIREMEMb&E3dourmen 226

25  may not include an interior coupled to a lumen extending through the outer member 320,
1.¢., the expandable member 350 may not be inflatable. However, alternatively, if desired,
the apparatus 310 may include a lumen (not shown) extending through the outer member
320 and communicating with an interior of the expandable member 350 for selectively
inflating or collapsing the expandable member 350. In addition, if desired, the apparatus

30 310 may include one or more sealing members or other valve (not shown) that may be
opened or closed for selectively infusing fluid or inflating the expandable member 350,

similar to the previous embodiments.



menber 220, e.g., such that an annul ar space is defined between the outer
and i nner nenbers 220, 230 for passing one or nore fluids therethrough,

al so si mweanrotonostsé previ ous enbodi ments. A handl e or heoTAGMMYIHE
coupled to or otherw se provided on tbg proxi mal end 222 of the outer
menber 220, e.g., including a pull han ?e or other actuator 262 for noving
the inner nmenber 230 relative to the outer nenber 220, a side port 264 for
coupl i ng one obheraspandaplsi membrird8gchgalinBchdpni araxama rod 3é%@0wte<bt0rthﬁg or

ot her se jay al so
be siml gdut% rﬁ&tr\a?‘sgdgle%gzﬁg%(g%fi%gteg&?%eﬁgp ﬁ%?ﬁez@g% Ig%gll”er% a pr oxi mal
end 252 dgdpt. gdbytbomhﬁg @uﬂladhmﬂpemnldmtdadg,@M@Merfaeﬂhﬁﬁtabnmdn%4

coupl ed to t he inner rrenber attached by nding with
adhesi ve, 2Nt @ HRTTAQBREHQTS ¢ n%é %nmﬂﬁthﬁg'keft}gt%ﬂonam EtpﬁeatltSk”% simlar to

the p@ev'lﬁélﬁde%m%'céﬁﬂérﬁber-m@t slﬁé'lwhpﬁ’i@t 920 a8 Ye @@uﬂl&f 15@@6&{ @Roapstantial ly

inelastic material, e.g. provide a non-conpliant balloon that expands
to a pr edetebariane dhrsi zrembhedlstahéﬂctsﬁéé 3 Hdedenxttmd thebfallyragsigrtbs inmer

alternatlvel oon 250 farmed fro | astic material, simlar
Fo the  oumidpt RS I e (B el RE e BE 3l b6 Traml o 1o the
enbot:h ment of forGxark letﬂﬂshblﬁ‘da'l%hlb@?ﬁﬂa 'be?J&e'wﬁthﬁ%ﬂ@hﬁQn&%ﬂtﬁ@n the outer
and i nner nenbers 22 30. Thus, the helical nmenber 270 ngi/ be novabl e

froma r edxamdableynmb@r@ﬁaf Alternasluelﬁ, the helieal mepbanmap bEcwbedledtip oan expanded

helical s bed W W th ere 9A-9D. As
showrctlﬁl noﬁﬁ%”’l% aﬁag@ ewa 5 %pa?ﬁaﬁ 6‘1“%’3 536 qg%‘?é‘mr VIhEC S t ached

or ot heﬂhh@@xpﬁﬁ@db’l@ﬂwdibéﬁ@idy to the di stal end 224 of the outer menmber 220
and a second end 274 of the helical nenber 270 may be attached or ot herw se

secured to t hdJdikstthe Piswigus smbedinche tltenbf‘élpalrm@m@r ipcdndesdy fetesedl WkinBal | oon
di stal '}ﬁ@é@ gébwﬁthe%gp 901k BRnfRE TR nga/a% H&’Q&l%‘&ﬂ%ée@o@f ion?A 9G
PUS 5} may use afnor treatlng a

t he appara unmen renovi ng
obst r uct i356b whtlerdxphndaBleanehior %DIMtihg@if&iemhﬁmpmnetsl dmeg“ﬁstvunti Resond body

| une 0 in Fl 9A. Simlar.to revi ous .enbodi nent s,
t he ﬂér géPelB%W bre&ﬂﬁﬂ %@) g@& %3 ot eiAly fayme togetﬁeraasvae%mg OViSrtery, a
graft, e.ffameANaRPht GkY ed?%h%z ﬁel B HHE Pas sfeﬂaute%resed}qmrﬁéﬁts at@e[chéd/{bt digtic

tubul ar graft, and the Tik Optionally, the body lunmen nay be accessed
usi ng onetnothenDE@ha@duml@dma nlastityurféwins tt(am@xtesdlb@hc)ll,lymuoﬁl theelynﬁbe part of

"t Y oducdroeiearhes e o den dEaRpBRe el eGP P e B Bl . "For

exanpl e, hénbacispi tate directing the apparatus 210 froman entry SI te to
the target body lumen, a guide catheter, mcro-catheter, introducer sheath,
or ot2er tubul qu@lpna(m@tpr@\h@wmp arralptively dova peafile pionnd Hes isparmyersbard30o t he

ooy TS, 0RO SO AR 0 AL LR ALY
90 if dESﬂrthﬂ)snmn When the inner member 330 is retracted proximally from the first position
towards a second position, the coils may be compressed axially, thereby causing the coils
to expand radially outwardly and expand the expandable member 350 radially outwardly
25  to an expanded helical shape, similar to the previous embodiments.

The coils may have different mechanical properties from one another, thereby
causing the first and second regions 350a, 350b of the expandable member 350 to expand
to different sizes and/or shapes in the expanded helical shape. For example, as shown in
FIG. 11, the first region 350a may be expanded to a smaller diameter than the second

30 region 350b. This may be achieved by forming the first coil from thinner, narrower, or
otherwise more flexible material than the second coil. In addition or alternatively, the

coils may be biased to different diameters such that when the inner member 330 is in the

distal or first position, the coils may be constrained in the low profile, and when the inner



Initially, with reference to FIG 9B, the apparatus 210 nmay be advanced
into the body lunen 90 with the inner nenber 230 in the first or distal
posi ti on,we.2g10/003136h t hat the bal |l oon 250 is substanti alPCy/usetoapsed.
Optionally, contrast or other fluid n§¥ be delivered into the body |unen
90, e.g., via the second |lunen 236 in %e i nner nmenber 230 (not shown, see
FIG 8) or via a separate |lunmen (not shown) in the outer nenber_ 220.

Mar kers (TRYELEFSAAY disgstednoxnigisdly doviards thepggordaositionaihe cpibsiay msilisgtly he

bal | oon %§ﬁ%ﬂoﬁﬂaaﬁfag§é§u§§adalg%o %&ﬁéﬂl@t'@rs%gt fnfg ﬁ@ggﬁ n{a?erB‘E removed, e.g., to

position t eyond or otherw se adj acent the material 92.
Optional |y, tHe adgipan at ascrddtd echpayhcomils niaydaduwspahdablesuglenaalyicde, swah het er or

ot her tubul a mber (not own) , t includes a | unep comuni cating with
a sour ce Bt aERLREAN e @WP@E%@%@&@% %@%ﬂ@ tg%xr&aﬁﬁ_{e o
cat heker ,p.§iB4 sk K %Zorgfthevgggé‘tﬁ?em BObaFLE ¥AhBH, LR AIPLIiBhEhd BsBdofin W thin

t he body | unen , e.g., e material 92 is dislodged or otherw se
renoved B0t haydait bonr@b0ncaw apsoyidrihdn bel ssonndTapilrin e teoorfd 1€gio@G50b.he

i nner nenberb2§p A hbﬁ,?ir? tedhrroxinall re atiﬁe t.o t he outer nenber
220, thereby’t 6%?‘}%‘ t B ARY o) ¢ é?‘“%‘)’%r’éﬂ OLY %%%Fe%’t’ﬁeﬁ ®bal | oon
250 t o expaBgaltwathe Sedof@ cOX PROGSEPR, itatirsSRARRay RSB S BalicbRHe dbaNe. As

shown in FIG 9D, the entire apparatus 210 may then be retracted to renove
t he mat erlichiFalbaroendgthe inner meimbgr 33& mllsithgysecord enihapwinstuds éhasaad 9rg

mat erjhal {hat rmay be adhered to a L1 of the Lumen. 90, For exanpl e,
the. dbpar e ohe REARRTE et o tile, §5ebE sRERE, ek BisR s REREX 0y

| umen andegisthicettb @xpangivn. dhut,MeheguhdRnembabear33ovikairectédhomahefiisal 92 may
be aspirated fromthe patient's body. Alternatively, the material 92 may be
r el eased NO8ItIgN iigrds theaeondmesivapeihf spmpressirg fomee way A apnlicd duiaivitodhey by
the pati ' Sqb I i o ﬁgqg- ned to the
first pogﬁ%ﬁ%ﬂ’?%%?&%%ﬁﬁéygﬁﬁf%%??%gﬁ&QE , ang&?ﬁé&aggéﬁggﬁgag% noved to
anot her |maabdr@dOyarithiaprédecringcty thresherid BGichithed, iwiresupor Mzesec@i0coitayabe

cxpard t HOPE TP AeroOR et & Br g PR NG s EREVE 3011 1 o ent mater al
92. Turning to Iﬁlaf;bth&%ltewﬁa&ibe,%léévgI(&&tsw%ﬁ&tta%he_@t%_tﬁ@mﬁxﬁﬁemﬁerlsis%r}ﬁéy S,

| esion, or other obstruction 94 is identified wthin the body |unen "90. The
appar at usnizizDsureyni éher secortdr aauo élet st peposi such Hadonly thhbrshoalisifieegm 90 wit h

t he bal l oon 250. col | apsed until, t bal l.oon 25Q i osj.tioned adj acent the
obst r uot B i AR rSBet iy B stper SRR S wEEh 5 once
proper |y pasidtio’ntRd, thdSccon@\ebil nikyfletdm® Expds® bl the 918e 25 Bndmi¥n BLpdnaf | at ed
to dilate and/or otherwi se treat the obstruction 94. Optionally, the

bal | 88n 28diahmguisardly tothe capanded bclitebgiwost i c and/ or therapeutic agents,
ihf oh oy B SEMFIEHIROS I ALl MR RO L
t he apparlainys, cl®, 4 emaicetknbuodiatyks dvaflyo, wisiag tROappafat S ML ARGEL G ADG
Cpti onal ls%’ow\rll\'j tthQ g?an 19%]‘ inglﬂgeseanf?rgg iorn\?e%gﬁs gn%?t%gots)i%dwg %{tgcihga tsl aal;fiei?luls% bal I oon
within a patient’s body, e.g., within the patient’s arm, and a second or arterial anastomosis
25 194 attached to an artery 195 adjacent the vein 193. As shown, the graft 190 includes
obstructive material 92, e.g., thrombus, plaque, and the like at multiple locations in the
graft 190 including within each anastomosis 192, 194.
Initially, an introducer or guide sheath 380 may be placed within the graft 190,
e.g., percutancously through the patient’s skin into a central region of the graft 190, using
30  similar methods to those described elsewhere herein. The sheath 380 may include a distal
end 382 having a size and/or shape for introduction into the graft 190 and a balloon 382 on

the distal end 384 for substantially engaging a wall of the graft 190, e.g., to stabilize the
sheath 380 relative to the graft 190 and/or to substantially seal the graft 190 from fluid



configurations may be provided. For exanple, turning to FIG 10A, wth
additional reference to the apparatus 250 of FIG 8, an exenplary

Cr oss- secwpaniogf3t3he apparatus 210, taken through the baCrasroi25®639 s
shown. FIG 10A shows the helical rrerrpsg_Z?O wound around the inner menber
230 and surrounded by the expanded bal Foon 250. Thus, both the helical
menber 270 and the inner nenber 230 are disposed within the interior 256 of

t he bal | diw bgpeeiiii cals 1 ¥e 18# ehthperath ¥l Bie shgeth 380 maay dwninglsde ps t hat t he
wal | nust - ' 1 i S I f.d {fdi : ' whi ch ar eas
o the bAPTRshuS] fofEnint i P B e gl b ofibnihd (RSEOG AT
t arget batiytallondes?2, FAdESoul@ERfIvaEushd3¥, 2lg er syaihps, doeaipdbdngre vhaiuaf tobal | oon or
tubul ar constructions that, . be_provi ded for any of the enbodi ments
descri becPSWéart%i“H‘.te“F‘ﬁg%lW%Wg?}%/%%@ﬁdﬁg dHE)e BePIBYi ded for a bal | oon capabl e

of i nilation thefa%galﬁtlfs@ggln?a_ry HEﬁH@@%uc@%xﬁg% AL SRAAATRY AR He g?d’ﬂ fyppanded

hel i cal shape w thout being i’'nflated. npl ary enbodi nents Of such devi ces
are di sclwistetheierpdndsble Padnetrer 300 inidalR6i2, al®Diradiod candatmpl. eAs sewahoWhGi H2,FI G

10B, a balloon or ul a nber, 250' i s sh th incl.udes a,first |unen
26 1 2t PRt LR e MBS anBE bRk Pundibode iy,
recei ves gehend@bstieativampaiasl 2AithiReieidhouy¥igdot the ot W kvheRIBSK theS0" and
hel i cal menber 270 are conpressed axially, the helical nenber 270 may

expand r daneaimgmbsy BRe (it phewiaymdy dingotdseprpnimatly e ahrand 230cxpehdabédby di recti ng
surfage region ' radial rdly ,a froom the .inner nme 230 since
the a0rr d0gh Rl s v3SbRldeY Rt ShTeY o Fbuhr R POR ek B SRR

because tthe&cbpefaaging dgthoic 280 and Scdohd edgiorts3 5008586 b f tHe:xpaidabrRfméhieerbody
| umen when the tubul ar nenber 250" is expanded, the construction of the

t ubul ar wal) c-gayudhehatdhe sgondregitnairdb mar wbstar iy Ensrecrrpshervisgsoaiactof

obstructi i exanpl e, features may be integrally nol ded or
ot herw setﬁ?%d%g{qefér%%g%ﬂ/al | of the tubular nmenber 250,' e.g., that extend

hel i cal | y ar ouria dpharatusi3uD aayrteerber wibdfawadp aaemt ot dikersesecoghrhtarmher2@3. ©  As

o oovés e oo MeapaLo BES et ey Ry heicat LS Brapfiihe st 1t
mat eri al Tfﬂe%%ltcle%f‘()@dulﬁrelpim%% Ifa@y B@é&%teaggylpi APEAy, t|§ R%'daé@ﬁhem&wt)ﬁ ating

contact forces with t of the bo umen. . addi tion, the tubul ar

wal | oppabiough thesshsath B¢ ente dlryi rosera@038aralf dosredethatinnes Imentlisi 3G imagdet hi s
area of the wall is,unlikely to contact |1 of .the body,l unen, which
-l | oSG TIPS (€ SdaadPhig AReses 0 57 Bk Tgpvaftsehd Gstineird sBn 5507t o
be reducegld adldREMAIrtHeL Into tlféfgﬁilfﬂl%j,@i. I t0fepcaf thd Peddesifof Spaddieit property
materials may be used, e.g., harder elastoneric materials with relatively

t hi nA8r vexbindahlcarenabes 35810 strapserdtberwiscagnoye M8Erial?2. el sewhere on the

Lamber 2mgn s gy, THE e 360 B e R ATRAMA TEBaRkadnb uon &7

menber 250" is own I'nc s or al'ong surface

regi on 28@teriblhaastoinobis ¢OMtandithd fardibd 3 10freinhe didd ywit e Bxpdndnblt heenibebul ar
menber 250" is expanded. In. a further alternative, shown in FIL.G 10D, a

tubul ar reRtefheontractag gondifion 64 de EFmavAMYtHa Jd @sithin fheragsieripl migsof the
graft 190. Turning to FIG. 13, although material has been removed from the graft 190,

25  additional obstructive material 92 remains within the arterial anastomosis 194. Because
the anastomosis 194 communicates with the artery 195, care should be taken to ensure that
material is not released into the artery 195, where the material may flow into tissue beds,
cause ischemia, or other damage to tissue downstream of the artery 195.

The apparatus 310 may be advanced until the distal end 334 of the inner member

30 330 passes through material 92 within the arterial anastomosis 194 with the expandable
member 350 in the contracted condition. At this point, the inner member 330 may be
directed proximally sufficient distance to expand the first region 350a of the expandable

member 350 without substantially expanding the second region 350b. The apparatus 310



25 1'" having convol utions nolded or otherwise fornmed into the tubul ar

wal | . The convol utions may increase the circunferential |ength of the

t ubul ar veaiDI2p10é008135herefore all ow the wall to stretch t@Cause@atners3y adi al
di mension, yet still direct the surfags region 280'" towards the wall of a
body | unen being treated. Turning to F 11, anot her enbodi nent of an
apparatus 310 is shown that includes an outer nenber 320, an inner nenber

330, and m# dephadathlevwidapat tesopgadablememheid) o back évgpydsthe shan 338, t he
outer and. 4 Lo i Qb FENt S.
Unl i ke tﬁ%ﬁeg%@‘i %E%Rgf o%lﬁgr)gﬁ(?ggmttﬁ% mé%g%nﬁ(}fgﬁ%%ng};ng%%@%gﬁgﬁggﬁlto i ncl ude
an i nterigraft ¢oUpThd, the sanallointnt exgioaridi0bandyrallougdrethecaptitoaremorabaterial0,
i.e., the expandabl e menber. 350 may, not he jnflatable. However, .

al t er nat i G yensftivedegiphe dvhile e seppnd teeiee $30b M percnepistad it I FRH Ve ROt

shown) e"l&@@%&ﬁhﬁ&fn@‘d%thfe%s@%@ﬁ it TEARGEd ﬁ?&bﬁ;ﬂ GRPTHOI SR h an
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interior of the expandabl e nenmber 350 for sel y inflating or
col | apsi rggedtéreaneupsnafatdteriatenber 350. In addition, if desired, the

apparatus 310 .1 nc e one or re sealin nbers or her val (not
Shown thar mayeedp Eed on effudleratedundl ol BEFPRARh ST AG R Y RIS
inflati ngllt@@hcﬁ%lpal'gﬁigﬂ RN is3RPerafl Md @metaQ apBathlt 8Y0,QUS, including an
enbodi ment s. The expan ggl‘e nenbefg%SSO Séenerall ?I%SI udes ?g;roxiuna end 352
coupl ed taytarhecroher 820 revdmer diegtbar 3¥heapaeddlamdinberal S0erad 364 avdupl ed to
the lignerg cr:roen@c%lils gleﬁﬁnq | a%@ﬁca%%?eh%b%f gfithinbt}/le Q;? na%'dnlgewegnl%eﬁ g&ﬁséi}ﬁ:ﬂ’ar o

wel ding, Fugi ng, I ntertrerence tit, one ofr fore bands or ot Het connect or s
(not  showidvio@dnddemeihtkeUnlike tdGhirdviids, cnitodira@ipahabpisarad®d3 1 01¢hdlaRs aa

hel'ical ngnmber (not shown) that nmay al so be ,cougl, ed between the outer
mermber arfilafipnbillaesFsar cef- st wibstapidpdlyama-copgliagh fighypressarcrhallpemonyhar ound

t he i nner i.E kbR, t L it-er bor X ] 0. For
exanpl e, %ﬁﬁﬁ?eggﬁt%}ﬁ@g?“'ng@ a%&eﬂlﬁ%g{s%eapgn it |%lt6 h@gﬁlﬁ?sgér ﬁ%dra?o tkt1e§
expandablieclndssizesid St 3G4’ tte whathi avseluyce df liefldtieh inclia arelidremcumy 36€ eapbeded i n
or ot tgerwi se attached to the wall of the expandable nmenber 350, e.g., to an
i nnerlPsurPIRESF t he expandabl e menber 350. Unlike the previous enbodi nent,

the helical mefRen,haakudesSmay bé Lsld HAllhr twtﬁéﬁa‘rlgiba@atﬁsi T1¥nbAPRIGIQa of the
expandabl e nenber 550 and a second coil wthin a second regi on 350b of the

expandabl eeg. mesrgethe 3&0hdta wif REGS 2f anddidt [prddson.itbs dilafios ballpat 3 ¥ dnaydwsond

coils may_ be. coupled to one another,, e.q., integrally for t h as a
i nghe vaneaTionrd B Saria, Ruoh Uiyt B Py iec ROTORIATRIESMT eqor
filament snatigasheihih @tRABoARIMSE . TRaBAI06AI591 MGl HEaDeanited 8t dthyrwade turns
that extend helically around the inner nmenber 330, e.g., between the

proxi2fal canendgilde dilate tipsboRly umes sirpiartte ethek prahertipicats desasided 3Bwve. The coil s
may be provi i.n relatjyel . r.of i around.the innep er 330,
e.g., whe(9 t%qr%lgﬁ}"nansé%trorgo g%r 13)/rgés%legllés)zl}lleoitztSlSle)or‘de‘légr'aa'i bset% Ileﬁih?ye 8t% |§1\1/0e0 0 the outer
menber 320q 1 such thdt kst prpQbdsid @y inffiemed Rethinabsdynames kit 33ikingsthe ehll@ast ed

pr oxi el l%Ot ‘I[’oorrgnfogg 0{)sitll"uScEivep gl%l‘i[etriiaf)frgom the body lumen. Alternatively, a stent or other
prosthesis may be carried and delivered using any of the other embodiments described
25  herein, ¢.g., on the balloon 150 or 250 of the apparatus 110 or 210, shown in FIGS. 7 or 8.
Turning to FIGS. 15A and 15B, exemplary embodiments of coils are shown that
may be included in any of the apparatus described above including a helical member for
expanding a balloon or other expandable member to an expanded helical shape. For
example, FIG. 15A shows a coil 370 that includes substantially smooth, uniform turns 372
30  that may be incorporated as a helical member in any of the apparatus described above.
Alternatively, as shown in FIG. 15B, a coil 370’ may be provided that includes a plurality
of turns 372’ having alternating high points 374’ and low points 376’ that may increase

contact force with a wall of a body lumen when the coil 370’ is included within a balloon



towards a second position, the coils my be conpressed axially, thereby
causing the coils to expand radially outwardly and expand t he expandabl e
menber 3580radi@mBi3y outwardly to an expanded helical shap&jussioviok®msoto the
previous enbodi nents. The coils may ha 8_different mechani cal properties
from one another, thereby causing the first and second regions 350a, 350b
of the expandabl e nenber 350 to expand to different sizes and/or shapes in
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addition or alternatively, the coils may be biased to different dianeters
such thatOfﬁYéﬂfqg?etaf%_?ﬁg?a/Yrﬂﬂ%gr 330 is in the distal or first position, the
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material. In addition or alternatively, the ils may be expandabl e
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regi on 350b. For exanple, the first coil in the first region 350a may have
| ess resi st andecnctpllyx faripparatus Han genvsalbeieolidesca dut¢rmemecr H@0 odinpergi on
350b,,,€. Q. f.ar m ng.t fi id fromit hinner,..narr I, ng/

ot ner i s dnsrplRE PLEMERS AR b & i Rtoc R SRR T 220 BBAE0 Yy e
first coithe o8y¢r aniCihhelan@mibas 8200430, siiumcionid predlouy embodin@nishehe dogE Menber
330, while the second coil nmay include the sane or different wire w apped
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the first p05|§%oﬁ {owards the secongﬁp05|t conpressi ve force nmay
be appl i eddiarsctomal lhiyeh d36 bheefiding theesbetweehher eby expanding the first coi

and the first reqio 50a .the expandabl e er 350, .until a
pr edelger ni ned h}??flgéﬂ%ﬂ‘o’la% égéw%%agrm%lﬁﬂgﬁ%ﬂ@@g@&m ORST MCARST expand

and expangsihNgd$e4s aRE a 1881 Rd 3aHflePlo thd fineXRRRBEI IR aMGRAREY, AROinclfles@not her
alternative, a sleeve (not shown) attached to the i1 nner nenber 330 nmay

i nitial swrineupdcarhmusiegondvitioite first limen #26.sThpbst baltronzhd®mayHatfoomédy t he
first coid is, free to expand en.initiall ressed. n the inner
renber o3 Slashs Bet-BaCE Buanet e o Sl ERTRRSE FiandBE B tes 7 mmy
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expanded helical shape. Turnlngpto IGS. 12 and 13, an exenplary nethod is

show?0f orthe néesiar o the fiyeidgalloama ) ard/gf. the posivieef the vnngo msmbicad siciatiye &gt 190,
using th 3 of FIG 11. As shown, the graft 190 includes a
first orqggﬁﬁgégéﬁggﬁﬁg%sis 192 attached to a vein 193 within a patient's
body, e.g., wihhdditivhea feabhdcbdllodn a5Mmagtd prowieabatheoutst heshibat 420 asd. onosi s
194 attached to an arterH 195 adj acent the vein 193. As shown, the graft
190 i ncl ydesmhiothe digstballogy B30 dihegocond bglloon 4iompy 8¢ fymedd@m and the 1i ke
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25  balloon, similar to other embodiments described elsewhere herein. The outer member 420
includes a third inflation lumen 465 communicating with the interior of the second balloon
459.
As shown, the handle 460 includes a first side port 464a communicating with the
first umen 426 for delivering inflation media into the first balloon 450, and a second side
30  port 464b communicating with the third inflation lumen 465 for delivering inflation media

into the second balloon 459. In addition, the handle 460 may include a pull handle or

other actuator 462 for directing the inner member 430 to one or more axial positions



Initially, an introducer or guide sheath 380 may be placed within the graft
190, e.g., percutaneously through the patient's skin into a central region
of the grebtomd0313asi ng simlar nethods to those descri ipet/Ushaoninese
herein. The sheath 380 may include a distal end 382 having a size and/or
shape for introduction into the graft'fgﬁ and a ball oon 382 on the distal
end 384 for substantially engaging a wall of the graft 190, e.

., t
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reintroduced wth the expandable nmenber 350 in the contracted condition,
e.g., to4%nove material 92 within the arterial side of the graft 190.
Turning to FIG. al.t hou i.al has been rempved. framthe graft 190,
2dd1 1 onal bt Pk PEoRR G | 82 P TR B s PO oMot onosi s
194. Becajrsgudtlon, MBFREHVANSH 544 Phat BETMNpSAE ©IhNESHirabRE caRdifby, ah@%he care
shoul d be taken to ensure that material is not released into the artery
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350 in the contracted condition. At this point, the inner nenber 330 may be
di r ect ed IFMEXS thelapparatus il 8 sintlardp dhapresionyerabosimanisn d he ppraratped] Gmags0a of

the expandaplRed over a guidewire or other rail received through the second lumen 436 of the
25  inner member 430, which may facilitate directing the apparatus 410 to various positions
within a body lumen during treatment.

Turning to FIG. 18, another embodiment of a balloon apparatus 510 is shown that
includes a catheter body or other tubular member 520 including a proximal end (not
shown), a distal end 524 sized for introduction into a body lumen, and a plurality of

30  lumens 526 extending between the proximal end and the distal end 524. For example, the
catheter body 520 may include a guidewire lumen 526a, e.g., sized for slidably receiving a
guidewire or other rail (not shown) therethrough, such that the apparatus 510 may be

advanced over a guidewire into a patient’s body.



menber 350 without substantially expandi ng the second region 350b. The
apparatus 310may then be withdrawn to pull the expandabl e nenber 350 back
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of an apnafah YSehd: 1'n§y Bb 83%151{%atsuch that the inflation lumen or a lumen 576 within the

25  valve member 570 communicates with an interior of only one of the balloons 550.

For example, as shown, the valve member 570 may include an outlet port 574 on a
distal end 572 of the valve member 570 that may communicate with the valve member
lumen 576. The valve member 570 may slidably but sealingly engage the catheter body
520, such that the outlet port 574 may be aligned with an interior of a respective balloon

30  526. Thus, when inflation media is delivered through the valve member lumen 576, the
inflation media may exit the outlet port 574 and inflate only the balloon 526 with which
the outlet port 574 is aligned. It will be appreciated that other valve arrangements may be

provided for delivering inflation media into the balloons individually. For example, a



i ncludes nultiple expandabl e devices on a single shaft, e.g., such that the
apparatus 410 may be operable in nultiple nodes, e.g., a first node for
renovi ng wetzero/@B13di t hin a body |unen, and a second nodecTars2evloagedng an
obstruction within a body |unen. Generghly, the apparatus 410 generally

i ncludes an outer nenber 420, an inner henber 430, a handle 460, and a
first balloon or other expandable nenber 450 carried by the outer and inner

nmenbers 42c mgnberdpefshawnt way ke refptable suithin tisgaflaHon: smer2otherdemayenber 420
i ncl udes ' ' . - f FTae=tal t endi ng
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bal | oon 450 includes a proximal end 452 coupled to the outer nmenber distal
end 424 ME"QU8Mstal end coupled to the inner menber distal end 434, and
includes an i Mfhin® o @9-%”5&Mrﬁe%oﬁiﬂ?enft bf &t %dﬁgd%ﬁb &H90is sHfen for ' St
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on the outer nenber 420, e.gd., proximal to the first balloon 450. The
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i ncl udes racrhbdrred0il nfl ation | unen 465 communicating with the interior of the
second bal | oon 459. As shown, the handle 460 includes a first side port
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or other actuator 462 .for directing the inner. nrenber 430 to one or  nore
axi allgpostﬁ? Fa%@?%% GWis 448 apﬂ@r BH’FgPOTH%‘?PSEP of 35 appATtYd Oo ASrBPnstbsg) s,
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enbodi nents. Turning to FIGS. 17A-17D, the apparatus 410 1s sho in

di f f er entongmdethenyietgh byhpen,ihimger onethirefulc4d0 6168, Juek Pt thewsecquldiandleportida r st |

as shown jn FIG. 17A, . the.inner er 430 is in a fir r distal position
o th the Q92 Bivdk ot sp s anence, s et ftdle Rertink Pl Rashiitt fsno- "
this confipghafficdd, the apparatus 410 may be introduced into a patient's
body, into a target bogy | umen being treated, simlar to the previous

c
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treated. The apparatus 410 may then be retracted or otherw se directed
666 may include a piston asserbly or other source of vacuum 668 including a piston 669

slidable within a chamber 670 and communicating with the lumen 626 of the catheter 620
25  wviapassage 671. The piston 669 may be coupled to the second handle portion 664 such

that the piston 669 may be directed into and out of the chamber 670 during actuation of the

second handle portion 664, ¢.g., to apply a vacuum to the catheter 620 lumen for aspirating

material adjacent the catheter distal end 624. The housing 666 includes a reservoir 672

also communicating with the lumen 626 via passage 671. The piston assembly 668 may
30  also provide positive pressure to expel fluid or other material within the passage 671 into

the reservoir 672.

For example, as best seen in FIG. 20, a pair of one-way valves, e.g., duckbill or

other check valves 673, 674, may be provided in the passage 671 for allowing flow of



axially to scrape the first balloon 450 along the wall, e.g., to renove

t hronmbus or other adherent material fromthe wall. Optionally, as shown in
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body 520é3ré\,%nﬁhgmld firdin Adhk et idhieiHRghb® 6. the first ball oon 550a may
be expandable to a dianeter of seven mllineters (7 nm), the second balloon

550b 200 a di anfst least gengn K1Gri 20, themreximal gndngd? ofitheguif¢wide 63 mephe550c to a
di amet er e e l.00 ?ﬁj
di anet er %}u plfe%or aﬂ%ﬁtﬁﬁ%&%t&o@&%ﬁdfﬁ%z %';']g%]uﬂ u%@%ﬁce{}gée)g lfi %’éﬂ? gur Wu@aﬁ‘l oon
550d may vaigenithé bdcahd YarRids pértion 664 W dchiatedarFod bsdmpletas@ho@mdhé pfox@h&ldnti 0
dilate the obstruction. |f further dilation is needed, the fourth balloon
550d may B odéhq g{tl@edwret $}0 may be slidably received in a slot 637 and coupled to a jack
screw 638. The jack screw 638 may be coupled to a control knob 639 such that rotation of
25  the know causes the jack screw 638 to move the proximal end 632 of the guidewire 630 up
or down in the slot 637.
As the proximal end 632 of the guidewire 630 is directed upwardly in the slot 637,
the proximal end 632 becomes further from the fulcrum 663, thereby increasing the
distance the proximal end 632 of the guidewire 630 moves when the second handle
30  portion 664 is actuated and released. As the proximal end 632 is directed downwardly in

the slot 637, the distance the proximal end 632 moves decreases when the second handle

portion 664 is actuated and released. Movement of the proximal end 632 causes the distal



third balloon 550c nmay be positioned with the obstruction, and inflated to
further dilate the obstruction. Thus, each successive balloon nmay be used,
i f desiresp20w/qe8B8i de i ncreasing dil ati on of an obstrueCirars2o009leent eri or
of each of the balloons 550 may connunlgate with the inflation [umen 526b,
i.e., such that the catheter body 520 |ncludes only a single inflation

| umen 526, which may reduce the overall ﬁroflle of the catheter body 520.
In order Qg 634088 dpidopvireriOde anays@revimee anhiisedr sclam, toshe eatheserifiter 570

may be pre%l{'ﬁﬁ%ﬂ’ﬂcﬁqynﬁékﬂ%e&dg'ﬁﬁe{n%r'&éol,gkigﬁ@m'htsﬁi%?&lb%@%t ¥elB§ POsitioned such

that the 1nflatio n or Ta lunen e va ve menber 570
comuni cat es Vilrhingmo FRERrA0ar anif 208 ktlye ﬁxrgenemiortdeelcbého mh&ieES@alr bétoopxanpl e,
as shown, the valve nenber 570 may inc n outlet ort.574 on a distal

end 572 dP0; HEhoygh glietpaipisy thergagrgntor lceé ydnglud w iqrablogas-Fe-nenber

| umen 5576y f hgmyak \éﬁcﬂ‘mﬂﬁé 10%?39 nﬁg%e%bhﬁl@@ toyhP %{lld%%ﬁje g0 )&s SRORLS, t he
cat heter body 520, such that the outlet port be aligned wth an

i nterior pbxigmat ecg@mfttha/ﬁrsbh»bp(ﬁéﬂa B26upleth trsthe whihnter dfstaiwmd)wékmnﬂwm is

del dth m 57 th f | di it
Che bot aprng i sl iEe Hats 1 e RSy e of thsorcossions b0 P e padtluc o

port 574 {igalald g@ neuplell el gukRwaRI3eCE 8t @it ed3. athR bf MRk & nAkiRAgenent s
may be provided for delivering inflation media into the balloons

i ndi vi duaml}ybe lmagedemﬁm ellow i lpepherioe rmC(WdIYOPSlﬁ@M)md'rdWalﬂé? dugnat abl e
W L hi 19 ¢ %‘ruaﬂgrll ab\Rf ?Ihallbza d ozxqbfl Q%e %?Yl%el nﬁt 1M69(§'atmg¥ ReanE Utclogﬁlecpfor ts

that are a ¥ P3G

respecti wae ba:thétaoaiﬁtaﬁéﬁ szmam ldaEtQ)th@ciIMGVlﬂEﬂﬂ%rluhﬁn i6D6,2. I dRteFidaad angul ar
orientation, Turningﬁ | B, an exenglary enbodlnent of an appar at us
610 is sHBOHTSE kopres mt‘h@nd Q@tqfuﬂéﬁvliumjn 62AIHERE B¢tHEIR se capturing t hr onbus,

obj ect s, and/qhaggﬁbﬁqﬁgﬁﬁg?gﬁ£ﬁﬁéﬁ% &ﬁfp&ﬂd@upggﬁn %§QBH%QF %H&ﬂﬁgnera||y

bl ood vessel, aorto-venous-fistu ar gra
t he appadh@umd&mecbﬂ@b@dﬂ&eamma&héﬁed¢m$ﬁhﬁb@”admc@ﬁh@thummbannﬂeﬁhEr 620,

and obstructlon n ntor evice 640_in ing one Qf nore
f r agrent GdRggpnd cﬁn 3 cetiied 6)5% 6%@ &E g%}.haé\fﬁ %lhg %aglgentalf Gt her
el ongate g1@ b3 heﬁ%alBﬁaSrBuﬁf’@l@ L%'uf&legf r@63é%etv&e@ﬁ’ t15ehRELRI B4R én'a§ gglgles a

proxi mal end 622, a distal end 624 sized for introduction into a bod y

| unen, aﬁﬂ4aMHmnEwe626FKkQ@Bdlng t her ebet ween. The prOX|naI end 622 is
coupled to a ndl e 660 that includes an.actya ctlv ti.n
fragment or dev| Ber @RS argre SIS SoHBbiRR: HRbH mard® bifri it o

shown, t hetfaaesll Bob&@mphS FUGeR A §Hows tﬁ@ﬂagﬁ@rﬁ&ddéwécm@ 1ﬂ@rfir$tQﬁl$hs§aﬁ2 664
that are novably coupled to one anot her, pi n, hinge, or other

f ul c2Gm @®sition e whidhahe gridewise 63 isteatritied @léﬁailb’éﬂawoﬁ’mjcqﬁhﬁ@tdlwl atther wi se
rove, rel a0k ko BN ALRRYRI08A chPuACILE g qapar alus 610

The first |nclu Rodsin own scﬁenatlcally in
FIGS. 19 lemgtudihalloas lthat ﬂ@y\&dbpt@l@wqﬁaﬁlane. Bt smhfthé bl eppanairescdiduand to

whi ch t h(—::[ ep él?léle wire 630 and the loops 650 lying substantially flat adjacent the guidewire 630.
When the second handle portion 664 is actuated, the guidewire 630 is pulled proximally,
25  thereby pulling the hub 633 on the distal end 634 and consequently compressing the
fragmentor loops 650 and coil 644 proximally so that they adopt a larger profile, e.g., with
the loops 650 adjacent one another and the coil 642 expanded away from the guidewire
630.
In the larger profile, the orientation of the loops 650 may approximate the diameter
30  or other cross-section of a body lumen 90 within which the apparatus 610 is introduced, as

best seen in FIG. 20B. To adjust the maximum diameter or cross-section of the loops 650

in the larger profile, the adjustment control 636 on the handle 660 may be adjusted, e.g., to



end 622 of the catheter 620 is attached or otherw se coupl ed. For exanple,

t he housing 666 may include a piston assenbly or other source of vacuum 668
i ncl udi ngwve 2pisrs669 slidable within a chanber 670 an#Ctarspamiog®sd? ng wit h
the lunen 626 of the catheter 620 via_g§§sage 671 . The piston 669 may be
coupled to the second handl e portion 6 such that the piston 669 may be
directed into and out of the chanber 670 during actuation of the second

handl e pohertehtheaidewing 630 tigvelfistyncs apdeertuns ths aEMEE: Hameler.opee PHifh 1 or
asp ot e g@h@&ﬁ@b@%@g&gfﬁantcé‘sn&ﬁtc&%e%e %ﬁa&éﬁmﬁh@%nﬁqgﬁas %gg&.ous' ng 666

i ncl udes servolr SO conmuni catin ufren Vi a passage
671 . The pi stre dgslemilog4 66ehemaye airs 630 hayibdsupoaitiaily atrpirestsyeg.,.t o expel

fluid or other material within the passage 671 into the reservoir 672. For
exanpl e, rqundsidar OUgERF shappdo @@}lmézeﬁé%ro%@?rf%&m\é@d/%wwg @ye  duckbil |

or ot er a‘&b@rﬁ‘c‘én#\éfﬁﬂl ﬁéiﬁaﬁiv@ {orthe %Zﬁletefrﬁ%taﬁ’ 'érllcpéﬂwwﬁﬁﬂ ol ke l{i/bé&fé/.s g%i,oﬁél for

allowng flow o or other material through the val 4 in only
one di r eah¢ distal Fot 6F&kmapbe covenddelty o adiled veTSantéyr agpdlypywemadameriiag, and/oent er t he

passage 671 fr t he, catheter lunen 626 wi thout allow ng substantial flow
of naterﬂgp’ﬁﬁﬁagﬁn?0039¥eﬁqﬂﬁ?ﬂ%@i§°?§ﬁﬂ¥$he passage 671 . Qutlet valve 674

may al | ow mat ehpt@nallp thé SYakdt s thBa PALEAGSnS S mbH Park8Hab RilitaR72 W t hout
al l owi ng substantial flow of material back into the passage 671 . Thus,

when t he neisiioomeEed/or sddmasmersaf theappgrafusdidueing hsgrtfer cgaopleeony.or by
act ughl on gr%iréﬁggasﬁlgﬁa%egggggﬁa %?arcgcﬁ N th%%%the?er‘é%?al’f %H%i ﬁ?ﬁ},’i ot%ﬁ]hg : ei?%v%?re

. (]
openi ng trPI creatl ng a vacuum w e €atheteér |unen

626, therdiQyl ond®i302drdng omahefrh@herftoodoviveyiand Fohexaailtieinelor eiosé af thend 624
t hrough the [unmen 626 into the passagf 671 . When the piston 669 is
advanced 18ersi050rmng/or sl efvamgEbe dormeddrag radignsque pieothrcBHarita et 8a5or t i on

664 is r - OF . idi S i i : assage
071, the T paerE RS n B EpBL KB AREASHIR, b IpEREhE shifodiiREnC

t her eby f or ci rturniapes FEGS vl 11AR2 TF, ahex@aplagg@cthdd forntmoting thiresduy or 6thé72.
Returning to.Fl 19, .the gujdew re 630 general i ncl udes xi mal end
632 érx%t eﬁa?tﬁrgalﬁ(ﬁ"tfm Wétﬁiﬁh%gwisfd%@?%&l s,o%ebﬁmt@h%aés 8D SLERRA Al e
portion Q@ﬁmaﬁ@%l@ﬂ%fﬁ?&u@&ﬁm@ﬁﬁ§ﬂ hﬂﬂn%ﬁﬁﬁ}EH@dﬁ&ﬁ&ﬁmﬁQQUE%?%9 cat het er
620 distally beyond the distal end 624 of the catheter 620. sedl 623 may

be provi degen A0t Ramitraina beevBBS cmbodimentso thedodmimdert €0 moey e iioocdlf vesded
guidewire 630 i.nto %nd out .of the handl e 6?0 ?ng cat heter 520 wﬁk“g
prevent i rigSf UTB OF FOTY1 BERITnG Sr ABAYNG ¥ RIS {814 (R gseoeral Paxbthaliey
FIG 20, thh@aisrek] dmlthenke. 68% Hpatahs @OIESWnir8dR30 fivaYa pe&ct@b@hgd to an
adj ust mrent control 636, e.g., to adjust a distance the ggédemnre 630 is

pul | €8 whianctureorswbe vty ahelped bren¢adiheegh pry meerveniegibodorassaganpitetheas
shown, t L OX| 2 of i i r i.da recei ved
T a1 ot odBHIT, GRiag AL «pIS AL HE R B, Wi TR o B WA AREEET be
coupl ed tshesahc@ndd @lthdsdrpindaBO liBeIGivt kl@in)r ab addidon of alidiatkBigyheappastus he

% ﬁcr hZC ; Fq\ljvp%‘tgeoadggr\{c%dtor\]fgr e? él?iéé%é 01re Qt?ler6r§i21 (I?Oft s%gv?zn)?lé.i g(.j,ei\fl\ghre %at%gt%r gEO or down

or guidewire 630 includes a guidewire lumen (not shown).

25 As shown in FIG. 21A, the distal end 634 of the guidewire 630 has been directed
through a mass of thrombus 92 such that the catheter distal end 624 is adjacent the
thrombus 92 and the fragmentor device 640 at least partially contacts the thrombus 92.
The fragmentor device 640 may be advanced along the thrombus 92 in the low profile,
e.g., to reduce the risk of breaking off pieces of the thrombus 92 prematurely and/or

30  pushing the thrombus 92 away from the catheter distal end 624.

Turning to FIGS. 21B and 21C, the fragmentor device 640 is shown being

actuated, e.g., such that the loops 650 expand from the low profile at least partially across

the body lumen 90, and the coil 642 expands away from the guidewire 630, e.g., into the



As the proximal end 632 of the guidewire 630 is directed upwardly in the
sl ot 637, the proximal end 632 becones further fromthe ful crum 663,

t her eby iwonressiosast he di stance the proxi mal end 632 of PChaSguvaewsy e 630
noves when the second handl e portion 664 is actuated and rel eased. As the
proxi mal end 632 is directed downwardly in the slot 637, the distance the
proxi mal end 632 noves decreases when the second handl e portion 664 is

act uat ed thieenbus Peadediesqubed ghove with rrrepsedRifhel 2@ el agBate gheufsasmants
v . WOVEL . o : at
Ista e”dqe@r%é 62, d;%@ﬁrﬁg‘d{éﬁgé@gggh%ﬁbﬁ’e g&tla}?s"&zp%{?{]lé{z? Pgéﬂg&%&’fogéﬁy ¥ elative

to the catheter sta ctuating t ntor devi ¢e 640, as
descr i bedifatinghthe sdeehdhandluportion 660 rdkts8.to HeAiramichndBRortidre6 G2 ang melingr

devi ce 640 includes ai.r of .] oops 650, .al though alternatively, the
fragment 3he BvE e@ﬁ§3§§§therg&r<{?&éfeéé iP[f‘?’Sﬂ]é_hy-l 3%15@}1‘1%%. istahraf ohifitber s such
that the 4]].1%% R0 BRI CNR| R, Ohd R €14 %\[% 650,838 coft®45 PfM‘i‘knal?y,E.rgQX' mal
edge of the first [oop 650a 1S coupled fo the catheter distal end 624 and

an opposiungl thedargbr pdfk shewoou pl@d t(bisaclpewd. ithls readtgm affthe lvepsedbardl | oop
650 whose site distal, edge s coupled to the guidew re, 630 . at
hob 659, eleRIgr e’ B REE PR P R R aoTe P SNSRI | ops
650 to NMovsn OxhinBhdsy, ARAowh i Ald Y 1during actuation. Optionally, the
proxi mal edge of the first |oop 650a may be hingedly coupled to the

cat heter di st dh additios.2s the sdcews hangig partien g64uistagivatednidie pistemo®2eay beg., to
part '1%! | ydlrgxirvf%l %Vlétgo{}ﬂlé 'cﬁa?ﬁt%elﬁgl?@ tl?e?rgnkgynclfrg%t?n aan\gacﬁlli'r% &g%spﬁrg e l'gcnc% he 266 during

act uat| on. 1 ONn, rag evi ce | es a ragrrent or
coi | 642 threitudiongnta thd caslictntmbd 826 apinadtht @estheircdTiedearIadRe). al end 624,

e.g., adjacent or within the lumen 626, and a second end 644 coupled to the
gui dewi r eAlgpativelyg a sytingon gy emgBconfinpoys sqytes 9f sacuas), png e lkgynehshaws)
helically O i 1 £ st ads 632,
644, as be t&geengﬁﬁdgﬁ%§%§%£§6$ﬁ%2%?%%%2%?%?§1é%?%émg%gxﬁggg?a%fggsitions
that it nieviesl, beheavabam whirg agelacini@hedappafaous EXaagpdhewnFITRe s2fkatsthpissest he
fragnment or. devi ce

40 in a_first or distal paqsition in which t uj dewi re
630 i eﬁféhrag@ua?)g%why spHicTvemay e ﬁ%te&%?ﬁ_éﬂ%? U cothferdien s %df/or
Consequent,bsoiert Rctlonag TRt Qbatt@RPSIGR 3¢ e Qhlonfifd 92Nifto &L GAied 1EhSh al |y

or longitudinally so that they adopt a low profile, e.g., wth the coil 644
conpr esseédbar ound the guide wire 630 and the | oops 650 |ying substantially

fl at adjacent .fhe qui i 630...\WWen, t he seco handl e .portion 664 is

et uat et he TRBEN FEGHD-REURY b RO 13 ency EYSHhEE-Y the hub
633 on t heleglind Al seqfhdhaddie pdrteAsHaduaBthhkidle 65P hR§Ihdedd diR drindaBeRis | oops
650 and coil 644 proximally so that they adopt a [arger profile, e.g., wth

t he 128opre80r ditismeanachamems ot Neawarfar tiematidally 6priesgdindecdndhaydler om t he
gui dewi r g 0%%%%%44%2@@0{%%&19}%sét{?%ng%héi 80nsE(5]ueen8r L& i‘igl tgg lgr%%r)}lteﬂﬁﬁlg%qg%@ﬁﬁ 0 nmay

approxin&ie ro rcross-section W t hin

whi ch t heo aipdistal, Usy pddfilé. SBedatiscodiLieRtle dasrcbelsbndaen? nfay hbGhavd®3en To adj ust
t he maxi mum di aneter or crqss-sectjion of the |oops 650 in the |arger
profile, EHEVEHIREHSHEMEY aerie petats S Breradonienie &48 608 ntyshewndnifiQ® ed,

e 9. L oShIQr LA b6, QUi ek AnGAR P dhd LA ABThIREANS Snd i GBXHTIM

di ameter, or to e
25  compress axially and expand radially to separate additional pieces of the thrombus 92 for

aspiration into the catheter lumen 626. The process may be monitored using external
imaging, e.g., fluoroscopy, ultrasound imaging, and the like, until it is confirmed that
sufficient, e.g., substantially all of the, thrombus 92 has been broken up and aspirated.
Optionally, a source of contrast (not shown) may be connected to the apparatus 610, e.g.,
30  that communicates with the catheter lumen 626 or a lumen in the guidewire 630, to inject
contrast to facilitate imaging the thrombus 92 within the body lumen 90, similar to the
previous embodiments. Once the body lumen 90 is sufficiently cleared, the apparatus 610

be directed to another body lumen or removed entirely from the patient’s body.



the guidewire 630 travel distance and increase the maxi num di aneter, as
desired. The distal end 634 of the core wire 630 may be substantially

at r aunat iwQ 2e10p03135ounded or ot herwi se shaped to m ni m PETAIS2090H9639
perforation and/ or catching during adygggenent relative to the catheter
distal end 624 within a patient's body. Optionally, the distal end 634 may
be covered by a coiled wiire and/or a polyneric covering, and/or _ may include
a "J" or ot herlt #ilt beprregated Giat sleBgAls Or CRMPYIPALS Showp e HHOGEGL0 may

i ncl ude - r feaci i LLLani or ment of
t he appa?%%ﬁg%gggéﬁﬁg?%gﬁﬁg%%gﬁﬁg%%ﬁgﬁg%%?B%%gﬁgﬁghgggﬁ?%/|ggg%ﬁgﬂﬁgrkers
may be plwitedthonehbwelimatthdiseloset Istrah. end 624, on the guidewire distal end

630, and/or on %qe f ragnment or denge 640.. For éﬁanple, gne or nore of the
| oops 650 and/ YPile BicIMEA0R SUBREPFIBICHR A CHR BT HEF B PR S CBEHY IO ber i al s
that may &aGhl biahfed FREL PR ARRAIAIURC 8% A Inl ArdifGeinSeBrlbRl if O t he
previ ous enbodinments. Turning to FIGS. 21A-21F,~ an exenplary nethod for
renovi ng detailontbsteudst baotriderstoral, boweicr 3Ratftho mventidni in nat foddylinhitaden tIg0 i s

h . Initiall h i I A .th t 610. be jntrod d
oo paeiarforgee MO dhliss e uf B s b i | or e
previ ous BehACHHFRERuivhREtsRA Kt BB s TR IR Yy itheh e REQRD MBS SHend® 9., @ vein

or artery, a graft, e.g., an aorto-venous fistula, tubular Xxenograft, or
synt heti claigBul ar graft, and the like. The apparatus 610 may i ntroduced
from a percutaneous puncture or other entry site and advanced through any

i nterveni ng body passages into the body |unmen 90. Optionally, the apparatus
610 may be introduced through an introduced sheath, guide catheter, and the
li ke (not shown). In addition or alternatively, the apparatus 610 nay be
advanced over a guidewire or other rail (not shown), e.g., if the catheter
620 or guidewire 630 includes a guidewire |unmen (not shown). As shown in
FIG 2IA the distal end 634 of the guidewire 630 has been directed through
a mass of thrombus 92 such that the catheter distal end 624 is adjacent the
t hronbus 92 and the fragnentor device 640 at |east partially contacts the

t hronmbus 92. The fragnentor device 640 may be advanced al ong the thronbus
92 in the low profile, e.g., to reduce the risk of breaking off pieces of
the thronbus 92 prematurely and/ or pushing the thronbus 92 away fromthe
catheter distal end 624. Turning to FIGS. 2IB and 21C, the fragnentor
device 640 is shown being actuated, e.g., such that the | oops 650 expand
fromthe low profile at |least partially across the body |unen 90, and the
coil 642 expands away fromthe guidewire 630, e.g., into thethronbus 92. As
descri bed above with reference to FIG 20, to actuate the fragnmentor device
640, the first and second handl e portions 662, 664 nmay be squeezed
together, e.g., pivoting the second handl e portion 664 relative to the
first handle portion 662 and pulling the proximl end 632 of the guidewire
630 proximally. This pulls the distal end of the guidewire 630, and
consequently, the hub 633, |oops 650, and coil 642 proximally, e.g., until
the larger profile shown in FIG 21C is achieved. This notion of the | oops
650 and



coil 642 may engage and cut or otherw se separate one or nore pieces of the
thronbus 92 fromthe main mass, as shown in FIG 21C. In addition, as the
second hawol2e1post3son 664 is actuated, the piston 669 megThiS2@waws3out of

t he chanber 670, thereby creating a vggggn1to aspirate pieces of the
thronbus 92 into the catheter |unen 626 and into the reservoir 672 (see
FIG 20). Alternatively, a syringe, external continuous source of vacuum
and the {W?ék¥mbt shown) may be connected to the handle 660 to aspirate
material into the c 6, 1.1 LT her than using a
self-contained'app5%%%%%E%T%$g§§m§ﬁ%a%%g4ﬂgégbpgggfeg'pieces of thronbus 92
may be suffi ciaardldngatmabilat me@btrenclhdi@glayproxital ¢k adatdiehésizedifen 626

and/or sufficient suctiqn may be created to pull pieces. of the thronbus 92
"t o t ho EESFHEER INQALRIE BB EIGE AEt e stngng Beiwesnaby bro*gne g

appar at us§iQQnagy be rel eased, e.g., by releasing the second handl e portion
664. The handl e 660 may i nclude one or nore springs or other biasing
mechani sns ( natn eshawhpleflatioanut@onprisicgd byoxmedliendiseqyredio thetbnbir hendlee
portion 6 to.,ts origjnal position, and caonsequently .returning the

P r agent o Hec e LA o bingn o 85 PEOATPEY CRuetRERhEY | no
desired tRnARMIGtAZ WBYhE st aMe) HREA: baMRAitlet Ne user may again actuate
the fragnmentor device 640, e.g., as shown in FIGS. 21E and 2IF, by again
squeezi ng ¢ ho dizletizatcapamberdlidals dngoscHevitivnths fB50umR BorFlongars megbeopr ess
axi al;ly and expand radi al | .0 arate additional. pieces of .1 ronbus
55 190 AL PR DR AT b iR ER Ryl MRl SRR PL b Mo Tor e
usi ng extetdhding ffmgithtthall®ogoutldt] 4ndr oscopy, ul trasound inmagi ng, and the
like, until it is _confirmed that sufficient, e.g., substantially all of

the, thronbus oabsmeber ¢ R slongpc apeanbes gistad cad) theplppgatamepbeibdegir ce of
contr ast o - t at
connunicé%égg%ﬁ éﬁﬁé%ﬁ%?%?ppﬁﬁéﬁq%%%mggggépgﬁgﬁSpﬁxﬁﬁgngﬁF g&fé@ 630,

t 0 i nj ectoutlonduch stat floidf iatoduded tleroughathic Migstthtinact hassedxticou@R thd batioon irheridrody
Iuneq 90, simlar éo t he pre i ous nbodjneqésh &?ce t he boq% Ignen.?o is
suf filei erfi?fPUutiheRroPn QHlet. 45P 4°51re Perop & hars e saaling merBbHeHOBHYRF Y unen

or renoved;gild daBbdn bLAMshHEhRAi& Mirctiub&rddohWhd firsPRinfRRLESY #ked t hat
el ements or components shown w th any enbodi ment herein are exenplary for

t he specitfailgorembodir teetpaadthatylobe used on or in conbination with other
enbodi nents di scl osed herein. While the invention is susceptible to various
nodi fications, and alternative fornms, specific exanpl es thereof have been

shown in the draw nOf pPsafis®f ORERINwHESET thDehlinD stk has 4 EroS1uetign be
under st ood, however, that the invention is not to be limted to the

par t i28ul dergpothas therballeemewictdi scl osed, but to the contrary, the invention
is to cover all nodifications, equivalents and alternatives falling within
t he scope of the appended clains.We claim 1. An apparatus for treating a
body |unen, ca@pri sitegppaatslofopahe, Wibdinathe sRAp&E nichtYeudistid ead pasaxi mal
end, a distal end sized for ]

cross-section smaller than the balloon outlet such that an annular lumen is defined between

the elongate member and the balloon outlet for delivering fluid from the balloon interior

25  through the balloon outlet when the elongate member is in the first position.

4. The apparatus of claim 1, wherein the elongate member has a cross-section
smaller than the first lumen such that an annular lumen is defined between the elongate
member and the tubular member for delivering fluid from the tubular member proximal

30 end into the balloon interior.

5. The apparatus of claim 1, wherein the balloon comprises elastic material.



introduction into a body |lunmen, and a first |unen extending between the
proxi mal and di stal ends; an expandabl e ball oon conprising a proximl end
secur ed twothw/wsisal ar nenber distal end, and a distal enu/usemPNEsBNg an
outlet, the balloon conprising an intg;@gr comuni cating with the first

| umen and the balloon outlet; an elongate nenber slidably disposed wthin
the first lunmen, the el ongate nenber conprising a proximal end adj acent the
t ubul ar member®: pr oxihesApreigts odglairg lgvaergm thp Balg)qné‘@mmges yubseRtilybal | oon
outlet; agpd, b%ﬁ%kﬁﬂg menber on the el ongate nenber distal end, the

el ongat e nenber being novabl e between a first position wherein the sealing
menber is spaced fromthe balloon outlet such that fluid introduced through
the first |unen passes throug he balloon interio nd oyt the balloon
outlet, and a7secorﬂleﬁ@§?r@%ﬁ?ﬁfegpée ﬁ‘r&hﬁ%%r%%mll}gga on D5t f al | y

seal s st NG aabd:ARBIAN! Ll 1 RUEDadiAb: Ji b Bl L RRGEEt I 0RAR bR el St | uen
enters the ball'oon interior to expand the balloon. 2. The apparatus of

cl ai m 1, beheeomithe fitve ambsdcomyposetmdysr has a cross-section |larger than the
bal | oon outlet. 3. The apparatus of claim2, wherein the el ongate nenber

di stal end has a cross-section smaller than the balloon outlet such that an
annul ar lunen g s d?ﬂhﬂ@gmﬁﬁEW@@ﬁhhh?wﬁ&@ﬁgﬁé%bﬂgﬂ@%%nﬁﬁgkﬂhﬁmB@LbﬂQ@fOUt|et
for delivering fluid fromthe balloon interior through the balloon outlet
when t he th¢ &rrgandsasendpesitiansi n the first position. 4. The apparatus of

clai myl, wherein the elongate nenber has a cross-section smaller than the
first “lunmen such that an annular lunen is defined between the el ongate
menber and t he.t ubultgrappeiasiof tim dehirther tdgpriding alhdifcamntmBer Mblulliag amenber
proximal end into the balloon interior. 5. The apparatus of claim1,

wher ei n tiHat ¢dicouplad Exths tilyday raeralaaridistatepd ppdip seond rad epipigdiotse of claim 1,
wherein t | ' i ' i LAl Th
erein J&g}g*afgel %%Qef%%fﬁ;e;nﬁgtrﬁe RLRSH Hhiudt é%ﬁlgﬂn% Héﬁc'afh( ﬁ?g)htﬁ{ij g{% eloﬂg%e e

appar at us conprising a e on ul ar nmber
pr oxi mal readberamichiathedatioan orer@n, thbelohgatd neniter ndivalde to adghitdyseloangat e

menber. between the first and.second positions. 8 The apparatus of claiml,
wher éPn t%fgcléﬂwé%géterm% Gistalignd dpdiractrddnwarss ﬂ%%té‘[;?lﬁfr Pl vabdo

POSi ti 0Ny thd NELAPRRRAELD éc%faar?d Iadh{ﬂlgf oul W86 af 9%%{11155& Hﬁ,lic%l ih%g&,cm menber

including a first end coupled to the tubul ar "menber distal end and a second

end coupltbercbperheding dinglatlloonmenthe cxphinslcd heleratishaphe hel i cal nenber ext endi ng
helically around the el ongate nenber within the balloon interior, the
el ongat e nmenber novable to a third position in which the el ongate nenber

distal end is i@ r ecriRthph@WRIsGF clahf of Whtkear thEBARAI nihibeAtecBidlcddiscause t he
helical nmenber to expand radially outwardly to an expanded helical shape,
20  coupled to a stop secured to the elongate member distal end, the stop having a cross-

section larger than the balloon outlet such that the stop limits relative movement of the
balloon distal end relative to the elongate member distal end as the elongate member is

directed between the second and third positions.

25 11.  The apparatus of claim 9, further comprising a source of vacuum
communicating with the first lumen for collapsing the balloon before the elongate member
is directed to the third position such that the balloon conforms substantially to the

expanded helical shape of the helical member.

30 12.  The apparatus of claim 9, wherein the balloon distal end is directed towards
the balloon proximal end when the elongate member is moved to the third position,

thereby axially compressing the balloon.



t her eby expanding the balloon to the expanded helical shape. 10. The
apparatus of claim9, wherein the helical nenber second end is coupled to a
stop secuwedotonosisé el ongate nenber distal end, the stopCaws2009/089639
crosssection larger than the balloon o ilet such that the stop limts

rel ati ve novenent of the balloon distal end relative to the el ongate nenber
distal end as the el ongate nenber is directed between the second and third
posi tions. 11.13The Hpspaparatys offlagnde plugther gpmisingciotion P& fhglenggtsur ce of

vacuum c r bef ore
t he el ongate n%%%%?ﬁdghghﬁeggégg?%bghgﬂﬁ eL%thggpkggghgg%%pﬁﬁg?h%ﬁgﬂbalIoon
conf or ns thetidtdgkit@hlbick ®wands thx p@ndegohﬁdm ctlaadre‘tgha@mdﬂfg dndecoliepsigathe menber .
12. The aratus of claim9, mh | oo dlstal end irected
Cowar ds. tRGCHARITBRSE the 8P raga st éﬁowﬁstéﬁ bgﬂ%\fgﬁalt o the
third sDOSénH'd%alpﬁ {AhEB¥n ”%%sé ﬁ{eh%epﬁq}?&\%asﬂd?ﬂtﬁehﬁn@ﬁ&l@&{‘b&ﬁ oW i@ ARpar at us

of claim12 Ising a stop on the elongate nenber distal end
prOX|naIstanmhmmbahhm@mbﬁasmﬁyemnmhnghmiaﬂbmgagemhMMben nmovabl e fromthe
third position back towards the second position, thereby extendi ng and
col |l apsing the helical nenber, the stop engagi ng the balloon distal end and

directing the faal | oonaghasdtad fop Adatsh BdyMuen,tdenppispiggat e menber i s noved
fromthe third position back towar t hé second position, thereby axially

ext endi ng and agclutersbuiy mmb%amqlufbng a proximpl fsmdpadﬁtahgnd gred foeat | ng a body
! umen, ¢ 8 oduc'tlglg ]mtg bglfil ugugﬁﬁ & firsn?uql?e%exéen%l et\geen tﬁr §XI Iirl’IBl'Elll a8 d,_a

di st al ron 1nto unmen
extendlnghbakmﬁen t he prOX|naI and di st al ends an expandable baIIoon
conprising a proximal end secured to the outer nenber distal end, and a

distal end corraxaiiigblerbaloen eamprisiee HRIOXEBH codnprred leghaputrnmenbey

comuni ¢ ner menber
sl i dabl yaoé%tgsl%gge%m (?I?ltanél{dhcton#qwrgﬁg ﬁ%lr})?rlél%lp%%lggﬁg%ﬁgg%ﬁ%%@gﬁ Ion snaller
t han the(bnmmhn@mmgﬂwﬂuhhﬁhhahnaﬂmﬁhhubﬂhxmunﬂﬂtIS defined between the

outer. _.and i nner .nenbers be n.the rOXI di stal, ends of the outer
membdr, the i HRRISTERRY eréﬁ(ﬁf QlﬁPﬂfe ”%ﬁéﬁst uﬁlae%ﬁmjaleaefﬁtgwe%uter

nmenber prse&adfpémﬁl@{dthaﬁ@l% ﬁrsfilu%{ealsu@maﬁaﬁ ﬁﬁqla@mm@d%hﬁedo@é&ve&nheut let; a

seal i ng nenber on the inner nenber distal end, the inner nber novabl e
bet ween autdrragd ipws incimbarsticer etnrthe hiwxgealand glsmeénb@mﬁ the ewat:mdmbclo thet he

bal | oon autl et %%Fh that. fluid. |ngﬁﬁd cedt Fro% flrsI 1 qg gasses

t hr ough t'RETFATSESOTRYEPS 8P HHE? Yt 89 16’8 EtPTOAY §"% 8% A
p05|t|on(ﬂhgﬁgh@xgﬁglgqahhﬂﬁtﬁnageamﬁybstantlaIIy seal s the balloon outl et
such that fluid introduced through the first [unen enters the ball oon

i ntelor to expwakng membel oroiba i m@h thembigeflisehpndygheniancraaermpbirgnaigble first end
coupl ed tb%tw@e% Of'ilrts{slgos%%bvszﬁerg L3 Aeaﬁr?g member is spaced from the balloon outlet such

that fluid introduced through the first lumen passes through the balloon interior and out the
balloon outlet, and a second position wherein the sealing member substantially seals the
balloon outlet such that fluid introduced through the first lumen enters the balloon interior
25  to expand the balloon; and
a helical member comprising a first end coupled to the outer member distal end
and a second end coupled to the inner member distal end, the helical member extending
helically around the inner member within the balloon interior, the inner member movable
to a third position in which the inner member distal end is directed towards the outer
30  member distal end to cause the helical member to expand radially outwardly, thereby

expanding the balloon to an expanded helical shape.



and a second end coupled to the inner nenber distal end, the helical nenber
extending helically around the inner nmenber within the balloon interior,

t he i nnerwoentyo3msvabl e to a third position in which tReTiUsR@/OmBAIDEr
distal end is directed towards the ou;g menber distal end to cause the
helical menber to expand radially outwardly, thereby expanding the balloon
to an expanded helical shape.15. The apparatus of claim 14, wherein the

bal | oon conprildes sUlspane I0[f9laifﬁél4a‘§€ rgintae byliogn compriseprubsipmiallat us of
claim 14, e helical nenber second end is coupled to a stop
secured f%&gﬁ%q#%ﬁ%? menber distal end, the stop having a cross-section

| arger than the balloon outlet such that the stop limts reIatlve novenment

of the balloon distal end rel k@g Ehe IE gr nber di st end as the
el ongat e menbel® i s Wicrppratspé el 4t weersiddanacligabimembrises trtddﬁs 17. The
appar @t u%oﬁ{rﬂe& k@ Q@oé%ecufr&f tforlﬁé m‘ft@fﬁﬁ’t&ht%bx”cﬂst@l SHAUTHe St ha‘(z UUIR, GBI cat i ng
| u l'apsing the ball oon before e I nner nenber is
d| rect ed langet then thei battloqnoeutﬂat ouchsthatithe btap linhes rblatltffomnve:mﬂtt@rf te millbett anti al |y
of, the heI cal on is ex anded to,the

to the sh

expanded HariodrtengnE e BnelFe Rt el 48 I Fa et aPR0ag e iRk

conpri si N@iwéh tRMERbnd MkhaH pasiiBey. | ncluding a proxinal end, a di stal end
sized for introduction into a body lunmen, and a first |unen extendlng

bet ween the proxi mal and dlstal ends; an inner nenber slidably di sposed
withig the first | umen and 0oy g, 3.CRSSEHlon STRLLEToANAR A he T st
Iunen such th an annti Poei's de PWween™ t'he Gut and i nner

nmenbers heheficdig V\Gﬂﬂhb Iﬂint hahéh fbir sbddpsiiadic betllobhebeﬁiﬂé ehic 1mﬁdffb@ermbet ke i nner
menber conpr|S|n8@a proximal end aq%égent t he outer nenber proximl end,

and a di stigrtedieithodbishapsidouiph it thecbadlope ponarmetubaiastially terthp shgpe of
expandab'tg ¢ hald Pﬁ’t@gﬁ%rthéb %oﬁnp ;gféh{i%dto%ﬂéje %ﬁ&@d% i s‘hg[l?esouter menber

di st al st al coup the i ner tal end, the
bal | oon conpr|S|ng an interior conmunicating with the flrst | umen and t he

bal | ggn outlet; a sopurce of jnflatio ia communj cating with the first
Iuneﬂgfor deI|V%r|n@n?M¥W%P§%ﬁ“ﬁ@H} n@ﬂﬁﬂﬂﬁﬁ“t%%ﬁ??F%ﬁ | umen into the

bal I oon inter laerout&rtuﬁﬂe%éth&g ﬁdt@dlﬁgtgﬁgﬁmap&tdat ikraPEbrard #rfroma
contracted condition to a cylindrical expanded condition; and a helical

menber conqnodlmtlmg irgo fibody luemuh, awxlip fisstl lungent dxeendutgé:retweanttée pdixghalandnd and a
second en @Ied to the inner nenber distal end, the helical nenber
ext endi n ﬁ%‘t % 1y around the inner member within the balloon interior,

the inner nenmgrinm@\vvadhier sh@IBRdkpdsel wiihsd bk RQTIhEPEnd Favidy £&okde hel i cal
menber is di sposed adjacent the innernmenber and the balloon is in the

cont Pct edctiundnalicothap shefiselasa spetotbihar aq@@@rr fyraen isKafineshbpswecntthe hel i cal
e & E IR ity PRl bSO P Bk VAL Byl MEREEY e

conpreSS|ng axi a expan 3n an expan
hel i cal shepenenit®r ca'ﬁhprlﬁﬁg)aﬁ)@dxiﬁlabéndfﬂd?dcﬁhﬂtﬁe owbtememhertlhextﬁell bﬂda,lanﬁrenber

conpri s esdlgtelre%h egtne?ldmg beyond the outer member distal end;
an expandable balloon comprising a proximal end secured to the outer member
25  distal end, and a distal end coupled to the inner member distal end, the balloon comprising
an interior communicating with the first lumen and the balloon outlet;

a source of inflation media communicating with the first lumen for delivering
inflation media through the first lumen into the balloon interior for expanding the balloon
radially outwardly from a contracted condition to a cylindrical expanded condition; and

30 a helical member comprising a first end coupled to the outer member distal end
and a second end coupled to the inner member distal end, the helical member extending

helically around the inner member within the balloon interior, the inner member movable

from a first distal position in which the helical member is disposed adjacent the inner



second regions between the first and second ends, the first region
expandabl e to a dianeter greater than the second region such that the
bal | oon debiznm®08i3sst and second helical regions in theprexpspaomidest i cal
shape, the first helical region having.a diameter greater than the second
hel i cal region. 20. The apparatus of cPain118, further conprising a source
of vacuum comruni cating with the first lunen for collapsing the ball oon
towar ds theMe e g adloew isdn thagpnyarise sondidon torfesecomdhiyerinad pasitiethetl to t he
second paqsjti I I e shape
of the he P%%?&%%%%gfhaﬁg?ﬁg%%@’5%%%@Mﬁgﬁ?ggﬁﬁgﬁgggﬁgg%%%hh%’E%E%Patus for
t reat i ng canipoghyingarially aadoppandinggadially tigtbatloéntoudnaaxpamteidielicaichapdi ng a
proxi mal end, a distal end sized for introduction into a body |unen, and a
first umen extendi ng between the proximal and distal ends; an inner nenber
slidakly di spoged V‘fﬁe?g@aﬁaﬂﬁ ofbladh 18 UNEScRANHe RATRI B8 &nlirR¥s Rt afnd

adj acent the outer ne r proximl end, and a distal end extendi ng beyond

t he out erscomnltregions bitaiccrethd firgtrnd xgrand bl thzdiistoepioo erpardsbledo a dpmostéral

d dto, th t nb i stal d d a.distal led to th
Phner rerBERegit e SEiea e et bEARblbe SRR TS RSk R cat  ng
with the £4ibad inl tHEBXpaaBEl hdIRaBRPO L Bt h@ical RPN dabiRliaCRdmEBT Bkt er
conpr|5|ng a first end coupled to the outer nenber distal end and a second

end coupltben the seqeadihghenl regiorber di stal end, the helical nenber extending
helically around the inner nmenber within the balloon interior, the inner
menber novable froma first distal position in which the helical nenber is

di sposed adj acnt tTie dppaatusEchen 18nfirthbecddairlisagn dosrdevitvaeneent ract ed
condition to a _second proxi mal position that causes the helical nenber to
conpr ess @RIBEUNIAtAG v idyiHa Aest epasaior golbapsingrtbe halloondowals Bismepeadsthy axial |y
and expandl Rg: i : . I p

ol i cal reonpoh BEIoR I b P RllelicR o BERRHRHNFlop st AARE PR o
second endsaforinlaefibstaitiallegi tha skappart dadthedictlonembiramdicsaxpaidedthelicdl Reapet he
secogg regi on such that the balloon defines first and second heli cal

regi oris in the expanded helical shape, the first helical region having a

di ameter greatgr t%?aﬁﬂ&?atﬁ@ﬁ?ﬂ‘éatﬂ@d&ﬁi lﬁﬁgh,%mp%%in An apparatus for
removing material withi'n a body | uren, 3bnpr|5|ng: an el ongate tubul ar

menber i ncl udiangugerpuladirma¢mieardncladiog s padximalknd z dutafl ond $imtd oducti on into a
body | unen nd an aspiration lu t endi ng between the proxi,nmal, and

st al " ersoREHo s d Rl e R Bt NP FERRerHBS aReEEH i o and
term nat ifig@alidhdg distal tip, the guide nenber being reciprocable relative

to the tubul ar menber such that the distal t;p is noved towards and away
from20he t ubulaaringgs pigmpberiskdadlly disposcd mdthin the dgstdwnen arfbedneistiendri sing a

I A T I S AN
the outer member distal end;
an expandable balloon comprising a proximal end secured to the outer member
distal end, and a distal end coupled to the inner member distal end, the balloon comprising
25  an interior communicating with the first lumen and the balloon outlet; and
a helical member comprising a first end coupled to the outer member distal end
and a second end coupled to the inner member distal end, the helical member extending
helically around the inner member within the balloon interior, the inner member movable
from a first distal position in which the helical member is disposed adjacent the inner
30  member and the balloon is in the contracted condition to a second proximal position that
causes the helical member to compress axially and expand radially outwardly, thereby

compressing axially and expanding radially the balloon to an expanded helical shape, the

helical member comprising first and second regions between the first and second ends, the



coupled to the guide nenber such that, as the guide nenber is reciprocated,
the | oops are directed between a |low profile extending generally along the
gui de nmerwerosw3Bs| arge profile in which the | oops ext end/usceasymsssel y
relative to the guide nenber. 23. The_sgparatus of claim 22, wherein the
fragnentor device further conprises a fragnentor coil disposed helically
around t he guide nenber distal end, the fragnentor coil coupled to the

gui de merfB&rTesig §xpadeble fie a diamphes grenterdban the secogd semiesushdhat shgpbadloerd

radi al ly - chi i . £y agment or

ot | 1 5 e et e e O b RRE b Bl B 2

di r ect ed regioh hevihgn géanpstaf grbaer tBdn thEBecoaghatiatl uszief. cl ai m 22 or 23, wherein
the |l oops are directed to the |ow profile when the guide nmenber is directed
distally relative to the tubular nmenmber distal end and the |oops are

di rected to the |arge,Hapfiid %r%ﬁ&iﬁ?ﬁla&'ﬁa%ﬁﬁﬁ@&{d uémeiﬁ,rc%ﬁ{pﬁgmgr oxi mal |y

relative to the tubular nenber distal end. 25. The gpparatus of any one of

clai ms 22- 24, duplargete tobwhprinsinher iaclhding lagroximahend, abliste endreimbd forpr oxi nal

d, the handl i Si t led to the quide nember f
" ec pr ocdl RORS Hor BB ey Skt i G BrEh s apnE oS e el

conpri si ngddigaehge of vacuumcarried by the handle and configured to
create a vacuumw thin the tubular nmenber |umen to aspirate obstructive
mat eri al engadged!uiatepadamenbeyextdnd infer faymiliet distaling; apd terpmating e e Wate!f or

t r eat,ing ody .| unen, of atient. usin | ] @0 ratu rising an
out or Uere bt AR e B R e D B B PR B Bl e

ends t herdgll tipaid novae towdtbeid sbdydedih eharublilanmch®erf diktat eddyaidh, and a
bal | oon carried by the outer and inner nenbers, the balloon conprising an
outl et and an 4 FENRT deyiehepMBESNE g Pirelifytohdoams caepled spsHedytnendut | et |

th th i S L i t
nto a body e e AR Bne BBl HerfRieflyl b LA RRR: * °
pr oxi mal canpleditsthalguéirdscbiertsheh that, laotr guddsancabanercipoddaerd, the lexpand t he

bal  ogn from the contracted. condition to an expanded helical shape;
di redi n ergd pRRYSSn admy Pettile ﬁéteaé‘a&!ga%q@?yaaﬂeﬁ%t Gdle membar pad 63%% umen
W th the HakilaRRhidh thiifooRs teﬁtg&ggggs%ﬂse@reﬁﬁ@% thOgtiflRARST T uct | ve

material fromthe wall o umén; 1 ntroducing inflation nedia
through the first lumen into the balloon interior to expand the ball oon

fromthe contracted_,conditjon_.tp.a,substantjally cylindrical,shape to
i ate o vl | B ¢ naRagayl e B2 PR bE FREmEPT BT ot rom ¢ he
bal | oon id3hiisey a frhg@edsr dofiedifgoksd hdlieaBatotnd el né¢MBerkadthiean, thack
towards the contracted condition; and renoving the distal end of the

appardt ustagmentariseil soeicd tontha gwide momther pedhl thairthe fFagmenteoenikiaexisadasomdi ti on.
compressed radially when the loops are directed to the low profile and the fragmentor coil
is compressed axially and expanded radially when the loops are directed to the large

profile.

25 24.  The apparatus of claim 22 or 23, wherein the loops are directed to the low
profile when the guide member is directed distally relative to the tubular member distal
end and the loops are directed to the large profile when the guide member is directed

proximally relative to the tubular member distal end.

30 25.  The apparatus of any one of claims 22-24, further comprising a handle on
the tubular member proximal end, the handle comprising an actuator coupled to the guide

member for reciprocating the guide member.



28. A nethod for treating a body |lumen of a patient, conprising:
introducing a distal end of an apparatus into a body |unen, the apparatus
carryi ng w0 2epmB3abl e nenber on the distal end in a corCrasted/oewadition;
directing proxi mal and distal ends of ?96 expandabl e nenber towards one

anot her to expand the expandabl e nenber"fromthe contracted condition to an

expanded helical shape; directing the distal end of the %pparatus,along a
wal | of the by | ukhsriprptafisohelagr ganiabriecomiistle 4 U ferpamyedripd| i cal

shape to JJ@HQK&&%?M éb%tﬁlgﬁr%g r{@tcl%rﬁieaa! Va%{u?ﬂ]@;igﬁ% p?lt!lblﬁér hiGbRaG¥eh HHTEN:

andintro Ing 1 nflation~nedia throug nto an rnterror of the
expandablaspinaabbstrictvenptond] ¢lpegak@argablicd byeindbiaghemon ddvicecont r act ed
condition to an expanded shape conprising one of a substantially
cylindrical shape and a bul bous shape. 29. A nethod for treating a body

I umens conpri si;ng: A hAUGH RatheQ b%tdgllurﬁ&gopa{ éffénﬁﬁ’é%?% £2bMRoh ?ax%tu@ody
| umen, the apparatus carryi ng an expahdabl e ne%ber on the dist end in a
cont r act exynponvhigtanemfer deinbee mohglifg aficst fumeougeraifg betwvednuprexined ande

appar at us,.such .t hat t.he .fl uid pass hr anp interior,o he bal | oon and
ol e an GREHERga Mook dadtioRET SR O HOdn? ey Mokl §h Ebelobfsaise Ver fng
fluid thrguabotieeadd maér hetiBds Whé Balldda c¥alp¥ising @alotst nBanekY¥riexpandi ng t he
bal | oon fromthe contracted condition to an expanded condition. 30. The

met hod ofcoginmsag witiethe ffirst tumacrbaild the auiddntbe inslpdedospristighat eri al , t he
e, 0 RS 09 . HOPRYSATIF SR D b, oo
a shape a@atoén B Z&ndfacticl coftilibrgon.
directing proximal and distal ends of the balloon towards one another to expand the
balloon from the contracted condition to an expanded helical shape;
directing the distal end of the apparatus along a wall of the body lumen with the
15  balloon in the expanded helical shape to remove obstructive material from the wall of the
body lumen;
introducing inflation media through the first lumen into the balloon interior to
expand the balloon from the contracted condition to a substantially cylindrical shape to
dilate a wall of the body lumen;
20 withdrawing the inflation media from the balloon interior through the first lumen
to collapse the balloon back towards the contracted condition; and

removing the distal end of the apparatus from the body lumen with the balloon in

the contracted condition.

25 28. A method for treating a body lumen of a patient, comprising:
introducing a distal end of an apparatus into a body lumen, the apparatus carrying
an expandable member on the distal end in a contracted condition;
directing proximal and distal ends of the expandable member towards one another
to expand the expandable member from the contracted condition to an expanded helical
30  shape;
directing the distal end of the apparatus along a wall of the body lumen with the
expandable member in the expanded helical shape to remove obstructive material from the

wall of the body lumen; and
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introducing inflation media through the shaft into an interior of the expandable
member to expand the expandable member from the contracted condition to an expanded

shape comprising one of a substantially cylindrical shape and a bulbous shape.

29. A method for treating a body lumen, comprising:

introducing a distal end of an apparatus into a body lumen, the apparatus carrying
an expandable member on the distal end in a contracted condition;

delivering fluid through a first lumen of the apparatus such that the fluid passes
through an interior of the balloon and exits an open valve adjacent the balloon;

sealing the valve; and

delivering fluid through the first lumen with the valve sealed, thereby expanding

the balloon from the contracted condition to an expanded condition.

30.  The method of claim 29, wherein the balloon comprises clastic material, the
method further comprising:
axially compressing the balloon in the expanded condition while the valve remains

sealed, thereby changing at least one of a shape and a size of the balloon.



